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FACULTAD DE INGENIERIA U.N.A.M.
DIVISION DE EDUCACION CONTINUA

A LOS ASISTENTES A LOS CURSOS

Las autoridades de la Facultad de Ir{genieria, por conducto del jefe de la

Division de Educacién Continua, otorgan una constancia de asistencia a

quienes cumplan con los requisitos establecidos para cada curse.

El control de asistencia se llevarad a cabo a través de la persona que le entregé
las notas. Las inasistencias seran computadas por las autoridades de la
Divisién, con el fin de entregarle constancia solamente a los alumnos que

tengan un minimo de 80% de asistencias.
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Pedimos a los asmtentes recoger su constancia el dia de la clausura. Estas se

retendran por el perlodo de un aﬁo,‘pasado este tlempo la DECFI no se hara
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Se recomienda a los aslstentes pamclpar actwamente con sus ideas y
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Ios profesores expongan una tesls, pero aobre todo, para que coordinen las
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opiniones de todos los mteresados, constttuyendo verdadoros‘ semlﬁarlos
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Es muy importante que todos los aststentes Ilenen A S entregue‘jl “:su hoja de

inscripcién al inicio del. curso, informacién que ser\nra para-mtograr un

-

‘ directorio de asistentes, que se entregara oportunamente.

. Con"el objeto’ de ﬁneiorar los servicios que la Di\'lisién de* Educacién Continua
ofreca, al fmal del curso *deberan entregar la evaluaclon a través de un

c'ue“stlonarlo disefiado para emitir |u|c|os anommos
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S-éf’re‘r.:c‘imienda llenar dicha evaluacién conforme los ‘préfesoras ‘impartan sus
clases, a efecto de no Ilenar en la dftima sesidn las evaluaclones ' con asto

i

seanﬂmas—fehaclentes sus apreclaclones “ R

Atentamente
Division de Educacién Continua.

Palacio de Mineria Calle de Tacuba§ Primer piso Deleg. Cuauhtémoc 06000 Meéxico, D.F. APDO, Postal M-2285
Teléfonos:  512-8955  512-5121  521-7335  521-1987 Fax  510-0573  521-4020 AL 26
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F'ACULTAD DE INGENIERIA U.N.A_.M.
DIVISION DE EDUCACION CONTINUA

CURSOS ABIERTOS

- VIIl CURSO INTERNACIONAL
EN TELECOMUNICACIONES

MODULO IV:

REDES DIGITALES:
“ACTUALIDAD Y PERSPECTIVA”

TEMA

CONMUTACION EN REDES
DE TELECOMUNICACIONES

EXPOSITOR: M. en C. ERNESTO E. QUIROZ MORONES
PALACIO DE MINERIA
JUNIO DE 1999

Patacio de Mineria Calle de'Tacuba s Primer piso Deleg. Cuauhtémoe 08000 México, D F, APDO. Pastal M-2285
Telefonos,  512-8955  512-5121  521.7335 521.1987  Fax  510-0573  523-4020 AL 25



ESQUEMAS DE
CONMUTACION

+ Conmutacion de circuitos
+ Conmutacion de paquetes

CITEDI

» Modo Datagrama
= Circuito Virtual Permanente
= Circuito Virtual Conmutado

M.C. Emesto Quiroz M.




CONMUTACION DE CIRCUITOS
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CONMUTACION DE PAQUETES

aq &

P3-P2-P1

P3

P2
P1

CITEDI

P3 P2 P1——*»

Modo circuito virtual.

A) Red de conmutacion de paquetes.

Terminal

M.C. Emesto Quiroz M.




Terminal

CONMUTACION DE PAQUETES

g

oG

P3-P2-P1

CITEDI
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A/N

B) Red de conmutacion de paquetes.
Modo datagrama.

! P2-P3-P1

— |

[Fm——

Terminal

M.C. Ernesto Quiroz M.




CITEDI

LA NECESIDAD DE LA
CONMUTACION

(N-1)N/2 lineas
__bi\d\ireccionales

By

M.C. Emnesto Quiroz M.




CONMUTADOR

+ El nUmero de
lineas de
transmision (, ‘ ,.
requeridas es N . A =
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FUNCIONES BASICAS DE LOS
| SISTEMAS DE
CONMUTACION DIGITAL

+ Interconexion

+ Control

+ Senalizacion con las terminales de abonado
+ Sefalizacion con otras centrales

+ Explotacion

+ Sincronizacion

+ Temporizacion

CITEDI | _ '_ M.C. Emesto Quiroz M.




SISTEMA JERARQUICO

Fig.1.7 Estructura de la red teléfonica

CITEDI - | M.C. Ernesto Quiroz M.




CONMUTACION DIGITAL

Una de las funciones basicas de un sistema
de conmutacion es la de funcidn de
interconexion, un sistema de conmutacion
debe ser capaz de suministrar vias de

- comunicacion entre todos los abonado de
una central dada, y en coordinacidon con
otras centrales, comunicar abonados mas
distantes. Esto se lleva a cabo a traves de la
red de conexion.

CITEDI - . 'M.C. Emesto Quiroz M.




COMPONENTES DE UN

SISTEMA DE CONMUTACION

CITEDI

DIGITAL

INTERFACES RED DE
CONEXION
ORGANOS DIGITAL
INTERNOS
CONTROL

SISTEMA DE COMUNICACION DIGITAL

M.C. Emesto Quiroz M.




INTERFACES

+ Conectan al sistema de conmutacion
con el mundo exterior

+ Lineas de abonado
¢ Troncales
¢+ CONexion con operadoras.

CITEDI . | M.C. Emesto Quiroz M.




ORGANOS INTERNOS

+ Soportan funciones para el
establecimiento de conexiones y para Ia
explotaaon del sistema de conmutacion
digital

+ Emisores y receptores de senales para
~ las interfaces

+ Organos de conferencia
+ Organos de prueba de las interfaces.

CITEDI _ M.C. Emesto Quiroz M.




CONTROL

+ Es el cerebro del sistema

+ Participa en practicamente todas las
- funciones del sistema de conmutacion

+ Constituido por un conjunto de
procesadores

+ Métodos de redundancia, de reparto de
trafico y de reparto de funciones.

CITEDI ' M.C. Eresto Quiroz M.




RED DE CONEXION DIGITAL

+ Establece las conexiones entre los
demas bloques del sistema

+ Establece una trayectoria de
comunicacion para un par de usuarios a
traves de la central.

+ Utiliza dos tipos de etapas de
conmutacion:
s Etapa espacial (Space switch)
= Eapa temporal (Time switch)

CITEDI | M.C. Emesto Quiroz M.




CONMUTADOR DIGITAL

CANALES CANALES

Nt o

MULTIPLEX
-}
I

A Y aYalWal
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Arquitecturas de red

+ Pueden contener intercambiadores de
ranuras de tiempo, conmutacion por
division de tlempo 0 una combinacion de

ambos

ma)SoloT

« b) Solo S

o C) T-S

.d) ST

= g) Combinaciones as complejasde Sy T

CITEDI | M.C. Emesto Quiroz M.




1
2
Ranuras de tiempo /
ENTRADA |
. Ranuras de tiempo
/ SALIDA
X

tren de ranuras| 1 \ 2l e l X\ 1 l 2!___&,,,___%,,,,
de tiempo de ' ' >
entrada

< 1 marco >

A K| ] 2] 4

tren de ranuras

de tiempo de i
salida
i Etapa T: Intercambiador de ranuras de tiempo )

CITEDI | M.C. Emesto Quiroz M.
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Etapa S: Intercambiador de Multiplex

M.C. Emesto Quiroz M.
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T T 1
T T 2 S
T m mxn
=
1| 2| " n

mT Ranuras de tiempo entrada
nT Ranuras de tiempo salida

Fig 3.20 Arquitectura de una red tiempo-espacio

CITEDI
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Tiempo-espacial
1 1
2—2 S
. mxn
m m
1 2«0 |N
T T T
e —
T T T
1 2 n

mT Ranuras de tiempo entrada
nT Ranuras de tiempo salida

Fig 3.21 Arquitectura de una red espacio-tiempo
CITEDI | i 'M.C. Emesto Quiroz M.




TEMAS RELACIONADOS

+ Blogueo en el Conmutador
+ Senalizacion |
» Senalizacion de abonado
= Senalizacion entre centrales
= Sistema de Senalizacion No. 7 (557)

+ Ingenieria de tréfico

CITEDI ' M.C. Emesto Quiroz M.




SISTEMAS BASADOS EN
CONMUTACION DE CIRCUITOS

+ POTS: Plain Old Telephone Network
o PSTN: Public Switched Telephone Network
+ Telefonia Celular (Tema 11)

+ PCS: Personal Communication Systems
(Tema 12)

+ ISDN: Integrated Services Digital Network
- (Tema 6)

CITEDI ' M.C. Emesto Quiroz M.




FACULTAD DE INGENIERIA U.N.A.M.
DIVISION DE EDUCACION CONTINUA

CURSOS ABIERTOS

VIil CURSO INTERNACIONAL
EN TELECOMUNICACIONES

MODULO IV:

REDES DIGITALES:
“ACTUALIDAD Y PERSPECTIVA”

TEMA

INTRODUCCION A LA INTERFAZ V5

EXPOSITOR: ING. IGNACIO ORTIZ MENDOZA
PALACIO DE MINERIA
JUNIO DE 1999

Palacio ae Mineria Calie de Tacuba s Primer piso Deleg Cuauhtémoc 06000 México. DF. APDO. Postal M-2285
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UN AM Inter f Az VY  wcomimoioge:

Introduccion a la
Interfaz VS

por

Switching Wireless Access Team
Lucent Technologies - Bell Laboratories

Ing. Ignacio Ortiz Mendoza
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Interfaces V5

[
5

3

Junio de 1999 lgnacic iz Page 2
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Introduccion

o ¢/Qué es la interfaz V57?
o Aspéctos Tecnicos.
o Resumen y Conclusiones

Junio de 1999 lgnacio Ortiz Page 3




& UNAM  Interfaz V5 womimes:
(o ‘, . _ -

., Qué es la interfaz V57

Junio de 1999 lgnar” 7 Page 4




UNAM In terf az V5 | Lucent Tochnologle:

Diferencias en la implementacion de V5

Central Local de
Conmutacion

. Central Local de Interfaz V3 { Red de
Conmutacion L Acceso

RTPC =PSTN
RTPC = Red Telefénica Piblica Conmutada
PSTN = Public Switch Telephone Network

Junio de 1999 Ignacio Ortiz . X Page 5
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:Qué es la interface V5?

o Serie de estandares publicados por ETSI/ITU
gue proveen una Interfaz Abierta entre la

Central Local (LE) y la Red de Acceso (AN)
- El AN es dueno del puerto

- ElI LE es dueno del servicio

o Protocolo basado en Mensajes Digitales

Juni- "~ 1999 Ignar " Page ~
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. Que es la interface V5? (cont.)

o Ofrece Transparencia de Servicios (PSTN e ISDN).
o Es independiente del Interfaz de Usuario.

o Es independiénte de la tecnologia del AN.

o Es independente de la tecnologia o arquitectura
del LE. |

Junio de 1999 Ignacio Ortiz Page 7



il UNAM  Interfaz V5 wenmooge
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Responsabilidades del AN y LE

AN LE
o Terminacién de Puntas. ° 'Parﬁ:rens:dn;lento y enrutamiento de
o Puerto Fisico del o Conmutacion
Suscriptor. o Puerto Légico del Subscriptor.
o Pruebasy o Administrar Servicios
Mantenimientc de la Suplementarios.
Linea.

o Tonos y Mensajes
o Tarificacion y Facturaciéon
o Senalizacion entre centrales.

Junio de 1999 lgnac: iz Page 8



Lucent Technologies
Bell Labs Innovations

Ejemplo de Registrador de Llamadas
i HM)

4 ") i Access ’ B _52)_ g

’ | Network ys

) 4)

Local
Exchange

a

S

>

(N

(3) charging
- e R2/ISUP/TUP
1. Llamada originada a través de una linea PSTN.
2. EI AN detecta el flujo de corriente, forma un mensaje digital
V5 indicando la peticion de originaciéon hacia el LE.
3. El LE determina la razon de tasacion.
4. El LE transmite la informacién al AN por medio de
mensajes de V5. |
5. EI AN es responsable de incrementar el contador de
pulsos (utilizando la polaridad correcta).

Junio de 1999 Ignacio Ortiz Page 9



UN AM I nterfaz V5 ~ Lucent Jechnologles

Tipos de Acceso

Medio: Cobre’ Media: Cobre
Fibra Optica Fibra
Microonda Coaxial

Inalémb?d

Red de

AN | Acceso _ |

Equio

Red de Distribucion Red de Acceso Terminal
< >» € —p» <« —>

Junio de 1999 lgnac: = ; . Page '~
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Estandares V5

Estandares:
o V5.1 (ITU G.964 and ETS 300 324-1)
o V5.2 (ITU G.965 and ETS 300 347-1)

Servicios Soportados:

o Servicios Suplementarios para PSTN (POTS).
o Acceso Basico ISDN (BRA)

o Acceso Primario ISDN (PRA)

o Conexiones ISDN Semi-Permanentes.

o Conexiones ISDN Permanentes.

Junio de 1999 Ignacio Ortiz Page 11
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Comparacion entre V5.1 y V5.2

V5.1 V5.2
Relacion de Concentracion 1:1 ~8:12
Canales B/ E1 ~28-30P ~2002
Maximo numero de E1s 1 16
Servicio PSTN (POTS) v 4
ISDN BRA v v
ISDN PRA v

21% bloquéo, 0.1 Erlang/Sub, y 4 E1s/Interface V5.2.
b Depende del numero de canales de comunicacion proveidos.

Junir '~ 1999 Ignac’ . Page '~
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o 1-16 Els por interfaz V5.2 y 1 E1 por interfaz V5.1.
o Cada E1 transporta 32 canales.
o TSO es utilizado para sincronizacion.

o De 1 a 3 ranuras de tiempo o canales son reservados
para el control canales. (TS16, TS31, TS15)

o Los 28 a 30 canales libres son llamados “Canales
-~ Portadores (Bearer)” y se utilizan para la transmision
de voz y datos. .

Junio de 1999 Ignacio Ortiz Page 13
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Caracteristicas de V5.1

o No existe concentracion. Un solo enlace E1 por interfaz.

o Canales Portadores (Bearer): PCM a 64 kBits/s y canales B
para servicio ISDN Basico.

0 Canales de Comunicacion: Senalizacion POTS,
Senalizacion de Canal-D (ISDN) y Protocolos de Control.

o Conexiones Analogicas y lineas ISDN Semi-Permanentes
o Lineas ISDN Permanentes

Junio de 1999 lgnac: iz Page 14



% UNAM Interfaz VS wemsmsons

Caracteristicas de V5.2

Soporta caracteristicas de V5.1 junto con las siguientes
caracteristicas:

o Concentracion, Multiples enlaces E1
— Hasta 16 enlaces E1s por Interface
o Concentracion de Canales Portadores (Bearer Channels)
- 0 Protocolo de Control de Enlace
o Protocolo de Proteccion

Junio de 1999 -lgnacio Ortiz Page 15
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Comparasion de Interfaces V3

AN

o T
-
/
V5 1. I
. -
_'/
- :

-

LE AN |

V5.2/16Els t——

AN |

-
-~

V5.2/1E1

Junie *~ 1999 Ignac
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ASPECTOS TECNICOS DE LA
INTEREAZ V5
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Diseno de la Interfaz VS

Interfaz V5 (V5.1 Or V5.2)
Red de _ ‘ ntral :
ISDN Acceso ,\—} PSTN
1-E1 (V5.1)

1-16E1s (V5.2)

o0 Mensages estructurados en 3 capas

o Definicidn de dos tipos de canales: Portadores (Bearer)
y de Comunicacion.

o Transporte de dos tipos de informacion: Canales
Portadores y (Bearer) y de Canales de Control

Junir "~ 1999 ignar - Page *~
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Diseinio de la interfaz VS (cont.)

Canales Portadores (Bearer)

0 28 - 30 Canales disponibles (dependinedo del
numero de canales de comunicacion)

o Proveé la trayectoria de voz para PSTN e ISDN

o Transportacion de tonos tales como DTMF, modem y
fax (pero no los tonos / pulsos de marcacion)

Junio de 1999 Ignacio Ortiz Page 19
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Diseio de la interfaz V5 (cont.)

Canales de Comunicacién (C-channels)
1 - 3 canales por enlace

Trayectos de comunicacion (C-paths) son los tipos de informacién sobre un
canal de comunicacion (C-channel):

-- enlace de datos (datalink) transportador de la senalizacion PSTN para todo los
suscriptores PSTN.

— senalizacion de canal-D ISDN para uno o mas suscriptores ISDN.

— transmisién de paquetes por el canal-D ISDN para uno o mas suscriptores ISDN.

— enlace de datos tranportador del Protocolo de Control (Comun y Puertos).

— enlace de datos transportador del Protocolo de Control de Enlace.

— enlace de datos transportador del Protocolo de Conexién de Canal Portador (BCC).

— cada uno de los dos enlaces de datos transportadores del Protocolo de Proteccion.
. — canales-C ldgicos transportadores de uno o mas trayectos de comunicacion.

— canales-C fisicos (ranuras de tiempo de 64 kbit/s) transportando canales-C légicos.

Junio de 1999 lgnac” Page ™"
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Diseno de la interfaz VS (cont.)
Estructura de mensages en 3 capas
Capa 1 (Capa Fisica)

o Terminacion de los canales portadores (bearer) y
Canales-C asociados a un enlace E1.

o Caracteristicas electricas y alineacion de tramas para
una transmision libre de errores, ITU-T G.703, G.704,

G.706

Junio de 1999 lgnacio Ortiz Page 21
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V5 Interface Design (cont.)
Capa 2 (Capa de Enlace de Datos)

o Interpretacion y clasificacion de informacién enviad o recivida por los canales-C
utilizando el subprotocclo LAPVS el cual:

. 0 Asigna la Funcion de Envolvente EF-addrs (identifica el tipo de trama V5 siendo
procesado) y direccion V5DL-addrs (identifica el enlace de datos que transportara
la informacioén V5 al protocolo apropiado de la capa 3)

o 0-8175 - Senalizacién ISDN

o (V5DL-addrs no asignados - informacion procesada en el protocolo LAPD
en la capa 2)
0 8176 - Senalizacion PSTN

o 8177 - Protocolo de Control Comun y Puertos de Usuario
o 8178 - Protocolo BCC

o0 8179 - Protocolo de Proteccion

o0 8180 - Protocolo de Control de Enlaces

Junie e 1999 Ignar’ R . - Page ?°
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Diseinio de la interfaz VS (cont.)

Capa 3 (Capa de Red)
o Procesa informacién specifica a un protocolo de informacion

o Basado en la asignacion de enlace de datos de la capa 2, el
subprotocolo V5L3 envia la informacion especifica al
protocolo V5 apropiado

o Ejemplo: informacion BCC es enviado por el protocolo BCC
protocol

o La informacion de sedalizacion LAPD ISDN recibida de la capa
2 es procesada por el estandar Q.931

Junio de 1999 Ign-acio Ortiz . . Page 23
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Software Layers for V5.2

. i N:Itiﬂn:‘]]
f BCC } Protocol
Link ‘!I "|_J”
- .m \ « Port
! Protection Control‘l (‘:::::l::l:’l“ Control ‘ PSIN
| i ‘ -
! |
i E [ J { | Layer 3
; : ot e Q931 T T
i V5 L3 Control (ISDN layer 3)
e ) ‘ T waen Layer 2
LarvsoL | oo | Y
EF-address- ! __EF address for ISDN |
- = LAPV5-EF
— i = Jﬁ . R Layer 1
-« V5 Communication Channel )

To Access Network
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Diseiio de la interfaz VS (cont.)

Los Protocolos de control - administran y controlan los
puertog PSTN e ISDN de la interfaz V5 como un sola
entidad.

Se encuentra subdividida en 5 distintos protocolos

o Control del Puerto de Usuario (PSTN y ISDN)

o Comun Control

o Conexion de Canales Portadores (Bearer channels)
o Control de Enlace

- 0 Proteccion

Junio de 1999 Ignacio Ontiz Page 25
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Diseiio de la interfaz V35 (cont.)

Protocolo de Control de Puerto: administra los
diferentes estados del puerto PSTN e ISDN:

-- procedimien'to de bloqueo y desbldqueo para puertos de
usuario PSTN,

- bloqueo y desbloqueo asi como procedimientos de
activacion y desactivacion para un usuario ISDN.

o Es soportado a traves de dos mensages, los cuales se
envian y reconocen informacion de informacion de
~control para el puerto de usuario.

Junio de 1999 lgnar 2 Pape 7«
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Diseiio de la interfaz V5 (cont.)

Protocolo Comun de Control - utilizado para el
intercambio de informacion referente a la interfaz V5:

-- El LE podra solicitar al AN o vice-versa la
identificacion de la interfaz V5.

o Se basa en dos mensajes los cuales comunican y
confirman funciones de comun control (no
especificas a un puerto).

b
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- Diseno de la interfaz V5 (cont.)

Conexién de Canal Portador (BCC) - provee el
algoritmo que permite al LE ordenar al AN el
establecimiento y liberacién de canales portadores

0 Permite concentracion en la Interfaz V5.2 por medio
de la selecidon y liberacién de ranuras de tiempo en
base a cada llamada.

0 Los procedimiento de BCC son aplicados al inicio de |
cada llamada PSTN o ISDN conmutada.

0 Se sustenta por medio de once mensages los cuales
comunican y confirman la informacion del Canal
Portador.
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Mensages BCC AN LE

. . ESTABLISH (off hook)

ESTABLISH ACK

T R—— —————— . —— ————— ————

ALLOCATION

<__._.___ ——— — e ————— . —

ALLOCATION COMP

DIAL TONE
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Diseiio de la interfaz VS (cont.)

Protocolo de Control de Enlace - administra cada enlace en la interfaz

o

@

©C O O O

V5.2. Este protocolo contola:

Estado e Identificacion del Enlace. (ya sea por demanda o por
temporizacion) asegura que el LE y AN tengan una vision
consistente del mismo enlace.

Bloqueo y desbloqueo del enlace el cual puede ser originado por el
LE o el AN.

Procedimiento de desbloqueo del enlace completamente simétrico.
Verificacidon de la continuidad del enlace.
Coordinacion de funciones de control.

Dos mensages sustentan la comunicacion y reconocimiento
informacion del control del enlace.

Junio de 1999 Ignac” = Page ~~
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Diseno de la interfaz VS (cont.)

Protocolo de Proteccion - permite la conmutacion de
canales-C logicos hacia diferentes canales-C en un
evento de failo.

o La ranura de tiempo 16 de un enlace primario designado,
contiene el Protocolo de Proteccion junto con otros
protocolos de canal-C.

o La ranura de tiempo 16 en un enlace secundario como
respaldo del enlace prlmarlo transporta el Protocolo de
Proteccion.

o Ocho mensages son utilizados para la comunicacion y
reconocimiento de los procedimientos “switch-over” de
enlaces.
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Diseno de la interfaz VS (cont.)

Administrador del Sistema - responsable de vigilar y mantener una
interfaz V5 estable utilizando 6 componenetes:

o Administrador c< Interfaz V5 Sincronizado - responsible de la operacion y
control de la interfaz V5.

-- Por medio del Protocolo Comun de Control, mantiene comunicacién con su
entidad par en el AN.

o Administrador PSTN del Estado de Puertos - responsable de los cambios
de estados sincronizados de los suscriptores de puertos PSTN.

-- Por medio del Protocolo Comun de Puertos, mantiene comunicacion con su
entidad par en el AN.

o Administrador ISDN del Estado de Puertos - responsible de los cambios
- de estados sincronizados de los suscriptores de puertos ISDN.

-- Por medio del Protocolo Comun de Puertos, mantiene comunicacién con su
entidad par en el AN.
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Diseiio de la interfaz V5 (cont.)
Administrador del Sistema (cont.)

o Administrador de Recursos - controla la solicitud de canales
portadores y negocia el uso de canales con el AN.

-- Por medio del protocolo BCC, mantiene comunicacién con su entidad par
en el AN

LR 3,

o Administrador de Enlace - utilizado en la identificacion e
indicacion de estado del enlace

-- Por medio del Protocolo de Control de Enlaces, mantiene comunicacion
con su entidad par en el AN.

o Administrador de Proteccion - responsable del “switch over”

-- Por medio del Protocolo de Proteccion, mantiene comunicacion con su
entidad par en el AN
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PSTN PROTOCOL IMPLEMENTATION

PROTOCOL PSTN - comunica informacion referenta al estado de las
lineas analogicas para el acceso de un suscriptor utilizando
mensages especificos V5.

o Utilizado en conjunto con el Sistema Nacional de Senalizacion en el
LE.

o Sustentado por nueve mensages los cuales comunican y confirman
informacion referente a un suscriptor: .

- ESTABLISH: indica solicitud de originacion o terminacion de trayecto.
- ESTABLISH ACK: reconocimiento y ejecucucion de solicitud de accion.

- - SIGNAL: comuniczar al LE la condicion de las lineas PSTN, u ordena al AN:

establecer ccndiciones de linea especificas. También podra comunicar el
pulso de un digito o un pulso de tasasion solicitado.

Junir *~ 1999 [gnac Page ™



) UN AM Interfaz V5  rwemizmses

PSTN PROTOCOL (cont.)

- SIGNAL ACK: reconocimiento de los mensages “SIGNAL” y
“PROTOCOL PARAMETER".

.- DISCONNECT: indica liberacién de trayectoria de llamada

- DISCONNECT COMPLETE: reconocimiento del mensage
“DISCONNECT”.

- STATUS ENQUIRY: solicitud del estado fisico de la entidad del protocolo
PSTN en el LE.

- STATUS: indica el estado fisico de la entidad del protocolo PSTN en el LE.

- PROTOCOL PARAMETER: utilizado por LE para cambiar el parametro de
protocolo en el AN (ejemplo. Momento en que es posible recibir el pulso
de “flash hook”).
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UNAM 1 nterfaz Vi e ismooge:

AN ' LE
A-subscriber
ANS DIAL TONE LE4
digit M: SIGNAL
| [digit]
digit M: SIGNAL )
1 [digit]
digit M: SIGNAL
[digit]
digit ' M: SIGNAL )
[digit]

Escenario de Marcacion por Pulsos
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Interfaz V5  womisommone

AN LE
0 aubscriber A-gubacriber
ANI1 [ IOLE LE1

M ESTABLISH

[cadencad nnging
nngng type = ) LE2
ringnp fone
pong s M ESTABLISH ACKNOWLEOGE ~ ["wmoiom
i
ANS
M PROT PARAMETER |"Note
1Signal on hook,
recognion leme duraton ype £
+ by cinsed
2nome
Tt
J - M SIGNAL
[stendy ignal off hook]
“CONNMECGTION
£ en T <T<Toomen
1T».,,....n 1
[ M SIGNAL
fpuked signal rogister recal)
oD openy

M SIGNAL
Isteaty signal cn Hook]

— i
l T

M DISCONNECT
1

LES

M DISCONNECT COMPLETE

Jon | ]] l
AN1 ! IDLE ~ f LE1

me I -

*Noter LE Activates FLASH for AN Customer Based on Line Assignment in LE

Suscriptor AN activa un servicio utilizando “Flash (R)”
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CONCLUSIONES

o Lucent Technologies se compromete a
cumplir los estandares ETSI/ITU y definidos
por nacion con respecto evolucionan.

o Lucent Technologies es también proveedor de
varios productos de Redes de Acceso, de los

cuales varios implementan interfaces V5.1 y/o
V5.2,
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CONCLUSIONES

o Lucent Technologies apoya el desarrollo de
estudiantes y profesionistas en su carrera.

o Lucent Technologies aprecia y agradece ala
UNAM su invitacion al curso

“Redes Digitales Actualidad y Perspectiva”
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CIRCUITO VIRTUAL

P3-P2-P1

P3

" P2
P1

P3 P2 P1—>

_g P3-P2-P1
\%

A) Red de conmutacion de paquetes. Terminal
Modo circuito virtual.
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MODO DATAGRAMA

oq o9 e
P3-P2-P1 —
P3 Ui
| 2
P P T \
v \P3 S T
—
\ | . | P2-P3-P1
——
[Tl (AN s e T e
E—
B) Red de conmutacién de paquetes. Terminal
Modo datagrama.
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Conmutacion de Circuitos

Conmutacion de paquetes

Tiempo de estableci-
miento de la Hamada

Aceptable para servicio
telefonico.
Relativamente largo para datos.

No existe fase dec establecimiento.
(Solo en circuito virtual
conmutado)

Retardo de transmision

Pricticamente despreciable.

L.xiste en toda comunicacion (del
orden de cientos de msg o de sg).
I:n caso de alto trafico puede
llegar a ser importante.

Asignacion de circuitos

Unico y exclusivo para cada
comunicacion.

Circuito compartido por diversas
comunicaciones simultancas.

Transmision de informacion
de identificacion de destino

Sole durante la fase de
establecimicento.

Lis necesario incluir alguna
“identificacion de destino” ¢n
cada paquete de la comunicacion.

Necesidad de capacidad
de almacenamiento en la red

Si, localizada en los nodos de
conmutacion de {a red.

Situacion con gran cantidad
de trafico ofrecido

Incremento de la probabilidad de
bloqueo,

No existe bloqueo. Se
incrementan notablemente los _
retardos.

Flexibilidad de la red

Posibilidad de encaminamientos
allernativos.

Ciran flexibilidad ¢n utilizacién de
la red.

CITEDI
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MODELG DE REFERENCIA OSI
(Open Systems Interconnextion)

+ Lograr interoperabilidad entre sistemas de
datos de distintos fabricantes.

+ Es un conjunto completo de estandares
(interfaces, servicios, formatos).

+ Separa las distintas tareas necesarias para
comunicar dos sistemas independientes.

+ Define 7 niveles de funciones especificas.

CITEDI - | M.C. Emesto Quiroz M.




Capas del Modelo OSI
Nivel Nombre Fundon
7 Aplicadon Datos Normalizados
6 Presentadon Interpretacion de los datos
5 Sesion Dialogos de control
4 Transporte Integridad de los mensajes
3 Red Enrutamiento de los mensajes
2 Cnlace Detecdon de errores |
1 HISICO Conexion de equipos
CITEDI M.C. Emesto Quiroz M.




CAPA FISICA

+ Nivel de comunicacion fisica a través de un
canal.

+ Se encarga de la transmision de los bits (0's
0 1's).
+ Define las reglas para garantizar la

recepcion correcta de las senales
correspondientes a los simbolos binarios.

+ Provee los medios mecanicos, eléctricos,
funcionales y de procedimiento para
establecer, mantener y liberar conexiones

crtepi fisicas. - '- M.C. Emesto Quiroz M.




CAPA DE ENLACE

+ Asegura la integridad de los paquetes que
se transportan.

+ Basa su operacion en el manejo de tramas
+ Recibe bits del nivel fisico

x Ordena en tramas

= Verifica que no contenga errores

= Revisa la secuencia de las tramas

+ Segmenta en tramas los mensajes del nivel
superior.

CITEDI : | M.C. Emesto Quiroz M.




CAPA DE RED

+ Responsable de la comunicacion entre
- dos nodos adyacentes de Ia red.

+ Provee direcciones destino a lOS
mensajes.

+ Convierte direcciones y nombres logicos
<> fisicos.

+ Evallia la mejor ruta que debe sequir eI
paquete.

CITEDI ‘ o M.C. Emesto Quiroz M.
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CONMUTACION DE
PAQUETES POR X.25

+ Estandard de |la ITU-T para accesar una red
de conmutacion de paquetes (RCP).

+ Especifica las caracteristicas de conexion
entre un DTE (usuario) y un DCE (red).

+ El enlace DTE-DCE se efectla a través de |
un circuito dedicado, en forma sincrona, en
modo paquete.

+ Funciona dentro de las 3 primeras capas del
| errep; Modelo OSI.

M.C. Emesto Quiroz M.
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Nivel 1

[ 3 .

~

+ Especifica un circuito dedicado Full-
Duplex (par de alambres, bidireccional).

+ Punto a punto.
+ Sincrono.
~+ Tasa digital = 19.2 Kbps

CITEDI o | M:C. Ermesto Quiroz M.
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Nivel 2

+ Basado en el protocolo LAPB (Link
Access Procedures Balanced).

+ Permite iniciar la conexion en cualquier
extremo (DTE 0 DCE).

+ Verifica que las tramas lleguen libres de
errores y con una secuencia correcta.

+ Utiliza tres formatos de trama.
» Trama de informacion
» Trama de supervision

crrepp ™ 17@ma sin numero

M.C. Emesto Quiroz M.




13

Campos de una trama LAPB

BANDERA DIRECCION CONTROL
| ] ' ]
DATOS

| Variable
FCS BANDERA
] ' 1

CITEDI ' | M.C. Emesto Quiroz M.
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Nivel 3

+ Segmenta la informacion de usuario en
paquetes.

+ Cada paquete de datos recibe un
numero consecutivo.

+ Integra a cada paquete Ia dlreCC|on del
DTE destino.

+ Da acceso a los servicios de la RCP
= Circuito Virtual Conmutado
s Circuito Virtual Pemanente
= Datagrama

CITEDI - ' M.C. Emesto Quiroz M.




DISPOSITIVOS ADAPTADORES’

+ EI PAD (Packet Assembler/Disassembler) es
un adaptador de un dispositivo (no X.25) a
la RCP.

+ También puede actuar como concentrador
de varios usuarios a la RCP.

+ LOs usuarios pueden accesar un PAD por
una conexion directa, linea privada o
conmutada.

+ Provee conversion de velocidad, codigo y
protocolo para acomodar Ios datos de
CITEDI Vd rIOS usuarlos S M.C. Emesto Quiroz M.
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|
OTRAS ARQUITECTURAS DE
CONMUTACION DE
PAQUETES

o Frame Relay
+ ATM (Asynchronous Transfer Mode)

CITEDI -  M.C. Emesto Quiroz M.
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FRAME RELAY

+ Interconexion principalmente de LANs
+ Para aplicaciones de datos, fax y voz

~+ Basado en transmision de tramas de
longitud variable

+ Tasas de transmision hasta 2.048 Mbps
+ Poco sobreprocesamiento
+ Manejo de ancho de banda en demanda

CITEDI - | M.C. Emesto Qﬁiroz M.




ATM

18

+ Interconexion de LANs y WANs

+ Soporte para una amplia variedad de
servicios (datos, voz, video, audio, etc).

"+ Basado en la transmision de celdas de

longitud fija

+ Tasas de transmision hasta 622.08

Mbps |
+ Altas velocidades ¢

+ Manejo de ancho ¢
CITEDI

e conmutacion
e banda en demanda

M.C. Ernesto Quiroz M.




CONCLUSIONES

+ Las primeras RCP se basaron en el

estandar X.25.
+ Servicio de datos Unicamente.

+ Transmision de tramas de longitud
variable.

+ Tasa digital de hasta 19.2 Kbps.

19
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+ Interconexion de LANs

~ « Servicios de Datos, Voz

20

Caracteristicas FRy ATM

FRAME RELAY

y Fax
+ Transmision de

“tramas” de longitud

variable

+ Tasas de transmision

hasta 2.048 Mbps.

CITEDI

ATM

Interconexion de LANs
y WANSs

Servicios de Datos, Voz,
Video, Audio

Transmision de “celdas”
de longitud fija

Tasas de transmision
hasta 622.08 Mbps.

M.C. Emesto Quiroz M.
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MODULACION POR
CODIGOS DE PULSOS

M. C Ernesto E. Quiroz M.
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PCM: PULSE CODE MODULATION

OBJETIVOS:

+ Técnica para digitalizacion de voz
+ Unidad fundamental de transmision
digital: 64 Kbps

+ Jerarquia PDH (Plesiochronous Digital
Hierarchy)




VENTAJAS DE LA
DIGITIZACION DE VOZ

¢+ Se requiere detectar solo dos niveles
(bits)
+ Regeneracion de la senal

+ Las sefiaies codificadas son facilmente
cifrables

+ Multiplexion
+ Conmutacion y transmision con
otras fuentes digitales.




Desventajas

+ Ocupa mayor ancho de banda que el
original analdgico.

+ Necesidad de sincronizacion.




*

*

*

¢

L 4

Técnicas de Digitalizacion de voz

Cuantizadores instantaneos: PCM.
PCM Adaptivo Diferencial: ADPCM

Métodos de Codificacion Lineal
Predictiva: MPE-LPC, CELP, etc.

I\/Ioduladores Delta.
Codificadores de Sub-banda




Modulacion por codigos de
pulsos: PCM

Primer sistema de codificacion de voz
desarrollado.

Sistema sencillo.
+ Codificadores PCM instantaneos.
Estandar para metodos de digitalizacion.

+ Todos los codificadores implican
codificacion o decodificacion PCM.




SISTEMA PCM

+ La transformacion de una forma de onda
continua en una senal digital discreta
involucra las operaciones de muestreo,
cuantizacion y codificacion.

+ La conversidn en transmision se realiza
mediante un convertidor analogico/digital
(ADC); y el proceso contrario en la
recepcion medio de un convertidor digital/
‘analogico (DAC).




Diagrama a bloques de un sistema PCM

Fuente
Analégica

Prefiltro Muestreador

Receptor
Analdgico

Receptor

Codificador
de Forma
de Onda

Canal
Digital

Ve(n){b'(n)}

Decodificador
de Forma
de Onda




MUESTREO
Teorema de muestreo (Nyquist)

+ Si una senal x(t) pasabajas limitada en
banda (£,,.= f,) €s muestreada a
f. > 2f, , es posible reconstruirla
completamente a partir de sus muestras
instantaneas.

+ A la tasa minima 2 f, se le denomina
frecuencia de Nyquist




Analisis espectral de la senal
muestreada

Podemos interpretar el muestreo como la
multiplicacion de un tren de pulsos
periodicos s(t) (funcion muestreo), con la
senal del mensaje f(¢).
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Bandas de guardia en el muestreo y
recuperacion

Respuesta de Filtro H (f)

Banda de |
Guardia




CUANTIZACION

o Puesto que las muestras de la senal
() pueden adquirir un continuo de
valores entre sus magnitudes minima y
maxima, enviar los valores en forma
codificada requeriria una enorme
cantidad de bits. En la practica es
necesario representarlas por un numero
finito de valores predeterminados
(256 pasos de cuantizacion).




CUANTIZACION

Puesto que las muestras de la sefal £(%)
pueden adquirir un continuo de valores
entre sus magnitudes minima y maxima,
enviar los valores en forma codificada
requeriria una enorme cantidad de bits.
En la practica es necesario representarlas
por un numero finito de valores
predeterminados (256 pasos de
cuantizacion).




Cuantizacion uniforme

+ El rango de la variable aleatoria
continua X se divide en Q intervalos de
igual longitud (A). El valor cuantizado
de X sera el punto medio del intervalo.
Si "a” y “b” son los valores minimo y
maximo de X :




" ?

Valor real de la sefial

mmL Valor cuantizado
de la seiial

X
JHJ 5

O

med




Cuantizacion no uniforme

¢ La cuantizacion uniforme utiliza un
tamano de escaldon fijo A y una

probabilidad de ocurrencia igual para
cualquier valor de amplitud en el rango
permitido.

¢ En el caso de voz la probabilidad de
ocurrencia de amplitudes pequenas es

mucho mayor que de amplitudes
grandes.




+ Experimentalmente se ha encontrado
que la fdp de la amplitud de voz es
aproximadamente exponencial.

+ En consecuencia seria apropiado
proveer muchos niveles de cuantizacion
(A pequena) en la region de poca
amplitud, y unos pocos niveles (A
grandes) en la region de amplitudes

grandes.




Funcion de transferencia del
COmpresor.

128

"l /'

BO

[da)
=2}

64

A =876

Senal comprimida y codificada

2
?'a’ Seial de entrada




Leyes de compresion

v a) Ley u

v _log (1+ V)
0 log (1+ w)
e b) Ley A
V. = AV osmgl
80 1+ log 4 A
V‘:1+10g-(AVI.), inggl
1+ log A A




Codificacion

La codificacion es la operacion que
asigna en. forma biunivoca una palabra-
codigo de un alfabeto binario, a un nivel

de cuantizacion.




V. TQ(X> -
Y7
Yo
Ys ' X —»
Vs
Ys
Y2

FBC GC
NBC (SMC) TCC (RBC)
111 111 011 100
110 110 010 101
101 101 001 111
100 100 000 . 110
011 000 111 010
010 001 110 011
001 010 101 001

000 011 100 000




Cadigo del Cadigo de Nivel Nivel de cuantizacion
segmento

0000 0

0000 16

0000 06

1 1'1 1 . T (AU 1.]1

0000 112
TR oo | ey




Tasa de transmision digital PCM

a | Frecuencia maxima de voz 3.4 KHz

b | Frecuencia de muestreo 3 KHz

¢ | Numero de muestras por 8,000 /s
sefial de voz

d | Numero de bits de una 8 bits
palabra PCM

e | Velocidad binaria de un (8,000 /s) 8 bits = 64 Kbits /s
canal |

f [ Periodo de una trama 178,000 = 125 mseg




Multiplexion PCM

Caracteristicas especificas PCM30 PCM24
Nombre comercial El T1
Ley de codificacidn Ley A Ley
Numero de intervalos de 32 24

tiempo de canal por trama

Numero de biis por trama

s bits x 32 =256
bits

Sbitsx (24)+ 1=
193 bits

Velocidad binaria de la seiial
multiplex de tiempo

8.000 /s x 256 bits
=2.048 Kbits /s

8.000 /s x 193 bits
= 1.544 Kbits / s

Duracion de un intervalo de
tiempo de canal de 8 bits

125,sx8=_
256
aprox. 3,9Hseg

125usx 8=

193
aprox. 5,2useg
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1. OBJETIVOS:

Establecer vy analizar los principales pardmetros que afectan la sincronizacion de la red.
tales como la tasa de deslizamientos. la fluctuacion de fase. la degradacion de los relojes:
para mantenerlos dentro de limites aceptables.

Definir v establecer los métodos de sincronizacién mas adecuados para mantener una red
de teiecomunicaciones dentro de especificaciones aceptadas internacionalmente.

Evitar la progresiva degradacién de la informacién debido a el envejecimiento de los
componentes de la red. controlando su envejectmiento.



2 . TERMINOLOGIA.

Z .1 Reloj de referencia primario:
» Disposilivo que proporciona una sedal de temporizacién con una desviacién de frecuencia a largo
plazo mantenida en un valor de 1 x 10 mejor con verificacién respecto al Tiempo Universal
Coordinado (UTC).

2.2 Nodo de red sincrona:

*  Punto geografico en que estan interconectados uno ¢ mas equipos digitales sincronos.

2 .3 Nodo de transito:

* Nodo de red sincrona que enlaza con otros nodos y ng directamente con el equipo de usuarno.

2 .4 Nodo local.

*«  Nodo de red sincrona que enlaza el interfaz directamente con el equipo de usuario.

2 .5 Nodo esclavo o subordinado:

s Relo) cuya salida de temponzacion estd enganchada en fase a la sefal de temporizacién recibida de
un reloj de calidad supenor.

2.6 Incertidumbre:

* [Expresa la magnitud de la posible desviacién del valor medido con respecto al valor real 0 nominal
de una sedal. ‘

e Frecuentemente se distinguen dos componentes, la in(:ertidumbre sistemnatica y la incertidumbre
aleatonia. :

o La Incertidumbre sistematica se estima generalmente scbre la base de las caracteristicas del
parametro y es equivalente at térming "Exactitud®. ) ’

¢ | a Incetidumbre aleatoria se expresa en téminos estadisticos como es la desviacién tipica o
standar o por un multiplo de esta. {Varianza). =

s Es equivalente al término "PRECISION",

¢ La iIncertidumbre giobal comprende ambas partes, fa sistematica y |a aleatoria y es equivalente a |a
exactitug total.



2.7 Exactitud:

+ Es la capacidad de un reloj para generar una frecuencia tan cercana como sea p05|ble al valor
nominal. Esta dada porla reiacion.

En donde:

f= Frecuencia nominal (H2).
Af= Variacién de la frecuencia (Hz),

2.8 Estabitidad:

s Es el grado con que un reloj produce una misma frecuencia durante un periodo de tiempo una vez \
establecida la operacién continua. Se mide a infervalos de liempo, usando la relacion.

af
£

. 1
To—-T1

£n donde;

T0 = Tiempo inicial
Ti= Tiempo final
2.9 Deslizamiento:

« Repeticion o supresion de un bloque de bits en un tren de bits sincrono ¢ plesiocrono debido a una
discrepancia en las velocidades de lectura y de escntura en la memoria de los nodos digitales.

2.10 Tasa de deslizamiento:

. Se define como la cantidad de bits pérdidos o duplicados que ocuren en un cierto intervalo de
tiempo y es proporcional a la diferencia de exactitudes de los relojes de los equipos eniazados. Se
especifica en deslizamiento/Unidad de tiempo.

Z .11 Instante significativo:

-

. Momento en el que las condiciones significativas dé una sedal digital (0 ¢ 1-) son reconocidas por
un dispositivo apropiado.

2.12 Fluctuacién de fase (Jitter):

. Variacion a corto plazo de los instantes significativos de una sefial digital de su posicién ideal en el
tiempo. (Numéncamente, para frecuencias mayores a 10 Hz.).

2 13 Fluctuacién lenta de fase (wander):

» Es la vanacion a lamo plazo de los instantes significativos de una sefial digital de su posicién ideal
en el tiempo (Para frecuencias menores de 10 Hz).
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2 .14 Maximo error de intervalo de tiempo (MEIT):

» Esla maxima variacién entre crestas del retardo temporal de una sefal de temponzacién dada, con
respecto a una senal de temponzacion ideal comprendida en un periodo de tiempo ideal.

2'.15 Intervalo unitario o intervalo unidad {iU):

» Diferencia nominal de tiempo entre instantes significativos consecutivos de una sefal isdcrona.

2.16 Nodo de sincronizacién:
* Esun punto de |a red de sincronizacidn en donde se originan y/o terminan sefiaies de temporizacién,

se considera inherente a los nodos de conmutacién dlgltal o bien un equipo dedicado para tal
préposito.

2.17 Red plesiccrona:

* Red en la cual los relojes que controlan los Nodos de Sincronizacién son independientes y los
instantes significativos de las sefales que se manejan se mantienen con una varacién dentro de
limites muy estrechos.

2.18 Red Sincrona:

¢ Es una yed en l; cual los relojes estdn controtados para que ideaimente trabajen a la misma
frecuencia o al mismo promedio dentro de limites establecidos de diferencia de fase.

2.19 Controi unilateral.

+ Control establecido entre dos Nodos de sincronizacién, tat que fa frecuencia del reloj de uno de estos
Nodes es influenciado por informacion de temporizacién derivada del reloj del otro Nodo.

2.20 Método maestro-esclave (ME):

+ En este método existe un Nodo de Sincronizacidn cuyo reioj estd actuando como maestro de los
demas. Los relojes restantes estdn subordinados a este reloj.

2.21 Método maestro-esclavo jerarquico (MEJ):

« Mélodo de Sincronizacion despético en el que todos los relojes de 105 nodos de sincronizacién estan
dispueslos en una jerarquia y a cada reloj se le asigna una etiqueta de identificacion conforme a su
posicién en elia.

« En caso de fallar el enlace con el reloj maestro. se seleccicna automéucarnente como nuevo
maestro al reloj que se designe como de ranga inmediato inferior,

2.22 Memoria elastica:
« Dispositivo de almacenamientc temporal de dales que permite compensar ias fluctuaciones de fase.

« Lo anterior se realiza, ya sea aumentando o disminuyendo el tiempo de aimacenamiento, seglin sea
la velocidad de los bils entrantes Cuando la velocidad de los bits entrantes y salientes a la memona
son idénticas, ésta guardara duranie un tiempo nominal igs bits.  Cuando ia velocidad de los bits
entrantes disrminuye el tiempo nominal de aimacentamiento se reduce, aumentando ia velocidad de
salida; el proceso contrario sucede cuando fa velocidad de los bits entrantes aumenta.
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4.- LINEAMIENTOS GENERALES.

4.1 Objetivos de la tasa de desiizamientns controlados.

La calidad.de funcionamiento desde el punto de vista de la tasa de deslizamientos de extremo a
extremo debe satisfacer las exigencias de los servicios telefénicos y no teiefdnicos en una conexion
digital a 64 kbps para una Red Digital integrada (RDI).

La tasa globai de deslizamientos para una conexién efectuada a través del nimero maximo de
centrales establecida por los Planes Fundamentales de Conmutacién y Transmisién de la RDI.
.se indican en la tabla 4.1, para diferentes categoras de calidad.

)

TABLA 4.1
CATEGORIA OBJETIVOS DE LA PROPORCION DEL
DE CALIDAD TASA MEDIA DE DESLIZAMIENTOS. TIEMPO oA
i .
|
SAT‘SFQ‘;TOHM < 5 DESLIZAMIENTOS EN 24 Hs >98.9%
ACEPTABLE > 5 DESLIZAMIENTOS EN 2 He < 1%
(A) < 30 DESLIZAMIENTOS EN 1 Hra. |
INACEPTABLE > 30 DESLIZAMIENTOS EN 1 Hra. 1 < 0w
0]




4.1.1 Conexiones de referencia.

» La estructura de red para la RDI-. se basa cn la conexidn ficticia de referencia indicada en el
Plan fundamentai de Conmutacién esto se muestra en la figura 4.1.1.

- —O——

Cs cpP CcL

SECCION SECCION SECCION SECCICN
LOCAL NACIONAL SECCION INTERNACIONAL NACIONAL LOCAL
I ES— -_:-'——-—--}

—O—O“’OquQ

SIMBOLOGIA:

CL:CENTRAL LOCAL
CP:CENTRO PRIMARIO
CS:CENTRO SECUNDARIO
CI:CENTRQ INTERNACIONAL

CONEXION DE REFERENCIA DE LA RED DIGITAL.
FIGURA 4.1.1

4.1.2 Distribucion de las degradaciones.

+ La probabilidad de que, en una red varias secciones experimenten tasas excesivas de
deslizamientos que afecten simultdneamente a una conexién, es pequefia. Esto es considerado en
el proceso de atribucion de objetivos. Latabla 4.1.2 myestrala distribuciéon de los objetivos para
ias diferentes secciones de una conexion.

TABLA 4.1.2
SECCIONDE | ATRIBOIDAA OBJETIVO COMO PROPORCION
e CADA OBJETIVO " DEL TIEMPO TOTAL
LA RED SATISFACTCRIA ACEPTABLE INACEPTABLE
INTERNACIONAL 8.0 % 0,08 % 0,008 %
NACIONAL 6.0 % 0.06 % 0.006%
LOCAL 40,0 % - 0.4 % 0.06 %




LeRpla

también entre centrales.

4.1.2 muestra en forma detallada la distribucién de los deslizamientos entre secciones y

Las aplicaciones, por seccion de Red, se muestran en los capitulos respectivos de este documento.

DISTRIBUCION POR SECCIONES

ateqoRis | SECCION | SECCION SECCION SECCION | SECCION
c §E° LOCAL | NACIONAL | INTERNACIONAL| NACIONAL| LOCAL
CALIDAD 40 % 8% B% 8% 40 %
Dto/Hrs Dio/Hrs Dto/Hrs Dto/Hrs Dto/Hrs
SATISFACTORIO  1/12 180 | 1/80 80 | 112
! (8) (0.0833) (0.0125) | {0.0168) i
| ' !
ACEF;}:‘B'-E >112512 > 180 ¢ 18 >180<24 | >1B0< 180 > 1/12 €13
INACE(PF)TABLE| > 12 > 1.8 i > 2.4 > 1.8 % > 12
s
- < 8 Dto/24 Hrs »-|
OBJETIVOS » (A) 5 v Dto/H .
GLOBALES | > 5 Dto/24 Hrs Y < 30 Dto/Hra -
!=-‘ L) > 30 Dto/Hra ==i
DISTRIBUCION ENTRE CENTRALES
|
cATEaonia| SECCION|  SECCION SECCION SECCION | SECCION
oe LOCAL | NACIONAL| INTERNACIONAL| NACIONAL| LOCAL
CALIDAD 1 CENTRAL!2 CENTRALES 8 CENTRALES |2 CENTRALES! 1 CENTRAL
Dto/Hrs Dto/Hrs Dto/Hrs Dto/Hrs Cto/Hrs
SATISFACTORIO 0.0063 0.0033
1/12 0.0063 1112
(S) 1Dto/6.60l_as 1 Dto/12.5 Dias /
Ao [>1/12 5 12 [>0.0063<0.9 | > 0.0033 £ 0.48 | >0.0083<0.9 |> 1/12 ¢ 12
INACE(PDTABLE 5 12 508 > 0.03 >0.9 5 12

DISTRIBUCION DE LOS PORCENTAJES DE LA TASA DE DESLIZAMIENTOS
PARA SECCIONES DIGITALES Y ENTRE CENTRALES DIGITALES.

TABLA 4.1.2



4.2 Caracteristicas de los relojes.

e EnliaRDI

los relojes se clasifican segon se muestra en {a tabla 4 2

TABLA 4.2

ESTABILIDAD

TIPO DE RELOJ. EXACTITUD ( 1/DIA)
11 12

, 1X10 1X10 .

.10 .

1 1X10 1X10
i 1x10 1x10 2
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4.3 Caracteristicas de los relojes de referencia primarios ({Reloj Tipo I}
4.3.1 Maximo error de intervalo de tiempo (MEIT) (MTIE).

+ Esla maxima variacién pico-pico del retardo de tiempo de una sefal de temporizacion dada con
respecto a una sefial de temporizacién ideal dentro de un periodo de liempo particular. Esto es:
MTIE (s5) = Max. X (1} - Min. X (t) para toda T dentro de S.

+ ladesviacién de frecuencia a !arge piazo { A t/f) o valor de exactitud esta deterninada por el
cociente entre el MEIT y el intervalo de observacidon S cuando S aumenta, esto es:

X®

RETARDQO TEMPORAL
CCON RESPECTO

A UNA

REFERENCIA

IDEAL

— ]

PENDIENTE QUE
) DA LA DESVIACION
DE FRECUENCIA
1 ALARGO
PLAZO

MEIT

DEFINICION DE MAXIMO ERROR DE INTERVALO DE TiEMPO ( ME!T)
FIGURA /4.3.1
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« El MEIT expresa la maxima variacion de fase a largo piazo admisible en un reloj de referencia
pnmario {con salida sinusoidal o por impuloss).

» EIMEIT en un periodo de S segundos no excedera [os siguientes limites:

a} (100S8S)nseg. para0.05<S< 5
b) (SS + 500) nseq. para 5< S g 500

¢} (0.015 + X) nseg. para S > 500 y X = 3000 nseg.

La especificacidn global se muestra en la figura 2/4.3.1.

nSag.
107 4 11
MEIT 107 |se10, 1/5
10‘ r - ’I
rd I
s 4
105! ’ i d
Fa ra (4
F £
I , ’
104 : l” J’ /1’
i A G | =y Y d
L Y| eodmeneeg
(5(8)+500)n8eg. | - | ,\| X=3000nEeg
102 — e L .\ (PROVIBIONAL)
1", P SR SN SR Y S . ’
i A ’
1 ! ¢ ’
102 1008 nBEG — l ," ; '
. [l ]
| r.-’ 'lr ;’
1 ol Fl
101 " L ¥
" ’r ! ) ;’
'] ’ ! ’ *
1 . ’ | ’
R
/ ] ' ,,
’ (3} ! ’
10.1 2 iy :
1
10% 109102907 1 t1o' 102 10% 10 10% 10® 107 107 sep
0.08 . PERIODO DE OBSBRVAGION (S)

MAXIMO ERROR DE INTERVALO ©E TIEMPO (MEIT) PERMITIDO CEBIDC
A VARIACIONEB Dk FASE A LARGO PLAZO COMO UNA FUNCION DEL
PERICDO DE OBBERVACION (8) PARA RELOJ DE REFERENCLA PRIMARIA

FIGURA 2/4.3.1
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4.3.2 Desviacion de frecuencia a largo plazo,

-~

» El reioj de referenciau.Priwm'ﬂéberé estar disefiado para "Desviaciones de frecuencia a largo plazo”
no mayores de 1 x 10 -11

« Ladesviacion de frecuencia a largo plazo de 1 x 10-11 es cerca de dos 6rdenes de magnitud mayor
que la incertidumbre del Tiempo Universat Coordinado {UTC).  Por lo tanto, el UTC deberd ser ia
referencia para la desviacion de frecuencia a largo plazo. (Vedse CCIR reporte 838).

« Para cumplir con lo anterior se requiere que los relojes de referencia primarios sean construidos con
tecnologia de Maz de Cesio.

4.3.3 Estabilidad de fase.

+« Puede describirse por sus variaciones de fase que a su vez se dividen en un ciero numere de
componentes a saber;
a) Discontinuidades de fase, debido a perturbaciones transitorias.

b) Varaciones de fase a largo plazo. Comprende la fluctuacién lenta de fase (Wander) y desviacién
integrada de frecuencia. o

¢) Variaciones de fase a corto plazo también conocido como fluctuacion de fase {Jitter).

4.3.3a Descontinuidad de fase.

» Debido a que el/los nodo(s) de referencia pnmanos necesitan una fiabilidad muy alta, 5@
requéc r& equipo duplicado o triplicado a fin de asegurar la continuidad de salida.  Sin
embargo, 1oda conmutacién de un reioj 3 otro en el nodo de referencia o entre nodos de referencia
primanos no debera causar mas que un alargamiento o acortamiento de la anchura del intervalo de
la sedal de temponzacidn y no causard una discontinuidad supenor a 1/8 del intervalo unitario a la
salida del reloj.  Asi, si, la sefial de salida es de 2,048 KHz., la discontinuidad de fase no deberd ser
supenor a 61.07 nseg. ;

4.3.3b Variaciones de fase a largo piazo.
» La variacion de fase a largo plazo maxima permitida en la salida de un reloj de referencia primario

es expresada como el MEIT, especificado en el inciso 4.3.1 de este documento. ¢

4.3.3c Variaciones de fase a corto plazo. . -

« Se encuentra en estudio el Jitter del reloj de referencia primario.

/3



4.4 Caracterizacion de los relojes subordinados (Relojes tipo il y 1ll).

4.4.1 MAximo error relativo de intervalo de tiempo (MERIT) {MRTIE).

« E!MERIT es analogo al MEIT definido en el inciso 4.3.1 de este documento, pero estd refendo & un
oscilador practico de alta calidad en vez del UTC.

4.4.2 Estabilidad de fase,

« Puede describirse por sus variaciones de fase que a su vez se dividen en un cierto nUmero de
componentes a saber.

a) Discontinuidad de fase. Debido a perturbaciones transilorias.

b) Varaciones de fase a largo plazo. Comprende la fluctuacion lenta de fase (Wander) y la
desviacidn integrada de frecuencia.

¢) Vanaciones de fase a coro piazo. También conocido como fluctuacién de fase (Jitter).

4.4.2a Discontinuidad de fase.

« En los casos, infrecuentes de comprobacién o reconfiguracién intemas en el reloj subordinado,
deben satisfacerse las siguientes indicaciones:

a) Las vanaciones de fase durante un periodo de hasta 2 '' U, no debe exceder 1/8 de IU.

b} Para periodos mayores a 2'! 1U, la varacién de fase para cada intervaio 6 2'1 {U, no deberé
excederse 1/8 de IU, hasta un total de 1yseg. ’

Donde ei valor IU es el inverso de |3 velocidad binana.

4.4.2b Vanaciones de fase a largo plazo.

. Considerando que la estabilidad de fase de los relojes subordinados deben tormar en cuenta su
entomo real, es necesario especificar las categorias de funcienamiento del reloj, que podemos clasificar
como:

%y Ideal

ii) Forzado
lii) Mantenido. y -
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4.4.2.bi Funcionamiento ideai,

+ Esta categoria de funcionamiento refleja el comportamiento de un reloj en condiciones en que no
existen degradaciones de 1a o 1as referencias de entrada.

« EIMERIT a la salida del reloj subordinado no debe en ningan periodo de S segundos, exceder los
siguientes limites:

1)005<5<100
2) 1000 nseg para § > 100

» La especificacién global se muestra en la fig 4.4.2bi

nSeg.
MERIT 104

103 _ ]

J
'
'
'
1 ! -
[}
I
[}
'
1

EN EBTUDIO

10 102 102107 1 10" 102 10% 10* 10° 10% 7 108 seg.

' ' PERIODO DE OBSERVACION (S)

MAXIMO ERROR RELATIVO DE INTERVALO DE TIEMPO PERMITIDO
DEBIDO A VARWCIONES DE FASE A LARGO PLAZO VS PERIODO

DE OBSERVACION (S) PARA RELOJES ESCLAYOS BAJO CONDICIONES
DE OPERACION IDEALES. -

FIGURA 4.4.2.b.1
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4.4.2.bii Funcionamiento forzado,

» Esta categoria de funcionamiento refleja el comportamiento real de un reloj considerando la
influencia de las condiciones reaies (forzadas) de funcionamiento. Las condiciones forzadas incluyen
ios efectos de la fluctuacion de fase, las actividades de conmutacion de proteccion, las rafagas de
errores.

« Elresuitado de estas condiciones forzadas, son causa de degradaciones de la temponzacién

4.4.2.biii Funcionamiento mantenido.

» Esta categoria de funcionamiento refleja el funcionamiento del reloj subordinando en las ocasiones
infrecuentes que pierde la referencta durante un periodo de tiempo significativo.

[

£l MERIT a la salida del reloj subordinado no debe, en ningun periodo de S segundos, exceder los
siguientes limites:

(aS+ b3 +c) nseg.paras 100

Donde las vanables a, b y c toman los valores indicados en la tabla 4.4.2.biii

TABLA 4.4.2.b.ill

| - r
| VARIABLE .  RELOJDETRANSITO RELOJLOCAL
! a ,‘ 0.5 | 10 (3
r l ;
[ ! :
| b 1.16X10°° (@ 2,310 (a)|
| : i
| ; | |
%i' ¢ ; 1000 (5)| 1000 (s))

NOTAS:
(1) CORRESPONDE A UN DESPLAZAMIENTO DE FRECUENCIA INICIAL DE sx10°19

(2) CORRESPONDE A UN DERIVA DE FRECUENCIA DE 1X109DIa.

(3) CORRESPONDE A UN DESPLAZAMIENTO DE FRECUENCIA INICIAL DE 1X10°8

(4) CORRESPONDE A UNA DERIVA DE FRECUENC!A DE 2X10°8

(5) EFECTO DE LA TEMPERATURA.

(6) TIENE EN CUENTA CUALQUIER MERIT QUE PUEDA HABER EXISTIDO AL
COMIENZO DEL FUNCIONAMIENTO “MANTENIDO" Y LOS EFECTOS DE LA
RECONFIGURACION INTERNA.(Y DE LA DISTRIBUCION DE LA TEMPORIZACION)
EN CUALQUIER CASO,ES NECESARIO UNA TRANSICION GRADUAL ENTRE EL
FUNCIONAMIENTO “IDEAL" Y EL *"MANTENIDO".
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+ lLa especificacion global resultante se resume en ia figura 4.4.2 biii.

nSeg.

MERIT ! ‘ |
! |
7 ! ! / |

10 i} 1 1
| ] / |
'RELQJ LOCAL | / !
B ! R !
10 : — |
yia |

108 ' I ——
c

| I : \ REI{.OJ D‘E THAINSIT

\\

10 2 -1 4 5 7 8 9
2 - 1 2 3 6
10 10 i 10 10 10 0 10 10 10 10 10 Seg.

PERIODO DE OBSERVACION (S)

MERIT ADMISIBLE DEBIDC A LAS VARIACIONES DE FASE A LARGO PLA2O
EN FUNCION DEL PERIODO DE OBSERVACION (S) PARA UN RELOJ
SUBORDINADO EN FUNCIONAMIENTO MANTENIDO,

FIGURA 4.4.2,b.iii
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4.5 Fluctuacidn de fase (FF) y fluctuacion lenta de fase (FLF).

s La fluctuaci6n de fase comprende la fluctuacion de fase (Jitter) y fiuctuacion lenta de fase (Wander).

4.5.1 Limites de fluctuacién de fase FF en redes digitales.

* En ia tabla 4.5.1 se muestran los niveles maximos admisibles de la fluctuacién de fase (FF) en
interfaces jerarquicos de una red digital. Estos valores son compatibles con |a tolerancia minima de
FF que deben proporcionar todos los accesos de entrada del equipo requerido.

TABLA 4.5.1
VALOR DEL FILTRO DE MEDICION
PARAMETRO FILTRO PASABANDA CON UNA
B1 B2 FRECUENC!A DE CORTE
INFERIOR 11 O 13 Y UNA
Wpp Wpp | FREC.DE CORTE SUPERIOR 14
VELOCIDAD BINARIA
(XBPS) 11.14 13.14 11 (Hz) | 13 (KHZ) | 14 (KHz)
84 0.2% 0.08 20 3 20
2048 1.5 0.2 20 18 100
8448 1.5 0.2 20 3 400
34388 1.8 0.15 100 10 800
133264 - 1.5 0.078 200 10 as00

U = INTEAVALO UNITARIO , TOMA LOS SIGUIENTES VALORES :

PARA 64 KBPS, 1lUs=18.6micro seg.
PARA 2048 KBPS, 1/U=488nseg
PARA 8448 K3P8, 1/U=118nseg
PARA 34368 KBPS, 1lU=23.1ngeg.
PARA 139,264 KBPS, 1lU=7.18nseg.
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+ El montaje para {a medicién de los valores indicados en la tabla 4.5.1., se muestran en la figura
4.5.1. La respuesta de frecuencia de los fillros asociados a los aparatos de medida deben tener un
régimen de decremento de 20Db/decada. La recomendacién 0.171 describe con detalle el aparato de
medida.

INTERVALOS
FILTRO PASA- ! B:-'N TARIOS
= BANDA -
: FRECUENCIA DE :
_— L DETECTOR CORTE 11y | AMPUITUD DE
‘LA FF.MEDIDA
E DE FF FILTRO PASA- :
Pecuencaoe |82
RFAZ CORTE 13y 14 . INTERVALOS
plly " ! UNITARIOS .
JERARQUCO | T .
0 ACCESO
DE BALIDA ‘
DE EQUIPQ.

CIRCUITO PARA LA MEDICION DE LA FF.PROCEDENTE
CE UN INTERFAZ JERARQUICO O DE UN ACCEBO
DE BALIDA DE EQUIPQ.

FIGURA 4.5.1

4.5.2 Limites de fluctuacién lenta de fase (FLF) en redes digitales.

+« El limite de red maximo para FLF en todas las interfaces jerarquicas no se liene definido estos
valores, dependen basicamente de las caracteristicas del medio de transmisién y del envejecimiento
de los circuitos del reloj de la central. ’

» Los accesos de entrada deben tolerar la FLr-= de acuerdo .con los requerimientos de a tolerancia de
entrada indicada en el inciso (3.1.1 Rec. Rev. Doc. 170642). ) }

P
i

* Para interfaces en nodos de red, los siguientes limites son aplicables.
« El MTIE (Rec. G.811) sobre un penddo de S segundos, no deberd exceder los siguientes valores:
1) S < 104 seg.
2) 10! S seg + 10pseq.
» La especificacién completa se ilustra en fa figura 4.5.2 (Fig. 2/G.823).

« Nota: El MTIE total de 10useg adicional al tiempo promedio, puede sélo ocurmir en ta salida del
ultimo nodo en la cadena de nodos.
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4.5.3 Limites de fluctuacién de fase en equipo digital.

» Para equipos digilales individuales tales como muitiplexores, regeneradores radios digitales, etc. es
necesano especificar la calidad de funcionamiento respecto a la fluctuacion de fase (FF) de tres
maneras:;

1. Tolerancia de fluctuacidn de fase en los accesos de entradas digitales, ver 4.5.3.1.

. 2. Fluctuacion de fase maxima a la salida en ausencia de una fluctuacién de fase a la entrada, ver
4532

3. Caracteristicas de {ransferencia de la fluctuacién de fase, ver 4,.5.3.3.

1
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4.5.3.1 Tolerancia de fluctuacién de fase en los accesos de entradas digitales.

Por conveniencia para su medicién, la tolerancia de FF y FLF requerida se define en funcién de la
amplitud y la frecuencia de una FF sinusoidal que, al modular una seflal de prueba, no causa una
degradacion apreciable del funcionamiento de! equipo:  Asl pues, lodos los accesos de entrada
digital de os equipos deben estar en condiciones de tolerar una sefal digital cuyas caracteristicas
eiéctricas cumplen la Rec. G.703 pero modulada por una FLF sinusoidal que tiene una relacién
ampiitud frecuencia definida en la figura 4.5.3.1 y en la tabia 4.5.3.1.

Lo anterior debe cumplirse cualquiera que sea el contenido de informacidn de la sedal digital. Para
pruebas, e! contenido binario equivalenie de 1a sefial modulada por ta FF debe ser una frecuencia
binaria seudoaleatoria como se indica en la tabla 4.5.3.1.

AMPLITUD DE LA
FFY FLF
(ESCALA LOG.)
(Upp A
CARACTERISTICA DE UN
ALINEADOR DE TRAMA TIPICO

. PENDIENTE EQUIVALENTE A
. 20 dB/DECADA

7
i N
FRECUENCIA DE LA FF.
(ESC.LOQ)

LIMITE INFERIOR DE LA FF. Y FLF MAXIMA TOLERABLE."
FIGURA 4.5.3.1

24



TABLA 4.5.3.1

AMPLITUD
VELO. FRECUENCIA SENAL DE
CIDAD N pp FLF. FF. PRUEBA
BINARIA - ™ | pseuoo-
(BPS) | ao | Ay] Ay| ap| e | Mo [tol fa |t | 12 | 13 | 1q4/ ALEATORK
Hz | Mz Hz| Hz |Hz [ XHz | KMz |KHz
64 115 | * [0.25|0.05 * * . 0.6 3 20 2111
. (Rec.0.152)
2048 369 118 |, hg, | .8a*100.01(1.667 | . | 24 18 215,
(:21;3) x5 - s | we (9312) | zoomn | 1?0 (Rec. 0.151)
8448 (18ps « |15 |02 |10 . . + |20 0.4 3 400 2154
51 } (10.7) | (80) (Rec. 0.151)
14308 8.6 23
(aus)| © 1.5 /015 * . « |+ |00 1 10 {800 271
(5S) (Rec. 0.151)
139264 rove| * 15 |.075] * N « | « |200 | 05 10 |3sod 234
1S) (Rec. 0.151)

* : VALORES EN ESTUDIO.

++ : ESTOS VALORES NO SE UTILIZAN CUANDO EL ENLACE TRANSPORTA SENAL DE SINCRONIZACION
IU : INTERVALO UNITARIO

PARA INTERFACES, EN REDES NACIONALES LOS VALORES EN PARENTESIS PARA B, Y F5,PUEDEN SER

UTILIZADOS.

VALOR DE LOS PARAMETROS PARA LAS TOLERANCIAS DE ENTRADA DE FF.Y FLF.

se considera que los efectos de la FLF son predominantes en frecuencias abajo de f1. En muchos
equipos de transmision, tales como sistema de linea digital y muldex sincronos qu
de justificacion, son transparentes a estos cambics de fase de muy baja frecuencia.

e utilizan técnicas
Sin embargo,

es necesano admitir 1a FLF en la entrada de ciertos equipos (Por ejempio conmutadores digitales y
MULDEX sincronos). z

« A diferencia de la parte de la plantilla con
en una red digital, ia parte de la plantilla a bajo de f1, no esta destina are

admisible que puede producirse en la practica.

tenida entre f1 y f4 y que reflejan la FF maxima permisible
presentar la FLF maxima

Por debajo de la frecuencia f1, la plantiila se
de el nivel de almacenamiento de la memoria a

astablece de forma gue, en caso necesano, el valor
la entrada de un equipo, facilite la admisién de la FLF generada en una gran proporcion de

conexiones reales.

Una entrada que sincroniza a un nodo y Otro quée no sincroniza e! nodo, pueden derivar sus
respectivas temporizaciones de et mismo reloj de referencia, pero sobre diferentes trayectorias, y
pueden por lo tanto, en un caso extremo tener una desviacién con fase opuesta. La esperada
desviaci6n de fase relativa maxima es de 18useq., la cual debe ser absorbida por el equipo.

Un intervalo conto inverso de! TIE relativo entre la sefial de entrada y la sefal de temporizacion
intema de el eguipo terminal después de 1a ccurrencia de un deslizamiento controlado, no debe
causar otro deshzamiento.  Con el objeto de prevenir tales deslizamientos, el equipo debe ser
disedado con una histéresis adecuada para este fenémeno.  Esta histéresis debe ser al menos de

18 microseaundos. 22



4.5.3.2 Fluctuacion de fase maxima a la salida en ausencia de una fluctuacién de fase a la
entrada.

Es necesario limitar el nivel de la FF; producida dentro de los difer_er}tes equipos. En las
recomendaciones sobre sistemas especificos se definen 10s niveles max:mos de FF que p_ueden
generarse en ausencia de una ff a la entrada.  LoS limiles efectivps apl:chos dependen dg! ‘tnpo de
equipo y deberan respetarse cualquiera que sea el contenida de mfonnacnén_t_je la sefal digital. En
cualquier caso, los limites no sobrepasan nunca el limite maximo de red permitido (ver tabla 4.5.1).

4.5.3.3 Caracteristicas de transferencia de la fluctuacién de fase y de la fluctuacién lenta de fase

La funcidn de transferencia de !a fiuctuacién de fase se define como el valor de ta ganancia de la FF
versus, la frecuencia de la FF donde la ganacia es {a razén de ei valor de entrada y el valor de salida
de 1a amplitud de la FF para una tasa de bit's dado. Cuando la FF esta presente en el puerto ge
entrada del equipo digital, en muchos casos, algunas pardes de la FF se transmile a el
correspondiente puerto de salida digital. Muchos tipos de equipo digital atenuan inherentemente los
componentes de la FF de frecuencia elevada presentes a la entrada.

Para controlar |1a FF en una cascada homogénea de equipos digitales, es importante restringer el
valor de la ganacia de la FF. La transferencia de ia FF para un equipo digital particular, puede ser
medido usando una sefal digital modulada por la FF sinusoidal,

Lafigura 4.5.3.3 muestra la planulla general de ias caracteristicas de transferencia de ia FF.

GANANCIA

DE FF. ‘(DB)

y ;/////’/////////,_///_///Z 20 D3/DECADA
2

0T . /¢ / .
7
7
¢
Y
Y
(il

FRECUENCIA DE FF.
: ] { % -
1 1 { { (Hz)

5 8 7 (ESC. LOG.)

CARACTERISTICA TIPICA DE TRANSFERENCIA
DE FLUCTUACION DE FASE

FIGURA 4.5.3.3
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4.5.4 Secciones digitales.

4.5.4.1 Con el fin de asegurar que no se rebase el limite de red maximo dentro de una red digital. es
necesano controlar 1a fluctuacion de fase producida por los sistemas de transmusion.

+ Los limites de la fluctuacion de fase para las secciones digitales se dan en ia Rec. G.821 ( g7s7-7) en
estas se incluye 1o siquiente:

Tolerancia.

+ Limite inferior de 1a fluctuacidn de fase admusible a la entrada.  Se deben satisfacer los requisitos
especificados en la fig. 4.5.3.1 yiatabla 4531

Funcién de transferencia.

+ Caracteristicas de transferencia de 12 fluctuacién de fase. La ganancia maxima de la funcién de
transferencia de la ff no debera ser supencr a 1dB

. FF Generada.

« Fluctuacion de fase a la salida en ausencia de fluctuacion de fase a la entrada. La fluctuacion de

fase maxima pico a pico, en ausencia de fluctuacion de fase a la entrada, para cualguier condicion
valida de la sefial, no debera exceder del limite indicado en la tabla 4.5.4

TABLA 454
_ PARA LONGITUDES DE FILTRO DE MEDICION
VELOCIDAD | LONGITUD SECCION DIGITAL NO FILTRO PASABANDA
BINARLA DE LA 3‘1:52'09 ALADELA CON UNA FRECUENCIA
5.0.F.R. i DE CORTE INFERIOR #1
| O 13 Y UNA FRECUENCIA
. I
(XBPS) | wm PP DE CORTE SUPERIOR 14 f
f LIMITE DE LIMITE DE . f , f
BAJA ALTA 1 3 4
FRECUENCIA = FRECUENCIA Hz) | (KHz) | (KH2)
) (11-14) | 1-14) |
1 18
2048 | 50 ._ 0.75 0.2 20 | (rooHz) | 100
8448 50 0.75 0.2 20 3 400
i {80}
|
a8 50 0.75 ! 0.15 100~ | 10 800
|
34268 | 280 0.75 j 0.15 100 10 800
! i |
139284 i 280 0.75 } 0.075 ; 200 | 10 3500

S.D.F.R.:SECCION DIGITAL FICTICIA DE REFERENCIA.
U (INTERVALO UNITARIOQ,
FF.:FLUCTUACION DE FASE.

FF MAXIMA A LA SALIDA EN AUSENCIA DE FF A LA ENTRADA,
PARA LONGITUDES DE SECCION DIGITAL NO SUPERIORES A LA S.D.F.R.
249
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Public Neoworks

Vistonaries proclaim that [P is the convergence protocol. But
what builds networks and revenues in the intenim before
uruversal [P convergence”?

TELECOMMUNIERTIONG.,
s

Steve Willis and Chnis Baldwin

[P. The Internet runs on it; private data services are
migrating to it. and new voice-over-IP (VoIP)
developments auger the transition of voice to a
common IP infrastructure. But this IP vision is long-
term The size and scope of the wide area network
(WAN) preclude overnight transformations

New service providers are deploving extensive fiber
optic transmission plants and promoting both
wholesale and retail services, shepherding existing
traffic and new bandwidth-intensive services onto .
their new networks But iiow are existing revenue-
generating services and new 1P-based data services
integrated onto a common infrastructure cost-
effectivelv”?

ATM 1s promoted as the network convergence layer -
integrating legacy services and allowing fine-tuned

allocation of network capacity 1o different traftic

tvpes without the inefficiencies associated with

traditional overlay network architectures ATM'’s
qualitv-of-service (QoS) tools enable sophisticated

quahity control bevond simple bandwidth measures

ATM. however. 1s not without its own issues such

as the bandwidth “ATM cell tax,” which is

http /Awvww telecoms-mag comtissues/199906/tcs/ipatmwan html [ 7-Jun-99
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unacceptable to IP-only customers. If ATM’s chief
attraction is its ability to allow the convergence of
legacy traffic types, is it merely a transitional
technology deserving only passing deployment and
investment?

In truth, the differences between ATM and IP are
overstated. IP datagrams and ATM celis are both
packets, and IP and ATM service platforms both
operate by packet switching. Integrating IP and
ATM is no longer technical alchemy; Moore’s Law
and the ever-evolving art of svstem design now
aliow service providers to have their cake and eat it,
too: ATM and IP simultaneousty with service-ume
configuration between the two. Even QoS is now
common to I[P and ATM and operates on very
similar principles: traffic classification and rate
enforcement on switch ingress with class-based
gueuing on switch egress

Service providers are activelv buillding a new packet
division multiplexed (PDM) infrastructure where
both IP and ATM platforms are deploved, as both
are required The PDM infrastructure represents a
radical rethinking of the traditional lavered WAN
architecture Gigabit-speed [P and ATM service
platforms are now being deploved n transport and
service protocol roles The previous strict
delineation between transport and service svstems
evaporates. along with significant operational and
capital expenses associated with lavered
architectures PDM infrastructure is used in the “last
five mites™ of the WAN infrastructure that les
between the new core transport network, composed
of wavelength division multiplexing (WDM)
devices. and the cusiomer premise [P and A° M . e
both required in this crucial area of the network 1o
integrate legacy traffic and new IP data wraffic on:
common packet-switched infrastructure

Whotesale Provider Issues

Wholesate service providers typicallv deplov fiber
along raitroad or oil/gas pipeline nghts of way and
provide transport senvices to tocal and regonal
providers Historicallv wholesale providers have
offered pure bandwidth services composed of high
capacity leased lines The traditional SONET/SDH
technoloysy. however, aliows only a coarse
partittomng of transport capacity in often

http /A www telecoms-mag convissues/199906/tcs/ipatmwan html
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Session Initiation Protocol (SIP), the Session
Announcement Protocol (SAP), the Real-Time
Streaming Protocol (RTSP) and the Session
Description Protocol (SDP). SIP in particular has
been proposed as an alternative to H.323, but, to
date, has not received widespread support.

The maturity of VoP technology, the development
of standards and growing market demand are all
positive trends that will facilitate widespread
adoption of interoperability standards In 1999,
there will be more announcements and
demonstrations of vendor gateway interoperability
for both H.323 and MGCP. Support for H.323
remains strong, particularly in Europe H.323
standards and implementations are much more
mature than MGCP. H.323 interoperability
activities include the ETSI Telecommunications and
Internet Protocol Harmonization Over Networks
(TIPHON) intiative as well as the VoIP working
group overseen by the International Multimed:a
Teleconferencing Consortium (ITMC). Several
vendors have recently announced the iNow!
initiative for interoperability between gateways and
GateKeepers. On the MGCP front. the CableLabs
PacketCable initiatuve 1s driving interoperability of
MGCP clients and call agents Vendors are also
building carrier-class VolP gatewavs and call agents
that allow MGCP to interface to the S§7 world

Finally, for there to be a new world order based on
VoP telephony. standards must be robust and scale
on a2 global basis Important standards issues that
will take a littie longer to sort out include billing and
settlement interoperability. securitv and overall
network scalability whereby callers can trulv reach
any destination in the world

William E. Wuowsky 1s semior viee president of
engineermg, chief wechmeal officer and a founder
of Telogy Nenvorks Inc. Prior 1o Telogy, he was
direcior of engineering ar Hughes Nenvork
Svstems Woowsky recenved s B from
Stevens Institure of {echnology and hes ML.S.C.S

Jrom Johns Hopkms Universuy. Contact him ut

hwitowsky @ telogy.com.
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networks was initially provided by the ATM -
Forum’s Voice and Telephony-Over ATM (VToA)
Technical Working Group in the form of circuit
emulation services that enable voice and fax to be
transported transparently as constant bit rate {CBR)
64 kbps data. Today, there 1s a VToA standard
under final ballot titled “AAL2 Trunking Using
AAIL?2 for Narrowband Services,” which provides
voice compression, silence removal and fax
demodulation. Interworking VToA with voice over
frame relayv and voice over IP (VoIP) is slated as
future work.

By far. the strongest interest and activity. as well as
controversy, involves standards for supporting
VolP networks. As the dominant protocol standard.
most deplovments using VoP technology are based
on transporting packet voice and fax over TCP/IP
networks Most of the original standards activities
for VoIP are defined by the ITU-T
Recommendation H.323, “Packet-based Multimedia
Communications Svstems.”

Aside from being an [TU-T recommendation, the
acceptance of H.323 by gatewav manufacturers was
stronglv fueled by Microsoft’s decision to
incorporate H.323 into its NetMeeting product.
which 1s distributed for free. Thus. gateway
manufacturers were compelted to demonstrate
interoperabiiity with NetMeeting at some basic level
of operation even though NetMeeting 1s tvpically
used for PC-to-PC communications

Demonstrated interoperability between different

. vendors supporting H 323 1s a fairty recent
phenomenon Som- of the corfimon interoperability
problems are.

e Version incompatbihity, Vendors have
tmplemented different versions of the H.323
standard . -

e Comptexity There are manv options and
supplementary services As with any relatively new
standard, ambigzuities of the specification can lead to
different interpretations

« (atewav to GateKeeper communications
Gatekeepers perform address translation, access

http.//www.telecoms-mag convissues/199905/tes/vop html _ | 7-1in-49
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control and gateway locator services. The syntax is
well defined but the semantics for using the syntax
is not. GateKeeper to GateKeeper communications
are still undefined by the standards This will be
defined in Annex G of H.225, a standard that
describes the signaling protocols used by H.323-
compliant devices.

ITU-T Recommendation T.38 defines the protocol
to be used berween gateways for supporting Group
3 fax over IP networks T.38 supports two
underlying network protocols. UDP/IP for reliable
networks and TCP/IP for unreliable networks.
H.323 Annex D, which was recently approved as a
standard, describes the protocol for switching from
packet voice mode to packet fax mode upon,
detection of fax signals from the gatewavs.

Gateway manufacturers have proposed VoIP
standards such as Level 5 Communications’ IP
Device Conirol (IPDC) and Bellcore and Cisco’s
Simple Gateway Control Protocol (SGCP) as
alternatives to H.323 to the Internet Engineering
Task Force (IETF). These two proposals were
subsequently merged into a common Media
Gatewayv Control Protocol (MGCP) that has gained
widespread support from industry vendors which
have joined to form the Multiservice Switching
Forum (MSF) in promotion of MGCP. The cable
modem industry has been an early adopter of
MGCP since the PacketCable initiative sponsored
by CableLabs selected MGCP as the call signaling
protocol for Data Over Cable Service Interface
Specification (DOCSIS j-compliant cable modems

The main reason that manv vendors and service
providers are adopting MGCP instead of H 323 is
its overall architectural approach. MGCP assumes a
call control architecture where the call control
intelligence 1s outside the gateway nself and is
handled bv external call control etements referred to
as call agents. Tihus centralized call agent approach
marries well with the existing PSTN architecture
approach where signaling for S87 calls are handled
centrally This allows scalabtlitv for millions of
clients

The [ETF has also produced specifications for other
tvpes of muitimedia apphcations. These mclude the

http-//www. telecoms-mag com/issues/199905/tcs/vop html 1 7-Jun-9u



VoP: Standards Remain Elusive -- May 1999

5. Online

contact

express subscription

fnternet access anytime,

may 1999

Amenras

TELECMMUNICATIGN.

VoP: Standards Remain
Elusive

Microsoft's NetMeeung popularized the ITU s H.323
specification for VolP. but an alternate standard, MGCP, is
now giving H 323 a run for its money.

Wiitham E. Witowsky

It was only a few years ago that voice over packet
(VoP) telephonyv consisted of shareware
downloaded onto multimedia PCs, enabling half-
duplex conversations over the Internet Uisers
visited a chat server and calis suffered from poor
quahty of service (QQoS) due to the PC platform
itself. excessive delay. variable delay (jitter) and
network congestion also caused lost packets PC-
to-PC VoP calis quicklv evolved into POTS phone-
to-phone VoP calls using PC-based gatewavs
containing PSTN interface cards These early VoP
telephone gateways also suffered from poor voice

QoS

Since then. VoP QoS has improved tremendously
due to improvements in VoP gatewayv devices
{which have migrated to embedded svstems
plaiforms). the availabiliv of higher bandwidth
network pipes. and improvements to algorithms and
protocols in routers and switches that reduce
latency and lost mulumedia packets

Most of the initial commercial adaptation of VoP
telephony has not occurred over the Internet, but
has taken place over private IP networks (i.e |
corporate enterprises and long-distance service

http //vww telecoms-mag com/issues/199903/tcs/vop html
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providers), thereby avoiding many of the QoS
problems associated with the Internet.

Businesses with remotely located branch offices
avold access charges and settlement fees by adding
VoP gateways to their existing corporate intranets.
JInstallation of VoP can easily pay for itself within
six months at companies with multiple international
sites. For these companies, interoperability with
other organizations and public VoP gateways is not
an issue. Their focus 1s on selecting a reputable VoP
gateway vendor to provide good QoS voice and a
turnkey solution for lowering the cost of long-
distance phone calls

Similarly. new long-distance providers use VoP
technologv to offer inexpensive international phone
services between major cities. These service
providers select VoP gateways from a particular
vendor and deplov them at all sites. Unlike the
enterprise deployments, these service providers
must develop significant management and
administrative systems to handle billing, routing,
authorization and network management for their
customers

The tremendous success of VoP technology has
driven the need for interoperability Networks must
communmnicate with each other to provide seamless,
PSTN-like interconnectivity; corporations and
service providers have to be able to mix and match
equipment from differént vendors.

The Frame Relay Forum (FRF) was one of the
earlier standards bodies to regulate voice and fax
over frame relav networks The Voice ( ve- ‘rame
Relav Implementation Agreement (FRF 11)
addresses peer-to-peer communications betw zen
two VoP gatewavs This inciudes encoding of
messages. negouation of standard voice codecs, the
support of Group 3 fax relav, the support of silence -
suppression and relav of dial digits and channel
associated signahng bits To date, there is oniv a
standard for transferring voice and fax over
permanent virtual circuits (PVCs) Proprietary
signaling schemes have been used for supporting
voice and fax over switched virtual circuits (SVCs)

Standards suppeort for voice and fax over ATM

http //www telecoms-mag.com/issues/199905/tes/vop himl [ 7-Jun-u9
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inconvenient increments leading to transport
bandwidth waste. Bandwidth-only offering 1s an
increasingly low-margin business, and considerable
expertise is required of the local and regional
providers to deliver usable services on this raw
capacity.

Wholesale providers, therefore, need to climb the
value chain and offer higher-function services on
finer-tuned bandwidth increments. In many cases,
ATM 1s an ideal technology for wholesale
providers ATM virtual circuits (VCs) can be
provisioned with incremental bandwidth control
apportioning bandwidth resources efficiently. and
VC provisioning 15 performed end-to-end across a
network with simple “point and click™ operations.
When wholesale providers, however, try to offer
wholesale ATM-based services to ISPs, they usualiy
encounter a strenuous objection to the ATM cell
tax ATM operates bv segmenting data packets into
53-bvte cells. each with a 5-byte header, separate
from the IP header. Each cell now wastes 10
percent of the ink’s bandwidth, and if the traffic
pattern 1s composed of small packets that do not fit
neatlv into one cell, additional bandwidth is wasted
due to the repetitive transport of partially filled
cells. bringing the total cell tax as high as 30 percent
in some cases ISPs want a wholesale service based
on the transmission of IP packets directly on
SONET/SDH, or packet on SONET (PoS) services

Wholesale providers quickly discover thev need to
offer both ATM- and IP packet-based services'
ATM for wholesale multiservice bandwidth, PoS for
[SPs and new IP-oriented services. Unfortunately,
wholesale providers can rarelv predict which types
of service offering are needed where. and Murphy's
Law ensures that the wrong equipment is alwayvs
deploved in excess capacity in the wrong location.
The wholesale provider needs IP and ATM. with
service-time configuration between the two.

Retail Provider Issues

Retail providers encounter a different set of issues
Their sales forces enter muluple buildings in an
office park selling services. At the first building they
may find a 20-vear-old company, which has a little
bit of every known WAN protocol. voice, SNA,
frame relav and Internet access, all on separate
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leased lines. In this case, a retail provider wins
business with a consolidated offering that combines
all of these diverse technologies onto a common
infrastructure for a lower price without using
separate overlay networks. For such a customer,
ATM is an ideal offering. An ATM service
multiplexer on the customer premise adapts the
diverse technologies into different ATM VCs to be
switched by the network. The customer does not
have to re-engineer any applications or networks.
and both customer and provider are well served
with an ATM infrastructure. An IP-only
infrastructure would not win this customer’s
business because a wholesale rewrite of all the -
applications to IP is not cost justifiable, and an IP-
only solutton solves too few of the customer’'s
overall WAN requirements.

The next stop on the sales representative’s journev
may. however, find a 3-year-old company that onlv
uses [P and 1s adamant about getting as much
bandwidth efficiency out of its service as possible. It
opposes anv ATM-based service offering due to the
familiar ATM cell-tax issue This company demands
pure IP PoS services with migration to QoS support
and even wants to consolidate its voice trafhic onto
this common [P infrastructure The ATM-based
provider teaves emptv-handed. but the IP PoS
provider leaves with the order

Service providers with both ATM and PoS services

with service-time configuration between the two are
in a better position to meet the diverse needs of the

customer base

Overlay Networks

Traditional WAN construction uses a time division
multipiexing (TDAL} transpoit laver based on
SONET/SDH technologies 1o groom digital
bitstreams from the customer premise to the service
platform Each service becomes an overtay network
carned over a TDM transport laver. As illustrated in
Figure 1. this architecture 1s based on a rigorous
differentiation between transport and service
plattorms Collector rings aggregate traffic from
oitice parks and metropolitan locations, and traffic
ts groomed with digital cross connects (DACS)
onto interoffice rings. which in turn require
additional DACS to groom traffic onto senvice-
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specific platforms. The grooming of traffic between
rings and onto service platforms is a bandwidth-
inefficient operation with considerable capital and
operations expense.

Todav’s bandwidth-intensive and cost-effective
WAN architecture consists of directlv connecting
gigabit-speed IP and ATM platforms to WDM
transport equipment and building the last-five-mile
infrastructure with PDM technology, instead of the
familiar group of SONET collector and interoffice
rings with DACS traffic grooming (see Figure 2)
ATM technology is an excellent iegacy traffic
integrating technology because 1t has a
comprehensive set of adaptation lavers (AALI
through AALS). which convert existing traffic
streams into an ATM cell format in a standards-
based. multivendor. interoperable environment [P
routing delivers native-data performance for new
applications without the ATM cell tax IXC
Communications. Frontier Globalcenter, Sprint and
Willlams Communications Group, among others,
are now deploving this 1P and ATM WAN
architecture

) 1y : D&E’ i -
Y f ‘,@ennk«”
o R
@ ]
[

Today. neither IP nor ATM alone 15 a perfect
solution. although each has 1ts strengths and each 1s
required. To win new revenue quickly, service
providers should not attempt to force a change in
customers legacy svstems, but should offer to
bridge thetr legacy svstems and the emerging 1P
technologies Todav's emerging PDM architecture
represents a dramatic rethinking of the role of ATM
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and IP protocols: ATM and IP now represent an
integration of service-protocol platforms and
transport technology, instead of the traditional
practice of constructing separate, parallel service
networks with separate switching platforms fed by a
common TDM-based transport infrastructure. ATM

»and IP deliver both the transport capacity and the
underlving service. New IP telephony developments
suggest that even voice traffic may eventually
migrate to the new PDM infrastructure,

Steve Willis 1s the cofounder and chief technology:
officer of Argon Networks. Before Argon, Willis
cofounded Wellfleet Comnumications‘Bay Networks
(now Nortel Nenworks). Willis was the coarchirect
of Wellfleet 's multiprocessor. multiprotocol bridge-
router. Christopher Baldwin, Argon's vice
president of marketng, once served as product
marketing director ar Cascade Communications
facquired by Ascend and now Lucent). He was
responsible for the launch of the Cascade 500 ATAS
swich.
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Pluris -- 20000 Terabit Network Router (TNR)
Product of the Month

June 1999

[s 1t to0 early to think about terabit speeds for the network core? ,i” ——
Well, a little But the timing’s just right to establish a market lead. TEPHINGRTOA,
Most of the big carriers and [XCs are carefully evaluating boxes 3
from the big three terabit switch router vendors--Avici. Nexabit
Networks and Pluris--as they become available, and release dates are being bumped
up accordingly Many analysts agree that deplovment will likely come next vear.

Most analysts are behind Pluris, 1oo. Although Avici may get to market first, Pluris’
architecture and scalability are impressive The 20000 Terabit Network Router
(TNR) supports up to 184 terabits of aggregate switching capacity while being
managed as a single logical system, which leads the market. The svstem can also
scale effectively: From 90-Gbps switching and 10-Gbps line capacity, carners can
move up to 184 Tbps of nonblocking switching capacity and 19.2-Tbps line capacity with OC-12. OC-
48 and OC-192 interfaces, another industry first Interconnection 1s accomplished by fiber and intershetf
links at the switching fabric level instead of between line cards. as 1s traditionally done. This means
valuable port space 1sn’t consumed by interconnecting line cards, and operational and equipment costs
are reduced bv as much as 60 percent, according to the vendor.

“The demand for Internet bandwidth makes 1t increasingly difficult for service providers to scale therr
networks by interconnecting increasing numbers of today’s routers with throughput capacities peaking
at 20 Gbps to 30 Gbps.” satd Joe Skorupa. director of switching and routing at RHK. “Building a [arge
router by clustering smaller devices forces the majority of each router’s apacity to be dedicated to
communicating with other routers in the cluster Addiuonally, the task of configuring and managing this
ever-growing and increasingly complex network quickly degenerates inte an exercise n futiny For
these reasons. vendors [such as Pluris] that can deliver platforms that scale from tens of gigabits to
terabits and from dozens of ports to thousands while in service will have a significant advantage.”

The fabric design provides multiple high-speed fiber-optic paths for evenly distributed ATM or [P

traffic The traffic 15 shaped without multiple Laver 3 lookups or forwarding. but rather with MPLS and
a single Laver 3 lookup at the ingress point. intrashelf forwarding 1s done through internal fast

switching Line-speed quality of service (QoS) is also a selling point, and the TNR delivers this with
programmable QoS. class of service (CoS), weighted fair queuing and buffer management, as well as
per flow SLAs, IP multicast. [P tunneling and IP bonding for aggregation of multiple high-speed dense
wavelength division multiplexing (DWDM) channels into fat IP pipes. Finally, the TNR boasts in-service
upgrade capacity. redundancy, hot swappable components, full IP routing protocol support and in-band
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or out-of-band management.

The Pluris 20000 Terabit Network Router will be available in Q4 99. Pricing has not vet been
announced For more information, visit the company’s Web site at www.pluris.com.

Rx™o Zoo

Click on the Reader Service Number for more informanon on this product
Click here for more information on this product category
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The Battleground. The U.S telecom market.
The Combatants The Big 6 network vendors.
The Pnize Leadership in next-generauon networks

o

Tel FoEHMINICRTILRG. Susan O'Keefe and Sam Masud. semuor editors

As revenues from the traditional voice infrastructure
stagnate and traffic on packet networks soars, the
Big 6 equipmen: vendors--Alcatel, Cisco, Ericsson,
Lucent, Nortel Networks and Siemens--are faced
with a challenge and an incredible opportunity Each
vendor subscribes to the notion of all-purpose
networks, but a battle is brewing over the mugration
path to those converged networks The company or
companies with the winning formula could emerge
from the frav in the next few vears with more than
$100 billion in telecom equipment revenues

Despite predictions that worldwide demend for
digital central office switching svstems will fall this
vear. no one expects a wholesale change 1o packet
networking In fact. analvsts predict that in five
vears, the network will be substantially the same as
1t 15 todav because of the investment in installed
infrastructure. But service providers are expected to
increase spending by at least 30 percent over the
next few vears and those dollars will cement the
direction of the industry {See Figure 1). “We are
not going to see a revolution in the next five vears,
but we will know in two to three vears what that
revelution 1s going to fook like, what technologies
are going to win and which vendors are going to
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win,” said Tom Nolle, president of CIMI Corp. “All
the vendors know it and know that if they want to
be players in the rest of the world in terms of this
21st century network, thev have to be players in the
United States first.”

Nolle called the U.S. market the Petri dish in which
the 21st century network will grow. Rick Malone,
principal analyst with Vertical Systems, agreed.
“The United States is not one or two vears ahead of
the rest of the world; it’s four to five years ahead,”
Malone said “The reason the Big 3 in North
America are excited 1s the same reason the three
European plavers are making aggressive moves 1nto
the United States: Demands on the network are
causing the need for infrastructure to migrate to
higher speeds. provide additional applicauons and
combine voice onto this packet architecture.”

Ratworkirg Ecdomen? Costormar Mix
1oy e

ervmy
A Oe
oS

The early moves have been made by the North
American players Nortel bought Bay Networks for
its IP expertise. Lucent purchased Ascend
Communications for its installed base of ATM
switches. and Cisco. the oniv Big 6 member with a
pure data networking background. has made a
number of small acquisitions More recently, Alcatel
made back-to-back acquisitions of Xvlan and
Assured Access. and Siemens made the long-
predicted purchase of Arzon Networks (a hvbrid [P
router/ATM switch start-up that has vet 1o ship a
preduct) and the surprise buyv of Castle Networks. a
start-up with a product currently in beta testing that
helps bridge the circuit-switched and packet-
switched wortds Siemens followed up the Castle
acquisitton with the proposed purchase of IP edge
switch maker Redstone Communications Although
a deal with 3Com was also rumored. it did not come
to fruition by the ume Siemens announced its new
data networking venture, Urusphere Solutions, in
March Eriesson. the leader tn mobile
communications. thus far has been low kev in terms
of acquusitions i1n the United States, although last
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year it acquired Advanced Computer
Communications (ACC); a-remote-access
concentrator maker. and also formed a data
networking group last fall. Analysts predict Encsson
will get more aggressive in the coming months.

More buyouts could come fast and furious. creating
a nich opportunity for start-ups. Two hot areas
every vendor 1s watching are high-speed routing and
services mediation products. Many of the vendors
have minority investments in start-ups that provide
gigabit/terabit routers such as Juniper, Pluns, Avici,
Nexabit and Netcore, and could seek to buy them
outright. Service mediation products from vendors
such as Castle Networks, Salix, TransMedia and
Sonus are the first generation of so-called agnostic
switches and are receiving praise from industry
analysts. “These are next-generation Class 4 and
Class 5 switches that are really going to have a big '
play. and the big equipment vendors know that,”

said Frank Dzubeck. president of Communications
Network Architects (CNA). Malone agreed “A lot

of these boxes are going to be put into carner

networks. especially the ones that can scale, because

we’re talking about a lot of circuits.”

At 2 mimimum. acquisitions help fill out vendors’
product portfolios. although increasingly the big
carriers prefer a multivendor environment. So how
important is the notion of a one-stop shop?
According to vendors, it 1s crucial because service
providers are looking to suppliers not onlv for
products but for systems integration as well “If
vour customers are looking to vou to do the
integratton for them. vou have a lot more control
and ability to do that if vou own most of the major
components rather than relving on OEM
agreements,” said Mike Dayv. Alcatel USA's
director of strategic network planning It makes it
a lot easier to guarantee service qualitv and network
evolution ™ Kevin Ove. Lucent.s vice prestdent of -
strategic and business development for data

networking. agreed “The one thing we don't want

15 to be viewed by our customers as simplv box

deliverers,” he sard

According to Dzubeck. even though the product

lines of the big vendors are becoming richer and
richer. carriers are hesitant to give too much
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responsibility to one supplier. Still, vendors are
getting bonus points for having their own product
sets rather than sourcing them from partners. “There
are tactical products to provide a tick on an RFP,
and those are the products that vendors can OEM.
But a vendor has to own the strategic products and
that’s why we’re seeing so much merger activity,”
Dzubeck said. Siemens is a classic example of a
vendor that needed to gain core competencies
through acquisitions. It partnered with Newbridge
and 3Com for ATM backbone and edge switches
and IP service level management; invested in
Juniper Networks for backbone routers, and resells
3Com’s remote access concentrators. Those
arrangements are still in place, but the company
gained strength in backbone routing and services
mediation through its acquisitions of Argon and
Castle

“Dense wavelength division multiplexing (DWDM).
ATM and IP over ATM are going to be the issues
that drive these competitive plavers,” Nolle said
“It’s really their positions in those spaces and their
strategies for the satisfaction of the voice
requirements in this new-generation infrastructure
that are going to decide the victories.”

Router Wars

Though none would dispute Cisco’s leadership in
the router market. there are some analysts who
question whether the Cisco 12000 is a true carrier-
class product “Cisco’s strength is its customer
relattonships with the ISPs and 1ts understanding of
what needs to be done to build large 1P networks,
but the 12000 is not a carrier product in terms of
being fauti-tolerant and NEDT ¢~ pliant.” sard
Joseph Skorupa. director ol routing and switching
at analvst group RHK Cisco. anal sts said. is
rewrting the Cisco 10S froin the wround up to
make the software modular and portable: it is
expected to retease the beta version in the second .
half of this vear

IDC. which separates high-end routers into gigabit
and terabit products. does classifv the Cisco 12000
in the carrier-class gigabit group along with the
Ascend GRF. Lucent PacketStar. Juniper M40,
Netcore Everest. Torrent IP 9000 and Nortel
Versalar 15000, and gives Cisco praise for its early
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lead by seliing approximately 1000 of the 12000
routers. “It’s Cisco’s market to lose,” said Lee
Dovle, vice president of data communications
research at IDC. Skorupa sees it differently, giving
Juniper the nod as the superior performer. “We
know that Juniper has over a dozen paying
customers including three operational networks with
volume deployment. There are three or four start-
ups chasing Juniper, but they are at least six months
behind ” Cable & Wireless USA became a Juniper
customer last month when it agreed to deploy 16
routers in its Internet backbone. Five equipment
vendors (Ericsson, Lucent, Nortel and, jointly,
Siemens/Newbnidge) and UUnet have invested in
Juniper and have product distribution nights as well
as the right to integrate Juniper’s technology into
their product lines and services.

The terabit router group is a more rarified club
consisting of Avici (in which Nortel has a stake).
Nexabit and Pluris. IDC predicts that 1in 2003
vendors will ship about 6500 gigabit routers
representing more than $900 million in revenues; by
contrast, only 600 terabit routers will be shipped
that same year and will generate about $192 mithion
in revenues {see Table 1)

ATNM Thrives

Whether the router or the ATM switch will be at the
core of the network is an on-going religious debate
within the industry “Cisco is trying to make that
case because thev need to. that's their whole line.”
said Lucent’s Ove But Junaid Islam, Cisco’s group
manager for service provider marketing, said that
there is room for both IP and ATM “People have
gotten into thinking one network. but there 1s
nothing wrong in having both an [P and an ATM
network if that makes sense We're focusing on the
people who are spending new dollars, the people
spending on IP networks " CNA's Dzubeck agreed.
“1t’s the newbies [not the mainline facilities-based
carriers] who want IP: That's the Qwests, Level 3s
and ISPs Thev want [P not ATM ™
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Despite the focus on IP, Dittberner Associates
noted in a recent report that installation of ATM
switches worldwide is occurring at a rate that far
exceeds the early growth in digital CO equipment.
But the firm also warned that the “role of ATM as
the dominant switching technology 1n public
networks over the next decade is not assured.” Of
the 35,000 ATM systems installed globally,
Dittberner gave Cisco the lead, followed by Nortel
and Newbridge (see Table 2). Although analysts
said that Cisco has done much to revamp its ATM
technology since it first sold its ATM switches to
AT&T. thev give the edge to Ascend’s ATM
GX550 as a true core switch. As a result of its
pending $20-billion acquisition of Ascend, Lucent
has bought 1ts wayv into being the ATM plaver. with
both the GX3550 core switch and CBX500
multiservice edge switch in 1ts stable. Skorupa said.
Nolle agreed “Lucent now has an incumbency in
the ATM networks of almost every one of the major
plavers, That's worth $20 billion because without it.
Lucent would have had to build a product from
scratch and fight to establish it in a marketplace
where Cisco is already established because of its
deal with AT&T. With the acquisition of Ascend.
Lucent has more ATM switchesin U S. service
providers than Cisco does ” Lucent’s Ove said the
Ascend purchase (scheduled to close in May) goes
bevond that “Yes, Ascend has great products
today. but what I'm excited about i1s what we can
do with those same peopie for the next generation
of products.”

As for the other plavers. Nortel 1s fleshing out its
Passport line of ATM switches with the Passport

1 3000 core switch that is expected to ship this
quarter Alcatel and Siemens have a presence in
ATM switching, but Alcatel seems to be backing off
in terms of pushing 1ts 1 100 HSS ATM swiich Its
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acquisition of Xylan has more impact in the
enterprise market rather than being a strong move in
the service provider space. Siemens’
MainStreetXpress line has been developed through
a partnership with Newbridge, and one of the
products it has contributed to the mix, the 36190,
has “not been successful in North America or
anywhere else in the world,” Skorupa said Indeed,
iast month Siemens/Newbridge announced a five-
vear deal with Global One, and the initial product in
play will be the 36170, which comes from
Newbridge.

“Siemens seems like it has been downplaying that
relationship with Newbridge a lot these days. With
the Argon acquisttion, thev’re buying some
equipment of their own, so it will be interesting to
watch what will happen there.” said IDC’s
Esmeralda Silva. Malone anticipated the possible '
acquisition of companies such as Newbridge or Fore
Svstems (which ts in fourth place with a 9.2-percent

share of the global ATM market), a view shared by

Silva “Newbridge would make a decent acquisition

for anyone looking to get into that space. They are
especially strong in the ATM edge switch area,” she

noted

Although the U S is Ericsson’s second-lfargest
market after China. the vendor has failed to
penetrate this market with its ATM equipment It
did. however, recently win a contract to upgrade
Swiss Telecom from a circuit-switched network to
an ATM network. With last vear’s launch or the
AXD 301. an ATM switch that scales from 10 Gbps-
to 160 Gbps. Ericsson is hoping to crack the U.S
market U S. operators have not deploved these
high-capacity switches, but we've got two carriers
considering deplovment.” said Gary Pikham,
Ericsson’s vice president of business development
for data networking solutions

SONET or DWDM?

Despite the emergence of DWDM. a studv last
month by Communications Industrv Researcher
cautions that accounts of SONET's demise are
premature. As evidence, CIR cites Cisco's
participation in the $33-million funding of Cerent,
which i February announced a SONET/SDH
transport system for aggregating voice. data and
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video services over SONET running up to 10 Gbps
Lucent’s acquisition of Sybarus Technologies, a
Canadian SONET/SDH maker, is proof that the
“smart money” is still flowing to SONET, CIR said.
Incumbent local exchange carrters (ILECs). which
account for more than 70 percent of the SONET
~market in the U.S., will continue to buy SONET
equipment over the next decade, according to CIR.
Market projections from RHK note that. although
the SONET market will rise from $4.5 billion last
vear to slightly over $5 billion in 2002, 10-Gbps
SONET equipment will assume an increasingly large
share of the overall market.

Although strong in SONET, Nortel, like Lucent.

seems to be focused more on DWDM Siemens. .
which formed an optical networking group about 18 )
months ago to focus on the long-haul market. has

almost no presence in SONET despite being the No

2 plaver in SDH technology worldwide “Because

of our SDH capabiulity. we have technology strength

in SONET, but no marketing strength,”

acknowledged Mike McLaughlin. the group’s vice

president and general manager. “"When we looked at

entering the market, we saw a lot of difficulty going

up against the embedded SONET suppliers We

believe that SONET will be in the networks for

vears to come. but the majonty of growth will move

to optical interfaces 1 gigabit routers and ATM

switches So we decided to enter the iong-haul

DWDM market because the 1echnologv is still

evolving so rapidly © Siemens flagship product is a

3Z2-channel system operaung at 10 Gbps per

channel

Cisce dew not have a play in DWDNM. a market that
RHK predicts will.grow 70 percent in North
Amenica tr >m S§! 9 tilhon last year to $3 2 bilhon by
2002 But it might.make its own move shortly,
although it has a cooperative marketing relationship
with Ciena Svstems, which claims to have an 80- -
percent share of the giobat business for 16-channel
svstems “We'll substanually increase our
competence in DWDA1 in the next few months.”
said Cisco’s Islam. hinting that this could mean a
partnership. minority investment or some other
alliance RHK expects svstems with 16 or more
channels to be the fastest-growing market segment
Neariv all vendors are either working on or have
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announced 40-Gbps single-laser optical transmission
systems, but don’t expect to see any commercial
trials before the end of the year. Lucent, for
example, recently announced MCI WorldCom-
hosted early lab trals of its 40-Gbps TDM-based
WaveStar 40G Express and will do commercial
testing in Q4 99.

Frost & Sullivan estimated that Lucent has the
largest share--30 percent--of the DWDM market in
the United States. “We’ve put 80 wavelengths on a
fiber and we’ll go higher,” said Rich Gitlin, Lucent’s
CTO for data networking svstems. “We’re reducing
the risks for service providers, and we’re giving
them the ability to deliver more and more
bandwidth ™ Alcatel also claims competency in
DWDM. and according to RHK is No. 3 in North
America in integrated SONET and DWDM svstems
(see Table 3).

Although Ericsson has a complete family of SONET
and DWDM systems (in December 1t was selected
by Spain’s Telefonica S.A. for an expandable 16-to-
32-channel system). it has chosen to focus on the
metropolitan DWDM market in the U S Last
month, Ericsson announced a DWDM system that
provides the efficiency of a protected ring and ts
designed to operate up to 500 km, a distance
sufficient to serve several small cities “With the
me:J0 ::ng. vou could do Gigabit Ethernet over
DWDNM on one channel. packet over SONET on
another and perhaps a leased line on another
channel.” said Roselvne Genin. vice president of
optical networks in Encsson’s Network Operators
Group. Leveraging 11s acquisition of Cambrian -
Svstems last vear, Nortel also has introduced a
metro DWDM svsiem. called OPTera Metro. that
can be used in a point-to-point or a survivable ring
configuration. Bell Canada plans to trial the svstem
Cisco, butlding on its IP expertise. has added the
dvnanmuc packet transport line card to the Cisco
12000 router. The card combines SONET
restoration principles with LAN capabilities such as
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packet prioritization for service providers to support
the delivery of voice and video services over IP and
virtual private networks

Given the acquisition climate, two new companies
in the optical networking space, Lightera Networks
and Sycamore Networks, are also attracting the
attention of industry watchers, In fact, Ciena
acquired Lightera in mid-March. Both specialize in
optical switches that make 1t easier to provision
high-speed private lines such as OC-48 connections.
According to Dzubeck, a company such as
Svcamore is an example of how fast advances in
technology can come. “Svcamore has gone from
product inception to shipment in nine months, when
in the optical world vou’re talking about product
development taking multiple vears.” Dzubeck said,
Nor are service providers reluctant to buy products

" from start-ups, as evidenced bv Williams Network's
$24-million pact for Svcamore products Executives
at these new companies are often on their second or
third start-up and have well-established contacts
among service providers

The Slow Road to Convergence

In the current IP-versus-ATM debate, Skorupa
believes that too much 1s being made of whether [P
15 a suntable protocol for voice traffic “[ prefer to
call it voice over non-circuit switched networks

The first place we'll see the deplovment of packet
voice is in trunk networks--that is. replacing the
tandem switches with packet switches whether thev
are [P or ATM With these switches vou've got
what's called the tyranny of DSO because everything
has to be converted back to DSO everywhere in the
network That s:where compantes like Sonus. Salix,
Transhedia and Castle are focused With both
voice over [P and voice over ATM there 15 too
much discussion about voice bits riding for free But
telephony is not about bit transport. it’s about
services like call processing, billing and so on. and -
that s where Nortel and Lucent have great

strenath ©

All of the vendors recognize that the market
demands not boxes, but new solutions, while
allowing carriers to preserve their collective trillion-
doliar investment in the existing infrastructure With
its recent announcement of the Successton
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Network, which SBC, AT&T and France Telecom
are testing, Nortel offers carriers a way to move
telephony services to the multivendor ATM
network that they are using today to provide data
services, while leaving the door open to migrate the
service to an IP network.

Skorupa praised the introduction of the Succession
Network, saving this kind of decoupling of solutions
demonstrates that companies such as Nortel and
Lucent understand that, in the future, they may have
to do busiess with customers that opt for another
vendor’s hardware. “Nortel has a good story to tell
because three or four years ago they took their
software and rewrote it from the ground up to make
it more modular and portable,” Skorupa said

Despite the pace of change, Skorupa said that
service providers should not feel they have to make
a choice between IP and ATM as an all-purpose
platform “Convergence will happen in multiple
stages. Some people will build pure ATM networks:
others are saving that if thev can collapse six
networks to two that’s better than going to one
because now they don’t have to force fit
evervthing.” Skorupa said “So thev're building a
purely IP network optimized for IP and lighting one
color [channel] on the [DWDM] network. and
they re building an ATM network for evervthing
else and lighting up another color. We don't believe
this mvth of convergence that savs 1t has to be a
single technology

That means the European plavers still have a chance
to get in the game i the United. States. Silva said.
“Stemens. Ericsson and Alcatel mav be behind night
now 1n terms of where Cisco. Lucent and Nortel
are. but true convergence hasn’t even begun. 50 1t
will be a race to see who gets products out and who
signs up the accounts.” Lucent’s Ove agreed that
there 15 a lot of change ahead ~I could draw a map -
of different product segments that are supported
todav. but 1 think all of that 1s going to get thrown
up in the air What protocols are going to be riding
over the network of the future and the services that
are dehivered will see an awful lot of evolution |
don’t think there's a lot of people saving that any of
the protocols that are around today will absolutely
be the protocol five vears from now ™
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Susan O 'Keefe and Sam Masud are senior editors
at Telecommunications.
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Much is at stake in the emerging battle for fast network
access provision in the US Unless the regional Bell
operating companies (RBOCs) shake off their old wayvs of
doing business and grab market share before their cable
rivals finish upgrading their own infrastructure. digital
subscniber line (DSL} technology could be another weli-
documenited failure. The question industry commentators are
now asking is will the RBOCs turn DSL into another ISDN?

Patnck Flanagan

By nghts. DSL should be manna from heaven for
the RBOCs. DSL 1s a premium value-added service,
there is little immediate competition. consumer and
business demand is there. and the technology is
available and proven. However, at the end of 1998,
there were still onlv around 39,000 DSL
subscribers, compared to 700,000 cable modem
users This is despite the fact that for everv one line
contigured for cable modem services, there are 20
telephone lines installed that can supporn
asymmetric DSL (ADSL). according to the
Multimedia Telecommunications Association’s
1999 Market Review and Forecast

It 15 hard to ignore the sense of deja vu that DSL
conjures up when compared to ISDN (integrated
services digital network). Look at these similarities:

« Confusing specifications: DSL varies greatly in
bandwidth availability, whether configured as
ADSL. ADSL Lite, RADSL {rate adaptive), or
IDSL (integrated). while ISDN comes as basic rate
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interface and primary rate interface;

e Slow rollout: When DSL will be widely available
is anvbody’s guess, but deployment is simpler than
ISDN because ADSL runs on overlay networks;
therefore, the RBOCs do not have to integrate or
upgrade existing switches or deploy combined
signalling systems;

o Complex end user installation: It takes two
technicians to install and fine tune DSL (one for the
circuit provisioning and equipment, another for the
modem) Installing ISDN took a number of visits
before 1t was at least somewhat plug and play.

« Non-competitive pricing: The low-end pricing for
plain vanilla DSL (192/236 kbps) 1s USS 40 per
month, a level set by the cable modem industry with
no bearing on actual costs To reach 1.5 Mbps
downstream. the cost is USS 60 to 100 per month.
A primary reason for ISDN's US market flop was
pricing. which originally was well over USS$ 100 per
month plus usage fees over a few hours Today 1t
runs at prices of between USS§ 30 to 60 per month;

e Poor marketing. Although the public and small
bustnesses seem to understand broadband
technologv better now, DSL must still be deploved.
priced and packaged better than [ISDN was
Looking at ISDN line deployment 1n 1997 and
1998, when demand grew considerably for higher
speed Internet access. shows that few were buving.
Total users went from just under one million to less
than | 4 million.

Limited Chances

The RBOCs have a limited window of opportunity
Most view cable modems as the primany threat. bui
the bidirectional hvbrid fibre coax (HFC )
infrastructure required to deplov them passes only
12 million homes worldwide. mostly in the US. -
Converselyv. the RBOCs have ADSL-capable copper
in virtually everv office. home and school. and the
number of DSL-passed customers in the US at the
end of 1998 was more than 19 milhon, according to
analvsts, TeleChoice.

To duplicate this ubiquity. the cable companies need
to spend billions For example. upgrading a coax
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system from unidirectional to bidirectional requires
new amplifiers that cost about USS 25 per passed
home. Upgrading from bidirectional coax to hybrid
fibre coax can cost as much as US$ 200 per passed
home. “There’s room for DSL to pull ahead of
cable modems, but it better happen by the end of
1999 or cable will take a commanding lead,” said
Claudia Bacco, senior DSL analyst for TeleChoice.

According to the Yankee Group, DSL consumer

. pricing cannot exceed US$ 40 a month, including
ISP charges. This is the figure at which cable
modems are currentiv priced with their apparently
faster downstream data rates of 1.5 Mbps (however,
users are on a "party line that degrades service as
their neighbours join in). “Forty dollars is an
aggressive level of pricing. and this means that the
cost of deployment, including the CPE device cost,
must come down to USS 100 to 150, said Jim
Wahl. a Yankee Group analyst. The hardware costs
will reach this level by the second half of 1999.

The competitive local exchange carriers (CLECs)
have a good head start, according to Wahl This 1s
due to several factors There are no T1 revenues to
cannibalise, there are few legacv svstems. and their
infrastructure 1s designed for data delivery. The
largest advantage mav well turn out to be the ability
to “cherry pick” or sign up those customers who
want DSL and are willing to pay for it now Until
now. the primary CLEC emphasis has been on
replacement T1 services, such as SDSL. HDSL and
IDSL. in geographic areas with high densities of
technologicaliy advanced consumers and businesses.
Covad and NorthPoint are two examples of CLECs
putting this approach into action,

One strategy the RBOCs could employ to counter

CLEC DSL cherry picking 1s to dramatically reduce

the price of ieased line services The Yankee Group

estimates that these cash cows have gross margins -
of 40 to 60 per cent. “A 30 to 40 per cent price

reduction would dramatically increase their

attractiveness as an allernauve to ADSL for small

and medium businesses.” Wahi said

The Growing Cable Modem Menace

In metropolitan markets. DSL and cable modems
will compete hotly for large numbers of customers
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which are anticipated to have low churn rates. The
Yankee Group predicts that pricing for cable
modems and RBOC or CLEC DSL services will be
evenly matched. The deciding factor may well be
aggressiveness, an area where the RBOCs have a
poor to non-existent track record in the ISDN
context. They are also runming behind competitors.
At the end of 1998, cable modems had a
“significant, vet surmountable lead,” said Wahl.
There ts momentum on the cable side as well, with
the Yankee Group predicting that in 2002 there will
be 4.3 million cable modems in use compared to 2.7
million DSL customers.

One often overlocoked aspect of cable modems is
their importance to the interexchange carriers
(IXCs). which are loath to coliaborate in any way
with the RBOCs. The best capitalised of the cable
modem providers is @Home. with a USS 5.82
billion bankroll AT&T owns 40 per cent of
(@Home. Microsoft’s US$ 1 billion investment in
Comcast s well known, and both it and Compagq are
investors in Road Runner, @Home’s biggest
competitor

The Wholesale-Only Option

One uniform aspect of DSL among the RBOCs 15
that thev all have a wholesale operation. It 1s
therefore no surprise that the most aggressive DSL
vendors are little-known outfits such as Red Dog
and City Access. Their primarv customers are early
adopters. who could just as easilv buv from the
incumbent local exchange carner (ILEC) if it was
making the same promouonal effort. Wahl believes
the wholesale avenue 1s the most comfortable one
for the RBOCs. ~To protect their legacy T1 leased
fines. the RBOCs primariiv want to target
residential customers and theyv don’t know how to
do this Wholesalers do.” he said

Significant wholesale revenues.will come from IXCs -
oftering DSL as part of a bundied group of
consumer services In particular. Sprint’s ION
network will relv on ILECs or CLECs to provide
local loop transport. which can produce
~ considerable revenue with no advertising or
promotional overhead. This strategy has alreadv
resuited in agreements by Sprint with SBC. GTE.
BellSouth and Amentech for last mile 1ON
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connectivity, with trials due to begin in late 1999

Handicapping the Plavers

While none of the RBOCs will reveal exactly how
manv DSL subscribers they have, one player is
clearly in the lead. US West has deployed 80 per
cent or more of the DSL lines currently in use -- as
many as 30,000 according to some estimates, with
85 per cent going to residential customers. “They
are rolling out DSL on a large scale, including a
very high bit rate DSL that can more than compete
with cable throughput,” said TeleChoice’s Bacco.

In the middle of the field are SBC and GTE. SBC's
roliout is largely in California, where guaranteed
bandwidth to the hub 1s also provided. Such qualitv
of service (QoS) guarantees are rare for all forms of
DSL. and Bacco noted that corporate users will be
interested 1 the guaranteed rate service for remote
access 1o LANs GTE currently offers DSL in more
states than anyv other provider --16 -- and is believed
to have the second highest number of lines in
service. Ameritech has done httle with DSL, but
once its merger with SBC is completed it could
become more aggressive. “SBC is somewhat
ageressive in its DSL pricing at about USS 50 a
month and this will help Ameritech.” said Wahl

At the back of the pack are Bell Atlantic and

BellSouth. There could be a new-found

agyressiveness on the part of Bell Atlantic as a

result of 1ts alhance with America Online (AQOL).

"This means thev don't have to worry about

marketing,” commented Wahl. It s hard 10 assess

exactly what the impact of the Bell Atlantic/GTE

merger will be, parucularly since the companies are

deploving DSL using products from two separate

vendors “There's ro natural fit, but deployment *
will continue because thev can't delay.” said Bacco

BellSouth has essentallv removed itself from direct

DSL involvement by estabhishing BellSouth com as -
an ISP to handle all DSL marketing. “Tius strategy

gives BellSouth an opportunity to be aggressive in

the residential market and stay one step removed,”

\Wahi said

Avoiding Another ISDN

Industry consultants have numerous ideas on how
the RBOCs can avoid another ISDN-scenario with
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DSL:

Make it cheaper: The objective is to grab
market share. Profits will be there down the
road for the provider with the largest DSL
instalted base. DSL will have a low churn rate
because of the high up-front costs. Had there
been a large installed base of ISDN
customers, the RBOCs would now have a
lock on the DSL market;

Let others do the marketing: AOL could save
the RBOCs from themselves by providing the
marketing and pricing needed to get the
consumer DSL market on board. Thereis a
strong motivation for AOL to go in this
direction. Cable modem users have to go with
a cable-owned ISP such as @Home or
RoadRunner. Every DSL subscriber AOL
gets means one less customer lost to a
CONIpEtItor;

Make DSL plug and play: Onlv US West 1s
encouraging consumers to install their own
DSL modems. If they do, it represents a
saving of US$ 195.50. The real market for
DSL will be in new computers that are
shipped DSL-ready. For this to happen.
buvers must be able to complete the DSL
connection without a visit from a technician:
Kill ISDN This is the first step towards
simplifving the number of broadband
solutions on the market Free upgrades for
existing ISDN customers as part of DSL
rollout, as Bell Atlantic is dotng. will keep the
fegacy breadband customer base loval,

Ofte a - aplified DSL portfolio” Killing
ISDn is the first stage in creating a DSL
product It e with one set of pricing that cuts
across the traditional consumer/business
divide. There is a blurring between consumer
and business customers that makes two-tier
pricing obsolete Small businesses in
particular will respond to product offerings
that are easily undersiood and fairly priced

However. alf this 1s a tall order for the RBOCs If
the DSL status quo remains, the cable industry will
dominate the broadband Internet-access market by
as early as mid-2000 This is the first step toward
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providing an RBOC-less telecom services bundle.
DSL 1s a strategic technology by which the RBOCs
can protect their local services franchise. But they
must act now

Fatrick Flanagan 1s a contributing editor with
Telecommunications Americas edition.
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Next-Generation
Telcos Thrash It OQut

There 15 a perception that it’s not hard to be a next-gen telco.
but the reaitty is more complicated. [n fact. there’s little
agreement about what the essence of the next-generation
telecom provider really is.

TELECTAMINERTIGNS,
Lenore V. Tracey

Marketing terminology that’s meant to excite often
does little to enhighten On the NextGen telco page
at www. pulver.com. there are almost 70 next-
generation telcos listed (as of Feb. 15, 1999). and
they are ready to provide a variety of services
across the globe. A linked page suggests how a
company can become a next-gen telco But it’s not
so easy, sav both the providers and the vendors
Gordon VanderBrug. executive vice president of
Massachusetts-based VIP Calling, suggests that
“there 1s a perception that it’s not that hard to be a
next-gen telco All vou do 15 buy a couple of
gatewavs, plug them into the Internet and start
passing minutes.” But the realitv 1s more
complicated. and there 1s little agreement as to what
the essence of the next-generation telecom provider
really 1s. - -

The term nexi-gen telco is even confusing. To
some, a nexi-gen telco provides next-gen services.
To others it means offering new or conventional
services using advanced technologies New market
entrants--CLECs. cable compantes. utilities, 1SPs.
and others--often consider themselves next-gen
telcos To the incumbent telcos, next-gen
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companies are those that will ultimately define a
new way of operating and doing business with
consumers and companies across the globe: the
one-stop shopping model.

Pulver.com focuses on providers that offer voice
services using voice over Internet Protocol (VoIP),
once the province of hobbyists, but now, with the
advent of new standards and platforms, a
burgeoning market capturing much attention. The
site’s NextGen telco list includes start-ups, Internet
telephony service providers (ITSPs), ISPs and
incumbents.

Service providers such as Qwest Communications
have positioned themselves as next-gen telcos,
adding to their Internet service offerings products
such as VoIP and voice over frame relay. Qwest
plans to complete a high capacity, [P-based fiber
optic network by mid-1999 The company’s stated
mission s “'to enable customers to seamlessly
exchange multimedia content--images, data, and
voice--as easily as traditional telephone networks
enabled voice communication ” Q talk and Q biz are
communications services offered to the consumer
and business markets. respectivelv. Q talk provides
consumers with U.S domestic long-distance
service. paging. Internet access and prepaid calling
cards Q.biz offers switched inbound and outbound
services. domestic and international calling, toll-free
services, calling cards, directory and operator
assistance, audio conferencing and broadcast fax

Targeting a different market, VIP Calling is in the
wholesale business. carrying toll-quality minutes
over a managed IP network--a carrier’s carrier
VIP s current competition comes from traditional.
tncumbent carniers of international nunutes Without
disclosing names. VanderBrug included more than
half ot the top 13 international service providers in
his company’s customer base He savs VIP -
competes by using the best equipment. getting good
IP connections (using major IP carrier backbones)
and rigorously monitoring the network.

The company has coined the term “assured quality
routing” (AQR) to refer to all of the monitoring
processes that allow 1t to deliver toll quality
VanderBrug i1s well aware of the stakes in the
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wholesale market. “If we do not provide quality to
our customers, they simply take us out of the
routing tables.”

New market entrants such as CLECs are also
dubbing themselves next-gen telcos. For example,
[.ightship Telecom, a Manchester, N.H.-based
CLEC, will enter the market this spring with a suite
of services--some conventional, some advanced.
Rather than taking a technology focus, this
company represents those new market entrants
taking advantage of deregulation and bundling
service sets targeted at specific markets. Lightship
was launched in early 1998 and is currently certified
to operate in New Hampshire. Maine and Vermont.
According to Lightship COO Jeff Koester, the
company will sell local, long-distarice and Internet
services to businesses (six to eight lines and above)
It will initially provide local service by reselling Bell *
Atlantic minutes. Long-distance will be provided
through a combination of the company’s own
facilities and agreements with established fong-
distance carriers to terminate minutes internationally
and in domestic areas where Lightship does not
have trunks

Lightship’s offerings will include a variety of other
standard products such as pre-paid calling cards and
conference calling According to supplier Octave
Communications’ President and CEO Rob Scott.
one of Lightshup’s kev markets 1s the insurance
industry Octave develops advanced conferencing
products. and to complicate matters, calls 1tseif a
next-gen suppler. Lightship will use Octave
products to terminate audio-conferencing minutes,
responding to.the insurance industry’s hirh v- 2 of
this business tool

Lightship i1s not nexi-gen in 1ts transport technology,
voice will inttially be circunt-switched. However, the
bundling of local. long-distance and other services -
combined with differentation in billing and
customer service praciices is where this new market
entrant plans to disunguish iself

Criucs argue that many of these companies are still

only offering convenuonal services or approaching

the telco market in conventional wavs Hilary Mine,
executive vice president at Probe Research Inc.,

http //www telecoms-mag com/issues/1 99903 /tes/tracey htmi [7-Jun-99



Next-Generation Telcos Thrash It Qut -- March 1999 Pagina 4 de 11

offered several insights. Many companies claiming
to be next-gen telcos look to her “an awful lot like
the regular old thing ”

“Qwest has circuit switches just like evervbody else
They have traditional TDM in their network and
they have acquired other companies that also have
traditional networks as well as acquiring ISPs. They
look pretty much like any other carrier, They've got
traditional switching; they’ve got ATM switching;
they’ve got overlay networks. And if the definition
of a next-gen telco was that they were going to
indeed define themselves in terms of new
technology, then certainlv Qwest has not done
that © However. she added that Qwest has paid a
tremendous amount of attention to network
management. Its business proposition is that its
network 1s cheaper to run and operate than any
incumbent older network And Mine believes Qwest
will maintain a cost advantage.

In comparison, Level 3 Communications is sticking
to the IP concept Mine said Level 3 is “not really
tnterested in voice. Thev will carry voice because
thev think voice rides free on their network ™ But
Level 3 is interested n applications and has been
driving the VolP vendors to come up with the
products it needs to stick to its [P vision

Probe has a study underway to evaluate whether
there is a true advantage to new networks The
multichent studyv inciudes domestic and international
carriers and major industry vendors Probe s
developing scenarios to determine the true cost of
delivering services over an [P network versus a
circutt-switched network. T

A somewhat different approach that might be more

worthy of the next-gen descriptor belongs to Enron
Communications A whollv-owned subsidiary of

Enron Corp . the energv company. Enron -
Communecations is building an IP-over-DWDM

network and dehivering services by partnening with

ISPs and other providers throughout the United

States. Although Enron’s press releases state that

the company “is committed to bringing next-

aeneratton services and applications to the desktop

market.” Jim Crowder. vice president of strategic
development. doesn't consider his company a next-
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generation telco. “Frankly, putting us in a category
is not the easiest thing in the world to do,” Crowder
said, adding that he sees next-gen telcos as
“incrementally different from the existing telco
model--not radical, but incremental. We think Enron
Communications is a radical departure from that

. traditional telco model.”

Enron developed its business model by studving the
needs of the enterpnise and end customer--not by
examining how to use existing assets and capital
equipment. “Enterpnises are looking for end-to-end
solutions. They’re frustrated by a lack of
accountabtlity and a iack of performance and a lack
of guarantee and execution on end-to-end
connectivity for applications, They have to go
through an incredible labvrinth of infrastructure and
compantes to trv to get various locations up and
running. and then when thev’ve done so, they are
paving exorbitant rates for nailed-up circuits.”

Responding to this need has resulted in the
development of both a different architecture and
business model. Crowder does not think that
Enron’s fiber build out 1s what makes it different.
He called it a “me-too” strategy in terms of
deploving fiber arcund North America What is
different 1s the company s dectsion to deplov an [P
network with no SONET, ATM or frame relay.
Enron has consciously walked away from a lot of
opportunities to keep its focus--building an
archutecture that responds to the pent-up demand
for distributed applications

Looks Like a Duck.

‘Walks Like.n Duck

To the incumbents, the next-gen telco designation

seems to have a much broader meaning. “The next- i
gen company has a full service oftering that 15

avallable in a simple. direct manner 1o the customer

and provides an advanced set of capabilities and -
functionahities oft the deploved techmical base,” said

Ted Schell. senior vice president of strategtc

planning and corporate development at Sprint. “To

do that vou've got to have the advanced

technology, the advanced networks, the operating

svstems, the provisioning systems. and the capability

to integrate it mn the back office to get the

economies and the efficiencies vou need to be the
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low-cost player. You have to make it very simple
and very easy for the customer to use,” he added.

Schell observed that customers are looking for
features such as high quality voice, but don’t care
whether it 1s packet-switched or circuit-switched.
Many people have defined the next-gen telco in
terms of what companies such as Qwest are doing.
“All those companies have done is placed a network
bet on building a backbone infrastructure--a very
high- speed infrastructure--and have a very, very
limited product set in front of the customer

today. .. They may expand that product set, but as
they do they will have to invest in operating
systems. customer service support, billing systems,
R&:D, product development and so forth,” Schell
said

Corporate Culture

The incumbents and the new entrants recognize that
in addition to new technologies and services.
something else 1s very different about the companies
aiming for next-generation teico status' attitudes
and organizational attributes. In Januarv 1999, the
head count at VIP Calling was in the 40s, up from
about 12 one vear earlier. The company is Keen on
recruiting the “right” emplovees VanderBrug
summarized the company’'s hiring strategy. saving
that one crucjal characteristic of the people it
recruits 1s flexibility The companyv seeks “people
who understand how things are done either in the
data world or in the telco world. but are not married
to it It looks for peopie who see voice becoming
just an application on an [P network and who
“know that sometimes vou want to do things the
wav vou have done them in the past and s m- mes
there’s a new wav =~

But this self-stvied next-gen telco 1s not alone in
aruculating the need for the right emplovees to do
the job and carefully crafuing 1ts orgamization Sprint -
ctted similar attitudes Calhing Sprint an “ali-gen
telco.” Schell argued that with 62.000 emplovees.
Sprint considers tself small and nmble Compared
to some of 1ts competitors. it mav be But Schell
Knows that agility 15 more a matter of mind than
size He expressed Sprint’s understanding of the
next-gen mentality by saving, "It has to do with
lavers within the bureaucracy or how flat vour
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organization is. It has to do with your intent and the
skill with which you communicate to your people. It
has to do with how compelling the vision 1s that you
artculate.”

Some of the new market entrants understand the
absolute requirement that an organization execute
its vision, and they feel their companies have an
advantage in this regard by virtue of their smaller
size. But that does not always prove to be the case.

If vou ask the suppliers that work with these service
providers. they too have recognized the attitudes
and attributes that differenuate the “MO” of the
next-gen telco. “Are they really different?” asked
Olwvn Walter, assistant vice president of the
switching group at Newbridge Networks “The
short answer 1s yes And more and more we're
seeing incumbent service providers trving to model ‘
themselves after some of these alternates so that

thev can compete more effectivelv within and

outside of their regions.”

Unlike small and nimble Sprint, with 62,000
emplovees, AT&T is undergoing a corporate
culture metamorphosis with its 108.000 workers.
Bob Annunziata, president of AT&T business
services, joined the company as part of the merger
of AT&T and Teleport Communications Group
(TCG). where he was chairman. president and CEO.
Annunziata launched Teleport in 1984 and grew the
company from five empiovees and no revenue to
5000 emplovees and over $1.3 bilhion in revenue.
Now he has returned to AT&T, where he worked -
for 17 vears before TCG. bringing his start-up
experience to by nefi Grandma Bell Ansu:nziata 1s
working toward transforming AT& T s culture to
reflect the need for responsiveness. advanced
technologies and global reach

AT&T doesn't take for granted anv of the start-ups -
wing for telecom business either Instead. the

company recognizes them as potential opportunities

to compensate for its hmitatuons by bringing 1n new
technologies or expertise To get the transformation

job done. AT&T has brought th new leadership in

Mike Armstrong. acquired a facilities-based

business company 1in TCG, bought a facilities-based
consumer company 1n Tele-Communications Inc.
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(TCI); began a global venture with BT; bought the
IBM global services network for IP; and expanded
its wireless footprint with Vanguard Cellular. In
early February, AT&T announced a joint venture
with Time Warner Inc. that will aliow the company
to enter the local-service market via cable in 33
states. And AT&T is not through vet.

How is Annunziata changing the culture at AT&T?
“You get out and say here's where we’re going,
now together we have to do 1t. You talk to the
people; you listen to them, and vou give them the
tools to help them do their jobs better.” Although it
is just in the beginning of the process, Annunziata
said the company is already getting good results.
AT&T 1s not simply protecting its territory, but
growing the business. '

Differences in market strategyv and decision-making
may also be characteristic of the next-gen telco
“Typically, the new generation service providers
will be very targeted and focused in their start-up
mode of operation, They will begin with a specific
target market, and they will focus on being best in
class at one or two types of service. They will also
start out competing on price.” said Newbridge’s
Walter

Walter also characterized the new market entrants
as quick on therr feet. They don’t have to worry
about a legacy infrastructure or the problem of
continuing to generate revenue from an nstalled
base of equipment Waiter added that operational
support svstems (OSSs). such as network
management and billing svstems, that can number in
the 40 to 100 range for the incumbents. pose an
additional burden, whereas new-generation service
providers are starting from scratch With technology
that 1s available todayv. new entrants are in a very
strong position 1o ofier services at verv competitive
prices . -

AT&T s Annunziaia acknowledged the claim that
legacy svstems will hold orgamzations like his back
But he added that no one should expect AT&T to
sit back and not change “The new organization
won t aliow that to happen: the new requirements
from our customer base won't allow that to happen,
and the new economics won't allow that to
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happen.” - - = -

Mine predicts that for incumbents with existing
equipment, it will still be a while before it becomes
cheaper to deploy new equipment. However, she
commented, “When I sav that Qwest has a cost
advantage, | think they have a cost advantage in the
sense that their network 1s probably cheaper to
operate and maintain. But AT&T may still have an
overall cost structure advantage because all of their
equipment and real estate is paid off.”

Working the Market

Suppliers focus on helping incumbent service
providers retain market share and cut costs. With
new providers, the focus 1s on capturing and
growing market share. Newbridge often finds these
customers looking to 1t for help in identifving
market opportunities that the equipment they are -
buying may make possible.

That requires telco suppliers to bring on new
expertise. In fact, Walter herself came to Newbridge
with a 12-vear history with service providers
operating inside and outside of regulations, Others
Iike her were also brought on Many suppliers are
doing the same thing, building up a telco provider
skill set in-house or lining up consultants to provide
these skills as needed This business model seems to
be forging closer relationships between suppliers
and service providers

For the incumbents. simiiar trends are emerging. but
for different reasons. The combination of dwindling
deep pockets and regulatorv changes has brought

about some departures from business as usual, R

Walter has observed Business units at the

incumbents need to demonstrate their viability ;
“Cross-subsidization from one service to the next is
cenerallv not permitted in the competitive
environment in which we're operating. particularly
in North America.” said Walter. “So we are getting
stmular requests from RBOCs and from large
international service providers--to help them with
some of the front end business activities or help
them prove-in services or business opportunities ™

Without having to accommodate legacy systems,
the next-gens can focus on telco equipment that
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supports the convergence of voice and data, leaving
the company’s options open and preparning for
change right out of the gate. Newbridge and other
suppliers with multiservice platforms are plaving
successfully to these companies Whiie the
incumbents will be buying this equipment also, their
focus is more transitional. Meanwhile, the new
entrants are where the market is hot. And they
appear to make decisions about equipment
replacement very differently than the incumbents.

In the fall of 1998, VIP Calling moved its entire
network over to Cisco equipment. VanderBrug
called the Cisco product line “the strongest in the
marketplace now in terms of its reliability and
robustness and tn terms of the quality of the voice it
[delivers] ” VIP Calling actuallv replaced all of its
equipment--not something that the traditional
carriers. with their heavy investment in the fegacy '
nerwork. are inclined to do.

Newbridge's Walter said that the only time she has
ever seen a service provider replace equipment 1s
when a vendor has gone in and actuallv bought out
the old network Except for the step-bv-step
replacement of PSTN equipment from 50 vears ago,
service providers typically will keep equipment 1n
their networks “lt's a sunk cost, and if it’s not
broken. thev won't do anvthing to change it Theyv
wilt figure out how to make investments going
forward.” said Walter

Octave's Scott oftered additional insight into the

market tor multisennice platforms Octave calls its -

product a next-generation platform and although the

first released ap- I ion i for audio-conferencing.

1t plans more releases to add different functionahty
throughout the vear. According to Scott. next-gen

telcos are looking for wavs to add applications to

exisiing platforms without having to undergo

tforklift replacements of their equipment Savvy -
incumbents will foltow sunt

Would the Real Next-Gen Providers Please
Stand Up?

Which compantes will be the real next-generation
telcos. surviving the changes wrought by
deregulation. competition, and the onset of
advanced communications technologies” The
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applications and the market share may be the dnvers
of success, not simply the use of new technologies
to transport voice or converge voice and data.

Some of the so-called next-generation telcos are
really just new market entrants, trying to succeed
with new platforms. new products and new
approaches in the deregulated market. More
effective organizations. integrated support svstems
and exemplary customer care are key factors in
determining which companies will succeed.

Mine speculates that the next-gen telcos might
actually be the old-gen telcos Referring to AT&T
Jens. (cited in the Feb. 1. 1999 issue of The Pulver
Report as the number one Internet telephony service
provider in terms of international IP telephony
minutes), Mine commented: “AT&T 1s the number
one IP telephony service provider today. in terms of
just generating minutes on its network. They are
doing more minutes of IP telephony than any other
carrier in the world What does that tell us®”

We'll onlv know in retrospect. when the dust has
settled and the remaining companies and business
models are sull standing There seems to be no
question. however, that those that are left will have
many different faces--large comparues with broad
market penetration. extensive product offerings and
excellent OSSs, and smalt to mid-size companies
with niche expertise or offerings in advanced
technologies Strategic partnerships. mergers and
acquisitions will continue at breakneck speed while
companies vie to offer consumers and businesses
new and better services. one-stop shopping and top-
notch custemer care. deploving the most advanced
technologies to do so s
Lenore U Tracey s a consulung cedior with
Telecommunncanons

RS8N0 301 .

Click o the Reader Service Number for more
mformarion
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AT&T Jens

Glocalnet - Glocalnet is a next generation
ielecommunications company. The Company is mixing
traditional telecom and new data network technologies
to produce flexible and cost-efficient services.
Currently, Glocainet is depioying the largest pan-
Eurcpean VolP network. Today Glocalnet has eight
Points-of-Presence in Europe; Sweden, the
Netherlands, Great Britain, Germany, Belgium, Italy,
France and Switzeriand.

DeltaThree - Delta Three currently manages a network
of 30 POPs worldwide, making it the world's largest
international VOIP carrier. The company offers PC-to-
Phone and Phone-to-Phone services with billing
information available real-time through the Online
Interactive Center.

Telia Light - Teha Light AB is a fully owned subsidiary
of Teha AB, Scandimnavia's leading provider of telecom
services. Telia Light offers Telia branded VolP services
in Scandinavia and through pariners i the rest of the
world.

Telnor Nextel

Tete 2

TeleMatrnix - TeleMatrix is the largest VoIP network of
its kind in Asia.

VIPCaliing - One of the largest and fastest growing
networks of NextGen Telcos with 6 DS-3's and dozens
of gatewzys. Carryiing commercial wholesale traffic
since 1997 Expanding through partnerships worldwide
AlphaNet Telecom

incomTet TG - Gateway in the countries - Canada,
Russia (cities- Moscow. St. Petersburg, Ekaterinburg).
Ukraine (cities - Kiev, Kharkov), Byelorussia (Minsk)
Provide pc-ta-phone. phone-to-phone services for
individual and corporate customer.

GXC Com

Net2Phone - With hundreds of gateways installed
worldwide and millions of IP minutes routed monthly,
Net2FPhone's robust IP telephony network is growing
through internal butldout as well as through its
extensive reseller program.

Glocalnet )

PC2TEL - We are one of the first ITSPs in Germany

http.//www pulver com/nextgen/
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offering high quality phone-to-phone Internet telephony.
Qur network includes nodes in Germany, Spain, China
and the United States,

e Tokis - IP and PSTN Phone, Fax, Pager Gateways
unifying Phone, Pager, Fax, Email,and Web based
communication. Service and Software available. Nodes
in U.S. and abroad inciude broadcasting, forwarding
messages and voice and fax maiiboxes,

e Rei2phone Europe - Altern Tetecom ITM is a gateway
provider with an european office in France.

e Free World Dialup

o WIN

o INTERLINE - INTERLINE's principal focus is that of a
Service Provider to the VolP service industry. We use
our own technology to deliver leading edge Voice over
IP services - so we are in complete control of our
destiny. Our Membership includes names like
Mitsubishi, Hyundai, Hong Kong Telecom Canada,
Concentric Networks, amongst others. These key
industry players chose Interiine over all others. as. quite
simply, only Interline could provide a complete service
solution. Backed up by a comprehensive in-house R&D
program, Interline ensures that they, as service
providers, stay at the leading edge of the market.

s Knpowledge by Design - Knowledge by Design is a
premier Global | TSP providing service and gateway
solutions for enterprise to home user, With Pc to Phone
as well as Phone to Phone capabilities,with full H.323
compatibility. OzTel covers over 50 countries with
clients such as Hewlett Packard, Nortel, Telstra
Australia. IBM and TNT.

» NetCail

e Pazcific Telekey Network - PTN 15 an mstitutionally -
funded "Nextgen Telco” focused on the North American
and Asian markets. We are aggressively building a
state-of-the-art-managed bandwidth Internet Protocol
("IP"y communications network to provide and market
telephony services 1o wholesalers, resellers and
consumers at significant savings. By combining our P
network with traditional telephony services, PTN 1s able
to provide high quality, high value global
communications services to our customers We are
atso seeking partners worldwide,

e CyberCall -

e Webcalt GmbH - Webcall 15 specialized in Telehousing
other ITSP's VolP and FolP gateways \We offer
Telehousing services throughout EMEA (Europe. the
Middle East and Africa) For ITSPs and NextGen -
Telcos using either Lucent, Cisco. Vocaltec or Array
Gateways, we also provide local Termination services
in the EMEA region.

e iSPtel.com - IP Telephony Network deploying 50 nodes
internationalty. Global expansion through partnership
alliances wortdwide.

e Televideo Global Inc. - Televideo provides high quality
telecommunications services to carners, corporations,
and service retalers by utilizing leading-edge data
telephony technologies across a managed global data
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network.

Net Communications Inc. - Progressive NextGen Telco
that provides integrated voice, fax, data and multi-
media services over its Global Multi Media Network,
with POP's in the United States, Europe, South
America, Africa and China. '

e Planet Telecommunications, Inc.

* & ¢+

.comfax, The Intemet Fax Company The leading
Internet fax provider and only independent NetCentric-
enabled network. Users can eliminate fax machines,

fax servers, and phone lines. Faxes forwarded to email.

Broadcast faxes are a snap. RSA security. Real-time
billing & tracking.

Cybenel Communications - Cybertel is one of the first
ITSP in Australia, providing phone-to-phone intemet
telephony service and is a member of ITXC
WwWeXchange Program.

ADVANCE - We are one of the first ITSPs in Ukraine.
We wait to terminate your calls to Ukraine.

VCN - Global ITSP from Malaysia

Net2Phone Chma - Exclusive Nel2Phone Agent in
China

LATIC

FLATSS - FLATY99 is long distance calling at 99 cents
per call. Taik as long as you want!

RESCHA AG / EuroCall

Inter-Tei

NKO

EconoFax - Global Internet Fax Services

Franklin Telecom

Networks Telephony

Exicom -~ Internet Telephony Service provider mainly
serving Lebanon and Syria through Pc-toPhone and
Phone-to-Phone

EscortTelecom - | would like to inform you that we are
Vocaltec NextGen Partner Telco in Turkey

Access Power - - Access Power's network currently
provides complete coverage in the U.S. for PC to
Phone calling. Phone to Phone service is avallable
from selected markets to anywhere in the U.S. and
Canada. Additionally, the company proviues Carrer
services and 1s developing markets tnternationally
through joint ventures.

CalTech International Telecom

NetZPhone (S'pore) - Net2Phone (S'pore) Is the
exclusive representative for Net2Phone services in
Singapore, Mataysia. China and the Asean region. Also
offenng PC-to-Phone

Halidon

SouthNet TeleComm Services SouthNet TeleComm
Services. Inc. has VoIP Gateways in New York City,
Atlanta, GA., Washington D.C. and Savannah, GA. In
August. 1998 we will be adding 65 new U S. cities to
our VoIP network.

Internet Telephony Senvice Provider

Rhmocerus Glopal Communications (RGC)- Provides

http //www pulver com/nextgen/
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phone-to-phone and pc-to-phone services in Russia

{(Moscow, St. Petersburg, Sakhalin Island, Surgut,

Tumen, Omsk etc.) and Germany (The whole country)
+ Bemfax.net is an international internet faxing network.
+« Mexico city based |ntemet faxing sotutions

» Taro - Tario.Net covers the following locations: USA;
China; Cyprus,; Georgia - Tbilisi; Russia - Moscow, S.-
Peterburg, Novosibirsk, irkutsk, Krasnoyarsk,
Khabarovsk, Viadivostok, Samara, Togliatti, Ufa,
Barnaul, Perm, Rostov.

¢ CT-T - Canadian NextGen telco. Has installed a
demonstration VolP link between Canada and the US.
Listed on the Vancouver Exchange CUQ or CUO.V

» {PTalk - ITSP to provide the service fram America to
China

e |SPhone - is a consortium of regional |SPs which offer
voice and fax services.

+ Iscom. Inc. - Communications for the next generation..

o USA GLOBAL LINK - USA Global Link is in the process
of putting up 1000 internet telephony switches
connecting them to its current global internetwork. It
should have over 175 swiiches installed by Jan.1st of
1998,

« LD Exchange com - LD Exchange.com, Inc. is a
facilites based carrier providing wholesale worldwide
terrminations to Carners and IP Telephony Providers.

» WehTelecom - The winners of ITXC and FPuiver.com
contest. We provide Internet Phone Numbers that
suppon calls from any H323 standard supportive
software. Allowing web site owners to talk with surfers
on-line. show them products and provide immediate
technical support.

» VIaNEXUS - New startup ITSP now offering PC-to-
Phone service in the Eastern Mass /Boston area.

e Excnange Carrierin Latin America- Ctl Brasi function
as exchange carner based in Brazil with service qeyed
to Marcc-ul Latin Amenica and twenty countries
wif Jwie 2 using Vocaitec Technology - facilitating
communications worlwide.

o |TFC Cor, - ITXC Corp operates the largest network of
iP telephony service providers. The nelwork currently
covers over 120 IP PoPs in 36 countrnies. ITXC sells
menutes 1o carrers and reseliers and pays gateway -
operators around the world to terminate the calls.

o [TXC Lida - ITXC Liga offers wholesale internet
telephony customers discounted calls to anywhere in
the worlg |TXC Ltda s routing customer calls not 1o
every phone in Brazil, but also has the ability to route to
every phone in Mercosur and in the world.

s TransNexus

o ATET Global Cleannanouse - AT&T Global
Clearinghouse provides a complete, centrally managed
soluuon that atlows Internet Service Providers (ISPs)
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and Telecommunications Authorities to easily establish
and operate phone-to-phone [P Telephony services to
more than 200 countries worldwide.

s Arbinet

s GRIC - GRIC Communications, Inc is a ieading
provider of integrated Internet Protocol based
telecommunications networks and solutions to internet
Service Providers and telephone companies worldwide.

¢ ViP Calling

e DeliaThree

e Planet Telecommunications, Inc.

Bandwidth / Minutes Brokering

s Arbinet
+ Band-X - The Bandwidth Exchange
e« Min-X - The Minutes Exchange
\ e« RateXchange - The Real Time Bandwidth eXchange

* SpotRates

m
P P O I LA T TRV LT

If you would hike to either add or change your a listing, click
here, BEEERe

o N -
L AR T TE S RIPAMT S Al
Interested in learning more? This should get you started.

LA+

s aph el o

Have you used any of the new NextGen Telcos / ITSPs? If so
- it would be greatiy appreciated if you could provide a little
feedback on your recent user experiences. Please click here
1o provide your feedback EiRbe

7o help provide facihate communication between NextGen
Telcos the ITSP mailing list has been setup. To subscribe to
the ITSP mailing list. send e-mail to
majorgomo@pulver.com. leave the subject blank and in the
body write: subscribe itsp To post am ~ss: e send e-mail to
lisp@pulver.com .

Pulver Com | Pulver Report | VON Home | Upcoming Events |

Free Worlg Dialup

Copyngnt £1997 Zu~we 7>, Site Design by ingrease' Proguctions
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internet access anytime,

may 1899
DSL and the Access
5
Race
Much is at stake in the emerging battle for fast network
access provision in the US. Unless the regional Bell
operating companies {RBOCs) shake off their old ways of
o doing business and grab market share before their cable
“EE_EE[?!"I!NE rivals finush upgrading their own infrastructure, digital

subscriber line (DSL) technology could be another well-
documented failure. The quesuon industry commnientators are
now asking 15 will the RBOCs turn DSL 1nto another ISDN?

. Patnick Flanagan

By rights. DSL should be manna from heaven for
the RBOCs DSL 1s a premium value-added service,
there 1s little immediate competition, consumer and
business demand 1s there. and the technology is
available and proven However, at the end of 1998,
there were still oniv around 39,000 DSL
subscribers, compared to 700.000 cable modem
users This is despite the fact that for every one line
confrgured for cable modem services. there are 20
teiephone lines installed that can support
asvmmetric DSL (ADSL). according to the
Multimedia Telecommunications Association's
1999 Market Review and Forecast.

It 1s hard to ignore the sense of deja vu that DSL
conjures up when compared to 1SDN (integrated
services digrtai network) Look at these similarities.

« Confusing specifications: DSL varies greatly in
bandwidth availabilitv. whether configured as
ADSL. ADSL Lite. RADSL (rate adaptive). or
IDSL (imegrated). while ISDN comes as basic rate
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interface and primary rate interface;

s Slow rollout: When DSL will be widely available
1s anybody’s guess, but deplovment 1s simpler than
ISDN because ADSL runs on overlay networks;
therefore, the RBOCs do not have to integrate or
upgrade existing switches or deploy combined
signalling systems;

» Complex end user installation. It takes two
technicians to install and fine tune DSL (one for the
circuit provisioning and equipment, another for the
modem). Installing ISDN took a number of visits
before i1t was at least somewhat plug and play,

« Non-competitive pricing The low-end pricing for
plain vanilla DSL (192/256 kbps) is USS 40 per i
month. a level set by the cable modem industryv with

no bearing on actual costs To reach 1.5 Mbps ‘

downstream, the cost 1s USS 60 to 100 per month.

A primary reason for ISDN’s US market flop was

pricing, which onginally was well over USS 100 per

month pius usage fees over a few hours. Today it

runs at prices of between USS 30 to 60 per month.

e Poor marketing Although the public and small
businesses seem to understand broadband
technology better now. DSL must sull be deploved.
priced and packaged better than ISDN was.
Looking at ISDN line deployment in 1997 and
1998. when demand grew considerably for higher
speed Internet access. shows that few were buving
Total users went from just under one million to iess
than 1.4 milhon. :
Li+ ited Chances S

The RBOCs have a hmited window of opportunity
Mo: view cable modems as the primary threat, but
the vidirectional hvbrid fibre coax (HFC)
infrastructure required to deplov them passes only
12 mithon homes worldwide. mostlv in the US. -
Converselv. the RBOCs have ADSL-capable copper
m virtually every office. home and school. and the
number ot DSL-passed customers in the US at the
end of 1998 was more than 19 million, according to
analysts, TeieChoice,

To dupiicate this ubiquity. the cable companies need
to spend billions For example. upgrading a coax
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system from unidirectional to bidirectional requires
new amplifters that cost about US$ 25 per passed
home. Upgrading from bidirectional coax to hvbrid
fibre coax can cost as much as US$ 200 per passed
home. “There’s room for DSL to pull ahead of
cable modems, but 1t better happen by the end of
1999 or cable will take a commanding lead,” said
Claudia Bacco, senior DSL analyst for TeleChoice.

According to the Yankee Group, DSL consumer
pricing cannot exceed US$ 40 a month, including
ISP charges. This is the figure at which cable
modems are currently priced with their apparently
faster downstream data rates of 1 3 Mbps (however.
users are on a ‘party’ line that degrades service as
their neighbours join in). “Forty dollars is an
aggressive level of pricing, and this means that the
cost of deplovment. including the CPE device cost.
must come down to USS 100.to 150, said Im
Wahl, a2 Yankee Group analvst. The hardware costs
will reach this level bv the second half of 1999.

The competitive local exchange carners (CLECs)
have a good head start. according to Wahl. This is
due to several factors There are no T1 revenues to
cannibalise: there are few legacy svstems; and their
infrastructure 1s designed for data delivery The
largest advantage may well turn out to be the ability
to ‘cherry pick” or sign up those customers who
want DSL and are willing to pay for it now. Until
now. the primarv CLEC emphasis has been on
replacement T1 services, such as SDSL, HDSL and
IDSL. in geographic areas with high densines of
technologicaliv advanced consumers and businesses.
Covad and NorthPoint are two examples of CLECs
piting this.epproach into action '

Onre strategy the TBOCs could empioy 1o counter o
CLEC DSL cheriv picking 1s to dramaticaliy reduce '
the price of teased line services. The Yankee Group

esiimates that these cash cows have gross margins -

of 40 to 60 per cent "A 30 to 40 per cent price

reduction would dramatically increase their

attractiveness as an alternative to ADSL for small

and medium businesses.” Wahi said

The Growing Cable Modem Menace

In metropolitan markets. DSL and cable modems
will compete hotly for large numbers of customers
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which are anticipated to have low churn rates. The
Yankee Group predicts that pricing for cable
modems and RBOC or CLEC DSL services will be
evenly matched. The deciding factor may well be
aggressiveness, an area where the RBOCs have a
poor to non-existent track record in the ISDN
context. They are also running behind competitors.
At the end of 1998, cable modems had a
“significant, vet surmountable lead,” said Wahl.
There is momentum on the cable side as well, with
the Yankee Group predicting that in 2002 there will
be 4.3 million cable modems i use compared to 2.7
million DSL customers

One often overlooked aspect of cable modems is
their importance to the interexchange carners
(IXCs), which are loath to collaborate in any way
with the RBOCs. The best capitalised of the cable
modem providers 1s (@Home, with a USS 5.82
billion bankroll, AT&T owns 40 per cent of
(@Home. Microsoft's USS | billion investment in
Comcast 1s well known. and both 1t and Compagq are
investors in Road Runner, (@Home’s biggest
competitor.

The Wholesale-Only Option

One uniform aspect of DSL among the RBOCs 15
that thev all have a wholesale operation It 1s
therefore no surprise that the most aggressive DSL
vendors are little-known outfits such as Red Dog
and City Access Their primary customers are early
adopters. who could just as easilv buv from the
incumbent local exchange carner (ILEC) if it was
making the same promotional effort Wahl believes’
the wholesale avenue is the most comfortable one
for the RBOCs “To protect their tegacy T1 le. ;e
lines. the RBOCs primarnily want to target
residenuial customers and thev don’t know how to
do this. Wholesalers do.” he said

Significant wholesale revenues will come from IXCs --
oftering DSL as part of a bundied group of

consumer services In particular. Sprint’s [ON

network will relv on ILECs or CLECs to provide

local loop transpoert. which can produce

considerable revenue with no advertsing or

promotional overhead This strategy has alreadv

resulted in agreements bv Sprint with SBC. GTE.

BellSouth and Amenitech for last mile ION
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connectivity, with tnals due to begin in late 1999

Handicapping the Plavers
While none of the RBOCs will reveal exactly how
many DSL subscnbers they have, one player 1s
clearly in the lead. US West has deployed 80 per
scent or more of the DSL lines currently in use -- as
many as 30,000 according to some estimates, with
85 per cent going to residential customers. “They
are roliing out DSL on a large scale, including a
very high bit rate DSL that can more than compete
with cable throughput,” said TeleChoice’s Bacco.

In the middle of the field are SBC and GTE. SBC’s
rollout 1s largely in California, where guaranteed
bandwidth to the hub is also provided. Such quality
of service {QoS) guarantees are rare for all forms of
DSL. and Bacco noted that corporate userﬁs will be
interested in the guaranteed rate service for remote
access to LANs. GTE currently offers DSL in more
states than any other provider --16 -- and is believed
to have the second highest number of lines in
service. Ameritech has done little with DSL, but
once 1ts merger with SBC is completed 1t could
become more aggressive “SBC 1s somewhat
aggressive in its DSL pricing at about USS 50 a
menth and this will help Ameritech,” said Wahl,

At the back of the pack are Bell Atlantic and
BellSouth There could be a new-found
aggressiveness on the part of Bell Adantic as a
result of its alliance with America Online (AQL).
“This means thev don't have to worryv about
marketing.” commented Wahl It is hard to assess
exactly what the impact of the Bell Atlantic/GTE
merger will be, particularly since the companies ar >
deploving DSL using products from two separate
vendors “There’'s no natural fit, but depicyment
will continue because they can't delay,” said Bacco.
BellSouth has essenually removed itself from direct
DSL involvement by establishing BellSouth com as -
an ISP to handie all DSL marketing “This strategy
vives BellSouth an opportunity to be aggressive n
the residential market and stay one step removed,”
\Wahl said

Avoiding Another 1ISDN

Industry consultants have numerous 1deas on how
the RBOCs can avoid another ISDN-scenario with
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DSL:

Make it cheaper: The objective is to grab
market share. Profits will be there down the
road for the provider with the largest DSL
installed base. DSL will have a low churn rate
because of the high up-front costs. Had there
been a large installed base of ISDN
customers, the RBOCs would now have a
lock on the DSL market;

Let others do the marketing: AOL could save
the RBOCs from themselves bv providing the
marketing and pricing needed to get the
consumer DSL market on board There is a
strong motivation for AOL to go in this
direction. Cable modem users have to go with
a cable-owned ISP such as @Home or
RoadRunner. Every DSL subscriber AOL
gets means one less customer lost to a
competitor:

Make DSL plug and play- Onlv US West 1s
encouraging consumers to nstall their own
DSL modems. If they do. it represents a
saving of USS 195 50 The real market for
DSL will be in new computers that are
shipped DSL-readv For this to happen.
buvers must be abie to comptete the DSL
connection without a visit from a technician,
Kill ISDN: This is the first step towards
simphfying the number of broadband
solutions on the market Free upgrades for
existing 1ISDN customers as part of DSL
rollout. as Bell Atlantic is doing. will keep the
legacy broadband customer base loval:
Ofter a simplified DSL portfolio Killing
ISDN is the first stage in creating a DSL
product itne with one set of pricing that cuts
across the traditional consumer/business
divide. There 1s a blurnng between consumer
and business cusiomers that makes two-tier
prnicing obsolete Small businesses in
particular wiii respond to product offerings
that are easilv understood and fairlv priced

However, all thus is a tall order for the RBOCs If
the DSL status quo remains. the cable industrv will
dominate the broadband Internet access market by
as early as mid-2000, This is the first step toward
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providing an RBOC-less telecom-services bundle. -
DSL is a strategic technology by which the RBOCs
can protect their local services franchise. But they
must act now.

Parrick Flanagan 15 a contributing editor with
- Telecommunications Americas edition.

RSNo. 253
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CLECs have a untque opportunity as data and voice networks
B o - converge. If thev cannot rapidly deplov competiuve networks
Tel "‘EK?'E_IJNs‘GHTiEﬁIl coupled with solid bustness models, the compeuuon could

overwhelm them.

Kurt Bauer

The demands of tomorrow’s marketplace are
driving today's development of the next-generation
public network Because of the exponential growth
of data traffic that is flooding traditional voice
networks, the next-generation public network 1s in
demand and those who can deliver it in conjunction
with umque service offerings will be successful.
Booming technology advances, deregulation and the
financial resources available in-todav’s strong
economy are allowing new market plavers to enter
the fray

Competitive jocal exchange carriers (CLECs) have
a particutarly unique window of opportunity as the
next-generation public network is butit, but -
immediate actions must be taken to ensure their
longevity Deregulation is intended 1o offer equal
opportunity for alt. allowing new competitors to
thrive Many CLECs have taken advantage of
deregulation, quicklv implementing technologically-
advanced. data-centric networks and are grabbing
their pieces of the telecom pie by bundling a wide
range of competitive services. However, if they
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cannot rapidly deploy competitive networks coupled
with solid business models, competition from other
CLECs and incumbent carriers will overwhelm
them.

The New Paradigm

.Jhe telecom industry in the Umted States is not the
first to expertence widespread deregulation of the
type facilitated by the Telecom Act of 1996. U.S,
airlines, banks, interstate trucking firms, long-
distance telecorn and natural gas pipeline industnes
are a few of the formerly-sedate industries that have
recently been enveloped by a new wave of
competition Nor is telecom the first industry to
experience new competition at the same time a
technology revolution 1s taking place.

If the new telecom paradigm follows the pattern of
other deregulatory efforts, a series of trends can be
expected to emerge. Those trends include.

o Industry boundaries crumbling and reforming
as new tvpes of companies and former non-
competitors rapidly emerge in the market;

o Customer segmentation and loyalty growing
In strategic importance:

¢ Elaborate new packaging, pricing schemes,
geographic scale and product scope emerging
as kev differentiators;

o Unit prices falling, on average. and service
guality dropping as costs are squeezed while
companies struggle to maintain profitability at
lower revenue levels; and

» Customer usage of all telecom services
increasing dramatically

Though pertinent 1o all service providers. many of
these characteristics can be easilyv corre ited with
CLECs How thev handie the adjustments todayv will
atfect their ability to thrive in the next-generation
pubiic network For example. collapsing boundaries -
are allowng carriers to attack local, wireless and
Internet access business, cable television companies
are entening the local phone business, and long-
distance resellers are attacking international long-
distance markets using Internet Protocol (IP)
technology The ability to offer a range of services
1s aiding similar growth and expanston of the CLEC
industry,
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The CLEC Offering

Many CLECs are horizontally bundling a wide
range of services and selling them to a restricted
customer base, emphasizing sales channels rather
than ownership of all the underlying network assets.
Some data-centric CLECs, on the other hand,
eschew such bundling in favor of a single-minded
strategy. Some provide digital subscriber line (DSL)
technology, while others offer local calling services
on the theory that larger customers want to mix and
match services from numerous providers. The new
pattern can be viewed as segmentation and a game
of well-defined niches. The emergence of wholesale
and retail strategies, consumer and business focus,
and the whole gamut of bundled services
approaches are examples Such institutional
rearrangements seem to be a staple of the
deregulation process.

The blurred lines between service providers are aiso

creating business opportunities for CLECs with

other service providers. For example. offering

virtual points of presence (POP) managed port

services to [SPs could be the next major data

service revenue opportunity for CLECs. ISPs get

the subscriber access ports and Internet backbone

connections they need wholesale from the CLEC,

which provides one or several virtual POPs for the

ISP The CLEC provides the ISP with a turnkey

solution that includes the managed ports, Internet

backbone connections and network management

The [SP’s traditional networking infrastructure is
consolidated into a single IP connection (between

the CLEC and the ISP) and the CLEC then charges

a month:y n-iwork service fee based on the ISP's

dial-up access port and Internet backbone

connecuon requitements Without deregulation, -
these tvpes of services might not be possible. and )
much of the market that has allowed a CLEC boom

would not exist. . -

The bundled services approach that is allowing
CLECs 10 compete also demands a technology base
to support many tvpes of services Fortunately,
telecom deregulation 1s taking place at a ime of
booming technology advancements Packet
technology. including IP. ATM and frame relay,
aliows a wide range of traffic and therefore a wide
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range of services. The suppon of access switching
capabilities and network management enhancements
has helped round out the strong opportunity for
CLEC:s.

To support the exploding growth of data traffic, as
well as the existing need for voice support, vendors
are continually upgrading their offerings with
multiservice support and increased network
management offerings. Everybody knows that data
traffic will soon eclipse votrce traffic in volume and
legacy voice networks will not be able to support
the traffic volumes coming their way. Much as long-
distance deregulation thrived with the boom of
fiber-optic technology. telecom will receive a boost
from the ongoing upgrading of multiservice
networks

Today’s strong economy. coupled with boundless co
opportunity, aliows CLECs to build the
technologically-advanced networks they need to
compete. The economy has aliowed new service
providers to obtain the funding thev need to build
competitive networks. This actually gives CLECs an
opportunity that incumbent service providers don’t
have By starting fresh. CLECs can better justify
deveiopment of the data-centric next-generation
public network from the bottom up Many
established service providers are relving on legacv
voice networks and have more difficulty justufving
expenses necessary to replace or integrate their
existing network infrastructure with new offerings
Because CLECs are starung from scraich with the
wealth of funding available for new business, they
can start with todayv’s best technology, giving them
an advantage over existing cCompetitors in
addressing tomorrow’'s needs

The Challenge

Despite the advantaves of deregulation. technologv
advances and a strong economy to suppor them, -
CLECSs need to fight to stav alive in the next-
eeneration public network Because of increased
competition, service differenuators are essential to
attracung customers away from other service
providers Most providers recognize the need to
offer a range of voice and data senvices in order to
compete as a full senvice provider Providing
mmnovative new offerings such as voice over [P,
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quality of service and service guarantees can be
used to garner attention as well as market share
Being able to control operating costs with state of
the art management tools further ensures success in
the competitive network services climate.

One fear that many CLECs face is consolidation and
absorption of small plavers by larger companies It
is fairly easy to see that larger service providers.
such as ISPs, could easily snatch up CLECs to
avoid the fees involved in working with them as
business partners. More likely, CLECs would
acquire the smaller ISPs. CLECs have an interest in
populating their switches and also in capitalizing on
reciprocal compensation from the ILECs (as long as
the provisions exist)

The bottom line 1s that a CLEC’s success hinges on
the abihitv to quickly grab its share of the market by
delivering differentiated services over an all-digital
network. In part, that is because all-digital networks
are less expensive to build and operate. more
flexibie and a better platform for introducing high-
value new services Integrated networks are
expensive, so new service revenue growth is
essential No single service provides an adequate
return for an mtegrated. all-digital network. Only
multiple services and multiple revenue streams can
do that--and tomorrow’s market is alreadv
demanding those services Disproportionate
rewards will accrue for those CLECs who move
quickly to occupy positions in the data-centric new
world n

As vice president of aceess product management
Jor Ascend s Aceess Swiching Division, Kurt -
Beuer oversees development, manujacturing and
sales of WAN solutions for neowork servic:
providers and corporate customers worlawide. He
also directy Ascend s VPN 1echnology nnnainves.,
Bauer holds a B.S. m elecirical engmeermg from
the Universin of Missonri, He atiended sraduate
school there and ai Santa Clara Universiny.,

RSNo 351

http://www. telecoms-mag com/issues/199904/tcs/bauer html

Pagina 5 de £

1 7-lun-9%



CAC I

5 e n_;, o e R _;: _ at
Fﬂ.ir-‘?ﬁﬂmmu"' ERO 3 """:'_"_'? !!.!!!I.';.-- rrmner i I o !s!L’L':---‘Tﬂkﬂ‘mmts'i
FACULTAD DE INGENIERIA U.N.A.M.
DIVISION DE EDUCACION CONTINUA

x.

CURSOS ABIERTOS

VIl CURSO INTERNACIONAL
EN TELECOMUNICACIONES

MODULO IV:

REDES DIGITALES:
“ACTUALIDAD Y PERSPECTIVA”

TEMA

LATIN AMERICAN TELECOM CHANGES:
LEARNIG FROM M¢cho AND BRAZIL

EXPOSITOR: M.en C. ARTURO ELIE ALALUF OLIVARES
PALACIO DE MINERIA
JUNIO DE 1999

Palzzio ce Minenia Calle ce Tacuza 5 Pumer pise Deleg. Cuauntemoc 06500 Mexico, DF. tel., 521-45-29 Azde. Postal M-2283



Latin American Telecom Changes: Leamntng from Mexico and Brazil -- April 1999 Pagina | de |2

213y conmacred
NIy sves

copyright
FiVe yTur apinmgn

conlact
express

triternet access anytime,

april 1999

Latin American
Telecom Changes:
Learning from Mexico -
and Brazil

Anpritas

. e

| N A

Telecom developments in these two countries could have a
profound effect on the rest of the world.

Norman C. Lemer

This time last year there were so many telecom
activities and opportunities in Mexico and Latin
America that 1t was difficult to keep track of them
all. In the past vear, many expected events have
come to pass with exciting results. Brazil privatized
Telebras and awarded 1ts B-band cellular licenses;
Mexico completed 1ts wireless PCS auctions: Chile
approved the CTC acquisition and consolidation of
long-distance carrier VTR: Argentina decided to
ehminate the Teleformca and Telecom Argentina
monopoles in 1999; Peru and Telefonica agreed to
end the national monopoly a vear early and
authonzed several long-distance competitors;
\'enezuela elected a new president, hoping 10
reverse its economic shide: and Ecuador and
Paraguay are agam talking about privauzing their
national carriers

Despite the good news, however, Brazil tripped
over its economic shoelaces and nearly took its
friends and neighbors with it The damage appears
modest--for now. Perhaps it is because world
economies have experienced similar financial crises
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in Asia, Russia and Mexico (i 1995) and survived.
Nevertheless, the Brazilian currency devaluation in
January 1999 has provided, so far, only a sobering
realization that economic/financial and political risks
in developing countries are real and significant.

The economic forecasts for 1999 that were
developed before Brazil’s devaluation had already
reflected a general decline in regional growth. Now,
however, it is worse. with some forecasts predicting
a decline of up to 6 percent in Brazil’s economy.
The simple reason for pessimism is that Brazil is the
eighth-largest economy in the world and accounts
for 40 percent of Latin America’s economic output,
which makes it the problem of Argentina,
Venezueia. Chile and Mexico as well. As 20 percent
of U.S exports go to Latin America, these
problems are U.S problems, too

It is within this fragile economic framework that the
telecom evolution (technological, regulatory and
competitive) 15 still occurring successfully. and
regional viabilitv of telecom growth seems
reasonably secure. So far. it appears that the growth
momentum will be only somewhat slowed In this
regard. it is instructive to focus on two countries.
Brazil and Mexico. to identifv the trends and issues
that can help the Latin American countries ensure
continued growth

These countries can be viewed as representing
oppostte ends of the development spectrum the
frenetic reguiatory and investment activity i Brazil
contrasts the more mature development of
competition and licensing in Mexico Economic
1ssues notwithstanding. these two countries
represent the focus of technological. regulatory and
market development from which other countries :n
the region--from the few sull working toward
privatization to those alreadv intenselv compentive-
-can learn what to emulate and what to avoid. -

The Brazilian Challenge

In addition 1o 1ts financial problems, Brazil still
leads the wav in addressing issues related to
technology. regulation and competition It was just
last vear that Telebras was privauzed for $19
biliion. establishing three regional wirelines (Tele
Narte Leste, Tele Centro Sul and Telesp). plus the
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long-distance international Embratel and nine
cellular A-band spinoffs. Almost simultaneously, the
B-band cellular licenses were awarded, and plans
were formalized for auctioning three licenses to
mirror the three wireline Baby Bras, pius Embratel.
The consolidation of ownership, operations,
regulation and competitive relationships is pervasive
and continuing.

Two of the four mirror licenses were awarded in
January to the only bidders The Bell Canada
International (BCI) consortium (16.2 percent
Qualcomm interest) promised almost $50 million,
pavable over two years, to acquire the license and
spectrum for the 20-year right to compete in the
northeast region against Tele Norte Leste; and a
National Grid consortium (UK. 50 percent, Sprint
235 percent) paving about $45 million to compete
against MCI-Embratel, which was privatized earlier ~
for $2 4 billion NG-Sprint claims that it will build a

new network covering 38 cities in one year and

“most” Brazilian customers within three vears

More recently, sale of the remaiming two mirror

hicenses has been rescheduled for April 23, due to
requests for more time by newly interested bidders
Qualcomm do Brasil. Bahtel Engenheria and Splice

do Brasil

Each mirror company will be allowed to compete in
the specifically defined Baby Bras’ arean a
controlied duopoly through the year 2000 Unlike
the Teiebras spin-offs. the murror companies will be
unrestricted with wireless coverage areas and tariffs
(BCI 15 planning mostly fixed wireless access),
although they will have to meet certain mmimum
senvice targets However, success of the mirror
companies will depend on the ability of firms to
compete with organizations that acquired the
Telebras companies Telefonica. Telecom ltalia,
Telecom Portugal and MCI WorldCom, the latter
alreadv rumored to be developing a pan American -
alliance with Telefonica and Telecom Portugal to
consolidate their positons The miurror companies
must address both A- and B-band celluiar operators,
future PCS and LMDS licensing. and the satellite
entrants that are almost on-line. This 1s happening
even while the incumbent wireline compantes are
expanding their current 10 8 percent teledensity
about 16 percent per vear for the next three vears
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(see Table 1). These examples can only highlight
the breadth and depth of the momentum in Brazil,
amplified by even more dynamic wireless activities.
Brazil is forecast to have 23 million cellular
subscribers by 2007, accounting for more than 42
percent of the almost 72 million projected for the
segion as a whole. Table 2 shows the most recent
number of cellular phone subscribers throughout the
region. As expected, Brazil still has the highest
number, fueled mainly by the waiting list developed
over the last few years,
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PCS and wireless local loop/fixed wireless access
(WLL/FWA) activities help account for the
continued growth. In PCS,_ Chile is currently in first
place. beginning operations last vear with Chilesat’s
1 9-GHz CDMA system. Mexico and Paraguay
have just awarded licenses, and authorizations to
provide senvice have just been issued in Mexico
Brazil. Argentina. Colombia and Venezuela plan to
allow market entrv before the vear 2000

In the near term. celluiar radto facilintes and
services, parttcularly in Brazil and Mexico. are
being expanded rapidly, to the benefit of equipment
manufacturers and potential subscribers In Brazil,
for example. the big news continues to be ™™
BellSouth. leader of the BCP Telecomunicacoes
consortium n the citv of Sao Paulo. which pai:
more than $2 5 billion for its B-band cellular license
Since becoming operauonal last May, 1t already has
more than | million Nortel TDMA subscnibers and -
expects to have over 1.2 million subscribers in less
than one vear of operation
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Telesp Celular, the Telebras spin-off competing
with BCP, is busy-adding capacity with its new
owners, Portugal Telecom and Telefonica; the latter
also owns the Sao Paulo wireline carrier Telesp
Celular expects to add 800,000 subscribers this
month, raising its total base to 1.7 million
Previously using IS-136 TDMA, it has now
awarded an [S-95 CDMA contract to Lucent
Technologies. At the same time, Qualcomm do
Brasil has a $35 million contract to provide 800-
MHz dual mode CDMA digital handsets, making
Telesp the first Brazilian carrier to use the
digital/analog phone.

Shortly after the Sao Paulo start-up. BellSouth also

launched its TDMA service in Recife, a citv of

about 2.6 million people in northeastern Brazil,

where only 5 percent of the residents have ’
telephones and less than 2 percent have celtular
phones Both licenses provide potential coverage
for more than 44 million people. BellSouth 1s also
showing 11s confidence in Brazil by recently
mcreasing its ownership in both svstems and its
potential purchase of 25 percent (S850 million) of
Tele Norie Leste, the Telebras spinoff that .overs
an area approximately two-thirds the size of the
United States (see Table 3) 5

- However. continued high

subscriber growth rates in the -
region must be assessed within

the framework of increasing

competition and changes in each

countrv's economic framework.

For example, BellSouth’s

exceptional growth has virtually

eliminated the backlog that fed

subscriber growth In addition,
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subscriber growth. In addition,
Telesp s organizing and pricing
isariease 118 SEIViCes to be more

competitive. At the same time,
Brazil’s financial difficulties will likely force
BellSouth to reduce its current $265 sign-up fee and
$200 phone The combination of these factors wall
likely reduce subscriber growth, operator revenues
and facilities expansion, and increase financial
pressures, at least in the near term.

Globo, the Brazilian conglomerate, is an early
example of such pressure It sold its share of two
cellular companies, Teie Celular Sul and Tele
Nordeste Celular, to Telecom Italia for $113 million
to raise cash for other investments, and it sold its
share in Tele Centro Sul. the wireline carrier. back
to Telecom lialia because revenues were declining
Other established operators such as Lightel are
seeking partners and wavs to refinance their ‘
expansion plans in the wake of the devaluation At
the same time. Telefonica. Portugal Telecom and
lIberdrola are prepaying the government $3 6 billion
for their Telebras purchases now instead of in the
vear 2000, demonstrating a strong vote of
confidence in Brazil's stable future

Under the best of circumstances. the Brazilian
uvovernment would be strained to meet the financial
and regulatory requirements that continuous
telecom expansion dictates The current financial
crists makes the implementation even more tenuous
Nevertheless. investor groups appear to be only
modestly deterred. refinancing existing
commitments as well as attempting 10 assist the
government directly

Momentum in Mexico

While Brazil has mamtamed the hmelight for the
past vear with 1ts marketplace dvnamics. Mexico
has been demonstrating the more methodical
competitive, regulatory and technological -
integration activiries that follow privauzation The
focus tor these changes and expectations 1s on the
entrenched wiant Tel Zfonos de Mexico (Telmex),
privatized 1n 1990, and COFETEL. the federal
telecom comnussion charged with regulating
Telmex and the telecom sector

Since long-distance competition with Telmex was
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initiated in 1997, AT&T and MCI WorldCom, the
two largest of the 10 competitors, have invested
more than $2 billion in Avantel and Alestra,
respectively, and have successfully acquired about
25 percent of the Mexican {ong-distance market.
Thus year, competitors’ network expansion will
require Telmex to interconnect with them in a total
of 150 cities, most relying on available Telmex
facilities rather than independent construction
Despite Telmex’s aggressive behavior toward its
competitors, long-distance competition is
continuing. To the extent that COFETEL moves
away from any incumbent protectionism, Telmex
will continue to face strong competition for long-
distance services.

One example is the excessivelv high domestic and
international interconnection fees Telmex charges
its competitors Since the inception of competition,
Telmex's international call connection rate charges
have been subjected to a 58-percent surcharge on all
incoming calls to support local services and network
expansion In January, COFETEL announced
elimination of that surcharge and reduced the rate to
2.6 cents per minute (the same as the Telmex
domestic interconnect rate for fixed and mobile).
but only unut Dec 31, 2000 This rate is still being
contested as too high and not cost-based. as
compared to those in the United States and many
other junisdictions

Apparentlv Telmex has studied the obstructive
acuvities AT&T nself emploved after divestiture in
the United States and. wronically, Telmex 1s now
operating successfullv within the U S, In a bold
move. Telmex has successfullv teamed vwith Sprint
(TSC) to secure FCC authorization to enter the
domestic U S market. despite opposition from
AT&T and MCI WorldCom Telmex is aiready
consolidating its position 1n the southwestern
United States with senvice in Tucson, Ariz.. and is -
scheduling four more cities immediatelv. There are
about 30 milhon U.S residents with Hispantc
connections and the LS -Mexico market 1s worth
about 52 billion annually. Telmex wants to get 3
percent to 10 percent of that market in less than a
vear
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In another successful overseas activity, Telmex
acquired an operating contract with Luca, the
consortium that won control of Telgua,
Guatemala’s main long-distance and international
carrier. [t now has an option of buying up to 45
percent of Telgua, with a contract providing
revenue and net profit sharing. Telmex also has
purchased controlling interest in U S.-based Topp

~ Telecom. a developer of prepaid wireless products,
for $57.5 million. These international extenstons
likelv reflect the confidence engendered by its .
relatively secure revenue sources and protected
competitive strength at home.

Locally. COFETEL has been very slow to introduce
competition in local phone service, even though the
cost to consumers increased more than 63 percent
in 1997 Telmex’s local donunance, however, will
be challenged by new wireless networks. both
mobile and fixed. COFETEL claims that local
service competition will begin in Mexico this vear
with the adoption of Federal Telecom Law Article
63. Currently, however, the lack of specific local
service rules coupled with Teimex's local
domunance have preciuded competition in these
markets that are, theoreticaliv. open to competition -

. One set of forecasts “or combined cellular and PCS
subscribers 1s slowr, in Table 4 The PCS license
winners. which paid €432 4 mullion for the
concessions. are shc.vnin Table 3 At the end of
tast vear. all except two groups received COFETEL
authorization to offer service Unefon and Midicel
are delaved until therr iicense payments are made
Addinonallv. all the carriers must negotiate separate
interconnect agreements with Telmex Nevertheless,
the most recent esumates are for cellular/PCS
agrowth at 90 percent tor the vear, achieving a 7-
percent penetration At the same time, Telmex
invested S400 million 1in 1998 to expand its long-
distance and local networks to achieve a 15-percent
fixed-line densitv by 2000, The objecuve 1s for a
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total teledensity of 25 percent in five years.

Fixed wireless access is also expanding Telcel, for
example, with over I8 million cellular subscribers,
is deploving rural public fixed wireless terminals in
the intenior regions of Mexico to serve 8.5 million
people who currently lack basic telecom services
Additionally, lusacell, the largest independent
cellular provider, is committed to a $100-million
network expansion and 1s plannng to award a $60-
million contract to Lucent for the construction of

" CDMA service this vear in the golden triangle area
of Mexico City, Guadalajara and Monterey. At the
same time, lusacell must compete more intensively
with Telmex’s Telcel, prospective PCS entrants
such as Qualcomm’s nationwide CDMA systems,
and Sistemas Profesionales de Comunicacion’s
(SPC) Nortel system. the latter to be built over the
next five vears for $590 million.

Within this framework, cellular carriers seek to
maintain subscriber growth by advocating
COFETEL approval of calling partv pays This has
been adopted in nearly all of Central and South
America. except for Mexico and Brazil, resulting in
substantial subscriber increases However, its
implementation is being delaved at COFETEL
because of objections from Telmex. Telmex claims
that. since cellular subscribers are increasing
substantially each vear, the additional stimulation
that calling party pavs would bring to the cellular
market i1s unnecessary Furthermore. Telmex claims.
that it will be necessary to charge its 10 militon
fixed line customers about 23 cents a minute,
approximately 15 times more than thev now payv for
originating calis to -aobiles. to cover the cost of
implementation Neverthetess. COFETEL appears
hikelv to approve the plan. but probably at about 18
cents a minute,

Table 5 |
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Current subscriber growth rates. manufacturers’
contracts and the battle between CDMA and

http./iwww telecoms-mag convissues/199904/tcs/latin, htmi : 17-Jun-94



Latin American Telecom Changes' Learning from Mexico and Brazi! -- April 1999 Pauma [0 de 12

TDMA are only results reflecting prior activities in
wireless telecom. These statistics, however, suggest
the next round of major issues, particularly
regulation, pricing and other competitive factors.
Mexico, with its COFETEL-Telmex competition
1ssues, is an example of the conflicts that occur with
,the saturation process Brazil and others will soon
encounter,

Ahead: Continued Growth

The current industry dynamics and uncertainties
make it necessary to identify several important
trends and anticipate tssues that can foster regional
telecom development in Mexico and South
America. The current attempts at austerity in Brazil.
if successful, will likely stabilize the currency and
the overall economy. However, austerity may slow
growth. Since Brazil represents almost 50 percent
of all economic activity in Latin America, a
Brazilian recession will lead to further economic
deceleration in the other regional countries,
particularly Argentina, Brazil's most important
Mercosur trading partner.

One country that could potentiaily avoid the
financial problems and reduction in telecom growth
for the immediate term ts Mexico In November,
Mexico surpassed Japan as the United States’
second-largest trading partner after Canada.
Although economic growth is expected to be lower,
at 3 percent for the vear. 1t is quite good compared
to 1ts southern neighbors

The momentum for telecom growth in Brazil--in
terms of number of subscribers, scope of contracts
awarded and magaitude of private investment--
appears to be sufficient to conunue. alben at a
somewhat slower rate, :f the worst case 1s oniv
stable. lower economic growth The investors and
operators are continuing their programs and even
assisting the government directly, based on this -
assumption Other countnies in the region are

proportionally in the same situation.

Despite the claims by various suppliers (Ericsson
claims 50 percent of all B-band cellular in Brazil),
many manufacturers are now sharing in the wireline
and wireless growth in Mexico, Brazil and other
countries. It should be expected. however, that
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certain technologies will soon show their
preeminence (CDMA vs. TDMA) as will some
preferred manufacturers (Lucent with Telefonica)

Technology applications, as well as their
accessibility, pricing and regulation, are the next set
of issues to be addressed for continued growth in
the region, regardless of the near term economic
problems. History and the examples of Mexico and
Brazil demonstrate the importance of strong
regulatory management while competitive markets
are emerging. Fostering innovative technology and
achieving competitive market benefits depend on
the extent to which regulatory authorities in
privatizing/liberalizing countnes are motrvated and
able to control their incumbent carriers.

Current statistics do not reflect the issues that have
vet to affect the marketplace. These include. for
example, the extent to which cellular, PCS and
WLL/FWA operators will increase their data
transmisston capabilities to encourage Internet
usage-based growth. Similarly, although very high
bandwidth satellites such as Teledisic are not yet
available in Latin America, other suppliers such as
Iridium. Globalstar, Satmex and PanAmSat are
arriving rapidiv with diverse capabilities. The
manner and extent to which these systems will be
regulated and are competitive and/or
complementary to terrestrial facilities and services--
both wireless and wireline--are vet to be
determined.

Dr. Norman C. Lerner s the founder and chief
operating officer of TRANSCOMM Inc., a

e communicariony consuliing frrm established i
’ 1970. He s responsible for all domesue.”
—_ mrernational and foreign telecom sysiems planning

and applications programs. Particular emphasis
has been an the arcas of rural relecom development,
provanzatton-liberahizanon and relaied financing .
activities Prior to foiindimg TRANSCOMM, Dr.
Lerner served wih the Whie House Office of
Telecommunicanons Policy (Execunve Office of the
President) and with Compurer Sciences Corp.,
AITRE Corp. ITT and RCA. He has a B.S. in
clectrical engineermg from ML T M B.A. in
Fmance, Columbia Universirv, Ph.D. mi
mathematical economics, American Universiny, and
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Professional Engineer's License, states of New
York, Hawaii and V'irginia. Conract him at
rranscomm{@aol.com.

RSNo 347
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Experts Tell Us
What's Hot

10 Hottest
Technologies 1998

1 Mulhilaver Ulirafast
Routing/Switching

2 Erbrum Doped Fiber
Amplficrs

The 10 Hottest
Technologies

No flash in the pan-- Here are 10 technologies with real
sizzle.

Every month, Telecommunications editors scan the
horizon for important trends, emerging technologies
and exciting ventures that will change the nature of
telecom services. But only once each vear do we
really try to enumerate the leading technologies we
believe will quickly enter the telecom mainstream
and possibly precipitate a sea change in
communications infrastructure This vear was

tough So much 1s happening that the contenders
vied closely to make the top 10

As usual. we spoke with industrv pundits to gain a
wide vanety of perspectives This vear we also
asked them to expound on their choices for 1999’s
hottest technolngies--which often differed from our
own top 10 Jchn Morency of Renaissance '
Worldwide, Larry Swasev from Allied Business
Intelligence Inc . NetReference’s William Flanagan
and Brett Azuma of Dataquest are among those
who shared their top picks for emerging hot
technoloyies E
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3. Packetized Voice

4. LMDS for
Broadband Interactive
Services

5. Wireless Local Loop
6. Internet VPNs

7. Web-Enabled Call
Centers

8. cXtensible Markup
Language (XML)

9 Telscommunicaiions
Management Network
ATMN)

10 Java-Based
Network Muanagement

How We Decide
What's Hot and
What’s Not

For all who
parucipated in the
selection process. we
set down these
guidehines for
qualifiing as a hot
technology. Hot means
capable of entering the
manstream of telecom
svstems/operations
within one 0 two
vears, while now
having sufficient
development dollars
and industny support 1o
become economically
viable
Telecom 1s defined
broadls to encompuss
cable. nueractive
medus and other
cmerging forms of

The top 10 this year seem to reflect the explosion in
wireless communications, the convergence of voice
and data networks, and the focus on speed and
access. Here, in no particular order, are
Telecommunications’ picks of the 10 hottest
technologies for 1999:

Service Mediauon

Merrge DW DM

OC-768 SONET

HDSL2

Unufied Messaving
Paiicv-based Manazement
MPLS

Smart Antennas

Ortical Swichine
Wireless Locanon

O UL L =

—_—

3

Service Mediation: The New PSTN

Informed opinion holds that the PSTN 1sn’t going
awav anvtime soon Converged voice/data networks
still represent telecom Xanadu for many carriers
that can’t compete cost-effectively with parallel
networks. Instead, the leading switch vendors, start-
ups and veterans alike, have looked to bridge the
voice and data worlds through SS§7 gateways and
protocols such as the Media Gateway Control
Protocol (MGCP). The goal is to enable enhanced
voice/data services for business customers, but
given the abundance of disparate network
infrastructures and languages out there, creating a
universal language for network convergence is a
complex problem Several start-ups. including
TransAiedia Communications, Salix Technologies.
Sonus Networks and Castle Networks, have
announced switches that handle both voice and data
traffic and - rc- Je technologv-agnostic switching
or. more commoniv. service mediation Telcos are
interested 1n th technology for two reasons
Senvice mediation helps enrich voice services and
allows service providers to easilv and quickly create
and add new customized billable voice features for
both revenue and differentiation The Yankee
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cOommuncations. as
well as the standard
inclusion of voice, data
and video
transmission.
A technology is not a
product. but a product
can execute a
technologv. To qualify,
a new technology also
has to have the
potential to make an
1mpact on existing
svstems. operations or
procedures

Group estimates this market to be worth more than
$1.5 billion by 2002.

Tom Nolle, principal at CIMI Corp.. offered an
histoncal perspective: “In taday’s PSTN, we built a
service network, meaning that the service features
of telephony are created by network elements that
also handle the call path. Future networks will not
be built that way; we need service-independent
transport. Furthermore, future networks will
probably be based at least initially on diverse
technologies as service providers buiid out their
infrastructures to suit their primary service targets.
As a result, we will have networks that speak a
language of connection (e.g , IP sessions, ATM
Q.2931) different from the service language of the
user (e.g., analog DTMF. H.323). The thing that
translates between service languages. meaning the
signaling protocols, to create a service between
diverse users across diverse infrastructure is what 1s
referred to as mediation.”

These switches. though differing in target
applications and functionality, act as intermediaries
between networks and users for receiving service
signals and creating connections They read and
interpret user service requests and deliver those
same services to the user through whatever feature
implementation 1s convenient. TransMedia refers to
this functionality as “media awareness = Salix
prefers the term “class-independent switching.”
since the network features are equally available at
all points instead of separated according to a
network hierarchy as with Class 4 and Class $

switches With ths architecture. anv feature can be -

delivered to anv service point, even if moving
between nerworks with different service: signaling
languages Because these platforms in effect
“unbundle” voice switching from Class - and/or
Class > equipment. service providers can quickly
expand mio regional markets for far [ess than the
price of deploving new voice switches

Products using service mediation technology are
largely 1n beta trials now. primariiy with CLECs.
ILECs. IXCs and next-gen telcos such as Qwest.
Williams and Level 3 ~As we deplov our new
network. we require scalable media gatewayvs that
conbine voice over [P, circuit-grooming and
packet-switching capabilities. and also support the
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emerging MGCP,” said Isaac Elliott, senior director
of the voice network at Level 3 Communications, a
Salix customer. “This technology will allow us to
provide our customers high-quality, carner-class
telephony services over our IP-based network at
attractive price points ”

{70 back e 1op.

Metro DWDM: Close to Home

In order to squeeze more bandwidth out of their
fiber networks, long-haul camers are deployving
dense wavelength division multiplexers (DWDM) to
build backbones that might have dozens of channels
riding on a single strand of fiber, with each channel
operating at multigigabit speeds Now the DWDM
equipment vendors are moving their technology
away from the wide area network (WAN) and
positioning it in the metropolitan area network '
(MAN) The target customers for metro DWDM
technology from companies such as Nortet,
Ericsson, Svcamore. Ciena and Osicom are the
ILECs and CLECs, cable companies, wireless
network operators and even enterprise customers
with dark fiber

Installing metro DWDM does not necessarily
require replacing existing SONET networks
because the two can live side by side with metro
DWDM actually carrving SONET traffic Instead,
the 1dea is to better utilize the raw bandwidth
oftered by DWDM technology by making the
multiple wavelengths supplied by metro DWDM the
platform for delivering services. whether these are °
SONET. IP or ATM Metro DWDM does this
because 1t supports a variety of protocols in their
native formats Thus metro DWDM svstems not
onlv can accept trafhic from devices supporting
SONET interfaces such as ATM switches and
routers. but also accommodate other protocols such
as Gigabit Ethernet {GigE ). FDDI and ESCON -
Mike Guess. vice president of engineering for IXC
Communications. said hs personal view 1s that
“Metro DWDM 1s the oniv place where vou'll find
widespread implementation of non-SONET signals
on fiber. because in long-haul networks it is pretty
expensive to tie up a wavelength with a Gigabit
Ethernei signal =
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Bell Canada’s network and technology Vice
President Bao Le, who is conducting lab tests of
Nortel’s equipment (known as OPTera), believes
there is a powerful argument for deplovment of
metro DWDM in ILECs’ and CLECs’ interoffice
rings. “As our customer demands grow, we can’t
just dig up sidewalks and parks to put down more
fiber. So what do I do when my OC-48 or OC-192
SONET bandwidth runs out?” Le asked The
answer, he said, is to use existing spare fiber for
metro DWDM or turn down a SONET network and
use that fiber for metro DWDM, since the latter,
unlike SONET, provides a growth path by allowing
channels to be added as needed. Either in a point-
to-point or ring configuration, metro DWDM
provides protected wavelengths. For example, a
metro DWDM system might support 16 protected
wavelengths or 32 unprotected wavelengths. Some
svstems may offer protection switching on a
wavelength-by-wavelength basis. The benefit of this
ts that pavloads that have their own protection
scheme, like SONET, can nde on unprotected
wavelengths while other traffic. such as Gigk, can
be put on protected channels. Metro DWDM
svstems from different vendors will vary in the
number of muiliseconds thev take to restore
connections, and there will be differences in ring
size--ranging from under 100 kilometers to
hundreds of kilometers--supported by a particular
metro DWDM svstem “[DWDM] metropolitan
area networks--the links between carrier switching
centers. 1SPs and corporate networks--will require
investment from the carrier to better support the
influx of data traffic entering the public network.”
said Mat Stemberg. RHK s director of opucal
nerworking

v hgod g o

OC-768 SONET: Fatter Is Better -
Just when network enzineers thought 1t was safe to

rest at OC-192 capacity. along comes OC-768

True. the next step in bandwidth capacitv isn’t here
todav--analvst estimates predict 40-Gbps links

won't be a reahity until at feast 2001 But according

te Dana Cooperson. senior analyst at RHK. the {ast

stx months have been encouraging. and 40-Gbps

transmussion jooks a bit closer than expected based
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on recent announcements by Alcatel and Lucent.
“Though RHK had forecast 2002 as the earliest we
would see OC-768 deployed, this prediction was
based on the technical and cost challenges related to
making OC-768 viable, as well as the difficuities
foreseen in transporting that data rate over existing
cable plant,” she said. But if recent lab testing by
carriers (MCI in the case of Lucent and Deutsche
Telecom in the case of Alcatel) goes forward with
continued success, we may see 40-Gbps sooner.
“The recently announced lab tests have reported
transmission distances in the 100-km range over
standard fiber. While the results are limited to 40-
Gbps transmission as opposed to OC-768 SONET
(e g.. limited or no SONET overhead, non-SONET
modulation, no ring-tvpe protection), they are
encouraging and show healthy R&D progress,”
Cooperson said.

With carriers starting to fullv incorporate QC-192
{10 Gbps) into their networks. is there reallv a
market for OC-7687 Can routers even fill the pipe
quickly enough. given the advances in DWDM
bandwidth creation? Vendors such as Nexabit
Networks and Ciena are confident the answer is ves.
Nexabit's NX6400 router is scheduled to support
OC-768 interfaces by Q4 99: Ciena’s CoreDirector
: platform mav be OC-768-readv by Q3. According
to Rick Dodd, director of product management for
Ciena’'s core switching division. "Carriers want the
flexible expansion potental to go from OC-48 to
OC-192 to OC-768 in various combinations or in
one single increment as thetr bandwidth growth
continues to skvrocket For all practical purposes, -
carriers are alreadv consuming 16-channel OC-48
DWDNI in large sumibers As part of the natural
evolution of progressive bandwidth expansion.
consumption and management. 1t 1S prudent to plan
for a muliwavelength switch fabric that can cost-
eftecuvely support OC-768 1n the near future.”

OC-768 will certainty take in OC-48 and OC-192
tributaries. but there (s some disagreement about
where 1t will be deploved. Communications Industry
Researchers Inc 's recent report on SONET cites
the technology’s current 100-km distance
himitations as reason enough to irmut use to

- metropolitan applications Cooperson 1s reasonably
confident of breakthroughs in opucal amplifier and
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regenerator distance performance that would
increase performance to 200 km or more,
respectively. “IXCs will feel they need to deploy 40
Gbps to achieve maximum throughput and use of
their fiber facilities,” she said. “Vendors are trying
to get them there on conventional single mode fiber
and at traditional amplifier and repeater spacings in
order to make it attractive to them.” According to
Cooperson, Level 3 has set mself up to change out
its fiber plant if necessary to implement new
technologies. “Greenfield carners will likely spring
up to take advantage of new fibers to implement the
new transmission scheme. As usual, it will be the
incumbents who have the toughest time and who
will have to test their cable plant and investigate
polarization mode dispersion mitigation techniques
to take advantage of OC-768." she said.

f o bock 1 top.

HDSL2: Something Old, Something New

ADC Telecommunications calls it “a new twist on
an old pair.” The technology behind high bit rate
digital subscriber line version 2 (HDSL2) isn’t
brand new; indeed, it is similar to the original

HDSL HDSL2. however, enables T1
communications to be delivered over a single pair of
copper wires rather than the conventional two-parr
with the same robustness, reach and spectral
capability According to John Griffin, general
manager of ADC’s Loop Division. “HDSL2 is the
most significant development for T1 and E|

delivery in vears ~ With T1 rates growing at about
30 percent a year. the abilitv to double capacity on a
pair is attractive to both incumbent and competitive
service providers o

A spiffed up modulation scheme developed to
deliver service 1s one of the differences HDSL2 has
to offer. overlapped pulse amplitude modulation
with interlocking spectra {OPTIS). an advanced -
PAM ZB1Q line code “"With a technologyv like
asvmmetric DSL (ADSL). interference is a kev
concerr.” said Claude Romans. director of forward
loop access for RHK ~Within some binder groups
vou can have crosstalk between signals and cause
interference. so there is a spectral compatibility
1issue This 1sn’t the case with HDSL2. There’s high
tolerance for the services being offered on adjacent
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pairs.” According to Dataquest, HDSL2 has mixed
crosstalk performance at less than 5 decibels,
making 1t a fit for deployment in worst-case
environments,

Another difference is standards: HDSL is mostly
proprietary technology based on broad definitions
developed by Bellcore and The Amencan National
Standards Institute (ANSI). The HDSL2 standard is
estimated to be 90-percent complete and vendors
are already announcing interoperability plans
between their HDSL2, line and network termination
units Commercial-availability couid happen as soon
as Q3 99. ADC and PairGain recently announced
successful interoperability testing, and the two
companies, along with Adtran, have released
prestandards versions to trial customers.

A third benefit of HDSL?2 is reach: While HDSL
and HDSL2 have approximatelv the same reach
(12.000 feet before signal regeneration is required),
two-pair HDSL2 could increase that reach to
16.500 feet, depending on copper conditions.

ILECs are mostly interested in the technology to
provide solutions in high-demand areas that are
suffering from copper exhaust. The CLECs,
however, see dollar signs: The cost savings couid be
tremendous. considering that CLECs on average get
half of their revenues from T1 services According
to industrv estimates. CLECs will control as much
as 40 percent of all T1 business by 2002 Using one
pair insiead of two aiso freesup a CLEC s reliance
on an ILEC to provide timelv access to the copper
loop The cost savings won't be much of an imitial
factor for ILECs because of their 15171, . base of
HDSL equipment. HDSL2 is a direct competitor to
HDSL. but the extent that one replaces ae other is
dependent on price, Romans said. About half of the
Tts delivered last vear were over copper. the other
half over fiber “Last vear about 600.000 HDSL -
modems were delivered 1o customers, so the
potental is there for HDSL2 to really take off.” he
concluded

Gl Dok jo o,

Linifted Messaging: Any Way, Any Time,
Anvwhere:
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The 1dea is simple enough: People should be able to
access their voice mail, e-mail and fax messages
through a single source and respond to them the
same way regardless of whether they are using their
computers in a hotel room or calling from
payphones in the airport. But unified messaging has
been slow to take off because of interoperability
issues. the effort required to migrate systems and
the lack of standards. Analysts predict, however,
that the technology 1s nearly ready for prime time.
While most of the current deployment has been in
CPE for the enterprise, a number of service
providers, including GTE, AT&T, BT, Bell Canada,
Concord Technologies, JFAX and Telia Mobile of
Sweden, have become much more aggressive in
pushing unified messaging services.
Unified messaging systems combine a number of
technologies previously used for single medium ~
messaging (e g., message servers), but feverage new
technologies for multimedia conversion According
to research firm Ovum. text-to-speech engines
enable e-mail headers and text to be received over a
standard telephone; interactive voice response
provides for complex commands to be given quickly
and efficiently from a telephone: and voice over [P
technology allows voice messages to be transmutted
to a PC over the Internet. “The technologyv side is
reallv exciting right now because vendors are all
coming at this from different angles.” said Blair
Pleasant. a consuliant with the Pelorus Group
“Cisco. for example. 1s putting unified messaging
capabilities on its routers It’s going to be available
in a lot of different ways.” Other vendors with
strong solutions include Comverse, Amteva and
Lucent’s Octel,Messaging Division, -vhich teams
with Sun Microsvstems

iy
There are stiil hurdles to overcome There are
hundreds cof thousands of legacy voice mail systems
in place and because the benefits of unified .
messaging. such as worker productivity, are difficult
to quantify. manv users and businesses mayv have a
difficult time justifving the expense Because
countrnies outside North America have been slow to
roll out basic voice mail svstems, unified messaging
may take off internauonally much more quickly,
‘Pleasant said
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Current solutions haven’t solved the problem of
interoperability with existing voice matl, fax and e-
mail systems in a multivendor environment, but
Pleasant said a few vendors are almost there. Still,
Ovum predicts that “the introduction of unified
messaging services will be as significant as the
introduction of direct dialing” and forecasts that
there will be 14 million active mailboxes worldwide
by 2002, growing to 170 miliion by 2006. The
Pelorus Group predicts that revenues from unified
messaging will grow to $2.3 billion in 2002, up
from $28.6 million in 1997. Pleasant said many
service providers and enterprise users are holding
back on deploving unified messaging services
because of Y2K concerns. “*That’s being verv short
sighted.” she added “If vou have to upgrade vour
voice mail system or do a patch, you may as well
upgrade to a unified messaging system.” '

Cres hach 1o 101,

Policv-Based Management: Being in Control
More intefligent networks sound great. but how do
vou get there? More and more service provider and
enterprise network managers are eveing policy-
based management as a solution to their QoS woes.
Sam Alunnt. president of Steriing Research.
considers the advent of policy-based management
solutions as a defining moment in the telecom
industry “How do vou implement QoS”" Alunni
asked. "You can hire an army of network
aagministrators or automate the whole process by
turning 1t over to a policv-management capabihity.” -
Policy management 1s more than traffic shaping It
allows nerwork administrators to map business’
policies to network poiicies that control network
behavior, allowing for features such as QoS.
security. accounting and billing “lt gives you the
capability to set and estabiish policies on a time-of-
dav and dav-of-week level so that different classes -
of users get the end-to-end network resources they
need.” Alunni said

Policy-based management will first have a strong
ptav in the Fortune 1000 companies, but service
providers iooking 1o ofter features such as voice
over [P, videoconferencing and VPNs are also
showing strong interest in the technology Cisco.

http.//wwas telecoms-maag. convissues/ 199905/1cs/hotiech. htmi I7-hun-v



The 10 Hottest Technologies -- May 1999 : Pagima 11 de 17

3Com, Nortel, Lucent, Intel, Fore Systems and
Hewlett-Packard are all looking to get the
technology to customers quickly, but most of the
sotutions are proprietary. Start-up Ukiah Software,
however, recently entered the market with a
solution that can implement networking with policy
enforcement in a multivendor environment,
according to Michael Howard, principal at
Infonetics. Analysts agree that policy management
will factor significantly in service provider and
enterprise networks within two years.

(o back 1o 1on.

MPLS: High Octane IP

When was the last time a traffic engineering
protocol generated as much excitement as Multi-
Protocol Label Switching (MPLS)? “MPLS 1s the
single most important issue in the data networking
space today,” said Tom Nolie, principal at CIMI
Corp. "It provides a customer-acceptable
framework for delivering IP services with the
security and QoS assurance of frame relay AT&T
kind of validated this point in January when it
introduced its ‘[P-enabled frame relay’ service,
which is really an MPLS/ATM VPN service.”

Other analvsts point to MPLS’s abihty to simplifv

network complexity so that overall network costs

are reduced bv up to 50 percent In addition to

AT&T. major carriers such as MCI WorldCom and

UUnet have begun testing the protocol. So far, so

good MCI just launched an OC-48 link between

Los Angeles and San Francisco for the National

Science Foundation's vBNS research network,

using NPLS as its pnmary traffic engineenng

mechanism {f successiul, similar implementations

wili be deploved in the carrier’s commercial

network Some Fortune 500 companies are also N
earlv adopters General Motors decided to update

1ts data svstems. charuging MPLS with the traffic B
engineering chores that will migrate legacy traffic to

1P while maintaming the reliability and scalability of

older protocols.

The vatue of MPLS Ties in its ability to create
connection-mode properties within a connectionless
network such as [P The idea 1s to map IP services
to connecuion-oriented ATM or frame relay
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infrastructure by separating the routing and
forwarding plane and creating a label-switching
plane to assign a 32-bit label that specifies a
packet’s path through the network. Packets are
labeled before they are forwarded to their next
hops. At subsequent hops, no further analysis of the
packet’s header is required. Instead, the label 1s
used as an index into a table, which specifies the
next hop and a new label. MPLS dictates that once
a packet is assigned to a particular forwarding path,
no further header analysis is done by subsequent
routers, all forwarding is driven by the labels instead
of analyzing each packet at everv router hop. MPLS
effectively removes the need for dedicated
connections. while assuring their reliability; it will be
particularly effective for dictating paths based on
network or traffic charactenstics such as congestion
or QoS concerns, policy-based management,
customized routing and ingress router decisions.
MPLS can be used in several modes to engineer
traffic. QoS control will certainly be at the top of
the list. but 1t can also be used to create an explicit
end-to-end route in the network that acts like a
PV'C, enabling frame-like IP VPNs.

Industry support. analvst backing and market
opportunity all point to a bright future for MPLS as
an indispensable network protocol. one which may
greatly impact the Internet by reducing network
congestion and providing better end-to-end service
“With MPLS vou can build a public IP data
network that 1sn’t the Internet and that will serve as
the toundation for those company VPN applications
that require more than best-effort service and better
stabilitv than the Internet provides.”™ Nolle said ~“We
believe th ++- ually all intracompany trafhic in
public IP services will be served by MPLS-based
V'PNs and not * v the lnternet Bv 2010, VPNs
based at least 1a part on MPLS will account for
about three-quarters of all the public IP service
revenue worldwide ™ : -

e Saich o fofe

Smart Antennas: Baseline 1Q

The move trom analog to digital cellular phones
improsved votce transmission quality and allowed
network operators to offer users more features The
chalienge now. as spelled out by the ITU. 15 to
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develop third-generation (3G) wireless systems with
sufficient capacity {up to 384 kbps for mobile
applications and up to 2 Mbps for stationary
applications) that would let subscnibers make phone
calls, surf the Web, exchange e-mail and conduct
video conferences simultaneously. Thus, a need for
smart antennas. The move to 3G wilt require smart
antennas more so than in today’s networks,” said
Sandeep Chandel, Nortel Networks product
manager for RF capacity and performance.

' Just as the populanty of the Internet is forcing ISPs
to increase backbone capacity, the burgeoning
number of wireless phone users 1s straining the
capacitv of cell sites. Since interference is the key
threat that limits the capacity of a cell, the simple,
albeit expensive, solution is to add more base
stations. In other words, if one base station serves
an area within a 4.000-foot radius. then by sphitting -
that cell into smaller cells through the addition of
more base stations. an operator could reduce the
area served by the base station to a 1000-foot
radius Market research firm Allied Business
Intelligence estimates that wireless subscribers
worldwide will number 667 million by the end of
2005. According to ABI analvst Larry Swasey.
operators will deploy 2 5 million base stations by
vear-end 2003 to keep up with the growing number
of subscribers This is one reason why Texas
Instruments, a leading provider of silicon for
handsets. recently started focusing on the DSP
market for base stations

Conventional base stations waste energy because -
onlv a small amount of the signal reaches the
intended recipient Also. when a bare station listens
for signals. 1t not oniv receves the desired signal but
also interference from other signals. Smart antennas.
on the other nand. are able to hsten to a particular
subscriber and deliver energy to that subscriber
more efficiently Martin Cooper, chairman of smart -
antenna maker ArravComm and putativelv the
father of the cell phone. uses this analogyv to explain
the concept behind smart antennas” Even in a
crowded room a person is able to filter out
irrelevant conversations and pick up on the voice of
a particular tndividual ~Simlarly, with smart
antennas vou tryv to listen only to people vou want
to listen to, and vou talk back to them,” Cooper
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said. “Five years from now any new base station
coming into the market will use smart antennas.”

Companies such as ArrayComm, Metawave and
Andrew Corp. hope to either license their
technologies to the established infrastructure
~vendors or sell their products to network operators.
For instance, Metawave has developed a smart
antenna, SpotLight 2000, that works with both
analog and digital systems. It 1s preparing for a trial
of its antenna in China Telecom’s GSM networks.
Metawave claims 1ts antennas result in a 50-percent
boost in capacity in a CDMA system and 100-
percent capacity boost in an analog system.
Meanwhile, Ericsson has underway a research and
evaluation project of its Wideband CDMA
{(WCDMA) system with two GSM network
operators in Germany In contrast to ETSI, which
has specified the CDMA air interface for 3G
svstems, ANSI will permut any of the three (CDMA.
TDMA and GSM) interfaces

{res hach 1o o,

Optical Switching: Adding Brains to Brawn

Although SONET was a major breakthrough for
delivering bandwidth in long-haul networks. 1t only
provided a single channel over fiber. Today.
DWDAM 1s able to provide dozens of channels over
a single fiber, each channel running at a rate of 2 3
Gbps or higher However. for interexchange carriers
building DWDM networks. these are basicallv
“dumb” point-to-point pipes While switching
technology is firmlyv ensconced in other networking
schemes. it has vet to make an appearance in the
domarn of optical nerworks “No one todav s doing
wavelength-to-wavelength conversion. and if they
are doing switching. 1t 1s with an electrical stage.”
according to Mike Guess. IXC Communications’
vice president of engineering What a few |eading- -
edge equipment makers are promising to deliver

soon are boxes that take mn and spew out optical

signals. bringing a level of intelligence and

granularity to DWDM channels Inside the boxes,

however, the switching involves a conversion from

optical to electric and back to optical

A new breed of bandwidth management technology
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is emerging, targeted at long-haul carriers’ points-
of-presence. The technology allows for provistoning
services across a network built with multiple
DWDM termunals and automatically restoring those
services in the case of a fiber break. Switches based
on this technology, from startups Monterey
Networks and Lightera Networks (recently acquired
by Ciena), also enable carriers to build a flatter
network that eliminates the need for such devices as
ATM switches, SONET add/drop muluplexers and
digital cross-connects. For example, to build an
optical Internet, service providers would only need
Monterey’'s Waveiength Routers, high-speed TP
routers and DWDM terminals. By contrast,
Lightera’s switch makes it easier to provision
services--from OC-1 to wavelengths--across an
optical backbone “As networks continue to grow.
Lightera is addressing the combined need for traffic
grooming. high-speed protection and restoration,
and different levels of sunvivability.” said Joe
Skorupa. RHK s director for switching and routing
Mark E. Allen. manager of technologv development
for Williams Network, described the technology as
promising. “We expect to be deploying these kinds
of products in our network.”

{0 i ronion,

Wireless Location Technology: Where in the
World?

Sometimes vendors push technology: other times
service providers push vendors 1o push technology
In the case of wireless locauion. regulation mav be
forcing technology into action Wireless location
services are designed to deternune the physical
location of a celluiar phone user within a certain
radius through technologv embedded in either a
handset or cellular base station The idea. originaliv
conceived to meei the FCC's Enhanced-911 (E-
911) mandate. 1s shaping up to have some serious
marketing potenual for wireless carriers as well .
This technology became famous in the mamstream
media recentlv, because it was not available For
example. a woman lost in a South Dakota
snowstorm for more than a dayv has become a poster
child in the lobby tor wireless location because her
location was not able to be pinpointed after she
called 911 .

http Zwww telecoms-meg com/issues/199%05/cs/hottech himl [P TP



The 10 Hottest Technologies -- May 1999 Pagina 1o de 17

Phase 1 of the FCC’s mandate, which was supposed
to be completed last vear, required that when a
public safety answering point (PSAP) in charge of
directing emergency services recetves a 911 call, it
must be provided with a callback number and
general calling location. Most carriers outsourced
the routing of information to the PSAP to
companies such as SCC Communications and
Xvpoint, which have mapped out the locations of
PSAPs and base stations. Reports on the success of
Phase 1 are spotty, and service providers point to
legacy PSAP systems as part of the holdup. Phase
2, mandated for completion by October 2001,
requires a caller’s location to be pinpointed within a
radius of 400 feet 67 percent of the time. Many
vendors are in trials with service providers such as
U'S West Wireless. GTE. Bell Atlantic Mobile and
Western Wireless and are claiming much greater
accuracy than regulations require

There are two types of solutions on the market from

a number of vendors Network-based solutions

emplov an old military method called triangulation,

which uses time difference of arrival (TDOA) to

determine where a caller is i relation to a base

station Handset-based solutions incorporate ¢iobal
positioning svstem (GPS) chips “Operators sign up

with a service and the position of a caller is given

either to the operator. who sends it on to the PSAP,

or it goes directly 1o the PSAP.” said Larny Swasey,

senior analvst with Allied Business Intelligence.

“This measurement 1s much more accurate. but it

requires that a GPS chip be added to the phone ™~
SnapTrack. a San Jose. Calif -based company.,

estimates that instaling a GPS chip will cost 85 to

S10 per phone. with the cost deciimng with ume _
and scale. Upgrading base stations could cost ’ L
upward of $S25.000 each

l ;-r! I r’ Fes ,"!)!'7 - -

The bie decision for service providers is whether to
implement a bare-bones approach to just meet the
FCC requirements or install wireless intelligent
network (WIN) capabiisties A WIN standard
should be resolved by the end of 1999 The WIN

. option 1$ costlv for service providers to implement.
but 1t allows capabilines bevond E-911 1o be
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available throughout the network, instead of on a
switch-by-switch basis. The Strategis Group
estimates that within 10 years the location-based
services market in the United States could reach
$8 4 billion for services such as location-sensitive
billing, public safety, fleet vehicle monitoring, traffic
reporting and a vartety of concierge services, such

. as restaurant and hotel locators.

--Senior Editors Susan O 'Keefe and Sam Masud.;
Asststent Editor Doug Allen,

Cres hack 16 100
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Identifiers For Organizations For Telecommunications
Addressing (IOTA)

(and for other purposes)
Using the ISO/IEC 6523 1CD System

For more tnformanion of 10 muake an applicanon please complete the form below
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Background

There are several methods of creating telecommunications addresses. and identifiers for
OSI information objects One of the methods uses an International Code Designator (1CD)
1ssued by an International Registration Authority (RA) in accordance with 1ISQ 6523

The ICD (as defined by the standard, ISO 6523) 'indicates the particular orgamzation
coding svstem. used for the purpose of unique identification of an organization when data
relevan: 1o the oreanization is interchanged'. It 1s important to note that the ICD does not
directlv identifv an organization and the RA must reject applications for this purpose
Those requiring an ICD 1o idenufy a scheme which they operate must apply through a
sponsoring authonty. such as their National Standards bodyv. who are required by the
Standard to check the eligibility of the application. The RA is not permitted to process
applications sent to them direct by applicants.

More than one hundred and twentv ICDs have alreadv been allocated Many organizations
requining an identifier using the ICD svstem will be featured in one or more of the
organization identification schemes already registered. The organization identifiers used in
any reuistered scheme can be used in conjunction with 1ts ICD to create
telecommunications addresses. and identifiers for OSI information objects.

Returnan top ot e
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Introduction to IOTA

Despite the number of organization schemes already registered many organizations find
difficulty in obtaining an identifier appropnate for their use. Even if they can establish the
existence of an organization identification scheme, that includes their organization among
the membership, the identifiers allocated may be inconveniently long or include characters
that are invalid for their purpose. It is also possible that some schemes may not guarantee
absolute stability and permanence of identifiers allocated. They may therefore be subject to
change without the knowledge or agreement of the organizations identified.

The IOTA organization identification scheme has been introduced to provide a readilv
available source of ICD format identifiers for organizations, anywhere in the world, that
wish to use an 1CD based scheme for any purpose The term 'organization’ includes
individuals requiring identifiers. The need for an organization to own more than one
identifier is thought to be unlikelv, but if an application does impose physical constraints
on the number of sub identifiers that can be appended, one or more additional organization
identifiers may be requested.

The introduction of the scheme was particularly motivated by a demand for ATM
addresses. Representatives of the ATM Forum were therefore consulted to ensure that the
scheme 1s suitable for that purpose but it is believed to be almost universally applicable

The 10TA scheme has been assigned an ICD by the International Registration Authoriny in
accordance with ISO 6523, The Issuing Organization responsible for the admimistration of
the IOT A scheme. 1s the Business Development Group of DISC. Bntish Standards
Institution (BSI). It has considerable experience in the management of simtar schemes
because 1t acts as the UK Name Registration Authority The BSI 1s the National Standards
Body of the UK It is also the International Registration Authority for a number of
International Standards. including ISO/IEC 6523 but its role with the [OTA scheme 1s
quite independent of these other activities BSI is an organization incorporated by Roval
Charter and its involvement as the 1ssuing orgamization for the IOTA scheme gives
assurance of a stable and responsible admunistration

Price

The 1ssuing organization charges a single administration fee of £150 (+ VAT) for the
allocaucn of an organization identifier, for use in conjunction with the TD A register 1s
maintatned bv BSI-DISC of all rezistered organizations

Application of FOTA Organization ldentifiers -

The prime purpose of the IOTA scheme is the provision of organization identifiers for use
by those organizations to create unique addresses and identifters for their own purposes

The 10TA scheme orgamzation identifters are not intended for use as a coded
represeniation of the organization name and there 1s no provision for their promulgation
Nevertheless. there is no reason why this should not be so emploved, but it would be
necessary for those wishing to use them in this wav to mamtain their own internal

http /iwww bsi org.uk/bsi/disc/iota.html ' 17-Jun-99



Identifiers for Organizations for Telecommunications Addressing (IOTA) Pagina 3 de o

directory.

The fundamental IOTA requirement is a valtue that can be relied upon to be unique in the
context in which it is used. The meaning to be associated with the value is determined by
the users and is almost unlimited in nature. Examples may include persons, objects such as
items of equipment, blocks of computer program code, geographical locations. and
attachment points on electrical circuits.

Systems for the generation of large numbers of identifiers usually rely on delegated
authority. An authority at each level is responsible for ensuring that every identifier
allocated at that level is unique. The whole structure is depicted as an inverted tree with
the root segment, which is always a singie value, at the top. Vanous terminology is used
but a level, depicted as a branch in the tree. is often known as an arc.

A unigue identifier constructed in this manner therefore consists of a number of discrete
components. Each component is a single value taken from an arc in the structure and all
components must be present unless anv of the values in the higher arcs can be implied

Format

With the ICD format. the value of the ICD is one arc, and the organization identifier the
value in the arc immediately below it.

The IOTA identifier format consists of a fixed length four digit ICD, value 0124, and a six
digit fixed length organization identifier. {which may include non significant zeros) Once
an organization identifier has been ailocated it will not be amended or reallocated

ISO 6523 -1984 spectifies the ICD as having a fixed length of four digits. The publicauion
of a new version i1s immunent and this specifies it of being variable length of up to four
digits. (which provides the option to omut the non-significant preceding zero).

The updated version of ISO 6523 is also likely to extend the Standard to cover the
identification of organization parts, but this does not seem relevant for the purposes of the
creation of identifiers and addresses It wiie ¢-vner of a1t organization identifier wishes to
allocate sub identifiers to parts of the organization. or to anvthing else, they can alreadv do
50,

The format of the organization idenufiers 1s not covered by international standards The
1ssuing orgamzation for [OTA intends the organization identifiers to be used as fixed
length six digit values However. this does not prectude the omission of non-signtticant

preceding zeros for appiications not dependent on character comparison. or where the
representation of non-significant zeroes ts impracticable

Additional information

As in the case of most other organization dentification schemes the 1ssuing orzamzation
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(BSI-DISC) reserves absolute discretion in the operation of the scheme. Thus includes the
right to decline an application although it is not anticipated that the need will arise.

Although, there is no provision for the promulgation of identifiers issued, BSI-DISC does
reserve the discretion to answer queries on the ownership of identifiers unless
confidentiality is specially requested at the time of application. Experience indicates that
freedom to disclose information is usually beneficial to participating organizations. In
some large global organizations the easiest way to find out whether the organization has
already been allocated an identifier may be to ask the issuing organization.

EXAMPLES

For the purposes of the following examples the ICD is assumed to be 0124 and the
Organization identifier to be 001234,

In the first example there is a slight disparity in the terminology because [SO/TEC 8824

uses the term “QOrganisation Code” for what is called 'Organization Identifier’ in ISO/1EC
6523,

Forming an OSI Object Identifier in accordance with ISO/TEC 8824-1: 1995

The 1SO assignment of object identifier component values is specified in annex B of 1he
Standard. The relevant clauses and values are: -

Eause”ldentiﬁer Value
B1 __Jitso 1
B4 Identified Organization|3

B7__JicD o124

B7 Organization Code I001234

As defined by the identified organization

B7 Further arcs :
but so that values are umgue

Forming an ATM telecommunications address in acwrdame with ISO/TEC 8348:1996
and the ATM Forum Recommendation

The organisa:ion identifier is used to construct an ICD formatted ATM End System
Address (AESA) as illustrated in the following figure The IOTA organisation 1D 1s coded
into the first of three octets of the HO-DSP portion of an AESA.

[Octet Description lContent Value
Authority and Format .
1 Identifier (AF) Constant destgnating ICD ATM Format |47
’;—3 Initial Domain ldentifier (ID]) BZD 0124
4-6 lOrganization 1D lQrganization Identifier 00123 J
7-15 ||Oreanizationally Assigned As de[‘erm-med by E.he owner of the See
N ) = Organmization Identifier below

http:/Awvww bsi org.uk/bsi/disc/iota himl " 17-Jun-99



Identifiers for Organizations for Telecommunications Addressing (I0TA) - Pagma 5 de o

14-19||End System Identifier See below  Jrdo- ]
20 Selector See below -do-

The AFI value, 47, indicates an ICD NSAP using binary coding in the domain specific
part.

Note that leading zeroes in the four digit IDI (0124) and the six character organisation
identifier (001234} are significant. This is due to the use of a binary coded Domatin
Specific Parts in AESAs and the use.of a pattern matching in ATM Forum PNNI routing

The rematning seven bvtes of the Domain Specific part (DSP) are administered by the
identified organisation as 1t sees fit 1t may, for example, allocate part of the space to other
organizations such as customers It is advisable to define a hierarchical structure for the
DSP that reflects the topology of the organisation's current or planned network.

The ESI typically contains the Media Access Control (MAC) address associated with the -
end svstem hardware, while the Selector bvte is reserved for possible use within the end

svstem ‘
The organisation identifier can also be used to construct a group address See AT\
Forum UNI Signalling 4.0 and PNNI version 1 0 for more information on this and for
other information on AESAs '

All ATM Forum specifications, including the above. are freely available at
hirp ww oy grmirorum com

To make a request for an Identifier within the I0TA Organization Scheme or for maore
information please leave your details below

Yes ® No ©
Would vou like an application  pleasc select YES if vou require an
form? application

Scicot NO for informuation onls

S;lnle: ;
Job Title |
Address:

Company < department name i

Size of Company {No. of ,
emplovees) ! ' '

Building name and/or number

Street

Countv / region

i
i
i
Town. i
i
|

Postcode

http /Awwaw bsi ore uk/bsi/disc/iota himl 17-Jun-99
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Country;

Tel number:

r
FAX number r

i

l

email address:

Comments:

Return to tap of paos

© T Gendto BSEBISE T 7 Restifomn

==

':1__' DISC Home Paue

Copyright DISC € 199319961997

hutp://www bstorg uk/bsi/disc/iota html [ 7-Jun-99
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MULTIPLEXORES PDH
INTRODUCCION

EN LA PRESENTE SECCION SE ABORDARA EL TEMA DE MULTIPLEXAJE
DIGITAL CONSIDERANDO LAS DIFERENTES JERARQUIAS QUE EXISTEN
EN LA ACTUALIDAD EN LA JERARQUIA PLESIOCRONA, ASI MISMO SE
PRESENTA UNA SIPNOSIS DE LAS PRINCIPALES CARACTERISTICAS
TECNICAS QUE DEFINEN A LOS DIFERENTES MULTIPLEXORES.



MULTIPLEXORES PDH
DEFINICIONES

4007 frame

F: trame
S trama

A cyclic set of consecutive time slots in which the relative position of each time slot can be
identified. '

4008 multiframe

F: multitrame
S: multitrama

A cyclic set of consecutive frames in which the relative position of each frame can be
identified |



MULTIPLEXORES PDH
DEFINICIONES

2024 jitter

F: gigue
S: fluctuacion de fase

Short-term non-cumulative variations of the significant instants of a digital signal fro
their ideal positions in time.
2025 wander

F: dérapage
S: fluctuacion lenta de fase

Long-term non-cumulative variations of the significant instants of a digital signal fro
their ideal positions in time."



MULTIPLEXORES PDH
- DEFINICIONES -

2.6 Timing

6001 timing signal

I signal de rythme
S: sefial de temporizacian

A cyclic signal used to control the timing of operations.

6002 timing recovery [timing extraction]

F: récupération du rythme _
S: recuperacion de la temporizacion [extraccion de la temporizacion]

The derivation of a timing signal from a received signal.

6003 retiming

F: réajustement du rythme
S: reajuste de la temporizacion

Adjustment of the intervals between the significant instants of a digital signal, by reference to a timing signal.

6004 time-slot

F: créneau temporel [intervalle de temps]
S: intervalo de tiempo [sector de fiempo, celda de tiempo]

Any cyclic time interval that can be recognized and defined uniquely.



MULTIPLEXORES PDH
DEFINICIONES

6008 frame alignment time-slot

F: créneau temporel de verrouillage de trame
S: intervalo de tiempo de alineacion de trama

A time slot occupying-the same relative position in every frame and used to
transmit the frame alignment signal.



MULTIPLEXORES PDH
DEFINICIONES

6014 isochronous

F.: isochrone
S: isdcrono

The essential charactleristic of a time-scale or a signal such that the time intervals between consecutive
significant instants either have the same duration or durations that are integral multiples of the shortest
duration. .

NOTE - In practice, variations in the time intervals are constrained within specified limits.

GUILS anisochrenous ~ -

F: anisochrone
S: anisocrono

The essential characteristic of a time-scale or a signal such that the time intervals betwecen consecutive
significant instants do not necessarily have the same duration or durations that are integral multiples of the
shortest duration

6016 synchronous [mesochronous]

F: synchrone fmésochrone]
S: sincrono [mesocrono}

The essential characteristic of time-scales or signals such that theiwr corresponding significant instants ocecur
at precisely the same average rate.

NOTE - The timing relationship between corresponding significant instants usually varies between
specilied limits.



MULTIPLEXORES PDH
DEFINICIONES

6019 plesiochronons

F: plésiochrone
S- plesiocrono

The essential characteristic of time-scales or signals such that their corresponding significant instants occur
at nominally the same rate, any variation in rate being constrained within specified limits.

NOTES

1 Two signals having the same nominal digit rate, but not stemming from the same clock or
homochronous clocks, are usually plesiochronous. A

2. There is no “mit to the time relationship between corresponding significant instants,
6020 heterochronous

- hétérochrone
S: heterdcrono

The essential characteristic of time-scales or signals such that their corresponding significant instants occur
at different nominal rates.

NOTES

1 Two signals having different nominal digit rates, and not stemming from the same clock or from
homochronous clocks are usually heterochronous.

2 Terms 6014 to 6020 are based on the following Greek roots:

150 = equal
homo = same
plesic = near

hetero = different.



MULTIPLEXORES PDH
DEFINICIONES

CODIGO AMI

ES UN CODIGO TEMARIO EN EL CUAL LAS MARCAS SE VAN ALTERNANDO EN POLARUDAD EN FORMA
CONSECUTIVA:

1) CADA MARCA “1” EN LA SENAL BINARIA ES CODIFICADA ALTERNATIVAMENTE COMO UN PULSO POSITIVO
SEGUIDO DE UN PULSO NEGATIVO.

2) CADA ESPACIO ES REPRESENTADO POR UN NO PULSO.

CODIGO HDB3

HDB-3 ES UN CODIGO DE 3 NIVELES EN DONDE CUALQUIER SECUENCIA BINARIA EN LINEA NO INCLUYE MAS DE 3
ESPACIOS CONSECUTIVOS, ES IDENTICO AL CODIGO AMI (INVERSION ALTERNA DE MARCAS) EN DONDE:

EN EL CODIGO HDB3 ADEMAS UNA CADENA DE 4 ESPACIOS EN LA SENALBINARIA SE CODIFICA YA SEA COMO
000V O 100V SIENDO V UNA MARCA QUE VIOLA LA REGLA DE INVERSION ALTERNA DE MARCAS TENIENDO LA
MISMA POLARIDAD QUE LA MARCA ANTERIOR.

VIOLACIONES SUCESIVAS DEBEN ALTERNARSE EN POLARIDAD PARA QUE NO EXISTA UN COMPONENTE DE DC
EXISTA EN LA LINEA.

LA SECUENCIA 100V SE UTILIZA CUANDO UNA MARCA ANTERIOR TIENE LA MISMA POLARIDAD QUE LA
VIOLACION PRECEDENTE O ES POR SI MISMA UNA VIOLACION :

LA SECUENCIA 000V SE UTILIZA CUANDO LA MARCA INMEDIANTAMENTE ANTERIOR ES DE LA POLARIDAD
OPUESTA A LA DE LA VIOLACIGN PRESEDENTE Y NO ES UNA VIOLACION POR S 1 MISMA.



MULTIPLEXORES PDH
- DEFINICIONES

CODIGO HDB3

VENTAJAS:

LA MAXIMA DENSIDAD DE POTENCIA DEL ESPECTRO EN FRECUENCIA DE LA SENAL SE SITUA ALREDEDOR DE LA
MITAD DE LA FRECUENCIA DE SINCRONIA.

LA FRECUENCIA DE SINCRONIA NO APARECE EN EL ESPECTRO.
NO EXISTE UNA COMPONENTE DE DC.

SECUENCIAS LARGAS DE CEROS SON ELIMINADAS PARA FACILITAR LA RECUPERACION DE LA SENAL DE
SINCRONIA

) . +

SU REDUNDANCIA PERMITE OBTENER LA DETECCION DE ERRORES EN EL EXTREMO DE RECEPCION.



MULTIPLEXORES PDH
- DEFINICIONES -

CODIGO CMI

INVERSION DE MARCA CODIFICADA, ES UNA CODIFICACION DE 2 NIVELES SIN RETORNO A CERO (NRZ) EN ESTE
CASO: |

> BINARIO 0 ES CODIFICADO DE FORMA TAL QUE LOS NIVELES DE AMPLITUD Al Y A2 SE ALCANZAN
CONSECUTIVAMENTE, CADA:UNA DURANTE UN MEDIO INTERVALO DE TIEMPO.

> BINARIO 1 ES CODIFICADO YA SEA POR EL NIVEL DE AMPLITUD Al O EL NIVEL DE AMPLITUD A2 DURANTE UN
INTERVALO COMPLETO DE UNIDAD DE TIEMPO DE FORMA TAL QUE LOS NIVELES SE ALTERNANN PARA LOS 1
BINARIOS SUCESIVOS.



MULTIPLEXORES PDH

DEFINICIONES
0 0 1 0 1 -1 1
Binary <4— >« >4 >« >« >4 >« >
Level Ao -
Level A1 L
I T T1818870-9
dgbigb
< T > <4 T >

FIGURE 18/G.703
Example of CMI coded binary signal



MULTIPLEXORES
DEFINICIONES

MULTIPLEXORES POR DIVISION DE FRECUENCIA:

EN ESTE TIPO DE MULTIPLEXORES SE DIVIDE LA UTILIZACION DEL MEDIO DE TRANSMISION EN FRECUENCIA PARA
ENVIAR EN CADA BANDA DE FRECUENCIA LA INFORMACION DE UNO DE LOS CANALES A MULTIPLEXAR.

MULTIPLEXORES POR DIVISION DE TIEMPO:

‘EN ESTE TIPO DE MULTIPLEXORES SE DIVIDE EL TIEMPQO DE UTILIZACION DEL MEDIQ DE TRANSMISION PARA
ENVIAR EN CADA INTERVALO DE TIEMPO LA INFORMACION DE UNO DE LOS CANALES A MULTIPLEXAR.

LOS MULTIPLEXORES PDH SON DEL TIPO TDM REALIZANDO LA MULTIPLEXACION DE BIT A BIT DE CADA UNO DE
[LOS AFLUENTES O TRIBUTARIOS

LOS AFLUENTES DE LOS MULTIPLEXORES PDH CORRESPONDEN A SENALES DIGITALES QUE SE ENCUENTRAN
NORMALIZADAS DENTRO DE UNA JERARQUIA DIGITAL, EXISTIENDO 2 VERTIENTES LA AMERICAN BASADA EN
SENALES DE 1544Kbit/s Y LA EUROPEA BASADA EN SENALES DE 2048Kbits/s. ESTAS SENALES PUEDEN PROVENIR DE
MULTIPLEXORES MIC , MULTIPLEXORES DE DATOS CODIFICADORES DE VIDEQ U OTROS. .



- MULTIPLEXORES PDH
JERARQUIAS

velocidades binarias jeraraquia (kbit/s) pam redes con la jerarquia digital
basada en un primer orden de:
Nivel de Jeraryuia Digital 1544Kbit/s 204B8Kbit /s
1 1544 2048
2 6312 8448
3 32064 44736 34368
4 97728 139264




MULTIPLEXORES PDH
JERARQUIAS

JERARQUIA DIGITAL PLESIOCRONA | JERARQUIA DIGITAL SINCRONA -
BRom | U | wedN | [

G




MULTIPLEXORES PDH
NIVELES JERARQUICOS A 2MB/S

Videaconferan-
cing H.120,
H,130

PCM multiplex
G.202, G.735,
G 738

Clgital axchange
G.705, OQ.511,
a.512

v __1
Vaice 11—
andiar H
©84/320/384 a5 "]
kbit/e

Basic

ALpergrouly

(312-B52 kHz)

Transmultiplex

G.783

Transcodar
G.7an

Digital cifGuit
multiplication
;U iIpMment
G.763

Dwghial section/
tine systsm
G.921, G952,
G.956

Voies

120

PCM multiclex
G, 744

Clgital exchange
G705, Q.51 T

Digical saction/

G.e2t. G 952,
G oG4, G.858°

Oigital sactlon/
line systam
G.821. G.952,
G.954. G.986

tal sectian/
fine system
G.821, G.OBA,
G.OGE6

Digltat {ine
yktemn G D54
[« ] -1

FIGURE 2/G.702

Hierarchical

Bit rate
khit/e
--------------- 64
1 ET) tnrarfacea G.703
Dmnuﬂ muitiplex
G.7368
64/320/384 nbitis
1 o
———— External sccess 1= 2048

G.737, G.739

tnterfece G.703

Digite! multiplex
G.742. G. 746

Irterface G 703

1 A

G.76Y, G.7

interface G.703

Digital multiplex
G.7B1. G, 754

L= 139264

intartace 3.703

Hilerarshioal bit rates for astworks wiih the digital hlsrnrehy
bt/ e

based om the first level bh rate of 2048

lavel

TiseTIILAN



TV
1
Volce
24
1
Voice
43
Basic 1
Group B
2

(80-108 kHz)

Vaice
113

MULTIPLEXORES PDH
NIVELES JERARQUICOS A 1.5MB/S

Videgconteren-
cing H.120
H 130

I
—

PCA multiplex
G.r3a

Jto—

ADPCM mulei-
plax G.724

Digital -nch—noe
.705 51%,
O

Transmultiplex
G.794

_|

Transcoder
G.7a2
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1 23 (24)
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e
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MULTIPLEXORES PDH
MULTIPLEXOR DE PRIMER ORDEN

MULTIPLEX MIC DE PRIMER ORDEN 2048Kbit/s.

ESTE EQUIPO MULTIPLEXA 30 SENALES, SENALES DE VOZ MODULADAS MEDIANTE TECNICA MIC (PCM) O DATOS
EMPAQUETADOS A 64KB/S O NX64KBIT/S, FORMANDO UNA TRAMA DE 30 INTERVALOS DE TIEMPO AL QUE SE LE
ANADEN UN INTERVALQ MAS PARA SINCRONIAY UNQ MAS PARA SENALIZACION.

o

CARACTERISTICAS GENERALES

CAUDAL NOMINAL DE LA SENAL MULTIPLEXADA 2048 Kbit/s +/- 50 x 10¢
CAPACIDAD EQUIVALENTE DE CANALES A 64Kbit/s 30

ESTRUCTURA DE TRAMA CONFORME A REC. G.704
' CONFORME A REC. G.732

INTERFAZ DIGITAL A 2048Kbit/s -

IMPEDANCIA ' 120 OHMS par simétrico
- 75 Ohms cable Coaxial
CODIGO HDRB3

ATENUACION ADMISIBLE A LA ENTRADA A 1024Kbit/s 6dB



MULTIPLEXORES PDH
MULTIPLEXOR DE PRIMER ORDEN

ISDN set

POTS set

Magneto set .

- PBX/PABX COPPER or
OPTICAL
Data up to RADIO
64 kbit/s

Remote Data
Up to 2 x 64 kbit/s

Data N x 64 kbit/s
(N=1..30..31)



- MULTIPLEXORES PDH
MULTIPLEXOR DE PRIMER ORDEN

2 Mbit/s 2 Mbit/s

E

N x 64kb




MULTIPLEXORES PDH
INTRODUCCION

JUSTIFICACION POSITIVA:

EN REDES ASINCRONAS LOS RELOIJES DE 2048Kbit/s DE LOS EQUIPOS SON INDEPENDIENTES. LAS FRECUENCIA DE
SINCRONIA TIENE EL MISMO VALOR NOMINAL, SIN EMBARGO PUEDEN VARIAR DENTRO DE LIMITES
ESPECIFICADOS

PARA PODER REALIZAR UNA MULTIPLEXACION POR DIVISION DE TIEMPO LA SENALES DEBEN SER ANTES
SINCRONIZADAS, PARA ELLO LAS SENALES SON CONVERTIDAS A UNA VELOCIDAD LIGERAMENTE MAYOR DE SU
VALOR NOMINAL Y LA DIFERENCIA ES COMPENSADA ANADIENDO BITS DE JUSTIFICACION O DE RELLENO LO

CUAL ES CONOCIDO COMO JUSTIFICACION POSITIVA.

PARA QUE EN LA RECEPCION ESOS BITS PUEDAN SER RECONOCIDOS Y ELIMINADOS PARA PODER RECONSTRUIR
LA SENAL EN FORMA EXACTA, LOS BITS DE JUSTIFICACION DEBEN TENER UNA POSICION ESPECIFICA DENTRO DE
LA TRAMA.

LA PRESENCIA O AUSENCIA DE BITS DE JUSTIFICACION ES DEFINIDA MEDIANTE BITS DE CONTROL DE
JUSTIFICACION QUE NORMALMENTE SON 3. UNA SENAL 111 INDICA QUE EXISTEN BITS DE JUSTIFICACION
MIENTRAS QUE UNA SENAL 000 INDICA AUSENCIA.

EN LA RECEPCION SE APLICA UN CRITERIO DE MAYORIA PARA DEFINIR SI EXISTE O NO BITS DE JUSTIFICACION,



MULTIPLEXORES PDH
INTRODUCCION

JUSTIFICACION POSITIVA.

UNA MEMORIA BUFFER ES USADA ADEMAS DE UN COMPARADOR DE FASE PARA PROCESAR CADA SENAL.
LOS DATOS DE ENTRADA SE ESCRIBEN A UNA VELOCIDAD Fe Y SON LEIDOS A UNA VELOCIDAD
LIGERAMENTE MAYOR, LA MEMORIA TENDERA A VACIARSE PARA COMPENSAR LA DIFERENCIA EN
.TEMPORIZACION EL DISPOSITIVO PERIODICAMENTE REALIZARA UNA OPERACION DE JUSTIFICACION QUE
INVOLUCRA LA REPETICION DE LA LECTURA DE UN BIT. ESTA OPERACION ES REQUERIDA POR EL
COMPARADOR DE FASE Y SE REALIZA EN UN TIEMPO ESPECIFICO DENTRO DE LA TRAMA MEDIANTE LA
CANCELACION DE UN INTERVALO DE TIEMPO CARACTERISTICO EN LA SENAL DE TEMPORIZACION DE
LECTURA.

LO ANTERIOR INCLUYE- DISCONTINUIDADES DEBIDO A LA ESTRUCTURA DE TRAMA COMO SON LA
INSERCION DE LA PALABRA DE ALINEAMINETO DE TRAMA, LOS BITS DE SERVICIO, LOS BITS DE CONTROL
DE JUSTIFICACION'Y LOS PROPIOS BITS DE JUSTIFICACION,



MULTIPLEXORES PDH
- INTRODUCCION

VARIACIONES DE FASE (JITTER):

LAS VARIACIONES DE FASE SON UNA CARACTERISTICA DE LAS SENALES DIGITALES, SU PRINCIPAL ORIGEN ES
DURANTE LA TRANSMISION DE LAS SENALES SOBRE LOS SITEMAS DE LINEA.

'LAS VARIACIONES DE FASE SE DEBEN AL FENOMENO DE TIEMPO DE ESPERA: DURANTE LA SOLICITUD DE
JUSTIFICACION EN LA TRANSMISION PUEDE OCURRIR EN CUALQUIER MOMENTO SIN EMBARGO ESTA SE REALIZA
SOLO DURANTE UN TIEMPO ESPECIFICO DURANTE LA TRAMA. EN LA RECEPCION LOS CIRCUITOS DE AMARRE EN
FASE QUE RECONSTITUYEN LA SENAL PUEDEN REDUCIR LAS VARIACIONES DE FASE PERO NO PUEDEN ELIMINAR
LOS COMPONENTES DE MUY BAJA FRECUENCIA .



MULTIPLEXORES PDH
INTRODUCCION

R T
SENAL DE INDICACION DE ALARMA AIS :

CUANDO UNA FALLA OCURRE EN LA TRANSMISION DE LA SENALES ESTAS SON SUBSTITUIDAS POR UNA
SENAL DE INDICACION DE ALARMA, EL CONTENIDO DE ESTA SENAL ES DE TODOS “1”.

LA RECEPCION DE UNA SENAL AlS INDICA QUE UN DEFECTO HA SIDO DETECTADO EN ALGUN PUNTO
DENTRO DE LA TRASNMISION DE LA SENAL POR LO QUE SE EVITA QUE EL DEFECTO SEA DETECTADO EN
TODOS LOS PUNTOS DE TRANSITO DE LA SENAL.



MULTIPLEXORES  PDH
INTRODUCCION

MULTIPLEXACION DIGITAL:

LA MULTIPLEXACION SE REALIZA MEDIANTE LA INTERCALACION CICLICA DE LOS CANALES BITS DE MARCA SE
INTRODUCEN A INTERVALOS REGULARES PARA CONFERIR UNA ESTRUCTURA PERIODICA PERMITIENDO EN LA
RECEPCION LA IDENTIFICACION DE LOS CANALES.

UNA SENAL MULTIPLEXADA CONTIENE:

LOS BITS DE MARCA QUE CORRESPONDEN A LA PALABRA DE ALINEAMINETO DE TRAMA.

o

> LOS BITS DE SERVICIO.

> LOS BITS DE DATOS DE LAS 4 SENALES DE ENTRADA INTERCALADOS.
> LOS BITS DE JUSTIFICACION Y LOS DE CONTROL DE JUSTIFICACION.

UNA TRAMA DE UNA SENAL DE 8448Kbit/s ESTA FORMADA POR 848 BITS Y SE DIVIDE EN 4 SECTORES DE 212 BITS. EL
PRIMER SECTOR CONTIENE LA PALABRA DE ALINEAMIENTO DE TRAMAY LOS BITS DE SERVICIO. LOS SECTORES $2,
S3 Y S4 CONTIENEN LOS BITS DE CONTROL DE JUSTIFICACION, ADEMAS EN EL SECTOR S$4 SE UBICAN LOS BITS DE
JUSTIFICACION.



MULTIPLEXORES PDH

Buffer

memory

Write
command

" DE-
MULTI-
PLEXER

\

!

Write Writing disabled
timing on justification
recognition
_...’ g
Justificahi
on
recogniti
on

Read

command

Recover liming frequency fFe

VCXO

Phase comparator

Low-pass
filter




MULTIPLEXORES PDH

Write Read
command ™1 command
{Fe)

— MNo—r—

[

|

—

||
Buffer memory

—+ Phase cor’nparaicir <

”

Reading
disabled on -
justification
[& Read
timing
/A
Jusiification
command
MUX

Justification request

authorisation ‘




MULTIPLEXORES PDH
JERARQUIA MULTIPLEXORES 2MB/S

MULTIPLEX DE 2-8 (SEGUNDO ORDEN)

ESTE EQUIPO MULTIPLEXA 4 SENALES AFLUENTES PLESIOCRONAS A 2048 Kbit/s EN UNA SENAL RESULTANTE A
8448 Kbit/s Y EN EL SENTIDO INVERSO DEMULTIPLEXA UNA SENAL DE 8448Kbit/s EN 4 SENALES AFLUENTES DE

2048Kbit/s.

MULTIPLEX DE 8-34 (TERCER ORDEN)

ESTE EQUIPO MULTIPLEXA 4 SENALES AFLUENTES PLESIOCRONAS A 8448 Kbit/s EN UNA SENAL RESULTANTE A
8448 Kbit/'s Y EN EL SENTIDO INVERSO DEMULTIPLEXA UNA SENAL DE 8448Kbit/s EN 4 SENALES AFLUENTES DE

34368Kbit/s.

MULTIPLEX DE 34-140 (CUARTO ORDEN)

ESTE EQUIPO MULTIPLEXA 4 SENALES AFLUENTES PLESIOCRONAS A 34368 Kbit/s EN UNA SENAL RESULTANTE A
8448 Kbit/s Y EN EL SENTIDO INVERSO DEMUL.TIPLEXA UNA SENAL DE 8448Kbit/s EN 4 SENALES AFLUENTES DE

139264Kbit/s.



. MULTIPLEXORES PDH
MULTIPLEXORES DE SEGUNDO ORDEN

MULTIPLEX DE 2-8

ESTE EQUIPO MULTIPLEXA 4 SENALES AFLUENTES PLESIOCRONAS A 2048 Kbit/s EN UNA SENAL RESULTANTE A 8448
Kbit/s Y EN EL SENTIDO INVERSO DEMULTIPLEXA UNA SENAL DE 8448Kbit/s EN 4 SENALES AFLUENTES DE 2048Kbit/s.

CARACTERISTICAS GENERALES
CANTIDAD DE AFLUENTES

VELOCIDAD NOMINAL DE LOS AFLUENTES
'CAUDAL NOMINAL DE LA SENAL MULTIPLEXADA
CAPACIDAD EQUIVALENTE DE CANALES A 64Kbit/s
ESTRUCTURA DE TRAMA

INTERFAZ DIGITAL A 2048Kbit/s
IMPEDANCIA

CODIGO
ATENUACION ADMISIBLE A LA ENTRADA A 1024Kbit/s

INTERFAZ DIGITAL A -8448Kbit/s

IMPEDANCIA

CODIGO

ATENUACION ADMISIBLE A LA ENTRADA A 4224Kbit/s

FLUCTUACIONES DE FASE
COMPORTAMIENTOQ DE ERRORES

4 p
2048 Kbit/S +/- 50 x 106
8448 Kbit/s. +/- 30 x 10°¢
120.

CONFORME A REC G.742

120 OHMS par simétrico
75 Ohms cable Coaxial
HDB3 '

6dB

75 Ohms cable Coaxial
HDRB3
6dB

CONFORME A REC. G.823
CONFORME A REC G.821.



-~ MULTIPLEXORES PDH
MULTIPLEXORES DE SEGUNDO ORDEN

ESTRUCTURA DE TRAMA bits dentro de

8448Kbit/s la trama
SECTOR S1 Bits 1 a212
Palabra de alineamiento de trama (1111010000) 1a10
Bits de reserva 11y 127
Bits de los flujos de entrada 13a 212
SECTOR S2 213 a 424
Bits de control de Justificacion 1a4
Bits de los flujos de entrada 5a212
SECTOR S3 425 a 636
Bits de controi de Justificacion 1a4
Bits de los flujos de entrada 5a212
SECTOR S4 637 a 848
Bits de control de Justificacion 1a4
Bits de Justificacion de los flujos de entrada 5a8
Bits de los flujos de entrada 9az212
Longitud de trama . 848
cantidad de bits por flujo de entrada por trama 206
maxima velocidad de justificacién por flujo 9.962Kbit/s
de entrada (una justificacion por trama)
Frecuencia de solicitud de justificacion a 0.424
maxima justificacion '

Bit No 11 se utiliza para transmitir una indicacién de alarma al equipo
multiplexor distante. Tiene un valor de 1 en caso de alama.

Bit Nc 12 @:sta reservado para uso nacional y se fija a 1 en caso de cruce.
fronteras.




MULTIPLEXORES PDH

MULTIPLEXORES DE SEGUNDO ORDEN

TABLE 6/G.703

Pulse shape
{nominally rectangular}

All marks of a valid signal must conform with the mask (se
Figure 15/G.703) irrespective of the sign. The value V
corresponds to the nominal peak value.

Pair(s) in each direction

One coaxial pair
(see § 6.4)

One symmetrical pair
(see § 6.4)

Test load impedance

75 ohms resistive

120 ohms resistive

Nominal peak voltage of a mark (pulse) 237V 3y
Peak voltage of a space (no pulse) 0+£0.237V 0+£03V
Nominal pulse width 244 ns
Ratio of the amplitudes of positive and negative pulses at
the centre of the pulse interval 0.95t0.1.05
Ratio of the widths of positive and negative pulses at the

0.95 to 1.05

nominal half amplitude

Maximum peak-to-peak jitter at an output port

Refer to § 2 of Recommendation G.823
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Mask of the pulse at the 2048 kbit/s interface
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TABLA 2/G.742 CONDICIONES DE FALLA Y ACCIONES CONSECUENTES
Acciones consecuent €s
Aplicacion de AIS
Generacion de Enel
idicacion de intervalo de
alarma para Generacion de Para todas tiempo de la
. . mantenimient o [ Indicacién de alamma al las A la sefial senal
Parte del Equipo Condicién de Falla inmediato multiplexor remoto | tributarias | compuesta | compuesta
Multiplexor Falla de Fuente de Si de ser Si de ser
Demultiplexor Alimeni acién Si prictico prictico
M ultiplexor Pérdida de la sefial de
solamente et rada de tribut afio Si Si
Pérdida de sefial de entrada
a 8448Kbit /s Si Si Si
| Pendida de la sehal de
alineamient o si Si si
! Indicacién de alarma
Demultiplexor recibida desde el equipo
solamente multiplexor remoto Si Si Si




MULTIPLEXORES ~ PDH
MULTIPLEXOR TERCER ORDEN

MULTIPLEX DE 8-34

ESTE EQUIPO MULTIPLEXA 4 SENALES AFLUENTES PLESIOCRONAS A 8448 Kbit/s EN UNA SENAL RESULTANTE A
8448 Kbit/s Y EN EL SENTIDO INVERSO DEMULTIPLEXA UNA SENAL DE 8448Kbit/s EN 4 SENALES AFLUENTES DE

34368Kbit/s.

CARACTERISTICAS GENERALES

. CANTIDAD DE AFLUENTES

VELOCIDAD NOMINAL DE LOS AFLUENTES
CAUDAL NOMINAL DE LA SENAL MULTIPLEXADA
CAPACIDAD EQUIVALENTE DE CANALES A 64Kbit/s
ESTRUCTURA DE TRAMA

INTERFAZ DIGITAL A 8448Kbit/s
IMPEDANCIA

CODIGO
ATENUACION ADMISIBLE A LA ENTRADA A 4224Kbit/s

" INTERFAZ DIGITAL A 34368Kbit/s
IMPEDANCIA

CODIGO
ATENUACION ADMISIBLE A LA ENTRADA A 17184Kbit/s

FLUCTUACIONES DE FASE
COMPORTAMIENTO DE ERRORES

4

8448 Kbit/s. +/- 30 x 108
34368 Kbit/s. +/- 20 x 10°¢
480,

CONFORME A REC. G.751

CONFORME A G.703

75 Ohms cable Coaxial

HDB3

6dB

CONFORME A G.703
75 Ohms cable Coaxial
HDB3

12dB

CONFORME A REC. G.823
CONFORME A REC G.821.
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ESTRUCTURA DE TRAMA

bits dentro d

34368KDbit/s la trama
I S e Bits 1 a 384
Palabra de alineamiento de trama (1111010000) 1a10
Bits de reserva 11 y12*
Bits de los flujos de entrada 13 a 384
SECTOR S2 385 a768
Bits de control de Justificacién 1a4
Bits de los flujos de entrada 5a384
SECTOR S3 769 a 1152
Bits de control de Justificacion 1a4
Bits de los flujos de'entrada 5a384
SECTOR S4 1153 a 1536
Bits de controi de Justificacion 1a4
Bits de Justificacion de los flujos de entrada 5a8
Bits de los flujos de entrada 9 a 384
Longitud de trama 1536
cantidad de bits por flujo de entrada por trama 378
maxima velocidad de justificacion por flujo 22375Kbit/s
de entrada (una justificacién por trama)
0.436

Frecuencia de solicitud de justlﬁcacmn a
maxima justificacion :

Bit No 11 se utiliza para transmitir una indicacién de alarma al equipo

multiplexor distante. Tiene un valor de 1 en caso de alarma.

Bit No 12 esta reservado para uso nacional y se fija a 1 en caso de cruce

fronteras.




MULTIPLEXORES PDH
MULTIPLEXOR TERCER ORDEN

TABLE 7/G.703

Pulse shape
{nominally rectangular)

All marks of a valid signal must conform wit
mask (Figure 16/G.703) irrespective of the si

Pair(s) in each direction

One coaxial pair (see § 7.4)

Test load impedance

75 ohms resistive

Nominal peak voltage of a mark (pulse)

2.37V

Peak voltage of a space (no pulse)

0V *0.237V

Nominal pulse width 59 ns

Ratio of the amplitudes of positive and negative 0.95 to 1.05
pulses at the centre of the pulse interval

Ratio of widths of positive and negative pulses at 0.95 to 1.05

the nominal half amplitude

v

Maximum peak-to-peak jitter at an output port

Refer to § 2 of Recommendation G.823
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T1818850-92

interface

(59 + 59)

FIGURE 16/G.703
mask at the 8448-kbhit/s
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MULTIPLEXORTERCER ORDEN

TABLA 2/G.7563 CONDICIONES DE FALLA Y ACCIONES CONSECUENTES

Acciones consecient es

Aplicacion de AIS
Generacion de | Generacién Enel
idicacion de |de Indicacién intervalo de
alarma para | de alamma al | Para todas tiempo de la
mantenimiento| multiplexor las A la sefial sefial
.|Parte del Equipc | Condicidn de Falla inmediato remoto tributarias | compuesta | compuesta
Multiplexor " |Falla de Puente de Si de ser Side ser
Demult ip lexor Aliment acion Si prictico prictico
Multiplexor Pérdida de la sefial de
solamente entrada de tributario Si Si
Pérdida de sefial de
entrada a 34368K hit/s Si Si S
Pendida de la sefial de
alineamieni o Si Si Si
Indicacién de alarma
recibida desde el
Demultiplexor | equipo multiplexor
solamente remot o Si Si Si




- MULTIPLEXORES PDH
MULTIPLEXOR CUARTO ORDEN

MULTIPLEX DE 34-140

ESTE EQUIPO MULTIPLEXA 4 SENALES AFLUENTES PLESIOCRONAS A 34368 Kbit/s EN UNA SENAL RESULTANTE A
8448 Kbit/s 'Y EN EL SENTIDO INVERSO DEMULTIPLEXA UNA SENAL DE 8448Kbit/s EN 4 SENALES AFLUENTES DE

139264Kbit/s.

CARACTERISTICAS GENERALES
CANTIDAD DE AFLUENTES

VELOCIDAD NOMINAL DE LOS AFLUENTES
CAUDAL NOMINAL DE LA SENAL MULTIPLEXADA
CAPACIDAD EQUIVALENTE DE CANALES A 64Kbit/s
ESTRUCTURA DE TRAMA

INTERFAZ DIGITAL A 34368Kbit/s

IMPEDANCIA

CODIGO

ATENUACION ADMISIBLE A LA ENTRADA A 17184Kbit/s

INTERFAZ DIGITAL A 139264Kbit/s

IMPEDANCIA

CODIGO

ATENUACION ADMISIBLE A LA ENTRADA A 69632Kbit/s

FLUCTUACIONES DE FASE
COMPORTAMIENTO DE ERZORES

4
34368 Kbit/s. +/- 20 x 10°®
139264 Kbit/s. +/- 15 x 106
1920.

CONFORME A REC. G.751

CONFORME A G.703

75 Ohms cable Coaxial
HDB3

12dB

CONFORME A G.703
75 Ohms cable Coaxial
CMI

i8dB

CONFORME A REC. G.823
CONFORME A REC G.821.
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MULTIPLEXOR CUARTO ORDEN

ESTRUCTURA DE TRAMA bits dentro de

139264Kbit/s la trama
SECTOR S1 Bits 1 a 488
Palabra de alineamiento de trama (111110100000) 1a12
Bits de servicio cambia a 1 en presencia de una alarma |13
bits de serviciofijos a 1 14 16
Bits de los flujos de entrada 13 a 488
SECTOR S2 499 a 976
Bits de control de Justificacién 1a4
Bits de los flujos de entrada 5 a488
SECTOR S3 977 a 1464
Bits de control de Justificacion 1a4
Bits de los flujos de entrada 5a488
SECTOR S4 1465 a 1952
Bits de control de Justificacion 1a4
Bits de los flujos de entrada 5 a 488
SECTOR S5 1953 a 2440
Bits de control de Justificaciéon - 1a4
Bits de los flujos de entrada 5a488
SECTOR S6 2441 2928
Bits de controi de Justificacion 1a4
Bits de .lustif:cacion de los flujos de entrada 5a8
Bits de los flujos de entrada : 9 a 488
Longitud de trama 12928




| MULTIPLEXORES PDH
MULTIPLEXOR CUARTO ORDEN

TABLE 8/G.703

Pulse shape (nominally rectangular)

All marks of a valid signal must conform with the mask
Figure 17/G .703), irrespective of the sign

Pair(s) in each direction

One coaxial pair (see § 8.4)

' [ i

Test load impedance

75 ohms resistive

center of a pulse interval

Nominal peak voltage of a mark (pulse) 1.0V

Peak voltage of a space (no pulse) OV 0.1V
Nominal pulse width 14.55 ns
Ratio of the amplitudes of positive and negative pulses at the 0.95 to 1.05

nominal half amplitude

Ratio of the widths of positive and negative pulses at the

0.95 to 1.05

Maximum peak-to-peak jitter at an output port

Refer to § 2 of Recommendation G.823
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TABLA 3/G.751 CONDICIONES DE FALLA Y ACCIONES CONSECUENTES

Acciones consecuent es

Aplicacién de AIS
Generacion de Generacion de A la sefial Enel
idicacién de | Podicacidn dealarma | Entodas las | compuestade | intervalo de
alarma para enla sefial de tributarias a la | 139264 Kbit/s | tiempo de la
mantenimiento 139264K bit/s al satida del a la salida del sefial
Parte del Equipo Condicién de Falla inmediato multiplexor remoto | demultiplexor | multiplexor | compuesta
Multiplexor Falla de Puente de Si de ser Si de ser
Demultiplexor Aliment acién Si prictico prictico
Multiplexor Pérdida de la sefial de
solamente eni rada de tribut ario Si Si
Pérdida de sefial de entrada
a 139264Kbit/s Si Si Si
Perdida de la sefial de
alineamient 0 en la sehal
139264K b/s Si Si Si
Indicacién de alanrma
i recibida desde el equipo
Demult iplexor multiplexor remot o de
solamente 139264 kbit/s

Para el multiplexor de 4 tributarias de 34368Kbit/s
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-TABLA 4IG.751 CONDICIONES DE FALLA Y ACCIONES CONSECUENTES

Parte del Equipo

Condicién de Falla

A cciones consecuentes

Generxcion de
idicacion de
alammy para

mand enimiento

inmediato

Generxidn de
Indicacién de alanma
en ia senal de
139264K bit/s al
mudtiplexor remoto

Generion de

Indficacion de alamna

en la sefial de
34368khit/s al

multiplexor remoto

A plicacién de AIS

Enlas 16
tribat arias de
8448hit/s ala

salida del
demultiplexor

En s 4
tribut arias de
8448khit/s ala
salida del
demultiplexor

A lasenal
compuesta de
139264 Kbit/s
a Ia salida del

multiplexor

Eng¢d
intervalo de
tiempo dela

sefial

compuesta

M ultiplexor
D emultiplexor

Falla de Fuente de

Si de ser
prictico

Si de ser
prictico

M ultiplexor
solamente

A limentacén

Pérdida de la sefial de
entrada de trilmetario

D emultiplexor
solamente

Pérdida de sefial de entrada
a 139264Khit/s

Si

Pertdida de la seiiad de
alineamiento en la sefial
139264K hvs

Indicacién de alarma
recibida desde e equipo
multiplexor remoto de
139264 khit /s

3
Perdida de la seinal de
alineaniento en la sefial
34368Khss

4}

Indicacién de alarma
recihida desde el equipo
mauktiplexor remoto de
34368 kbit/s

Para el multiplexor de 16tributarias de 8448Kbit/s




MULTIPLEXORES PDH
ACTUALIDAD Y PERPECTIVA

HOY EN DIA LOS MULTIPLEXORES PDH DE ALTO ORDEN SON
AMPLIAMENTE  UTILIZADOS EN LAS  ADMINISTRACIONES
TELEFONICAS A FIN DE CONTAR CON:

UN MEJOR APROVECHAMIENTO DE SU INFRAESTRUCTURA DE FIBRA
OPTICA |

PARA EL ESTABLECIMIENTO DE ENLACES VIA RADIO.

ULTIMAMENTE SE ESTAN UTILIZANDO PARA EL ESTABLECIMIENTO
DE ENLACES DE BAJA CAPACIDAD COMO SON DE 2, 8 Y 34Mb/s Y EN
MENOR MEDIDA EN ENLACES DE 140Mbit/s.



MULTIPLEXORES - PDH
ACTUALIDAD 'Y PERPECTIVA

==
LA NECESIDAD DE CCNTAR CON:

UNA MAYOR FLEX:BILiDAD EN EL MANEJO DE BANDA EN ENLACES QUE REQUIERE
DE COLECCION EN DIFERENTES PUNTOS DE UNA RED, ASI COMO DE SU

DISTRIBUCION.
> UNA ESTANDARIZACION QUE PERMITA LA INTERCONECTIVIDAD ENTRE
DIFERENTES FABRICANTES.

> EL CONTAR CON HERRAMIENTAS DE ADMINISTRACION CENTRALIZADA DE LA
RED INCORPORADA A LOS EQUIPOS.

> DISPONER DE UN ANCHO DE BANDA SUPERIOR QUE PERMITA EL CRECIMIENTO DE
LA DEMANDA DE TRAFICO Y QUE SIMPLIFIQUE SU ACCESO

> HA DADO ORIGEN A LA APARICION DE NUEVAS- TECNOLOGIAS DE
MULTIPLEXACION EN LA TRANSMISION QUE SON LA SONET (RED OPTICA
SINCRONA PARA EL ESTANDAR AMERICANO) Y LA SDH (JERARQUIA DIGITAL
SINCRONA PARA EL ESTANDAR EUROPEO).
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RDSI ANGELICA MORENO ARGUELLO

INTRODUCCION

Hasta hoy la mayoria de los sistemas de transmision entre los nodos (centrales telefonicas)
de la red telefonica son digitales. Pero la transmision y la sefializacion hacia el subscriptor es
todavia analogica. (Véase fig. 1y 2).

Mundialmente existe una creciente necesidad de mover informacion entre diferentes partes
del mundo y ademas esta transferencia de informacion cada vez debe ser mas rapida y barata sin
importar donde se encuentren localizados los puntos donde se desee dicha informacion.

Otra situacion actual es en los servicios de telecomunicaciones, donde para hacer uso de
ellos (telefonia, fax, datos, telex, datos en conmutacion de paquetes, etc.) se debe tener un acceso
(linea) diferente con un equipo terminal, interfase y red diferente.

Para resolver estos problemas una nueva red que pretende ser universal esta siendo
desarrollada y se le conoce como la Red Digital de Servictos Integrados "RDSI”

Existen 3 tendencias mundiales que estan trabajando en la definicion de normas RDSI, que
son CCITT Recomendaciones Internacionales, ETSI (European Telecommunications Standards
Institute) normas para la Comunidad Europea v (Bellcore-ANSI) para Estados Unidos

Senal Analdgica P Sefial Analégica
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Fig 1 Linea de usuano en la actual Red Teletonica

UNAM PAG 3/46

2




RDSI ANGELICA MORENO ARGUELLO

Sefal Dignal i Sefal Digtat
—r.-_a_L_. __________ L ’ N Y ——
. 4 _‘\\ - /_ - h
A\ —_ ;
Cxd \ ¢ C— N )/ 9
/" \‘\\ I \‘ > ; — / \ ; / ”D
\ - ! ' — » d
= ; Codec = Codec L— /i)
<’\\ _ ‘ ! S e "“-—-_.____ ﬁ/ -) i \
N ' ~ —_ 1 K
o \-._.-\-—/ ! | )I
oo ) S—— \\
cadraaafyn aadeacalan —
LYY 'u i l_!‘:n-.f ‘MU
Senal Analégica Seflal Analdgica
Transmusor | ! Receptor
Medio ce Transmision '
Digital

Fig. 2. Linea de usuario con la RDSL.

.QUE ES LA RDSI?

Segun el CCITT (Comité Consultivo Internacional de Telefonia y Telegrafia), la RDSI es
una red que pertite una conectividad digital extremo a extremo para ofrecer una amplia gama de
servicios de telecomunicaciones (existentes y por desarrollar) los cuales podran ser accesados a
traves de un conjunto reducido y normalizado de interfases, dicha red debe ser una evolucion
natural de la red telefonica mundial existente.

En las figuras 3 y 4 se puede observar un ambiente donde se hace uso de diferentes
servicios de telecomunicaciones en la actualidad y como seria ese mismo ambiente cuando la
RDSI exista de forma comercial.

Una' de las premisas mas importantes bajo la cual fue corcebida y disefiada la RDSI es el
utilizar al maximo la infraestructura de la red telefonica mundial existente ya que representa en
promedio, segun datos recopilados por la UTT/CCITT aproximadamente del 0.4 al 1.0% del
producto nacional bruto de cada pais.
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Repes e N TRANSMISION
ESPECIALIZADAS ™ — i : OE DATOS
il
- [
-
Fig 3. Acceso a los servicios de telecomunicaciones en la actualidad (sin ta RDSI)
j ” _} i VIDEOTEX
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f [ / O =
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RDS| -g— DOE ' = TRANSMISION
i RED | ; DE DATGS
| b ’

FACSIMILE

TELEX

Fig. 4. Acceso a los servicios de telecomunicaciones con la RDSL

Dentro de esta inversion el més alto porcentaje es consumido por la red externa (toda la
infraestructura que va desde la central telefonica hasta ias instalaciones del usuanio), el cual se
muestra en la fig. $.
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* Fuente: UIT/CCITT

Fig. 6. Inversion en ia red telefonica.

Conforme ai estudio de la UIT/CCITT, un promedio del 40 al 50% de la inversidn total en
telecomunicaciones esta en la red externa, como se observa en la fig. 6.
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. ANGELICA MORENO ARGUELLO

Las condiciones de la planta externa son de suma importancia porque determinan la
calidad de los servicios ofrecidos a los Sub.sc'n'ptores ya que ju.egan un papel crucial por que estar
al inicio y al final de toda liamada telefonica ya sea local, interurbana o intemacional. Asi la
introduccion de sistemas digitales de conmutacion no puede ser eficaz sin el mismo elevado nivel

de calidad en la planta externa.

Por esta razon, la planta externa ocupa un lugar destacado en [a red telefonica y requiere
un disefio y planeacién apropiados, asi como un buen sistema de operacion y mantenimiento.

ACCESO A LA RDSI

El CCITT ha definido 2 formas de acce... o de conectarse a la RDSI v se les conoce
como

a) Acceso Basicoy
b) Acceso Primario

]

Central

!

|

i

i
-

’ ROS!

|

|

i

N/ \,‘

ACCESQBASICO

f U he—— l = ‘ Centrai
\ e . . PABX — —-
-- ) ' ROSI

i ACCESO PRIMARIQ

Fig. 7. Tipos de Acceso a ia RDSI.
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Una forma practica de identificar la diferencia que existe entre estos dos tipos de accesos
se muestra en la fig. 7, donde se puede observar que el Acceso Basico es exclusivamente para
conectar y dar servicio a usuarios que tienen una linea telefonica y el Acceso Primario estd
enfocado a conectar usuarios que actualmente tienen un conmutador (PABX, Private Automatic
Branch eXchange) y que estan haciendo uso de un sistema de transmision PCM (Pulse Coded
Modulacion) de 2.048 Mbps.

CONFIGURACION DE REFERENCIA

Existe un modelo de referencia definido por el CCITT donde se dan los detalles de las
interfases que existen en el lado del usuario para conectarse a la red publica RDSI, la cual se
muestra en la fig. 8.

Linea del usuano

!:1:, Y {2, PuntosdeAcceso '
| H
2 servicios portiadores - = - |
I Po | 3 125 A
i h Z < A
I 4 {?:. Acceso alos : . i
' Teleservicios , — — —_— Al .
’ : iTES L NT2 NTT i
g:@ Acceso para servicios i ! H S l L ' T U
| ™ XyVaeccrT. |
i /
| OBRC
— f
! r |
TE2 . TA
; oy !
R S

i NT1 Terminacién de inea. mantenimento, temporizacién, aimentacion,
| multiplexaje

NT2  Protocolo, muttiplexaje, conmutacién v ~zncentracidn.

TE1 Equipc terminal disefado para RDS!

TA  Adaptador de terminales existentes (No RDSI).

“I"RS.TyU Puntos de Referencit (In'rriases).

i
!
|
TE2 Terminaies exstentes (No ROSI). !
!
|
J

Fig. 8. Configuracion de Referencia para las interfases usuario-red en la RDSI

La configuracion de referencia (Fig 8) ubica la interfase Usuario-Red, a través de la cual
los usuarios se podran conectar a la RDSI y tener acceso 2 los servicios que ofrece ésta.
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La interfase Usuario-Red esta ubicada entre los equipos considerados dentro de las premisas del
usuario y la central RDSI. Dentro de las premisas de usuano existen basicamente 2 tipos de

equipo:

a) Equipo Terminador de Red (NT) y
b) Equipo termunal (TE)

Este equipo es agrupado en bloques funcionales los cuales representan una o mas partes
de equipo. Por ejemplo, algunas veces las funciones de un tipo de equipo estan fisicamente
ubicadas o implementadas en otro, en casos como este solamente un bloque funcional sera
mostrado y dependiendo de las necesidades del usuario algin equipo puede o no ser necesario,

Las interfases entre los bloques funcionales son llamados puntos de referencia, los cuales
son logicos mas que fisicos, esto es, puede no haber una interfase fisica en un punto de referencia
dado (Este es el caso cuando las funciones de un equipo son proporcionados por otro, ademas de
las propias ) )

La figura 9 muestra un ejemplo de la icrma de conexién por parte de un usuano a la
RDSL

Cualguier combinacion de
! | hasta 8 Equipes termunaies

| TE1 i
i s Central RDS!
{,neade
) transmision ‘
. A ' : [ i
iter T i : LT — o
e s T I : U ! ; v Hac:a
) la
[ | Red
TE2 — i TA |
R L]
! || r
T2 | : TA |
1 R s
ET Terminador de Centrai
|
- Punto de Referencia LT Terminador de |,nea
; NT1 Terminador de Red 1
_— TE! Egquipo termunal compatible con RDSI
{ ! Bloque funcicnal TE2 Equipo terminal no compatble con RDS!
‘__J TA Adaptador de terminai
Fig. 9 Ejemplo de la conexion de un usuario a la RDSIL
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A continuacion se describe de forma muy general los bloques funcionales y los puntos de

referencia incluidos en la configuracion de referencia.

EQUIPO TERMINAL (TE)

El equipo terminal maneja las “~municaciones en el lado del ysuaro de la interfasc

Usuario-Red. Ejemplos de este tipo de ¢.,.ipos son Terminales de datos, teléfonos, computadoras
personales y teléfonos digitales. Los TEs tienen funciones para el manejo de protocolos, de
mantenimiento, de interfase y de conexion hacia otros equipos, asi como funciones para el manejo
de la aplicacion propia (teleservicio) del equipo.

EQUIPO TERMINAL DEL TIPO 1 (TE1)

Los TE1s realizan las funciones de los TEs y ademas tienen integrada la interfase "S", 1gs
que los hace compatibles con 1a RDSI de forma directa. Ejemplos de este tipo de equipos
son Terminales multiservicio para voz, datos y video, asi como teléfonos digitales RDSI

EQUIPO TERMINAL DEL TIPO 2 (TE2)

Los TE2s también realizan las funciones de los TEs, pero ellos no tiene la interfase "S"
que los permite conectarse a la RDSI En lugar de esta interfase tienen otras como la
RS232C, V.35, V.24, X 21, etc. Sin embargo este tipo de equipos pueden ser conectzdos
a la RDSI a través de un adaptador de terminal (TA). Ejemplos de este tipo de equipos
son los teléfonos, fax y computadoras personales existentes.

ADAPTADOR DE TERMINAL (TA)

Este tipo de equipos permite la conexion de TE2s a la RDSI, realizando funciones de
conversion en velocidad y protocolos de los equipos TE2 hacia los estandares (interfase S)
de la RDSI. :

EQUIPO DE TERMINACION DE RED (NT)

El equipo de terminacion de red maneja las comunicaciones del lado de la red (central

RDSI) de la interfase Usuano-Red. . -
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TERMINADOR DE RED DEL TIPO 1 (NT1)

Los equipos NT1 proporcionan funciones equivalentes af nivel 1 del modelo OS] (Open
Systems Interconexion). Estas funciones incluyen conversion de sefial, temporizacion,
mantenimiento de la linea de transmision (interfase "U") y |a terminacion fisica y eléctrica
de la red en las instalaciones del usuario. Algunas veces, el NT1 puede estar integrado en
otro equipo y por 1o tanto no exisuir de forma fisica separada.

TERMINADOR DE RED DEL TIPO 2 (NT2)

Los equipos NT2 son mas inteligentes que los NT1s y proporcionan funciones adicionales
entre las cuales se puede incluir multiplexaje y manejo de protocolos en los niveles 2 y 3
del modelo OSI. Ciertos tipos de NT2s, tales como los PABXs manejan funciones de los
nivel 1, 2 y 3, mientras otros, como por ejemplo controladores de terminales, solo
proporcionan funciones correspondientes al nivel 1y 2 del OSL

Y

EQUIPO DE LA CENTRAL

Este equipo no pertenece a las premisas del usuario, por lo que estrictamente hablando no
son parte de !a interfase Usuario-Red Sin embargo se incluye por estar en la configuracion de
Referencia.

TERMINACION DE LINEA (LT)

Estos equipos realizan funciones de terminacion de linea en el lado de la central de la linea
de transmision (interfase "U").

TERMINACION DE CENTRAL (ET)

Estos equipos manejan la informacion de sefializacion de la interfase Usuario-Red e tnician
los procedimientos para el manejo de 1a llamada a través de la red.

PUNTOS DE REFERENCIA

Los puntos de referencia son los puntos de conexion entre los bloques funcionales Es
necesario tener presente que los puntos de referencia son conceptuales y no indican una interfase
fisica.
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pUNTO DE REFERENCIA R

Este punto corresponde a un interfase (tal como R8232C, V.24 v 35 ¢ X.21} entre un
equipo terminal que no es RDSI (TE2) y un adaptador de terminaj (TA).

PUNTO DE REFERENCIA §

Este punto es una interfase a 4 Hilos (1 par para Tx y el otro para Rx) entre un TE1 0 un
TA y un NT2. Este punto es fisicamente 1déntico a la interfase T' Hasta 8 equipos TE1s 0
TE2 (con sus respectivos TAs) pueden ser conectados a través del punto de referencia S a
un NT1. El NT2 efectivamente divide al punto de referencia T en varios puntos de
referencia S.

PUNTO DE REFERENCIA T

Este punto es una interfase a 4 Hilos entre un TE1 {oun TA oun NT2) yun NT1 Un par
es v >do para Tx y el otro para Rx Fisicamente esta interfase es idéntica a la interfase S
En .. unos casos de PABXs (NT2), el NT1 esta integrado al NT2 por lo que no existe el
punto de referencia T.

PUNTO DE REFERENCIA U

La interfase U es la linea de transmision entre la interfase Usuario-Red v la central RDS!I
Especificamente se encuentra entre ¢l NT1 yla LT Es una interfase "full-duplex” sobre el
par torcido de alambres de cobre (El mismo par se utiliza para Tx y Rx de forma
simultanea).

En los EE.UU,, el punto de referencia U es el limite entre la interfase usuario-red.v la
central RDSI. Esto hace que el NT1 pertenezca a las premisas del usuario, mientras gque
para Europa el limite entre el usuario y la administracion telefonica es el punto S/T

PUNTO DE REFERENCIA V

La interfase V divide el equipo LT del ET. Esto tampoco ha sido estandanizado y es
funcion directa de la implementacion de cada proveedor de equipo de conmutacion
(centrales RDSI).
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INTERFASE U

Este punto de acceso a la RDSI no esta normalizado por el CCITT, por lo que cada
administracion deﬁne la técnica de transmision, el codigo de linea y las caracteristicas fisicas de la
interfase

Por razones econdmicas el actual par de hilos de cobre que llegan a la casa del usuario
telefonico deben ser utilizados para transportar la informacion de los servicios ofrecidos por la
RDSI, es por-esto que la linea de abonado debe permitir transmitir 160 kbps (144 kbps de los
canales 2B+D mas bits extras para informacion de mantenimiento alineacion, etc.) en forma "full-
dupiex"”.

El disefio de esta interfase se tienen basicamente 2 problemas:

1) Transmision “full-duplex” en 2 hilos de informacion digital.
2) Velocidad de transmision en [a linea es de 160 kbps.

El primer problema se resuelve utilizando una técmica adecuada de transmisién y el
segundo tratando de reducir la velocidad con un codigo de linea que ademas permita aprovechar
las caracteristicas de transmision que presenta el par de hilos de cobre.

TECNICAS DE TRANSMISION EN LA LINEA DE ABONADO (INTERFASE U)
TRANSMISION A 4 HILOS

Por supuesto, esta técnica no tiene posibilidades en la practica ya que todos los
subscriptores existentes en la actual red telefonica se conectan con un solo par. Solamente se
conectan a 4 hilos cuando la conexion es de 2 048 Mbps (por ejem. la conexion de un PABX).
Vease fig. 10.

DIVISION DE FRECUENCIA

Con la técnica de division en frecuencia es posible transmitir en forma "full-duplex”, sin
embargo das sefiales “digitales codificadas enviadas por la linea se trasiapan en su densidad
espectral Para evitar este problema se usan diferentes codigos de linea en cada direccion (por
ejem. codisyd bipolar de orden 1 en una direccion y de orden 2 en la otra direccion) 0 usando el
musmo codigo en ambas direcciones pero modulando la informacidn transmitida en una de las
direcciones.

La separacion de la informacion en el lado de recepcidn es realizada mediante filtros La
distancia que se puede alcanzar esta condicionada por las sefiales de alta frecuencia que tengan
gran cantidad de energia; debido a la diafonia en el lado lejano (FEXT, Far-end crosstalk), la cual
es producida por lineas adyacentes de diferente longitud. Las sefiales de alta frecuencia son
transmitidas en la direccion de la central al subscriptor
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Una de la ventajas de esta técnica es que la diafonia en el lado cercano (NEXT, Near-engd
crosstalk) €s minimizada debido a2 que los espectros para transmitir y recibir son diferentes; sin
embargo el disefig de los filtros es complejo y su implementacion en circuitos integrados digitales
presenta problemas. Ademas no es posibie utilizar ef mismo equipo en la central y en ol
subscriptor debido a la asimetria en la transmision; por lo que esta técnica ha sido abandonada..
Véase fig. 10.

a) Transmisian @ 4 hilos

——

T Capm X
(el | _>p———r_| Cankel]
-— KX '_'_Tr"_-' 1
©) Muttiplexaje en frecuencia '
—_ g - —
—— I i — I 1 -j .'rl\_ 1'.‘._ 1’—- fj — I X ———
iErE
! !
- Ry —_ 12 — —— 17 — Ry -

d) Canceiacion de Eco

L.'Tx : >l R

Co e | S

r..c:E |

- Ry <3 ' ' L Tx
! -

Fig. 10. Métodos de transmision en la linea de abonado (Interfase U).

TCM (Time Compression Multiplexing) 6 PING PONG )
) T Bi. A

Este método también llamado de rafagas, involucra el cambio alternado de la direccion de
transmision. Esta alternacion en la transmision, no es en-el sentido de la trarismision “half-duplex”
sino que esta técnica garantiza que efectivamente haya una transmision "full-duplex”, aunque a
nivel microscopico esto sea "half-duplex” dado que el transmisor y receptor transmiten en tiempos
diferentes La informacion binania es almacenada en forma de bloques en los extremos del enlace y
son transmitidos en intervalos de tiempo diferentes. Por lo tanto existen dos fases que no deben
traslaparse transmision y recepcion; que pueden ser distinguidas en cada extremo del enlace.
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por lo tanto para una velocidad de informacion D, 1a velocidad de linea requerida debe ser
minimo 2D; de hecho considerando la propagacion en los cables y el tiempo utjjizado entre las
diferentes fases dan una velocidad del orden de 2.5D.

La distancia tedrica maxima esta dada por

Lmax = v
2(N/D - 2N/F - 2t,)

Donde:
7= Velocidad de propagacion en ios cables (aprox. 200,000 Kmys)
~ = Numero de elementos binarios en el bloque
F = Velocidad de linea
t, = Tiempo de guarda (para evitar interferencia entre la transmision)

Bloques de longitud muy grande reducen el numeros de veces que se debe alternar la
direccidn de transmision y con ello el efecto de la propagacion para de esta forma incrementar la
longitud tedrica, sin embargo para sefiales de voz el retardo de los octetos produce degradacion
en la calidad.

Una longitud tedrica grande es también obtenida aumentando la velocidad de transmision
pero esta se ve limitada por la atenuacion y la diafonia que presenta el par de hilos de cobre.

CANCELACION DE ECO

Este método es utilizado actualmente en transmision analogica en bajas frecuencias para
proporcionar transmision "full-duplex” por un par, utilizando un acoplador (bobina hibrida) de dos
a cuatro hilos con una impedancia balanceada que representa un compromiso entre las
impedancias representadas por ambas lineas. De hecho en la hibrida la red balanceada ¢olocada en
el lado del medio de transmision produce un desacoplo y permite que algunas de las sefiales
transnutidas regresen junto con las sefiales recibidas, a este fenomeno se le conoce como eco
local.

La atenuacion de la trayectoria del eco para un ancho dé banda de aproximadamente 100
kHz es del orden de 10 a 15 dB pero puede caer hasta 6 dB para configuraciones de cable
especificas. Un receptor digital soio funciona correctamente para una relacion seiial a ruido de
aproximadamente +25 dB. Dado que se requiere para un sistema de transmusion digital de
aproximadamente 45 dB a 100 kHz, la sefial remota es atenuada por el valor correspondiente. Por
lo tanto es necesario reducir el eco local aproximadamente 64 dB (45dB + 25dB - 6dB) para que
los datos sean detectados correctamente. El eco remoto de pequefia amplitud debido al desacoplo
de impedancias a lo largo de la linea es sumado al eco local. -

Para eliminar la sefial producida por dicho desacoplo de impedancias, se ha disefiado un
dispositivo que elimina el eco usando la informacion transmitida, lamado "Cancelador de eco™.
De hecho el eco es resultado de la configuracion intrinseca de la linea de abonado y de las
caracteristicas de los simbolos (codigo de linea) que estan siendo transmitidos sobre ella. Este
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dispositivo hace uso del principio de que no exista una correlacion entre el eco y la sefial que
proviene del lado remoto, para este efecto se usan diferentes aleatorizadores (scramblers) en cada
uno de los extremos de la linea. Ademas el circuito que realiza las funciones de procesamiento de
sefiales debe ser flexible para aceptar todas las posibles configuraciones de una linea de
subscriptor en una red telefonica y responder a3 cualquier variacion en sus caracteristicas con el
tiempo.

Existen basicamente dos métodos para estimar el eco; uno usa un filtro transversal y el
otro esencialmente usa memonas.

En el primer método el filtro contiene N (el cual puede alcanzar varias decenas)
coeficientes variables - que representa la respuesta al impulso del eco muestreado. La
multiplicacion de estos coeficientes con la secuencia de los datos transmitidos producen la
perturbacion instantanea debida al eco, la cual es calculada cada vez que se transmite un simbolo.
Los coeficientes del cancelador de eco son ajustados para reducir el error residual que resuita de
una mala estimacion del eco real. Se puede demostrar que la diferencia entre el eco real y el eco
estimado puede ser expresado estadisticamente. tomando en consideracion la no correlacion de la
sefial, como una funcién de los datos transmitidos y del total de la sefial recibida (estos
parametros se obtienen del sistema de recepcion). Por lo tanto es posible minimizar este error
usando algontmos de mayor o menor grado de complejidad (del gradiente o tipo de signo) el cual
asegura una convergencia progresiva del cancelador de eco. Este método implicitamente asume
que el eco del canal es lineal y que cualquier no linealidad esta fuera del rango de operacion del
cancelador, lo cual implica que cualquier no linealidad en la codificacion sean excluidas de la
trayectoria del eco. Sin embargo otras no linealidades pueden aparecer como desbalance en el
transmisor o no linealidad del convertidor analogico-digital.

El segundo método, usa memorias que contienen el eco que ha sido previamente calculado
para todas las posibles secuencias de informacion con lo cual se puede compensar las no
linealidades. Si se asume que el eco puede ser modelado mediante un filtro de N coeficientes para
N datos binarios sucesivos, el eco solo puede tomar 2N valores y por 1o tanto es suficiente que los
N elementos binarios sean usados para direccionar una memoria cuyo contenido varia en funcion
de error residual de la sefial. La gran cantidad de memonias y los grandes tiempos de convergencia
son la principales desventajas de este méetodo.

Consecuentemente estructuras intermedias han sido disefiadas, por ejempio M memonas
con 2NM palabras cuyos contenidos son sumados:pafa producir el eco, para esto se debe
establecer un compromiso entre robustez a la no linealidad, la velocidad de calcuio y el tiempo de

convergencia. ' ‘

La principal ventaja del cancelador de eco es la preservacion de espectro en frecuencia
correspondiente en banda base. Sin embargo es importante evitar ¢odigos de linea con mucha
energia en las bajas frecuencias para asegurar una buena robustez contra el ruido de Ia red local,
que por lo general ocurre en la banda de 0 a 20 kHz
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Por lo antes descrito es conveniente usar codigos de linea para este método de
transmision, que sean lineales y que sean invariantes con respecto al tiempo en el proceso de
almacenamiento de las respuestas al impulso. Algunos de los codigos con esta caracteristicas son
el bifase, bipolar, 4B3T y 2B1Q. El cddigo determina la complejidad de su implementacién en
Circuitos Integrados , por ejem un CI de transmisién que contenga cancelacién, equalizacion,
recuperacion de la temporizacion y activacion pueden contener hasta 50,000 transistores, pero se
puede disminuir esta cantidad realizando una adecuada seleccion del codigo.

Después de que el eco ha sido estimado, se elimina (mediante una operacion de
sustraccion) y en ese momento generalmente la sefial es manejada como una transmision a 4 hilos,
sin embargo es necesario realizar filtrados adicionales para reducir la interferencia entre simbolos.
La velocidad de convergencia del sistema cancelador de eco es un elemento clave en el tiempo de
estabiecimiento de la comunicacion. Cuando el sistema ignora por completo las caracteristicas de
la linea, el tiempo de convergencia de arrancando desde un estado aleatorio los coeficientes;
puede tomar algunos segundos, sin embargo si los coeficientes son almacenados entre una
comunicacion y otra, el tiempo de convergencia no excede los 100 ms.. Véase fig. 10.
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CARACTERISTICAS QUE DEBE TENER UN CODIGO DE
LINEA PARA RDSL

El objetivo que se persigue en RDSI en la interfase "U", es bajar lo mas posible la velocidad de la
linea, transmitiendo la misma cantidad de informacion, por lo que el codigo que cumpla mejor con
las siguientes caracteristicas, sera un codigo adecuado para RDSI. -

1. Transparente a la informacion.

2, Facilidad para recuperar el reloj.

3. Evitar (si es posible) la componente de corriente continua, asi como la presencia de
grandes cantidades de energia a bajas frecuencias.

4. Redundancia (deseable) para detectar ervores en la linea.

5. Espectro limitado en frecuencia para hacer un buen uso de la atenuacion y de la

diafonia (crosstalk) presentada por el par torcido de cobre.
Reduccion en la velocidad de transmusion.

Eficiencia

Propagacion minima de errores

Insensibilidad a la permutacion en los cables del par.

© % o
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Fig. 11. Codigos de Linea.

UNAM PAG 18/46

/Y



RDSI ANGELICA MORENO ARGUELLO

En la fig. 11 se muestran los cddigos de linea mas utilizados en sistemas de transmision, sin
embargo los codigos mas utilizados por las Administraciones Telefonicas para RDSI en |
interfase U son:

2BITS SE CONVIERTEN EN
1 SIMBOLO CUATERNARIO

o 2BITS, 160 Kbps

1 SIMBOLO CUATERNARIOQ, 80 Kbauds

REGLA DE CODIFICACION

PAR DE BIiTS i SALICA | -
DIBITS ‘CODIFICADA

+
1
!

| 10 Po+3
i 11 ; +1 ’
01 -1 ,
00 J 3

. EJEMPLO DE CODIFICACION
; ' ! i . { | |
TRENDEBITS 010110'11111010/0000/10!11,

Fig. 12 Codigo de linea 2B1Q para la interfase U.

a) 4B3T 4 simbolos binarios son representados mediante 3 simbolos ternarios (3 niveles de
voltaje posibles por cada simbolo)

b) 2B}Qd. 2 simbolos binarios son representados mediante 1 simbolo cuaternario (4 niveles
L de voltaje posibles por cada simbolo).

-

Codigo de linea 2B1Q

Convierte bloques consecutivos de 2 bits en un pulso de 4 niveles posibles para ser transmutidos a
través de la linea de abonado, como resultado de esto la velocidad de simbolos transmitidos
(Bauds) se reduce a la mitad de la velocidad de transferencia de informacion (Bps) Dado que
todos los posibles simbolos que proporciona el codigo son utilizados, se dice que es un codigo
saturado, es decir, 4 posibles valores son representados mediante 2 bits y un simbolo cuaternano
solo tiene 4 posibles niveles o valores. (Véase fig 12)
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- 4 BITS SE CONVIERTEN EN
3 SIMBOLOS TERNARIOS .

|
— L

o]+

3 SIMBOLOS TERNARICS, 120 Kbauds

TABLA DE CODIFICACION
CERO O .

8ITS NEGATIVO POSITIVODISPARIDAD

0000 +0- «0- 0

000+t .+0 -+0 0

0010 0-+ 0-+ 0

0011 «-0 +-0 0

0100 ++0 -0 2

0101 Ge+ Q-- 2

0110 +0+ -Q- 2

111 ret --- a -

NOTA DONDE EXISTE

P 1000 .- L. 1 CODIFICACION

1001 S +o- 1 ALTERNATIVA,

1010 o -+ 1 LA SELECCION

1011 +00 -00 1 DE LA SECUENCIA

1100 0+0 0-0 1 SE REALIZA DE

1101 00+ 60 - 1 TAL FORMA QUE

HE SISO Gl

111 -0+ -0« 0 AL MINIMO .

EJEMPLO DE CODIFICACION

TREN OE BiTS | 010111011 11101000° 0010
SENAL ENVIADA [0 ++{-00{0+-/--+|0.+]

pispARIDAD O f 2 |1 [ 1 | o] o

Fig. 13. Codigo de linea 4B3T para !a interfase U.

Cédigo de linea 4B3T

Este codigo tiene una compresion menor de velocidad de simbolos (Bauds) que et 2B1Q, por que
utiliza sefiales de 3 niveles en lugar de sefiales de 4 niveles Otro factor que no permite bajar mas
la velocidad de simbolos es que los 16 posibles valores generados por 4 biis scn representados
mediante 27 posibles combinaciones de 3 simbolos ternarios para ser transmitidos por la linea de
abonado. Las 11 combinaciones restantes pueden ser utilizados para otras funcionss del codigo. 2
lo que se le conoce como codigo no saturado. (Vease fig. 13)
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TIPOS DE CANALES PARA EL TRANSPORTE DE
INFORMACION EN RDSI

La informacion en la interfase usuario-red se transmite entre la NT y el TE a través de
"canales". Un canal es una porcion especifica del ancho de banda total de la linea de transmision.
Las normas RDSI definen varios canales , pero los més usados son los canales B y D.

Canal B

El canal B (canal de portadora) es un canal digital de 64 Kbps. Este canal no lleva
informacion de sefializacion, sino, lleva informacion como voz o datos en conmutacion de
circuitos o conmutacion de paquetes.

Canal D
El canal D es un canal separado y su uso es principalmente para transportar informacion
de sefializacion. Este canal puede ser de 16 Kbps o 64 Kbps. La informacion de sefalizacion
establece, mantiene, y termina la conexiones en la red RDSI.
La naturaleza de las funciones sefializacion causa que la informacion de sefializacion se genere en
forma de rafagas; por lo tanto, cuando el canal D no lleva informacion de sefializacion, se puede
transmutir informacion de usuanio en conmutacion de paquetes, sobre el canal D.

Tabla 1. Canales B y D en 1a RDSI

TIPO DE CANAL VELOCIDAD DE TX USO
B ‘ 64 Kbps Datos o voz en conmutacion
de circuitos o de paguetes
D 16 Kbps Informacion de Sefalizacion
) para los canales B o
64 Kbps informaci6n de usuario en
conmutacion de paquetes,
cuando hay no sedalizacién

VELOCIDADES DE ACCESO A LA RDSI

Las Normas RDSI definen el acceso del usuario a la RDSI a través de canales B y D para crear
diferentes configuraciones de canales. Estos configuraciones de canal puede pensarse como tubos:
Cada tubo lleva varios canales los cuales estan multiplexados en tiempo sobre la linea de
transmision. El dos principales configuraciones son la Interfase de Acceso Basico (BRI) y la
Interfase de Acceso Primario (PRI). También son conocidas como Acceso Basico (BA) y Acceso
Primario (PA) '
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RDSI

INTERFASE DE ACCESO BASICO (BRI)

Un BRI consiste de dos canales B (64 Kbps cada uno) y un canal D (16 Kbps), el cual es
conocido como 2B+D vy tiene una capacidad para transportar informacion de 144 Kbps (64 k+ 64
k+ 16 k). Con bits adicionales de overhead (control) , la velocidad total en la interfase S es de 192
Kbps. El dos canales B pueden usarse independientemente para tipos diferentes tipos de
transmision. Para ejemplo, un canal B puede llevar informacion de voz y el otro puede llevar
datos. De esta manera, voz y datos son integrados sobre los mismos medios de transmision. .

INTERFASE DE ACCESO PRIMARIO (PRI)

Actualmente, existen dos tipos de Accesos Primarios definidos. En EE.UU., Corea de Sur, y
Japon, el PRI es de 1.544 Mbps (23 canaies B v 1 canal D a 64 Kbps cada uno mas un overhead
de 8 Kbps). El PRI Europeo usa 30 canales B v | canal D a 64 Kbps cada (mas un overhead de
64 Kbps) para una velocidad total de 2 048 Mbps El overhead para ambos PRIs sirve para
funciones tales como sincronizacion de trama v administracion de red.

PROTOCOLOS RDSI

Ademas del equipo, puntos de referencia, y configuraciones de los canales de la interfase usuario-
red de la RDSI se han definido los protocolos para la transmision de datos y funciones de
admunistracion. Las normas de RDSI se han desarrollado siguiendo el modelo OSI de siete capas
.Las Senes I del CCITT describe los protocolos para las primeras tres capas de la RDSI Hay
tambien nimeros equivalentes en la Serie Q para protocolos de algunas de las capas.

El modelo OSI describe el proceso de comunicacion entre capas, las cuales estan formadas por
diferentes Entidades. Durante un proceso de comunicacion, entidades de la misma capa pero en
sistemas diferentes (por ejemplo, en diferentes extremos de una RDSI), éstas deben intercambiar
informacion. Las cuales son llamadas enridades par Las entidades par se comunican por medio
de las capas inferiores de sus sistemas respectivos Para llevar a cabo esto, las capas adyacentes
del mismo sistema interactuan en sus lirmutes comunes de tal forma que las capas inferiores
proporcionan servicios a capas superiores Por ejemplo, los servicios usados por la capa 3 estan
compuestos de los servicios de la capa 2 y de los senvicios que provee la capa 1 ala capa 2.

Aplicando estos principios a la comunicacion entre dos puntos extremos de una red RDSI, capas
adyacentes en el lado originante agregan informacion de protocolo a la informacion de usuano
que va ha ser enviada. En la capa fisica (capa 1). la informacion compuesta es enviada sobre el
mismo medio de transmisiéon. En el lado receptor, la informacion apropiada de protocolo es
extraida e interpretada por cada capa. La informacion sobrante se pasa al proximo nivel superior
hasta que la informacion original de usuario alcanza su destino.
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Es importante notar que las capas y protocolos involucraron en una transaccion particular pueden
ser diferentes durante la fase de sefializacion y la fase de transferencia de informacion. También.
diferentes piezas de equipo RDSI ¢ =den proveer las funciones para una capa dada, dependiendo
de los tipos de equipo usados en la «unfiguracion particular de la interfase usuario-red.

Generalmente, las funciones de las capas 1 a 3 de la RDSI se construyen una sobre la otra (véase-
fig. 14) y realizan las siguientes funciones.

CAPA O NIVEL MODELO 08I CANALES B ' CANAL D
i
7 i APLICACION ‘ \
! I
; i |
1 !
6 , PRESENTACION i ' SIN DEFINIR oo
. ‘ TODAVIA
i ' ' DEFINIDOS
5 | SESION i ; FOR EL
! ! : USUARIO !
‘ N
4 ’ TRANSPORTE [
i i 1.451 Y TAMBIEN
3 RED ‘ X 25
) ENLACE 1.441 (Q.921) ,
1
| DEDATOS : LAPD i
1 FISICO 1.431 PRI | 435 PRI r
i 430 BRI | 430 BRI i

Fig. 14. Protocolos en la interfase S de la RDSI

CAPA 1 (CAPA FISICA) .

La capa | determina la caractenisticas de la transmision fisica en un enlace nodo a nodo Por
ejemplo, deiine el conector fisico, las fuentes de alimentacion , el codigo de linea, los niveles de
voltaje y la forma de activacion y desactivacion de la interfase para proveer las caracteristicas de
transmision necesarias y poder enviar la informacion sobre el medio de transmision fisico.

En las figuras 15 a 18 se muestran algunas de las caracteristicas del nivel fisico de la interfase S
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fig 15. Conector ISO-8877 (RJ45) para la interfase S.

EQUIPO TERMINAL (TE) TERMINADOR DE RED (NT)

! a

. r——-—_
i PUNTO DE ) : i FUENTEDE !
CONSUMGC O I ! ! {ALIMENTACIO
FUENTE3 | ‘ i 3

o
o

——

! ALIMENTACION

i
!
|
i
* c {
I~ - = t
; = | ; Rx| Z——=t— |
i —_— = ! - {______
|| PUNTODE a- ] a FUENTEDE | |
! CONSUMO ! ALMENTACION |
| 1 . ' .:3 1 lr
_— = - v -
= [Rx ; x| Te—e——— |
- L . - -
t ; f
1
H 1
! g : § - o |
- PUNTO DE ) FUENTE DE
1| consumo : {ALIMENzTACIO
0 2 Al M
+

INTERFASE S

Fig. 16. Fuentes de energia y puntos de consumo en el nivel 1 de ia interfase "S".
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RDSI

B

1

ESTADQS
LOGICOS

o]

TREN DE BITS {Informacidn generada por los TEs ¢ por la Red)

0
ESTADCS
LoGicos !

0

SIMBOLOS EN AMI (Sefal enviada a traves de la interfase S)
) AMI| = Alternate Mark Inversian ASI = Alternate Space Inversion

Fig. 17 Codigo de linea AMI modificado (ASI) usado en la interfase S.

| SENALES DE NT —» TE . SENALES DE TE -» NT
| . '
; - B
| INFOO AUSENCLA DE SENAL INFQ O AUSENCIA DE 82 AL
: (TRANSMISION DE CEROS BINARIOS) {TRANSMISION DE CEROS BINARIOS)
INFO 1 SENAL CONTINUA CONEL SIGUIENTE

PATRON: CERO PSITIVO, CERQ NEGA.-
TVO Y SEIS UNQS CONSECUTIVOS.

-

INFQ2  TRAMA CON LOS BITS DE LOS CANALES
B.0y ECO DEL CANAL D (E)} PUESTOS
A CERO EL BIT A ES PUESTO A CERO
i BINARIO BITS NyL PUESTOS DE
ACUERDO A LAS REGLAS DE CODIFICA-
CION NORMALES. )

F LB'BIB1B1B1B81B1B1 E O A Fa N B2B2B2

INFO 3 TRAMAS SINCRONLIZADAS CON DATOS
OPERACIONALES ENLOS CANALES By O

INFO 4 TRAMAS CON DATOS OPERACIONALES EN
ENLOS CANALES B. Dy ECQ DEL
CANAL O (E). BIT A PUESTO A UNC

! BINARIO.

Fig. 18. Sefiales INFO, para la activacidn y desactivacion del nivel fisico de la interfase S
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CAPA 2 (CAPA DE ENLACE DE DATOS)

Esta capa lleva la informacion de la capa 1 y aplica las funciones necesarias para asegurar que la
transmision este libre de errores en cada enlace de la trayectora de transmision. La deteccion y
correccion de errores son realizados por el protocolo de capa 2 en cada enlace entre nodos.

CAPA 3 (CAPA DE RED)

La capa 3 define como se arma la trayectoria completa de comunicaciones usando los enlaces con
proteccion contra errores proporcionados por la capa 2 La capa 3 usa un protocolo de
sefializacion para determunar la trayectoria o ruta dentro de la red para transportar la informacion.

Hay que recordar que los canales B llevan soiamente informacion de usuario (aunque hay una
variedad de informacion de usuario, tal como voz, datos, video y facsimile). Por esta razon, el
anico protocolo especificado para el canal B es la capa fisica (capa 1). Si la configuracion de
canales es de un BRI (Interfase de Acceso Basico), el protocolo es I 430 Si la configuracién de
canales es de un PRI (Interfase de Acceso Primano), el protocolo es 1.431. Los niveles restantes
del modelo OSI (capas 2 a 7) son definidos por el usuario para el canal B.

Dado que los canales D pueden llevar informacién de sefializacién o informacion de usuano®y la
informacion de sefializacidn debe de controlar todo el trafico en el canales B, los protocolos de
canal D son mas detallados y complejos. La capa 1 del canal D es la misma capa | del canal B
1.430 para un BRI y [.431 para un PRI, Esto es porque los canales B y D estan multiplexados en
tiempo sobre la misma linea de transmision fisica.

Los niveles 2 y 3 estan especificados de tal forma que la sefializacion se puede realizar en
cualquter tipo de interfase en una forma normalizada. La recomendacion [.441 del CCITT (Q -
921) define la Capa 2.

Este protocolo de capa 2 es también comunmente conocido como LAPD (Procedimiento de
Acceso al Enlace en el canal D). LAPD es semejante al protocolo LAPB usado en X.25 salvo que
permite enlaces l0gicos multiples entre puntos extremos. Esta capacidad es necesarnia porgue el
protocolo de capa 2 tiene que proveer los servicios de transporte de nivel de enlace de datos tanto
para sefializacién como para :afzrinacion de usuario al-nivet 3. LAPD usa una estructura de trama
como el protocolo HDLC. El mivel 3 para el canal D es especificado en la recomendacion [ 451
(Q 931) del CCITT. X.25 se puece también usar ‘ 4

Fs

El protocolo de sefializacién del canal D controla el trafico del usuario en los canales B entre el
interfase usuario-red y la central RDSI B

Sin embargo, entre las centrales RDSI, se usa protocolo de sefalizacion por canal comun
(CCITT#7).

UNAM PAG 26/46

poyZ



. . ——roe 0 iunEND ARGUELLD

PROTOCOLOS DE CAPA 1 PARA LOS CANALESBYD

Las recomendaciones del CCITT | :30 (para un BRI) e 1431 (para un PRI) especifican las
caracteristicas fisicas de la interfase usuario-red en los puntos de referencia S y T. Estos
protocolos de nivel 1 proveen los siguientes servicios al nivel 2:

» Funciones de sincronizacién y temporizacion en fos canales By D.

» Los procedimientos necesanos para la activacion y desactivacion del TE o de la NT.

« Los procedimientos necesarios para permitir a los equipos terminales ganar el acceso al canal D
de sefializacion en una forma order.. .1.

"« Procedimientos de capa 1 necesarios para realizar funciones de mantenimiento
e Indicacion del estado de la capa 1 a las capas superiores

e Capacidad de transferencia de informacion en modo multipunto a punto asi como de Punto a
punto .

En las premisas del usuario (interfase usuario-red), la informacién de usuario y de sefializacion es

transmutida en tramas sobre los cuatro hilos de la linea de transmision de las interfases Sv T ala
central RDSI. La estructura de estas tramas depende del tipo de acceso (BRI o PRI) '

ESTRUCTURAS DE TRAMA DEL ACCESO BASICO EN LOS
PUNTOS DE REFERENCIAS 6T

Recordemos que el Acceso Basico consiste de dos canales B (informacidn de usuario a 64 Kbps
cada uno) y un canal D (informacion de sefalizacion o de usuario a 16 Kbps), los cuales son
multiplexados en tiempo sobre los cuatro hilos de la interfase S. Un par de hilos es usado para
transmitir y el otro par es usado para recibir.

Existen dos tipos de tramas para el Acceso Basico

» Un tipo de tramas es transmitido del TE al NT (direccinn de usuario a central) y

« Otro tipo de tramas es transmitido de la NT al TE (direccion central a usuano)

La sincronia de trama para las tramas de TE a NT es derivada de las tramas de NT a TE, pero con
2 bits de defasamuento (offset), vease fig. 19.
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Ambos tipos de tramas consisten de 48 bits transmitidas cada 250 microsegundos (4,000 tramas
por segundo) Esto equivale a una velocidad de transmision total de 192 Kbps, sin embargo.
algunos de los 48 bits {12 bits) son de overhead (bits adicionales de control) y no de informacic
de los canales B o D. Los 36 bits de informacion de los canales B y D son usados como sigue’ 16
bits son del primer canal B, 16 bits son del segundo canal B, y cuatro bits del canal D. Esto
resulta en una transferencia de datos a una velocidad de 144 Kbps (36 bits x 4,000 tramas por
segundo)

43 Bris en 250 microseg. |

NT= TE
F LBIB'BIR1RIBIBIBIE D A F N 8252878282822:32€ D S 81818181B1B18181E D SB2B2928282828282 E D L
O A 1 0 L O O A O O I R M O
o eyl i NN
! 1
I

I
REENERENENEEREEEN T
i '
b I

1

—_——

T

b_p [ u"ﬂ‘l,.ICHT(HHW|1ﬂ1|||1|;11ﬂ|L|H|~||'
| I ENEEEEEEENEENEEREEN D R EEREENN "

-~

TEe> NT
F = Bt de aiineaci¢n de trama Fa = Bit auxhar (=0) - B2 = Bits dei canal 82
L = Bit de balance de CD N = Bit puesto al valor binano de Fa A = Bit usacs para achivacien
O =Bitdecanai D B1 = Bits cel canal B1 $ = Reservado para futura estandarzac.¢n

E = Bit eco ael canal D

Fig. 19. Trama del Nivel 1 de la interfase S.

Aunque ambos tipos de tramas tienen 12 bits de overhead (control), algunos bits son usados
dependiendo del tipo de trama. Por ejemplo, dado que un BRI puede ser configurado en punto a
punto o punto a multipunto, alguno de los bits de control en las tramas de NT a TE son usados
para controlar el acceso al canal D.

Los bits de control que son unicos en las tramas de NT a TE se describen a continuscion

bits A (activacion/desactivacion)

bits de Activacion/desactivacion permiten a un equipo terminal estar en linea (activado)

También pueden ponerlo fuera de linea (desactivado) en modo de baja potencia de consumo
cuando ni transmute ni recibe. ‘ w

bits E (eco)
Estos bits de eco regresan los valores de los bits del canal D anteriormente transmitidos en i3
trama de TE a NT. Son usados para controlar el acceso al Canal D.
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bits M ‘
bits de Multitrama.

bits S
bits del canal S.

METODO DE ACCESO AL CANAL D.

Cuando un TE, hace uso del canal D éste transmite su informacion de sefializacion en las ranuras
correspondientes al canal D en fa trama de nivel 1, en la direccion TE a NT, y la NT le envia un
eco (le regresa el mismo valor) en la posicion del proximo bit E. El TE espera en la posicion del
proximo bit E recibir el mismo valor (eco) del ultimo bit del canai D enviado. Si no asi, el TE
supone que en el canal D ha ocurndo una colisién y deja de transmitir. Entonces tiene que esperar
para volver a usar el canal D, siguiendo las reglas del método de control para el Acceso al canal
D, el cual se describe a continuacion

Los TEs deben observar los bits E que vienen de la NT. Un cierto numero de bits E continuos con
un valor binario de | indica que el canal D esta libre. El nimero especifico de 1s continuos en la
posicion del canal E que un TE tiene que ver antes de transmitir depende si el TE quiere transrruur
informacion de sefializacion o de usuario sobre el canal D.

La informacion de sefializacion tiene la prioridad alta; por lo tanto, se necesita menos bits con
valor 1 continuos en la posicion E para poder transmitir informacién de sefializacion.

Inicialmente (esto es, para la primera tramna enviada por un TE), el nimero de 1s continuos en los
bits E que un TE tiene que ver son & para enviar informacion de sefializacion y 10 para enviar
informacion de usuario Después de, transmitir en forma exitosa una trama de capa 2 (esto lleva
mas de una trama de capa 1), el numero de 1s continuos en los bits E que un TE especifico tiene
que ver debe ser incrementado en uno (tanto para seiializacion como para informacion de
usuario). Esto permite a otro TE tener acceso al canal D

S1 un TE en particular no tiene informacion que enviar sobre el canal D, transmite 1s binanos,
permitiendo que el proceso anteriormente descrito se lleve a cabo. Una vez que todos los TEs han
usado el canal D, el numero de bits E es decrementado a su nivel original.

P -

ESTRUCTURAS DE TRAMA DE LA INTERFASE & 6 T DEL
PRI.

Como se menciond al inicio, se han definido 2 estandares uno es: el 1.544 Mbps par EE.UU,,
Corea del Sur,.y Japon (23 canales B a 64 Kbps cada uno, mas un canal D a 64 Kbps, mas
overhead) y el otro es el estandar Europeo, también utilizado en México de 2.048 Mbps (30
canales B a 64 Kbps, mas un canal D a 64 Kbps, mas overhead). A diferencia del Acceso Basico
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(que pueda ser usado en configuraciones punto a punto o punto a multipunto), ambos tipos de
PRIs son pensados para solamente operacion en modo punto a punto.

En operacion punto a punto, el PRI permanentemente esta activado y no necesita bits de control
para activacion/desactivacion del nivel fisico ni un método para el uso del canal D. Dado que estas
funciones no se requieren, las tramas del PRI en ambas direcciones tienen el mismo formato.

Sin embargo existen dos tipos tramas para el PRI Una trama para el de 1.544 Mbps, y otro tipo
de trama para el de 2.048 Mbps. (Véase fig. 20)

ACCESOPRIMARIO 238 + D

H BIT] 8BITS | BBITS | 8BITS 8eiTs | 8BITS | BRITS
F B1 B2 B3 822 8Z3 D

1 TRAMA = 183 BITS CADA 125 mSeg
1/125 mSeg x 183 = 1 544 MBps

. ACCESCPRIMARIO 30B « D

88ITS 8 BITS 8 8178 88ITS 8BITS 8 BITS 8BITS 8 8iTS 8 BITS
F B1 82 B1S ] 817 g28 829 B30

1 TRAMA = 256 BITS CADA 125 mSeg
1/125 mSeg x 256 = 2.048 MEps

B =CANALB

D =CANALD

F = BIT PARA ALINEACION DE TRAMA (SINCRONIA)
F = CANAL DE SINCRONIA Y CRC-4

Fig 20 Estructura de las tramas de Nivel | de la Interfase S/t del Acceso Primario.

Para el Acceso a 1.544 Mbps, la trama consiste de 193 bits transmitidos cada 125 microsegundos
(8,000 tramas por segundo). Esto da una velocidad total de 1.544 Mbps; sin embargo, la
velocidad real de transferencia de datos velocidad es 1.536 Mbps porque uno de los 193 bits es
usado para sincronia. Los restantes 192 bits se dividen en 24 ranuras de tiempo, cada una de ocho
bits de longitud. Veintitrés de las ranuras de tiempo son para canales B y la ranura restante es para
el canal D.

Ei formato para el Acceso de 2.048 Mbps es semejante al formato de 1.544 Mbps. Estas tramas
son transmitidas también cada 125 microsegundos, pero consisten de 256 bits que son divididos
en 32 ranuras de tiempo, con una longitud de ocho bits cada una. La ranura cero se usa para
sincronia, las ranuras 1 a 15y 7 1 31 son usadas para los 30 canales B, y la ranura 16 es usada
para el canal D. Dado que hay - -~ bits de sincronia por trama, la velocidad real de transferencia
de datos es de 1.984 Mbps (248 pits x.8000 tramas por segundo).
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PROTOCOLO DE SENALIZACION DE CAPA 2 DEL CANAL D

Las recomendaciones del CCITT 1.430 y 1.431 definen el nivel fisico para los Accesos Bisico y
P~-ario. y la capa 2 para el canal D es definida en las recomendaciones 1.440 (Q.920) e 1.441
(.. 21). La recomendacion 1.440 (Q.920) describe en forma general la capa 2 de RDSI, y La
recomendacion 1.441 (Q. 921) define en forma detallada el nivel 2.

Otro nombre mas comun para este protocolo es LAPD (Procedimiento de Acceso al enface en el
canal D). Su proposito es controlar el intercambio de informacion entre las entidades pares de
capa 3 a través de la interfase de usuanio-red. También controla las interacciones entre el enlace
de datos (capa 2) y la capa de red (capa 3) y entre la capa 2 y la capa fisica (capa !) Para llevar a
cabo esto, la capa 2 provee servicios a la capa 3 y recibe servicios de capa 1. Se le conoce como
Punto de Acceso al Servicio (SAP) al punto donde la capa 2 proporciona servicios a la capa 3.
LAPD puede asociar mas de una entidad de capa 3 con una SAP.

Para el intercambio de informacion entre dos o mas entidades de capa 3 , una asociacion debe ser
hecha entre entidades de la capa 3 por el protocolo de capa 2. A esta asociacion se le conoce

como conexion de enlace de datos

Estas son algunas de las funciones de L APD

* Es independiente de la velocidad de transmision de la capa 1
¢ Permite la operacion de multiple equipo terminal en la interfase usuanio-red.

» Proporciona para multiples entidades de nivel 3 (y, por lo tanto, combinaciones multiples de
puntos extremos de enlace de datos). Diferentes conexiones son identificadas mediante el DLCI
(Identificador de conexion del enlace de datos) para cada trama de LAPD.

» L a delimitacion de tramas se realiza mediante el uso de banderas (01111110} y la transparencia
a traveés de la técnica conocida como "relleno de bus" como la usada en el protocolo HDLC. (La
tecnica de relleno de Bits consiste basicamente en insertar un 0 en la secuencia de bits de datos
cuando una serie de cinco 1s es detectada dentro de la trama para impedir que la secuencia de bits
se confunda con una bandera) ’

 Efectiia un control de la secuencia para mantener en orden las tramas a través la conexion de
enlace de datos '

« Proporciona deteccién de y recuperacion de errores en la conexion de enlace de datos.

¢ Efectua Control flujo .
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Hay dos tipos de servicios de transferencia de datos que proporciona LAPD: con acuse Y sin
acuse de recibo.

Sin acuse de recibo, la informacion de capa 3 se transfiere sin esperar una respuesta del lado
receptor. Este es el método mas rapido, pero no provee control sobre la secuencia de las tramas
transmitidas para correccion de errores (determinar cuando una trama necesita ser retransmitida)
Existen dos formas del servicio con acuse de recibo: operacion de una sola trama y operacion de
multitrama.

El servicio acuse de recibo permite controlar el orden de las tramas mediante la numeracion de las
tramas. También provee control de errores dando acuse de recibo para tramas transmitidas de
manera exitosa y pidiendo retransmision de las tramas con errores.

Este servicio es usado solamente en configuraciones de punto a punto.

ESTRUCTURA DE LA TRAMA DEL PROTOCOLO LAPD. )

La estructura de la trama para comunicacion entre entidades pares a través de una conexion de
enlace de datos consta de cinco o se1s campos. siendo el de informacién el Gruco campo opcional.
La trama tiene la estructura mostrada en la fig 21

NIVEL 2 NIVEL 3 - NIVEL 2

BANDERAF DIRECCION CONTROL INFORMACION CRC BANDERA

FORMATO A

NIVEL 2 I

BANDERA|] DIRECCION CONTROL CRC BANDER

FORMATO B

Fig. 21. Ti;os de Formato de la trama de Nivel 2 de la interfase S/T.
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DESCRIPCION DE LOS CAMPOS DE LA TRAMA. (Vease fig 22)

Campo de bandera.
Todas las tramas deben iniciar y terminar con un campo de bandera, A la bandera que indica el

inicio de la trama se le conoce como bandera de apertura, mientras que a la bandera que indica el
fin de la misma se le conoce como bandera de cierre, aunque en algunas ocasiones, ésta también
sirve para indicar la apertura de la siguiente trama. El campo de bandera contiene una codificacion
unica, la cual consiste de una secuencia de un cero, seguida por seis unos consecutivos y
finalizando con otro cero (01111110).

Campo de direccidn.
El campo de direccion identifica al receptor destino de una trama instruccidn y al transmisor que
Bit de extension del campo de direccion (EA).

Bit EA . 0
Este bit sirve para indicar que dentro de un campo de direccion existen octetos adnmonales
colocandolo con un valor de 0, cuando se pone a un valor de | se indica que ese octeto es el
octeto final del campo de direccion. Para nuestro caso, debido a que el campo de direccion es de
dos octetos, el pnmer bit EA se coloca en un valor de 0, mientras que el segundo se coloca en un
valor de 1.

i

L MvEL2 : NIVEL 3 : NIVEL 2 i
" BANDERA| CAMPO DE CAMPO DE CAMPO DE | CAMPO | BANDERA
| | DIRECCION CONTROL INFORMACION ; cre | ;
1011110 | 168ITS | 8o 16BITS MAX. 260 BITS 16BITS | 01111110 |
| CAMPO DE DIRECCION CAMPO DE CONTROL | CAMPO DE INFORMACION | CRC |
| SAPI | C/R_EAGTIPOSOETRAMAI B 7 6 5 4 3 2 1| DISCRMINADOR DE PROTOCOLO LIS
. LONG. REFER
LT EAl) NS) (00 o o of ok |48 xl% .S
| N(R) | P REFERENCIA DE LLAMAQA
1 x X x X|s s o 1]0] TPODE MENSAJE |‘
SRR, RNR, REJ ECEW |
| N(R) 'PIFL Sa (GATORIGS Y OPCIONALES

UISABMEDMD!SCIM M Mlp/FiM Mi1 1

L UA FRMR XID ITIPOS DE MENSAJES NIVEL 3
1 ESTABLECIMIENTO DE LLAMADAS

2. DURANTE LA FASE ACTIVA DE

LA LLAMADA )
3. TERMINACION DE LA LLAMADA
4 VARIOS
Fig. 22. Trama de Nivel 2 del canal D.
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Bit de campo para instruccion/respuesta (C/R).

Ei bit C/R sirve para identificar una trama como instruccion o respuesta. De acuerdo a las reglas
establecidas en el Protocolo HDLC, cuando se desea enviar una instruccion se utiliza la direccior
de la entidad de enlace de datos que 1o va a recibir, mientras que cuando se trata de una respuesta
se utiliza la direccion de la entidad de enlace de datos que la genera.

La fig. 23 muestra los valores que utilizan tanto el lado usuario como el lado red para cualquiera
de los casos:

Identificador de punto de acceso al servicio (SAPI).

El SAPI identifica el punto a traves del cual una entidad de nivel de enlace de datos proporciona
servicios a una entidad de nivel 3 0 a una entidad de gestion de capa. En consecuencia el SAPI
especifica una entidad de nivel 2 que debe procesar una trama de nivel de enlace de datos y
también una entidad de nivel 3 o de gestion de capa que recibird la informacion llevada en dicha
trama. El subcampo del SAPI consta de 6 bits (del 3 al 8), lo cual permite un total de 64 valores
(de 0 a 63), de los cuales solo cuatro estan especificados de acuerdo a la fig. 23, quedando los
restantes para futura estandarizacion ‘
Identificador de punto extremo terminal (TET). .

Un TEI para una conexion de enlace de datos puede estar asociado con un solo equipo terminal
Un equipo terminal puede contener varios TE[s usados para transferencia de datos punto a punto
El TEI para conexiones de enlace de datos en difusion esta asociado con todas las entidades de
nivel de enlace de datos conteniendo el mismo SAPI El subcampo de TEI es de 7 bits. > cual
permite hasta 128 valores posibles (de 0 a 127), los cuales estan asignados de la manera sigutente

TE] para conexiones de enlace de datos en difusion.

El valor de TEI para este tipo de conexiones es de 127 (111 1111 en binario), también se le llama
TEI de grupo. Dicho TEI es asignado a la conexion de enlace de datos en difusion asociada con el
punto de acceso al servicio SAP direccionado.

TE] para conexiones de enlace de datos punto a punto.
El resto de los valores de TEI se utilizan para conexiones de eniace de datos punto a punto
asociadas con el SAP direccionado.

Los valores no-autc: aticos son seleccionados por el usuario, y su asignacion es responsabiiidad
de él mismo. Los valores automaticos son seleccionados por la red, y de igual forma la asignacion

es responsabilidad de la red. -

La asignacion de valores de TEI se rauestra en la fig. 23
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RDSL___—
| f | i
,——f"T_i TIDODE - | VALOR DEL SAPI .
! CONTENIDO SEN l BTCR | FUNCION I
i€ LA TRAMA_| DE TRANSMISION . » |
: | RED -» USUARIO | . | 0 | PROCEDIMIENTOS DE CONTROL OB LLAMADA (SERALIZACION) |
i ; COMUNICACIONES EN MODO PAQLUETE DE ACLER
CCION | i | i EROO A LOS !
!lNSTRU | UsuARIG .> RED | 0 ! i PROCEDIMIENTCS DE CCNTROL CE LLAMADA DF LA REC Q931 |
: i — | 16 | COMUNICACIONES EN MODO PACUETE DE ACUERDO A LOS [
| PR ILH F ~
5 | Reb > USUARIO | 0 | | CCEDIMIENTOS GEFINIDOS EN EL NIVEL 3 DE LA REC G 931 :
| RESPUESTA | | -~ | PROCEDIMIENTCS DE GESTICN OE CAPA 2 |
: usuamicoRED 1 | - :
: ! YZ;;-ZQ | PARA APLICACIONES FUTURAS |
Fore | FUNCION
| C83 | EQUIPODE USUARIO CON ASIGNACION TEINO AUTOMATICO
i : {ASIGNACION POR EL USUARIO)
. | 64126 | EQUIPO DE USUARIO CON ASIGNACION GE TEI AUTOMATICO -
SAP| = identficador dal Punlo de Access al Sericio | i {ASIGNACION POR LA CENTRAL)
I 127 | EQUIPQ DE USUARIO CON CUALQUIER VALOR DE TE!
TEi = Wentficador del punto Extrama Teminal | | ONFORMACION EN CIFUSION Y ASIGNACION DE LOS TEI 64 A 125)
8IT C/R = Indica st Ja trama e5 una Instruesion o una Respuesta

Fig. 23. Valores de C/R, SAPIs y TEIs en el nivel 2 del canal D (Campo de Direccion). .

Usuane Red
l Insalaciones del abonada | ET/NT2
I TE(1) l TE(2) | ! CES
l l. | Cotesen | 'l Informac»on| i Informacisn | ! Informacian | i{‘ Catos en
| ' modo paguete de | I . I I . ae ! i | modo paquets
o Ta i e Mhaa e
A - s s
P et i Niv Id\_;'_;-—-lo N dd\"f e
L ! Nivel de ' I | ol de ' ’ ) P '
g f : R ! ddatonl | ] ] SAPI ’
pod : | —TEI=3 P !
! ~TEI=88, ~—TEI«88 | ——TEia8 s .
\ TEI=127; TEi=127 T TEI= 127 [ [ :
o [ ! k,,.cwaLD_.\ ] : [
: : 1 - [ T [ : :
! b, ! 1 ' ! \ | 1 !
| } I Sl N i
! s R S |
! | { i ! hrd ~ |
R S N I, 2
— H
SAPI=Q !
S5AP = 18
Conexién de enlacs de datos punto a punte =
------- Conesdn de snilace de datos de dfusidn (B)
DLCI = SAPI « TEI
CEl= SAP| + CES

Fig. 24 Descripcion general de la relacion entre SAPI, TEI y DLCL
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Campo de control.
El campo de control identifica el tipo de trama. EI campo de control puede ser de uno o do-
octetos dependiendo del formato. Los formatos del campo de control se muestran en la fig. 25.

Tres tipos de formatos de campo de control son especificados:

; ; . INSTRUCCION/ | I CCCIFICACION :
APLICACION | FORMATO COMANDO ! RESPUESTA i 876 54321 !
i ITRANSFERENCWA, (NFORMATION) J I’ :(('2]) ;U :I
DEINFORMACION = : [
; RA RR T 00 GO0 0T
' _(RECEIVE READY) | m&cervs READY} : N(RY PF
SUPERVISION | RNR 00 000G G 1
W&Eﬁm_m__ﬂm__i_ﬁ
TRAMAS SIN ] REJ | REJ |_ 000 00001
ACUSE DE : (REIECT) __(REJECT) ! N(R) P
RECIBO i SAEME i i Co
[serasmcmonous‘ ‘ 01 1‘p|11 11
) MODE .
Y ! EXTENDED)
' . DM ' .o -
MOQDO . i (DISCONNECTER | 00O0°'F ;1 111
MULTITRAMA . : MODE) ‘ o ‘
CON ACUSE . i ul i b
DE RECIBO | | unnomeered | j 000Qrmi00 1t
PARA !  INFQRMATION) | - -
TRANSFERENCIA - ‘ oise ; ; T
DE NO i | | o010/P00 11
INFORMACION | NUMERADAS : (DISCCNNECT) | ! :
i UA T
j , {UNNUMBERED 01 1;? 00 11
| : ACKNOWL EQGEMENT) =
i FRMR ’ 1001?’0111
! (FRAME REJECT) |
ADMINIS TRACION li i XD | XD Cod :
1 P
' DE LA | i (EXCHANGE f (EXCHANGE 10 1}”‘"‘ 1
’ CONEXION ICENTIFICATION) IDENTIFICATION) !

Fig. 25 Comandos y respuestas del Nivel 2 dei canal D (Campo de control).

Transferencia de informacion numerada (Formato [). Este formato debe ser usado para llevar
a cabo una transferencia de informacion entre entidades de nivel 3. Cada trama I tiene un numero
de secuencia N(S), un numero de secuencia N(R) mediante el cual se puede 0 no efectuar un
reconocimiento de tramas I adicionales recibidas po: la entidad de nivel 2, y un bit P que puede
ser puesto aunvalordeOo 1.

Funciones de supervision (Formato S). Este formato debe ser usado para llevar a cabo
funciones de control de supervisién de enlace de datos como son: reconocimiento de tramas I,
solicitud de retransmision de tramas [ y solicitud de una suspension temporal de transmision de
tramas I. Las funciones de N(R) y P/F son independientes, es decir, cada trama de supervision
tiene un numero de secuencia N(R) mediante el cual se puede o no efectuar un reconocimiento de
tramas [ adicionales recxbldas por la entidad de nivel 2, y un P/F bit que puede ser puesto a un
valorde O o 1.
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Transferencia de informacion no numerada y funciones de control (Formato U). Este
formato puede ser usadc? para proporcionar funciones de control de enlace de datos adicionales y
para realizar transferencia de informacion sin acuse de recibo. Este formato no contiene nimeros
de secuencia. Incluye un bit P/F que puede ser puesto aun valorde 0o L.

Bit Poll/Final (P/F). '
Todas las tramas independientemente de su tipo contienen un bit P/F. Este bit proporciona

una funcién tanto en tramas de instruccion como de respuesta. El bit P puesto a | es usado por la
entidad de nivel 2 para solicitar una trama de respuesta de la entidad de nivel 2 par. Ei bit F
puesto a 1 es usado por la entidad de nivel 2 para indicar la trama de respuesta transmitida como
resultado de la recepcion de una instruccion con el bit P puesto a 1.

Campo de informacion. .
Este campo es opcional, y aparece dentro de la trama solo cuando se transfiere informacion con o
sin acuse de recibo. Este campo consta de un numero entero de octetos que no puede exceder el

valor de 260. ‘ .
Este campo puede ser generado por:

Elmvel 3

Lo genera cuando requiere transferir informacion de sefializacién sobre las caracteristicas del

enlace que se va a establecer. .
‘estion de capa

Lu genera cuando se requiere de algiin procedimiento de administracion de TEI (asignacion,

prueba y supresion).

Secuencia de verificacion de trama (FCS).
El campo de la secuencia de verificacion de trama FCS debe ser una secuencia de 16 bits Esta

secuencia es calculada de la siguiente manera-
El complemento a unos de l2 suma en modulo 2 de los residuos de las siguientes divisiones
a) El residuo de la division modulo 2 de:

L (XK) (X154 +X2+X1+1)

—

X643+ X5+]

e

b) El residuo de la division modulo 2 de;

(X!6) ( Trama de longitud k)
XI164X 12435+
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Donde:
k= Numero de bits de la trama entre la bandera de apertura y
secuencia FCS, y excluyendo los bits insertados para transparencia
(campos de direccion, control y de informacion, si existe).
Trama de longitud k = Trama contenida entre la bandera de apertura y la secuencia FCS, y
excluyendo los bits insertados para transparencia.
X16+X12+X5+] =  Polinomio generador V.41 estandarizado por el CCITT.

En el lado receptor debe realizarse el mismo proceso, pero incluyendo el campo de secuencia de
verificacion de trama FCS, debiendo obtenerse la siguiente secuencia en caso de una transmision
sin erTores;

0001 1101 0000 1111

Transparencia.

Una entidad de nivel de enlace de datos transmisora deberd insertar un bit 0 después de cada
secuencia de cinco 1's consecutivos entre las secuencias de bandera de apertura y de cierte
{campos de direccion, control, informacion y campo de verificacion de secuencia de trama FCS),
incluyendo los cinco ultimos bits del campo de FCS Esto para asegurar que una bandera o una
condicion de aborto no sea simulada dentro de la trama. Una entidad de nivel de enlace de datos
receptora debera examinar el contenido de la trama entre las banderas de apertura y de Cierre y
descartara cualquier bit O que siga en forma directa a una secuencia de cinco 1's consecutivos A
esta técnica se le conoce .omo "Relleno de Bits".

Instrucciones y respuestas.

Las siguientes instrucciones y respuestas son usadas por las entidades de nivel 2 tanto del
lado del usuano como del lado de la red y estan representadas en la fig. 25. Cada conexion de
enlace de datos debera soportar el total de las instrucciones y respuestas para cada una de las
aplicaciones implementadas. Los tipos de tramas asociadas con cada una de las dos aplicaciones
(instruccion o respuesta) estan también identificadas en la fig. 25.

Los tipos de tramas asociadas con una aplicacion ‘mplementada deberan ser descartadas, y
ninguna accion se tomara como resultado de esa tr.  Para propositos de los procedimientos del
LAPD en cada aplicacion, los cédigos que no aparecen en la fig. 25 son ronsiderados como
campos de control de instrucciones y respuestas no definidos.

Instruccion de informacion (I).

La funcion de la instruccioén de informacion es transferir, a través de una conexion de enlace de
datos, tramas numeradas secuencialmente contemendo campos de informacion proporcionados
por el nivel 3. Esta instruccion es usada en la operacion multitrama en conexiones de enlace de
datos punto a punto.
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Instruccion de establecimiento del modo balanceado asincrono extendido (SABME).

La instruccion no numerada SABME es usada para establecer a la entidad de nivel 2 del lado del
usuario o del lado de la red direccionado, en el modo de operacion con acuse de recibo
multitrama con un modulo igual a 128.

Ningun campo de informacion es permitido con la transmisién de una instruccion SABME. Una
entidad de nivel 2 confirmara la aceptacion de una instruccion SABME mediante la transmision de
una respuesta UA a la brevedad posible. Después de aceptar este comando las variables V(S),
V(R) y V(A) seran puestas a2 0. La transmision de una instruccion SABME indica la eliminacion
de todas las condiciones de excepcion existentes.

Las tramas de informacion I transmitidas previamente que no han sido reconocidas cuando esta
instruccion es procesada, permanecen sin serlo y son descartadas. La recuperacion de informacién
de esas tramas que son descartadas es responsabilidad del nwei superior (nivel 3 o entidad de
gestion).

Instruccion disconnect (DISC). _ _ :

La instruccion no numerada DISC es usada para terminar 'n el modo de operacion
multitrama. Ningun campo de informacion es permitido con la transmision de una instruccion
DISC. La entidad de nivel 2 que recibe una instruccion DISC confirma la aceptacion del mismo
mediante la transmision de una respuesta UA. La enudad de nivel 2 que envia la instruccion DISC
termina con la operacion del modo muititrama al rectbir una respuesta UA o DM.

Las tramas de informacion [ transmitidas previamente que no han sido reconocidas cuando este
comando es procesado, permanecen sin serlo y son descartadas. La recuperacidon de informacion
de esas tramas que son descartadas es responsabilidad del nivel superior {nivel 3 o entidad de
gestién).

Instruccion de informacién no numerada (UI).

Cuando una entidad de mivel 3 o de gestion solicita transfenr informacion sin acuse de recibo, se
debe utilizar la instruccion no numerada Ul para enviar informacion a su entidad par sin afectar las
vanables de nivel 2. Las tramas de instruccion Ul no contienen un numero de secuencia, y a raiz
de esto, pueden rerderse sin notificacion.

Instgucc:onfRespuesta listo para recibir (RR)
La trama’de supervision RR es usada por la entidad de nivel 2 para:

a) Indicar que esta lista para recibir una trama [.

b) Dar acuse de recibo de tramas numeradas | recibidas previamente incluyendo la trama
N(R)-1.

c) Borrar una condicion de ocupado quc fue indicada anteriormente medlame la transmision

de una trama RNR por la misma entidad de nivel 2.

Ademas, esta instruccion puede ser usada, poniendo el bit P a un valor de 1, para solicitar a su
entidad par de nivel 2 una respuesta acerca de su condicion.
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Instruccién/Respuesta de rechazo (REJ).

La trama de supervision REJ es usada por una entidad de nivel 2 para solicitar la retransmision dr
tramas | empezando con la trama numerada N(R). E! valor de N(R) en la trama REJ da acuse de
recibo de tramas numeradas I recibidas incluvendo a N(R)-1. Las nuevas tramas que no han sido
transmitidas por primera vez, deberan transmitirse siguiendo a las tramas I retransmitidas.

Solo una condicion de excepcion para una direccion dada de transferencia de informacion
se puede establecer en un instante La condicion de excepcion REJ es borrada después de rec zir
una trama [ con N(S) igual al N(R) de la trama REJ. Un procedimiento opcional para ia
retransmision de una respuesta REJ es descrita en el apéndice 1.

La transmision de una trama REJ puede también indicar la desaparicion de una condicion de
ocupado dentro de la entidad de nivel 2 que la envia; esta condicion de ocupado se reporta
mediante la transmision de una trama RINR por parte de la misma entidad de nivel 2.

Ademas, esta instruccion puede ser usada poniendo el bit P a un valor de 1, para solicitar a su
entidad par de nivel 2 una respuesta acerca de su condicion. :

Instruccion/Respuesta no listo para recibir (RNR).

La trama de supervision RNR es usada por una entidad de nivel 2 para indicar una condicion de
ocupado; es decir, la incapacidad temporal para aceptar nuevas tramas [ arnibantes. El valor de
N(R) en la trama RNR da acuse de recibo de tramas numeradas incluvendo a N(R)-1.

Ademas, esta instruccién puede ser usada poniendo el bit P a un valor de 1, para solicitar a su
entidad par de nivel 2 una respuesta acerca de su condicion.

Respuesta de acuse de recibo no numerado (UA).

La respuesta no numerada UA es usada por una entidad de nivel 2 para dar acuse de recibo de la
recepcidon y aceptacion de instrucciones de establecimiento de modo de operacion (SABME o
DISC). Las instrucciones de establecimiento de modo de operacion recibidas no son procesadas
hasta que la respuesta UA es transmitida. Ningun campo de informacion es permitido al transmitir
esta respuesta. La transmision de la respuesta UA indica la eliminacion de una condicion de
ocupado que haya sido reportada mediante la transmision anterior de una trama RNR por la
misma entidad de nivel 2,

Respuesta de modo desconectado (DM). _

La respuesta no numerada DM es usada por una entidad de nivel 2, para reportar a su entidad par,
Gue se encuentra en un estado tal que ia operacion en modo multitrama no puede llevarse a cabo.
Ningun campo de informacion es permitido al transmitir la respuesta DM.

Respuesta rechazo de trama (FRMR).

La respuesta no numerada FRMR puede ser.recibida por una entidad de mivel 2, como un reporte
de una condicion de error no recuperable mediante la retransmision de una trama idéntica Esta
condicion de error sera al menos una de las siguientes

a) La recepcion.de un campo de control de instruccion o respuesta no definido o no previsto
b) La recepcion de una trama no numerada o de supervision con longitud incorrecta.
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¢) La recepcion de un N(R) invalido.
d) . Larecepcion de una trama I con un campo de informacion que excede la maxima longitud
establecida.

Instruccion/Respuesta intercambio de identificacién XID.

La trama XID contiene un campo de informacion, en el cual la informacién de identificacion esta
contenida El intercambio de tramas XTD es una disposicion obligatona utilizada en la gestion de
conexion (es decir, cuando una entidad par recibe una instruccion XID, debe responder con una
respuesta XID a la brevedad posible). El campo de control de esta trama no contiene nimeros de
secuencia.

El campo de informacién no es obligatorio Dependiendo si existe o no, la entidad receptora
tomara una de las tres acciones siguientes:

a) Recepcion de una trama conteniendo un campo de informacion que puede interpretar En
este caso debera contestar con una trama XID conteniendo un campo de informacién
similar.

b) Recepcion de una trama conteniendo un campo de informacion que no puede interpretar.

En este caso deberi contestar con una trama XID conteniendo un campo de informacion
de longitud cero.

c) Recepcion de una trama conteniendo un campo de informacién de longitud cero..En este
caso debera contestar con una trama XID conteniendo un campo de informacion de
longitud cero.

L2 maxima longitud permitida en el campo de informacion de esta trama sera igual a 260 octetos.
La transmision o recepcion de una trama * "D no debe tener efecto en el modo de operacion de
las variables de estado asociadas con las entidades de nivel de enlace de datos.
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1

|

PROTOCOLO DE CAPA 3 PARA EL CANALD
La capa 3 corresponde a la capa de RED y es responsable del Establecimiento , Mantenimiento y‘
Terminacion de las conexiones de red de los canales D y B. Ademas la capa 3, proporciona
funciones de Enrutamiento y Direccionamiento. El protocolo de la capa 3 se describe en las
recomendaciones del CCITT 1.450 y la 1.451. El protocolo de la capa 3 esta contenido en el
campo de informacion de la capa 2. El discriminador de protocolo identifica el protocolo de la
capa 3 Este protocolo puede ser el especificado por el CCITT o una v “:idn nacional u otro
protocolo como el X.25. El discriminador de protocolo es seguido por el campo Call Reference
(CR) el cual es empleado para identificar cada llamada en la interfase local usuario-red. Los
valores del Call Reference son asignados por el que origina la llamada y es removido cuando la
llamada se completa o después de la suspension de la misma. Véase fig. 26.

. ; ,
}.._________ NIVEL 2 : NIVEL 3 . NIVEL 2 ---~—-%

BAMDERA | JAECCION| CONTROL INFORMACICN CRC BANDERA
a 3 2 1
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0 D 0 O “3EFEA LiamAZAl

O/ REFERENCIA DE LLAMADA |

+

7&::%55?5-:3@0 ™ & 7 & 5 4 3 2 \
!

i

I

I

ELEM INFORMAGION DE 1 QCYETQ
~ 8 7T 6 5 4 3 2 4

¥

i

’a g o o
ACCESO PRIMARIO

a 7 &8 5 4 3 2 1 t
f LOMG OEL VALOR | r

i

P t
| 1 DENTRCATION CONTENIDG f

.

PO 0 0 © REFER DE LLaMald

i
DT | RererEnc DE (LAMADS

.

frlo G',oe-m:scac:xou}

i
{ H

|

Om  REFERENCIA DE LIAMADA _i !
b

| ?

|

o

:

TIPC DE MENSAJE

)

ey

ELEM INFORMACION DE VARIOS OCTETOS
i

: H 0 ‘ IDENTIFICAGION i
L ] )| vonGrup oey conTEniDe |
} ELEMENTOS DE INFLAMACION ~.
I QBLIGATORKZE ¥ ADICIONALES '
‘L ; CONTENIDO

Fig 26 Formato del campo de informacion (Nivel 3 de canal D).

Los mensajes rnas irnportantes para el control de llamadas se describen a continuacién:

SETUP
Se emplea para indicar llamada de establecimiento y puede ser enviado por ambos lados usuario y

red Cuando se envia desde la red es un mensaje difundido que da la posibilidad a todos los TE's
de contestar la llamada.
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87654321 :

000.--.- ! MENSAJES PARA EL ESTABLECIMIENTO DE LA LLAMADA
Qo001 - ALERTIng
Qo010 ‘ -CALL PROCeeding
00111 | - CONNect
01111 ' . CONNect ACKnowtecge !
00011 I - PROGrass !
oCtot : -SETUP I‘
01101 : - SETUP ACKnowledgs 1

| GO01ee--- ! MENSAJES DURANTE LA FASE ACTIVA DE LA LLAMADA i
} Got1¢ l -RESume I

01110 I - RESUME ACKnowiedge i
00010 -RESume REJect !
00101 -SUSPend !
ot101 - SUSPend ACKnowledge !
00001 i - SUSPend REJect |
00000 i -USER INFOrmation |

010----- : MENSAJES PARA LA TERMINACION DE LA LLAMADA i
0G101 I -DiSConnect |
91101 ' -RELease ‘
11010 } -RELeass COMClate

01 1----- ! MENSAJES DIVERSCS
11001 | - CONgestion CONtrol
00010 ! -FAClhfy
11011 : - INFOrmation
01110 : -NOTIFY .
11101 i -STATUS
10101 . | - STATUS ENQuuy l

Fig. 27. Mensajes del Nivel 3 del canal D para el control de llamadas en conmutacion de
circuitos.

CONNECT
Es enviado por el usuario a la red o por la red al usuario llamado para indicarle la aceptacion de la
llamada. - '

CONNECT ACKNOWLEDGE .
- Enviado por la red al usuario para indicarle que la llamada esta localizada en,el equipo terminal
TE.

DISCONNECT '

Invitacién a liberar el canal y el call reference puede ser enviado por los dos ,usuario y red Como
en este momento el canal y el call reference estan aun activos es puede intercambiar informacion
de canal después de liberada
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RELEASE
Puede ser enviado por el usuario o la red como respuesta al mensaje de DISCONNECT si la
llamada se concluvo.

i57554321
| 000-..-. MENSAJES PARA EL ESTABLECIMIENTO DE LA LLAMADA
i ocooid . ALERTing
0co1Q . CALL PROCeed:ing
| 0111 l . CONNect
] 01111 . CONNect ACKnowiedge
i 00N . PROGIass
| Q0101 .- SETUP
| 010----- | MENSAJES PARA LA TERMINACION OE LA LLAMADA
i po10t ! . DISConnect
F 01101 | - RELsass
| 11010 | -RELease COMpiste |
! I
T 011 ee--- i MENSAJES DIVERSCS |
| 11109 | .sTaTus |
10101 | . STATUS ENCuiry :
|

Fig. 28. Mensajes del Nivel 3 del canal D para el control de llamadas en conmutacion de
paquetes.

RELEASE COMPLETE
Es enviado como respuesta al mensaje de Licerar para indicar que ambos canal y call reference
estan liberados.

BEARER CAPABILITY

Este elemento indica que capacidad de red esta propcr-ionandose es decir, si transferencia en
modo paquete o en circuito, velocidad de informacion y en el caso de transferencia en paquetes
contiene informacion de protocolos de capa2y 3 .

DESTINATION ADDRESS ]
Identifica la [lamada destino .Plan de numeracion, direccionamiento y numero llamado .

CHANNEL IDENTIFICATION :
Contiene informacion acerca del tipo de canal que puede sertipoBo D .

En la fig. 29 se muestra un ejemplo de la sedializacion por canal D, para el controi de una llamada
de un usuario "A", a un usuario "B" que tiene conectados al bus "S" dos equipos terminales
compatibles (es decir que ofrecen el mismo teleservicio)
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Una vez establecida la llamada, los casos presentados son:
CASO 1. el usuario "B" cuelga.
CASO 2: el usuario "A" cuelga

ABCNADG A EoUPD  CENTRAL  CENTRAL  EQUIPD EQUIPO ABONADO 8
TERMINAL A TERMINAL B1 TERMINAL B2
LEVANTA
; EL.!

: ARCA |

! SETUP
5 r ! -~ ETUP '

} CALL P

| CALL PROG REPIQUES
|

|

1

b

]

I
| g i

ALER ESCUELGA

rong s T LA '

: ; . [ CONNECL! -

| _FiNOE | CONN e

Iy . | oo CONN ACK
! | EAS

i I
' ! ! | oisconnger  GUEL : .

: !
! TONO DISCONNECT - i
} RELEASE ! ABONADO B

i | RELEASE!
icueLGUE | ! CUELGA PRIMERO
| f_ﬁ'-/CQH—] i REL COM

VELGUEhisconnECT | l

ABONADO A i |re 1 r——DISCONNECT . TONO |
CUELGA PRIMERQ I ._/E&‘:;l l REL SErcue
: =~
1 R ! REL COM
Fig. 29. Ejemplo de sefializacion por canal D a traves de ia Red.
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GLOSARIO DE TERMINOS.

DLC - Conexion de enlace de datos.

CCITT - Comuté Consultivo Internacional Te'egraficc » Telefonico.
DISC - Desconexion.

DM - Modo desconectado.

FRMR - Rechazo de trama.

[ - Tramas de informacion numeradas.

DLCI - Identificador de conexion de enlace de datos.
TEI - Identificador de punto extremo terminal.

SAPI - Identificador de punto de acceso al servicio.
OSI - Interconexién de sistemas abiertos.

LAPD - Procedimientos de acceso al enlace en el Canai D.
N(S) - Namero secuencial en emision.

N(R) - Numero secuencial en recepcion.

SAP - Punto de acceso al servicio.

DLCE - Punto extremo de conexion de enlace de datos
RDI - Red digital integrada.

RDSI - Red digital de servicios integrados

RE]J - Rechazo.

RNR - No preparado para recibir.

RR - Preparado para recibir.

S - Tramas de supervision.

SABME - Paso a modo balanceado asincrono ampliado
FCS - Secuencia de verificacion de trama.

U - Tramas no numeradas

UA - Acuse de recibo no numerado.

UT - Informacion no numerada.

V(A) - Variable de estado de acuse de recibo.

V(R) - Vanable de estado en recepcion,

V(8) - Vanable de estado en emision.

XID - Intercambio de identificacion.

BRI - Interfase de acceso Basico

PRI - Interfase de Acceso Primario

BIBLIOGRAFIA

Recomendaciones del CCITT Libro Azul. .
Fasciculo 1.7, 1.110 - 1.257

Fasciculo [11.8, 1.330-1.470
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Fasciculo VI.10, Q.930- Q.940 6 1.450 - 451

UNAM PAG 46/46

y A



mamm e R LT i jmumu’f FR 4 A T I KY‘JE.‘_'.-‘Tjumumsig
FACULTAD DE INGENIERIA U.N.A.M.

DIVISION DE E_DUCACION CONTINUA

-
!lll’ )

I

CURSOS ABIERTOS

VIll CURSO INTERNACIONAL
EN TELECOMUNICACIONES

MODULO IV:

REDES DIGITALES:
“ACTUALIDAD Y PERSPECTIVA”

TEMA

INTERFASES “S” Y “U”

EXPOSITOR: ING. RODOLFO CASTENEDA SEGURA
PALACIO DE MINERIA
JUNIO DE 1999

Palacic de Mineria Calle de Tacuba 5 Primer piso Deleg. Cuaubtémoc 06000 Mexico, D.F. tel.: 521-40-20 Apdo. Postal M-2285



INTERFACES “S” Y “U”

Rodolfo Castafieda Segura
CICESE
D. de Electrénica y Telecomunicaciones



Red Digital de Servicios Integrados Contenido

.

CONTENIDO
1. MODELO DE REFERENCIA OSI I
2. CAPA FISICA DE LA RDSI 5
2.1. CODIGOS DE LINEA ' 6
2.2. ACCESOS RDSI ‘ 9
2.2.1. INTERFAZ DE ACCESO BASICO (BRI). 10
2.2.2. INTERFAZ DE ACCESO PRIMARIO (PRI). 18
2.3, INTERFAZ U | . 20

2.3.1. TECNICAS DE TRANSMISION EN LA LINEA DE ABONADO (INTERFAZ U) 20

3. CAPA DE ENLACE DE DATOS. 25
4. CAPA DE RED. 27
4.1. Aspectos Generales 27
4.2. Funciones de la capa 3 27
4.3. Procedimientos para el control de llamadas 28
4.3.1. Procedimientos para llamadas por cm-mmtacidn de circuitos. - 28
4.3.2. Procedimientos para llamadas por conmutacién de paquetes. 28
4.4. Estructura de los mensajes 28



Red Digitat de Servicios Integrados Modelo de Referencia OSI

1. MODELO DE REFERENCIA OSI

La RDST ha adoptado un esquema estratificado. basado en el modelo de siete capas de Interconexion
de Sistemas Abiertos (OS]) de la Organizacién Internacional de Normas (1SO). para los protocolos de
intercambio de informacion dentro ¥ a través de la red [CCITT. 1989%b]. Este modelo se muestra en {a Figura
1.1 La estructuracion en capas. permite. por un lado. subdividir el problema global de la implementacidn de
protocolos en varias piezas que resultan. obviamente. menos dificiles de realizar que el problema visto como
un todo. ademas de que se obtiene. como consecuencia directa, que cada pieza sea altamente independicente de
las demas. de tal forma que se puede alterar el funcionamiento de cualquiera de ellas para aprovechar los
nuevos avances en las €cnucas de programacion o de desarrollo de circuitos sin afectar a las otras capas
[Gallardo & Sanchez, 1992].

Aplicacion |4 - Aplicacion ‘T
Presentacion f#--~- - -=- ---- - = oee o =B Pregentacion ‘?
Sesion . T W Sesién
Transporte [® -~~~ -~ 7o oo - = B Trangporte i:
Red i I Red
Enlace de Datos |« - » Enlace de Datos ‘?
— — vt
Fisica < - R S Fisica

l |

«---p Enlace Légico = — Enlace Fisico lT Primitivas
Figura 1.1 Modelo de Referencra OS/

Las caracteristicas fundamentales de los esquemas estratificados son. la definicion de procedimicntos
estandanzados que permiten el intercambio logico de informacion entre entidades de un mismo nivel. ia
creacion de fronteras bien’ delimitadas entre las capas v la posibilidad de interaccién directa tiicamente entre
capas advacentes.

Dos entidades de una misma capa que pertenccen a sistemnas diferentes en lados opuestos de la
mterfaz v que deben intercambiar informacion para realizar un objettvo comiin se denominan eniidades par

. ___________________
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Cada capa pucde estar constituida por una o varias entidades que reahizan las funciones requeridas.
Los mensajes definidos para la comunicacion entre entidades de capas advacentes. de un mismo sistema. sc
conocen como pripmnvas de servicio Las primitivas son meramente conceptuales v no estd especificado conto
han de realizarse [Gallardo & Sdnchez. 1992]. Hay cuatro tipos diferentes de primitivas de acuerdo al sentido
en que se transmiten v a la funcién que llevan a cabo. éstas son identificadas con los siguientes nombres:
peucion. indicacion. respuesta y confirmacién Los tipos de primiuvas v su direccion se mucstran cn fa Figura
12

Capa N+1
[ 3
Confirmacion indicacion
pas -
Petcion Respuesta
CapaN P

Protocolo de
CapaN

pas - punto de acceso al servicio

Figura 1.2. Tipos de primitivas itercambiadas entre capas advacentes

El upo de preminva pencion se utiliza cuando una capa solicita un servicio a la capa infenior El tipo
de pronstiva indicacion 1o utihiza la capa que proporciona un servicio para notificar a la capa supcrior
cualquier sumacion relacionada con este servicio. generalmente es el resultado de una acuividad
desencadenada por una primitiva de tipo peticion en’la entidad par. o bien. puede umphcar ta incapacidad de
la capa inferior para proporcionar el servicio. El ipo de primiiva respuesta lo wtiliza una capa para acusar
recibo de una primitiva de tpo indicacion procedente de la capa inferior. El tipo de primuinva confirmacion lo
utiliza la capa que proporciona un servicio para confirmar que se ha completado la actividad que e ha sido
solicitada mediante una primitiva de tipo peticron

La frontera entre entidades adyacentes en un mismo sistema recibe cb nombre de miterfaz v cuenta
con un profocolo de interfar que opera a través de ella, La muerfaz sc utiliza para accesar los servicios
prestados por la capa nfenor a través de un punio de acceso al servicio (PAS)

L.
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Como se habia mencionado antes. la comunicacion entre dos entidades del mismo mivel pero de
sistemas distintos, se lleva a cabo por medio de protocolos enire entidades pares. La comunicacion enire
entidades pares se realiza utilizando el protocolo de la capa en cuestion pero son necesarios. para lograrla. los
servicios de las capas miferiores. Cada capa trata la informacion procedente de la capa superior como un
bloque que no va a procesar. unicamente a transportar Al construit una trama de salida cada capa aiadc uno
0 mas campos. que reciben el nombre de encabezado [Terpan. 1993] Estos campos son utilizados para la
comunicacidn con la capa par correspondiente. la cual. al recibir la informacion procedente de su capa
infertor. interpreta y relira el encabezado y transmite el resto de la informacion hacia arriba hasti que la
informacion onginal de usuano alcanza su destino.

Los dos tipos de protocolo descritos anteriormente se muestran en la Figura 1 3

v

Protocolo de Capa Par

h 4

CapaN+1 [ Capa N+ 1

Protocolo
PAS de Interfaz

Capa N e ey Capa N

Figura 1.3. Protocolos de mierfaz v de entidades pares en ¢l modelo refevencia OS1

Hasta el momento. el CCITT/UIT ha definido las capas 1. 2 v 3 para la RDSI. las cuales se
encuentran intimamente asociadas con las capas correspondientes del modelo OSI v su relacion se muesira cn

la Figura 1 4. En dicha figura se muestran de una manera separada los protocolos que le corresponden a los
canalesByv D ’

Rodolfo Castafieda S. Piagina 3
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r .

Aplicacién
Presentacion| sefalzacton
de usuarios
Sesion finales
Transporte
Control de llamadgs X295 (Estudio x25
Red 1 451/Q 931 | Nivel de pagueted posterior) ) Nivel ce paguetey
' Fnlace de Datos LAP-D (I 441/Q2.921) | 465/vV 120 LAP-B
Fisica 1,430 Interfaz Basica + 1.431 Interfaz Primana
. . [Conmutacion Semi- Conmutacien
Sefal Paquete |Telemetria | ge cireutos permanente | de Paquetes
Canal D Canal B

Figura 1.4 Arquitectira de protocolos RDSI para la imterfaz wswario-red

M
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2. CAPAFISICA DE LA RDSI

La capa fisica RDSI se presemia al usuario como puntos de referencia S o T. Esta capa es Ia
encargada de todo lo que se refiere a las conexiones eléctricas v mecanicas. se encarga también de las
funciones v procedimientos para activar y desactivar las conexiones fisicas, Se especifica en las
recomendaciones I 430 (Acceso basico). € 1431 (Acceso primario) del CCITT

Las funciones includas en la capa fisicas (capa 1 de la OSI) son las siguentes:

Codificacién de datos digitales para la transimusion a traveés de la mterfaz

+  Transmisién full-duplex de los canales de datos B

s  Transmision full-duplex de los canales de datos D

Multicanalizacion de canales para formar la estructura de transnuision dc acceso bistco o
primario

Activacion y desactivacion del circuito fisico

Alimentacion de energia desde de la terminacion de la red hacia la terminal
Idenuficacion de la terminal .

Aislamiento de terminales con fallas,

Acceso de conlension al canal D

Los scrvicios que proporciona a la capa 2 son los stguienies’

e (Capacidad de transmision de ios canales B v D. asi como funciones de temponzacion v
sincronizacion.

¢  Procedimientos de activacion/desactivacion de ET yv/o TR

s  Arbitraje de acceso al canal D de los ET en conexiones mulnpumo

» Procedinuento v functones de mantenimi¢nio

Indicacion a las capas supeniores accrea del estado de la capa |

L
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2.1. CODIGOS DE LINEA

En la RDSI los dates analogicos o digitales se trasmiten utilizando sefiales diguales Una serial
dignal ¢s una secuencia de pulsos de voltaje transmitidos secuencialmente v s unhiza para representar un
flujo de datos binarios.

La seleccion de un codigo de linea para cualquier sistema de transnusion es Critico para su
desempeifio Esto es particularmenie cierto para la Linea Dignal de Abonado (LD A} de! acceso bisico de la
RDSI. En esta aplicacion el codigo de linea afecta a 1os determinantes del desemperio del sistema de un modo
crucial. la principal razon es que el cédigo de linea es un instrumento para determinar tanto las caracteristicas
de transmision de las sefiales trasmitidas como de los mveles de ruido de diafonia en el extremo cercano gue
se afiaden de otros pares en el mismo cable. Ademas se requicre que el desempefio de la LDA tenga una tasa
de error (BER) del orden de 10~ para toda la plama externa del par metalico.

Para proporcionar accesos basicos de una forma econémica la LDA debe de ser utilizada sin
acondicionar la planta externa (es decir sin retirar las denvaciones v sin redistribuir los pares).no obstanie los
efectos perniciosos de las denvaciones v los cambios de calibre Aun mas. no deben asociarse operaciongs
espectales de ingemeria con las instalacion de la LDA Asi. para el Acceso basico de la RDSI. una LDA ticne
que ser utilizada directamente de la planta telefonica existente

Uno de los objetivos de la utilizacion de codigos de linea es reductr al maximo la velocidad de 1a
linea transmitiendo 1a misma canudad de informacion. por lo que el codigo que cumpla mcjor con kas
sigwentes caracteristicas serd un ¢odigo adecuado para RDSI

o Transparente a la informacion

»  Facihdad para recuperar la sefial de relgj

»  Evitar (s1 ¢s posible) la componente de corriente continua. asi como la presencia de grandes
cantidades de energia a bajas frecuencias

¢ Redundancia (deseable) para detectar errores en la linea

e  Espectro limitado en frecuencia para hacer un buen uso de 1a atenuacion v de bi diafonia
(crossialk) presentada por ¢l par torcido de cobre,

o  Reduccion en la velocidad de transmision

+ Eficiencia

+  Propagacion mimma de errores

e Insensibilidad a la permutacion en los cables del par

En ki Figura 2.1 sc presentan los codigos de linea utihizados en sistemas de transnusion de! upo
RDSI. v en {a Tabla 2-1 se presentan los formatos de la codificacion de las senales digrtales

Rodolfo Castafieda S. Piagina 6
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Figura 2.1 Codigos de linea
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PRSEEDIIIIIINNNNNNNEE_NNNAE_____————— U T e S

Tabla 2-1 Definicion dv formatos de codificacion de sefiales digiiales

Nonreturn to zero (NRZ)
{ = Nivel alto
1 = Nivel bajo

Bipolar AMI
(* = Ausencia de sefial de linea
1 = Nivel positivo o negativo. alternando para unos sucesivos

Pscudoternaria
{ = Nivel positivo 0 negativo. alternando para ceros sucesIvos
1 = Ausencia de seiial de linea

B8ZS
Es 1zual que et codigo brpolar excepio que cualquier hilera de ocho ceros consecutivos se reemiplaza
con una hilera que contiene dos violaciones de codigos

HDB3
Es 1gual que ¢l codigo bipolar excepto que cualquier hilera de cuatro ceros consecutivos se recruplaza
con una hilera que contiene una violacion de codigo

2B1Q

Estc codigo convierte bloques de dos bits consecutivos de la sefial en un solo pulso de cuatro niveles
para transmision Como resultado la velocidad de la linea es la mutad de 1a velocidad de informacion
Como todos los postbles valores de los simbolos transiindos son utihizados al mapear los dos bits en
un simbolo cuaternano. se dice que este es un codigo saturado. Utiliza el siguiente esquema de
codificacion

Par de bits Salida
DIBITS codificada
10 +3
11 -1
01 - I
00 -3

Rodolfo Castaneda S.
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2.2. ACCESOS RDS/

La arquitectura RDSI ha defimido 3 tipos de interfaz usuario-red para accesar o conectarse a ésta v
cubrir la diversidad de aplicaciones requeridas por el usuario [Ibarra. 1993]. La arquitectura RDSI ha
definido 3 upos de interfaz usuano-red para accesar o conectarse a €sta v cubnir la diversidad de aplicaciones
requeridas por el usuario. De esta manera en base a los requerimientos del usuario. se le puede asignar una
interfaz especifica. que cubra sus necesidades. logrando una mejor eficiencia. flexibilidad. baja complejidad
bajo costo [Dicenet. 1987].

Los dos principales tipos de 1nterfaz son la Interfaz de Acceso Basico (BR!) v la Interfaz de Acceso
Primario (PRI}. Una forma practica de identificar la diferencia que existe entre estos dos upos de accesos s¢
muestra cn la Figura 2.2. donde se puede observar que el Acceso Basico es exclustvamente para conectar v
dar servicio a usuarios que tienen una linea telefomca v el Acceso Primario esti enfocado a conectar usuarios
que actualmente tienen un conmutador (PABX. Pnivate Automatic Branch eXchange) v que estan haciendo
uso de un sistema de transmision PCM (Pulse Coded Modulation) de 2 048 o 1 544 Mbps [A Moreno. 1993

INTERFAZ DE ACCESO

BASICO D
USUARIO
INTERFAZ DE ACCESO

- PRIMARIO
- == B2 —

B3
I I usuario - o

Bn@S. S T
Gl I N e

PBX n = 30 para la norma Europea o, CENTRAL RDSI

n = 23 para {a norma Americana

Figura 2.2 Tipos de Heceso a Ja RDSI

El tercer tipo de interfaz es la de Acceso de Banda Amplia. ésta proporciona los requerimientos para
transmision de imagenes en movimiento. television de alta definicion v definicton estandar. videoconferenci.
ctc. Otras aplicaciones incluyven transferencia de archuvos a muy alta veloaidad v muliicanalizadores
multimedia que combinen datos de una vanedad de fuentes de alta velocidad La velocidad de datos puede
alcanzar vanos cientos de Mbps {lbarra. 1993].

L
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Las caracteristica de la interfaz fisica ¥ su funcionamiento difieren para ¢l acceso basico v el acceso
primano de la interfaz usuario-red.

2.2.1. INTERFAZ DE ACCESO BASICO (BRI).

Como s vié antenormente las normas RDSI definen el acceso del usuario a la RDSI 4 tran és de
canales B v D para crear las diferentes configuracienes de canales (BRI v PRI}, Estas configuraciones de
canal se pueden pensar como tubos' cada tubo lleva varios canales los cuales estan “multiplexados en ticmpo”
sobre la linea de transmision. El circuito de Acceso Basico es normalmente Ia linea que Nega a la casa u
oficina del usuario (linea del subscriptor) Este va a reemplazar los crrcuitos utihzados actualmente por la red
tclefénica. Es una linea digilal en la que no se envian tonos de marcacién de digitos. voltajes de umbrado. cte
En lugar de enviar éstos. se manda un mensaje que Heva los digitos marcados. o para indicarle al teléfono que
timbre o deje de timbrar.

Un BRI consiste de 2 canales B (64 Kbps cada uno) v un canal D (16 Kbps). el cual es conocido
como 2B+D v ticne una capacidad para transportar informacion de 144 Kbps Con bits adicionales de
overhead o control (sincronia. mantenimiento). la velocidad total en la interfaz S/T es de 192 Kbps El
protocolo de capa 1 para la interfaz de acceso basico estd especificado en la recomendacion [ 430 [CCITT.
1989a]. Ia cual define la comunicacion entre el ET v ¢l TR a través del punto de referencia S/T.

Esta interfaz puede utilizar una configuracion punto a punto o punto a multipunto. esta ultima
teniendo dos opciones ducto pasive corto ¥ ducto pasivo extendido. ¥ tienen las sigmentes caracteristicas

o Configuracion punto g punto. La conexion punio a punto. limuada a ¢ dB de atenuacion esta
compuesta por un solo equipo terminal (ET) conectado al terminador de red (TR). del cual. pueden
estar separados hasta 1 Km. v puede conectarse sin tomar en cuenta la polandad,

¢ Ducto pasive corfo. En esta configuracion 1a ubicacion de los terminales esta restringido por la
dispersion de los pulsos transmitidos sumultaneamente en et mismo par. Esta configuracion permite
concclar hasta 8 equipos terminales a un solo tertninador de red en un ducto de 100 a 200 mus.,
segiin la impedancia del cable. pudiendo estar los ETs v el TR en cualquier punto del ducto

e Ducto pavive extendido Esta configuracion permiie que hasta 8 ETs a0 conecten al final del ducto.
agrupadas a no mas de 30 mus. entre ellas. con cables de conexién menor a H) mis ¥ pueden
ubicarse hasta 500 mts, del TR

La impedancia resistiva que debe terminar el ducto es de 100 ohms en cada extremo

La Figura 2.3 muestra la configuracion punto a multipunto de la BRI La conexion fisica del o los
ETs al TR requiere de 2 pares de cables. un par para cada direccion de transmision.

‘“
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D Central
o= - RDSI
E‘T #1
2B+D
| E 144 Kbps TR i
. — =)
ET#2 ET #3

ETs = Equipos Terminales
TR = Terminador de Red
TL = Terminacién de Linea

i
Figura 2.3 Configuracion punto a mulnpunto de la Interfaz de Acceso Basico

1

Los dos canales B pueden usarse independientemente para diferentes tipos de transnusion Por
gjemplo. un canal B puede llevar informacion de voz y el otro puede llevar datos De esta mancra. voz v datos
son integrados sobre los mismos medios de transmisién.

En la actualidad el BRI es el mismo para todos los paises. pero existe una variacion en o que se
refiere al contemdo del canal B que afecta a equipos que tienen acceso a comunicacion de voz como lo es ¢f
caso del teléfono. conmutadores privados, v equipos de prueba. La diferencia sc basa en el csquema de
codificacion de la voz que se utilice (ley A o lev ). La ley u se utiliza en EUA, Canada v Japon. La ley A s¢
utiliza en rmutas iniernactonales, Europa. Africa v Latinoamérica.

Para la interfaz de acceso pnimario sélo se ha recomendado la configuracién punto a punto v ¢l nivel
fisico sc encuenira detaliado en la recomendacion 1.431

A continuacion se describiran algunos de los aspectos de la interfaZ basica como. conector fisico.
estructura de trama (incluyendo codigo de linea). v la forma de activacion v desactivacion de la interfaz,

L ‘.

2.2.1.1.CODIFICACION DE LINEA

Sc utiliza para ambos senudos de transmision un cadigo de linea pseudoternario (tres miveles de
voltaje v solo dos niveles ldgicos) con anchura de pulso del 100% (el nivel de voltaje en la linca no varia en cl
tiempo correspondicnte a la duracién de un bit) La codificacion se efectia de tal forma que ¢f uno binario se
representa por la ausencia de sefial (voltaje) en la linea (alta impedancia). mientras que el cero binario sc
representa por un pulso positivo o negative de 750 mV = 109 [Stallings. 1992] Los ceros binarios s¢
altcrnaran en polaridad. salvo excepciones necesarias para identificar el inicio v el final de la trama. Un cero
que no respeta la altermacion de polandades se conoce como una vielacion de codigo [Gallardo & Sancher.
1992] (Véase Figura 2 4)
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Violacion de cédigo

Figura 2.4 Codigo de linea pseoudoternario con alternacion de polaridades en los ceros

El terminador de red (TR) derivara su temporizacion (tanto de bit, como de octeto v de trama) a
partir de la sefial recibida de la red v ntilizara esla temporizacion para sincronizar la seial gue transmita
hacia los equipos terminales (ET s} conectados a €1 Un equipo terminal debera obiener sus temporizaciones i
partir d¢ la sefial recibida desde el terminador de red.

2.2.1.2CONECTOR FISICO

Esta interfaz utiliza un par metahico simétrico para cada direccion de transmsion v dos pares
opcionales para almentacion, El conector recomendado (2). corresponde a {a norma ISRR77 de ia 1SO v
puede verse en la

Figura 2.5 Uniiza obligatoriamente los cuatro terminales centrales para transmitir v recibir b seial en forma
balanccada con alimentacién en circuito fantasma. esto permite ahmentacion remota (desde la red) en caso de
cimergencia

Los 4 terminales externos. son opcionales v se utilizan para alimentacién normal en vanas
configuraciones La utilizacidn del mismo conector para acceso primario. s¢ encuentra en estudio

El ET se basa preferentemente en la deteccion de las fuentes 1 v 2, para deterininar su estado de
conexion y envia la correspondiente informacion de su estado a la entidad de gestion

Los pares 3-4 v 5-0 ¢slan destinados a la transimision bidireccional de s sefal dignal v pueden
proporcionar alimentacion en circuito fantasma de TR a ET (fuente 1)

L.os pares 1-2 pueden proporcionar energia de TR a ET (fuente 2) o de ET a TR (fuente 3)

. _________________________________________________________________________________"
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ET TR

Figura 2.5 Conector fisico RDS!.

2.2.1.3.ESTRUCTURA DE TRAMA Y MULTICANALIZACION

Recordemos que el acceso basico consiste de dos canales B (informacién de usuario a 63 Kbps cada
uno) v un canal D (informacion de sefializacion o de usuano a 16 Kbps). los cuales son muluplexados en
liempo sobre los cuatre hilos de la interfaz “§” Un par de hilos ¢s usado para transmiur v el otro par ¢s usado
para recibir

Las estructuras de trama seran diferentes en cada sentido de la transmision. Un tipe de tramas es
transmutido det ET al TR (direccion de usuario a central) v otro tipo de tramas es transmutido del TR al ET
¢dircccion central a usuario). como se ilustra en la Figura 2.6,

_
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48 Brts en 250 microsegundos

TR —»ET
DLFL B1 B2 B1 B2 A
———~EDARN—"ED M % ~E D S “———EDLFL

0
(1) Iillllllll[il [HlllillllL

2 bits de
dezplazamiento

H B1 B2 B1 B2
DLFL——""——LDLFL ~ & \LDL .~ 4 LDL,—"™~——LDLFL

! AT T A A I T T T
Ul T I TP I s TP BT T T T 1T

ET—*TR
F = Bit de alneacion de trama Fa= Bit auxilar (=0) B2 = Bits del canal B2
L = Bit de balance de CD N = Bit puesto al valor binarig de Fa A = Bit usado para activacion
D = Bit de canal D B1 = Bris del canal B1 § = Reservado para futura
E = Bit de eco de canal D estandarizacion

Figura 2.6 Estructuras de rrama para los puntos de referencia S v T a velocidad basica

El primer bit de cada trama transtmuida desde un ET hacia el TR se retardard dos periodos de bit con
respecto ab primer bit de la trama recibida del TR Ambos tipos de tramas consisten de 48 brts transmutidas
cada 250 pseg (4.000 tramas por segundo) Esto equivaie a una velocidad de transnusion total de 192 Kbps.
sin cmbargo. algunos de los 48 brts (12 bits) son de overhead (its adicionales de control) v no de informacion
de los canales Bo D,

Los 36 bits de informacién de los canales By D son usados como sigue 16 bits son del prumer canal
B. 16 bits son del secgundo canal B. v cuatro bits del canal D Esto resulta en ung transferencia de datos a una
velocidad de 144 Kbps (36 buts x 4000 tramas por scgundo)

El bit F. ¢s un cero binario v siempre se cedifica como una viotacion al codigo de linga,

El bit L. manucne ¢l balance de C D para un cicrto conjunto de bits precedentes Su valor l6gico
serd un “uno” st fos bits que se tratan de equilibrar contienen un namero par de “ceros” (paridad par)

Los bits B1. B2 » D. transportan la informacion de sus respectivos canales.
El bit E. es ¢l cco de io que TR ha recibido en el itlumo bit D
El bit A, provee un mecanismo de acuivacion v desactivacion por seiializacion dentro de trama.

. . ____________________________________
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El bit Fa. es un auxiliar para alineacién de trama En el sentido TR a ET. Fa o N ascguran que
existird una violacion al codigo antes del bit 15. ya que uno de los dos siempre sera un cero logico En el
sentido ET a TR. Fa s normalmente un cero 16gico vy asegura una violacion. excepto cuando s¢ utihza como
bit Q {se explica posteriormente} Fay L siempre tienen ¢l mismo valor 16g1co

El bit N. es siempre el complemento logico de Fa.

El bit M. se utiliza para alineacion de multitrama. v se explica posteriormenie,

El bit S. se encuentra en estudio ¥ provisionalmente se pone a cero

Se utiliza también una estructura de multitrama, con el objeto de proporcionar un canal extra de 800
b/s para seiializacion de nivel 1, en la direccion ET a TR, utshizando el bit Fa. Cuando se unliza este canal. ¢l
bit se denomina Q. La utilizacion del bit Q v el bit M son opcionales

Se denomina bit Q. al quinto Fa de cinco tramas consecutivas v se identifican en el ET. cuando TR

invierte el valor de Fa. Una estructura adicional. que agrupa 4 bits Q. se logra cuando TR transmiic ¢l bit M
con valor uno légico cada 20 tramas. Esta estructura de multitrama se muestra en la labla siguiente

trama ET TR TR
namero bt Fa bit Fa bit M
1 Qi 1 !
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 Q2 I 0
7 0 O ()
8 0 0 0
9 0 0 0]
10 0 0 ()
Il 3 1 0
12 0 10 o
I3 0 CRER N | 0
14 0 o 0
15 (1 ( 0
16 Q4 o 0
17 0 0 0
18 0 0 0
19 0 1o 0
20 0 0 0
1 Ql 1 1
2 0 0 0

. _________________ ________ N
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Solo una terminat a la vez. puede transmitir en un canal B. v en general. ¢l lado RED es ¢l
encargado de autonzar el acceso al canal Cuando un canal B no estd en uso. ¢l ET debe transmutir unos
binarios

L sohicitud de acceso. (descrito en las recomendaciones [ 430 e I.451). se realiza a traves del canal

Todas las terminales deben esiar sincronizadas. en modo esclavo. al terminador de red. de modo que
no sc interfieran mutuamente

Cualquer terminal puede transmutir en ¢l canal D, v debe utilizarse algin mecanismo de contension.
para resolver los casos de conflicto. este mecanisimo asegura que aun en caso de colision un equipo lograri
transmifir exiosamente.

‘ El mecanismo utilizado para el acceso al canal D se apoya en la uulizacion de un bit de eco (E). en cl
que TR repite lo que recibe en su canal D. de modo que antes de ransmitir el siguiente but D, todas las
ternunates deben haber recibido €l eco del bit antenor.

Para comenzar a transmitir una terminal debe venficar que el canal D sc encuentra libre. o sca
esperar la aparicién de una “cantidad determinada” de unos. El mivel 2 del protocolo del canal D. asegura que
nunca aparezca esa cantidad de unos. durante una transmision,

Una vez que se detecta el canal libre. 1a terminal puede comenzar a transnutir. pero cscuchando su
propio eco.

S1 existiera alguna discrepancia entre ¢l bit transmitido v el recibido en el canal de eco. sc detiene
mmediatamente la transmision (pues es evidencia de que sunultaneamente mids de una termimal comenzo a
transmitir) v s¢ ¢spera nuevamente por ¢l indicador de canal hbre.

Las caracteristicas eléctricas de ducto. hacen que un “cero” binario prevalezca sobre un “uno”
binano transmiido De modo que. no ocurra nunca una interferencia destructiva v ¢l protocolo de mvel 2,
dsegura que Como Maximo al tercer octeto transmitido solo una termunal estard usando el canal Dy podra
{CTIMINAT SU ransimision cxitosamente

Por medio de una asignacion de pnorndades ( la cantidad de unos para decidir canal hibre ) se
asegura el uso equitativo del canal D. para todas las terminales Una vez que un equipo ha ternunado una
transmision exitosa. debe esperar un bit mas para transmutir nuevamente. v del mismo modo sc asegura Jue *z
sciializacion tenga mavor prioridad sobre otro 1ipo de informacion.

Pnioridad Contcmido Cuenta ’ Cuenta Larga
Normal -
1 senalizacion 8 9
2 no 10 11
sefializacion

B ———,———— o .
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Una vez que s¢ detecta la ocurrencia de la cuenta larga. o sea que todos los ET han tenido
oportunidad de transmitir en el canal D. fas tenminales regresan su prioridad a la cuenta normal v pneden
volver a transmitir

Las caracteristicas de la imierfaz de acceso basico pueden resumirsc cn

e  Transmision en 4 hilos. acoplamienio con transformador.

s Veloaidad nomunal de transmusion 192 Kb/s.

» Longnud de trama 48 bits.

+ (Cddigo de Inversion de linea Alternada de Espacios (ASI) con un 10% de ciclo util

binario codificado ASI
. 0 +075Vo0.75v '
1 oV

» Sincronia de trama por viclaciones al codigo de linea (dos ceros binarios'con Ia misma
polaridad) al inicio de cada trama.

* Nivel de los pulsos 750 mV pico. los ceros binarios prevalecen sobre los unos brnarios

+  Aliuncntacion en vanas configuraciones (-10V)

« Consumo (alimeniados de la fuenie 1 en estado limitade)

maximo activo: 380 mW
maximo inactivo; 100 mW

e Activacién v desactivacion por sefializacion dentro de la trama (bt A).
Configuraciones; punto a punto. ducto pasivo coro v ducto pasivo extendido

Como puede observarse ta estructura de la trama no es sumétrica, en una direccion TR transmite un
bit de paridad al final de cada trama. mientras que en la direccion opuesta. cada ET es responsable de
transmitir un bit de pandad cn cada campo de la trama que esté utthizando

LT}

2.2.1.4. ACTIVACION Y DESACTIVACION

Hay mecamsmos de acivacion v desactivacion que permiten minimizar el consumo de potencia de
los dispositivos cuando no hay comunicacion en curso Los cambios de estado se dan de acuerdo a ¢iertos
mensajes recibidos por la entidad de capa 1. va sea mediante prumtivas de capas superiores o a través de
scfiales especiales que se transmiten por la linea de interconexidn entre el ET vel TR
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La comunicacion entre la capa 1 v 1a capa 2 para efectos de activacion v de desactivacion se establece
mediante las primitivas:

- Peticion FI-ACTIVACION (FI-AR).
- Indicacion FI-ACTIVACION (FI-Al).
- Indicacion FI-DESACTIVACION (FI-DI)

La comunicacion entre la capa 1y la entidad de gestion se establece mediante las primitivas
- Indicacion GFI-ACTIVACION (GFI-AI)
- Peticiéon GFI-DESACTIVACION (GFI-DR)
- Indicacién GFI-ERROR (GFI-EI).

Las sefiales que se usan para controlar los procedimientos de activacion-desactivacion. conocidas
como sefiales INFO. se muestran en la Tabla 2-2.

Tabla 2-2 Sefiales INFO, para la activacion v desactivacion del nrvel fisico de la miterfaz ©S”

NOMBRE DEFINICION DIRECCION

INFO O Ausencia de seial. ET— TR
Senal continua a una velocidad de 192 Kbps v con el sigutenic

INFO 1 esquema ciclico: cero positivo. cero negativo v seis unos, ET > TR

INFO 2 Trama con todos los bits de los canales B. D v E (eco de canal D) ET « TR
puestos a cero. El bit A se pone también a cero,

INFO 3 Trama sincromzada v con datos operacionales en los canales B v D ET - TR

INFO 4 Trama con datos operacionales en {os canales B. D v E (eco de canal ET « TR
D) El bit A se pone a uno.

2.2.2. INTERFAZ DE ACCESO PRIMARIO (PRI).

Como s¢ v10 a:teniormente el acceso basico ofrece un senvicio de 64 Kbps va sca de voz o datos Esie
linmtado ancho de banda no es suficiente para la comunicacion entre dos oficinas termnales. o inclusive entre
un conmutador privado y una ofictna terminal. esto hace necesario la utthzacion de una inierfaz con un
mas or ancho de banda. esta interfaz es la que se conoce como Acceso Primano (PRI)

Actualmente. existen dos tipos de Accesos Primarios El PRI Europeo usa 30 canales B v un canal D
a 64 Kbps cada uno (mas un overhead de 64 Kbps) para una velocidad total de 2.048 Mbps v s¢ lc llama
CEPT. en EUA. Corea del Sur. v Japon. el PRI funciona a 1,544 Mbps (23 canales B v un canal D a 64 Kbps
cada uno mas overhead de 8 Kbps) v se conoce como T1 El overhead para ambos PRIs sirve para funciones
tales como sincronizacion de trama v admimstracion de red.

. __________________________
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" Canales de [€o"T €1 | €z ] €3 _| ¢4} ~ [[€Zm@Jco
"7 “trama | l -
PR .- - .- e —Ir—vv.. -
Bits porcanal [ F | 81 | B2 | B3 [ B4 | B5 [ B6 | BY [B8] =~ = [Be]B7]B8|[B1
Inicio de trama Final de trama
“+— Trama anterior Trama posterior —»

a) Interfaz a 1 544 Mbps (193 bits, 125 ps)

Canales de Co [ cf [ €2 | €3 | €4 | B €31 | CO
" trama 'x R T ’
Bitsporcanal [B1 [ B2 [B3 [ B4 | B5 | B6 | B7 [ B8 | [Bs [ B7 [ B8 | B1 ]
Inicio de trama Final de trama-
“+— Trama anterior Trama posterior ——»

b) Interfaz a 2.048 Mbps (256 bits, 125 us)

ooy

e ]
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e TR

2.3. INTERFAZ U

Este punto de acceso a la RDSI no esta normalizado por el CCITT. por lo que cada administracion
define la 1écnica de transmision, el ¢édigo de linea y las caracieristicas fisicas de 1a interfaz,

Por razones econdmicas el actual par de hitos de cobre que llegan a la casa deb usuario 1elefonico
deben ser utilizados para transporiar la informacion de ios senvacios ofrecidos por fa RDSI. es por ¢sto que ta
linea de abonado debe permitir transmitir 160 Kbps (144 Kbps de los canales 2B+D ms bits extras para
informacién de manienimienio ahineacion. etc.} en forma “full-duplex”.

En el disefio de esta interfaz se tienen basicamente 2 problemas:

e Transmisién “full-duplex” en 2 hilos de informacion digital,
»  Velocidad de transiusion en la linea es de 160 Kbps.

El primer problema se resuelve utilizando una técnica adecuada de transnusion v el segundo tratando
de reducir 1a velocidad con un cédigo de linea que ademds permita aprovechar las caracteristicas de
transmision que presenta ¢l par de hilos de cobre

2.3.1. TECNICAS DE TRANSMISION EN LA LINEA DE ABONADO
(INTERFAZ U) ‘

2.3.1.1. TRANSMISION A 4 HILOS

Esta técnica de transmision no tiene posibilidades en ia prctica va que 1odos los subscriptores
gxisientes cn la actual red telefénica se conectan con un solo par, Selamente se conectan a 4 hilos cuando la
conegxién os de 2 048 Mbps (por ejemplo. la conexion de un PABX). Véase Figura 2 7,

2.3.1.2.DIVISION DE FRECUENCIA

Con la 1éemea de division en frecuencia es posible transmitir en forn: “full-duplex™ sin embargo
las sefinles dignales codificadas enviadas por la linca se traslapan en su densiai:d espectral. Para evitar cste
problema se usan difcrentes codigos de linea en cada direccion (por giemplo cédigo bipolar de orden 1 en una
direce1on v de orden 2 en la otra direccion) o
usando ¢l mismo codigo en ambas direcciones pero modulando la infonnacion transmitida en una de las
direcciones

La scparacion de la informacion en ¢l lado de recepcion es realizada mediante filtres La distancia
quc sc puede alcanzar esta condicionada por las sehales de alta frecuencia que tengan gran canudad de
cnergia. debido a Ia diafonia en el lado lejano (FEXT. Far-end crosstalk). la cual es producida por lincas
advacentes de diferenic longiud, Las sefiales de ala frecuencia son transmitidas en la dircecion de la central
al subscriptor -

-
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Una de las ventajas de ¢sta técnica es que la diafonia en el lado cercano (NEXT. Near-end crosstalk)
es mummzada debido a que los espectros para transmitir v recibir son diferentes: sin embargo el disefio de tos
filtros es complejo v su implementacién en circuitos integrados digitales presenta problemas. Ademas no cs
posible wilizar el mismo equipo en la central v en el subscriptor debido a la asimetria en la transnusion. por
lo que esta técnica ha sido abandonada. Véase Figura 2.7.

a) Transnusion a cuatro hilos

A

by TCM (Time Compression Multiplexing) o PING PONG

HHEE =

¢) Muluplexaje en frecuencia

——-’i Tx H-ﬂ.

—] Rx 8

d) Cancelacion de eco

Figura 2.7 \[étodos de transmision en la linea de abonado tinterfaz L)

2.3.1.3.TCM (Time Compression Multiplexing} o PING PONG

Este método también llamado de rafagas. involucra el cambio alternado de la dircccion de
transnusion Esta alternacion en la transnusién. no es en el seniido de la transmision ~half-duplex ™ sino que
csta 1écnica garantiza que efectivamente haya una transnusion “full-duplex . aunque a nivel microscopico
esto sca “half-duplex ™ dado que el transmisor v receptor transmiten en ticipos diferemes La informacién
binaria es almacenada en forma de bleques en los extremos det enlace y son transmitidos cn intervalos de
tiempo difercntes. Por lo tanto existen dos fases que no deben traslaparse transmision v recepeion: que pueden
ser distinguidas en cada extremo del enlace,

L e T
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Por lo tanto para una velocidad de informacion D. la velocidad de linea requerida debe ser minimo
2D. de hecho considerando la propagacion en los cables v el tiempo utilizado entre las diferentes fases dan
una velocidad del orden de 2.5D.

La distancia tedrica maxima esta dada por

Donde:
V = Velocidad de propagacion en los cables {(aproximadamente. 200,000 Km/s)
N = Nuamero de elementos binarios en el bioque
F = Velocidad de linea
th = Tiempo de guarda {para evitar interferencia cnire la transmision

' Bloques de longitud muyv grande reducen el niimero de veces que se debe alternar la dircecion de
transnusion v con ello el efecto de la propagacion para de esta forma incrementar la tongiud eérica. sin
cmbargo para sefiales de voz ¢l retardo de los octetos produce degradacion en la calidad

Una longitud tedrica grande es también obtemda aumentando la velooidad de transimision pero csta
sc ve limutada por la atenuacién v la diafonia que presenta el par de hilos de cobre.

2.3.1.4. CANCELACION DE ECO

Este método es uthizado actualmente en transmision analogica en bajas frecuencias para
proporcionar transnision “full-duplex ~ por un par, utihizando un acoplador (bobina hibrida) de dos a cuatro
lilos con una impedancia balanceada que representa un compromiso entre las impedancias represciiadas por
ambas lincas. D¢ hecho en la hibnda la red balanceada colocada en el lado del medio de transmision produce
un desacoplo v permite que algunas de las sefiales transmitidas regresen junto con las sefiales recibidas. a este
fenomene se te conoce como eco local. -

La atenuacion de la trayectona del cco para un ancho de banda aproxunadamente 100 KHz ¢s del
orden de 1(+a 15 dB pero puede caer hasta 6 dB para configuraciones de cable especificas Un receptor digital
solo funciona correctamente para una relacion sefial a rudo de aproximadamente +235 dB Dado que se
requicre para un sistema de transmision digital de aproximadamente 45 dB a 100 KHz. 1a seial remota cs
atenuada por ¢} valor correspondiente Por lo tanto es necesanio reducir el eco local aproximadamente 64 dB
{(+5dB + 25dB - 6dB) para quc los datos scan detectados correctamente. El eco remoto de pequeiia amplitud
debido al desacoplo de unpedancias a lo largo de 1a linea es sumado al eco local

‘m .
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Para eliminar la sefial producida por dicho desacoplo de impedancias. se ha disefiado un dispositiv o
que elimina ¢! eco usando la informacién transmutida. llamado “Cancelador de ¢co . De hecho el eco es
resultado de la configuracion intrinseca de la linea de abonado ¥ de ias caracleristicas de los simbolos (cédigo
de linea) que estan siendo transmitidos sobre ella. Este disposiitve hace uso del principio de que no exista nna
correlacion entre el eco v la sefial que proviene de! lado remoto. para este efecto s usan diferentes
aleatorizadores (scramblers) en cada uno de los extremos de la linca Ademas ¢l circuiio que reahiza fus
funciones de procesamiento de sefiales debe ser flexible para aceptar todas las postbles configuraciones de una
linea de subscrniptor en una red 1elefénica v responder a cualquuer variacion en sus caracteristicas con cl
tiempo.

Existen basicamente dos métodos para estimar el eco. uno usa un filtro transversal v ¢l otro
csencialmenite usa memorias

En el primer método el filtro contiene N (el cual puede alcanzar vanas decenas) coeficicnics
variabies que representa la respuesta al impulso del eco muestreado La muliiplicacion de estos coeficicntes
con la secuencia de los datos transmitidos producen la perturbacion instantanea debida al eco la cual es
calculada cada vez que se transmite un simbolo. Los coeficientes del cancelador de eco son ajustados para
reducir ¢l error residual que resulta de una mala esumacion del eco real Se pucde demostrar que 1a diferencia
entre el eco real v el eco estimado puede ser expresado estadisticamente. tomando en‘consideracion

la no correlacion de la sefial. como una funcion de los datos transmitidos v del total de la seiial recibida (cstos
parametros se obticnen del sistema de recepcién) Por lo tanto es posible minimizar este error usando
algoritmos de mavor ¢ menor grado de complejidad (del gradienie o ipo de signo) el cual asegury una
comvergencia progresiva del cancelador de eco. Este método implicitamente asume que el eco del canal es
tineal v que cualquier no linealidad esta fuera del rango de operacion del cancelador. lo cual implica que
cualquier no linealidad en la codificacion sean excluidas de 1a travectoria del eco. Sin cinbargoe otras no
linealidades pueden aparecer como' desbalanceo en ¢l transmisor o no lincalidad del converiidor analogico-
digial

El segundo métedo. usa memorias que contienen ¢l eco que ha sido previamente calculado para todas
las posibles sccuencias de informacién con lo cual se puede compensar las no fincalidades. Si s¢ asumne que ¢l
cco puede ser modelado mediante un filtro de N coeficientes para N datos binarios sucesivos. ¢! eco solo
puede tomar 2N valores v por lo tanio es suficiente que los N clementos binarios sean usados para direccionar
una memora cuyo contenido varia en funcién de error residual de la sefial La gran canudad dc memorias v
los grandes ucmpos de comvergencia son las principales desventajas de este método,

Consecuentemente estructuras intermedias han sido disefiadas. por ejemplo M memorias con 2™™
palabras cuvos contenidos son sumados parz productir el cco. para esto se debe estabtecer un compromiso
entre robustez a la no hinealidad. Ia velocidad de calculo v el tempo de convergencia,

La principal ventaja del cancelador de eco es la preservacion de espectro en frecuencia 7 ¢
corrcspondiente cn banda base Sin embargo cs nnportante evitar codigos de linca con nucha energia cn las
bajas frecuencias para asegurar una bucna robustez contra el nudo de la red local. que por lo general ocurre
en la banda de ( a 20 KHz : -

Por lo antes descrito es conveniente usar c6digos de linca para estc método de transinision. que scan
lineales v que sean invanantes con respecto al tiempo en el proceso de almacenamiento de tas respuestas al
impulso Algunos de los codigos con csta caracieristicas son el bifasc. bipotar. 4B3T » 2B1Q El codigo
determuna 1a complendad de su implementacion en Circuntos Integrados. por ejemplo. un CI de transmisién
que contenga cancelacién. ecualizacion, recuperacion de la temporizacion v activacion pueden contener hasta
50.000 transistores. pero se puede disminuir ¢sta cantidad realizando una adecuada seleccion del codigo.

L " Y
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Después de que el eco ha sido estimado. s¢ climina {mediante una operaci6n de sustraccion) v ¢n cse
momento generalmente la sefial es mangjada cotno una transimision a 4 hilos. sin embargo es necesario
realizar filirados adicionales para reducir la interferencia entre simbolos. La velocidad de convergencia del
sistema cancelador de eco es un elemento clave en el uempo de ‘establecimiento de la comunicacién Cuando
¢l sistema 1gnora por completo las caracteristicas de la linea, el tempo de com ergencia de arrancando desde
un estado aleatorio los coeficientes. puede tomar algunos segundos. stn embargo si los cocficientes son
almacenados entre una comunicacion ¥ otra. el tiempo de convergencia no excede los 1t ms  Véase Figur:
27

Una vez que va se tiene un panorama general de lo que es la Red Dhigital de Senvaicios Integrados. en
la Figura 2 8 se muestra el modelo RDSI en el que se pueden observar os 2 upos de interfaz de acceso a la
RDSI. asi como los grupos funcionales. v los puntos de referencia

MODELO RDSI

W - eIl
- — CONMUTACION —
=== oe =1
PAQUETES 4 lineas
g-ellness 28+D s
ST +
B s 1582 Kbps
[
CENTRAL
U CONMUTACICN
TR T cs DE nggll‘ v TR T
%—Bllness CITCUTOS 4-lineas 4-lineas
+
238D (M1 238+D
o 160 Kbps I cp 1 544 Mbpl 1544 Mops
7| 4dineas 308+0 (CEPT)  20B+D 5
1%2+th . CENTRAL LOCAL RED GE 2 OﬁSJM[L;ps 2 048 Mbas
p RDSI SENALIZACION
_ POR CANAL
COMUN

IECITT Ne 7

1 !

Interfaz de Acceso Primario
GRUPOS FUNCIONALES

Interfaz ge Acceso Basice

F5 - CONMUTADOR DE PAQUETES
CS - CONMUTACION DE CIRCUITOS
CP - PROCESADOR DE LLAMADAS

~1
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Foigura 2.8 Modvelo RDSI

ET EQUIPO TERMINAL

TR1 - TERMINADCR DE RED!
TR2 - TERMINADOR DE REGY
TL - TERMINACION DE LINEA
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3. CAPA DE ENLACE DE DATOS.

La capa 2 para el canal D es defimda en las recomendaciones 1440 (Q.920) e 1 441 (Q.921) del
CCITT Estos protocotos reciben comunmente el nombre de LAPD {Procedimiento dc¢ Acceso al Enlacec en ¢l
canal D) v icnen como finalidad controlar el intercambio de infonnacion entre las entidades pares de capa 3
a través de fa interfaz usuario-red. También controlan la interaccion de la capa de enlace de datos (capa 2)
con la capa de red (capa 3) v la capa fisica (capa I). La estructura de trama LAPD para el canal D se muestra
cn la Figura 3.1, [Terpan. 1993]

. informacién de Capa de
Eniace de Datos

¥

ke
I

Informacién de

'.._ Capa de Red _,I

Bandera Direccion Contro! Informacién SVT Bandera

01111110 2 octetos 1 6 2 octetos Maximo 260 octetos 2 octetos 01111110
1 octeto ~ 1octeto

Figura 3.1 Estructura de trama LAPD para ¢l canal D

El protocolo LAPD provee los siguientes scrvicios a la capa de red:

» Presia servicios a varias entidades de capa 3. las cuales se diferencian entre si por medio del
campo de direccién de la trama de capa 2.

*  Proporciona delimitacion de iramas por medio de banderas HDLC (G1111110) v tzanspiaiencia
en la transmusion de la informacion por medio de la insercion v extraccion de ceros para
asegurarse que no sc repita. de manera involuntania. la secuencia de bandera v ésta sc puwda
interpretar como un mensaje errdneo -Esie procedimiento inserta un cero despuds de cada 3 unos
conscculivoes

s  Proporcrona un mecanismo de control de secuencia para garantizar el orden de las tramas
transporiadas a través de la interfaz ¢ -

s  Proporciona procedimientos de deteccion v recuperacion de errores en la conexion de capa 2

«  Proporciona control de flujo mangjando {ramas que solicitan la suspensién temporal o la
reanudacion del envio de tramas de informacion v proporciona control de error a tranés del
acuse de recibo de tramas recibidas exitosamenie solicitando retransmision de tramas recibidas
con crror
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El campo de direccion de la estructura de trama 1dentifica. en 16 bits. el ongen o destino de 1a trama
por medio del Identificador de Punto de Acceso al Servicios (SAPI) v de! Identificador de Punto Extremo
Terminal (TEI): define. asimismo. si la trama corresponde a una instruccion o a una respuesta (C/R) El SAP]
tomard un valor 0 para la interaccion cen la capa de red v un valor 63 para la interaccion con la entidad de
geston. El TEI puede tomar valores entre 0 v 127. siendo los 64 pnmeros ({1-63) astgnados de manera no
automatica; del 64 al 126 asignados automaticamente y el 127 usado para difusion. {en enlaces punio a
mulupunto) [Gallardo. 1991].

El campo de conirol puede tener 3 formatos distintos

»  Tramas I de informacion numerada: este formato es utihzado para la transferencia de
informacion proveniente de capa 3 Utiliza contadores para llevar una secuencia de tramas
enviadas y una secuencia de tramas recibidas sin error.

+  Tramas S gue manejan funciones de supervision. con este tipo de tramas se acusa recibo. s¢
pide una retransmision o se solicita la suspension temporal del envio de tramas 1

+  Tramas U (no-numeradas): se utilizan para la transmisién de informacion no numerada para
reahizar funciones de control de enlace de datos.

La longitud del campo de control es de 2 octetos para los formatos [ v S. siendo de un octeto para cl
formato U.

El campo de informacion se encuentra presente en todas las tramas | v en las tramas Ul (tramas de
Informacién No-numeradas) Cuando este campo existe es de longitud variable, de un maximo de 260 octctos.
v contiene informacion de capa 3.

El campo de Secuencia de Verificacién de Trama (SVT) lleva informacion del Cédigo de
Redundancia Ciclica de 16 bits (CRC-16) definido por el CCITT v calculado de acuerdo al polinonuo
generador X'° 4+ X7 %7 +1

. _______________________________________ "
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4. CAPA DE RED.
4.1. Aspectos Generales

Las especificaciones generales de esta capa se definen en la recomendacion Q 930¢1.450) del CCITT
La descripcion detallada se define en la recomendacion Q.93 1¢1 451) del CCITT

El protocolo de capa 3 proporciona ios medios para establecer. mantener v ierimnar conexiones de la
red en una RDSI entre entidades de aplicacion. Ademas proporciona funciones de ennutamiento v
direccionamicnto.

Los tipos posibles de conexicnes son

¢ (Conexiones por conmutacion de circuitos utilizando los canales B
+ Conexiones para sefializacion entre usuarios utilizando e} canal D.
« Conexiones por conmutacién de paquetes usando el canal D. o el canal B.

4.2. Funciones de la capa 3

Las funciones soportan procedimientos para el control de una llamada bdsica. v para ¢l control de
una llamada en conjunto con servicios adicionaies proporcionados por la red Se dividen en dos categorias: La
primera conticne aquellas funciones que controlan directamente el establecimicnto de las conexiones. v la
segunda incluve las funciones relacionadas con cl transporte de mensajes adicionales a las funciones
proporcionadas por la capa 2.

Dentro de las funciones mas importantes se pueden listar 1as sigumenics

¢ Proceso de pnmitivas para comunicarse con la capa 2

¢  Generacidn e interpretacion de mensajes de capa 3 para la comunicacién entre entidades del
nusmo mvel.

o  Administrador de temponzadores y entidades ogicas

*  Administracién de acceso a recursos de 1a red

» Enrutamiento v retransmision :

« Control de conexion de red

» Deteccion de error

e Secuenciacion

s Retnicio

. ___________________________________________________________________ "
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- 4.3. Procedimientos para el control de llamadas

4.3.1. Procedimientos para llamadas por conmutacion de circuitos.

Este tipo de conexiones se controlan mediante el intercambio de mensajes de capa 3 (ver Tabla 4-1)
entre las dos enuidades del mismo nivel Estos mensajes se envian por el canal D. v permuten la asignacion de
un canal B para el envio del flujo de informacion.

4.3.2. Procedimientos para llamadas por conmutacion de paguetes.

' ' 4.3.2.1.8ervicio por conmutacion de paquetes utilizando el canal B.

La RDSI proporciona un canal B en una conexion semipermanentc o conmutada entre una ternnnal
de usuario. v la funcion de manejo de paquetes de Ia RDSI

Para lograr la conexion conmutada primeramente se utiliza la sefiahzacion normal RDSI para ¢l
establecimiento de un enlace conmutado

Posteriormente se utilizara el canal B para el envio de paquetes de acuerdo a los protocolos de capa 2
v ide X.25

4.3.2.2.8ervicio por conmutacion de paquetes utilizando el canal D.

El canal D permute a las termnales de usuarios RDSI accesar a la funcion de mangjo de paquetes
RDSI estableciendo una conexion de enlace de datos a esa funcion la cual prede ser unlizada posteriormente
para soportar comunicacion de paquetes de acuerdo al protocolo de capa 3 de X 25

4.4. Estructura de los mensajes

La esiructura de los mensajes consiste de elementos comunes a todos tos tipos de mensajes. v de
clementos de informa16n obligatonos v adicionales los cuales son especificos a cada npo de mensaje

- " "
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El campo de informacion de la trama de capa 2 contiene al protocolo de capa 3 El formato de los
mensajes se muestra en la Figura 4.1

B7 po Octetos
oloefolojifolojnl 1
‘0|00 OF LRLE iy 2
. Bl o -
' Referencia de llamada
6 Tipo de mensaje
Elementos de informacion -
L . n '
I.R LL = Long. de referencia de Jlamada ** | octeto para acceso hasice
B = bandera de ref de liamada 2 ocletos para aceeso primano

0 = Mensaje enviado del fado origen
I = Mensaje enviado del lado destino

Figura 4.1 Formato de los mensajes de capa 3

El discrnmuinador de protocolos identifica ¢l protocolo de capa 3 Este protocolo puede ser uno
especificado por ¢l CCITT. o cualquier oiro protocolo A este campo le siguen una serie de cuatro ceros.
después sigue el campo que ndica la longitud que tendra el campo de referenca,

Después aparece el campo de referencia de llamada el cual se utiliza para identificar cada llamada en
la interfaz usuario-red local Los valores de este campo los asigna la entidad origen al inicio de cada lamada
Este campo se remueve una vez que se ha completado o suspendido la lamada

El campo de tipo de mensaje es un octeto que permite identificar la funcion del mensaje que se cnvia,
los diferentes mensajes son los mostrados en las Tabla 4-1 v Tabla 4-2

Al final aparece ¢l campo de elementos obligatorios o elemantes adicionales de informacidn el cual
identifica cada uno de los elementos de informacion posibles que son necesanos ch cada mensaje.

i
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Tabla 4-1 Mensaje de capa 3 para el control de lamadas en conmuracion de cireuitos

87654321 .
000 - - - - MENSAJES PARA EL ESTABLECIMIENTO DE LA LLAMADA
00001 - ALERTing
gg?l? - CALL PROCeeding
00011 - CONNect ACKnowledge
00101 - PROGress
01101 - SETUP ‘
- SETUP ACKnowledge
000----- MENSAJES DURANTE LA FASE ACTIVA DE LA LLAMADA
00110 - RESume
8(1):313 - RESUME ACKnowledge
00101 - RESume REJect
04101 - S8USPend
00001 - SUSPend ACKnowledge
00000 - SUSPend REJect
- USER INFOrmation
010----- MENSAJES PARA LA TERMINACION DE LA LLAMADA
00101 - DISConnect
?:(13?(1) _ - RELease
- RELease COMplete
011----- MENSAJES DIVERSOS
11001 .
00010 - CONgestion CONtrol
11011 - FACility
01110 : - INFQrmation
11101 . - NOTIFY
10101 .
- STATUS
- STATUS ENQuiry

. _______________________________________
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Tabla 4-2 Mensaje de capa 3 para el control de llamadas en connnitacion de pagueies

87654321
000---- MENSAJES PARA EL ESTABLECIMIENTO DE LA LLAMADA
00001 ALERTI
00010 - Ing
00111 - CALL PROCeeding
01111 - CONNect
00011
00101 - CONNect ACKnowledge
- PROGress
- 8ETUP
010 ---- MENSAJES PARA LA TERMINACION DE LA LLAMADA
g?lgl - DISConnect
11010 - RELease 1
- RELease COMplete
011 ---- MENSAJES DIVERSOS
11101 :
10101 - STATUS
- STATUS ENQuiry

r____--____________________________________________ ________________________________________________]
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N Servicios “On-Line”
Bl - Los Factores Clave de Exito

V¥ Uso amigable

- V¥ Acceso rapido

V¥ Informacion util




AL ATEL Servicios “On-Line”
Requerimientos de Red

A

Evoludién del Trafico

o T o B

96 97 98 99 00



P Escenarios de Evolucion :
- Red Telefonica

Nuevos A ,
Escenarios impulsados

por los servicios

* FTTB, FTTC

* VDSL
* ADSL Escenarios impulsados
S por la Red
Servicios
o FITL
¢ ISDN
* \Voiceband | ¢ DLC
mode_m
Actuales ¢ POTS >
Existentes Nuevas

Infraestructuras




73 N Banda-éncha en Acceso




ADSL



AL AT R ;Por qué es importante ADSL?

V¥ La planta de cobre es el mayor activo de los operadores de
Telecomunicaciones

V¥ La velocidad en el desarrollo del servicio es clave

- ¥ Permite competir con los operadores de cable en los
servicios “On-Line” de alta velocidad

V¥ Los modems ADSL existen HOY

V¥ No require instalaciones de cable adicionales

@ Bajo costo de instalacion
® Rapida conexion de nuevos usuarios



Al SR Caracteristicas clave de ADSL

V¥ Permite obtener ingresos adicionales a los Operadores de
Telecomunicacion -

® Ofreciendo acceso de altas prestaciones a servios “On-Line” (Internet, VoD)
sobre el mismo par de cobre

® Con un coste estrictamente proporcional al numero de abonados
conectados

- La baja inversion inicial limita los riesgos financieros
- Adecuado para un despligue rapido de servicios

® Sin impacto en el servicio telefédnico suministrado por la misma linea
@ Con capacidad suficiente para servicios de Video

@ Compitiendo con los operadores de cable en los servicios On-Line de alta
velocidad.

V¥ Permite descargar el trafico Internet de la red de Telefonia

® Desvia el trafico Internet (On-Line en general) antes de pasar por las
centrales |

10



sl Inconvenientes del Bucle

V¥ Atenuacion y distorsion dependientes de la frecuencia
= Interferencia entre simbolos (“ISI”)

V¥ Acoplamiento entre lineas del mismo cable o adyacentes
=» Diafonia Né@ FEXT
¥ Conexiones y transiciones de seccion |
» Reflexiones :"Distorsion de pulsos (“ISI”) f / bridgedtap

IRTRH WA Ghhart
e i
PR R

V¥ Ruido Impulsivo : rafagas de corta duraccién (10 ps - 1 ms)
V¥ Desadaptacion de Impedancias entre la hibrida y la linea
® Reflexiones (eco)

Vinterferencias de RF : difusion AM & radio-aficionados
® Transceptor con gran capacidad de adaptacion

¥

11
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.1 v Configuracion de referencia ADSL
(parametros ANSI)

power
spectrum
upstream ‘
downstream
POTS - —
3.4 kHz 1.1 MHz frequency
Central Office ' Residential Subscriber
from dlElla] ’lmnsmme, o ALT ANT - — [ Transmitter [4f - m———
networ | \ 4 *
- - _s twisted-wire pair -RT—S ) E— set-top '
- oo - o e — - i :
hybnd __{ sphitter Tt o T 7| sphtter }_ < hybrid box v
SR < S e e |
tnoetc\ij%ml « Rece—i—vf, < 16 - 640 kbps 1.5 -7 Mbps - >| Receiver | (P ——e
Trors A
>< " Tel

ALT : ADSL Line Termination
-ANT : ADSL Network Termination



Espectro DMT (FDM) -

AL AN L
Parametros ANSI
tonos no utilizados = Modulacion QAM
espectro debido a condiciones cadg §ub-cana| (torp)
de potencia Separacio’n de l1a linea optlmlzado en funcidén de las
entre tonos caracteristicas de la linea
(4.3 kHz) 67
yE, q:i_.___ B0 . .. maximo 3dB de
Z[\ variacion
POTS
J ] ‘frecuencia
S
4kHz 20 kHz 1.1 MHz
K" K- >
espectro utilizado espectro utilizado
para datos hacia la " para datos desde la _
red red ,
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plbo Al Modulacién DMT

V¥ General:
® Definido como estandar ANSI

® Existen varias companias con desarrollos DMT (Alcatel, Analog
Devices, Motorola, Texas Instruments, Metalink)

- Garantiza mayor competencia -> precios

V¥ Tecnoldgicas:

® Permite mayores velocidades para culaquier linea dada

- Permite la mejor adaptacion a las caracteristicas de I[a linea, las
interferencias de RF y especialmente al ruido impulsivo

® Permite mayores velocidades para bucles cortos

® Permite reconfiguracion en operacion
- se obtienen mejores caracteristicas EMI (Interferencial Electro-Magnéticas



N AN

ATM en el Acceso

V¥ Lo mas adecuado para adaptarse a los requerimientos de
servicio actualmente en evolucion: ~

® Mezcla eficiente de ancho de banda requerido por diferentes
servicios, (sin granularidad)

- admite evolucion en tecnologias de compresion
- admite evolucion en requerimientos de calidad de servicio

® Transparencia de protocolos
® Soporte eficiente de servicios con trafico a rafagas
® Soporte eficiente de anchos de banda asimétricos

V¥ Lo mas adecuado para la capacidad de las diferentes
tecnologias de acceso:

® Llenado eficiente de la capacidad de ancho de banda de las
tecnologias de acceso

® Esquema coherente de Multiplexacion / Demultiplexacién y
Concentracion en los diferentes puntos de fiexibilidad.



o - ADSL
A AL | Los beneficios de ATM
extremo a extremo

a central focal A
(Banda Estrecha)
ared de par de
Banda AnchLa ADSL cobre ATMF 25 Mbps
ADSL vy ADSL .
ISDH NT
NT ADSL
- ATM | - :
ADAPTADOR
DE ACESO
El mejor uso Flexibilidad de servicio
Multiplexacion directa ATM ~de la capacidad i ;ancho de bqndda relql;endo
desde el “bitrate” ADSL a de la linea en cada it ol ocolos
- asimetria ael servicio
SDH 155Mbps caso g .
P - trafico a rafagas
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A LW R ADSL con “Bitrate” Variable
Combinando DMT y ATM

Vv DMT
® Permite obiener el maximo “bitrate” de cualquier linea
fisica,teniendo en cuenta la calidad del bucle y las interferencias
@ Determinacidén automatica del maximo “bitrate” durante la
inicializacion del modem
® Determinacion automatica de la forma del espectro de frecuencia
para evitar las interferencias con otros servicios
vV ATM
® Aprovecha completamente el “bitrate” fisico ofrecido por el
modem DMT
® Como una opcion, el “bitrate” ofrecido se puede Ilmltar a nivel
ATM para ofrecer varias clases de servicio

» La combinacion DMT - ATM proporciona flexibilidad de “bitrate”,
aprovechando la maxima capacidad de transferencia de la linea

» Permite ofrecer una parte del “bitrate” como servicio basico
(dependiendo de la estrategia comercial del operador, ej. 1Mbps),
ofreciendo el resto en base a disponibilidad

» Permite explotar lineas con caggcidad inferior a 2Mbps (lineas largas,

ruidosas)

13



AT | “bitrate” en ADSL de Alcatel

6 Valores tipicos:
caract. ruido ETSI
S 1 seccion cable 0.4 mm

Velocidad (Mbps)
w

0 +——H— = — : .
0 900 1800 2700 3600 4500 5400
Distancia (m)
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~. arr1. Evolucion de la Arquitectura de Red
para servicios “On-Line”

AF 1
PRy

Dafos / Internet
Proveedores
de Servicio

Telefonia

RAN: Remote Access Node
(~Punto de termiancién de ia red
de acceso a Internet)
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Internet y Video
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Internet
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AL ATEL ADSL como Solucion a Internet

V¥ Multiplica la velocidad de acceso por un factor de 200
® Rompe la barrera para servicios Multi-Media en Internet
® Promueve el uso de las telecomunicaciones para Trabajo en Casa

V¥ Saca el trafico Interent de la Red Telefonica Conmutada

® Evita la saturacion de las centrales con llamadas de larga duracion

® Permite deferentes esquemas de tarificacion para servicios de vozy
datos

V¥ Proporciona un segundo servicio en la linea sobre el mismo
par de cobre



Al ATEL IP sobre ATM
TCP/UDP TCP/UDP .
IP IP
- LLC-SNAP - N LLC-SNAP
ATM/AAL 5 Ethernet
Fisicce' 25.5 Mbps

*ATM / AALS / Protocolo Punto-a-punto



Aplicaciones ADSL:

AL ATEL
Trabajo en Casa
@
Ed
~ Casa del| Abonado
ADSL
AA
Servidor
| ~ ADSL
LAN Remota

Conexiones virtuale ATM punto a punto
*Permanente

«Semi-permanente

+Conmutada



Aplicaciones ADSL.:

AL ATEL Corporacion con Centros
Distribuidos
@
CENTRAL Centro Remoto
ADSL
. AA
Server
-~ ADSL
] Router || a | ,
LAN
Corporativa LAN Remota

Conexiones virtuale ATM punto a punto
-Permanente

-Semi-permanente

-Conmutada



- Aplicaciones ADSL.:
Multimedia y
Video Bajo Demanda (VOD)

AL ATEL

ej. HP, Digital, . @
Ncube

ADSL

DE VIDEO

ADSL

ANT  ATMF

. Conexiones virtuale ATM punto a punto

Permanente
«Semi-permanente
+Conmutada

Casa del Abonado

SETTOP

&

ej. Apple
Stellar One




AL DTEL | ~ Conclusiones

V El crecimiento de los servicios Internet y Multi-media
Impone nuevos requisitos a las redes de telecomunicacion
® Mayor capacidad de conmutacion
® Mayor ancho de banda en el acceso

V¥ ADSL proporciona una solucién a los operadores de red

® capacidad 200 veces superior a los modems y 40 veces superior que
el Acceso Basico RDSI

® La tecnologia esta ya probada
® Impacto limitado en la infraestructura existente

® Rapida reaccion a los “Cable-modems”

V¥ La combinacion de ATM y ADSL crea las redes para todos
los servicios (“Full Service Network”)

V¥ Las soluciones basadas en ADSL/ATM extremo a extremo
estan disponibles HOY.
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ATM Architecture

ATM s o broadband TSDN techiology that has been touted as the acstievalution
i LAN and WAN communication. Volumes have been winen about ATM and it~
cmergmy rofe m corporate networks, Reterences [10-1] theough [ TO-0F provide back-
ground on cell-switching and ATM technology. Refeiences [ 10-7] through [ 10-9] me
vendor and analystreports that discuss tends m the ATM munketplace Referenees
[ 10-10] through [10-12] provide mtormanon on carrers” plans to support ATM. Finally
References [10-13] through {10-19] discuss the mtegration of AN and WAN 1ech-
nology. This chaptes Tooks at ATM apphcations, standards. and mterfaces Chaptet
11 discusses the ATM prowocols in detail.

10.1 ATM Technology

ATM technology comes from I'TU standards that address the worldwide telecom-
muanications infrastructure. ‘I'wo significant developments preceded ATM:n the early
1980s, the ITU defined ISDN, which is now called Narrowband ISDN (N-1SDN). and
mn the late 1980s. the ITU cnhanced N-ISDN, delining broadband ISDN (B-ISDN)
N-ISDN defined two access interfaces' a basic rate operating at 144 Kbps, and a pri-
mary rate operating at |.544 Mbps. These interfaces were designed to carry digital
vence, data, and control information, B-ISDN offered transmission rates of up to 622
Mbps ATM is the technology that implements broadband ISDN.

10.1.1 The ATM Concept

Figure 10-1 Hlustrates how ATM transmits data The ATM cellstream starts with
signals from individual users or sources. Signals may include constant bit-rate ser-
vice, such as a DS line; variable bit-rate service, such as compressed video: or bursty
data, such as LAN traffic. ATM then segments the signals into 48-octet payloads and
prefaces them with a S-octet header containing addressing information. The resulting
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Chapter 10. ATM Architecture

53-uctet packet is called a cefl A that ponn. ATM takes celis from vartous signal
wources, mixes them with cells trom other sources, and sends thein to the ATM swich
(vee References [ 10-20and 10-21) The switch multipleses the cells together The

cells then contend for yacant slots i the outgoing ATM celistream.

— |
Constant Oala vananle
ut Rale Buisls Bit Rate
. B ISDH Senwres [ l %
ATH Ceoll Segmanialon
] 1 R (|
= - lm it
) h . t
u | ® g - .
. [ I e !
[ S T D /)
\ _____ ————
Muitipiernng
‘ o "——//
—_—1
T
1 ' B Header
I [ R W o
Outgong ATM Celistzeam

Figure 10-1. The ATM concept.
Courlesy of Hewiett-Packard Company

ATM is a connection-oriented service, meaning it requires an established con-
nection before it can transtit data, There are two types of ATM connections: PVCs
and SVCs. Two labels identify the endpoint connections. a VPI and a VCI

The transmission delay for each cell depends on the traffic load from the other
mput datastreams, thus the arnval rate (delay) of cach datastream is not periodic
Therefore. the cell transfer is relerred W as an asvachronous operaton or ATM
In contrast. a synchronous transfer mode has fixed pe ssads for cell tansmission

and reception.
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10.1.2 ATM Example

Image transier, one of the most frequently touted ATM applications. is one of the
hey features of the I IQHnL[. a fiber-opric system designed by Cablevision Svatems
Conp. of Woudbury, N Y. that hiks physictans and researchers at Biosokhaven hf\l-:ﬂ'mn:ll
Laboratory. SUNY-Stony Biook. plus another Cablevision facility in Hicksville. N Y
(see Figue 10-2a) FISHnet. which stands 1o Fiber Optic. Bland-Wide, Supet ill ’h:
specd Network, curremly provides hnks tor medical and enviconmental 1esear ‘hk-
at the Brookhaven and Stony Brook locations S

Sy

TAX)

Stony Brook
/ >< Universiy
Cablevision OC 3c D
Hauppauge, N.Y. 155 Mops
/ Brookhaven
X 0OC 3n
155 Mbps

National Labs

0C-3¢
155 Mbps

Cablevision
x Hickaville, N.Y.
C—

LI

Mote TAX)  Transparent Asynchrenons
Transmitter Recewer Intedace

Figure 10-2a. FISHnet phase |.
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Chapter 1. M Architecture

A optical backhone, operating it the OC-3¢ rate of 155 Mhbps, connects ATM

switches from Fore Systems Inc., of Warrendale, Pa., at each location Sun worksta-

Hons connect to the ATM switches usimg a 100 Mbps TAXI interface

ntly. the FISTInet system lets doctors at Stony Brook Hospatal read patient

Cune
aken. [f the docior

X-raws taken al Brookhaven alimost its soon as they hive heen t

needs additonal diagnostes, saeh as a differem X-ray position, the X-ray can be

rerahen mnmediately
d 10 integrate the expermmental ATM network mto a larger ATM hack-

It is planne
bone intrastructute that will be deployed to provide frame relay and ATM services to

the hustiess communily on Long Island (see Figure 10-2b). Many of these ;rganiza-
nons have large mvestments i legacy LAN architectures. To proteet thes investment,
the system widl tirst inplement LAN conneclivity mta ATM on the WAN, and will
only gracdually migrate (o ATM at the deskiop. S0, ATM-capithle hubs and routers
an antertm role i this conneetivity plan. ATM switches will be deployed at

ey

will play
cach premise only when the appheation requitements can justily the hardware expense.
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Chapter 10: AT Architeclure

10.2 ATM Standards

‘T S ~ Y T Y
Severl sources have defined standards lor ATM netwarks: the 1VUST [10-229.

the AN Forum Ji

1-23). Belleme | 10-24). and ANSI

The kev TTUST stlards are s follows

ITU-T Recommendation  Descriphion

1113
121
1150
y211
131
1321
1327
1 361
1.362
1363
$ 371
1413
1.432
1 555
1610

B-1SDN VoEahu!ary of TeTn—u,
Broadband Aspecis of 1ISDN
B.ISDN ATM Functional Charactenstcs

B-\SDN Service Aspects

B-ISDN General Network Aspects

B-ISDN Protocol Relerence Model

B-ISDN Functional Architecture Aspects

B8-1SDN ATM Layer Speciftication

B-ISDN ATM Adapiaton Layer Functional Descriplion

B-1SDN ATM Adaptation Layer Speciication

Traffic Control and Gongestion Control n B-ISDN

B-1SDN User-Network Interface

B-ISDN User-Network Interface Physical Layer Spectlication
Frame Relay and ATM Interworking i

8-1SDN Opedations and Maintenance Pnnciples and Functions

The key ANSL standards for B-ISDN are

ANSI Standard

Description

T1.511
. T1.624

T1627
71,629

408

Broadband 1SDN-—ATM Layer Cell Transfer Performance Parameters
Broadband I1SDN User-Network interfaces—Rates and Formats
Specitications

Broadband ISDN-—ATM Layer Functionality and Specification
Broadband 'SDN-—ATM Adaptation Layer 3/4 Common Part
Functions and Specibcations

T11.630
T1.635

T1636

T1637

F1638

T1638

T1649

Chapter 10: ATM Architecture

Broadband ISDN—Constant Bit Rate (CBR) Services
Broadband ISDN—ATM Adaptation Layer 5 Common Part Func-
tions and Specifications

Broadhband ISDN-—Sgnaling ATM Adaptation Layer—Overnview
Description

Broadband ISDN—ATM Adaplation Layer Service Speciic Connection
Onented Protocol (SSCOP)

Broadband 1SDN—Signaling ATM Adaptation Layer—Service Spe-
cific Cocrdination Function at the User Network Interface (SSCF at
the UNH

Broadband ISDN—Signaling ATM Adaptation Layer—Service Spe-
cific Coordination Function at the Network-Network Interface (SSCF
at the NNi) |

Broadband ISODN—Cell Relay Service Description

The ATM Forum does not develop its own standards, but rather fosters consen-
sus between users and vendors regarding the use of standards such as the ITU-T rec-
ommendations. This process ensures a higher probability of inicmpcruhilily hetween
different vendors” products. The framework for the ATM documents is called the
Anchorage Accord, illusteated in Figure 10-3, which descnibes the various documents’

dependencies and inter-relationships The key ATM Forum documents are as follows:

pad

Y

YYyvyyy

ATM User-Network Interface (UN1) Specification, version 3.1

Physical Layer Specifications for DS| (1.544 Mbps). 6 312 Mbps, 25.6
Mbps, DS3 (44.736 Mbps), 155.52 Mbps, and others

ATM DXI Specification, version 1.0

ATM Broadband Inter-Carrier Interface (B-1CI)y Specification, version 2.0
LLAN Emulation over ATM Specification. version .0

Broadband Inter Carrier Interface (B-1Cl) Specification, version 2.0
ATM UNI Signaling Specification, version 4.0

Traffic Management Specification, version 4.0

Private Network-Network Interface (PNNI) Specification, version 1.0
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Figure 10-3. Anchorage Accord specification relationships.
Courtesy of the ATM Forum

10.3 Broadband ISDN Architecture

ITU-T Recommendation [.413 pravides the reference configuration for the 8-
ISDN UNL The teference configuration specifies various funcional entities and the
reference points, which are wterfaces between them (see Figure 10-4). All interfaces.
c:\ccpl for the R interface, have a designation beginmng with the leter B, indicating
broadband technology The R interface may or may not hate broadband capabthities
{sce References | 10-25] and [1(-26)).
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ire

B-TE1

B-TE2 - \
—+— B-TA |——o

or TE2 1 |

Notes B Broadband

'
—+——  Ralare
TA  Terminal Adaplor h nce Pont

1€ Terminal Equipment ]
Functional
NT  Natwork Termination et Groupng

Figure 10-4. B-1SDN functional reference configuration,

Source TR NWT-001112, ©1993, Bell Communications Research, inc, repnnted with parrmission

10.3.1 B-ISDN Reference Points
The reference points defined for B-1SDN include:

>

R, the point between non-B-1SDN equipment (TE2 or B-TE2) and a ter-
minal adapter {TA)

S, the point between ISDN user equipment (B-TEL or B-TA) and the cus-
tomer premises network-termination equipment (B-N'T2)

T. the point between the customer premises network-termination equip-
ment {B-NT2) and the public network termination (B-NT1)

U. the point between the public network termination (B-NT| ) and the
public network -
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10.3.2 B-ISDN Functional Groups

unctions ' -ate the operations they perform These
The B-ISDN functions are grouped o indicate the oper Yi

erops inchude

~  B-NTT (broadband network tenmmaton Dy, which handles the wermina-
tion of the tanstission bine as well as the Operations and Mamienance
{OAND) funchions, such iy a SONTIT Line tenmination

= B-NT?2 tbroadband network termanatan 2y, which may include highet-
Iayer funchions such as buliering, muktplexmg, and signaling, as well as
other examples such as PBXCLAN, of termunal controllers

~  R-T1E1 (hroadband terminal cquipment 1. which supports B-ISDN protocols

=~ W-TE2 (hioadband wermynal equipment 21 which cupports a hroadband
interface other than B-1SDN ‘

= TEZ termmal equipment 21, which supports an inierface nl!lcr than ISDN

= TA ttermunat adapter), which lets a B-1SDN uscr-netwat K interlice serve

a B-TE2 or TE2

10.3.3 B-ISDN Architecture Model

The B-ISDN protocol architecture model consists of three planes and four'layc'rq
(see Figure 15ay This model daters oo the familiar F)S[ Reference Model in thal
1t tses three, rather than two, dimensions. You can think of the planes i protocol suttes

Management Plane
Functions
Centrol Usar
Plane Plane
Higher Layer Higher Layer
Protocols and Peotocols and
Functions Funchons

Figure 10-5a. B-ISDN protocol model.
Courtesy of STACKS, The Nelwork Joumal
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The planes are designated  user. control, and management The wser plane pro-
vides user-to-user information transfer and controls requued for that transler, such as
flow contral and enar recovery The controf plane provides call-control and connec-
tion-control functions such as signating. Signaling establishes, supervises, and releases
calls and connections

The management plane controls the ATM device, such as a switch or a hub This
plane offers two types of functions: plane management and layer management. Because
plane management deals with the system as a whole {management of the other planes
and coordination between the planes), it does not have a layered structure. Laver man-
agement deals with the resources and parameters residing at each protocol layer, such
as OAM information flow.

The layersinchide Physical (PHY), ATM, ATM Adaptation (AAL), and Higher
The next secnon desetibes these layers in more detail.

10.3.4 ATM Layers and Sublayers

Figure 10-5ballustrates the ATM layers and sublayers, As you'll see, the Physical
layer sends and receives bits on the transmission medium, and it sends and reccives cells
to and from the next highest layer, the ATM layer. The ATM layer then switches these
cells to the appropriate circuit 10 connect with an end system and its specific applica-
tion or process. The payload within the cell is generated at. or destined for, the AAL. a
layer that interfaces the Higher layer functions and processes with the ATM layer.
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Figure 10-5b ATM layers and sublayers.
Courtesy of STACKS, The Network Joumal

The Physical layer has two sublayers Physical Medum (PM) and Transmission

Convergence (TC) The PM sublayer provides bit-level transmission. 1t functions

melude the electneal or opiical interfaee inta the transmisston medium, such as a

cuble, and the timing and recovery of those bits on the transmission medium.

The T'C sublayer has tive functions’ frame gencration, frame adaptation, cell delin-

cation, Header Error Cotrection (11EC) generation, and cell-rate decoupling Frame

generalion creates and recovers the data frame sent by the PM sublayes. Next, cells

wansmitted by the ATM layer must be adapted to the data-frame format required for

the PM sublaver. In the receive direction, the frame-adaptation function extracts the

cells from the frame. The cell-delmeation function dentifies the boundaries of cells

o the ATM layer can decode them properly Next, HEC sequence is calculated and

added o the ATM header for rransimitted frames. For received frames, the cell head-

1
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1S . g LRl * ¥ . a o

e checked for cirors, Herrors are found, they are corrected when possible if
the " N At e 3

ey cannot be costected, the cell s discanded Frnally, cell-rate decouptig insents or
5 g DEFRral E: - .

uppresses wle cells, adapting the transimssion rate of the valid ATM cells w the pay

load capacity ol the tansmission system

The ATM layer functions independently of the Physical layer and performs four
operatins on cells mudaplesmg, YPEVC transiauon. header generation, and Mow
a-mlml In the transmnt direction, the ATM layer multiplexes cells from i‘ndwiduwl
anu;ll paths (VPsyand vinual channels (VCs) ino a composite cell flow In the rccci\"c
direction. demultiplexing directs cebis from the composite cell flow to the appropri
ate VP or VO Next. the VPIVC fields m the incoming cell may require anr:I:inpll-
new VPIVCI values. Third, the ATM layer generates an ATM header and ?IL:J‘R flo
the payload for transiission or extracts the payload from a received cell ul‘]d ass ‘(:.
that payload w the next highest layer. Finally, the ATM layer may generale 'plli.'. «
zarry Generic IFlow Control (GIFC) information renee e e

,1-|.!c AAL maps the ngher layers (for example. services that dcﬁ'nc the signal type
liSCd) into the ATM layer (lor instance, cells). AAL consists of two subla cqu'}t’::e
S‘c:gmcnl;llmn and Reassembly (SAR) sublayer and the Convergence suhlz;;cr (CS)
The SAR sublayer segments the variable-length higher-layer information 1o be trans-
mitted into fixed-length ATM payloads, and reassemhlcs'thc received payloads ) :
Fhe higher-layer information. The €S performs functions required by lhcyf\/‘\l\ I" .
"T use. and is therefore service-dependent. In some cases, CS functrons ma b; :.l[:
divided into a Common Part Convergence Sublayer {CPCS), or the lower Zuhlui
and a Service Specific Convergence Sublayer (SSCS), or the upper sublay(;r .

10.4 ATM Interfaces

A broadhand network may include several interfaces (see Figure 10-6): the UNI
lh)e ATM DX]. the network-node interface (NNI), lhc_prlvale network-node inlcrface‘
(PNND, and the Broadband Inter-Cariier Interface (B-ICL).
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The UNI conneets the ATM network and prenmuses equipment, which could include

and private. A public UNI can-
nects a private ATM switeh 1o public ATM service provider's network. A privaje
UNI conneets ATM users with the ATM switch |10-27).

an ATM switch, There are two types of UNIS: public

Some applications divide the ATM protocol functions between the DTE, such as
arower, and the hardware iierface W the UN, such as M ATM DSU The DX defines
the provocol operations between these two devices

The NNI describes network Interconncetion within a single carrier's nctwork or

between two carrier networks, The PNNI specifies a protocol through which ATM
switches that are part of a private ATM network fmay communicate, The PNNI spec-
tication defines two possible conligurations: a Private Network-Node [nterface, oper-
ating between two switches: or & Private Network-to-
hetween two groups of switches, or ATM nelworks Wi
lic ATM carriers, it is often refetred to as the B-ICI

Network Interface, operating
ten an NN interconnects pub-

When an ATM network connects to either a public or private network, such
as frame relay or SMDS, conversions hetween the two network protocols are

required. IWF processes, which the ATM Forum's B-ICI specification defi,

s,
perform these conversions

10.5 ATM Connections: VPIs and VCis

Whether sent at the UNI or the NN, each ATM cell contains information that
identifies ws virtual channel This identification has two parts, which are both used at
the ATM layer: a VPl and a VCI (see References [ 10-28] through [10-30]).

A viriual path is a bundle of vineal channel links, a

I havang the same endpoint.
So, the virtual path is hke a

laige telephone cable, where all circuits terminate at a
central office The VPI is either assigned or removed 1o originate or terminate a vir-
tual path link. These links are concatenated to formav
Each virtual channel ink within a VPC maintains
does not ensurc the integrity of an individual cell.

irtual path connection (VPC).
the cell transmission sequence, hut

[TU-T Recommendation [ 311 defines the virieal channel as “a unidirectionat

communication capability for the transport of ATM cells.” A VCT is either assigned

orremoved, respectively. to originale or terminate a vinal channel link. Virtual chan-

nel hinks are concatenated to form a virtual channel connection (VCC), an end-to-end
cell path at the ATM layer.
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- ath see Fgae 10-7) contams the virtuad paths and An ATM node may <o sumaltancously support multiple end-user services (see
The physical transnission patiy i~

| l Ltheir VCIs Figure 10-9). Each service may requure a different data-transfer mechanism, such as
e VL g well as the vintual channels and their V2. . . . .
their VP as well as variable bit rate or constant bt rate. Thus, different AAL 1ypes have been defined.

— o - zach end-user service would be addressed by two VCIVE] pairs one 1o transmit and
N :

. e L
J AR et \
— f
— N \
l Vi L '
R
v T Physical
mediy
VoIt —— m e Frm T
\\-___.. -
VOV? e vPl 2
,”/—_"‘ " .
vl R _____‘..‘:

Figure 10-7. The relationship between virtual channels,

virtual paths, and physical paths.
Source De Prycker, Pesch, and Van { andegem, “B-ISON arwd the 0Si Protocol

Reference Model.” [EEE Network Magazine. March 1993, ® 1993 IEEE
) i pween [w ~esses The
The ATM layer provides the logical connection hetween lwo AAL processes I'd
i i TE) devic an ATM node
virtual channel hink connects a terminal cquipment (TE) device with .tr‘1 Al'lf!
(sec Figure 10-8} The concalenation of two or more vinual channel links forms a

VO, Similarly. VPCs carry bundies of VCCs on an end-to-endbasis.

ATM TE
TE Node
Virual Channe! Virtuat Channel
-« » - »
Link Link
virual Channel Connachon
e e e o e i __.__’
4“‘ T 1

Figure 10-8. Virtual channel link and connection.

Source De Prycker, Peschr, and Van Landegem, “B-ISDN and the O8I Protocol
Reference Model." IEEE Network Magazine, March 1993, © 1933 IEEE
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Service X Service Y | Service Z
A A

A

Convergence Sublayer

Segmenfation and Reassembly Sublayer

AAL
i 4 . *
RX X RX X RX ™
VCIVPL | VCIVPI vCUVPL | vCUvPI VCIVPI | VCIVPI ATM
Layer

*

ATM Cell Transport Media

Figure 10.9. Virtual connection end points.

Source Ammilage and Adams, “Packe! Reassembly Dunng Celf Loss,”
{EEE Network Magazine, Seplember 1993, © 1993 IEEE.

10.6 ATM Protocols

Specific protocols have been defined for each layer of the ATM architecture. The
following sections look at the Physical, ATM, and AAL layers. ITU-T Recommen-
dations 1.413 and 1.432, the ATM Forum’s UNT specification [10-27] plus various
physical specifications, and Bellcore's TR-NWT-001812 {10-31] are excellent refer-
ences for the Physical layer. ITU-T Recommendations 1.361, 1.362, and 1.363, plus
Bellcore’s GR-1113-CORE [13-32], explain the ATM and ATM Adaptation layers.
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10.6.1 The Physical Layer: Physical Medium and
Transmission Convergence (TC)
[t ATAEPHY Jaser contims two sublayers, TC and the Physical Medinn Depen-

der PN The PMED sublayer provades the physical mterlace tothe cable and deals

Wit mnan connectols, and so an The TC mtertaces wath the ATM layer. It
evocte s romm the meoming PMU bitsteearn and passes shein to the ATM Jayer,
L [OR INS Y1

T T Recommendation 1432 defines two options lot the B-1SDN UNI Physi-
cal lexer The first specification operates at 155 320 Mbps over two coaxiat cables.
The sccond operates ar 622 080 Mbps over two single-mode liber cables

Inthe UNI 3 1 Speafication. the ATM Forum defines a number of options for the

Phxscal Laver nterface at cither pubbic or povate UNTs, These include:

= A public or private UNE tor the SONET STS-3 nterface at 155 5M)
Mbps operating over multimode or single-mode el

= A public or private UNTHor the DS3 intertiaa at 44 %36 Mbps, operating

UVET COAX PaiFs. .

e Transparent Asynchronous Transentier/Recever Interface (TAXI®),

at B0 Mbps over multimede fiber (prvare UND. Thas iterface was devel-

oped by Advanced Micro Devices Ine and uses 3B/5B encoding, based

on the encoding scheme used with FDDY

= A pnivate UNT operating at 155520 Mbps with an 83/10B data-encod-
ng scheme., operating over multimade fiber or shaelded twisted-panr cables

> Future development for an interface operating at the E3 rate (34 368
Mbps). based on ITU-T G 703 and G.804.

> Future development for an interface operating at the E4 rate (139.264
Mbps), bused on ITU-T G 703 and G §04.

f
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Smee the publicanon of the UNT 31 Specification. the ATM Forum has devel-
oped other intetlace specifications:

= A public UNIHtorihe DS interface at 44.736 Mbps, operanng over
Pwisted] patirs.

A pavate UNLa 25.6 Mbps, operating over unshielded or shielded
twisted pasrs

~ A UNLw 6 312 Mbps for the DS-2 imerface.

> A UNITor the STS-1 imerface operating at 133 Mbps over unshielded
twisted pairs (UTP-3 cable).

> A UNI for the STS-3c mterface operating at 135 Mbps over unshielded
twisted-pairs (UTP-5 cable)

= A UNI lor the OC-12 iterface operating at 622.08 Mbps.

>~ The Umiversal Test and Operations Physical Interface for ATM {UTOPIA),

The above interfaces are documented in individual documents and are availahle
un the Forum's Web and FEP servers {10-23].

10.6.2 The ATM Layer

You can loosely compare the ATM layer and its associated Physical layer with
the OS1 Physical layer. Both architectures require a physical transmission medium,
including the cable type. conncctors, and so on. as shown in the lower portion of
Figure [0-H) But the ATM layer also includes the VPIs and the virtual connection
that perform muluplexing (see upper portion of Figure 10-10) These multiplexing
functions have been described as a virtual physical service, because the VCCs with
the VPIs and VCIs act as a “virtual wire” between two end points, as described in
Reference {10-26)
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Virtual
PHY Service PHY Servica
T A F'y
- ———y Y T T T !"_"
"oATM Layer
Physical Physical
Equipment Equipment
Medium Medwum
OSt Physical Layer OSl-like Physical Layer
in an ATM Network
once VCCs are set up

Figure 10-10. 0S| and ATM networks:

the physical service.

Source De Prycker. Pesciv, and Van Landegem “B-ISDN and the OS5I Protocol
Reference Model,” IEEE Network Magarwne. March 1993, €@ 1993 IEEE.

10.6.3 ATM Layer Service Categories

Many recently published standards, melading the ITU-T1 371 [10-33] und ATM
Forum documents, such as the Tratlic Management specification f10-34], deseribe
service categories for the ATM layer that enable ATM technology to be used for a
wide vanely of applications (In the next section, we will sm:iy the I'TU-T's classes
of service that apply to the ATM Adaptation Layer, or AAL.) Both ATM providers
and ATM users benefit when the type of service provided and'the type of service sup-

plied are clearly defined.
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Aufre

. ATM Layer Service Calegory
Attnibule
CBR | -vBR | nH-VBA I UBR | ABR
Frafhic Parameters .
PCA and COVIAS Specilied Specibed?! | Specied™
SCR, MBS, COVTIG S n/a I Specited n/a
MCR(* nfa na l Speciied
QoS Paramelers: i
Peak-lo-Peak CDV Specihed Unspecihed
MaxCTD Specihied Unspecihed
CLAM Speciied l Unspecshed I ot
Other Attributes: ) , Mt =
Feedback Unspecihed J Specitied)

Abbtewviabons

Service Categories

Cen

A VBR
nnvVBR,
uBA
ABA

Consiant Bil Rate

Aeal-Time Vanable Bif Aale
Nan-Real-Time Vanable Bit Hate
Unspacilied Bit Rate

Available Bil Rale

QoS Paramaters

CDV.
CLR
cro

Notes

Celi Delay Vanauon
CeB Loss Ralw
Ceh Transter Delay

Traffic Parameters

CDVT  Cell Delay Vanaton Tolerance

MBS Maximum Burst Size
MCR. Mirsmum Cel Rale
PCR Peak Cel Aate

SCh Sustainable Cell Rate

(1) CLR & tow for sources that adust cell flow n response 1o conliol nformation  Whether a
quanitative valua for CLR 1s specified 15 network speci

[2) May not be subject to CAC and UPC procedures.

(3) Reprasanls tha maximum rate al which the ABA source may aver send  The aclual rale 18
subject 10 he conlrol iInformation

(4} These partamelers ara either exphcdty or implicetly speciied for PVCs or SVCs

{5} CDVT refers to the Cell Delay Vanabion Tolerance COVT s not signaled, (n general CDVT
need not have a unique value 1or a conneclion  Ddferent values may apply at each interaca
along the path of a connection

18} Delined by the Fiow Contiol Model and Service Model for the ABA Service Category

Figure 10-11. ATM layer service categories.

Source Traffic Management Specification Version 4 0, The ATM Forum, Apnilf 1996
Copynght €@ 1996, The ATM Forum
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The ATM Service Architecture specifics five different service c;ucg('n‘ic.\‘ (\?m-
“want Bit Rate (CBRY. Real-Tine Vanable Bu Rae 01-VBR), Non-Real-Time H.m—
able Bu Rate (nrt-V BR), Unspectficd Bin Rate (UBR). and Avatlable Bt R:tlgi‘[.t\ R)
as shown i Frgore 10-11 Each of these five categonies has i numh’cf of lmi‘hln p‘.l:;-‘
micters, mcluding the Minimum Cell Rate (MCR). Peak Cell Rate (PCR), Sust.nn‘f.' n.;
Cell Rate (SCR). Cell Delay Vanatian Tolerance (CBVT). and Maximum nilr\l).jlll:_
(MBS) In addition, there are Quality of Service {QoS} p;n;mlcchr\. lnc!udfnil el 1
10-Peak Cell Delay Vananon (CHV Y. Maximum Cell Delay Vanauon (maxCh ‘ |3 .m(l
Cell Lass Ratio (CLRY. Fur ABR scrvice, a feedbach mechansm lf. used IU'L-(!‘HII':‘
the flow of the cells: 1018 described m detmbin Reterence {10-34). The specific ser-

vices are defined below:

™ Constant Bit Rute {CBR) wervice PTUVI(]&:N‘—L] lixed h{llld\vlf.l!h for ll‘!c (llll-il'
tion of the circuit connection. In addition, a timing felzllli(lll.\'hlp 1S main-
tained between the source and destination This service is I[‘l(t!l].d::fl 10 he
used hy real-time appheations that require constraints on the CTD and
the CTV, such as votee, videoconferencing, television, or circatk cimula-
uon service (CES).

*  Variable it Rate (VBR) serviee s divided into two subcl:isses" real-tune

VBR {it-VBR) and nen-real-ume YBR (nn-VBR). The n;VB‘R i~ intended

for appheations that are ime-sensitive, such as mulum'c‘dla_ where 1ch

cell delay and cell delay variation must be mnlml!cd.. The nrt-VBR is
intended for applications—such as (ransuction processing or frmmf relay
mterworking—that have bursty traffic, but do not require such stringent

controls on cell delay.

424

Chapter 10: ATM Architecture

> Unspecified But Rare {UBR) vervice does not guarinice any talfic or Qo8
parameters When excess network capacity exists, service is offered (o
UBR connecuons, similar 1o a zero CIR wih frame relay. As such, it is
referred to us & best-efforts service Example apphcatons include data or
image retricval or remote tenninal functions,

ot

Available Bit Rate (ABR) service s imtended 1o support applications that
are able 1o increase or decrease their information throughput il network
circumstances dictate To implement ABR service requires an end-to-
end, rate-hased flow control mechanism for the data The PCR raffic
descniptor 1s negotiated (the user's commitment not to exceed), as is a
Minimum Cell Rate (the network’s commitment 1o provide). ABR ser-
vice is thus designed for non-real-time applications that do not have detay
sensutivity. Applications for ABR would include data transfers, such as
L AN emulation and distributed file services

The topic of ATM uaffic management has generated a great deal of research in

the last few years. References | 10-35) through [10-40] are examples of some of the
work that has been done in this area,

10.6.4 ATM Adaptation Layer CS and SAR

The AAL translates data from the higher layer into the cell formats carmed in the
ATM layer. Recommendation 1.362 defines four classes of services that the AAL pro-
vides, wiich depend on three parameters: the timing relation between source and dest-
nation (required or not required), the bit rate (constant or variable), and the connection
maode (conneciion-orienied or connectionless). The use of these four classes—A, B, C,
and D, described below—minimizes the number of AAL protocols (Figure 10-12).
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Class G ’ Class D

Class A I Class B
Timing relahion between Required Not Flequired
souice and destinalion
B Rate Constant Vanabla
Connechon Mode Connectmn Crented Conngctionlass
Frame Relay, SMDS,

Appicabans

Vaice, Visea, | Compressed
Circunl Emulation} Voice or Video

% 25 Traflic LAN Tratfic
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Courtesy of ATET

Figure 10-12, AAL service classes.
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It should be noted that st the present time, the ATM Forum's ATM layer service
catepornies (CBR, VBR, cic ) are used more ficquently than the ITU-T Classes (A, B,
ele.) o deseribe the type of service provided 1o the application. Nevertheless, the ITU-
T classes of service deseribed below ate found in many reference documents. and are

discossed biere tin the sake of completeness,

T Class A Connection-onented, constant bit-rate data with 3 timing rela.
tionship between source and destination. Examples include PCM encoded
voice. constant bit-rate video. and DST circuis,

= Class B: Connection-oriented. vaniable bit-rate data with a timing rela-

tionship between source and destnation, Examples include compressed

audio or video. )

Class C Connection-oriented, vartable bit-rate data with no timing rela-

tonship beiween source and destination Examples include frame relay
or X 25 traffic
= Class D: Connectionless, variable bit-rate data with no timing relauonship

hetween source and destnation, Examples include SMDS or LAN traffic.

Fowr different types of AALS are defined in ITU-T 1363 These have been defined

1o optimize the transiission of the four classes of traffic:
> Class A, AAL Type 1
> Class B AAL Type 2 (currently being developed)
= Class C. AAL Type 3/4 and AAL Type 5
> Class D. AAL Type 3/4

The associations between the service classes and AAL types are not restrictive,
however. Specific implementations may deviate from the list above,
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10.6.5 Layer Operation and Interaction

To wee the functians of the Physical. ATM. antl AAL favers follew e fransmission

: ference [HA2D
of 2 cell from one ATM Laver entity fo anuther (see Fgure §0-13 fom Reference 110-32]

T Usae OTHY
[ User PDU l [#“—_-—__W B
- - L}
| DU GUSS
) o T — ————mr T ST I
v o
B ATM Heatw l ATm SDU l
ATM Hean | L ATM SDU —_] l___,ﬁ__.J L A
T L ) -
h ’// SDu \\ pd ATM SDU
2 . el i F atracton
l Encapsubalon [ I ihcen
ATM Cel I 3
RSV SV ?
l’ Cen Copying |
1o Lager Mgl -—
ClIT e « O
i 5 o ! em— 7 A f‘
\ _[f] '| ;
Cell ’ UPCHPC 4 N Cenl | Cot
Muttiplening \ Trate Mol / \\ Relayng ‘ / Dernultpieng
N /o b
J ., e ot —
: —— ’
N / \ .
4y __ 4 ey
Notes NPC Network Parameier Conlred
£OU Protocol Dala Unit
SDU Serwce Data Und
UPC Usage Parameter Control

Figure 10-13. ATM_SDU encapsulation and exiraction.
Source GA-1113-CORE, @ 1994, Bell Commurications Research, Inc, reprnted w"rlh permssion
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The onginating ATM user, such as the AAL, sends a User PDU to the ATM enuiiy
This User PDU becomes the ATM SDU, o ATM payload al the originating ATM
cntity The ATM_SDU is encapsulated with the ATM header. which adds VCI/VP]

and other comtrol infotmation.

The resuling ATM cedl is multplexed with other cells and transnunted on the
Physical medum The Togical connection between originating and receiving ATM
entities 15 called the ATM peer-to-peer {APP) connection Tweo controt functions,
Usige Parameter Contiol (UPC) and Netwark Patameter Control (NPC), monitor the
tratfic on thal connection o ensure conformance with negonated parameters. Some
ATM entities pecform network management, and may copy the payload of a cell and
send it w the ATM Management (ATMM) entity for further analysis.

The receiving ATM entity performs the processes described above in the reverse
order, first demultiplexing the cells, extrachng the ATM_SDU, and finally passing the
ATM_SDU as a User PDU to the next higher layer.

10.7 The ATM DXI

The ATM DXI lets o IDTE, such as a router, and a DCE, such as an ATM DSU.
jointly process the ATM protocol suite. The ATM Forum’s DXI specification detals
the division of protocol responsibilities and the DX operation {10-41]

The objective for this division of labor s to preserve the protecol functions at the
ATM UNI, perform most protocol operations in a specialized DSU (typically referred
to as an ATM DSU), and let you change the protocol in the router via a sofiware upgrade.

The DX1 Physicat layer uses V 35, EIA/TIA 449/530, or EIA/TIA 612/613 (High-
Speed Serial Interface—HSSI) imerfaces. The DXI Data Link layer protocol is derived
from the high-level HDLC protecol. Information from the DTE is encapsulated within
the BXI frame and sent to the DCE. The DCE convents the frame to the appropriate
ATM protocol sutte.

The mode of operation (1a, 1b, or 2) and the AAL protocol type (3/4 or 5) used
determine the protocols implemented within the DCE (see Figure 10-14).
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Figure 10-14. The ATM DXI architecture.

Courtesy of 1he ATM Forum
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Mude Lais used with AALS onlv. and can handle up to 1023 VCs The DTE
SDU may be -up to 9,232 vetets long. The DCE implements the AALS CPCS and SAR
sublayers, in addition to the ATM and Physical layers. A 16-bit FCS is implemented
between DTE and DCE

Mode Thuses AALY4 for al least one VC. and AALS for other VCs, up 1o 1,023
Vs The DTE SDU may he up o 9.224 octets long for AAL3/4 and 9,232 octels
fong tor AALS. A 16-bit FCS is implemented between DTE and DCE

Mode 2 uses AALYA and AALS. one per VC. forup to 16,777,216 VCs. The
DTE SDU may be up to 65,535 octets long. A 32.bit FCS i< implemented between
DTE and DCE

10.8 The Frame-Based User-to-Network Interface

The Frame-based User-to-Network Interface (FUNI) is based on the ATM Data
Exchange Interface. and defines an interface between DTE and an ATM newwork that
aperates atthe ST (1,544 Mbps) or E-1 (2.048 Mbps) rates.

The user information 15 carmed on a DS IVE} physical circuit, and may range from
a fractional up 10 a full DSI/E1 bandwidth. Once the user information 15 inside the
ATM network, a conversion function changes the FUNI frame into ATM cells. This
conversion function is defined for both AAL3/4 and AALS operation.

The Data Link Layer protocol defined for FUNI is identical to the original ATM
DX1 protocol. Suppont fnrvnperalional Mode la is required, Made b is optional, and
Moade 2 is prohibited The FUNY frame is dehmited by a one-octet flag in the header
and trailer. A two-octet FUNY header precedes the User Information (User_SDU), and
a two-octet Frame Check Sequence (FCS) follows the User_SDU. Support for a
User_SDU up to 4,096 octets long is required, with lengths up to 64K optional. The
FUNI header includes a Frame Address (FA) field, which is mapped to the ATM
VPI/VCI; a Congestion Notification (CN) field, which is mapped to the ATM PTI
ficld; and a Cell Loss Priority (CLP) field, which is mapped to the ATM CLP field.

The FUNT may be multiplexed with other DS-n signals for transport efficiency.
For example, a DS1 FUNI could be multipléxed with other DS signals for transport
over a DS-3 line. and then demultiplexed back down 10 a DS | FUNI signal before
connecting to the ATM network. In a similar fashion, a fractional T1 (FT1) FUNt
(Nx64 Kbps) could be multiplexed with other 171 signals, transponied over a S|
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: a S| hetore e g o
e, and then demuliplexed 1o a tractional payload of a DSI hetore connecting

% s way, I i ation and othes signals, such as voice,
e ATM network Inthis way, FUNLinformatis ¢

carner ' separated before
may be combined Tor mere efticient ransport o the carner, and then separated
Further provessing |
MM F e specilic 0-42] and
For additionat details, 1eter 1 the AT Formm™s FUNI Speaificanon [10 i

Refetence [10-43]

FUNI ATM _UNI

ATM Network

Full ¢ Frachonal
D51/ 1 Bancwidth

Note FUHI  Frame based User-to Network nteelace

Figure 10-15. FUNI architecture

10.9 Multiprotocol Encapsulation over 2ALS

ite means that new networking technologies, such
as ATM. must support these protocols. RFC 1483, *Multiprotocol Encapsulation over
ATM Adaptation Layer 57 [10-44], defines two methods of support: LLC encapsulfa-
tion and VC-based multiplexing. For both cases, the TCP/IP information 15 carnf:'d 1r;
the payload field of the Common Part Convergence Sublayer PDU, and the S5CS o
AALS 1 empty. ; ) |
atton method 15 based on techmigques develaped for use with
is over a single ATM
LLC and SNAP head-

The popularity of the TCP/IP su

The LLC encapsul
SMDS. This method allows multiplexing of multiple protoco
virtual circwit The recewver uses information contained within L

432

Chapter 10: ATM Architecture

ers o dentify the protocol carmied wathan that PDUE The 1LLC encapsulation method
is used when 1115 not feasible to have a separate VO tor cach protocol or when net-
waork charges are based on the number of active VCs.

The VC-based multplexing techmgue uses ATM Vs 1o mpheuly provide lngher-
layer protocol multiplesimg In other words, each protocol s carried on a sepaale VC
Tias method is used when it s feasible and econonueal o dynamically ereate inge

numbers of virtual cincuts

Reference [10-13] discusses some of the unplementinon issues 1n greater detail.

10.10 LAN Emulation

LAN Emulation. or LANE as it is commonly known, 15 4 service that aliows exist-
ing end-user applications 1o access an ATM network More importantly, this access
shoutd appear to the application as if 1t were using more traditional protocols, such
as TCP/IP or Novell's Intemetwork Packet Exchange (IPX). and runming over more
trachtional [LANs such as Ethemet or token ring. One of the design constraints is o
account for the differences in protocol design—~ATM s connection-onented. whereas
1P and [PX are connectiontess. A number of functions, including settimg up the ATM
connection and translating LAN to ATM addresses. must be hidden from the upper
layers, thus inaking the application think it is operating over a traditional network.

The ATM Forum has defined two different interfaces for LAN Emulation, a 1LAN
Emulation User to Network Interface. called LUNI: and a LAN Emulation Network
to Network Interface, called LENNI. Current work has focused on the LUNE The ATM
Forum's LAN Emulation specification [10-46] defines two scenarios that are applica-
ble. In the first, an ATM network may be used to mterconnect Ethernets to Ethernets,
an Ethernet 1o an ATM device, or an ATM device to another ATM device. The second
scenario replaces Ethernet LANs with tok~n ring LANs under similar condinons. To
make either of these systems operate requires the LAN Emulation protocol stack. shown
in Figure 10-16. Notice that the LAN host and its applications operate over traditional
protocols, such as TCPAP and IPX, and that a driver, such as NDIS or ODI. provides
an interface between the upper-layer software and the MAC layer hardware. The ATM-
to-1.AN converter sits at the edge of the network running dual protocol stacks: one that
commumecates with the LAN (on the nght) and another that communicates with the
ATM switch {on the left). Note that this ATM-10-LLAN converter 1s functioning as a

433



Chapter 10: . Architecture

bridge. operating independent of the Network and Igher-layer protocals. The ATM

wwitch for switches) do not participate in LAN emulition other than to swilch the ATM

as wonld be the case wath any ather ATM-hased network seemano: An

connectons,
acnhive on the ATM host tteft side of Figue §0-16),

clement of LAN emulanon s adso
masking the ATM functiens from the Degher-Tayer prosesses as welk,

ATM Host ATM Switch ATM-LAN Bridge LAN Host

Apphcation Apphcation

Neiwoik Layer Neltwork Layer
Pioipcol{s) Protocal(s)

NDIS/ODY Driver NDISODE Dnver

e
LAN Emulation L AN -
Emulaton|  MAC
— MAC
AALS AALS
ATM ATM ATM
Physaical Layer Physical I Physical Physical | Physical Physical Layer

] I— .~

Figure 10-16. LANE architecture.

Courtesy of 3Com Corparation

In susmary. the LAN emulation function maps the Ethernet or token ring MAC
layer functions into ATM virtual connections, while shiclding the application from
the connection sctup and handshaking functions that the ATM swilch requires. The
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LANE architecture s designed around a chient/server paradigm. such that the LAN
Emulation Cllt!l}l (LEC} denves information that it needs from one of several ~ervers
the Configuration Server. the LAN Emulation Server (LES). o1 the Broadeast and
Unknown (BUS} Server The LEC softwate may he incorporated into workstation dre-
vels, of W could be mcarporated info other internetw othing devices such as routers or
swilches Relerences [ H)-47 | thiough | 10-58] provade additional detarls on the opet-

ation and implementation of LAN Emulation systems.

10.11 Multiprotocol over ATM

. Multiprotocol over ATM. o1 MPOA as itis commuonly known. 1s a service model
for end-to-end internetworking across an ATM network intrastructure. In some cases
the attached devices may be running the ATM protocols, and in other cases the dcvi.u'\
may be legacy systems, such as Ethernet or token ring LANS, that connect 1o the ATM
network through an edge device.

MPOA is considered to be an evolution of LANE echnology. The key difference
between LANE and MPOA is in the layers of protocol operation—LANK operates it
Layer 2 (bridging only). while MPOA aperates at both Layers 2 and 3 (hridging and n;ul-
ing). MPOA uses LANE for its Layer 2 forwarding functions. Thus the scope of LANE
18 a single Layer 3 subnetwork, while MPOA allows devices to establish ditect commll:
nication across ATM connecuons, even if the devices are 1 different subnetworks

The MPOA architecture inclides several key components; ATM-attached hosts
edge devices, and route servers (Figure 10-17) In addition, devices may he gmu[‘)cd.
logically into an Internet Address Summarization Group, or 1ASG. The IASG 15 defined
as “arange of imternctwork layer addresses summarized into internetwork layer rout-
mg,” which is similar to a subnet and its range of addresses {10-51]. Tn addition, an
IASG is protocol-specific; thus, a device that operates two internetworking pmm(;ol'i
{such as IP and IPX} would be a member of at least two IASGs. ‘
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TN

ATM
Metwork
- /-) Route
ATM PN Servor
Host - ”

Edge Edge
Device Device
[ L lhernet
T
r‘li:-T'—“‘

Figure 10-17. MPOA architecture.

An edge device provides connectivity between a legacy technology and ATM 'An
example would be a hub that supported token nng interfaces on one side and an ATM
iterface on the other, An ATM-attached host can connect directly to the ATM net-
work and include the protocols necessary to participate in the MPOA service The
route server is a physical andfor logical device that prevides routing information to
other devices within the interretwork, This information includes Layer 2, Layer 3,
and ATM addresses [ two devices that are attached to the same edge device need to
communicate. the edge device forwards the packets wsing LANE procedures, 1f the
packet needs to o outside it own TASG, the edge deviee obtains the ATM address

{rom either ity internal address cache or from a query and response from the route
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server Route servers, in tur, commuanicate with cach other to discover and update

therr informanon regarding addiesses and avanlable romes

The MPOA mctutecture s expected o be completed i the 1997 timeframe. Rel-

erences [ 152 through fH3-357 discuss application and implementation strategies
for MPOA.

10.12 ATM Signaling

Because ATM provides a connection-onented service. 11 uses stgnahing 1o sel up
and clear the connections: Signaling provides functions such as the ability o estab-
hsh point-to-multipoint connections, o wentfy virual paths and virtual connections.
tarecover from network errors, o support various ATM address formats, and o com-
municute end-to-end companbilty parameters (see Figure 10-18), Signaling messages
are passed hetween any combination of three elements: endpoint equipment, such as
an ATM switch: a private ATM network; or a public ATM network.

SETUPDISCONNECT

CONNECT/RELEASE
-—

ATM

User

ADD/DROP PARTY
R ————

ACK/NAK

Figure 10-18. ATM signaling.

The ATM signahng protocols are based on ITU-T Recommendation Q.2931, for-
merly called Q 93B. The ATM Forum's Signaling Spectlication | 10-56]. Bellcore™s
GR-1111-CORE {10-57]. and Reference [ 1)-58] also address signaling 1ssues

The ATM Forum speaificition addresses signaling between endpoint equipment
and a public netwaork (the Public UNI), as well as signating between endpoint equip-
ment and a private network (the Private UNI). Privite ATM networks may use the pri-

437



Chapter 10: » architecture

vate TINT signaling. The ATM Forme™ B-1CY spectiieation addieswes apmaling between

public AFN networks,

10.13 Interworking
ATA 1echaology mustmteropaiate with uther broadband alternatives. The fod-
Jow ng sections consider mterworking between ATM and ftame refay. and hetween

ATM and SMDS

10.13.1 ATM/Frame Relay Interworking

Frame telay s an entablished broadband networking protocol, while ATM s
ciiergimg as the hroadband heir apparent. Therelore, many Organizallons are con-
cenned with preserving their investment in irame 1elay networking hardware while
smgranng o ATML An architectute that sobves this problem was proposed by AT&T.
Cisen Systems Ine . and StrataCom Inc . and was further developed by the Frame
Retay and ATM Forusns in the documents eotitled “Frame RelayfATM PVC Netwaork
Interworkimg Implementation Agreement.” FRES [10-59]. “Frame Relay/ATM PvC
Service Interworkimg lmplementation Agrecment,” FRE.8 [ 10-60], the I'TU-T m Ree-
ommendation 1 555 [10-61]. and Reference [ 10-62].

PVCs between an ATM UNI and a frame telay UNT or NNIL provide logical con-
nections between frame relay and ATM. Figare 10-19 illustrates two PVCs. PVCH
connects a Mrame relay user device with an ATM user device. PVC 1f connects a [rame
relay network with un ATM user device Examples of user devices include terminal

cquipment and a rouler or a switch
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Figure 10-19. ATM/fframe relay interworking.
Courtesy of AT&T, Cisco Systems, Inc, and StrataCom Inc

Figure 10-19 illustrates the operations required to convert between the frame relay
a}nd A}TM prolocolrﬁ. The frame relay user device uses the Q.922 Core protocols while
the ATM user device uses ATM, AALS. and the Frame Relay Service Speciiic Con-

Crgence Suhlﬂyer ([ R-.;.;CS) The mu|ll\'CI Vices I R .‘\] ne W(,Ik contains ll() 1
v . . Jr M § o H ]
) ‘ l U h I

The protocol conversion occurs in two steps. First, it makes a correspondence
between the two PVChdentitiers: the ATM VPI/VCI and the FR DLCI. Second, tt maps
the protocol data unit between the FR-SSCS protocol and the Q.922 core prn.lncul

439



Chapter 10: ATM Archilecture

Addinonal ATM/trame relay mteroperability issues that the architecture addresses

but that are not shown in Figure 10-19 include

> conversion between fiame relay and ATM protocoks

=~ apping hetween lrame relay and ATM vutual circunts

= ahgnment of frame relay amnd ATM tratlic-managenient purameters, such
as the comveraons of the frame relay CIR mnto a meaningful parameter
for ATM uatiic

= mapping of the local management inlonmation (the LM used at the FR-
UNI and the TLMI used at the ATM UND

The next two sections will explore the Network Interworhing alternatives

10.13.1.1 Network Interworking

Two types ol imterworking have heen defined. Network Interworking and Ser-
vice Toterworkimg The key differences between these two Types are the location
where the protocol conversions occur and the awareness of the end statons to that
protocol conversion

With FR/ATM Nenwenh Interwarking. two frame relay users are connecied via an
ATM network. The presence of the ATM network as a transport between the 1wo end
users is not visible 10 those end users [n other words, one protocol 15 used on the 1wo
ends of the connection, and another protacol 1s used 1o between.

Two scenarios for Network Interworking are possible. In the first scenano, both
ends of the connection are frame relay DTE (Figure 10-20} The FR/ATM protocol
conversion is performed just before the data enters that ATM (or B-1SDN) network.
In the second scenario (Figure 10-21). one end of the connection is frame relay (need-
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g the conversion 1o ATM or B-ISIN) and the other end ot the connection is an ATM
{or B-ISDN) user runneng a frame relay Service Speaific Convergence Sublaver (FR-
S8CS). which sequires no further conversion -

Frame
Relaying

Frame
Relaying

]

T Network Network L
Frame
Relaying e
Termrnal Ty
Terminal
Upper S et e e eeeeeiieniad eeaes ail as 4 ek araen aas PP
pers | ] e
Layers

Qg2 a9 | asz || ooz

Cove Core Core Cote [+:Fr] a9z | Q9 Qe

Core Core Core Core

ATM

Physical
ysical Physcal | Physicat H Physical| Phyecal H Physical H Physical | Physical Physical | Physical Physicat

Nolas CPCS Commen Pan Convargence Sublayer
FRSSCS  Frama Rela) Se
e Frar v;'gm;:ca Specriic Convargence Sublayer
SAR Segmentation and Reassambly

Figure 10-20. Network Interworking between Frame Relaying Bearer
Service and B-ISDN (scenario 1).
Source ITU-TIS55
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Physcal Physical | Physical Physial | Physccal Priyscal | Physical Physcal
_ B
HNoles PGS Comman Pan Corvergrnce Soblayrt
FRSSCS  Frame Relaying Service Spaciic Convergence Subtayer
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Figure 10-21. Network Interworking between Frame elaying Bearer

Service and B-ISDN (scenario 2).
Source ITU-T 1555

10.13.1.2 Service Interworking oo

Service Intenworking. in contrast, allows users running dlwmllar protocols 1o
communicate directly. with the protocol conversion provided by the network. With
Service Interworking, the frame relay user performs no ATM service specific func-
nons and the ATM user performs no frame relay service specific functions (Figure
10-22) n this scenario, the ATM device has no knowledge that its remote destina-
non 15 attached to a frame relay network, All necessary protocol conversions are han-
dicd by the mterworking lunction, which I service pruwdcd by the transport net-

work Hence the term “Service [n[cmnrkmg
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Figure 10-22. Service Interworking between Frame Retaying

Bearer Service and B-ISDN.
- Source ITU-TI555

For more information on frame relay/ATM interworking. refer (o the Implemen-
1ation Agreements and I'TU-T Recommendation 1.555,

10.13.2 ATM/SMDS Interworking

Bellcore defines SMDS as a connectionless data-transport service. It is provided
by a number of LECs and IXCs. The company has documented the design require-
ments for a broadband switching system {BSS}) that would support ATM, frame relay,
and SMDS services in GR-1110-CORE [10-24]. Bellcore has proposed two scenar-
i0s for SMDS and ATM nterworking (see Figure 10-23). The first (or top) scenmnio
shows an SMIS user accessing the BSS via an SMDS SNI. At the user’s end. the
SMDS SIP stack is used and protocol conversions occur in the BSS. The second (o
lower) scenario shows the SMDS user accessing the netwoik via the ATM UNL Here.
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the SMBS CPE uses difterent protocols, the STR Connectionless Protocol ¢SIP_C18)
and AALIA The tunctions of SIP L evel 3 that are nat port ol AT 34 wre placed in
SIP_CLS Sa, the SMDS vser ecenes the equivatent of S Tevel 3
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The TLMUE assumes that cach ATM device supparts 3t least one UNT and has o
UNI Management Entiy (UME) Tor each UNL The UMEs then communicate ncl-
work management information (wee Frgure 10-24) The SNMP/AAL
ILMI communication At the ATM layer one VOC proy
The detauht value for this VCC is VP = 0) VO = 16

e
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Figure 10-23. ATM/SMDS interworking.
Source GR-1110-CORE, ©1994, Bell Communications Research. Inc | reprinted with permission,

10.14 The Interim Local Management Inteiizce

As discussed previously, the B-1SDN urchitecture: defines shree planes user plane,
contiol plane, and management plane The ATM Forum has developed the interim
Local Management Interface (11.M1} to address the management plane funcuions
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Figure 10-24. Definition and context of ILMI.
Courtesy of the ATM Forum

_ The management information defined by the 11.MI provides status and configu-
ration information from the UME regarding its UNL This mformation details the sta-
tus and configuration of both the ATM and Physical layers at that UNI. This in-fnr-
matom s organized et a MIB that comtains several groups of managed objects:
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= Physical layer

=~ ANTM laves

~ AT fayer statisbies
= VPCOs

=~ NOC

= addiess registration mivimabion
oy
Within these groups managed objects iy pertan to the sy\!Lm as i whuole. a
- it -
physical imerface, an AT M layen interface. o vittal pe ath, or a virtual channel Exam-

ples ol objects defined 1n the ATM UNEMIB imclude.

= fransmission type (SONET STS8-3c, 1383, and <o on)

=~ medi tvpe (coay, smgle-miode (iber, and so ond

= opaatonal statos (in-service, out-of-servive, and loop-back)
=~ maximn number of VOCs

= UNI port type {pubhic ur private}

= ATM cells received

= ATM cells dropped

>~ ATM cells ranstmtied

> Transmit QOS class

=~ VPEVCT value ' .

lior further details on ILMI and the ATM UNI MIB. consult the UNI 3 1 speaili-
cation published by the ATM Forum

10.15 ATM Customer Network Management

Bellcore has defined a CNM Service for use with Exchange PVC Cell Relay Ser-
vice (CRS) in document GR-1117-CORE {10-63] The CRS CNM service provides
LEC customers with the ability to manage their access to CRS and ATM UNIs. The
LEC provides an SNMP agent within the ATM network, which is accessible by a cus-
tomer-provided network management station (see Figure 10-25) Because SNMP is
wsed aw the communication protocol, CNM may be mtegrated with other SNMP- hased
networh numagement platforms, such as the ATM Forum's ILMI Sce References (10-
641 and | 10-65] for other detals on CNM.
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Figure 10-25. ATM CNM agent role (SNMP example).
Source. Brown and Kaoslick, “And CNM for Al Custom,
: 3 er Network Managemen! Services I
Broadband Data Services " Proceedings of the 18th Annual Conterence on Local Or
Computer Networks, @ 1993 IEEE
T'his concludes our discussion of ATM architecture Chapter 11 looks at the ATM

protocols in detail. Readers interested in ATM applications should consult References
[10-66] through [ FO-69]. l
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ATM Prdtocols

Because canrent ATM swandards and implememations focus on the operation of
the ATM Forum’™s UNL this chaper focuses on the UNI protocols and the upper-layer
services that use them. I also discusses ATM network management and mterworking.

11.1 ATM Protocols and Network Architecture

To begm the study of the ATM protocols, compare the ATM protocols with the
OS5I Refeience Model Figure 11-1llustrates that there s an approximate relation-
ship between the ATM layers (PHY, ATM, and AAL) and the OS1 Physical and Data
Link layers. Note that ATM-specttic signaling and upper-layer functions, which may
be present lor some network conligurations, are not shown i the figure.

OSt Reterence Model
Application
Presentation
Session
Transport ATM Protocols
' Network -7 - Convargence Sublayer AAL
e Sagmentalon and Asassambly Sublayer
Data Link ATM Layer ] ATM
Physical _Transmlssnon Convergance Sublayer PHY
Physacat Medium Depaadent Sublayer
Notes AAL  ATM Adaplation Layer
ATM  Asynchronous Fransfer Mode Layer
PHY:  Physical Layer

Figure 11-1. Comparing 0Sl and ATM architectural models.
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The ATM network architectute metudes the CPL B58es, and the mierfaces hetween
23 The CPE icludes the User layet. which supplics the mfor-
AL ATM, and PITY) fixam-

Urak use AALLL

them (~ee Figure 11

nation ke transmtted. and the theee ATM avers €A

ples of User layers nelude. constant it raie applications, sich s DS

conneTonless services, such s SMDS. i use AALIM and conned ton-onented

protocal teatfic. such as TCPAY. that uses AALS {(11-1].

CPE
ATM Network
Ongnaing . Qnginating!
Tamunating hgg(‘,T 1erminaling
BSs! Bt BSS!
ATM AlM AlM
i——— — —
PHY t PHY - PHY
User-Network BIC1 Bl User-Metwork
Interface inerdace
(LN [UN1)
‘ o
Hetwark—Node Interface (NHY
Inlernal to ATM Network
e
Notes BSS Broadband Swiching Systam {1} Fot connechonlass Senice
BICI Broaidba Inter Sarnar neriace (¢ q SMDS) CPE and
CPE Customar Prermisas Equipmant Ongnatag/Termnating swilches
nclude hy AAL and conneclioniess
service layers  Tandem swiiches
may of may nol wchxde thesa layers

Figure 11-2. ATM network architecture.

Source GR-1110-CORE, ©1996, Bell Communications Research. Inc, reprinted with permission

e ATM network [11-2]. The CPE requires

The CPE uses the UNI to connect to th
al architecture and operation Bellcore

no knowledge of the ATM network s intern
views the internal ATM network as interconnected B3Ses. An originatingflerminat-
1. andi tandem BSScs provide inter-

ing BSS connects to the network side of the UN
d on the transmitted applications

mediate switching The BSS functional layers depen

Bellcore has developed @ protocol model of tire VNI ti illustrates the protocols
the BSS will suppaort {see Figure 11-3).0t has 1wo calegoncs of UNI protocoly core
functions that include the PHY and

AAL and upper fayers

ATM layers and service-specitic functions at the
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Cell Circunt
Relay Ermulation SMDS FRS
User User User User
A
[i]
c
=1
g Access
S Signaling
('
)
2 S5iP_CLS
;’.} UNI SSCF
3 SSCOP Null FR SSCS
g ) LR Py R L B e :
S MY e T
S AALS CP AALY4 '
"L v cP AALS CP
[y
Q
5 ATM Layer
=]
w
o
8 Physical Layer
Noles {1) May be lerminated in network for Interworking

CP Comman Part

FAS, Frame Relay Service

gg’ECLS SMDS Interface Prolocel Connectionless Service

sscF - Serv!:e Speoic Coordination Function

SSCClP Servgce Specihc Connection Onented Protocol

] Service Specific Convergence Sublayer

Figure 11-3. Protocol model of the UNI.

S . X
ource GH-1110-CORE, 1996, Bell Communications Research, Inc., repninted with permission

A.cccss signaling is the exchange of call-control messages that set up, maintain
and disconnect virtual channel connections hetween end users. ITU-T Q.2931 (fi ‘
nd rtua el SErs, -TQ. or-
merly () 93B) defines the signaling messages. CRS user information is transmitted
directly over the ATM Layer. ‘ ‘ :

‘ Circut-emulation service, which can carry DS traffic. is transmitted over AALL
The SMDS Interface Protocol Connectionless Service (SIP_CLS) and AAL3/4 (¢ n‘ -

re nterfac _CLSf R ans-
mit SMDS tratfic. To the end user, the combmation of SIP_CLS and AAL3/4 is ;
alent to SIP level 3 service. ) SR
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Frame relay tatfic 1s wransimetted via frome relay service-specific convergence
sublayer (FR-S8CS) over A ALS These tunctions are mplemented within the deviee

that prowvades the FRIATM interworhang function

11.2 ATM Layer Protocols
Fach AIM cell is 53 octets long and comsists of @ S-oetet header and a 48-octet pay-

load. There are iwo header formats one A e UNT and the other at the NNI 1-3]

11.2.1 The User-Netwark Interface )

The ATM header at the UNT consists of six fields (see Figure 11-da):

=~  Generie Flow Control (GHC), a toar-bat field that can provide local func-
nons. such as flow control. This field has tocal, not end-to-end, signifi-
cance and 1s overwnlten by meermediate ATM switches, The UNI 3.1
speaification provides detarls regasching the operation of this ficld.

= Virtwad Path Indicator (VP1), an cight-bit field that identifies the vinwal
path acioss the interface

= Virtugl Channel Indicator (VI 2 16-bit field that idennfies the virual
channel across the snterface ‘The UNT 3.4 specification defines some
VPIVCI values for specific functions, such as meta-signaling, used to
establish the signaling channel; pomt-to-point signaling; and Operations
Admimstrauon and Maintenance (OAM} cells.
Examples of pre-assigned VPI/VCI values are:

Chapter 11: ATM Prctocals

PT . Interpretatian

000 User data, no congestion, SDU type = 0
001 User dala, no congestion, SDU type = 1
010 User data. congestion. SDU type = 0
o1t User data, congestion, SCU type = 1
100 OAM segment data, F5, flow related
10(1) OAM end-to-end data, F5, iow relaled
11

Reserved, future tratfic controf and resource management
111 Reserved, future functions

Function VPI VCi
Unassigned and Idle 0 0
Meta-signaling 0 1
F4 flow {Segment Data) 0 3
F4 flow (End-to-End Data} 0 4
Signaling 0 5
SMDS o' 15
LM 0 16

> Payload Type (PT). athree-bil field that identifies the type of information
contained in the payload. The ficld has eight defined values.

456

~  Cell Loss Prrority (CLFP), a single bit field that the user or network uses
to indicate the cell’s explicit loss priority. A cell with a CLP = | enters the
network, and may be discarded under centain network traffic conditions.

= Header Error Control (HEC), an eight-bit field that detects and/or cor-
rects hit errors occurring in the header.

a 7 6 5 4 3 2 1 Octet
GFC VPl 1
VPl ver 2
vCl 3
vl PT CLP 4
HEC 5
]
Infoimation
Payload °
{48 Oclets) .
.
53
Notes  GFC  Generit Flow Control
PT P T
VPl Virtual Path Identther GLP C:m:s F):P-zm
¥C)  Mirluai Channel (dentifier HEC Header Error anlrol

Figure 11-4a. ATM cell format (UN1),

Source GR-1113-CORE, ©1994, Ball Communications Research, Inc | reprinted with permission
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11.2.2 The Network-Node Interface

The ATM header i the NNT is 8 octets long. wath a larmat almost wenueal o the
¢ 4 i ! {

: The N hic wides
UNT lormat except for the irst octet {see Fagure Hi-dhy The NNI, which pry

[ i ; i VL In other
hundles of VU between switches, defines an addinonial 4 bits for the VPL

words, the NNI uses 12 bis Lot the VL and 16 o the VO I he UNT pses 8 bits tor

the V1 and 16 bits tor the V(L

Ol
. 8 7 L] 5 4 3 ? %
[_ Rl 1
il I vCl 2
VCt 3
A
vCl PT [ CLP 4
| HEC )
6
nkarmatiken .
Payload .
118 Octets) .
53
55 Prionty
Pl virdual Path Identiher CLP Cell Loss
Hotes v virtwal C‘hanm-l Identiher HEC Heagei Erol Control
PT  Payload Type

Figure 11-4b. ATM cell format (NNI).

Source GR-1113-CORE, £1994, Bell Communicalions Aesearch, Inc, repnnled with permission

11.2.3 Unassigned Cells

At most interfaces, when there are n
fller cchls, also called unassigned celly, are sent to occu{?y e
These cells have the reserved VPIVCL vahue of (40 and a fixed-payload pattern Unas-
and discarded at the ATM layer and can be replaced by

o uscr-generated (or assigned) cells to send.
the available bandwidth

signed cells are generated _
assgned cells as necessary, such us cell-multiplexing functions
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It ts worth mentioning that another type of cell also has a VPIPCI value of 00—
the Physical layer cell When the VPIVCI value is 0/0. the 4-bit field nermally used
for the 1P and CLP ficlds is reimerpreted as follows:

Interpretations Value

Gnassngncd 0000 ’ ATM Layer Cell
Idle 0001 Physical Layer Celd
F1 flow (CBPL) a0 Physical Layer Cell
F3 flow (CBPL) 1001 Physical Layer Cell

fdie cefls are used for rate adaptation (cell stuffing) at the Physical layer. Unlike
unassigned cells, they take precedence over ATM layer cells and, therefore, cannot
be replaced by assigned cells In North America. idle cclls are not normally used:
rather, the I'TU-T has defined a cell-based Physical layer (CBPL) in 1.432 that com-
prises only cells without a framang structure, such as SONET. in which to transport
them. Because of the absence of a framing structure, the Fl and F3 OAM flows have
tor be carrted in Physical layer OAM cells that have a VPYVCI of (Y0 and PT/CLP
ficld values as shown above Note that the F2 flow 1s redundant.

11.2.4 ATM Operations and Maintenance

The ATM network’s ongoing performance is key to the success of a hroadband
implementation. To support good performance, the ITU-T developed Recommenda-
tion L.610 [11-4] 10 define the OAM (unctions of the Physical and ATM layers and
the VP and VC connections. These functions are divided into five phases:

performance monitoring, continuous or periedic checks
defect and failure detection, malfunction detection and alarms
svstem profection, bypassing a (ailed component to restore the system

Sailure or performance information, alarms and reports

Y Y Vv vy

Jault locatization, testing 1o determine the falled component

OAM functions operate on five levets within the Physical and ATM layers. These
functions are called OAM flows, designated F1 through F5 The Physical layer con-
tains three OAM levels: the regencrator section level (E1). the digital section level
(F2), and the ttansmission path level (F3) The ATM layer contains two OAM levels:
the virwal path level (IF4) and the virtual channel level (FS).
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ed in Belleore s ducument GR-11 13-CORE -3 the
Lation 16310, ANST Techmical
ring ATM net-

OAM operation is addiess '
ATM Forum’s UNI 3 1 spectfication, 1TU-T Recommenc

$1.5/92-029R 3. and in Stephen Farkouh’s paper about man:

e Cla, For TS (vinual path) OAM

. edd WV
works [ H-6]. OAM cells are sent on pre-assipned ¥

° . T v 10-en l
fl VO = 3 identities a segment OAM tflow, while VO = Jadentibies an end-to-end
ows, VOl = | ‘

< it w wesame
OAM flow TFor 5 (virtual channel) OAM flows, the OAM cell s sent wahil Ll .
‘ att Type (7T value witlnn the ¢
VPIVCT values as the user data; however, the Payload Type (7T vahue with
pe ol OAM connection as cither segment or ond-to-emd

header identifies the ty _
pement 'DU (or OAM cell). The cell

Figure 1§-dc shows the ATM Layer Mana
payload consists of five fields:

= OAM Tipe, identifies the type of OAM comununecation (faull manage-

ment, pcrformance management, or :\cl1\':1(111|1!k1€.'|clh."1l10r1)
= Function Type, detines the function performed by thi'cell
= Function specific field, the detailed OAM celicontents
> Reserved. unused bits

= Ern Detection Code, CRC-10

48 Oclets o "l
|4ﬁ____~———f
OAM Function Funchion Specitic Reserved | CRC-10
Type Type
6 10 Bits
360
4 4
OAM Type Value Function Type Valug
Managemeni ALarm Wncecaton Sagnal (A1S5) [ ied
e e Aemola Delect Indaton (FCH) Doo1
Contrnty Check :nm
Loopback 000
prmance Managem 0000
o Formard Monionng
P M ™ Backwarg Hepuing C(Killo
Momvtonng and Maganting (L)
0000
Perigrmance Momionng
Aerhonascvsron o Continuaty Chech 000
" tinl detined
Sistem Managermant " "1 aupmant epindeni .\

Figure 11-4c. ATM Layer Management PDU format.

i MiSSION
Source GR-1113-CORE, ©1394, Bell Commumeations Research. Inc, reprinted with per
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Fowr luncnon-speeific fields perform faul manigement, performance manage-
ment. activation/deactivation, and systemn management functions. Each of these OAM
cells contains additional ficlds 10 suppert these funciions, which are detailed in ANSI
TISLSA2-029R 3 The fault-management OAM cell pertforms Afarm Indication Sig-
nal (AIS) or Remote Delect Indication (RDIy reporting. continumiy checking, OAM
cell-loophack testeng, and cell-tiansfer delay measurements: The performance man-
agemem OAM cell may monitor incomung ATM cell traific (referred 1o as inward
monitoring} or report on outgoing cell trafhic a1 the distant ead {referred o as outward
reporting). The activation/deactivation OAM cell enables or disables the performance

or continuity cheek functions. The system management OAM cell is defined by the
specific implementation

11.3 ATM Physical Layer

The ATM Forum defines several options for the Physical layer interface at either
public or private UNIs. This section reviews seven of the most commonly used inter-
faces for ATM implementation in North America, ranging in speed from |.544 Mbps
(the DS rate) 1o 622.080 Mbps (the OC-12 race). Many of these inkerfaces are doc-
umented in the UNI 3.1 publication; others are documented separately and are avail-
able from the ATM Forum's Web and FTP sites (sec Reference [10-23]) In addition,
Bellcore has described many of these interfaces in their Technical Reference TR-
NWT-001112{11-3] .

11.3.1 DS1 Interface

Many of the early ATM definitions assumed that very high bandwidth channels
would be required for access to B-ISDN networks. Unfortunately, this assumption did
not account for the very large installed base of existing DS1 lines, which have been
used for many years 1o transport voice, data, and LAN traffic. As a result, the ATM
Forum developed a public UNI based on the DS1 interface, which is documented in
Reference [11-7] and also by Bellcore in Reference 111-3]

The DSI interface for ATM applies to the public UNI only. and operates over
clear channel {or transparent) T4 facilities. The Tine rate 1 | 544 Mbps, and the through-
put available for user information cells, signaling cells, and OAM cells is 1.536 Mbps
{Figure 11-5). The signal format is based on the ANSI T1.403 standard, which defines
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the Extended Superframe (ESE) tranung formuan The physicad interface (phags and
jacks), also defined in ANSL T 403, 15 used for consisteney with other DS 1-based
syatems. Maintenance fnnetions Lor performance momtonng, fadure delechon, and

alarmws, as speetficd in ANSTT A0S, are coployed tor the ATM applicanons

e — = 3O el -

| —— e 4B OCIOLR 1t INGITANG

ro] |
- \
] I N N N W)

[P T —.|

ATM Cell

Noles 2 D51 Framing Bt
H ATM Cell Header

Figure 11-5. Direct ATM cell mapping on the D51 frame.

Source. TR-NWT-001112, 1993, Bell Commurucations Research, Inc , reprnted wilh permission.

11.3.2 25.6 Mbps Interface

For many ATM LAN applications, neither the DS interface (at 1.544 Mbps) nor the
DS3 interface (at 44.736 Mbps) provide an appropnate amount of bandwidih. To address
that need, the ATM Torum developed a private UNI, operating at 25.6 Mbps [11-8].

The 25.6 Mbps UNI operates over copper transmission facilities, with imped-
ances of 100 ohms (for unshielded twisted pairs), of 150 ohms (for shielded twisted
pairs), or for other copper facilities having an impedance of 120 ohms. The line rate
15 32 Mbaud with a 4B5B encoding scheme, yielding the 25.6 Mbps data throughput.
Note from Figure 11-6 that the transmitter and receiver implement both the Trans-
mission Convergence (1C) and Physical Medium Dependent (PMD) layers, trans-
mittng and receiving a stream of cells from the vser application The transmission
media specified for use by the 25.6 Mbps UN1 employ Cnmm&ml)' used connectors.,
such as the eight-pin modular connector (formally specified by the [EC 603-7 and
150 8877 standards), which is generally referred to as the RI-45 connector and is fre-
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quently tsed tor both E1hernet and token rng LANS Asa resull, it s expecled that
! s resull, ccled tha

the 25 Al ac i
6 Mbps UNIwill achieve widespread aceeptance within Jocal ATM networks

N Receve
Cens T?::i:m

Strpping Descrambing Formathng Sceambl
4858 Decoding g
Desenalizing R o ncodng
NRZI Decoding NRSZEIIEJ::;? i)
I
—
Data TC [T .
Fitter, Amp, anr
Equalzer  Data Latch PMD T
RxLine .
;j\
TxLing
. h N
2 W

Thning Recovery : o ; L
L Receiver J L Transn{itterf‘ e J

Figure 11-6, TC/PMD components and transmitter timing
for the 25.6 Mbps physical intertace.

Source® AF-PHY-0040 000, © 1995 The ATM Forum

11.3.3 DS3 Interface

Chapter 8 discussed the DS3 PLCP format used with SMDS. The ATM PLCP is
based on that work. The DS3 PLCP frame carries 17 ATM cells plus overhead infor‘

mauen, which is transmitted every 125 microseconds (see ngure 1E-7}. The ov
head functions consist of the following; - o

™ Aland A2, framing

> BI bitinterleaved parity

> Cloeyele/Muff counter

= GLPLCP path status

T PO P, path overhead identificr

£ 26, growth octets
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For detadls, see Belleore document TR-NWT-000 112 and the ATM Forum UNI

3 specificanon

PLGP
Framng FPCO1 POH 2L CP Payloand
[ ¥ I
1 1 1 1 53 CGctets

Al | A2 P11} 26 First ATM Celt

Al | A21P10| Z5 ATM Cell

Al | A2 PO} 24 ATM Cell

Al | A2 PB ] Z3 ATM Cell

Al | AR PT | Z2 ATM Cell

Al | AZ7 P62V ATM Cell

Al [AZYPS T X ATM Cell

AV | A2{ P4 B ATM Cell

AV | AZ{ P3G ATM Cell

Al A2 P21 X ATM Cell

arlazipid x ATM Cell '

Al L A2 1 PO CH Twellth ATM Cell Traler

1 Object of BIP-8 Calculation 11 13-14 Nibbles

Nates PLCP  Physscal Layer Convergence Protocol A1, A2 Frama Alignmeni
POl Paih Overhead indicator B1* Bit Intadeaved Panty
POH  Path Overhead Cc1. CyclesStufl Counter
BIP-8  Bit Inledeaved Panty-8 G- PL.CP Path Status
X Unassigned-Recevers requited to (gnore I Growth Octets

Source TR-NWT-001112, ©1993, Bell Commuricahons Research, Inc , reprinted wilh permission,
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11.3.4 STS-1 Interface

A mid-range interface, operating an the STS-1 rate of 51 840 Mbps, is also defined
for ATM cell transport. Bellcore has defined a GNI which operales over two single-
maode fiber linke, and the ATM Forum has defined a prvate UNI which operates over
Caregory 3UTP cable using 8-pin modular connector< {E1-9|. The frame structure Is
tHustrated i Figure 11-8 and is pant of the Synchronous Digual Hierarchy. which will

be examined 0 detml n a following sechon For detals on the SONET §

FS-1 signal.
see ANSTTI 105

| ¢———  500cters —— e

»
&
& Cotumn
© 1 30 59
a
g 18 /
e é
¥ g (g1 o
Transpor (?_-H 2 § /// §
Overbead s | & z / =
3 i o a % a
{
gl 7’
o} ///
- |
Payload
Notos {7 ] SPE capacity used by ATM celis

wors] Unassigned (X) brits/octets
Any futura usane of thesa unassignad (X) bils
shall be cons:stent with ANSI T1 105

m Fixed stuff

Flgt:lre 11-8. Logical frame structure of the 51.840 Mbps UNL.

Source TA-NWT.001112, ©1993, Bell Communications Research, Inc, repanted with permission
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11.3.5 100 Mbps Multimode Fiber Interface

-
Much current LAN teehnology 1s hased on previous work defined to suppot the Fiber

Disuibuted Data Imerface (DD standard. The ATM Forum. in the NI 3.1 document,
defines i private NLoperang over uktimode fiber. The Physical fayer foltows the DD
cnt (PMI1)) spccnlic:llmn. witl o fink operating @ 125 Mbaud

Physical Medium Depend
‘Note that the lok operites {or

with 21 4B5B line coding scheme over 62.5 micron cable

cell transport only: ther clore, no Physwal Tayer fLmung suucture s egqured o defined

11.3.6 SONET STS-3¢ Interface

The SONET formats are part of the Synchronous Dignal Hierarchy (SDH). The

1S3 tormat is partof the Plesiachronous Digital Hierarchy (PDH). Transnussion nies

for various signals within these (wo hicrarchies are shown below.

SONET/Synchronous Digital Hierarchy (SDH) Rates

Rate (Mbps) SONET SDH
51840 STS1

155 520 STS-3 STM-1
466 560 5759 STM-3
§22 080 STS-12 .- S5TM-4
933 120 S75-18 STM-6 '
1244 160 STS-24 STM-B
2488 370 575-48 STM-16

Piesiochronous Digital Hierarchy (PDH) Rates

Rate (Mbps} HNorth America Europe
0.064 ] DS0

1.544 DS

2048 E1
3152 DsS1C

6312 Ds2

8448 E2
34 368 E3
44 736 DS3

139 264 E4
274176 D54
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The Synchronous Tansport Signal-Level FESTS-1y hame. transmitted at 51.840
M_hps‘, 15 the basis for the lugher SONET transmission rates. The 8TS-1 t'mm;' C;’ll-ﬂi\l
of mne rows and 90 columns, for a wtal of 818 octets, Each frame is transmitted wnli \
a pertod of 125 micioseconds, occupying a otal bandwidth of 51 8-.1() Mbps (RT:;
octets/frame * | e/ 125 nicroseconds + 8 bitsfoctety Of the 90 data cu!um::\. thiee
tor 27 octets) carry anspoit overhead (TOTD, such as fannag, error nmnumml." 1:'ILL
agement, and pdyload pomter information. So the STS-1 payload envelope (:li’rl")“i):
K7 columns wide or 783 octets (87 * 9. The SPE is itselt a kind of frame th';l ﬂ:'rn
inside the available space in the STS-1 frame The it cobumn af the 87 L‘(ﬂll;l‘lll ‘i;’l;
l.\ occupied by an | T-octet transnussion path overhead (POH). and the start of the ;iPI;
is ilentified hy the payload pointer in the TOH. Note that this mechameny exists l‘ l --
the information carried in the SPE he umed with a but clock signal that is noi | “l\ LII
to the STS-1 clock signal, pointer movements et the SPE <t u;wmd the Q"I‘ﬁ—l I“L ct
Because of the POH. the avalable capacity per STS-1 frame s further rc‘du;cd ::)l'[;‘;-l
octets (B6 * 9, representing a user payload bandwidih of 49 54 Mbps,

To provide SONET at higher rates (above 51.8-10 Mbps), muluple STS-1 fiames
flrL‘ byte (or octet) interleaved. For example, three STS-1 frames may hckcnmtlrinc |
m‘m one STS-3 frame operating at 155.520 Mbps (the threc frames —mu‘;l be fra k'
aligned). The §TS-3 Trame now has 270 columns and nime rows and a 'I'bH of ' ]'"L‘
columns. The payload of the STS-3 frame now has 261 columns and nine rnw';n'm:l
comprises the three STS-1, SPEs (each 87 columns wide) byte interleaved Nnu‘: ;lhn
these SPEs are independent of each other and can have any phase relationshi w":l
each other and the STS-3 frame, as determined by the three individual pa Io"ldp 1'” ]
f:rs that are byte interleaved in the nine-column TOH. The purpose of lhli m‘u!liiullm-
ing exercise is Lo cnable the efficient transportation of three independent STS- Ip:x
n.aIs long distance over a single optical fiber. Upon arriving at the far end lhc; stgl
signals are demultiplexed to become threc STS-1 framed ;ignals again A
_ A‘spccial variant of the STS-3 frame is the STS-3c (tame (¢ is for cancatenation)
l.n which the three SPEs of an $TS-3 frame are merged (concatenated) to cl‘l : o
form onc large SPE of 26§ columns Because there ix only one SPE. there ofl :1” tllf
1o be one POH. leaving a payload capacity of 260 mlun'm\ that represents fu::lt
bandwidth (for cells) ol 149.76 Mbps (see Figure £1-91 The same u[‘J;H‘UElCl.I c-u‘l hL-
used (o generate an STS-12¢ signal i which the usable payload capacity 15 ‘i()l‘ Il-(I:
Mbps (note that three columns of the STS-12¢ SPE are nn’l used). When é(l)NFT 18
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pecitied as the UNI §TS-3¢ 18 the sipnal used. SONET s a North American stan-

- ) . Q . vl e ‘_-‘ .

dard. Outside North Americie, most countries use the S equivalent to STS-3c.
namely STM-1

You shoutd also note that when S§S-1 Y

cab fiber, the sienals hecome OC- 1 00 e or OC- 120 respecively

15-3¢, o STS-12¢ me sent thiough ophi-

o remmm s s == 270 Uity T T —
B 2| az[az]|er]c et
Secton AT|A1]Ab)a2]A2
Overbead 81
s nzu?-bw' 13 |HalH3
] iy
3 w7 |02 [p2 K1 Kz
<] Line -
- Overhaad i —
l g By
¢ lc2
¥ " g1e
Transport -’ Paykoart
O.orneatd 'g::
o
=]
@
[
3 e
Payload |_ '
Notes [: SPE capacity used by ATM celts
E:] Unassigned {X) bilsfociets
Any luture usage of these unassigned () bsloctets
will be consistent (Belicore TR NWT-000253)

Figure 11-9. Logical frame structure of the 155,520 Mbps UNL

Source. TR-NWT-001112, 1993, Bell Commumcations Research, Ing., repnnted with pemission
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Within the transport overhead, 1ows one through thice coman the SOH, and rows
four theough nine contai the Line Overhead (LOH) The three oniginal STS-1 TOHs
are byle interleaved to create the mine 1ows of the STS-3¢ TOH. So, we see AL AL
ATAZ AZ A2 CLCLCL and so on v the STS-3¢ TOH. Notice that overhead octets
AL AL CL UL H2, H3 and B2 are rephicated, winle octers BT, K2, and 7.2 e not
The path overhead (PO cammed in STS-3¢ SWP include~s J1, B3, C2, and G

Bellcote's TR-NWT-000253 [11-10] is the baseline teference on SONET The
ATM Forwm’s UNI 3 1 specification defines the overhead octets and their functions
for STS-3¢ implementations with ATM, as well as an ATM Forum spectication for
a 133 Mhbps private UNI over twisted pair (100 ohm category 5 unshielded, 120 oluns,
or 50 ohm shielded) cable [11-11].

Section Overhead

QGctet Label Overhead Function
Al, A2 Frame alignment

Ci1 STS-1 identfication

Bt Section error monitonng

Line Overhead

Octet Label Overhead Function

B2 Line error monitoring

H1 {bits 1 to 4) New data flag, Path AIS

H1 and HZ {bits 7 to 16} Pointer value, Path AlS

H1°, H2* Concatenation indication, Path AIS

H3 Pointer action, Path AlS

K2 (nts 6 1o 8) Line AlS, Line FERF. removal of Line FERF
3rd 22 Line FEBE
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Path Overhead

Overhead Function
S STS path trace

J

B3 Path error monionng

c2 Path signal level mdicator
G1 (bis 110 4) Path FEBE

G1 (b 5) Path RDI (yellow)

* AIS- Alarm Indication Signal
FEBE Far End Block Error
FERF Far End Receve Fature
RDl Remote Defect Indicator
STS Synchronous Transport Signal

ANSL T 108 [11-127 45 an exeellent reference abowt SONET. and References {11
F3Land fE1- 143 provide adilional nitormation on SONET implementations for ATM.

11.3.7 OC-12 Interface
The FTU-T, Bebleore, an

at the OC-12 tate of 622 080 Mbps. For the ATM Forum's case,

| defined The transmmission consists of two fiber

\non. Belicare specifies a single-mode fiber
er single-made or mujumode fiber options.
11-10 and is based on the SDH hicrarchy

d the ATM Forum | 11-15] have defined a UNI operating
a public UNL, a pni-
vate UNL, and a private NNI are al
optic links in o pomi-to-poim configuri
link. while the ATM Forum allows cith
The frame structwe is Hlustiated in Figure

discussed 0 the previous section.
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Figure 11-10. Logical frame struciure of the 622.080 Mbps UNI

Source” TR-NWT-001112, ©1993, Bell Communications Research. Inc , repnnted with permission
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11.4 ATM Adaptation Layer Services

Recalt from Section 10.6.3 and Figure 10-11 that ATM networks may support dif-
ferent ivpes of data iraffic Fach traflic type may use a different AAL protocol, as defined
in 1,363 111-16] The Tollowing sections explore cach of these protogols indiidually

11.4.1 AAL Type 1

AAL Type 1 supports Class A wadlic, which 1s sent a1 a constant bt rate (CBR).
1s connechion oriented and has a tming relationship between the source and the des-
tnation Examples of such tratfic melude pulse code modulation {PCM), encoded
voice, or CBR video

The AAL consists of at least two sublayers: the Convergence Sublayer (CS) and
the SAR Sublaver For AALL, the CS takes the User Information, provided at a CBR,
and dinides 1t into 47-octet protocel data umts (AALI1_CS5_PDUSs), as shownan Fig-
ure 11-11- This AALL_CS_PDU becomes the SAR_PDU payload. Note that ne
AAL1-CS protocol control information (PC1) is added to the AALL_CS_PDU. The
SAR sublayer adds o header octet long to the AAL1_CS_PDU, forming a 48-octel
AALT_SAR_PDU

The AALT_SAR _PDU header consists of two ficlds. Sequence Number (SN) and
Sequence Number Protection (SNP). The SN field contains two subficlds: a Conver-
gence Sublayer Indicator (CSh, which is one bit and is used by service-specific func-
tions of the !\Al,l_Cé; and a Sequence Count (5C), which is 3 bits and contans a
binary encoded sequence counter that 15 passed betwean pecr AALL _CS entities. One
CS1 function is to pass tming information between the sender-and the recewver In this
method, called the Synchronous Residual Time Stamp (SRTS). the CSi field of suc-
cessive AALT_SAR_PDUs carries a 4-bit Residual Time Stamp (RTS). The SC sub-
field detects tost or misinserted cells. The SNP field contains two subficlds: a CRC
Control subfield (thiee bits) and a single Parity bit. These two fields provide error con-
wol for the CS1 and CS subfields

The completed AALT_SAR_PDU is sent to the ATM layer, where the ATM header

1s added hefore transmission, \

+
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iser -
Layer User Inlormalion
AAL1 CS P JES—

Convergence " > S
Sublayer l AAL - User Informakon ]

- a7

Sequence Sequence Number Oetets
Numbaer Prolection *

_ r ] |

SAR [ st l Sequance CRC [ l
p Party SAR_PDU Payl
Sublayer unl Conirol - ayload l
1 k] 3 1 47
_ a1 Bits. Bas Bu Qclels
| —————————— AAL1 _SAR_POY—— |
ATM
Layer ATM
Headar Payioad
5 48
Qclats
MNotoes CS  Convergence Sublayer
CSI' Convergence Sublayer Indicator
SAR  Segmentation and Reassembty

Figure 11-11, AAL Type 1 PDU format.

Source” GR-1113-CORE, ©1994, Bell Commumications Research, Inc , reprinted with perrmission

11.4.2 AAL Type 2

. AAL Type 2 supports Class B traffic, which is sent at a vanable bit rate (VBR).
is connection oriented, and has a bming relationship between the source and the des-
unation. Examples include VBR voice and video signals
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e . ) anet Strea v + Sepvice. Messaee 2ie ueed For framed et :
Flee TTUCT as stall develope AALD However, one suggested format for the ming Made Service. Message Mode is used for framed data fsee Fagure T-
134) It transders exactly one Interface Data Unit (AAL3A_TDED trom the user. This

AALZ_SAR_PDU w shown in Figare 11-12 The SN fretd 1~ binary counker that deteets DU
T . . - - . U may be fixed or varble 5 ‘e Sremi
Jomd 0 misinserted cells, The Informanon Type (T delmes one of three message vatues: - ¥ arible in length. up to 63.535 ociets long Streaming Maode s
used for one or more 1DUs, whach may be sepatated intune (see Figure 11-13h)

Message (BOA, Continuation ol Message (CORY, m Iind of Message

Beginning of
P Pavload

(EOMy The Tength Indiciton (111 states how niny octets in the SAR_
contin data Tmally a CRC field provides et detecnon e conection: Emor control ) £
- 5=# =18
is espoctlly importand for compressed video signals. which conld use AALZ inths 1] s
case. single biterrors may aticet ihe encoded datastream, which may prasluce 4 more <13
wevere elleet than a stgle e error withinaeeell carying CBR autho (Clws A and AALLD . - l
V ) 3
A t= 21%
M= 3 §§ & H
|t --= Header —m] |- Teaulet ——l : g ~ < £ ]
SN 1i SAR _PDU Payload Lt CRC Z1- Elg '=',§
) P 3 - i
HIER I
lz ;Ns/ég - Jepil
— N 1 LiL— T Ex z
- AAL? SAR PDU — s | L 23§ i
. . 52588
: i3 o ' 2
Motes T information Type 4 : HE: g ?‘\ — 55835
LI lenath Indicater 3 R [
58 Sequence Number . ] ale H
SAR  Segmeniahon and Reassembly Lt —{
Figure 11-12. AAL Type 2 SAR PDU format. i~ ’ 5i
HIRE i §ls 5L 6
X LR A H
£l < rg8% ©
L2 B gridzs
11.4.3 AAL Type 3/4 5pEEsE
I mu?um €
AAL Type 34 supports Class Cor D aflic, which is sent at 2 VBR with no timing Li_]. .
g le .-
rebanonship required between the source and destination. At one time, there were two stan- ; 2 i — 2£2882
. . . . 54~ 3
dards: AAL3. which supported connection-oriented traffic, and AAL4, which supported — é/ 28« 3
- N 1B 3 £
connectionless traftic. These two AALs were later merged 1o the common AAL3/4. — — :
Phata waffic that 1~ sensitive to loss but net detay. such as SMDS. would use AAL3/A. L  — L J L ]
-
The AAL3A Convergence Sublayer is divided into two layers: an SSCS and a 85 s
- Sort ! 55 £s & .
CPCS The SSCS. which may not be present {null), supports the User layer. The 2 3 52 3 s
- on W ="

AALMS SAR sublayer interacts with the ATM layer
Figure 11-13a. AAL Type 3/4 PDU format (Message Mode Service).

The CPCS transfers varable-length Blocks of data, or AALY4_CPCS_SDUSs,

sequentially between users Two wervice modes are defined: Message Mode Service Source GA-1113-COAE, ©1994, Bell Commumcations Research. i, repninted with permission
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Figure 11-13b. AAL Type 3/4 PDU format (Streaming Mode Service).

Souwrce GR 1113-CORE, ©1994, Bell Communicanons Research, inc , repanted with permission

The AAL3/M process is imtiated when  the user formanon  (the
AALXMA_CPCS_SDU} is passed to the CPCS. The CPCS adds o header and wrailer,
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generating the AALIA_CPCS_PDU Thes unit i then passed 1o ihe SAR sublayer,
which segmenty 10 into 48-octet SAR PDUS w0 become the ATM cell payload.

The AAL3M_CPCS_PDU header contains three lields: Common Part Indicator
(CPEY Begen Tag (3Tug). and Bulfer Allocation Size (BAsize). The CPI field (one
octet)y Wentidies the message Lype amd the counting umits Jor the B'Fag and BAsize
ficlds This fiekd is curremtby coded s GOH, which indicates that the counting wnit 5
the octet. The Blag tield (one octet) 1s used 10 conjunction with the End Tag (ETag)
i the trailer 10 assoviaie the beginning and end of the AALYMA_CPCS_PDU. The
same number is placed in the BTag and ETag fields and 1s incremented Tor successive
AAL3MA_CPCS_PDUs. The BAsize ficld (two octets) tells the receiving AAL3/A
process the maximum buifer size it maust reserve 1o reassemble the incoming
AAL3A_CPCS_PDU,

The AAL3MA_CPCS_PDU User Information payload is limited to the maximum
vitue of the BAsize lield (65,535) times the counting value contained in the CP field
(typically octets) A Pad ficld may be placed after the Information ficld. This Pad may
contain zero, one, two, or three octets of filler. which forces the AAL3IA_CPCS_PDU
o be 32-bit aligned. Note that for SMDS applications., this field is of zero length
because the AALIA_CPCS_PDUs arc always aligned on 4-octet boundaries

The AAL3YA_CPCS_PDU trailer contains three fields. Alignment (AL), End Tag
(ETag). and Length. The AL field (I octet) provides 32-bit alignment in the
AALMA_CPCS_PDVY trailer, and 15 sel 10 O0H. The ETag field (1 octet) is used in
conjunction wih the BTag, as described abave. The Length ficld (2 octets) indicates
the length in counting units of the User information field.

The SAR process provides the 48-octet payloads carried in the ATM cells, Each
AAL3M_SAR_PDU contains a header (2 octets). User Information (44 octets), and
a tranler {2 octets).

The AAL3/4_SAR_PDU header contains three fields Segment Type (ST), SN,
and Multiplexing Identification (MID). The ST field (2 bits) indicates whether the
AAL34_SAR_PDU is the beginmng of a message (BOM, with ST = {0). the con-
tinuation of & message {COM, with ST = 00), the end of a message (EOM, with ST
= 0D, or a single segment message (SSM. with ST = 11) The SN field (4 bits) 1 a
counter that indicates the sequential position of cach AALI4_SAR_PDU associated
with an AALIA_CPCS_PDU. The MID {10 bits) idenufies the AAL34_SAR_PDUs
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derved Trom o particul AALIM_CPCS_PDUL In other words, several

AALM_CPCS_PDUS may he fcansontied sum

The MID hekd dentdies the AALMS_SAR_E

AL users
AALMS CPUS PEXUS, assisting with the mterleaving and teassembly process.

phtancously berween the same 1w
'ty trom different

The AALYL SAR_PDU pay bonud congines User tafornsion and Fill and is 44

The User Intosmanon field containy up o b oockets of an

aclels long
44 octets, the

AALMY CPCS DU L the Uset Intformation fiekd does not contan

Eill fiekd completes at weth zeros

The AALIM_SAR_ DU trailer contins tw

CRC The LI tickd (6 bits) contans the Jength i octets of
1d, restricts the vatues of the L1 ficld.

o fields: Length Indicator (1.1 and i
¢ User Information field.
Fhe type of segmeal, as indicated in the ST fic
The BOM and COM segments may be A4 actels long, The EOM segment must be 2
multiple of four octels (4.8 1216, . 48, The S5M must be a multiple ot 1 octets
and must be at keast § octeis long (8. 12,16, . 44,

Wien the AALIM_SAR processing s complete, it hands the AAL3MA_SAR_PDUs

(o the ATM layer for nansmission

11.4.4 AAL Type 5

AAL Type 3 supports Cl
VRR with no timing telutionship required betw

ass O traflic, whichas connection-onented and sent at a
cen the source and the destination.

The AALS process is considered much simpler than AAL3/4 Turemoves some of the

averhead at the SAR sublayer and supports only Mess
also Known as the Simple and Efticient AAL (SEAL).

age Mode service AALS s

The User Layer passes User mformation 010 65,535 actets long 1o the CPCS. as
Jhown io Figure 11-14. The CPCS generates the AALS_CPCS_PDU, which consists
of a payload and a trailer. Avthe CPCS. a Pad ficld 0 10 47 octets long is added to the
User Information to align the AALS_CPCS_PDU on a 48-octet boundary.
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User -
Laycr Lger Inturmugdiesy ]
[ !
B ; ayload Tr.ulpe
i 1
Convergence ( i "
g Irlprmaton Pay wy I CP | Length | t:ll(.‘]
_ 065515 \ oa; 1 1 2 El Octets
SARA | Safr P | I
.POu SAR_PDWY I
Sublayer ki
a8
_ 48 4R Outots
ATM
Heager']  Payload
ATM ] 5 43
Layer
¥ ATM
Heage ('t  Pavioad
5 48
L ATM
Header!'] Payload
5 48 Dctat
Noles (1) SDU type subheld of the PT held in the ATM Header "
delcf:ls the beginming and end of the CS_POL) O = first
and intermedaaie ceils, 1 = last cell,
UuJ  Userto User
CP1 Common Part Ingcator

Figure 11-14. AAL Type 5 PDU format.

Source' GR-1113-CORE, €1994, Bell Commumcations Research, Inc , reprinted with permission

The AALS_CPCS_PDU trasler consists of four elds: User-to-User (UU), Com-
mmT Part Indicator (CPI). Length, and CRC. The UU field (1 octet} cnnminq' infor:
m-allon 10 be transferred transparently between AALS users. The CPI ficld (i octet-)
aligns the AALS_CPCS_PDU trailer on a 64-bit boundary. Other, uses are under devel
opment, and may include identification of layer-management messages. The Len ll-
ficld (2 octers) indicates the fength of the AALS CPCS pavload The C!;lC ficI;I ga ]
tamns a CRC-32 caleulation that detects bit cirors in AAL-S CPCS_PDU, incl Ll( "
the payload and the first 4 octets of the trailer. ) ) T

479



thaptler 11. ATM Protaco!s

When the AALS_CPCS_PDE 15 assembled, the SAR <ublayer segments into
J8-mtet AALS_SAR_PDUSs, whidh are then passed to the ATM laver. A single bitin
the ATM header PTT fiehd indicates the end ot the AALS_CPCS_PDU This hivis set

10 seta for the first and mienmediate segments, and to one fon the Last segment

11.5 ATM DXI|

A number of interfaces and protocols assist with the managenent of ATM net-

works (see Figure 1-15a) including the X 111-17). the TLAY and the messages

that use these mterfaces

M
-— e
Messages

ATRE DXY ) ATM UK
' ] ! ‘ ATM s
OTE : DCE ' Swiich

T DX

g — e

Messages

SHMP
Messages e

'

MNetwork
Management
SystermSiation

L ——

Figure 11-15a. ATM DXI LML
Source AF-DXI-0014 000, © 1993, The ATM Forum

Assume that the DTE 15 a router connected to an ATM switch via a DCE, such as
a DSU. Also connected 1o the router is a network management console running SNMP.
Several interfaces are involved: the ATM UNI between the switch and the DSU; the
ATM DX! between the DSU and the DTE (router); and other interfaces, such as 2
LAN connection, between the router and the network management console

Several message types may he sent with this configuration. The Network Man-
agement Systcm may send SNMP messages to request information contamed 1n the
router's MIB. The ATM swiich may send ILMI messages to the router requesting
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iformation on a viruat p:!lh or virtual channel connection. In some cases. such
when the router requests & count of the dropped received cells !‘hc rou[dhcs. e
S,u“ the DSU These consultations are referred to the DSU a.leXI 1 Mclr .
Sumtarly, ATM DX1LM] traps sent from the DSU 1o the l()u[;:r ene “_ ) I"L‘Cssagcs_
1o the switch or SNMI® taps 1o the Network Management (‘nn\cﬁc e M

To support these mechamisms, the ATM DX LMI MIB ncludes the ATM UN|
II,I%‘II MIB, delined in the ATM Forum's UNI 3| spectlication, and the ATM MIR
defined by the Internet Engineenng Task Force (IETF) i .

11.5.1 The DXI Protocol

"Il)hc DXI protocol provides a way for a DTE, such as a router, and a DCE !

a5 4 DSU. to share the processin L . aos of
ssing of the protocols at ¢ )

0 s at the ATM UNI. Three modes of

> Mode ta, AALS only
= Mode Ib, AALYA for at least one VC, AALS for other VCs
> Mode 2, AALS and AAL3IM, one per VC -

- The DTE transmits the information ficld of an AAL_PDU, referred 1o as

: .}:;_SDU‘ to a peer process at another DTE. To do so, the D';‘E qcn‘dq the DTEOSE;;L}l
inside a DX frame to the DCE. The DCE then completes the processing at th .
sublayers (CPCS and SAR) and the ATM layers e s e AL

- The format of the transmission frame sent berween DTE and DCE varies d
mlg.on the AAL type used. For modes la or 1b with AALS, the DTE %cn:is a D;{'ECIS)CI;(_I!-
wrml:h may be up 109,232 octess long. to the DCE in 3 DX] frame {see upper _0 ion
;AFlliure 11-15b} The DCE receives the DTE_SDU and performs the Ar;\LSPCIr’téOSn
SAR. and ATM layer functions. The > h '
: . DXI Frame Address (D
the VPI/VCI information between the DTE and the DCE (DA) feld maps

MOde- Ib offers the capabilities of mode 1a plus support for AAL3/4 on indivi
ually configurable VCs. The DTE encapsufates an AAL3M4 CPCS_PDU fm.'"d“"'d'
frame (see lower portion of Figure 11-15b). In this case th—c DTE—SDU f”"h'“ . D)'(I
length t0 9.224 octels to accommodate the AALYA (5PC‘; hc'“—l'\ ’ dIS reduced in
DCE performs the AAL34 SAR and ATM layer func_uons\ e andiratler. The
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‘4_..u—_h_~__—* DX f ame tor Modes 1a and 16 LISing AALS — e = == Pl
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Tlag ol AALZA CPECS PUUY (1 o1 | aaris Cics Poy| DY tiag
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{1y DX Feama Aduiess {DF A) usad 10 pass VELVC inlormation betwean DTE and DCE

14} Congestion Noliicalion til

{51 Celi Loss Pronty i

Figure 11-15b. ATM DXI frame formats (modes 1a and 1b).
Source AF-DXI-0014 000, © 1993, The ATA! Fnrum

For mode 2, the DTE encapsulates an AALIA_CPCH_PDU within a DX frame

(see Frgure 11-15¢). In this case, the DTE_SDU may be up o 65,535 octets long, The

CE performs one of the following functions:

>~  For AALS VCs, the DCE removes the AAL3I4"CP‘CS header and trailer
and encapsulates the remainder of the PDU in an AALSCPCS_PDU. The
DCE then performs the AALS SAR and ATM layer functions.

> For AALY4 VCs, the DCE performs the AAL3/4 SAR and ATM layer

functions
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(3} Cettioss Promy b,

Figure 11-15c. ATM DXI frame format {mode 2).

Source AF-DXI-0014,000, @ 1993, The ATM Forum

11.5.2 The DXI LM)|

The DXI LM! exchanges management information across the DXI. The ATM
DXTLMI suppents network management systems using SNMP and ATI;/I switches
runming ILMI, The network management system or the ATM swilch may requ}:s‘l m‘m‘-
agement information Therefore, the DTE, such as a router, must contain l;oth‘an
SNMP proxy agent and an ILMI proxy agent. H the network management system or
the ATM switch sends a request and the DTE does not have the inf(:rmaliun‘. it will

query the ATM DCE using a DXI LMIE PDU (see Figure 11-15d)
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| Five LMI messages are defined The GetRequest. GetNextRequest, and SetRe-
| P rame - - guest originate 1 the NTI:, with a GetResponse returned from the DCE. The Trap
Fag DX TR Fes mfﬁ@ message originates in the DCE
mm, :u, p vanbie Turd ! ftets The LMI message formats are similar w those defined for SNMP. The GetRe-
quest. GetNextRequest, SetRequest, and GetResponse messages share a common
DU structure, and the 'I'é:np message has o umque PDU format. The ATM Forum's
i DX 1.0 specitication provides greater details about the PDU formats
oo T | e | o | o | 0 (o | 6 | ou?l 11.6 FUNI . ;
i ° S i ‘:m W:m - ,“ ,, a  Ocets The Frame Based User-to-Network [nterface. or FUNI, is based on the [YX1 and
' ' ‘ ‘ prevides an interface between end-user equipment and an ATM network at the DS
Non-Trap PDU (1.544 Mbps) or E1 {2.048 Mbps) rates. Inside the ATM network. a conversion is
made between the data carvied in the DS1/E] frame and ATM cells. According to the
or FUNI specification [11-18], the FUNI shall support DXI mode Ia. may optionally
I ol P, oot copets provide suppont for mode b, and shall not support mode 2. The only AALs supported
Ten | tpe | e lwe Court over the FUNI are AAL3M and AALS, therefore, the interface is intended to support
! ' ! ' ’ oo VBR and UBR service only. Note that ncither AAL! nor CBR service are supported.
Trap POU The encapsulation/decapsulation processes are shown in Figure 11-16a (for AALS)
and Figure 11-16b (for AAL3/4) Note that a mapping function translates the frame
Figure 11-15d. ATM DXI LMI PDU formats. address (FA) to the VPI/VCI fields to provide the appropriate address conversions
Source AF-DXT 0014 000, © 1993, The ATM Forum. Further details on the FUNI protocols and operation are found in the FUNI specifi-
cation document [11-18]. )
, ]
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Figure 11-16a. FUNI encapsulation and ATM conversion process for AALS.
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11.7 LAN Emulation
LAN Emulation (or LANE) 15 a process that allows exisung local networks, such
as Ethernet/1BEE 802 3 and IEEE 802.5 (loken nng) networks., 10 operate within a
switched ATM environiment, The tert ermddanon s used to descnbe this process, since
many of the core lunctions present in LANs are not directly available trom an ATM
system, For example, LAN messages are sent using connectionkess transport, which
does not requite a call setup. ATM 15 connectien-oniented. which does require call
“setup AN are shared media systems, which lend themselves easily to multicast and
broadeast ransmissions Within ATM. a means must be defined to intercept these
messages and only send them 1o the stations that actually require that information.

LANE provides functions that are somewhat analogous to bndging and are
descnbed i deta! in the ATM Forum™s LANE Specification [ 11-19] This specifica-
uon details the operation of the various LANE components, including the LANE
clients and LANE servers. The LANE client uses one of two frame {ormals to com-
municate. a modified Ethernet/1EEE 802 3 frame (Figure 11-17a) or a modified IEEE
8002.5 (token ring) frame (Figuie 11-17b). Note that the key modification is the addi-
tion of a LAN Emulation header (2 octets) which contains cither a LAN Emulation
Client Identifier (1LECID) or the value O000H. For specific details on LANE opera-
uon, refer to the ATM Forum specifications

] LE Header [Desllnanon\l Source l Type/Length l Data Unit l Pad
46-1,500 —|Octets

2 6 6 2 14

O

Figure 11-17a, LAN emulation data format for IEEE 802.3/Ethernet frames.

Source. AF-LANE-0021 000, € 1995, The ATM Forum

LE Header Access | Frame | Destinaton Source Acute Information
Conusol | Control Addiess Address Into Field
2 1 1 5 6 0-30 - varable  Octets

Figure 11-17b, LAN emutation data format for IEEE 802.5 frames.

Sourca AF-LANE-DO27 000, © 1995, The ATM Forum
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11.8 ATM Signaling

r Slgn:ﬂmg 1s the process by which ATM users and the network exchange controt
mtormation to establish or disconnect Vs, request the use of network resources, or

ncgnnzuc for the use of eircun parameiers such as QOS. VPIVCL, and so on S
naling traftic 15 sent on VP = 0, VCi=5 ‘ o 1g-

. M.cla-QIgnalmg 18 an optional method of establishing signaling channels. Meta
signaling messages are | cell long and are sent on VPl = 0 VCl = | :

Mela-signaling sets up three types of signaling channels: point-to-point, general

broa C :
deast, and selectuive broadcast. There are three metg-signaling procedures: the Assign
X ] ' } ) - b N =
ment procedure establishes a new signaling channel. the Removal procedure discon

neets a signaling chanpel, and the Checking procedure verifies a signaling channel

11.8.1 ATM Signaling Protocols

Rec(;l::r:npro(;oa:o]s, shown in Fi{;ure I1- lt?. surfp(m connection control signaling. ITU-T
endation Q'.293I specifies the signaling message format. These messages
sen.t over the Signaling ATM Adaptation Layer (SAAL), which ensures thei gI. bic
df:lwcry. The SAAL is divided into a Service Specific Partand a Com‘monl Part r]f;: o
vm.: Sp.eciﬁc Part is further divided into a Service Speaific Crrdination Func;' . Szgcr-
which interfaces with the SSCF user; and a Service Specific Conncction-Orlion ( d >
tocol (SSCOP), which ensures reliable delivery. These 1wo protocols are s c:ijeﬁ err
ITU-T Rc_commcndations Q.2130 (formerly designated ().SAAL.2) ;1nd Qg Iclloef )
merly designated Q. SAAL.1), respectively. The common part of SAl'\L is A;‘\LS o
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Related ITU-T
Aecommendation
User-Network Signaling Q2931
+ umni SSCF o210
Service Specailic
Part
SAAL * S5COP Q2130
i AAL Type 5 Common Pan 1363
ATM Layer | 361
Physical Layer 1432
Notes SAAL Sgnaing ATM Adaptaton Layer
SsCOP Service Specific Connection Onented Protocod
UNI 55CF User Network Interface Service Spaciic Coordmation Function

Figure 11-18. SAAL protocot stack at the UNL. -
Source GR-1111.CORE, ©1995. Bell Communicaions Research, Inc.. reprinfed with permission

The ATM Forum's Signaling Specificanon v. 4 0[11-20}, TTU-T Q2931 [11-21], and
Belicore's GR-111 1-CORE [11-22} provide further details on the signaling architectures

11.8.2 ATM Address Formats

Before two ATM endpoints can communicale iacross a private or publhic UNI, the
endpoints must be unambiguously wWdentificd. The ATM Forum has defined three Pri-
vate UNI address formats, cach 20 octets long, to provide this identificaton (see Fig-
ure 11-19). The Signaling Specification, version 4 0, states that a Private UNI must
be able to accept an initial call setup message containing an ATM address in any of
the three formats. A Public UNI must support the native E.164 address format, the
three Private UNI address formats, or all of these. These four formats will be dis-

cussed below, u
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T T 17T T 1 T T T T T 11 T
Afl DCC HO DSP ESI SEL
1 i1 1 ! I L 1 1 1 1 L L
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|< 1DI-—-|
DCC ATM Format
T 1 T T 1 T T T T T T T
AFI ICo HO D5SP ESt SEL
1 1 1 i L.t 1 1 1 1 L i 1 1
le—ipp —» !‘ DSP =|
LHDlv-I
ICD ATM Format
T T T H T T T T T T
AFt E 164 HO-DSP ESI SEL
L 1y ) ) 1 L1 t 1 | 1L 1 Lol
I 1DP - !-‘- DSP -!
!‘ DI -l
E.164 ATM Format
Notes AFl Authanty and Formal ldentiiar ICD Internation,
al Code Desigaator
DCC.  Data Country Code o]} Initial Doman identiher
pSe. Domain Specilic Part iDP Imtial Domatn Part
ESI End System ldentihar SEL NSAP Salacior

Figure 11-19. ATM address formats.
Source AF-SIG-D061 000, © 1996, The ATM Forum,
The E.164 address format (not shown) is an ISDN format defined by ITU-T Rec-
ommendation E.164 [11-23] and administered by public networks. The address field
is 8 octets long and can contain up to 15 Binary Coded Decimal (BCD) digits. A lead-

ing pattern of a single OH character and a trailing pattern of one or more FH charac-
ters pad the field to the correct length,
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The Data Country Code (DCCY ATM format s drvided 1to an Intnal Donsain
Part (IDP) and a Domain Specific Part (DSPy The P contains an Authonty and For-
mat Identifier (AFT) and an Tnatial Domain ldennhier (DN For the DCC ATM for-
aat the AR has o value of 3911 The next field contains the DOC {2 octets) thal spec-
ifies the conmtry where the addiess s registered The DSI pant of the address contamy
the High Order DSP (HO-DSP) field. End System ldentificr (ESD. and Selector {SEL)
ficlds. The coding of the HO-DSP fickd is specified Ty the authonty or codimg scheme
idenuticd by the 1DP, and s further defined in Annex ! of the ATM Forum’s Signal-
ing Specification. The ESI is a six-oetet number that uniguely idenufies the end sys-
tem, such as an 1EEE 802 MAC address. The Selector 1s a one-ociet field which s
pot used for ATM routing but may be used by the end sysiem.

The International Code Desigmator (IC1) ATM Tormat i identified by an AFLof
ATH. The next fickd contans the 1CD (2 octets). which identifies an international orga-
nization and is admimistered by the British Standards Instiute. The remaining address
fields are the same as in the DCC ATM format.

The E.164 ATM format is identificd by an AFLof 45H. The neat field contains the
E.164 addiess (8 octets). The other ficlds are the HO-DSP, the IES1. and the SEL., which
have the same functions as their counterparts in the DCC ATM and ICD ATM formais,

Before an ATM connection can be established at a UNI, both the user and net-
work must be aware of the addresses in effect at that UNL Address-registration pro-
cedures, which are an extension to the TLMI, accomplish this. For Private UNT address
formats, the user side of the UNI supplies the user part of the address” the ESI and
SEL fields. The network supplies the network prefix, which consists of all the fields
that precede the ESI field. When the E.164 address format is used, the network sup-
plies the entire 8-octet address. The address elements are exchanged using 11.MI SeiRe-
quest messages and are stored in tables at cither side of the UNL After the addresses
have been registered, they may be used in the Calling Party Number and Called Party

Number information elements transmitted in signaling messages.
11.8.3 ATM Signaling Messages

ATM signaling messages are based on N-ISDN signaling formats specified in
Recommendations Q.931 and Q.933. The details of ATM signaling ate specified
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B-1SDN Recommendation Q 2931, formerly Q 938 {11-21]. The ATM Forum UNI
Stgnalmg Specification version 4.0 bwlds upon the earlier work with UNJ 3.1 and
Q 2931, and also adds messages rey ¥ ipoil "

adus sages regarding Pont-10-Multipoing y
S, point Call/Connection Con-

Ihjh ATM stgnaling messages may be grouped according to their function. Mes-
sages for ATM call and connection control include,

™  ALERTING, sent by the catled user to the network or by the network 1o
the catling user to indicate that the called user alerting has been initiated -
>  CALL PROCEEDING, sent by the called user 10 the network or b): the I
network to the calling user to indicate initiation of the requested call
= CONNECT, sent by the called wser to the network and by the network
tor the calling user 1o indicate that the called user accepted the call
r _C()NNF,C'I" ACKNOWLEDGE, sent by the network to the called user to
inchcate that the call was awarded and sent by the calling user to the net‘work
> PROGRESS, sent by the user or the network 10 indicate the progress of
a call in the event of interworking e
> SETUP, sent by the calling user to the network and by the network to the
calling vser to initiate a call
>  RELEASE, sent by the user to request that the network clear the con-
nection or sent by the network to indicate that the connection has cleared
>  RELEASE COMPLETE, sent by either the user or the network to indi-
cate that the originator has released the call reference and virtual channel
>  RESTART, sent by the user or the network 1o restart the indicated
virtual channel
> RESTART ACKNOWLEDGE, sent to acknowledge the receipt of the
RESTART message
> NOTIFY, {from Q.2971
> STATUS, sent by the user or network m response to a STATUS ENQUIRY
message
> STATUS ENQUIRY, sent by the user or the network to solicit a STA
TUS message ‘ -
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Messages sed with ATM pomnt-to-multipoint

b

ATM signaling messages, a5 defined in the UNI Sign

ADD PARTY, adds & party toan existing CONNECHon

ADD PARTY ACKN( WLEDGE, achnowledges a quccesshul ADD PARTY
ADD PARTY REJECUT, wndicates an unsuceesstul ADD PARTY
DROP PARTY, drops o pasty from an existng puint-to-multipond cennechion
DROP PARTY ACKNOWLEDGE, acknowledges a successful DROP
PARTY

PARTY ALERTING, from Q.2971

LEAY SETUP REQUEST, sent from the Leal when that Leaf wishes
to joan a call under the Leat Initiated Join capahilities

1.LEAF SETUP FAILURE, scut trom the newwaork or Root it the join
request from the Leaf could aot he completed under the Leal Ininated

Join capabilities

sage format tsee Figue 112200, The message consists of five fields:

¥
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Protocel Discriminator, distinguishes call-contral messages from
ather traffic

Call Reference, associates this message with a call at the UNE, but does
not have end-to-end significance ’

Message Type, identifies the message function

Message Length, identifies the length of the message contents
Information Elemenis, parameters required by the message

call and connection control imclude

aking 4 0, use the Q.931 mes-

A AT

.
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8 7 6 5 4 3 2 1 Octet
Protocol Discnminator 1
o 0 o o [gatiere|
_F_I-a_g_ Call Relerence Value 3
. _Call Rolerence Valur (Cant:nued) 4
Call Relarence Value (Continued) ] 5
Massago Type -]
Message Type {Conlinued) 7
Message Langih 3 8
Message Length {Contmued) 9
Vanable Length Information Elemants as Required etc
Biis B765 4321 Vatue

Protocol Discnminalor

Messaga Types
oehnegin the ATM
Forum'sV4Q
Signakng Specification
which use the

€ 931 Header

0000 1001 Q2931(Q.938) User-Natwork
Call Controt Messages

Bits 4785 4211 Value

000- -—  Call Estabilshment Messages
0 Doot ALERTING ¢
0 DHO CALL PROCEEDING
oo CONNECT
ot CONNECT ACKNCWLEDGE
;101 PROGRESS
oo10t SETLP

o — Cafl Clearing Messages:

o101 RELEASE

11010 RELEASE COMPLET!
soti0 RESTART FLETE
o1ig RESTART ACKNOWLEDGE

01 —  Misceilanecus Mesdages:
11 SFATUS
1001 STATUS ENOUIRY

1000 — Point-lo-Multipaint Mesasges
0 0000 ADC PARTY
00001 ADD PARTY ACKNOWLEDGE
00010 ADG PARTY REJECT
00011 DROP PARTY
00100 DROF PAATY ACKNOWLEDGE
oot PARTY ALERTHNG
1 0000 LEAF SETUP FAILURE
10001 LEAF SETUP REQUEST

Figure 11-20. Q.931 message format tor ATM signaling.

Source AF-SIG-0061 000, € 1996, The ATM Forum
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11.8.4 ATM Information Elements

Information £lements convey detmls and parameters assoctated with signaling
messages Figure 11-21 shows the format for the [Es. The fiest field idenufies the 11,
and subsequent fields provide control and length information. The 1155 defined in UNI

Signaling 4.0 are:

Yy ¥ f b

Y
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Narrowband bearer capability, indicates a requested circuit-mode N-
[SDN bearer service to be provided by the network

Cause, identifies the reason for certain messages and provides diagnostic
informanion

Call State, describes the current status of the call, such as call imuated,
call present, connect request, or release request

Progress indicator, describes an event that has occumed during the life-
time of a call

Notification indicator, indicates information pertaning 1o a call
End-to-end transit delay, indicates the nominal maximum end-to-end
transit delay acceprable on a per-call basis, andd indicates the comulative
transit delay to be expected for a vintwal channel connection
Connected number, 1dentifies the connected number (see Q.951).
Connected subaddress, 1dentifies the connected subaddress (see Q.951)
Endpoint reference, identifies the individual endpoints in a point-to-

muinpoint connection

Endpoint state, indicales the siate of an endpoint in a point-1o-muiti-
point connection, such as add/drop party initiated or received

ATM Adaptation layer parameters, indicate the requested AAL end-
to-end parameters, such as CPCS_SDU size, CPCS type, or MID size
ATM traffic descriptor, specifies the set of traffic parameters, such as
forward or backward peak cell rates or sustainable cell rates
Connection identifier, 1dentifies the local ATM connection, including
the VPI/VCI values

Y

YY Y y¥yYyy
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Quality of service parameter, requests o indicates the QoS class {zero
to four) lor a conpection

Broadhand high-layer information, checks the compatibility of the
high-layer information. such as 1SO or vendor-specific protocols
Broadband bearer capability, requests a connection-onented bearer service
of the network. such as CBR. VBR, POI-(0-point, or pomt-to-mudtipomt
Broadband low-layer information, checks the compatibitity of the low-layer
information 1ype. including layer two and three protocols, and packet size
Broadband locking shift, indicates a new active cadeset

Broadband non-locking shift, indicates a \emporary shift to the speci-;
ficd lower or higher codeset

Broadband sending complete, indicates the completion of the called
party number

Broadband repeat indicator, indicates how repeated 1Es should be interpreted
Calling party number, identifies the origin of a call

Calling party subaddress, idenufies the cailing party subaddress
Called party number. identifics the called party

Called party subaddress, identifics the called party subaddress
Transit network selection, identifics one requeslted transit network
Restart indicator, identifies the class of the facility to be restarted, such
as one or all virtual channels

Narrowband low-layer compatibility, provides a means that should be
used for compatibility checking by an addressed entity

Narrowband high-layer compatibility, provides a means that should be
used by the remote user for compatibility checkiﬁg

(eneric identifier transport, carries an identifier between (wo users
Minimum acceptable traffic descriptor, specifies the minimum accept-
able ATM traffic paramelers in the negotiation of traffic parameters dor-
ing call/connection setup

Alternative ATM traffic descriptor, specifies an alternative ATM traffic
descriptor for the negotiation of traffic parameters during calliconnection setup
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f

The next sections will discuss the use of these messages at
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ABR setup parameter, specilies the set ol Avalable Bit Rate panine-

ters dunng the callfconnection establishiment

Leaf initiated join call identilier, umquely wlentifies a point-to-roulu-
point call at a Root’s miertace

Leaf initiated join parameters, used by the Rootto associate oplions
with the call when the call s creased

E.eal sequence number, nsed by a youning Feaf 1o associate o SETUE, ADD
PARTY. or LEATF SETUP FAILURI response messape with the corre-
sponding LEAF SETUP REQUEST message that inggered the response

Connection scope selection, allows the callmyg user o dicate 1o the
network that the callfconnection shall be processed and progressed within
the selected routing range

ABR additional parameters, specily the set ol additional
meters dunng the cabl/connection establishment

ABR para-

Fxtended QoS parameters, indicate the mdividual Qualiy of Service
parameter values on a per-call basts and indicate the cumulative QoS para-

meien vitlues

W information elements

oaeme oy

i
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8 7 6 E) 4 3 2 1 Octols

IE Idanther 1

¥ Coding 1E tastructon Fiekd 2

ext Sundarg | F139 ' Res ISnarel Indicato
Length of £ 3
Length ol IE {Centinued) ¥ |
Contants ot IE 5 aic
Rus Max Max No of
B765 4321 Length  Occutrences

0000 0100 Narrowband Bearar Capabwhity! 7 " 3
0000 1000 Cause!'t M 2
0331 o0 Call Staie 5 1
0001 1110 Prograss incicalgr' ! ) 2
oo ol HNenhcaton tndicator [£]] [F]
0100 0040 End ta End Transit Detay 1" |
010G 1100 Connected Number 25 |
0100 1104 Connecied Subaddiess 25 1
0101 0100 Endpoint Retarence ? '
0101 QI Endpont Stale 5 1
0101 1000 ATM Adaplation Layar Paramelers 21 ¥
nto1 1 ATM Tratic Descnptor 20 1
0101 10190 GConnecuon Identhier ] 1
0101 1100 Quahty of Service Parametar & 1
i 1x Broadband High Layer Informalion 13 1
0101 1110 Broadband Bearer Capabiitty 7 1
0101 1111 Broadbana Low-Layer informationt?t L) 3
0110 0000 Broadband Locking Shift 5 W
0110 0001 Broadband Non Lecking Shi 5 [
0110 0010 Biuadhand Senaing Complele 5 1
0110 011 Bioadband Repeal Indicakor 5 2
0110 1109 Caling Party Number 6 1
0110 1101 Calling Party Subaddrass'™ 25 2
o1 1‘0000 Callod Party Nurnber 25 1
011170001 Calted Party Subaddress’! »% 2
0111 1000 Transn Natwork Selection 9 1
0111 1001 Rastari Indicalor 5 1
0111 1100 HNarrowband Low Layer Compatibilify'? 20 2
0111 1101 Nariowband High Layer Compatibityd't 7 2
0111 1111 Genanc Identlier Transport" 13 ]
1000 0001 Minmumn Acceplatie Traific Descnplor 20 1
1000 0010 Altamatve ATM Trathc Descnplor e 1
1000 G100 ABR Seiup Paramaiers 36 1
1110 1000 Leaal Irvnated Join Cail identder 9 1
1110 1001 Laal Truhated Join Parameters 5 1
1110 1010 Leal Sequenca Numbar B 1
1110 1911 Connection Scopa Selaction [ 1
1110 0100 ABR Adadonal Parameters 14 1
1110 110 Extandag QoS Parameters 25 1

Notes (1} Thai IE May be repested without the broadbend (epes whcaior FE

{2} This IE may be rdpeated in Conpncton with the bromdbdnd
repan! ndcaior 1E

{3} The mammum lengih and e number of repethons of itvs 1E are
natwork depandent

{4y See §2 (452102931, 4 540 2011 and 5 6 540 7911 for wastmant
of thase IE3

§ JUC TN

Figure 11-21. IEs for ATM signaling.

Source AF-SIG-0061.000, © 1996, The ATM Forurm
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11.8.5 Call Setup Procedures
Refore any of the signahing procedures may be mvoked, a user-lo-network SAAL
connechon must be established Catl control signaling 1s then sent over a petmanent

signaling vintual channel connection, with VP = 0and VO =5

Toantiate a call, the calling user sends a SETUP message to the network {see
Frgure 11-22) The SETUP message s one of the most complex messages, it may
contain & number of mformation clements: AAL Parameters, ATM User Cell Rate,
TBroadband Bearer Capability, Broadband High-Layer Infonmation, Broadband Repeat
Indicator. Broadband Low-Layer Information, Called Party Number, Called Pany
Subaddress, Callimg Panty Number, Calling Party Subaddress, Connecton Idenufier,
QOS Parameter, Broadband Sending Complete, Transu Network Selection, and End-

poimt Relerence

@ SETUP @ SETUP
—_— —_—

5 CALL CALL
a PH o
A - WOCELDING Eb -‘LEEEFDINP

Calling | ATM Called
— +
User ‘ Network User
UN) - SUNI
CONNECT CONNECT
< SONNECT -
CONNECT CONNECT
ACKNOWLEDGE @ ACKNOWLEDGE
—_—

Notes () Caking user sends SETUP messge (0 network to imnibiate call,
network sends SETUP message to Called user

Network and Remaote user retumn CALL PROCEEDING message

@ Called user sends CONNECT message ta notwork, network
also sends CONNECT message io Calling user

Network returns CONNECT ACKNOWLEDGE message, caling
user retumns CONNECT ACKNOWLEDGE message

ol
Figure 11-22. ATM call setup procedures.

If the netwark determines that the requested service is authorized and available,
1treturns a CALL PROCEEDING message to the cathing user and a SETUP message

LN
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10 the called user I the network is unable to accept the call, it initiates call clearing
as desenibed in the next secuon The CALL PROCEEDING message includes Con-
aechion ldentifier and Endpoint Reference FEs. If the called user wishes to accept the
call. 1t responds with a CALL PROCEEDING message. followed by a CONNECT
message. The CONNECT message ineludes the AAL Parameters, Broadband Low-
Layer Information, Connection Identifier, and Endpoint Reference s The network
sends a CONNECT ACKNOWILEDGE message o the called user and a CONNECT
message (o the calling user The CONNECT ACKNOWLEDGE message conveys no
additional parameters. The end-to-end connection is established when he calling user
returns a CONNECT ACKNOWLEDGE message to the network.

11.8.6 Call Clearing Procedures

The user or the network may imuiate call and connection clearing. (Figure 11-23
illustrates the procedutes when the user mitiates the cleanng; network-mnittated pro-
cedures arc sitmilar ) The user sends a RELEASE message 10 the network and dis-
connects the virtuat channel. The RELEASE message includes a Cause IE, The net-
work disconnects the virtuad channel, nitiates procedures to disconnect the remote
user, and responds with a RELEASE COMPLETE message. The RELEASE COM-
PLETE message also includes a Cause iE.

RELEASE
—_— -

r
Use User

1
UNI

RELEASE

COMPLETE

RELEASE

@ COMPLETE

Notes @ User sends"AELEASE message to network to cloar call,
network sends RELEASE message ta remote user

@ Netwaork sends RELEASE COMPLETE massage (o user
Remole user sends AELEASE COMPLETE message (o network

Figure 11-23. ATM call clearing procedures.
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11.8.7 Point-to-Multipoint Procedures

Point-to-mulipont connections are a superset of point-to-pont connections and
use the same signaling channel, The callimg user o desipnated the Root, and the called
usets are designated Leaves, The Root sels up the first connection o one Feal accondd-

3 \ s B . iyl
ing o the eall setup procedures defined tor poant-to-poing calls (see Figure 1i-24

@ﬁ SETUP -

CALL
SF1uUP
(o) 20, (&) _ proceeong
A
rr © CONMNECT
‘PHOCFFDING )
CONNECT r
1
@ ""m" ACKNOWLEDGE User
COHNECT ———"I'—;/
ACKNOWLEDGE Leaf 1}
itkinhinbhlokiind 8 P (
- . UNI
hal
Calling . ATM
User —_—
' Network
{Root} NI
User
NI {Leaf 2)
ADD PARTY
{59) - SETUP
. N caL -
(3¢) _ PROCEEOING
-—e T
@- CONNECT
g
ADD PARTY CONNECT
HNOWLEDGE ACKNOWLEDGE
(&) cnoweuse ACKNOWLEOCE

HNotas @ @ @ @ The Caling User {or Root) ind:ates call with hrst User (Leat 1), using
point-te point call proceduras

@ To acd a party to the call, the Rool sends an ADD PARTY message
to tha network  Tha network sends a SETUP message to the
sacond user (Leaf 2).

@ The network returns an ADD PARTY ACKNOW! EDGE message
to 1ha Rool upon receving an ndication 1hat the add has been

accepled

i .
Figure 11-24. ATM peint-to-multipoint procedures.
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The Root adds a sceond puny by sending an ADD PARTY message to a second
Leat. The ADD PARTY message may include the tollowing 1Es. AAL Parameters,
Broadhand High-Layer Informaten. Bivadband Low-Layer Information. Called Party
Number, Called Panty Subiddress. Calling Party Number, Calling Party Subaddress,
Broudhand Sending Complete Transit Network Selection. and Endpoent Reterence
Note that the QOS, Bearer Capubiliny, and ATM User Cell Rate 1Es are not included
0 the ADD PARTY message. o~ these paraimeters are the same as the o 1ginally estab-
lished tfirst Root-to-Leal) call

When the network recenes an ADD PARTY message. it sends a SETUP mes-
sage or ADD PARTY message across the remote UNI o the Leaf The SETUP mes-
sage 15 sent across the UNTf the Iink-state 1s null or clearing, and it inttiates the nor-
mal CALL PROCEEDING. CONNECT, and CONNECT ACKNOWLEDGE sequence
i the user wishes to accept the call,

The ADD PARTY message i~ sent if the link is in the Active link-state: it ini-
ates an ADD PARTY ACKNOWLEDGE message 1f the user wishes to accept the
call. If the network or called user tLeaf) 18 unable 1o accept the ADD PARTY mes-
sage, it returns an ADD PARTY REIECT message 10 the Raoot.

A user or the network may drop a panty by sending a DROP PARTY message or

4 RELEASE message across the interface The recipient responds with a DROP PARTY
ACKNOWLEDGE message or a RELEASE COMPLETE message.

11.8.8 Leaf Initiated Join Procedures

The Leaf Initiated Join (LU procedure is a variation of the point-to-multipoint
procedure In the LI procedure. however, the leaf initiates the connection using the
LLEAF SETUP REQUEST, which contains the LI Call ldentifier IE and the Root's
address {in a Called Party Number [E) (Fizure 11-25). If the leafl setup is successful.
the network will retum a SETUP or ADD PARTY message, and the call will proceed.
Otherwise, the network or Root will return a LEAF FAILURE message. Section 6 of
the UNT Signaling 4.0 specification 1s devoted to the LE procedures.
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User
ety
1
UNI
Caliing .
User |————""
{Root) uMlI .
‘;—-_.__\ User
U ({Leaf 2)

@ LEAF SETUP

@ MEARSEIUE

@ SETUP
——

Caill

@ PAQCEEDING

o FFIOCEEOING

@ CONNECT
o ONECT

CONNEGT
@ ACKNOWLEDG‘E

Notes @ Leal 1ssues LEAF SETUP message -
@ Network returns SETUP massage

@ @ @ Call setup proceeds ke a pont 10-multipa:nt call

Figure 11-25. Leal Initiated Join procedures.

11.8.9 Restart Procedures . ‘
The restart procedure returns onc of all of the virtual channels to the idle condi-
tion. It is used when one side of the UNI does not respond to other call-control mes-
sages, or after a failure or maintenance action. .
A user or the network may cend a RESTART message (see Figure | 1-26). The

RESTART message includes the Restart Indicator IE. If the Restart Indicator IE indi-

cates that only one virtual channel is to be restarted, then a Connection Identifier IE
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15 1ncluded in the message to tdentify the virtual channel to be returned o the idle
condimtion. The recipient of the RESTART message returns the specified virual chan-
nels 1o the idle condition, releases all of the call references associated with those vir-
tual channels, and sends a RESTART ACKNOWILEDGE message (o the originator
The RESTART ACKNOWLEDGE message includes a Restart Indicater |E, and may
also include a Connection Identitier IE

User User

!
U

@ RESTART @ RESTART

RESTART RESTART
@ ACKNOWLEDGE @ ACKNOWLEDGE

Motes () Edher the User or Network may send a RESTART message to
refurn wvirtual channels to the dle condition

@ Alter raceip! of the RESTART message, the recipient ratums the
specihad wirtual channels o the dle condiion, releases all call ratersnces
associated with the specified wirtual channels, and sends a RESTART
ACKNOWLEDGE massage to the onginator

Figure 11-26. ATM restart procedures.

11.8.10 Status Enquiry Procedures ;Hi]t
jeh

The user or the network may initiate status enquiry procedures to check the sta-
tus of a call (see Figure 11-27).
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ATM
Network

User User

1

(B171)

'
LiNI

STATUS STATUS

FHOUIHY ENOUIRY

() o, () oo,

@ SIATUS @ STATUS
- -y

MNoies @ E aher the User or Network may send a STATUS FNOUIRY message
1o vendy the call stale

@ The eniity recevmg the STATUS ENQUIRY message relums
a STATUS message

Figure 11-27. ATM status enquiry procedures.

The STATUS ENQUIRY message may uptionally include an Endpoint Reference
1L The recipent of the STATUS ENQUIRY returns a STATUS message, which reports
o the curteni call state. The STATUS message includes the Call State, Cause, End-
pont Reference, and Endpomt State 1Es

11.9 ATM Interworking

Using ATM with other protocols in a collaborative manner 18 called interwork-
g, The fullowing sections discuss interworking via muluprotocol encapsulation,
frame relay, and SMDS.

11.9.1 Multiprotocol Encapsulation over AALS

RFC 1483, Multiprotocol Encapsulation over ATM Adapration Layer S [L1-25).
defines a method to carry multiprotocol traftic over AALS. That document describes
two methods of suppont, LLC encapsulatiin and VC-based multiplexing. In buth cases.
the higher-layer information, such as TCP/IP or LAN traffic, 1s carried in the payload
field of the Common Part Convergence Sublayer PDU, with the SSCS of AALS empty.
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The 1.I.C encapsutation methad, shown in Figune 11-280 15 based on techniques
developed for use with SMDS. This method ts required when a single ATM virwal cir-
cuit carries several protocols. Information contained within an [EEE 802.2 11.C header
and an HEEE 802 1a SNAP header identifies the protocol carried withim that PDUL

I

AALS_CPCS_PDU >

CPCS_FOU Payload Pad uu [ol2] Langth CRC

£ 65535 G 47 1 1 e’ Octels

|- LLC Header > |- SNAP Header ——————p»
DSAP SSAP Control Orgamzaticnally Protocol
{AAH) LAAH] [03H) Unique Identiher (OU1) Ideniter (PID} PDU
1 ] 1 3 2 < 65527 COciets
oul (400
00 00 0O (roxted PDUY) Ethertype
00 B0 C2H {brdgad POUs) With Pressrved FC§ Wittwmll Prisitved FCE Media
00 01 00 O7H 302 FEmeme
00 02 00 08 8024
w0 w o0 o 025
00 04 00 0A oo
o 08 o0 oB 026
o0 00 Fragmonts
20 0E BPDUS

Nates CPI Comemon Part Indicator
DSAP  Destination Senvico Access Point
SSAP  Soumce Service Access Pont
uw User-lo-User

Figure 11-28. Multiprotocel encapsulation over AALS (non-1SO
routed PDUs or bridged PDUs).

The figure also shows the format used for 1outed. non-1SO PDUs. (The formar
for the routed [SO PDUs is slightly different: refer to RFC 1483 for details.) The
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DSAP address (1 octet) and the Souree Service Access Puit (SSAP) address (1 octet)
hoth contatin a value of AAHL which indicates that 1 SNAP header follows The Con-
1ol feld €1 octet) has o value of 034, indicating an Unnumbered Informaunen (U1)
held The SNAP header (5 octets) contaums two ficlds a 3-vctet Organizationally
Usique Idenufier, or QUL and a 2-octet Protocol Identilier, w PID The OUY has a
vatue of D000 00H Tor routed PUS. and o value of 00 80 C2H lor bridged PDUs
For routed PDUS. the P s a 2-octet Ethenype, which {or 1P would have a value of
0% 00N For bridged PDUs, the PID x4 J.ovtet field that indicates the type of trans-
amsston media used (Ethernet/802.3. RO25. EDDL. and so on). plus the handling of
the FCS. The lower portion of the ligure Jhows PID values defined in REC 1483, Fol-
towing the header is the AALS_CPCS_PDU, which can contain up to 65,527 oclels
of higher-layer mformation, such as the MAC LLAN frame

The VC-hased multiplexing technique provides higher-layer protocol multiplex-
ing by ATM VCs Because a separaic V{ cammies each protocel, the AAL S5_CPCS_PDU
payload does not have W include explicit multiplexing information. For routed pro-
tocols, the AALS_CPCS_PDU payload may be entirely dc\folcd {65,535 oclets max-
ymzm) to the higher layer information. such as TCP/P wrditic. For bridged frames,
only the ficlds beginming after the PID field are included in the AALS_CPCS_PDU
payload. In other words, the beginning of the PDU would be the MAC Destination
Address. followed by the remainder of the MAC frame. any higher-layer information.
il applicable, and the LAN FCS

REC 1483 provides further details on these encapsulaton formats. The specific
case of using the Internet Protocol (1) and the Address Resolution Protocol (ARP}
over ATM is discussed in RFC 1577, Classical 1P and ARP over ATM |1 1-26]. and
i also the topic of much discussion and research at the present time.

11.9.2 ATM/Frame Relay

Four orgamzation’s documents addsess interworking between ATM and frame
relay: the ITU-T's Recommendauion 1.555 [11-27), Bellcore’s GR-1115-CORE [L1-
28). the ATM Forum’s B-1C1 2.0 Specification (11-29]. and the Frame Relay Forum's
Implementation Agreements for Network and Service Interworking, References fHi-

30§ and [11-31]. respectively.
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The logical and physical connection between the frame relay network or device
and the ATM network is called an TWF 1 555 defines two functions, encapsufahon
and protocol mapping, that impact the interworking architeciutes, Encapsidation
accurs when “the conversions in the netwotk or in the ternmmnals are such that the pro-
tocoly used to provide one service make use of the layer service provided by another

protocol” B other words, the protocols are stacked at the interworking point

In contrast. protecol mapping occurs when “the network performs conversions in
such a way that within a common layer service the protocol information of one [;ro—
tocol 1s extracted and mapped on protocol information of ancther protocol.” ln other
words, each end of the connect supports dufferent protocols, but a common layer ser-
vice in the IWF communicates with both end protocols, l

- Recommendation | 555 defines two scenarios for connecting networks/devices
using B-ISDN (uor ATM) Scenarie | connects two networks/devices via an IWF into
and out of a B-1SDN network In this case, the B-ISDN newwork is not visible to frame
relay users. All mapping and encapsulation functions occur transparcntly to the end
users. This scenario is sometimes called frame relay transport over ATM.

Scenano 2 connects a frame relay network/device with a broadband device vsing
- - i 1 . c
a B-1SDN network. This scenano is also transparent to the end user. In this case, the

broadband device supports the frame relay Service Specific Convergence Sublayer
{FR-SSCS) function on top of the ATM protocols.

The interworking funétion maps the frame relay functions to the ATM functions
and includes both protocol stacks internally. On the frame relay side 15 the Q.922 Core
and Physical layers. The ATM side includes the FR-SSCS, CPCS, and SAR sublay-
ers for AALS, plus the ATM and PHY layers. \

The B-1CI 2.0 specitication and the FR/ATM Network Interworking [A specify
that the IWF will support the following frame relay functions: variable length PDU
fo@atling and delimiting, error detection, connection multiplexing, loss priority indi-
cation, FECN and BECN indications, and PVC status management.

Figure | 1-29 shows the format of the FR-SSCS PDU within AALS. The B-ICI
2.0 and the FR/ATM 1A documents describe details on how the IWF supports each
of the ahove functions o
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[ —-—- 1 0 SALS PIU —-- 8
FfR-S5CS pyre nYE :,
L ayer Arx)mu Inlotmal )
Y mable [
[ Lser ai l uiy I cr-jm.qm rml
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Sublayer FTUERS \ 0 l?l\ \Oom
SAR POU SAfR_POU l SAA_PDU
SAR [Cswroo || |
Sublayer ' ‘ l e Octets
!
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uy User-to User
Figure 11-29. FR-SSCS PDU within AALS.
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11.9.3 ATM/SMDS

Interwonking between ATM and SMDS has been addressed by three OTZARIZAtONS:
Bellcore in GR-11EHO-CORE {11-1]. the ATM Forum in the B-1CI 2 0 Specitication
PHE-29], and the SMDS Interest Group (SIG) 1n a document called Protocot Interface
Specification tor implementation of SMDS over an ATM-based Public UNL[11-32].

Under notmat conditions, an SMDS CPI accesses the SMDS network at the SNI.
using the thiee layers of Bellcore™s SIP. Bellcore and the SIG have defined a method
that fets an end user connect o an ATM network using a UNT 1o access an SMDS ser-
vice wlfering. In other words, an end user can use the ATM UNI 1o access SMDS in
the samne way that other users would use the SNI or DXI/SNI to access SMDS.

The protocol interface defines a new protocol called SIP Connectionless Service
(SIP_CLS) SIP_CLS is a subset of the Connectionless Network Access Protocol,
CLNAP, defined by [TU-T Recommendation | 364, SIP_CLS is transported over
AAL3/M (null SSCS, plus CPCS and SAR}, as weli as the ATM and PHY layers. The
combined functions of SIP_CLS and AAL34 result in the equivalent of SIP Level 3
functionality From the customer s perspective, SMDS and the applications that depend
on il reguire no changes. They continue w support features such as mulu-CPE arrange-
ments, access classes, and quality of service.

The SIP_CLS_PMJ 15 a subset of the SMDS L3_PDU. To generate a
SIP_CLS_PDU. the first and last octets of the SMDS L3_PDU are removed. The
resulung PDU includes the Destination Address (DA) through Header Extension fields
(32 octets total), the Information field {up t0 9,188 octers), and ends with the CRC-

32 field {4 octets), as shown in Figure 1§-30. The SIP_CLS PDU may be 32109,224
oclets tong.
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Figure 11-30. PDU format for SMDS on the UNI.

Source: GR-1110-CORE, ©1996, Bell Communications Research, Inc, repnnted with permission
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The ATM Forum's B-1C1 2.0 specification supports SMDS/ATM interworking.
The inlcrworkmg func!mn_ differs from the protocol intertace i that a SIP Li_PDU
1~ encapsulated inside another protocol, the Inter Carrier Interface Protocol Connec-
tionless Service (ICIP_CLS) The AAL3/4 then transports the [CIP_CLS_PDU Map-
ping functions, which mclude 1outing, carmer selection, group address resolution, and
others. logically connect SIP Level 3 and ICIP CLS Mapping between SMDS and
ATM QOS occurs, and performance paramelers are also performed.

This chapter has discussed the various ATM protacols and their formats and para-
meters. Chapter 12 provides case studies that tlustrate the operation of these protocols.
\
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- ATM Analysis

In Chapter 100 we discussed ATM architecture: 1n Chapter 1, we covered the
ATM protocols This chapter puts that information to use, examining several case )
stuchies sl lustrating the ATM protocols tn action. References [12-1] through | 12-3] are
recent journal articles that discuss tools and techniques for ATM analysis,

For this section, we used the Hewlew-Packard Broadband Series Test System from
HP's Telecom Test Division as the network analyzer (see Figure 12-1). This analyzer
has o modular srchitecture and can be configured with any combinanion of the fol-
lowing physecal interlaces: SONET/SDH (155 Mbps and 622 Mbps), ATM cell-based
(155 Mbps), DS3, 4B/5B TAXL, High-Speed Serial Interface (HSSI), and E3 (34 Mbps).
It supports a wide range of protocol decodes, including PLCP, ATM, AAL, and SMDS.

Figure 12-1. Hewleti-Packard Broadband Series Test System.
Courtasy Hewlett-Packard Company.
[f you are not farmliar with the HP Test System’s display, some explanation is in
order. The first line of the display shows the protocol layer being decoded. such as
DS3 PLCP. ATM, AAL3/4 SAR, AAL3/4 CPCS, or CLNAP. Subsequent lines show

details of the header and payload for those layers. Detaiis for the Header fields include
subticld names and values; details for the Payload field are shown in hexadecimal for-
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ates hexadec : w precedimg the vadue
mat Note that the HIP analyzer mdicates hexadecimal coding by £

with a 0x. Thercfore, a 0aF6 on the analyzer progoul would be equivalent to the FaH

format for hexadecimal notation used throughout this fest

o irst i Thapte » 1P analyzer was connected b
For the first live case studies i this chapter. the HP analyzer was com

¥ O
DS3 terface. as shown i Fgure 12-2

Eihernel

Trrr

D53
45 Mbps

Lorame

L]

Figure 12-2. Analyzing an ATM network.

12.1 The DS3 Physical Layer Convergence Procedure

The PLCP fills the DS3 frame format with data before transmission at 44.736
Mbps. Each frame contains 48 octets of header information, twelve 53-octet ATM cells,
and 13 to 14 nibbles of rrailer information, and is transmitted in 125 microseconds (see
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Figare 12-3) With overhead, the macunum troughput fos ATM cells is 40 704 Nbps,

The overhead octets defined in Bellcore's TA-NWT-001 112 are as follows:

Al Framing, with a patnern of THIIOTT0 (FolD)

A2 Framing, with a patern of 00101000 (28H)

BT Bitoerleaved panty (BIP-8), caleulated over the POR fickd and pay-
load { ATM cellsy ol the previous PLCP Tranie

C1 Cyite/sfl counter, which provides a nibble-stufling opportumity and a
Trailea length indhcator for the PLCP frame A stufling opportumity occus
every third frame of a 3-frame (or 375-microsecond) stuffing cycle.

FLCP
Framng POt POH PLCP Payload
[ il i

1 1 11 53 Octets

Al | A2 |PHL| 26 First ATM Cell

At | A2 MO Z5 ATM Cell

Al | A2 | P9 | Z4 ATM Cell

A1y Az PR Z3 ATM Caell

Al | A2t P7 | 22 ATM Call

Al [ A2 | P6 | Z1 ATM Call

At A2 P5 | X ' ATM Cell

A1l A2 | P4 | BI ATM Call

Al A2 | P3Gt ATM Cell

Al A2 P21 X ATM Cell |

Al A2 P1] X ATM Cell

Al | A21 PO Twelfth ATM Cell Trailer 125us

13-14 Nibbles {
Bit Corruption
in C1 Octet

Figure 12-3. 0S3 PLCP frame overhead error.
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| values are

C1 Qctet Frame Phase Trailer Length
11111111 (FFH) 1 13
00000000 (ooH) 2 14
01100110 (66H) 3 {no stulf} 13
10011001 (99H) 3 (stuH) 14

So. the trailer is 13 mbbles long in the first 125-microsecend frame. 14 nibbles
long tn the second, and 13 or 14 mibbles long in the third frame, depending on whether
or not there has been stutting for frequency adjusiment

Gl:  PLCP path status, which conveys the received PLCP status and per-

formance o the transmiller at the other end of the link. The Gl octet
has three subfields: one 4-bit Far End Block Error (FEBE), a {-bit Yel-

Al

low indication, and three reserved hus. '
PO-P11. Path overhead identifier, which indexes the adjacent POH octet The

coding of the POJ oclets are:

PO1 POI Code Associated POH
P11 00101100 (2CH) z6'
P10 00101001 (29H} 25
P9 00100101 (25H) zZ4
Pa 00100000 (20H) z3
P7 00011100 {1CH) 22
P& 00011001 (19H) Z1
P5 00010101 (15H) X
P4 00010000 (10H) iy
P3 00001101 (ODH) - G1
P2 00001000 (08H) X
Pi 00000100 (04H) X
PO 00000001 (D1H) CJ

Z1-26. Growth octets, reserved for future use and set to 00000000,
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This case study shows the details of a PLCP frame comgining 12 ATM cells. Trace
12-1 shows the contents of each ATM cell. Each cell printout includes 4 header octets
and 48 paytoad actets The fast line of the trace tile shows the contents of the PLCP
trailer. In this case, an ersor oceurs on the transmi<sion line, and the C1 octer {the
cycle/stufT counter) is invalid. Note that the value of €1 (67 is wWentitied as an error
and is invalid according to the description above,

Trace 12-1. DS3 PLCP overhead error
HP Broadband Series Tester Capture Data Record

Port 91 DS3 PLCP

Header  A1=0xF6 A2=0x28 P11=0x2C Z6=0x00
Paytoad 0C 00 00 01 52 6A 6A 6A 6A 6A 6A BA 6A BA BA 6A
: 6A 6A GA 6A 6A BA BA BA 6A 6A BA GA GA 6A 6A BA
6A BA GA GA 6A BA GA BA 6A 6A GA BA GA 6A BA BA
6A BA BA 6A BA

Header: A1=0xF& A2=0x28 P10=0x29 Z5=0x00

Payload- 00 A0 02 20 C2 4A 01 00 01 00 54 00 00 00 00 00
00000000000000000000000000000000
00000000000000000000000000000000
000000 1029

Header:  A1=0xF6 A2=0x28 P3=0x25 Z4=0x00

Payload 00 A0 0320 C282 0100 010054 C1 40 355512
12 FF FF CH 4034524545FFFF0008000000
00 G0 00 00 00 00 00 00 00 00 00 FF 83 DF 17 32
09 4E D1 B3 5F

Header:  A1=0xF& AZ=0x28 PB=0x20 73=0x00

Payload: 00 400320 C2 0601 E7 CD8A 91 C§ D5 Ca C4 40
2118 4E 55 86 F4 DC 8A 15 A7 EC 92 DF 93 53 30
18 CA 34 BF A2 C7 59 67 8F BA 0D 6D DB 2D 70 35
C3EG SEBO 32

Header  A1=0xF8 AZ=0x28 P7=0x1C Z2=0x00

Payload 00 AD03 20 G2 4A 0100 01 00 54 00 00 00 00 00
00 00 00 00 00 00 00 (0 0O 00 00 00 00 00 00 00
00 00 00 00 00 00 G0 00 00 00 00 00 00 00 00 00
00 00 00 10 29
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Header
Payload

Header
Payload

Header
Paytoad

Header

Payload

Header.
Payload

Header:
Payload

Header

ERROR:

Payload

Tralter

522

At=0xFB6 A2=0x2B P6=0x19 Z1=0x00

00 0D DO 041 52 6A BA GA BA GA BA LA GA GA GA GA
6A GA BA GA GA GA GA GA BA BA GA BA 6A GA BA GA
BA GA 6A BA 6A BA BA GA GA GA BA GA BA BA HA 6A
6A 6A 6A 6A BA

A1=0xFB A2=Dx28 PS=0%15 X=0x00

00 AQ Q3 20 C2 #2 01000100 54 1 4035 55 12

12 FF FF C1 40 34 B2 45 45 FF FF 00 0B 00 00 00
00 00 00 Q0 00 GO 00 00 00 00 00 FF 83 DF 17 32

09 4E D1 B3 5F

A1=0xF6 A2=0x28 P4=0x10 B1=0x12

00 AD O3 20C2 0601 E7CDBASI C6D5C4 C4 40
21 18 AE 55 86 FA DC 8A 15 A7 EC 92 DF 93 53 30
18CA34BF A2 C75967 8F BACDED DB 20 70 36
C3IEBSE BO 32

Al=0xF6 AZ=0x28 P3=0:00 G1:0x00

FEBE=0 Yetlow signal=0 Link stalus Signal=connected
00 AD 03 20 C2 4A 01 00 01 00 54 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0G 00 00 00 00 00 00 00 00 00 00 00 00 00 DO 00
0000001029

AV =0xFG AZ=0x28 P2=0x08 X=0x00

00 ADD320C2 82010001 0054CH 40355512
12 FF FF C1 40 34 62 45 45 FF FF 00 08B 00 00 00
00 00 00 DO 0O 00 00 00 00 00 00 FY B3 DF 17 32
03 4E D1 B3 5F

A1=0xF6 A2=0x28 P1=0x04 X=0x00

00 00 00 01 52 6A BA 6A 6A HA GA GA 6A 6A GA BA
6A BA GA BA BA GA 6A BA BA GA GA 6A 6A BA 6A 6A
6A 6A GA 6A GA BA BA BA 6A 6A GA 6A BA 6A GA 6A
BA BA GA GA BA

A1=0xF6 A2=0x28 P0=0x01 C1= Q0x67

The C1 octet 1s invahd ; .
DOADO3I20C2 0601 E7CDBAM CH D5 C4C440
2118 4E 55 86 FADC BA 15 ATEC 92 DF 9353 30
18 CA 34 BF A2 C7 59 67 8F BA OD 6D D8 2D 7D 36
C3EBSEBO 32

xCCCCCCCCCCCCC
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12.2 AAL1: Locating a Missing Cell

To venfy how the ATM devices being tested will respond 1o AAL protacol errors,
the analyst studies taflic using AALL AAL3/M, and AALS. In this example, test data,
consistng of an alternating pastern of ones and zeros, 1012 1, 10, or AAAA ., AAH,

s xent over AALT One of the cells iy discovered missing Let's see how AAL L iden-
tfies this problem.

The trapsimtted data s divided into eight AALT_SAR_PDUs, which are passed
to the ATM luyer for transmission m eight ATM cells {sce Fipure 12-4) The analyzer
output shows cach ATM header (5 octets) and the corresponding ATM payload (48
octets) Within each payload, the first octel contains the AALIL_SAR_PDU header,
and the remaining 47 octets contain the user data (AAAA . A;\H). )

User
Layer

Convergence
Sublayer

[~ l“uu_sm AALT saa AAL1_SAR
"z

Sublayer

User Informaton !

1 47 ODctets

’Saouaml-u Sequence r 1 | | Saquence = 2 Sequence « 7

ATM
Payond
48

5

taye oo |
Layer . Paytoad
40

- - ATM P
Header ayload

s 48

Cell with Sequence = 1 ATM
is missing Header '

5 48 Oclets

Figure 12-4. Missing AAL1_SAR_PDU.
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The top of Trace 12-2, just below the ume stamp 11 02,40 33303920, shows the
ATM header details The Generie Flow Contral (GEC) = (. the Vintaial Pash Tdenudier
(VP1) = 1, and the Vinual Channel fdemtifier (VC1y = 5 The Payload Type (PD) field
hus o value of 000, indicating a User data eell with no congestion, and an SDU type
(or uset indication) of zera. The Cetl Loss Priony CCLP) fiekd has a value of sero,
indicating a higher priotity cell (a CLP = | would indheate a Jower prionay eelhy The
Header Error Controb {HEC) has o value of 304,

« The AAL1_SAR_PDU header contains two ficlds: Seguence Number (SN) and
Scquence Number Protection (SNP} The SN field contams two subliclds: a Conver-
gence Sublayer Indicator (CS) =0 and a Sequence Count (SC) = 0 (Recall that the
CS1 ficld could be used for a Residual Time Stamp. or RTS. But this does not eceur in
this case, because the values of CS1in each cell have the same value of zer § The SC
field has a value of zero in the first cell, a value of two in the wecond cell, and thea incre-
ments from three o seven. Note that the value SC = 11+ not found. indicating a miss-
ing cell. The SNP field. a CRC-3, has a value of zero in the first cell, six in the nexteell,
and soon The Parity bitis off (P =0) in the fiest eell and on (1 = 1y in the next cell.
1f you combine the Tour ficlds (CS1. SC. CRC. and Py o one ociet, you can
derive the value of the AALT_SAR_PDU header. shown as the first octetin the ATM
payload. Using the sccund cell as an example, CSI = 0. SC =010 CRC-3 = 114}, and
P=1 This results in a binary value of 001101, or 2DH. as shbwn in the payload

You could make a similar analysis for the ATM and AAL1_SAR_PDU headers
in each cell. The onc key etement 1s the Sequence Count field, with respective valucs
of 0,2.3, 4,5, 6, and 7, Because SC = | is missing, you know that the second celi in
the sequence is missing, which means that 47 bits of cunstant bit rate (CBR) data from

the user layer are also missing
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Trace 12-2. Diagnosing a missing AAL1_SAR _PDU

HP Broadband Series Tester Capiure Data Record

14 02 40 34404920 ATM

Header

Payload-

Genenc Flow Conirol 4]

Virtual Path Idenhfier | -
Virtual Channel Identifier 5 )
Payload Type

0 {User Data, No Cong, Userind=0)
0 (Higher Prionty)

Header Error Controf 0x40

00 AA AA AA AA AA AA AL AA AA AA AA AA AA AA AA

AA AA AA AA AAAA AA AA AA AA AA AA AA AA AA AA

AA AA AA AA AR AA AA AA AA AA AAM DA AA AA AA AA

Cell Loss Prionty

14 02.40 34404920 AAL-1

Header:

Payload

Sequence Number

Canvergence Sublayer Ind Q
Sequence Count 0
Sequence Number Proteclion
Control Bits {(CRC3) )
Parity Bit [}

AABA A AA AA AA AA AA AA AR

14:02,40 34405350 ATM

Header:

Payload.

Genenc Flow Control 0

Virtual Path identifier 1

Virtual Channel Identifier 5

Payload Type 0 (User Data, No Cong, Userind=0)
Celf Loss Priority @ (Higher Prority)

Header Error Control Ox40

2D AA AA AA AA AA AA AA AA AA AA AA AA AA AA AA
AA AA AA AA AA AA AA AA AA AA AA AA AA AA AA AA
AA AA AA AA AL AR AA AR AA AA A AA AA AA AA AA

SIS
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14 02 40 34405950 AAL-1

Header Sequence Number
Convergence Sublayer Ind 0
Sequence Count K

Sequence Number Proteclion

Conirod Bits (CRC3) 6
Panty it 1

Payload AAAA AA AA AA AN AA AR AA AN

14 02 40 24406930 ATM

Header Geneng Flow Confrol 0
Virtual Path ldentiber |
Virtual Channel Identdier 5
Payload Type 0 (User Data, No Cong, Userlnd=0)
Cell Loss Prionty 0 {Higher Prionty}
Header Error Controi 0x40

Payload 3A AA AA AA AA AR AA AA AA AA AA AR AR AA AA AA
AA AA AA AA AA AA AA AA AA AA AA AA AA AA AA AA
AA AA AA AA AA AA AR AA AR AA AA AA AA AA AA AA

14 02-40 34406990 AAL-1
Header Sequence Number

Convergence Sublayer Ind 0

Senuence Count 3 o
Sequence Number Protection

Control Bils (CRC3) 3

Panty Bua 0

Payload AA AA AA AA AA AA AA AA AAAA .

14 02 40 344908020 ATM

Header.  Genenc Flow Gontrol ]
Vartual Path identfier 1
Vitual Channel Identiher 5
Payload Type 0 (User Data, No Cong, Userind=0)
Cell Loss Pnodnty 0 (Higher Pniority)
Header Error Control 0x40

Payload  4E AA AA AA AA AA AR AA AA AA AA AA AA AA AA AA .
AA AA AR AA AR AA AA AA AA AA AR AA AA AA AA AA
AA AA AA AA AA AA AA AA AA AA AA AA AA AR AA AA
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14 02 40 3440802C AAL-1

Header Sequence Number
Convergence Sublayer Ing 0
Sequence Count 4
Sequence Number Protection
Cantrol Bits (CRC3) 7 '
Panty Bd 0

Payload AA AR AA AN AA AA AA AA AA AA

14 02 40 34409050 ATM

Header Genernc Flow Control o}
Virtual Path joentfier 1
Virtual Channel Identilier 5
Payload Type 0 (User Dala, No Cong, Userind=0)
Cell Loss Prionty 0 (Higher Pricnty)
Heacder Error Contvol Ox40

Payload 53 AA AA AA AA AA AA AA AA AA AA AA AA AA AA AA
AR AA AA AA AN AR AA AA AA AR AA AA AR AA AA AA
AAAA AR AA AA AA AA BA AA AA AA AA AA AA AA AA

14 02 40 34409050 AAL-1
Header Sequence Number
Convergence Sublayer Ind
Sequence Count
Sagquence Number Protection
Controt Bits (CRC3)
Panty B}

4
1

Paytoad  AA AA AA AA AA AA AA AA AA AA .

14 02 40 34410080 ATM
Header:  Genenc Flow Control
Virtual Path Identifier
Virtual Channet tdentifier
Payload Type
Celi Loss Prionty
Header Error Control

0

1

5

0 (User Data, No Cong, Userind=0}
0 {Higher Pnonty}

Ox40

Payload: 63 AA AA AA AA AA AA AA AA AA AA AA AA AA AA AA
AA AA AA AA AA AA AA AA AA AA AA DA AA AA AA AA
AR AA AA AA AA AA AA AA AA AA AA AA AA AA AA AA
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14 02,40 34410080 AAL-1
Header Sequence Number Vst I ) [_- — m)ﬁ
. Laymr
Convergence Sublayer Ind g " I.. | l
Sequence Count 6
Sequence Number Protechon ) l [V :i
Control Biis (CACY) 1 | |
[
Panty Bit 1 AALIM i A ) o
Common Par L4 1
Payload' AA AA AA AA AA AA AR AA AA AA Convergence [ IC" IM sasaf ].. |f...| ...,,] Inconect
Suclayar - — CRC 10
1402 40 34411110 ATM / /\\
Header Genernc Flow Control o sam y Papiond
Virtual Path Identifier 1 Sudlayar [5—'| ]“0 “.‘.‘,:,__’“' o | ene ] [ s o] e
Virual Channel Identifier 5 S s frevl "' - b o T RN,
Payload Type 0 (User Data, No Cong. Userlnd=0) POM Secuance » 0 ome »
Cell Loss Prionty 0 (Higher Prionty) _
Haader Error Control 0x40 ATM
ATM
Payload 74 AA AA AA AA AA AA AA AR AR AR AA AA AA AA AA Ly e ] Prviond | | Payioad
AA AA AA AA AA AA AA AR AA AA AA AA AA AA AA AA - * “ 5 *

AA AA AA AA AA AA AA AA AA AA AA AA AA AA AA AA
Figure 12-5. AALI/4_SAR_PDU with SAR Trailer error.
14 02.40 34411110 AAL-Y

Header  Sequence Number The ATM header fields, including the GFC, VPI/VCY, PT, and so on, are identi-

Convergence Sublayer tind 0 cal to those used in the previous case study. But the overhead associated with AAL3/4
Seguence Gounl 7 " . . .
Sequencs Nymber Protection 1s more extensive than that found in AAL] because AAL3/4 includes more rigorous
Conirok Bits (CAC3) 2 error control.
Panty 81t 0 The AAL3/4_SAR header (2 octets) includes three fields, The Se
. - S . gment Type (ST)
Payload. AA AA AA AA AA AA AA AAAAAA field, 2 bits long, defines one of four segments: the Beginning of Message (BOM)
with ST = 10; the COM with ST = 00: the EOM with ST = 01: and a Sing]
12.3 AAL3/4: identifying SAR Sublayer Errors e . =01, and a Single Segment
ying ublaye Message (SSM) with ST = 11. This amount of user information requires one BOM,
The next example (see Trace 12-3) looks at the AAL3/4 process, examining the two COMs, and one EOM. The SN, zero through three, keeps the AAL3/4_SAR_PDUs
cffects that corruption at the Segmentation and Reassembly layer have on the overall in order. The multiplexing identifier (MID), with a value of one associz;es all—of lh;:
data-transfer process. In this case, 168 octets of user information is sent in the pay- AAL3/4_SAR_PDUs from the same message.
load of one AAL3/4_CPCS_PDU. This results in four AAL3/4_SAR segments and,
thercfore, four ATM cells {see Figure 12-5).
528 529




Chapter 12: ATM Analysis

The AALYA_SAR truler (2 octetsh ind ludes i Length Ldheator field (6 bus),

wineh carnies the length of the AALIM SAR _PDU For BOM and COM segments,
the length must he 44 octets; lot EEOM segments. the fength must be a muluple al 4
_44) Note that the EOM segimemt has a
a CRC-

octets hetween 4 and 34 octets (38012,
Lengpth = 36 octets, which s a vald pymber The secomd feldin the teader s

1), used for error control The anafyzer indicates a correct CRC-10n the BOM seg-

ment. but an incorrect vatoe i the firt COM

You can see the effects of the mvalid CRC-100u the first COM segment in sub-
sequent segments. When the receiver finds the CRC- 1000 e ivalid, that cell (Sequence
Number 1) 15 discarded. When the cell 1 discarded, the next sequence number (2)
becomes invalid. The fourth cell, which is an EOM._ artives next. This further con-
fuses the recetver, which thinks an BOM oceutred iefore o BOM

The net result is that corruption of one field within one cell caused the entire mes-
sage to be invalid, To recover. the receiver would have to request a retransmission of
that message from its originator From this example, we can conclude that the rigor-
otts ertor control incorporated into AAL3M provides a sulid venticanon of the integnty
of the ttansmitled message.
Trace 12-3. Effects of an SAR traiter error

HP Broadband Series Tester Capture Data Record

1324 48 81792030 ATM

Header Generic Flow Control 0
Virtual Path 1denufier 1
Wirtual Channel Idenuhier 5
Payload Type 0 (User Data, No Cong, Userind=0)
Cell Loss Prionty 0 (Higher Pripnty)
Header Error Control 0x40

8001000100 A0C14035551212FFFFC140
34 62 45 45 FF FF 01 08 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 01 02 03 04 05 06 07 B3 6A

Payload

13 24 48 81792030 AAL-3/d4 SAR

Header Segment Type 2 (BOM)
' Sequence Number o ’
Muttiptexing ldenutier 1

00 01 00 ADC1 40 3555 12 12 FF FF C140 34 62
45 45 FF FF 01 08 00 00 00 00 00 00 00 00 00 00
00 00 00 0 00 01 02 03 04 05 06 07

Payload
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Length 44
CRC10 Dx36A,

132448 81793170 ATM

Header

Payload.

Genenc Flow Contral 0
Virtual Path idertiher t
Virtual Channel Identilier 5

Payload Type 0 (User Data, No Cong, Userlnd=0)
Cell Loss Prority 0 {Highar Prionty)

Header Error Control x40 o
040108C90A0B0CODOEDF 10111213 14 15 I
16171819 tA 1B 1C 1D IE 1F 202122 23 24 25

26 27 28 29 2A 2B 2C 2D 2E 2F 30 31 32 3383 44

1324 48 81793170 AAL-J/4 SAR

Header:

Payload

Trader

ERARGA

Segment Type 0 (COM)
Sequence Number 1
Multiplexing Identiher L

DB090A0BOCODOEDF 10 11 1213141516 17
1819 1A 1B 1C 1D VE 1F 20 21 22 23 24 25 26 27
28 29 2A2B2C 2D2E2F 30 313233

Length 44

CRC10 Ox344

CRC10 is incorrect

13,24,48.81794210 ATM

Header.

Payload

Generic Flow Conirgl 0

Virlual Path Identifier 1

Vinual Channel Identifier 5

Payload Type 0 (User Data, No Cong, Userlnd=0)
Cell Loss Prionty 0 {Higher Prionity)

Header Error Control x40

08 01 34 35 35 37 38 39 3A 3B 3C 3D 3E 3F 40 41
4243 44 45 46 47 4B 49 4A 4B 4C 4D 4E 4F 50 51
52 53 54 55 56 57 58 59 5A 5B 5C 5D 5E 5F B3 68

13 24-48 81794210 AAL-3/4 SAR

Header-

Segment Type 0 {COM)
Sequence Number 2
Multiplexing Identilier 1

ATM Analysis

adl
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3435363733393A383C3D3E3F404!4243

Payload
44 45 46 47 48 49 4A 4B 4C 4D AE 4F 5051 52 53
54 55 56 57 58 59 5A 58 5C 50 5E 5F

Trader. Lenglh 44

CRC10 ) 0368
PROTOCOL ERROR Invald sequence number

13 24 4B B1795240 ATM

Header Genenc Flow Contral 4]
virlual Path identiher 1
virlual Channel Identilier 5
Paytoad Type 0 (User Data, No Cong. Userind=0)
Cell Loss Prionty 0 (Higher Prionty)
Header Error Control 0x40

Payload  4C 016061 62 63 64 65 66 67 68 69 6A 6B 6C 6D
GEGF707172737475767778 79 YA 00 CD 9A
EBDDOOOIOOAODODOOOOOOOOOOOOOQO?Q

14 24 48 81795240 AAL-3/4 SAR

Header:  Segment Type 1 (EOM}
Sequence Number 3
Multiplexng ldentilier 1

Payload. 606162 63 64 65 66 67 68 63 6A 68 6C 6D BE 6F
707172 73 74 75 76 77 78 79 TA 00 CD 9A E6 DD "
00 01 00 AD 00 00 00 00 00 00 00 00

Trailer Length 36
CRC10 0x079
PROTOCOL ERROR EOM before BOM

12.4 AAL3/4: Identifying Higher-Layer Errors

The next case study binlds on the previous AAUM example and iltustrates the effect
that a higher-layer protocol problem has on the transmission of user information.

For this example, shown in Trace 12-4, AAL3/4 is sending Connectionless Net-
work Access Protocol (CLNAP) traffic, which is similar to SMDS (see Figure 12-6).

This message also requires four AALY4_SAR_PDU segments” one BOM, two COMs,

and one EOM, with lengths of 44, 44, '44. and 36 oclels, respecuvely. No errors are
detected at the SAR layer, as evidenced by the incrementing sequence numbers (zero,

one. two, and three) and the correct CRC-10 fields
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Figure 12-6, AAL3/4_CPCS_PDU with SIP_CLS error.

A qccodc of the AAL3/4 Common Part Convergence Sublayer (CPCS} heade
and trailer follows the EOM segment. The AAL3/4_CPCS header (4 octets) includ i
fhrce fields. The Common Part Indicator (CPI) = 00H indicates that the co;lnlin u:’i
is lht.‘. octet. The BTag {ietd = 01H matches the End Tag (ETag) field in the !railef ’l‘hI
BAsize ficld = 160 octets indicates the amount of buffer space reserved at the rcc;ziv i
for this message. The values of this header, 00 01 00 AOH, are found in the first Li .
o-f the BOM payload. Following the CPCS header is the 160 octets of user inforr:lne
tion, which is distributed between the BOM, COM, and EOM segments :

The AAL3/4_CPCS trailer has an Alignment field (I octet} filled with 00H; the
ETag, as discussed above: and the Length field. Note that the Length field (160 oc‘lclﬂ;)
does not equal the sum of the AAL3/4_SAR_PDU pavioads (44 + 44 + 44 + 36 = l(;S
octets), The difference is in the AAL3/4_CPCS header and trailer, which _uqc_fo
actets cach. So the Length field measures the length of the AAL3/4 ('_‘PCS PI)‘U pa:r
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load. not the length of the AALIA_CPCS_PDU. The values of the trales. 00 01 00
AOUL are found at the end of the EOM payload, just before the 8 octets of filt.

The CELNAP (SMDS) header hegns with the Destination Address field contaun-
me the vidue CHA035551212FFFF Thisas noted as a vabd address, and becanse it
begins with an Address Type of CHAT 100 penary). we hnow that thas s an mdividual
addiess The other peranssible satue 1o EHCTTRO binaey), which represents a group
addiess The analyzer flags the Suuree Address as an imvalid address becanse it begins
witly an FEH The rest of the CLNAP header and traler do not rdicite any errors
This case study has dlustrated that the user mformanon (CLNAP, in this example} s
passed transparently by the AAL3/M processes Not unul the user information reaches

the ntended tecerven s 1t checked tor protocol cotiectness

Trace 12-4. Effects of a higher-layer (CLNAP) error
tiP Broadband Senes Tester Capture Data Record

1303 18 11440800 ATM

Header Genenc Flow Controd 0
Virtual Path ldenfier 1
vifiuat Channe! Identifier 5
Paytoad Type 0 {User Data, No Cong. Userlnd=0)
Cell Lass Pnornty 0 (Higher Prionty)
Header Error Cantrod x40 “

Payload B0 01 0301 00 A0 G1403555 12 12 FF FF FF 40
34 62 45 45 FF FF 01 08 00 00 00 00 00 00 00 DO
00 00 00 00 0G0 00 00 01020304 050607 BY 70D

1303 18 11440800 AAL-3/4 SAR

Header Segment Type 2 (BOM)
Sequence Number ]
Mutuplexing Identfier 1

Payload 000100 AD C140 3555 12 12 FF FF FF 40 34 62
45 45 FF FF 01 0B 0C 00 00 00 00 00 00 00 00 00
06 00 00 00 00 01 02 03 04 05 06 07
Trailer Length 44
CRC10 0xi7D
]
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1303 18 11441840 ATM

Header Genenc Flow Control 0
Virtyal Path ldeptlier 1
Virtual Channe! sdentifior 5
Payload Type 0 {User Data, No Cong Userind=0)
Celi Loss Prionty 0 (Higher Prionty)
Header Error Control 0x40

Payload 04 0108 09 0A 0B GC OD OE OF 1011 12 13 14 15
1617 18 191A 1B IC 1D 1E 1F 2021 22 23 24 25
26272829 2A 2B 2C 2D 2E 2F 30 31 32 33 B3 16

130318 11441840 AAL-3/4 SAR

Header Segment Type 0 (COI\.;I)
Sequence Number 1
Multiplexing Identifier 1

Payload 08090ACBOCODOEOF 10111213 14 15 5617
18 19 1A 1B 1C 1D 1E 1F 20 21 22 23 24 25 26 27
2829 2A 2B 2C 2D 2E 2F 30 31 32 33

Traller Length 44
CRC10 Ox316

1303 18 11442870 ATM

Header Genenc Flow Control 0
Vinuat Path ldentfier 1
Virtual Channel Identiher 5
Payload Type 0 (User Data, No Cong, Userind=0}
Cell Loss Prionty 0 (Higher Prionty)
Header Error Control Ox40

Payload 08 01 34 35 36 37 38 39 3A 3B 3C 3D 3E 3F 40 41
42 43 44 45 46 47 A8 49 4A 4B 4C 4D 4E 4F 50 51
52 53 54 55 56 57 58 59 5A 58 5C 5D 5E 5F B3 668

1303 18 11442870 AAL-3/4 SAR

Header Segment Type 0 (COM}
Sequence Number 2
Multiptexing Identdier 1

Payload 34 35 36 37 38 39 3A 3B 3C 30 3E IF 40 41 42 43
44 45-46 47 48 49 4A 4B 4C 4D 4E 4F 50 51 52 53
54 55 56 57 58 59 5A 5B 5C 5D 5E 5F

Trailer Length 44
CRC10 0x368

: ATM Analysis
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1303 18 11443900 ATM

Header

Payload

Genenc Flow Control 0

Virual Path identidier 1

vinuat Channel identifier 5

Paylioad Type 0 {(Uses Data, No Cong, Userlnd=0})
Cell Loss Pronty 0 (Higher Prionty)

Header Error Control Ox4(

4C 01 60 61 62 63 64 65 66 67 68 69 6A 6B 6C 6D
GEBF 7071 727374757677 7879 7A 00 AF A
OF 4@ 00 01 00 AD 00 00 0¢ 00 00 00 00 00 93 90

13 03 18 11443900 AAL-3/4 SAR

Header,

Payload

Traller

Segment Type 1 (EOM)
Sequence Number 3

Mulitplexing Identfier 1

60 61 62 63 64 65 66 67 68 69 6A 6B 6C 6D 6E 6F
707172737475 7677 7879 TA 00 AF OA OF 49
00 0% 00 A0 00 00 00 00 00 00 00 00

Length 36

CRCI1G Ox390

1303 18 11443900 AAL-3/4 CPCS

Header

Payload

Common Part Indicator 0x00 (BAsize,payld len Length=payld len)
Beginning Tag 0x01
Bufter Allocation Seze 160 .

C14073555 1212 FF FF FF 40 34 62 4545 FF FF
01 ©B 00 00 00 00 00 0¢ 00 00 DO 0O 00 00 00 00

0o 020304OSOGOTOBOQDAOBOCODQEDF
101112 13 14151617 1819 1A1B1C 1D 1EF
2021222324 252627 28 23 2A 2B 2C 2D 2E 2F
30 31 32 3334 35 36 37 38 39 3A 3B 3C 3D 3E 3F
40 41 42 473 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F
50 51 52 53 54 55 56 57 58 59 5A 5B 5C 5D 5E 5F
60 61 62 63 64 65 66 67 68 69 6A 6B 6C 6D 6E 6F
7071727374 7576 77 78 79 TA 00 AF 0A OF 49

Pad Characters not present

Traler
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Alignment 0x00
End Tag 0x(1
Length 160
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1303 18 11443900 CLNAP

Header. . Destination Address 0xC14035551212FFFF
Sauice Address OxFFA034624545FFFF
EAROA-  Source address type IS incorract
Higher Layer Protocol id 0x00
Pad Length 1
Qualty Of Service ox0
CREG32 indication Bit Oxt
Reserved 0Ox 0000
Header Extension Length 3 {32 bit words)
Header Extension Ox00 00 00 00 00 00 00 00 00 00 00 00

Payload- 0D 01 02 63 04 05 06 07 0B 09 QA 0B 0C 0D OE OF ’
0111213141516 17 18 19 1A B 1C 1D 1E IF
2021222324 252627 2829 2A 28 2C 20 2E 2F
3031323334 353637 3839 3A 3B 3C 3D 3E 3F
40 41 42 43 44 45 46 47 48 49 4A 4B 4AC 4D 4E 4F
50 51 52 53 54 55 56 57 58 53 LA 5B 5C 5D 5E 5F
60 61 62 63 B4 65 66 67 68 69 6A 6B 6C 6D 6E 6F
7071 727374757677 7879 7A
Pad Characters Ox00
Trater CRC32 OxAFQAQF 49

12.5 AALS: Locating Missing Payload Information

This case study looks at the protocol processes of AALS, which are considered a
subset of AAL3/4. In this example, the user information is divided into five ATM cells
(see Figure 12-7). ‘The contents of the user information consist of incrementing hexa-
decimal numbers: 00, 01, 02, 03, and so on, up to FF, for a total of 256 (16 * 16) octets.

The ATM headers contain the same values for GFC, VPI/VCI, and so on that you
have seen in the previous examples Because AALS does not have a header, the pay-
load of the first ATM cell contains 48 octets of user information: 0001 02 ... 2D, ZE.
2F. The second ATM cell contains 60 61 62 ... 8D 8E &F

Likewise, the third and fourth cells contain 48 octets of data, The fifth cell contains
FOF1F2 ... FD FE FF, 24 octets of zeros, and eight octets containing 00 00 01 00 69
83 2E 15. These last eight octets are the AALS trailer. which consists of four fields. The
User-User (UU) field = 00. The CPI = 00. The Length field = 0100H, or 256 decimal.
which is incorrect. The CRC field is 69 83 2E 15, which is also incorrect.
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User . Usilnmrmahun ‘
Layer ‘ 1
g l Traher
e TR
i r__ tmer Pad [ U [ CPi | tengm l CHI,
inlwmakon
Convergence o & . : : : -
Suplayer } r | \ \
B AMLS SAR_PDU: |aaLs SAR POU e AALS SAR NKJ]
AR ]
s 16 User Octets
Sublayer - « '
24 Pad
- +
Celi ¥3 B Traler
ATM
Header Fayload Cell 42
5
ATM
Layer Cell 46
ATM
Payload
Headar Y
3 48 Octets
-

Cell #2 15 mussing

Figure 12-7. Missing AALS_SAR_PDU.

Knowing that the user information was loaded with 256 octets before lransnfxs(-l
sion, the analyst must determine why the Length and CRC fields were wrong. To fin

the answer, we looked at the payloads of the five cells:

Cetl 1: 00 . . 2F

Celi2:60. BF

Ceil 390 . BF ‘
Cell 4.C0 ._FF

Cell 5. F0 .. FF plus 24 octets of zeros
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The sequence 30 S¥ far 38 octets). which should have been recened berween
Cell Land Cell 2.1s imssing. Because AALS has no cell-sequence number. the prob-
len was only wdemtificd by the invalid Length and CRC values Further analysis of
the puyload imformanon. and the fact that the missing data (30 . SF) was casy to
wentity. lead us to conclude that a cell was missing Had the nussing ceHl occurred
under AALL the Sequence Count field in the AALT header would have dentified the
problem, with AAL3/A, the Sequence Number and the Segment Type ficlds would
have assisted As a result, you can conelude that the ermor control e AALS 15 not as
rigetous as that m AAL3M

Trace 12-5. Effects of a missing AALS_SAR_PDU '
HP Broadband Series Tester Capture Dala Record

13 49 18 14378060 ATM

Header Genenc Flow Control V]
Virtual Path Identfier 1
Virtual Channel Identifier 5
Payload Type G {User Data, No Cong. Userind=0)
Cell Loss Prionty O (Higher Prionty)
Header Error Control Ox40

Payload 0D 010203 04 05 06 07 08 09 0A 0B 0C 0D OE OF
0111213141518 171819 1A 1B 1C 1D 1E 1F
2021222324 2526 27 28 29 2A 26 2C 2D 2E 2F

13 49 18 14379090 ATM

Header Genenc Flow Cantrol 0
Virtual Path Identifier 1
Virtual Channel Identiher 5
Payload Type @ {User Data, No Cong, Userind=0})

Celt Loss Prority 0 (Higher Priority)
Header Error Control 0x40

Payload 60 61 62 63 64 65 66 67 63 69 6A 6B 6C 6D 6E 6F
0717273747576 17 718 79 TATB TC 1D TE 7F
80 81 82 83 84 85 86 87 85 89 8A 6B 68C 8D BE BF

13 4918 14380110 ATM
Header Genenc Flow Control 0
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Payload

A Analysis
Vinual Path Idenhlier 1
Virual Channel ldentbier 5

@ {User Data, Na Cong. Userlnd=0}
0 (Higher Pnority)

Payload Type
Cell Loss Priongy
Header Error Control 010

g0 91 02 93 94 95 96 97 98 99 9A 9B 9C 9D 9L 9F

AC A1 A2 A3 A4 AS AB AT AB AG AA AB AC AD AE AF
BO B1 B2 B3 B4 B5 §5 B/ (38 B9 BA BB BC B0 BE BF

134918 14381150 ATM

Header

Payload

Genenc Flow Control 0
virtual Path ldenther 1
virtual Channel ldentifier 5

Payload Type 0 {Uses Data, No Cong, Userlng=0)
Cell Loss Prionty 0 (Higher Prionty)

Header Error Control 0x40
€COC1C2C3C4C5C6C7C8CICACBCCCDCECF

Do D1 D2 D3 D4 D5 D6 D7 08 D9 DA DB DC DD DE DF

EOE1E2 E3 Ea E5 E6 £E7 EB E9 EA ER EC ED EE EF

13 49 18 14382180 ATM

Header

Payload

540

Genenc Flow Controt 0
Virtual Path Identifier §
Virtual Channel Identher 5

Payload Type 1 {User Data. No Cang, Userlnd=1)
Cell Loss Prionty o {Higher Prionty}

Header Error Control Ox4E

FOF1 F2 F3F4 F5F6 F7 FB FB FAFB FC FD FE FF

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00 00 01 00 69 B3 2E 15

13 49 18 14382180 AAL-5

Payload 00
10
20
60
70
80
90
AD
BO
co
Do
EQ
FO
00
00

Pad Characters <none>

3l
1
21
61
Ia!
a1

9

Al
B1
c
[n]]
Et
Fi1

00
00

02
12
22
62
72
4
92
A2
B2
cz2
D2
E2
F2
00
00

03
13
23
63
73
83
93
A3
B3
c3
2]
E3

F3
00
o.1]

04
14

24
64
74
84

94

A4
B4
C4
D4
E4

F4
00
0o

Traller User-User Indicahon

Common Part Indicator
Length

Length Field 15 incorrect
CRC32

ERAROR

ERROA. CRC32 15 incorrect

05
15
25
65
75
85
95
A5
B85

Ds
E5

884
883

06
16
26
66
76
B6
96
AB
B6

(]
ES

07
17
27
67
77
87
97
AT
B7
Cc7
D7
E7
Fr

00
00

0x00

0x00
256

08
18
28
68

78

a8
99
A8
B8
ca
o}
E8
F8

09
19
29
69
79
89
29
AD
B3
Ccg

E9
F9

Ox69832E15

DA
1A
2A
6A
7A
8A
9A
AA
BA
Ca
oA
EA
FA

0B
18
28
68
7B
8B
9B
AB
8B
cB

EB
F8

oC
1c
2C
6C
7C
8C
™
AC
8C
CcC

EC
FC

Chapter 12:

oD
10
20D
60
7D
8D
[0l
AD
BD
cD
DD
ED
FD
Q0

12.6 ATM Point-to-Point Call Setup Procedures

The next three case studies investigate the interaction of an ATM switch with end-
user devices such as workstations and telephones. In the first of these examples, we
will investigate (he signaling procedures that are used to set up a point-to-point call.
In this example, the HP Broadband analyzer is simulating the function of an end-user
device, and actually initiating the call setup to and from an HP workstation, via an
ATM switch (Figure 12-8). Note that the HP analyzer has both transmit (Tx) and
receive (Rx) connections, which can be noted in the trace files to define the orienta-

tion of the cell: either from (Tx) or to (Rx) the analyzer.

ATM

OE
1E
2E
6E
7E
BE
9E
AE
BE
CE

EE
FE

oF
1F
2F
&F
w
8F
9F
AF
BF
CF
oF
EF
FF

8is
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oC

ATM Swiich

S

HP Warksiahon

Figure 12-8. Point-to-Point cali setup analysis.

Reviewing Frgure 11-3, note that the signahing Tunctions (defined by Q 2931 and
the ATM Forum's signaling specifications) uttlize a Service Specific Coordination
Function (SSCF). a Service Specific Connection Onented Protocol (SSCOP). and

AALS for communication over the ATM infrastructure.

Trace | 2-6a illustrates the operation of the SSCOP fot link inthalization and sut‘a-
sequent call setup, and has been filtered to only show the highest Inycr‘ of ;Tr(11(x:c)l in
operation. The summary information shown in Trace 12-6a ncludes a timestamp (e g.

H gy ) D
13:44-37 37107640), the Cell Protocel Processor stot numisxer on the analyzer (CPP),
. iréction of transmission

z 1
the Line fnterface stot number on the analyzer (L1F), the ¢
on

{(Tx of Rx), the highest layer protocol in use, and u Jhort descnption of 1115: E'uncli
of that cell (such as SETUP, CALL PROCEEDING, cte ). Note that the SSCOP link
imtialzation accurs i the first fourteen frames, followed by the UNI signaling func-
tions (the SETUP through RELEASE COMPLETE messages). Traces |2-'6b thinugh
12-6g illustrate the detals of the individual UNI signaling messages, Review Figure

11-22 for the sequence of events that accur during the call sctup procedures.
Trace 12-6a. Point-to-Point Call Setup summary
HP Broadband Serles Tester Capture Data Record

13 44 37 37107640 CPP 9LIF 10 Tx AAL-5 length = B

19 44 37 37107640 CPP 9LIF.10 Tx SSCOP BGN ,
1344 37-37148090 CPP 9 LIF 10 Ax AAL-5 Length =8

13 44 37,37148090 CPP 9 LIF10 Ax SSCOP BGAK

173 44 37.06272150 CPP O LIF 10 Tx AAL-5 Length =8

13 44 37 98272150 CPP 9 LIF:10 Tx SSCOP POLL

542

13 44 17 98796530
13 44 37 98296530
13 44 3B 02005790
13 44 38 02005790
13 44 38 02089690
13 44 38 02089690
13 44 44 45696230
13 44 44 45696230
13 44 44 45696230
1344 44 47279460
13 44-44 47279460
13 44 44 47279460
13 44 44 47550200
13 44,44 47550200
13 44 44.47550200
13 44 44 48468330
13 44 44 48468330
13 44-44 48468330
13 44 45 08271480
13 44.45 08271480
13 44'45 08296590
13 44:45 08296590
13 44 45 12005840
13 44 45 12005840
13 44 45 12091200
13 44 45 12091200
13 44 45 78271340
13 44 45 78271340
13 44 45 78295690
13 44 45 78295690
1344 45 42005960
13 44 45 82005960
13 44 45 82090020
13 44:45 82090020
13 44 55 67672480
1344 55 67672480
13 44:55 67672480
13 44'55 68353670
13 44 55 68353670
13 4455 68353670
13 44 56 28272150
13 44°56 28272150
13 44 56 28295970

CPP 9 LIF 10
CPP 9 LIF tD
CPPO1IF 10
CPP 3 LiF 10
CPP 9 LIF 10
CPP O LIF i0
CPPOLIF 10
CPPOLIFI0
CPP I LIF.10
CPPOLIF 10
CPPILIF:10
CPP-9LIF10
CPPaLIF:10
CPP 9 LIF10
CPPILIF.10
CPP.8LIF 10
CPP 9 LIF:10
CPPOLIF 10
CPP O LIF:10D
CPP:@ LIF 10
CPP A LIF.10
CPP.9 LIF 10
CPPIULIF:10
CPP g LiF 10
CPF 9 LIF-10
CPP 9 LIF 10
CPPILIF 10
CPP 9 LiF.10
CPP 9 LIF-10
CPP g LIF.10
CPPOLIF10
CPP g LIF.10
CPP 9 LIF 10
CPPOLIF 10
CPPYLIF 10
CPP g LIF 10
CPP 9 LIF10
CPPILIF 10
CPPYLIF10
CPP AL 10
CPP 9 LIF:10
CPPSLIF 10
CPPALIF.10

Rx
Fix
n
R
T
T
Tx
T
T
Rx
R
R
R
Rx
R
T
T
T
Tx
T.
R
Rx
Rx
Rx
Tx
Tx
Tx

= X x

x

d

o

x

o w5

E 3

=

R
R
Ax
Rx
Tx
Tx
Tx
T

Tx
R
Rx
H
T

b3

x

-

=

I3

=

Rx
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AAL-5 Length = 12

SSCOP STAT

AAL-5 Length=8

S5C0OP FPOLL

AAL-5 Length = 12

SSCOP STAT

AAL-5 Length = 116

SSCOP SD N(S)=0

UNI Sig SETUP 3irom

AAL.5 Length = 24

SSCOP SD N(S)=0 .
UNI Si1. CALL PROCEEDING 3to
AAL-5 Length = 16

SSCOP SD N(S) =1

UNI Sig CONNECT 3to

AAL-5 Length = 16

SSCOP SD N(S}=1

UNI Sig CONNECT ACKNOWLEDGE 3 from

AAL-5 Length =8
SSCOP POLL

AAL-5 Length = 12
SSCOP STAT

AAL-5 Length=8
58COFP POLL
AAL-5 Lenglh =12
SSCOP STAT

AAL-5 Length=8
SSCOP POLL

AAL-5 Length = 12
SSCOP STAT

AAL-S Length=8§
SSCOP POLL

AAL-5 Length = 12
SSCOP STAT

AAL-5 Length =20
S5COP SD N(S)=2
UNI Sig  RELEASE 3from
AAL-5 Length = 16
SSCOP SD N(S)=2
UNI Sig RELEASE COMPLETE 310
AAL-5 Length =8
SSCOP POLL

AAL-5 Length = 12
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13 44 56 28295970 CPP 9 LIF 10 Rx S5COP STAT

13 44 56,32006250 CPP 9 LIF 10 Rx AAL-5 Length =8B
13 44 56 32006250 CPP 9 LIF 10 Rx SSCOP POLL

13 44 56 32090500 CPP.9LIF 10 Tx AAL-5 Length = 12
13 44 56 32090500 CPP 9 LIF 10 Tx SSCOP STAT

Trace 12-6b illustrates the details of the SETUP message sent from the end user
(analyzer) wo the swiich (the Tx direction). Note that this message indicales 1 was sent
from the call originator (Call Reference Flag = from) and that a Call Reference Value
{3) has becn assigned In addiuion. there are seven wformation elements: ATM Traf-
fic Pescriptor, Broadband Bearer Capability, Called Party Number, Quality of Ser-
vice Parameter, ATM Adaptation Layer Parameters, Broadband Lower Layer [nfor-
mation, and Calling Party Number. In particular, note that the ATM Adaptation
Parameters indicate AALS will he used for this call.

Trace 12-6b. SETUP message details

13 44 44 45696230 CPP O LIF 10 Tx UNI Sy ATMFUNI3 1

1 00001001 Protocol Discniminator : 0 93B UN! calt controt
2 0000---- Spare :
0011 Call Relarence L'eng1h :3
Q¢ J— Call Relerence Flag from '
0000000 Call Reference Value -3 e
4 00000000 .o
5 00000011 '
6 0000C1ON Message Type - SETUP
b R PR Ext last octet
-00----- Spare
R S Flag not sigrdicant
---00-- Spare
------ 00 Action indicator * clear call
B 00000000 Message Length -102
8 01100110
1 01011, Information Element 1D ATM Trafhic Descriptor
2 1 Ext - tast octet
-00----- Coding Standard ATU-T standard
---0--- Flag * not significant
L | B Reserved reserved
----- 000 Action Indicator - clear call »
3 00000000 IE Length .9
4  D0001001
7 10000100 Cell Rate Subheld 1D forward peak CR{CLP=0+1})
544

S

71 00000101
72 01100011

T 7310110114

8 10000101

81 0000010

82 01100011
B3 10110111
17 10111110
v 01011110

-

00t
5 feemeeee
000
~--0010
Getc 01000111
00000000
[RARIE]
00000000
00000000

Forward Peak Cell Rate

Cell Rate Subtield 1D
Backward Peak Cell Rate

Cell Rate Subtield ID
Information Element ID

Ext

Coding Standard

Flag

Reserved

Achon Indicator

IE Length

Ext

Spare

Bearer Class

Ext

Spare

Tratfic Type

Timing Requirements
Ext

Clipping Susceptibility
Spare
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353207

backward peak CR{CLP=0+1)

- 353207

best effort ndicator

" Broadband Bearer Capability

. last octet

JITU-T standard «

' nol sigrificant i
- reserved

: clear call

3

* another octet

: BCOB-X
: last octet

* no mdication

. RO inchcation

: last octet

: "ot susceptible to clipping

User-Plane Connection CFG point-to-point

Intormation Element 10
Ext
Coding Standard
Flag
Reserved
Action Indicator
{E Length

Ext
Type of Number

* Called Party Number

last octet

STU-T standard
ot significant
: reserved

clear call

.21

: last octet
* unknown

Addressing/Numbering Plan. 15O NSAP addressing

150 NSAP Address Octets:”

0x47 G
. Ox00
10x79 y
* 0x00 |
: Ox00
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0o0000G0
00000000
00000000
00000000
000Lo00N0
00000000
00000000
00000000
00000000
. 10100000
Qn111110
00000000
00000000
00000001
00000000
1 01011100 Infarmation Element 1D
2 1e-ee- Ex1
-00----- Coding Standard
R O Fiag
-e--0--- Reserved
----- 000 Actign Indicator
3 BOODOCOD 1E Length
4 00000010
5 00C00000 QoS Class Forward
& 000DODOC Q0§ Class Backward
1 01011000 Inforrmation Efement 1D
PR p— Ext
-00----- Coding Standard
R S Flag
B | Reserved
----- Q00 Actian Indicator
3 00000000 IE Length
4 00001001
5 00000101 AAL Type
6 10001100 AAL Param Subfield 1D
61 0000 Forward CPCS-SDU Size
62 11101100
710000061 AAL Param Subfietd ID
7 1 00000101 Backward CPCS-5DU Size
72 11101100
8 10000100 AAL Param Sublield i0
81 Q0000000 S5CS Type
1 01011111 Information Element tO
546

0x00

0x00

0x00

0x00

Ox00

ox00

0x00

Ox0D0

0x00

OxAD

0x3E >

Ox00

Ox00

ax01

0x0G

Qualty of Service Parameter
last octel
ITU-T standard
not signicant
reserved
clear call

2

QoS class 0 - unspecified

QoS class 0 - unspecified

ATM Adaptation Layer Parameters
1ast oclet

1TU-T standaid

nat significant

reserved

clear call

k)

AAL type 5
torward maximum CPCS-5DU size
1516

backward maximum CPCS-50U size
1516 .

SSCS type

nutl

Broadband Low Layer Information

3 0DOOOOOD
4 00601001
A

8 1 00000000
10100000
Q0111110

84 00000000
GO000001

1 01101100

D010
Getc 00111001
00000000
00000000
00000000
00000000
00000000
00000000
00000000
0000000

Ext

Coding Standard
Flag

Reserved

Achion indicator
IE Length

Ext

Layer 3 Id

User info Layer 3 Pratocol
Ext

ISONEC TRYS7T NLPID

Ext
Spare

Ext
SNAFPID
Spare
OUI Octet

PID Octet

information Element ID
Ext

Coding Standasd
Flag

Reserved

Action Indicator
IE Length

Ext
Type of Number

Addressing™umbening Plan;

SO NSAP Address Octets:
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last octet
ITU-T standard
not significant
reserved

clear call

9

another oclet
3
ISBOVIEC TRYS577
ancther octet
IEEE 802 1 SNAP dentier '

last octet

last octel
0

1 Ox00
OxAQ
Ox3E >
- Ox00 |
. Ox01
- Calling Party Number
: last octet
iTU-T standard
' not significant
" resesved
clear call
21

- last octat

* unknown

ISQ NSAP addressing
0x39 9

0x00

Ox00

o0 |

Ox00

00

Ox00

- Ox00 .

00
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00000000 Dx0D
00000000 0x00
000GO000 0x00
0ODOC0O00 4310]
00000000 0x00
00000000 0x00
00000000 Ox00
00000000 0x00
00000000 0x00

. 00000000 ox00 .
00000000 . Gx00D

The switch then returns a CALL PROCEEDING message to the analyzer. Note
the Rx indication at the top of Trace 12-6c and the Call Reference Flag = to, indicat-
g that this message 1s being sentto ihe call origiator. Also in this message are the
VPCY and VCI assigned to this call (0 and 285, respectively). In the subsequent cell,
the switch retums a CONNECT message to the analyzer (Trace 12-6d). We now know
that the switch (or ATM network) is prepared 1o receive information from the ana-

lyser side of the connection. The analy7er then returns a CONNECT ACKNOWL-

EDGE message (Trace 12-6e), and the transfer of cail infortnation may proceed.
Trace 12-6¢. CALL PROCEEDING message details

13'44.44 47279460 CPP 9LIF.10 Rx UNI Sig ATMF UNI3 1 ,
. Q238 UNI call conlrol

1 00001001 Protocol Discriminator
2 0000---- Spare
0011 Call Reference Length 3

T P Call Reference Flag to
Call Reference Value 13

4

5

] Message Type - CALL PROCEEDING

7 Ext : lagt octel
Spare .
Flag . not significant
Spare

Action Indicator - clear call
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RN = @

[T I - RO Y

00030000
00001001
01011010

00000001
00011101

Messaga Length

Infarmation Elemaent ID
Exi
Coding Standard
Flag
Reserved
Achon Indicator
I Length

Exi
Spare

VP Associated Signalling

Prelerred/Exclusive
VPCI

vClI

Trace 12-6d. CONNECT message details

Chapter 12:

. Connection Identdier
last octet

ITU-T standard
not significant
reserved
clear call

.5

1ast octet

: expheit indication of VPC|

ATM .

exclusiva VPCI; exclusive VCI

0

' 285

13 44.44,47550200 CPP.S LIF:10 Rx UNi Sig. ATMF UNIt 31

1
2

~N N

00001001

Protocol Discriminator
Spare

Call Reference Length

Call Reference Flag
Call Raference Value

Message Type
Ext
Spare
Flag
Spare
Action tndicator
Message Length

: Q.938 UNIJ calt control

13

.o

.3

:CONNECT
:last octet

: nol significard

! clear call
0

Big
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Trace 12-6¢. CONNECT ACKNOWLEDGE message details

17 44 44 4B4B8330 CPP 9LIF 10 Tx UNISig ATMIT UNI3 1

1
2

cOM1001
0000----

0011

~ & h &

COOD00

00000000
00000011
000111

00000000
00000000

Protocol iscruminator
Spare
Call Reterence Length
Call Reference Flag
Call Reference Vale

Message Type
Ext
Spare
Flag
Spare
Acuon Indicator
Message Length

G 938 UNI call control

a
from
3

CONNECT ACKNOWLEDGE

last ociet

nol significant

clear call
1}

When the end user (the analyzer) has completed all of the informaton transfer, a

RELEASE message 15 sent to the switch (or network, ilfustrated in Trace 12-6f and
Figute 11-23) Noie that the end user uses the Call Reference Value (3) to identifly the
particular call 1o be released, and that the RELEASE message contains a Cause infor-
mation element that defines why the call is being released (nonmal call clearmg) The
switch then returns a RELEASE COMPLETE message (Trace 12-6g). which signi-
fies that the call has been cleared and that the network resources allocated for this call

are now available for another connection,

Trace 12-6f. RELEASE message details

13-44°55 67672480 CPP.OLIF-10 Tx UNISig ATMF UNI3 1

1
2

LRI T N

550

00001001

00000011
01001101

Protocol Discnminator
Spare
Call Reference Length
Call Reference Flag
Call Reference Value

Message Type
Ext
Spare
Flag
Spafe

( 938 UNI call control

.3

from

RELEASE
last octet

not sigrificant

©0000000
00000110
D000 1000

N - @

Achon Indicator
Message Length

Information Eternent 1D
Ext
Coding Standard
Flag
Heserved
Action Indicator
{E Length

Ext

Spare
Location

Ext

Cause Value

Chapter 12:

* clear call
)

‘Cause
last octet
S1TWLT standard
not signiicant
reserved
clear call
2

last netet

. user
" last octet
- NE normal call clearing

Trace 12-6g. RELEASE COMPLETE message detalis

1344 55 68353670 CPP 9 LIF 10 Rx UNiSig ATMF UNI3 1

00001001

00000011
01011010

~N o, ot oA

Protocol Discniminator
Spare
Cali Reference Length
Call Reference Flag
Call Reference Value

Message Type
Ext
Spare
Flag
Spare
Action Indicator
Message Lengih

' not significant

. Q93B UNI call control

1o

: RELEASE COMPLETE
*ast octet

clear call

10

ATM Analysis

12.7 ATM Point-to-Multipoint Call Setup Procedures

ATM is designed to support a variety of applications, including voice, data, and
multimedia. For many of these applications, point-to-multipoint connections are required
instead of point-10-point connections. Examptes of this would be business applications
ol audio or video teleconferences, or distance learning applications with interactive

audio and video conncctions. This case study will illustrate the pretocol interactions
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required to set up and termminate the point-to-multipoint call. As an early w:lrnm% 10
the reader. this case study 15 rather complex and will mvolve a number of analyzer trace
printouts. However, this complexity also demonstrates the strength of ATM and s abil-
1ty to support many apphcattons and configurations with equal facility

In this example. the analyzer was agan used 1o simuliste an end-user terminal in
orcler (0 establish a connection with three voice stations (Figure 12-9) With respeet
1o the point-to-multpoint configuration, the analy7er 1S actng as the root and the v‘u~1cc
slations are acting as the leaves Reviewing Figure 11-24, recall that ll.'lc conpcumn
with Leal #1 is set up hike a pomt-to-point connection, and then conneetions with sub-
sequent leaves are established using the point—lu-mulupoi:.n procedures The summary
fcvei analyzer output shows both the SSCOP and UN1 Signaling protocols in epera-
tion as i the point-lo-point case, however, additional messages. such as the ADD

PARTY and DROP PARTY., are added 1n this scenario {Trace 12-7a).

403XxX3123

™ DC Leal 2

403XXXB518

—@ Leaf 3

403X XX3428

ATM Switch

\

Netwatk
Anatyzar

403XXX2736

Figure 12-9. Point-to-muitipoint call setup analysis.
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Trace 12-7a. Point-to-Mulipoint Call Setup summary
HP Broadband Serles Tester Capture Data Record

124641 14861370 CPP 2 LIF 3 Tx SSCOP BGN

1246 4% 14308970 CPP 2 LIF 3 Rx SSCOP BGAK

12 46 41 79362990 CPP'2 LIF 3 Ax SSCOP POLL

1246 41 79442340 CPP 2 LIF 3 Tx SSCOP STAT

12 46 41 81934830 CPP 2 LIF 3 Tx 5SCOP POLL

1246 41 81964880 CPP 2 LIF 3 Ax SSCOP STAT

2 46 44 21560340 CPP 2 LIF 3 Tx SSCOP 5D N(8)=0

12 46 44 21560340 CPP2LIF 3 Tx UNI Sig SETUP 5 from
12 45.44 22105870 CPP 2 UIF 3 fAx SSCOP SO N{S)=0

12 46 44 22105670 CPP 2 LIF'3 Rx UNI Sig CALL PROCEEDING 5 to
12 46 44 22287160 CPP 2 LIF'3 Ax SSCOP SD N{S) =1

12 46 44 22287160 CPP 2LIF 3 Rx UNI Sig CONNECT 5 to

Ed

-12°46 44 22561810 CPP 2 LIF 3 Tx SSCOP 5D N{S) =1

12 46 44 22561810 CPP 2 LIF-3 Tx UNI Sig CONNECT ACKNOWLEDGE 5 from
12 46 44 81835310 CPP2 LIF-3 Tx SSCOP POLL

12 46 44 81965470 CPP 2 LIF3 Ax SS5COP STAT

12 46°44 B93636820 CPP 2 LIF3 Rx SSCOP POLL

12 46'44.89442270 CPP-2LIF-3 Tx SSCOP STAT

12 46 45 51934520 CPP 2LIF 3 Tx SSCOP POLL

12 46°45 51964880 CPP2 LIF:3 Rx SSCOP STAT

12 46 45 59363330 CPP 2 LIF'3 Rx SSCOP POLL

12 46.45 53442650 CPP'2LIF 3 Tx SSCOP STAT

+246 5322798170 CPP 2 LIF3 Tx SSCOP SD N(S)=2

12 46 53.22798170 CPP 2 LIF 3 Tx UNI Sig. ADD PARTY 5 fiom

12 46 53.23335660 CPP 2 LIF.3 Ax SSCOP SD N(S)=2

12.46 53 23335660 CPP 2 LIF-3 Rx UNI Sig ADD PARTY ACKNOWLEDGE & to
12:46-53 88363420 CPP 2 LIF:3 Ax SSCOP POLL

12 46:53 89442740 CPP:2 LIF-3 Tx SSCOP STAT

12:46'53.91935050 CPP 2 LIF 3 Tx SSCOP POLL

12 46-53 91965300 CPP-2 LIF3 Ax SSCOP STAT

12.46'54.59362930 CPP 2 LIF:3 Rx SSCOP POLL

1246 54.59440900 CPP 2 LIF'3 Tx SSCOP STAT

12 46 54 61934500 CPP-2LIF 3 Tx SSCOP POLL

12.46 54.61964820 CPP 2 LIF 3 Rx SSCOP STAT

12.46.56 63308440 CPP 2 LIF-3 Tx SSCOP 5D N{S)=23

12 46 56 63308440 CPP.2LIF-3 Tx UNI Si9 ADD PARTY 5 from

12 46 56 63899100 CPP 2 LIF3 Rx SSCOP SD N{5)=3

12 46'56.63889100 CPP 2 LIF.3 Rx UNI Sig ADD PARTY ACKNOWLEDGE 5 o
12:46 57.29363360 CPP 2 LIF 3 Rx SSCOP POLL

12 46 57 28442310 CPP 2 LIF 3 Tx SSCOP STAT
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12 46 57 31934660
12 46 57 31964230
12 46 57 99362770
12 46 57 93441910
12 46 58 01335030
12 46 58 01965810
12 47 00 77094350
12 47 00 77094350
12 47 00 77400280
12 47 00 77400780
12 47 01 39363740
12 47 01 39442780
12 47 01 41934690
12 47 01 41965760
12 47 02 09363270
12 47 02 09442560
12 47 02 11934740
12 47 02 11965150
12 47 04 05196510
12 47 04 05196510
12 47 04 05490610
12 47 04 05490610
12 47 04 69363360
12 47 04 £9442310
12:47 D4 71934800
12 47 04 71965230
12 47 05 39362750
12.47 05 33441610
12.47 05 41934470
12 47 05 41964750
12 47 09.14326120
12°47.09.14326120
12-47 09 14645750
12 47 09 14645750
12 47.09.79363280
12.47 09.79442130
12 47.09 81935020
12 47 09 B1965170
12 47 10 49362680
12 47 10 49441380
12 47 10 51934900
12 47 10 51964560
12 47 13 10660400
12 47 13 10698110

954

CPP2LIFQ
CPP2LIF3
CPP2LIF3
CPP2LIF3
CPP2LIF3
CPP2LIF3
CPP2LIF3
CPP2LIF3
CPP2LIF 3
CPP2LIF]
CPP2LIF3
CPP 2 LIF 3
CPP2LIF3
CPP2LIF3
CPP2LIFQ
CPP2LIF3
CPP2LIF3
CPP2LIF3
CPP2LIFO
CPP2LIF3
CPP2LIF3
CPP2LIF3
CPP2LIF3
CPP2LIF3
CPP2LIF 3
CPP 2LIF3
CPP ZLIF3
CPP2LIF3
CPP2LIF3
CPP.2 LIF-3
CPP 2 LIF-3
CPP2LIF3
CPP 2 LIF-3
CPP2LIF3
CPP 2 LIF-3
CPP 2 LIF:3
CPP2LIF3
CPP2LIF3
CPP2LIF3
CPP2LIF3
CPP2LIF3
CPP2LIF 3
CPP2LIF3
CPP.2 LIF:3

Ax
Tx
R

55COP
S5COP
SSCOP
35C0P
55COP
S5COP
S5COP
UNI Sig
S5COPR
UNI Sig
S5C0oP
58COP
sscop
SSCOP
S5COP
S8COoP
S5COP
SS5COP
S5C0P
UNI Sig
S5COP
UN1 Sig
S5CoP
S5COP
SSCOP
S5C0P
S5COP
S5C0OP
SSCOP
S5COP
SSCoP

UNi Sig.

SSCOP
UNI Sig
S5COoP
S8COoP
Sscop
S5COP
55COoP
S§Ccop
SSCOP
S5C0oP
SS5COoP
SsCoP

POLL
STAT
POLL
STAT
POLL
STAT
5D NS =4

DROP PARTY 4 from

SD N{S)= 4

DROP PARTY AGKNOWLEDGE 510

POLL
STAT
POLL
STAT
POIL
STAT
POLL
STAT
SD N(S)=5

DROP PARTY 5 lrom

5D N(S)=5

DROP PARTY ACKNOWLEDGE 5 to

POLL

STAT

POLL

STAT

POLL

STAT

POLL

STAT

SD N{S)=6
RELEASE 5 from
SD N(S) =6

RELEASE COMPLETE 510

POLL
STAT
POLL
STAT
POLL
STAT
POLL
STAT
END
ENDAK

3
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The SETUP message wentfies the Call Relerence Value (3) for the call, and also
contins six mformation clemems Of these. the ATM Traffic Descriptor [E indicates
a hackward peak cell rate of zero (a requuement for this type of pount-to-multipoint
callh. and the Broadband Bearer Capability IE indicates that the User Plane Configu-
raton s, m fact, pont-to-mulupont The Calling Party Number IF identifies the
acklress of the Root (1403XXX2736), while the Calicd Party Number 1E identifies
the addiess of Leal #1 11403XXX3123). Note that the telephone numbers have been
disguised (o mauntam the anonymny of the source. The CALL PROCEEDING . CON-
NECT, and CONNECT ACKNOWLEDGE messages are thew exchanged to complete
the connection hetween the Root and Leaf #1 (see Traces 12-7¢, 12-7d, and 12-7e,
respectively) Note that the CALL PROCEEDING message from the switch (Trace
12-7¢y includes an Endpoint Reference 1E, which defines an Endpoint Reference Value

= 0 [oi the connection to Leal #1.

Trace 12-7b. SETUP message details

12 46 4421560340 CPP2LIF3 Tx UNISig ATMF UNI3 1

1 00001001 Protocol Discriminator Q 938 UNI call control
2 0000---- Spare .
0011 Call Reference Length 3
3 0 Call Reference Flag from
-0000000 Call Reterence Value 5
4 00000000
5 DODOOIOY .
& 00000101 Message Type SETUP
FARN FEREES Ext {ast octet
Spare
Flag not signrhcant
Spare .
Acuon Indicator : Clear call
8 Message Length .63
9 o01inN
1 0101100 Information Element ID - ATM Traflic Descriptor
2 Ext . last octet
Coding Standard ITU-T standard
Flag . not significant
--0--- Reserved reserved
----- 000 Action Indicator clear call
3 0Q000000 IE Length a
4 00001000
7 10000100 Cell Rate Subfeld iD forward peak CR{CLP=04+1)
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7 1 00000000
72 00000011
73 11101000
8 t0oc0101

8 1 0000C000
8200009000
8 3 00000000
[ AL ARRRIY]

---0010
6elc 00110001
00110100
00110000
00110011
001 1xxxx
001 hxxxx
00 1xxxx
00110010
001104111
00110011
00110110

556
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Farward Peak Cell Rale

Cell Rale Subfield D
Backward Peak Cell Rate

intormaton Element 10
Ext
Coding Standard
Flag
Reserved
Acton Indicator
IE Length

Ext

Spare

Bearer Class

Ext

Clipping Susceptbdity
Spare

10040

backward peak CR(CLP=0+1)
a

Broadband Bearer Capabiity
last octet
- 1TU-T standard
nol signihicant
reserved
: clear call
.2

. last octel
BCOB-X

- last octel
- not suscephble to clipping

User Plane Connection CFG : pamt-to-mutipomt

Information Element 1D
Ext
Coding Standard
Flag
Reserved
Acuon Indicator
IE Length

Ext
Type of Number

- Callng Party Number
last octet

ATU-T standard = -

. no1 signihcant
reserved

- clear call
12

- tasl octet
- unknown

Addressing/Numbenng Plan 1SDNAelephony numberng plgn

Address/Number Digits

~0x31 1
0x34 4
“0x30 0
.0x33 3
Ox3x x
Ox3x x
- Ox3x
32
37
Ox33
0x36

3@ oW o~ R X

1 01110000

0001
Belc 00110001
00110100
00110000
0110011
001 Txxxx
001 1xxxx
001 1 xxxx
00110011
00110001
00110010
00110011

01011100

[ T )

Inlormation Element ID
Ext
Ceding Standard
Flag
Reserved
Action Indicator
IE Length

Ext’

Type of Number
Addressing/MNumbering Plan
Address/Number Chgiis

Infarmation Element 1D
Ext
Coding Standard
Flag
Reserved
Action Indicator
iE Length

QoS Class Forward

QoS Class Backward
Intormation Element ID

Ext

Coding Standard

Flag

Reserved

Action Indicator

IE Lenglh

Endpaint Reference Type

Chapter 12: ATM

' Called Party Number
: fast octet
ITU-T standard
. not sigrificant
reserved
clear call
12

. last octet

" unknown b
SDNAelephony numbering plan
$Ox31 1

COx34 4

“0x30 0

:0x33 3

1 Ox3x x

COx3x x

S0x3x x
:0x33 3
“Ox31 1
1 0x32 2
10x33 3

Quality of Service Paramater

: last octet

L ITU-T standard
: not significant

* raserved

clear call

12

: QoS class 0 - unspecified
: QoS class 0 - unspecified
- Endpoint Relerence

- tast octet

ITU-T standard

. not significant
. resarved
* clear call

3

“ocally defined integer

yshs
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6 0 Endpont Reference Flag  from the ongmation side - O Ftag not signihcant
-0000000 Endpoint Reference Value 0 0 Reserved - reserved
&1 DOOOO0CO 000 Actién Indicalor clear call
3 00000000 1€ Length 3
Trace 12-7c. CALL PROCEEDING message details ! 4 00000011
5 00060000 Endpumt Reference Type tocally detined integer
12 46 44 22105870 CPP 2 LIF 3 Rx UNI Sig ATMF UNIJ 1 I Endpont Heference Flag - to the ongination side
1 00004001 Protocol Discnminator 0 938 UNI call control -0000000 Endpoint Relerence Value 0
2 00D0---- Spare 6 1 00000000
---0011 Cali Reference Length 3
I TR Call Aelerence Flag to Trace 12-7d. CONNECT (Leaf #1) message details
.000C000 Cali Reference Value 5
4 DOO00000 12 46 44 22287160 CPP 2 LIF 3 Rx UNI Sig ATMF UNIZT
5 00000109 100001001 Profocol Discaminator (1 93B UNI call control
6 00000010 Message Type CALL PROCEEDING 2 00G0---- Spare
7 s Ext last octet ---00114 Call Reference Length 3
Y Spare O Call Reterence Flag 10
- Fiag not significant -0000000 Call Reference Value 5
—00- Spare 4 06000000
<eee-00 Action Indicator clear call 5 00006101
8 00000000 Message Length 16 6 00000111 Message Type : CONNECT
9 D0O10000 L Ext " ast octet
1 0101100 Intormation Element 1D Connecton ldenther -00----- Spare -
A Ext last octet Qe Flag 2 Aot significant
00+ Coding Standard ITU-T standard - -=--00-- Spare .
S Flag not ssgcant b 0o Action [ndicator - chear call
J RAeserved reserved 8 00000000 Message Length 7
----- D00 Action Indcator . clear calt 9 00000111
3 00000000 IE Length 5 1 01010100 Intormation Element 1D . Endpoint Refarence
4 DOODO10Y 2 T Ext . last octet
R - Ext last octet -00----- Coding Standard H1TU-T standard
Spare U Flag : not significant
VP Associated Signalbing exphicit indication of VPCI - 0--- Reserved : reserved
Preferred/Exclusive . exclusive VPCI, exclusive VCI y 000 Action Indicator - clear call
5 VPG o ' . 3 00006000 {E Length 03
7 . 4 00000011
8 vCl 35 ! 5 00000000 Endpomnt Reference Type  : locally defined mnfeger
g 00100011 Bt Endpoint Relerence Flag  : to the ongination side
1 010100 Informaton Element 10: Endpomnt Reiergnce -0000000 Endpdini Reference Value -0
R P Ext last octet 6 1 00000000
-00----- Coding Standard ITU-T standard
S
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Trace $2-7e. CONNECT ACKNOWLEDGE (Leat #1) message details

12.45 44 22561810 CPP 2 LIF3 Tx UNISig ATMF UNI 31
-1 93B UNI call control

1 00D01001 Psotocol Discriminalor
2 0000---- Spare
--0011 Cal Reference Length 3
fc T o [ Call Reterence Flag - from
-0000000 Call Reference Value 5
4 00000000
5 00000101
6 00001111 Message Type - CONNECT ACKNOWLEDGE
A R Ext last octet
-00----- Spare :
B Flag rot significant
---00-- Spare
------ 00 Action Indicator * clear call
8 00000000 Message Length 0
9 00000000

Next, Leaf #2 1 added to the connection, as illustrated in Trace 12-71 Naote that
the message is an ADD PARTY, which idemtifies the same Call Reference Value (5)
but a different Called Party Number {1403XXX8518). The Endpoint Reference Value
(1) indicates Leaf #2 The switch then returns an ADD PARTY ACKNOWLEDGE
message confirmng the same Call Reference Value (5) and Endpoint Reference Value
(l}. as shown in Trace 12-7g.
Trace 12-71. ADD PARTY (Leaf #2) message detalls

12 46 53 22798170 CPP 2 LIF-3 Tx UNISig ATMF UNI 31 :
- @ 938 UN cal* control

1 00001001 Protocol Discnminator

2 0000 Spare . .
---0011 Call Reterence Length 3 !

3 0 Call Reference Flag - from
0000000 Call Raference Valua ‘5

4 00000000

5 00000101

6 10000000 Massage Type ADD PARTY

b AR [ Ext - last octet
00----- Spare ! Lo R
JR Yo Flag - not segrificant
----00-- Spare .
------ 00 Actbon Indicator : clear call

& 00000000 Message Length 23

9 00010111
1 01110000

----0010
Betc 00110001
00110100
00110000
00110011
001 1xxxx
001 1xtxxx
Q01 1 xxxx
00111000
Do110101
00110001
03111000

1 01010100

[+ B R R ]

[y S——
-0000000
61 00000003

Intormation Element 1D
Ext’
Coding Standard
Flag
Reserved
Action Indicalos

1IE Lengih

Ext
Type of Number
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Called Party Number
. last octet

ITU-T standard

not significant
' reserved

clear call

LI

last cctel

. unknown

Addressing/Numbering Plan  ISDN/telephony numbenng plan

Address/Number Digis

Inlormation Elemant 1D
Ext
Coding Standard
Flag
Reserved
Action Indicator
iE Length

Endpoint Relerence Type
Endpoint Reference Flag
Endgpoint Aelerence Value

4
0
3
X
. 0x36 x
X
8
5
1

1Ox31 1

Ox34

" Ox30

0Ox33
Ox3x

" 0a31

0x28
0x35
Ox31

"0x38 8

. Endpoint Referance
I last octet

21TU-T standard

. nol signihcant

' reserved

. clear call

.3

*locally delined integer
1 from the ongination side
B

Trace 12-7g. ADD PARTY ACKNOWLEDGE (Leaf #2) message detalls

12:46°53 23335660 CPP 2LIF3 Rx UNISig ATMF UNI 3 1

100001001
2 0000
0011

) Protocol Discriminator

Spare
Call Raference Length

. Q938 UNI call control

isis
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j B FEEC Cali Aeterence Flag to
0000000 Call Reterence Value 5
4 Q0000000
6 00000101
6 10000001 Message Type ADD PARTY ACKNOWLEDGE
7 1 Ext las1 oclet
00----+ Spare
RNIEE Flag not signihcan)
-00-- Spare
--00 Acton Indicator clear call
8 00000000 Message Length 7
9 00000111
t 0101000 Information Element 10 Endpomnt Aeference
2 Ext last octet
Coding Standarg ITY-T standard
--+0---- Flag - nat sigreficant
wee0en Reserved reserved
-+-000 Actlion Indicator clear call
3 00000000 IE Length 3
4 00000011
5 00000000 Endpoint Heference Type _ locatly defined integer
6 1 Endpomnt Reference Flag to the ongmaton side
-QD00OO00 Endpoint Relerence Value - 1
6 1 00000001

tn a semitar manner, Leal #31s added 1o the connection. The ADD PARTY mes-
sage (Trace 12-7h) includes the same Call Reference Value (5). the address of Leaf
#3 (1403X X X3428). and a new Endpoun Reference Value (2). The ADD PARTY
ACKNOW! EDGE message from the switch confirms the connection to Leaf #3
{Trace 12-7i).
Trace 12-7h. ADD PARTY (Leaf #3) message details

12:46-56 63308440 CPP 2 LIF 3 Tx UNISig ATMF UNI31

1 00001001 Protocal Discriminator Q 938 UNI call control
2 0000---- Spare
---0011 Call Reference Length 3
3 0o Call Relerence Flag from
-0000000 Call Reference Valug' 5 N
00000000
000001014
& 10000000 Message Type ADD PARTY
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01110000

R - D

0010
Galc 00110001
00110100
00110000
00110011
001 1xxxx
Q01 1xxxx
D01 Txxxx
00110011
00110100
00110010
00111000

01010100

o b W

Ext

Gpare

Flag

Spare

Action indicator
Message Length

Intarmation Element 1D
Ext
Coding Standard
Flag
Reserved
Action indicalor
IE Length

Ext

Type of Number
Addressing/Numberning Plan
1SO NSAP Address Oclets

Information Element ID
Ext
Coding Standard
Flag
Resarved
Action Indicator
IE Length

Endpaint Relerence Type
Endpoint Relterence Flag
Endpoint Reference Value

+ 0x32
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last octet

not significant

clear call
23

Called Parly Number
lasi octet

ITU-T standard

not sigreficant
reserved

clear cal

12

last octet
unknown

'1SDN#telephony numbenng plan

0x31 1
O0x34 4
0x30 0
3
%

. 0x33
* Ox3x
- Dx3x
- Ox3x

Ox33
0x34

O oe W ox x

0x38

. Endpoint Reference

last octet

*ITU-T sfangard
' not sigmficant

‘ reserved

* clear call

3

" locally defined imeger

from the ongination side
2
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Trace 12-7i. ADD PARTY ACKNOWLEDGE (Leal #3) message details

12 46 56 £3899100 CPP 2 LIF 3 Ax UNISig ATMF UNI 31

Y 00001001 Protocol Discriminator
2 0000---- Spare

---0D11 Call Aclerence Lengin

b R PP Call Relerence Flag

0000000 Call Reference Value
4 00000000
5 00000101
6 10000001 Message Type
7 1emmeee Ext

-0Q----- Spare

e Flag

---(H)-- Spare

...... 00 Action indicator
8 0oneoooo Message Length
9 QDO0Q111
1 01010100 tnformation Element ID
2 e Ext

00 Coding Standard

Oy B Flag

o Reserved

----- [104] Action Indicalor
3 000000CO IE Length
4 00000011
5 00000000 Endpoint Relerence Type
[ P— Endpoint Reference Flag

-D000000 Endpoint Reference Value
6 1 00000010

To disconnect one of the end users from the point-te-multipoint connection, the
Rool sends a DROP PARTY message (Trace 12-7j). This message includes the Call
Reference Value (5) that dentifies the call, plus the Endpoint Reference Value (2) that
wdentifies the endpoint to be dropped (Leaf #3). The switch returns a DROP PARTY
ACKNOWLEDGE message (Trace 12-7k) containing similar identifiers. In a similar
way. Leaf #2 can be dropped from the connection using another DROP PARTY/DROP
PARTY ACKNOWLEDGE sequence, this ime with Endpoint Reference Value = |

1 938 N1 cali control

ADD PARTY ACKNOWLEDGE
last oclel

not significant

- clear call
-7

: Endpoin! Reterence

1 last octet

ITU-T standard

: nol significant

reserved

- clear call
:3 o

. locally defined integer

to the ongination side
2

(dentifymg Leaf #2), as shown in Traces 12-71 and 12.Tm.
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Trace 12-7j. DROP PARTY (Leaf #3) message details

1247 0077094350 CPP 2 LIF 3 Tx UNISig ATMF UNIJ 1

10000100
2 0000~

-0000000

g
g

N - Do

-0011111
101010100

00000011
0000000

D o AW

0000000
6 1 00000010

Protocol Discniminator
Spare
Call Reference Length
Call Reterence Flag
Call Reference Vaiue

Message Type
Exi
Spare
Flag
Spare
Action Indicator
Message Length

Infarmation Element 1D
Ext
Coding Standard
Flag
Reserved
Action Indicator
IE Length

Ext

Spare

Lecation

Ext

Cause Value
Information Etement 10

Ext

Coding Standard

Flag

Reserved

Action Indicator

|E Length

Endpotnt Reference Type
Endpoint Reference Flag
Endpoint Reference Value

Q838 UN! call control

3
from

: DROP PARTY
: las! octet

nol significant

: clear call
:13

: Cause

: last octal

. ITU-T standard
. not significant

reserved
clear call
2

- last octet

T user

lasi octet
NE:unspecified

. Endpoint Reference
: last octet

- ITU-T standard

: ot significant

: reserved

: clear call

:3

locatly defined integer

: from the onginahion side

2

ATM .

.sis
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Trace 12-7k. DROP PARTY ACKNOWLEDGE (Leaf #3) message details

12 47 06 77400280 CPP 2 LIF 3 Rx UNtSig ATMF UNi 3 1

1 00001004
2 0000----
---0011

-00000H00
000ono0g
00000101

~ o,

...00,,
e 00
00000000
000031101
00001000

N = o m

3 00000000

0011111
1 01310100

@ W

Prolocol Dischminator
Spare
Call Relnrence Length
Call Reference Flag
Call Reference Value

10000100 Message Type

Ext

Spare

Flag

Spare

Action Indicalor
Message Length

Information Element 1D

Ext

Coding Standard
Flag

Reserved

Achon Indicator
IE Length

Ext

Spare
Location

Ext

Cause Value

Infermaton Element (D

Ext

Coding Standard
Flag

Reserved

Action indicator
IE Length

1]
Endpoint Reterence Type
Endpoint Reference Flag
Endpoint Relerence Value

Q 93B UNI call controt

NROP PARTY ACKNOWLEDGE
las! octet

not significant

clear call
13

Cause

last octet
1ITU-T standard
nol significant

- reserved
, ctear call

2,

1ast octel

. user

last octel

. NE unspectfied

. Endpoint Relerence
: last octet

ITU-T standard

not significant

: reserved
; chear call
.3

locally defined integer

: to the engination side
12
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Trace 12-7{. DROP PARTY (Leaf #2) message details

12:47:04 05186510 CPP 2 LIF.3 Tx UNI Sig, ATMF UNI 31

100001001
2 0000----
0011

-0000000
00000000
00000101
10000011

~ N o

00000000
00001101
00001000

N = o m

001111419
01010100

00000

[o- 30 U U A )

0000000
61 00000001

Protocol scnminator
Spare
Call Reference Length
Call Reference Flag
Call Reference Value

Meossage Type
Exi
Spare
Flag
Spare
Action Indicator
Mussage Length

Informatian Element 1D
Ext
Coding Standard
Flag
Reserved
Action Indicator
|IE Length

Ex}

Spare
Location

Ext

Cause Value

Information Etement ID

Ext

Coding Standard
Flag

Reserved

Acbon Indicator
IE Length

Endpoint Relerence Type
Endpoint Relerence Fiag
Endpoint Reference Vatue

Q 93B UNI call control

3
from

. DROP F’ARTWL

last octet

not sigruhicant

H dear'call
13

- Cause

“last octet

» ITU-T standard
: not significant

reserved

* clear call
.2

last octet

' user
* last pctel

: NE unspecified

' Endpoint Reference
* last octet

ITU-T standard

- not significant

! resarved

: clear call

‘3

locally detined integer

: from the ongination side
1
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Trace 12-7m. DROP PARTY ACKNOWLEDGE (Leal #2) message details

17 47 04 05480610 CPP 2 LIF3 Rx UNESig ATMF UNI3 1

1
2

~§ oW oA~

N = o @

[+ IS B )

00001001

0011
01010100

Protocol Discrummnator
Spare

Call Reterence Length

Call Reference Flag
Call Reference Value

Message Type
Ex!
Spare
Flag
Spare
Action Inthcalor
Message Lengih

Information Element ID
Ext
Coding Standard
Flag
Reservad
Acton Indicator
IE Length

Ext

Spare

Location

Ext

Cause Valug
Information Elemant 1D

Exi

Coding Standard

Flag

Resarved

Action Indicator

|IE Length

Endpont Referente Typa
Endpoint Reference Flag
Endpoint Reference Value

- 938 UNI call control

DRGOP PARTY ACKNOWLEDGE

- last octet
: not signibicant

: clear call
12

: Cause
. last octet

ITU-T stardard .

1 et sigrinecunt

reserved

. clear call
+2

: las! octel

usear

* last octet
: NE.unspecified

Endpoint Retarence

: last octet

. ITU-T standard
* not significant
: reserved

. clear call

:3

: locally definad integer
' to the ongination side
1

fue

PR

"

YA -

B
S

e Y
By

T

R
-1
Sty
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At this point in time, Leaves #2 and #3 have been disconnecied, and only a point-
to-puint connection hetween the Root and Leaf #1 exists. To tertminate this last part,
a RELEASE message 1s sent from the analyzer to the swiich (Trace 12-7n). The Call
Reference Value (5) i1s indicated as before, and a Cause IE states the reason for the
call termination (norma! call clearing) The switch returns a RELEASE COMPLETE
message (Trace 12-7o) which completes the call disconnection sequence and allows

the network resources to be used for subsequent connections

Trace 12-7n. RELEASE message details

12 47 09 14326120 CPP 2 UIF 3 Tx UNI Sig. ATMF UNI 31

1 0GO01001 Protocol Discriminator - Q.93B UNI cafl control
2 0000---- Spare :
-—-0011 Cali Relerence Length 3
3 Qeeeeees Call Reterence Flag trom
0000000 Call Reference Valua "5
4 00000000
5 00000101
6 01001104 Message Type : RELEASE
7 Ext : last octet
Spare :
Flag * not significant
Spare .
Action Indicator - clear cal
] Message Length N
. .
1 00001000 Information Element 1D Cause
2 1 Ext - last oclet
-00----- Coding Standard “ATU-T standarg
JR T Flag not signihcant
- . Reseorved * raserved
..... 000 Action Indicator clear calt
3 00000000 IE Length 2
4 00000010
5 1-er Ext last octet
000+~ Spare
---0000 Location . user
B 1 Ext last oclet
0010000 Cause Value NE normal cafl clearng
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Trace 12-70. RELEASE COMPLETE message details

12 47 09 14645750 CPP 2 LIF 3 Bx UNISg ATMF UNI 3§
£ 938 UNI call control

1 Q0001001 Prevtocol Diserimmator
2 0000--- Spare
---001 Call Reterence Lengih 3
I R Call Reterence Flag to
000000 Call Heference Value 5
4 000000C0
5 00000101
6 01011010 Message Type FELEASE COMPLETE
A B Ext jast octel
-D0----- Spare
e Qe Flag not significant
---00-- Spare
---00 Action Indicator clear call
8 00000000 Message Length 4]
00000000

12.8 Transmitting TCP/IP Data over ATM

Our final case study Tooks at the transfer of application data over an ATM infra-
cructure. In this example, a workstation mnates a TELNET connectien with a host
through an ATM switch (Figure 12-10) Note {hat the analyzer 1s monnonng only
the data from the workstation o the switch, and does not caplure any of the data in
the opposite direction. For this reason, the protocol decode will indicate the “Rx”
direcuon (workstation 10 switch) for the cells, and we never see any cells noted in

the “Tx” direction
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T

ATM Swilch

HP Waorkslaton

HP 8000

Figure 12-10 ATM and TCP/IP analysis.

The example includes nue different messages that are sent from the worksl
to the switch (Trace 12-8a). Notc that each of these messages requues two " ;11[-10"
carry the data, as indicated by the timestamps that are placed on the ccliw (s ( LIc .\ u')
hand margin of Trace 12-8a). For example, the first message conlains A.ddK c‘e t ;:‘I'c“
luon Protocol (ARP) information and requires two cclls.c;“nr lrallsn;iqs' rL:h ‘“_"0'
cell arrived at 12:08:29.53426090, and the second cell arrived at IZ'Oé';;l;'l42c "
Note that the analyzer 1s able to completely decode the hiﬂher-layer'inf‘ i e
lht‘j last {second) cell amves. The next two hines of the lbracc indicalcol:]']ld‘:\ml aﬁ“:r
-bcmgl used to transport an ARP message. The ARP message 15 lunhcr: : zlﬁ .
identify its contents: the Logical Link Control (L1.C) header, the Subnet A?LU L(’l N
tocol (SNAP) header, and finally the ARP message. The o‘lhcr‘mcqm LT’C“ "
workstation indicate that a TELNET connection is being csluhllshcd. :I:I:%lc:\lé'(l)‘m ”'lc
meters are being negotiated, and finally the TELNET login occurs o e

an
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Trace 12-8a. TELNET Connection over ATM (summary)
HP Broadband Serles Tester Capture Data Record

12 0B 29 53426090 Port 4.1 Rx ATM VPYVCI = 0111
12 DB 29 53427120 Pontd 1 Rx ATM VPSWVCI = 0101
12 08 29 53427120 Port 4 1 Ax AAL-5 | ength = GB
12 GR 29 53427120 Porr4 1 Hx ARP
LLEC  DSAP=0xAA SSAP=OxAA CTL=0x(}
SNAP  OUI=Dx00 00 00 PID=Gx0806
AHP  Hardware=ATM Operation=Hequest Inverse
12 0B 39 43636840 Portd4 1 Ax ATMVPINGI = D/101
12 08 39 43637870 Por 41 Rx ATM VPINCI = 071101
12 08 39 43637870 Port 4 1 Rx AAL-5 Length =68
12 0A 39 436376870 Port4 1 Ax ARP
LLC  DSAP=0xAA SSAP=(xAA CT1.20x03
SNAP OUI=0x00 00 00 PID=0x0806
ARP  Hardware=ATM OperationzAeply Inverse
12 20 00 15308550 Port 4 1 Rx ATM VPI/VCI = 0/101
12 2000 5309590 Pond 1 Rx ATM VPIWC] = 0/101
12 20 00 15309590 Port 4 1 Rx AAL-5 Length = 52
12 20 00 15309590 Port4 1 Rx (P
LLC  DSAP=0xAA SSAP=0xAA CTL=0x03
SNAP  OUI=0x00 00-00 PID=0x0800
P XXX YYY 1254 -» XXX YYY 125 3 Id=25h5
TCP  1einet -» 12386 Flags= A § Seq=1092224001 Ack=1,
12 20 00 20426240 Port 4 § Bx ATM VPINVGE = 07101
12 20 00 20427400 Porl 4 1 Rx ATMVPINGI = 07101
12 20 00 20427400 Port4 1 Rx AAL-S Length = 48
12 20 00 20427400 Porl 41 FAx IP
LLC DSAP=0xAA SSAP=0xAA CTL=0x03
SNAP  QUI=0x00-00-00 PID=0x0800
1P OXXXYYY.125 4 - XXX YYY.125.3 Id=25b6
TCP  teinet -» 12386 Flags= A Ack=1278080007
12 20 00 27929490 Port4 1 Ax ATM VPIVCE = 0/1n
12 20 00 27930530 Port4 1 Rx ATM VPINVCE = 0/101
12 20 00 27930530 Port4 1 Ax AAL-5 Length = 51
12 20 00 27930530 Port 4-1 RAx IP
LLC DSAP=0xAA SSAP=0xAA CTL=0x03
SNAP  OUI=0x00-00-00 PID=0x0B0O .
P XXX YYY 1254 .5 XXX YYY 125 3 id=25c9
TCP telnet -> 12386 Flags= AP. Seq=1092224002 7 tk=1
TELNET IAC DO TERMINAL TYPE

=
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122000 36361750 Portd t Rx ATM VPIVCI = 0/101
12 2000 36362780 Porl 41 Rx ATM VPLVC] = /101
12 20 00 36362780, Port 4 1 Rx AAL-5 Length =57
12 20 00 36362780 Port4 1 Rx IP
LLC  DSAP=0xAA SSAP=0xAA CTL=0x03
SNAR  QUI=0x00 00-00 PID=-0x0800
IP XXX YYY 1254 = XXX YYY 125 3 Id=25ca
TGP teinet -» 12366 Flags- AP Seq=1092224005 Ack=1
TELNET 1AC WILL SUPPRESS GO AHEAD <FF><FB>
12 20 00 38805570 Port4 1 Rx ATM VPIVCI = 0/101
12 20°00 38806610 Port 4 1 Ax ATM VPINCI = 0/101
12 20 00 38806610 Port 4 1 RAx AAL-5 Length = 86
12 20 00 38806610 Port 4.1 Rx IP .
LIC DSAP=0xAA SSAP=0xAA CTL=0x03
SNAP  QUI=0x00-00-00 PID=0x0800
1P XXX YYY 1254 -» XXX ¥YY 125 3 10=25¢cb
TCP  letnet -> 12386 Flags= AP. Seq=1082224014 Ack=1
TELNET {AC WILL ECHO <FF><FB><01><FF»<FD><01><0D><0A><0D>
12 20 00 39593080 Port 4 1 Rx ATM VPLVCI = 0/101
12 20 00 39594110 Port 4 1 Rx ATM VPIACI = 0/101
12 20 00 39594110 Port4 1 Rx AAL-5 Length =51
12 20 00 38594110 Port4 1 Rx IP
LLC DSAP=0xAA SSAP=0xAA CTL=0x03
SNAP  OUI=0xD0-00-00 PID=0x0800
P XXX YYY. 125 4 -> XXX ¥YYY 125 3 1d=25cc
TCP leinet -> 12386 Flags= AP Seq=1092224052 Ack=1
TELNET tAC DONT ECHO
12 20 00 56377560 Port 41 Bx ATM VPIVYCI = O/1H
12-20:00 56379630 Port 41 Rx ATM VPIAVCT = 07101
12-20 00 563795630 Porl 4'1 Fx AAL-5 Length=55
12 20'00 56379630 Port4 1 Rx IP
LLC DSAP=0xAA SSAP=01AA CTL=0x03
SNAP  QUI=0x00-00-00 PID=0x0803
124 XXX YYY. 125 4 - XXX YYY.125 3 Id=25¢d
TCP  telnel -> 12386 Flags=.AP... Seq=1092224055 Ack=1
TELNET login

The details of one of the workstation messages iHustrate how one TELNET mes-
sage 15 divided info twa cells for transmission (Trace 2-8b). The information from the
ATM layer is shown in the first iwo cells, beginning with the ATM headers. Tn order
to reconstruct the TELNET message. the payloads of the two cells must be combined-
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Paytoad AA AA (0300 00 00 08 00 45 00 00 2B 25 C9 00 00
{call #1) BCO6DEDIXXYY 7DO4 XX YY 700300170952
. 43 1A 0402 4C 2D F4 07 50 18 3F FA 4E E6 00 00
Payload, F¥ FD 18 6F 050 00 00 00 00 00 00 00 00 00 00 00
{cell 42) . 0000 0000 00 0C 00 00 00 00 0O 00 00 00 0O 0G

00 Q0 0D N0 00 0C 00 00 00 00 00 33 03 G8 DA B7

Adter the analyzer combines these two payloads, it can next begin w decode the
varions protecol layers contimned within the dati. For example, the first three octets
are the LLC header DSAP = 33, SSAP = 33, Conirol = 03, The next {ive octets are
the SNAP header QUL = 00 00 00, P11 = 08 (X}, Next comes the [ header, begin-
ning with the Version and Length (45), Type of Service (), and continnng (hrough
and including the Destination Address, XXX YYY.125.3(XX YY 7D 03). The TCP
header begins with the Source Port number, which identifies port number 23 for TEL-
NET (003 17) The TCP header ends with the Checksum (4E E6) and the Urgent Pointer
(Y G0). Fhe TELNET data s a simple option (FF FI 18}, which is followed by 37
pad charicters. The AALS 1railer completes the reassembled message and includes
the User-User indication (X)), the Common Part Indicator ((0), the length ((X) 33),
aﬁd the CRC32 (03 CB DA B7) Review Figure 11-14 to see the relative position and
lengths of the AALS message, including the data, pad characters, and trailer fields.

Checking the lengths of all the fields, we note that this message consisted of two
payloads of total length 96 octets (48 + 48 = 96). Thus payload could be further sub-
divided into the LLC header (3 octets), the SNAP header (5 ociets), the 1P header
(20 octets), the TCP header (200 octets), and the TELNET data (3 octets), which yicld
51 octets (the total length). When the padding (37 octets) and the AALS trailer (8
octets) are added, the total combined payload of 96 octets is realized. We have thus
accounted for all of the headers and data within the two cells that were carrymg the
TELNET information.

Trace 12-8b. TELNET Connection over ATM (details)

12.20.00.27929490 Port4 1 Fix ATM

Header: Generic Flow Control 0
Virtual Path Identifier 0
Virtual Channel Identifier « 101

I
Payload Type 0 {User Data, No Congest, Userind=0}
Cell Loss Prionty 0 (Hrgher Prionty}
Header Error Cantrol 0x9C
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Fayload AA AA 0300 00 00 08 00 45 00 00 2B 25 C9 00 00
CO6DE D3 XX YY 7D 04 XX YY 7D Q300 17 09 52
411A04 02 4C 2D F4 07 50 18 3F FA 4E £6 00 0G

12 20 N0 27930530 Port4 1 Ax ATM

Header Genenc Fiow Contral 0
Virlual Path ldentitier Q
Virtlual Channel Identiher 101
Paytoad Type 1 {User Data, No Congest, Userind=1)
Cell Loss Prianty 0 (Higher Prionity)
Header Error Control 0x92

Payload FF FD 18 6F 00 00 00 00 00 00 00 00 00 00 00 00
0000 00 00 00 00 0O 00 00 00 00 00 00 00 00 00
00 00 0Q 00 00 00 00 00 00 00 DO 33 03 CB DA B7

12 20 00 27930530 Porn4 1 Rx AAL-S
Payload. AA AA 03 00 00 00 08 00 45 00 00 2B 25 C9 00 00
JCOBDEDIXXN YYD OAXXYY TDO3 00 170952
41 1A 04 02 4C 2D F4 07 50 18 3F FA 4E E& 00 DO
FFFD 18
Pad Characters Ox6F 00 00 00 0¢ 00 00 00 00 KO 00 00
00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00

o0
Traer Lser-User Indication 0x00
Common Part Indicator Ox00
Length 51
CRC32 0x03CBDABY

12 20 00 27930530 Port4 1 Rx P

LLC: DSAP OxAA (SNAP-SAP)

SSAP OxAA {SNAP-SAP)

Control 0x03 {(Unpumbered Information)
SNAP oul 0x00-00-0¢ (Elhertype)

PID 0x0800 {Imemet Protocol)
P Version = 4

Header length = 20

Type of service = Routine(Q)
Delay = Normal (0)
Throughput = Normal (D)
Rebabiity = Normal (0)
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Packel length = 43 )

Id = 25¢9

Fragmen oftset = 0

Flags = {Dont Fragment = 0][Mare = 0}

Twne to ive = 60

Protocol = TCP (6)

Header checksum = DED3

Source address = XXX YYY.125 4

Destmanon address = XXX YYY.1253
TCP Source por = telnet (23} )

Destination port = 2386

Sequence number = 1092224002

Ack number = 1278080007

Data otfset = 20
Flags = [URG=0][ACK=1]|[PUSH= VYRST=0][SYN=0)[FIN=0}
Window = 16378
Checksum = 4EEH
Urgent pountar = 00000000
TELNET Interpret as Command (1AC)
DO use option TERMINAL TYPE

12.9 Possible ATM Error Conditions

Below are some general gudehnes to help you analyze the ATM layer, AAL3AE,
and AALS protocols (12-4} and [ 12-5]. Refer to Figures 11-da, 11-4b, 11-11.11-13a,
[1-13b, and ! 1-14. respectively, as you study the following sections

12.9.1 ATM Layer Analysis Guidelines
If the cell is assigned. check that the VCI on the user side of the UNI is not zero
(unassigned cells will have a VCI of zero). Venfy that the HEC is correct

For ATM Layer Management PDUs (OAM cells), look for:
an invalid OAM cell type

x>
> an invalid OAM function type
> an valid OAM CRC-12
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12.9.2 AAL3/4 CPCS Analysis Guidelines

¥y YTy

k]

12.9.3

Verifly that the value of the CPI field 1s not zero.

Venily consistency between the BTag and ETag values.

Venly tha_l the BAsize field is large enough to contain the PDY

Venly thut the size of the PDU is not less than the mmimum (8 octets) or
larger than the maximum (65,544 oclets). Note that the maximum is denived
by adding the payload (65,535 octets). the pad (1 octet), the header (4 OCIeES),
and the trailer (4 octets), which aligns the PDU (o a multiple of 4 octets.
Venly that the Pad length is correct.

Verily that the value of the Alignment field is zero

AAL3/4 SAR Analysis Guidelines

The Segment Type field should not have an unexpected BOM, a COM
before a BOM, or an EOM before a BOM.

Verify that the Sequence Number 1s correct.

L(?Ok for an Abort_SAR_PDU from 1.363 Section 4.3.1.2.2, which ter-
minates the reassembly process but does not start a new reassembly
process. The Abort_SAR_PDU is coded with an ST = EOM, Payload =
0, and Length = 63.

Some errors are similar to those we discussed in Section 9.5 for SIP Layer
2 and are described in 1.363. These include: too many reasscmblies,
reassembly timeout, and reassembly length overrun. For the “too many
reassemblies™ error, the number of reassemblies is a negotiated parame-
ter, with a default of one. (Recall that for SIP Layer 2, one or 16 concur-
rent reassemblies are supported )

Analysis guidelines for the Length Indication field:

*  The value must be a multiple of 4 octets.

*  The value must be 44 octets for BOM and COMs.

+  The value must be between 4 and 44 octets for EOMs.

* The value must be between 8 and 44 octets for SSMs,

+  Venfy that the CRC-10 value is correct.
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- CHAPTER|E

Routing Basics

Background

Routing 15 moving information across an internetwork from source to destination. Along the way, at
least one intermediate node is typically encountered. Routing is often contrasted with bridging which
seems to accomplish precisely the same thing. The primary difference between the two is that
bridging occurs at Layer 2 (the link layer) of the OSI reference model, while routing occurs at
Layer 3 (the network layer). This distinction provides routing and bridging with different
information to use in the process of moving information from source to destination. As a result.
routing and bridging accomplish their tasks in different ways and, in fact, there are several different
kinds of routing and bndging. For more information on bridging, see Chapter 3, “Bridging Basics.”

The topic of routing has been covered in computer science literature for over two decades, but routing
only achieved commercial popularity in the mid-1980s. The primary reason for this time lag is the
nature of networks in the 1970s. During this time, networks were fairly simple, homogeneous
environments. Only recently has large-scale internetworking become popular.

Routing Components

Routing involves two basic activities: determination of optimal routing paths and the transport of
information groups (typically called packers) through an internetwork. In this publication, the latter
of these is referred to as switching. Switching is relatively straightforward. Path determination, on
the other hand. can be very complex.

Path Determination .

A merricis a standard of measurement—for example. path length—that is used by routing algorithms
1o determine the optimal path to a destination. To aid the process of path determiation, routing
algorithms 1r;tialize and maintain routing rables, which contain route information. Route
information varies depending on the routing algorithm used.

Routing algorithms fill routing tables with a variety of information. Destination/next hop
associations tell a router that a particular destination can be gained optimally by sending the packet
to a particular router representing the “next hop” on the way to the final destination. When a router
receives an incoming packet, it checks the destination address and attempts to associate this address
with a next hop. Figure 2-1 shows an example of a destination/next hop routing table.

Routing Basics 2-1
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Figure 2-1 Destination/Next Hop Routing Table

To reach network: Send to:
27 Node A
57 Node B
17 Node C
24 Node A
52 Node A
16 Node B
26 Node A

3

&

Routing tables can also contain other information, such as information about the desirability of a
path. Routers compare metrics to determine optimal routes. Metrics differ depending on the design
of the routing algonthm being used. A variety of common metrics will be introduced and described
later in this chapter.

Routers communicate with one another {and maintain their routing tables) through the transmission
of a variety of messages. The routing update message is one such message. Routing updares
generally consist of all or a portion of a routing table. By analyzing routing updates from all routers,
a router can build a detailed picture of network topology. A link-state advertisement is another
example of a message sent between routers. Link-state advertisements inform other routers of the
state of the sender’s links. Link information can also be used to build a complete picture of network
topology. Once the network topology is understood, routers can determine optimal routes to network
destinations. '

Switching

Switching algorithms are relatively simpie and are basically the same for most routing protocols. In
most cases, a host determines that it must send a packet to another host. Having acquired a router’s
address by some means, the source host srrids a packet addressed specifically to a router’s physical
{Media Access Control [MAC]-layer) address, but with the protocol (network-layer) address of the
destination host. )

On examining the packet’s destination protocol address, the router determines that it either knows
or does not know how to forward the packet to the next hop. If the router does not know how to
forward the packet, it typically drops the packet. If the router knows how to forward the packet, it
changes the destination physical address to that of the next hop and transmits the packet.

The next hop may or may not be the ultimate destination host. If not, the next hop 15 usually another
router, which executes the same switching decision process. As the packet moves through the
internetwork, its physical address changes but its protocol address remains constant, This process is
illustrated in Figure 2-2,

2-2 Intermetworking Technology Overview
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Figure 2-2 Switching Process
Source host Packet
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To: Destination host (Protocol address}
Router 1 {Physical address)

'
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A DN Packet
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Router 2 (Physical address)

-
—_— A—

Router 2

|

: To: Destination host (Protocol address)

—e e ; Router 3 {Physical address) . -
Router 3 ; -
Packet &
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| Destination host  {Protocol address)
5 ! Destination host  (Physical address) é
7}
Destination host Packet

PC

The preceding discussion describes switching between a source and a destination end system. The
International Organization for Standardization (ISO) has developed a hierarchical terminology that
is useful in describing this process. Using this terminology, network devices without the ability to
forward packets between subnetworks are called end systems (ESs), while network devices with
these capabilities are referred to as intermedrate svstems (18s). [Ss are further divided into those that
can cornmunicate within routing domains (intradomarn ISs) and those that communicate both within
and between routing domains (interdoman ISs). A routing domain is generally considered to be a
portion of an internetwork under common administrative authority, reguiated by a particular set of
administrative guidelines. Routing domains are also called awronon:us ;1 srems. With centain
protocols, routing domains can also be divided into rouring areas, but intradomain routing protocols
are still used for switching both within and between areas.

R

Routing Algorithms

Routing algorithms can be differentiated based on several key characteristics. First, the particular
goals of the algorithm designer affect the operation of the resulting routing protocol. Second, there
are various types of routing algorithms. Each algorithm has a different impact on network and router
resources. Finally, routing algorithms use a variety of metrics that affect calculation of optimal
routes. The following sections analyze these routing algorithm attributes,
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Design Goals
Routing algorithms often have one or more of the following design goals:

* Optimality

* Simplicity and low overhead
* Robustness and stability
Rapid convergence

* Flexibility

Optimality
Optimality refers to the ability of the routing algorithm to select the “best” route. The best route
depends on the metrics and metric weightings used to make the calculation. For example, one
routing algorithm might use number of hops and delay, but might weight delay more heavily in the
calculation. Naturally, routing protocols must strictly define their metric calculanon algerithms.

Simplicity
Routing algorithms are also designed to be as simple as possible In other words, the routing
algorithm must offer its functionality efficiently, with a minimum of software and utilization
overhead. Efficiency is particularly important when the software implementing the routing algorithm
must run on a computer with limited physical resources.

Robustness

Routing algorithms must be robust. In other words, they should perform correctly in the face of
unusual or unforeseen circumstances such as hardware failures, high load conditions, and incorrect
implementations. Because routers are located at network junction points, they can cause
considerable problems when they fail. The best routing algorithms are often those that have
withstood the test of time and proven stable under a variety of network conditions

Rapid Convergence

Routing algorithms must converge rapidly. Convergence 1s the process of agreement, by all routers,
on optimal routes. When a network event causes routes to either go down or become available,
routers distribute routing update messages. Routing update messages permeate networks,
sumulating recalculation of optimal routes and eventually causing all routers to agree on these
routes. Routing algorithms that converge slowly can cause routing loops or network outages.

Figure 2-3 shows a routing loop. In this case, a packet arnves at Router | at time t1. Router | has
already been updated and so knows that the optimal route to the destination calls for Router 2 to be
the next stop Router | therefore forwards the packet to Router 2. Router 2 has not yet been updated
and so believes that the optimal next hop 1s Router 1. Router 2 therefore forwards the packet back to
Router 1. The packet will continue to bounce back and forth between the two routers until Router 2
Teceives its routing update or until the packet has been switched the maximum number of times
allowed.

2-4 Intermetworking Technology Overview
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Figure 2-3 Slow Convergence and Routing Loops

Packet to
router X
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Routing algorithms should also be'flexible. In other words, routing algorithms should quickly and
accurately adapt to a variety of network circumstances. For example, assume that a network segment
has gone down. Many routing aigorithms, on becaming aware of this problem, will quickly select
the next-best path for ali routes normally using that segment. Routing algorithms can be
programmed to adapt to changes in network bandwidth, router queue size, network delay, and other
variables. -

Flexibility

Types
Routing algorithms can be classified by type. For example, algorithms can be:
* Static or Dynamic
* Single-Path or Multipath
*  Flat or Hierarchical
® Host-Intelligent or Router-Intelligent
* Intradomain or Interdomain

* Link State or Distance Vector

Static or Dynamic
Static routing algorithms are hardly algorithms at a1l. Static routing table mappings are established
by the network administrator prior to the beginning of routing. They do not change unless the
network administrator changes them. Algorithms that use static routes are simple to design and work
well in environments where network traffic is relatively predictable and network design is relatively
simple.

Because static routing systems cannot react to network changes, they are generally considered
unsuttable for today’s large, constantty changing networks. Most of the dominant routing algorithms
in the 1990s are dynamic.

Dynamic routing algorithms adjust, in real ume, to changing network circumstances. They do this
by analyzing incoming routing update messages. If the message indicates that a network change has
occurred, the routing software recalculates routes and sends out new routing update messages. These
messages permeate the network, stimulating routers to rerun their aigorithms and change their
routing tables accordingly.
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Dynamic routing algorithms may be supplemented with static routes where appropriate. For
example, a router of last resort (a router to which all unroutable packets are sent) may be designated.
This router acts as a repository for all unroutable packets, ensuring that all messages are at least
handled in some way.

Single-Path or Multipath

Some sophisticated routing protocols support multiple paths to the same destination. These
multipath algorithms permit traffic multiplexing over multple lines; single-path algorithms do not.
The advantages of multipath algorithms are obvious; they can provide substantially better
throughput and reliability.

Flat or Hierarchical

Host-Intelligent or

Some routing algorithms operate in a flat space, while others use routing hierarchies. In a flat routing
system, all routers are peers of all others In a hierarchical routing system, some routers form what
amounts to a routing backbone. Packets from nonbackbone touters travel to the backbone routers,
where they are sent through the backbone until they reach the general area of the destination. At this
point, they travel from the last backbone router through one or more nonbackbone routers to the final
destination.

Routing systems often designate logical groups of nodes called domains, autonomous systems. or
areas. In hierarchical systems, some routers in a domain can communicate with routers in other
domains, while others can only communicate with routers within their domain. In very large
networks, additonal hierarchical levels may exist. Routers at the highest hierarchical level form the
routing backbone.

The primary advantage of hierarchical routing is that it mimics the organization of most companies
and therefore supports their traffic patterns very well. Most network communication occurs within
small company groups {domains). Intrademain routers only need to know about other routers within
their domain, so their routing algorithms can be simplified. Depending on the routing algorithm
being used, routing update traffic can be reduced accordingly.

Router-Intelligent

Some routing algorithms assume that the source end-node will determine the entire route, This is
usually referred to as source routing. In source-routing systems, routers merely act as
store-and-forward devices, mindlessly sending the packet to the next stop.

Other algorizims assume that hosts know nothing about routes. In these algorithms, routers
deterraine tie path through the internetwork based on their own calculations. In the first system, the
hosts have the routing inteiligence. In the latter system, routers have the routing intelligence.

The trade-o0iT between host-intelligent and router-intelligent routing is one of path optimality versus
traffic overhead. Host-intelligent systems choose the better routes more often, because they typically
discover all possible routes to the destination before the packet is actually sent. They then choose the
best path based on that particular system’s definition of optimal. The act of determining alt routes,
however, often requires substantial discovery traffic and a significant amount of time.

intradomain or Interdomain

Some routing algorithms work only within domains; others work within and between domains. The
nature of these two algorithm types is different. It stands to reason, therefore, that an optimal
intradomain routing algorithm would not necessarily be an optimal interdomain routing algorithm.

2.6 Internetworking Technology Overview
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Link State or Distance Vector

Metrics

Path Length

Reliability

Link state algorithms (also known as shortest path first algorithms) floed routing information to all
nodes in the internetwork. However, each router sends only that portion of the routing table that
describes the state of its own links. Distance vector algorithms (aiso known as Bellman-Ford
algorithms) call for each router to send all or some portion of its routing table, but only to 1ts
neighbors. In essence, link state algorithms send small updates everywhere, while distance vector
algorithms send larger updates only to neighboring routers.

Because they converge more quickly, link state algorithms are somewhat less prone to routing loops
than distance vector algorithms. On the other hand, link state algorithms require more CPU power
and memory than distance vector algorithms. Link state algorithms can therefore be more expensive
to implement and support. Despite their differences, both algorithm types perform well in most
circumstances.

Routing tables contain mnformation used by switching software to select the best route But how,
specifically, are routing tables built? What is the specific nature of the information they contain?
How do routing algonthms determine that one route is preferable to others?

Routing algorithms have used many different metrics to determine the best route. Sophisticated
routing algorithms can base route selection on multiple metrics, combining them in a single (hvbnd)
metric. All of the foliowing metrics have been used:

* Path Length “
* Reliability

Delay
* Bandwidth
* Load

* Communication Cost

Path iength 15 the most common routing metric. Some routing protocols allow network
admimstrators 1o assign arbitrary costs to each network link. In this case, path length is the sum of
the costs associated with each link traversed. Other routing protocols define Aop count, a metric that
specifies the number of passes through internetworking products (such as routers) that a packet must
take en route from a source to a destiaatio. i

-

Reliability, 1n the context of routing algornthms, refers to the rehability (usually described in terms
of the bit-error rate) of each network link. Some network links may go down more often than others.
Once down, some network links may be repaired more easily or more quickly than other links. Any
reliability factors can be taken into account in the assignment of reliability ratings. Reliability raungs
are usually assigned to network links by network administrators. They are typically arbitrary
numeric values.
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Delay

Routing delay refers to the length of time required to move a packet from source to destination
through the internetwork. Delay depends on many factors, including the bandwidth of intermediate
network links, the port queues at each router along the way, network congestion on all intermediate
network links, and the physical distance to be travelled. Because it is a conglomeration of several
important vanables, delay is a common and useful metric.

Bandwidth

Bandwidth refers to the available traffic capacity of a link. All other things being equal, a 10-Mbps
Ethemet link would be preferable to a 64-kbps Ieased line. Although bandwidth is a rating of the
maximum attainable throughput on a link, routes through links with greater bandwidth do not
necessarily provide better routes than routes through slower links. If, for example, a faster link is
much busier, the acrual time required to send a packet to the destination may be greater through the
fast link.

Load

Load refers to the degree to which a network resource (such as a router) 1s busy. Load can be
calculated in a variety of ways, including CPU utilization and packets processed per second.
Monitoring these parameters on a continual basis can itself be resource intensive.

Communication Cost

Communication cost is another important metric. Some companies may not care about performance
as much as they care about operating expenditures. Even though line delay might be longer. they will
send packets over their own lines rather than through public lines that will cost money for usage
time.

Routed vs. Routing Protocols

Confusion about the terms routed protocol and routing protacol is common. Routed protocols are
protocols that are routed over an internetwork. Examples of such protocols are the Internet Protocol
(IP), DECnet, AppieTalk, NetWare, OSI, Banyan VINES, and Xerox Neiwork Svstem (XNS). Routing
protocols are protocols that implement routing algorithms. Put simply, they route routed protocols
through an internetwork. Examples of these protocols include Interior Gateway Routing Protocol
(IGRP), Enhanced Interior Gareway Routing Protocol (EIGRP), Gpen Shortest Path First (OSPF),
Exterior Gateway Protocol (EGP), Border Gatewav Protocol (BGP), C57 Routing, Advanced
Peer-to-Peer Networking, Intermediate Svstem to Intermediate System (13-1S), and Routing
Information Protocol (RIP). Routed and routing protocols are discussed in: detail later in this
publication.

2-8 Internetworking Technology Overview
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RDSI- ISDN

m ;Qué es una RDSI?
B Ventajas de una RDSI
B Normalizacion en RDSI

B Clasificacion de RDSI

H ; Qué necesitamos para tener una RDSI1?




Una Red Digital de Servwms
Integrados

)

m Es una Red que permite Conectividad
Digital Extremo a Extremo, para una
amplia gama de Servicios “Con Voz” y
“Sin Voz ” en la misma Red. La prestacion
de esos Servicios debera hacerse mediante
el uso de un conjunto limitado de Tipos de

Conexi0n y Configuraciones de Interfases
Usuario- Red.




RDSI

Antes de

RDSI




Ventajas que ofrece RDSI

| mMejor funcionamiento y costo
efectivo inenor que cualquier red

especial actual.




Ventajas que ofrece RDSI

Continuacion...

B Comunicacion mas eficiente y
amplia, esto se refiere a la
posibilidad de emplear terminales
multifuncionales y todos los servicios
en un enchufe comun, una sola linea
y un solo numero para llamada.




Ventajas que ofrece RDSI

Continuacion.

m Altas velocidades de
transmision(64Kbps) para la
mayoria de los servicios de “no
voz” comparados con las de los

sistemas comunmentes disponibles




Después de RDSI

'ﬂ' Teléfono | Teléfono =

Fax

Fax .

llerminal . Terminal |

(F==“\1e Datos de Datos (F===<)
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m ;Qué es una RDSI?

B Ventajas de una RDSI
m Normalizacién en RDSI
m Clasificacion de RDSI

H ; Qué necesitamos para tener una RDSI?




Organizaciones de .
Estandarizacionen RD S1 -

ITU | International Telecommunication Union
International Standards Organization

CEPT European Conference of Posts and
Telecommunications Administrations

ETSI European Telecommunications Standards
Institute

ANSI American National Standards Instifute
EIA Electronic Industries Association |
BELLCORE Bell Communications Research




Normalizacion en RDSI
sus objetivos principales son:

“La Normalizacion de los Servicios
Ofrecidos a los Usuarios” Con el fin
de que éstos Servicios sean

Compatibles en el plano Internacional




Normaiizacion en RDSI
sus objetivos principales son:

m“LaN ormalizacién de las Interfases
Usuario-Red” Con el fin de que el
equipo Terminal sea Transportable,
ademas de Facilitar el aspecto del
INCISO anterior.




Normalizacion en RDSI
sus objetivos principales son:

m“LaN ormalizacion de las
Capacidades de Red” Con el fin de
hacer posible el Interfuncionamiento
Usuario-Red y Red-Red para lograr

los objetivos de los incisos anteriores.




Normalizacion

m “La Normalizacién de los Servicios
Ofrecidos a los Usuarios”

H “La Normalizacion de las
Capacidades de Red”

B “La Normalizacion de las Interfases
‘Usuario-Red”




Clasificacion RDSI

| ® Banda Angosta (Narrowband) Conoecida
como RDSI 6 ISDN ésta ofrece servicios
con 64Kbps y emplea el par de cobre
utilizado para telefonia convencional.

| ®m Banda Ancha ( Wideband and Broadband)
Conocida como RDSI-BANCH 6 B-ISRN
¢sta ofrece servicios mayores a 2Mbps-y

emplea fibra Optica, radio digital 6 coaxial.




Tipos'dﬁé Canales en RDSI

B B Son los canales que estin destinados a
llevar Informacion

B D Son los canales que estdn destinados a
llevar Seinalizacion

m H Son canales destinados a llevar |
Informacion en sistemas de Banda Ancha




Tipos de Canales RDSI

mB 64Kbps

mD 16Kbps / 64Kbps




Tipos de Canales RDSI

en Banda Angosta

m HO 384Kbps ~ 6B

mHI11  1536Kbps ~ 24B

| mH12 1920Kbps ~ 30B




Tipos de Canales RDSI

en Banda Ancha:

mH2 30 a45Mbps

m H21 30,720Kbps
mH22  33,792Kbps
mH32  44,160Kbps

| mH3 Gb a 70Mbps

m H4 120 a 140Mbps




Un Canal de 64Kbps permite:

- 64Kbps = 8Kbytes/s = 8000 caracteres/s

B Desplegar una pantalla completa (24
lineas de 80 caracteres cada una) en 0.25

segundos

R El contenido de un libro de 200 paginas

puede ser transferido en un minuto.




Tipos de Acceso en RDSI

M Acceso Basico 2B + D
canal B = 64Kbps y en ¢€ste caso
canal D = 16Kbps

mAcceso Primario 30B + D
canal R = 64Kbps y en éste caso
canal D = 64Kbps |




Grupos Funcionales y Puntos de

Referencia

R,S5,T,U,V Puntos de Referencia

TE1 Equipo Terminal Tipo 1(RDSI)

TE2 Equipo Terminal Tipo 2(No-RDSI)

TA Adaptador de Terminal

NT1 Terminador de Red Tipo 1

NT2 Terminador de Red Tipo 2 ( PABX 6 LAN ; 30B+ D)




g,Qué se necesita para tener RDSI?

m Red Digital Integrada

m Sistema de Seiializacion por Canal
Comun

B Conmutacion de Circuitos

B Conmutacion de Paquetes
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Comunicaciones Via Microondas en el Curso Internacional de Telecomunicaciones
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Ericsson), Universidad De Las Americas (UDLA) Campus Puebla, Instituto
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Red Digital de Servicios Integrados

La RDSI es el Medio para Integrar Servicios de Voz, Datos, Video
y Audio en forma Conmutada y Totalmente Digital, utilizando la
Infraestructura Telefdonica Existente.

“aes
s H'Am% Sy
=7 EXisten

“Tan Simple como hacer una llamada "
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Accesos a la RDSI

;_,%V:*'\“.Abceso Basico
W 144 Kbit/s
m 2B+D

S
iR

o wocir oo
;:},;»L:i L

3
£

W Acceso Primario

m ETSI: 30 B+D
2048 Kbit/s

M USA:23B+D

Presentacion SRD-MKT-110699
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Conexién de Accesos Basico y Primario

Instalaciones

de abonad
ISDN-DN (DK 1) ¢ abonado
MSN (DK2)

MSN (DK3) TE1

P .

/ Mensajes Q931(16 kbit/s)

2 hilos

CENTRAL -
DIGITAL
S12

Mensajes Q93 1(64 kbit/s)

PABX PRA=30B+D
. - _79_‘ IPTM

coaxial
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Puntos de Referencia RDSI

Estandar para el
Fabricante del TA

Presentacion SRD-MKT-110699



Puntos de Referencia RDSI

Punto de Refeli%ncia R: ésta entre equipo terminal no-ISDN (TE2) yun TA;"

Punto de Referencna S: esta entre el equipo de usuarlo ISDN (TEI 0 TA) y el | |
equipo de terminacion de red (NT2 o NT1). B : B

Punto de Referencia T: esta entre el equipo de conmutacion del lado usuario
(NT2) y el terminador del bucle local (NT1). En ausencia del NT2, la 1nterfaz
usuario-red es comiinmente llamada el punto de referencia S/T.

‘Punto de Referencia U: esta entre el NT1 y la qentrzil local ISDN. |

Aunque no se muestra en la figura, algunos fabricantes definen un Punto de
Referencia V entre el LT y el ET dentro de la central local. Este punto de
referencia. es una caracteristica dependiente de la implementacion de la
central, la cual es transparente al usuario.
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Puntos de Referenciay

Arquitectura para el Canal D

Presentacion SRD-MKT-110699
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Arquitectura de Protocolos
de los Canales By D

‘A'LCATE'L:

N f Canal B

Canal D

3]
L2

/. CanalesById = ... - .0

+ - . - - . .
T = oy ey kv s gy = rr 3 oyt e = 2 ™ e T e o A by £ r- b ey M - e = = = Y-y -
P o e R R o B e AT L e e RN AT wih R Ty T L T O e e T AT I R TR Y 2 Y YT IR T vy R e e e ot
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Ejemplo de la RDSI Basica

Central Digital

Interfaz S Interfaz U
NTI1

« Acceso Basico

Instalaciones :
del abonado .

qu

'1 Acceso Primario
E

1“

ISDN
PABX
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: ' ' La |nterfaz S

Una fuente de energia “fantasma” puede serxtransportada ‘en

—(H:@&é 4\;.

pares de transmision y recepcion para termmales t|ue requi efan "
energla Co A ’." e ‘.h .,f,“‘ ;.‘:*:;’m::".z‘, ‘Li . :

E )

v El codlgo de Imea en la mterfaz S es eI ZB1Q el cual es'una ,
variacién del codigo AMI, donde un “1” dlgltal es; representado por
un nivel de 0V, mlentras que un “0” fdlgltal es representado por un
pulso, ya sea posmvo o negatlvo .

¥ La impedancia nominal de Ia interfaz S es de 100 ohms.
N T A .
¥ Generalmente el bus S es terminado con una resistencia de 100

ohms en.cada par de hilos.
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Y Configuracion de Bus Pasivo Corto
Punto a Multipunto

Maximo 150 metros

Resistores de
terminacioén

Maximo 10
metros

Maximo 8
terminales

LISDN_ ISDN
TE . TE

Presentacién SRD-MKT-110699



v Configuracién de Bus Pasivo Extendido

ALCATEL .
Punto a Multipunto
Maximo 500 metros’ Maximo 50 metros .
Resistores de
NT1 - terminacion
Maximo 10
metros
| X X Maximo 4
terminales

ISDN ISDN
TE TE
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Configuracién Punto a Punto

Maximo 1000 metros

e b2 Rbe TS
. a - 4]
-_ ;
. B

; 4

f k¢

ISDN TE
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La Interfaz U

W% ‘La mterfaz U es conomda como ZB+D Ia cual contlene 2 canalés B;
(Bearer) y un.-canal D (Delta) y ha sido-.disefiada - para operar

efectivamente utilizando la red de acceso telefomco ‘existente, . :
5 - P B S S S “* ;ﬁ, S

L

C o4

. ’t«_,; S
sk,

% Los canales B’ son utlllzados para cualqmeritlpofde comunlcamonE
de circuito conmutado, tales como: voz, datos conmutados wdeo :
etc. . L PR

4 -

V% Los. canales B son- aS|gnados para todo el: tlempo que dura la

IIamada y cada ‘uno de ellos tlene un ancho de banda de 64 Kbps
o ‘1 v ‘--j“"’}" s . {, -

.J-,; ;,—. H N . "
. r% . s,j

Y% EI canal D es. ut:llzado prmmpalmente para. senahzacnon aunque ya
existen aplicaciones como el AO/DI en la cual” trsnaporta
mformacnon de usuarlo El canal D tlene un ancho de banda de 16
Kbps ‘ S T S I

w

i - ’ o " Ca -
. o, - 3 - * » -
‘ - L : - b AT ) - L )

Vo EI bus U tiene una conﬁgurac:on de dos hI|OS y proporcmna'
transmlsmn full duplex R S e P

; %’ﬁv : -7 - e ¥ - e , r? ‘qn
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NT 1580/ID4
2 Interfaces So RDSI

NT-Twin
2 Interfaces Analogicas
1 Interfaz So RDSI



Codificacion de Linea en el BRA
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ALCATEL Caédigo de Linea 4B3T

0000 000

001 00 +1
0010 00-1

0011 0+10
0100 010

0101 - 0+1 -1
0110 0-1+1

0111 +100

1011 -1 0 +1

Presentacién SRD-MKT-110699



AL CATEL _ Codigo de Linea 2B1Q

{DIGITOS BINARIOS | ‘DIGITO CUATERNARIO | |}

00 -3 -25V

10 +3 25V

11 + 1 0.833V

Presertacion SRD-MKT-110699
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Ejemplos de Codificacion de Linea
A
+1
Cédigo AMI

o U

v 0110110001110 010

0 = » | Codigo 4B3T

_1 |
v

0-1+1-1+10+1 00 0 0 -1

A
+3 _ :
+1 ‘ I— —l

. » | Codigo 2B1Q

v -1 +3 +1 -3 1 +1 -3 +3
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Sistema del Bus de Interconexion

. Teléfono
iR Analogico

Teléfono
ISDN

§ PCcon
arjeta ISDN

‘Teléfono con

Maquina Contestadora : Fax
Teléfono Modem

inalambrico;
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Videoconferencia de Saldon

VIDEOCONFERENCIA

VENTAJAS: AHORRO EN TIEMPO
AHORRO EN GASTOS DE VIAJE
MENORES COSTOS DE OPERACION
ACCESIBLE A TODO EL PERSONAL
SIN RESTRICCION DE TIEMPO
INFORMACION PRECISA Y EN TIEMPO REAL

Presentacién SRD-MKT-110699



ALCATEL

Videoconferencia de Escritorio

VIDEOCONFERENCIA

VENTAJAS: AHORRO EN GASTOS DE VIAJE
CONSULTAS INMEDIATAS A CUALQUIER PUNTO
ACCESO A BASES DE DATOS ,
" COMPARTICION Y TRANSFERENCIA DE ARCHIVOS (APLICACIONES)
MENORES GASTOS DE OPERACION
SIN RESTRICCION DE HORARIO

Presentacién SRD-MKT-110699 . : -
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| Configuracion de Redes de Datos

Server
(Remote Access Server,
branch router, Internet router)

. Sucursal

Teléfono

(Remote Access Serve

Movil (PCMCIA)

, Presentacién SRD-MKT-110699
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Respaldo a Lineas Privadas

Oficina Remota

Primario

Primario
V35, vV24,..
DSO.E1,.. -!

LAN

Oficina Remota

(Remote Access Server, ,// N N\ \; ./ RN \.

U |

branch router, Internet router) { ///RTPCI R DS
. A
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Interconexiéon de LAN a LAN

Oficina Corpg -
Oficina Remota

Corporativo

Presentacion SRD-MKT-110698 . -



ALCATEL Acceso Remoto Fijo y Movil

—

Usuario Mévil

Analogico

ISDN BRI

ISDN BRI AN — -

TA/ISDN
Modem

Usuarios PC

—-an
waw

[l s

Phone

Analogico

RN

Server

(Remote Access Server),

Analdgico

I . Connectéd & 128,000 bps™

i; ; * Duilion 0000008

57

U7 CByteseceived: 5

| L. Bytessent772

Presentacién SRD-MKT-110699
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Aplicaciones ATM en México

Consideraciones para un Proyecfo de
Ingenieria

DRAFT

May 15,1999
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ATM, una técnica prometedora

Ventajas - Puntos débiles
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Mercado del LAN « Backbone »
Proporcion de utilizacion por

tecnologia
Oftros 17 i
ro 0
12% Un mercado
. ATM
Gigabit Ethernet ¢
.79 v en fuerte
| crecimiento
ATM _ | 32% [] 2 afios
' 8% ' | W Hoy
Fast Ethernet L [S0%
30%
Ethernet p_l 17
4 69%

! 1 T

.-, TE
§ﬂ wndsd YankeeGrour

Sonondeo Tealizado en%e grandes
empresas

Integradores
potenciales

Operadores Y
£

I Empresas
|

Y
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DRAFT

brcion de utilizacion por tecnologia

QOtros

%

ATM supervisad

]12%

“30%

ATM =7

10%

""" Frame Relay supervisado —Té-y %

RDSI

121%

18%

33%

Frame relay

Lineas locales

0 10

20

30

Intéegradores
Patenciales

T

40

Sondeo entre las grandes empresas

[ 2 afios
B Hoy

Un mer'cadb
ATM

en fuerte
crecimiento

THE
Yankee(Froup
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ATM :una tecnologia adecuada para altas velocidades

« paquetes de tamano fijo: células de 53 octetos
— La implementacion hardware es totalmente factible

3 octets

« modo conectado

— adecuado para velocidades altag,
A

48 octets

Y
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ATM : tecnologia adecuada para perfiles de trafico muy diferentes - Contratos de
trafico

* Principio :
— el usuario declara los descriptores de trafico de la conexion: define el
contrato de trafico
— la red decide si la conexion puede ser aceptada
* Connection Admission Control (CAC)

— si acepta la conexion , la red se compromete en un nivel de calidad de
servicio
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ATM : tecnologia adecuada para perfiles de trafico muy diferentes - Contratos de trafico

* una vez que es aceptada la conexion, la red verifica la conformidad del
trafico con el contrato

» Usage Parameter Control (UPC)

* L a red puede descartar celdas (células) no conformes con el contrato
de tréfico definido (con o sin tagging -bit CLP )
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Distintos contratos de trafico (ATC)

* Contratos con velocidad constante
— DBR (Deterministic Bit Rate) o CBR (Constant Bit Rate)
— el Peak Cell Rate es garantizado
» Contratos con velocidad variable
— SBR (Sftatistical Bit Rate) o VBR (Variable Bit Rate)
— se especifican y se garantizan una velocidad méxima y una velocidad promedio
— posibilidad para el operador de red de gestionar su red con multiplex estadistico
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Distintos contratos de trafico (ATC)

* Contratos con control en bucle (loop)

— ABR (Available Bit Rate) para fuentes capaces de adaptar su velocidad en funcion de la
disponibilidad de los recursos de la red (Ressource management cells)

« Contratos de tipo Best Effort
— UBR (Unspecified Bit Rate)




DRAFT

Con distintos hiveles de calidad

» Cada tipo de trafico esta asociado con un compromiso de nivel
de calidad:
— en términos de integridad del mensaje (CLR) Cell Loss Rate
— en cuanto al tiempo de transito o retardo (CTD) Cell Time Delay

voo oo O cual permite manejar
distintos niveles de precios
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Compatibilidad con los sistemas de existentes y los servicios

* Posibilidad de mapeo de ATM sobre sistemas de transmision PDH o SDH
* homogeneidad del transporte de la informacién
— para las necesidades de los servicios : soporte de voz, de video, de datos, de IP ..

— para adecuarse a las necesidades de gestion de red: mecanismos de aceptacion de
conexion en funcién de los recursos de la red, del contrato de servicio del cliente (CAC y
policing)

. — coexistencia entre los mecanismos de proteccién de la capa de transporte y los
mecanismos de reenrutamiento dinamicos ATM.
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Compatibilidad con los sistemas de existentes y los servicios

» flexibilidad en las velocidades ofrecidas
— ofrece granularidad fina dede algunos kbit/s hasta centenas de Mbit/s
— un solo nivel de multiplexado
— multiplexado estadistico
* flexibilidad temporal
— conexiones permanentes

~ conexiones permanentes con posibilidad de modificar el ancho de banda en funcién de un
calendario (périodico o no)

— conexion inmediata sobre pedido (PVP /PVC a partir del sistema de administracion de red) o
por conmutacion ( por senalizacion SVC)
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« ATM : flexibilidad para Ia gestién de las
conexiones

Nodo VP

Nodo VC
Nodo VC

Virtual Path (VP)
Virtual Channel (VC)
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Equipos ATM

' crosconect VP Crossconects de VC

i
. |
Conmutador VP - Conmutador VC ;. E

* Proveedores de dos origenes distintos

— Proveedores de fos operadores de telecomunicaciones : Ejm..Ericsson, Alcatel, Siemens,
Lucent...

— Proveedores del mundo de la data y redes privadas : Newbridge, GDC, Ascend, Cisco...

» Convergencia entre crossconects y equipo de conmutacion en un solo equipo
multiplexor/conmutador de VP/VC

— Matriz de conmutacion de 1 Gbit/s para los equipos del cliente (CPE) y de varias decenas
de Gbits para ios equipos de los Operadores.
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Hacia una red integrada de banda ancha

ATM es la tecnologia adecuada para construir una red integrada, tnica capaz de
+ soportar diferentes servicios (Datos, Video, Voz...)




ATM, una tecnica prometedora

Ventajas - Puntos débiles
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Debilidades del ATM

 Complejidad

» Normalizacion « lenta » (ITU-T . ATM Forum)--> las necesidades de
interfuncionamiento entre las redes publicas de telecomunicaciones y
las redes de datos ocupara una buena parte del esfuerzo de
normaliz&cion.

 No existe un.« estandar de facto »

» [ a implantacion de la conmutacion de voz en forma masiva (usando
SVC’s) aun tomara tiempo. El asunto se resolvera con potencia y
velocidad de procesamiento. (No obstante los equipos actuales
logran ya establecer o levantar de 1000 a 3000 SVC's facturados por
segundo lo cual significa que ya es tiempo de considerar ésta
tecnologia en las redes telefonicas para un ntumero importante de
« llamadas » )




DRAFT

Debilidades del ATM

» Otras tecnologias reconocen los méritos del ATM y tratan mtroduc:r los
‘mismos conceptos : :

— calidad diferenciada
— calidad ga antizada
— red m._’tf acrwcros (datos, voz, video)

* Por lo cual evolucionan también hacia una mayor complejidad
..y costos (IP con QoS....)




Arquitectura Genérica de una Red ATM
para la convergencia de las
Redes Telefonicas con las Redes de Datos

Servicios - Arquitectura - Equipos
Gestion y Explotacion
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Core Switch

Backbone

STMI

Access Switc
E3

vy
ki

“STM4-STMI6 [FS

Low Density ST
]
g
_ e Gestion de Servic|os
E1/T1-E3/T3 == E1/T1 - E3/T3 > > STMI1 - STM4 Empresariales
STMI = 5TMI lg (CE - SCE - VTOA - FR
(ATM NTU) (CE - SCE - VTOA s Vidéo)
FR - - Vidéo)
Redes privadas
A o) i AT ' ) .
cces "qf voen ATM Redes privadas multiservicios
mU|TlseI"VICIOS Cor-por\a-l-ivas o)
T de alta densidad e




Escenarios de interfuncionamiento
entre Redes Telefonicas y Redes de Datos
utilizando ATM como integrador de
tecnologias

Servicios - Arquitectura - Equipos
Gestion y Explotacion
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Acceso Frontera Dorsal
NNI

o T - - > B-ISUP
UNI o PNNI B-ICI

‘Para el caso de interconexidon con otras redes de ATM
inicialmente se utiliza el Protocolo NNI pudlendo
evolucionara B-ICl. |
La interconexion con centrales telefonicas se reahza
con B-ISUP.

-La interconexion con los Giga Routers se realiza con

NNI.
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Interconexion gg @ Red Inteligente
con las redes de datos

INAP/CS-1
VPN-Voz
VPN Datos

PAS
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R
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generacio

| DORSAL

L.D.
Con PAS

R AR A A A A T X IR AR I X

EQUIPO
TERMINAL DE
USUARIO

Arquitectura genérica de las redes de nueva

CentralesA'. “

GN.
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Ejemplcs tipicos ﬂmrfuncmnamlento
con ATill en Ia evolucion hacia la NGN

INAP INAP
VPN-Voz. VPN-Voz.
SSCC7
: Central LD/ SSCC7 iTW GTY‘?""" FSce gzntral w
o b i Acceso/Billing
. ACCESO{Bl"lng ATM de Servicios de
de Servicios de R. Inteligente.
N R. Inteligente.
RN - -
VPN-Voz. /
— S VPN-Voz.
Central SSCC7 Central

Local |
41

VPN-Datos.
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Ejemplos de Servicios de un Backbone ATM

o Oferta nacional
. conexiones VP y VC

. Conexiones permanentes

e ® CoS : IMS 13H en HO, GTR 4H, Parametros 1.356
Classe 1 (DBR)

. Contratos de trafico DBR con « stringent CDV »
. Contratos de trafico VBR con MBS= 38 cells
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Ejemplo de Servicios listos para soportarse
desde 1999

» Oferta Multi-accesos ATM (OMA)
» Transporte de IP
 Emulacion de circuitos
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Red Backbone ATM

Un solo backbone para soportar los distintos servicios .

71999 :
— Oferta Multi-servicios sobre ATM
— Video :
— IP baja velocidad
2000:
— IP baja y alta velocidad
— Enlaces dedicados asimétricos (ADSL)
— Conexion de la red ATM con la Red de Paquetes
— Voice Trunking en baja escala
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OMA : Oferta Multiservicios con ATM

. Cobertura geografica:
— Las grandes ciudades de México y aquellas poblaciones con gran actividad econémica

- Ejm. ( México D.F. Monterrey, Guadalajara, Puebla, Tijuana,Hermosillo, Mérida,
Queretaro, Chihuahua y 58 ciudades mas).

. Servicios :

— Interconexion LAN, Interconnexion PABX, Servicios ATM via interfaces Frame Relay,
Ethernet, ATM

- VPNVCDBRy VP/VC VBR
. Servicios a inicio de 2000 :
—  Mas flexibilidad : VP/VC reservado , ancho de banda flexible,
— Contratos de trafico todavia mas flexibles (VBR con MBS importante, ejm MBS=2000)...




Concepto de Red de Nueva Generacién

PLAN DE NUMEFRACION
DE REDES
TELEFONICAS

PLAN DE NUMERACION
DE REDES DE DATOS
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CURSOS ABIERTOS

VIl CURSO INTERNACIONAL
EN TELECOMUNICACIONES

MODULO IV:

REDES DIGITALES:
«ACTUALIDAD Y PERSPECTIVA”

TEMA

ATM UN TECNOLOGIA COMPETITIVA PARA REDES DE NUEVA
GENERACION

EXPOSITOR: ING. ARTURO ALALUF OLIVARES
PALACIO DE MINERIA
JUNIO DE 1999

Falezio de Minene Calle de Tacuoe & Frimer pisc Deleg Cuauhtemoc 06000 NMewico, DUF. tfein 521-40-20 Arde. Postal M-2233



ATM UNA TECNOLOGIA
COMPETITIVA PARA REDES DE
| NUEVA GENERACION.

mATM PERMITE CONSOLIDAR REDES
DIGITALES DE DATOS Y DE TELEFONIA
A TRAVES DE UNA PLATAFORMA
COMUN.

m COMBINANDO LOS AVANCES DE LA
ELECTRONICA Y DE LA FOTONICA EN
LA RED, LAS EMPRESAS DE
TELECOMUNICACIONES ASEGURAN SU
LIDERAZGO EN SERVICIOS DE VOZ,

'DATOS Y VIDEO.




Propésito de las Redes ATM |

. Integrar
Multiples Servicios

Voz

MMl
niE“”ié‘EE‘ Tuna

Mainframe

‘M

—Alfa Velgcidad

Esn?)
FRONTERA'YBACKB

 Eficiencia de Red
+* Economias de Escala




Proposito de las Redes ATM

Integrar |
Multiples Servicios

i?ﬂ PBX

- Eficiencia de Red
« Economias de Escala

Mainframe




COMO CUIDAR LAS INVERSIONES?...

mInvirtiendo en Tecnologia altamente
competitiva...

mQue optimice el uso y Evolucién de la Red,

mQue reduzca los costos de Operacion y
Administracion,

mQue permita atender con oportunidad, amplitud
y calidad los servicios definidos por sus areas
comerciales.

mATM CUMPLE CON ESTOS REQUISITOS




Por ejemplo, un Proyecto ATM nos
permitiria... México D.f.

—1

Datos
Voz
Video

ﬁ Guadalajara
Monterrey Pasar_ de Redes Supe’rpuestas
con Aplicaciones Especificas, a....

.. NODO ATM '
Alta Velocidad ~ Wexico D.F. Alta Capacidad QOS l

Datos
Voz
Video

gWXNODO ATM

X

| Guadalajara
Monterrey una Red ATM Multiservicios.




| Con una Plataforma ATM ... |

Se Entrega la |
Calidad de Servicio (QoS) Acordada
con cada Cliente

e ————

D.F. @36_
Dat /b  ;’>¢
atos -
Voz s}{"”’ﬁ?@: Guadalajara
Video =7/

Monterrey,

y simultaneamente se
-optimiza el Ancho de Banda
- Eficiencia de la Red-

Gestion Avanzada de Trafico de Red




V]
- CON UNA PLATAFORMA ATM ES POSIBLE
OFRECER....

Mayor Rendimiento usando Gestion Avanzada de Red

Alta 7‘ Rendimiento con:

Gestion Avanzada deTrafico (ATM)

Ganacia Rendimiento con:
Estadistica Baja Gestion de Trafico
(+ Usuarios
-Ancho [\ _____N. 7 _______.
de .
Banda) Ganancia
con ATM
Baja >

QoS (Alta




El Modelo Tradicional de Gestion de
Trafico de IP necesita evolucionar.....

Clase Superior
T | | CBR
VBR-rt
| Prioridad
l VBR-nrt
Clase Inferior UBR/ABR

m Servicios de clase superior pueden llegar a complicar
la disponikiliciad de servicios de clase inferior

m Puede escalarse a un problema de congestion




Gestion Avanzada de Trafico

con una Plataforma ATM.....

Clase Superior t

CBR (20%

T i VBR-rt (1) | 5%

VBR-rt (2) | 5%

VBR-nrt (1) 115% Prioridad

' Dinamica
VBR-nrt (2) 15%
l ABR | 299,
UBR (409,

Clase Inferior

m Garantiza siempre un Minimo de Ancho de Banda
m Elimina Ausencia de Servicio a Clases Inferiores
m Reduce Retransmisiones que Provocan Congestion




ATM INTEGRACION GLOBAL DE LA RED

RED DE
ACCESO
XDSL
PON
ISDN
ATM - NTU

ATM
NODO
MULTISERV.
ATM ATM
RED DE NODO \ NoDO RED DE
ACCESO \ MULTISERV. MULTISERV./  ACCESO
XDSL | IP
WLL ISDN
ATM - NTU WLL

CELULAR
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CURSOS ABIERTOS

VIIl CURSO INTERNACIONAL
EN TELECOMUNICACIONES

MODULO {1V:

REDES DIGITALES:
“ACTUALIDAD Y PERSPECTIVA”

TEMA

RED DE NUEVA GENERACION
NGN

EXPOSITOR: ING. ARTURO ALALUF OLIVARES
PALACIO DE MINERIA
JUNIO DE 1999

Palacie de Minena Celle de Tacube © Prnimer pise Deleg. Cuaubiemoes 06320 México, DF. tel: 521-40-20 Apdo. Poslal M-2285



RED DE NUEVA
GENERACION
NGN



RED DE NUEVA GENERACION

RED DE
SENALIZACION No. 7

INTERFAZ DE
SENALIZACION

IP O IP/ATM

PREMISAS DE

RED
R AS ~ RED ATM
DEL %T:ENTE ¢eee  SENALIZACION BANDA ANGOSTA
eeee SENALIZACION BANDA ANCHA
]

SENALI%CI()N ATM



RED DE NUEVA GENERACION

| ATM - SDH |
| ANILLOS SDH

ATM - SDH 2.5 Gbps - WDM 10 Gbps ATM - SDH

BACKBONE ATM
ATM - SDH

DE DATOS

NODODE . E
INTEGRACION (| F.R.
DE SERVICIOS U @ nx64Kbps



RED DE NUEVA GENERACION. OTROS
RI | - OPERADORES

ATM - SDH ATM - SDH

ANILLOS SDH
2.5 Gbps - WDM 10 Gbps

ATM - SDH ATM - SDH

X.25 Ll—r v DVPN
F.R. IPCC
P i ATM - SDH VoIP
64kBbps ATM ATM - SDH P IP ACC
otadkiod VAR V4 - ANILLOS SDH \ ISDN IP
622 Mbps - 2.5 Gbps ol
MM VPN

oz >(CCE ATM - SDH | _| ATM - SDH J<{(CCE



RED DE NUEVA GENERACION
GESTION

VOZ,DATOS Y VIDEO
(SISTEMA DE GESTION IN TEGRAL)

J

PLATAFORMA MULTISERVICIO
(INFRAESTRUCTURA INTEGRADA)

DATOS

VIDEO

r
\
vOZ CELULAR
TELEFONIA TELEFONIA
ALAMBRICA || INALAMBRICA

DATOS

VIDEO

SISTEMAS DE
GESTION
INDEPENDIENTES

INFRAESTRUCTURAS
INDEPENDIENTES



RED DE NUEVA GENERACION

OTRAS REDES
NAL. E INTER.,

+
N )
r’m’

( Jj . PAGING




ALCANCE DE LA NGN

« INCLUYE TODOS LOS SERVICIOS
ACTUALES Y QUE SE HAN PREVISTO
PARA LAS REDES DE DATOS Y DE
TELECOMUNICACIONES.

« ESTA BASADA EN UNA RED ATM/IP
PARA EL PROCESAMIENTO E
INTERFUNCIONAMIENTO CON LAS
REDES ACTUALES. |




ALCANCE DE LA NGN

« ESTA BASADA EN WDM Y SDH PARA
EL TRANSPORTE .

« APROVECHA LAS CARACTERISTICAS
MAS IMPORTANTES DE CADA UNA
DE LAS TECNOLOGIAS ATM E IP.

« EN EL ACCESO CONSIDERA LAS
TECNOLOGIAS XDSL ,WLL,IPY ATM




0SS'’s | NGN 0SSs:
h 4 i Delivery, NCON, PAWS - SCP VPN,
Billing — Prepaid Calling Card
NGN Call Agent C7
. NGN Announcement Server
Data & Voice NGN Accounting Gateway
VPNs AN 7\ STP
e I\ A
-—-"—'-_ __________ = --‘-\"\— CEM / \
0.8 @< SN an
3 I N X Y A
J/" ,,\(’ “ , , \ N GT
f;@' @ - AN I < | :
. ’—‘_‘, - ni & i
=3 V J
Leased Line / \ / / \
Frame Relay| / AT \ / \
ATM ! s \
/ 3 T3
Vv
xDSL for High
Speed Internet DSLAM
Access / -
_d vi P PSTN
-
Calling Card
Services International &

Domestic VolP




ESCENARIOS DE SENALIZACION
PARA EL SISTEMA DE S.C.C. No. 7




EJEMPLOS DE PROCESOS DE LLAMADA ENTRE
| ATM Y EL SISTEMA DE S.C.C. No. 7




EJEMPLOS DE SUPERVISION Y GESTION
AMBIENTE L.D . AMBIENTE LOCAL

............................................................ I\ erreererennnenrensreeesasrrnsrenensessassnneanns
CNS IDI (:]......./ \\...... ;‘- CAR’S

oooooooooooooooooooooooooooooooooooooooooooooo

...................................................

SERVICIOS

ATM/SENALIZACION
GESTION SDH GESTION
LOCAL WDM LOCAL

HK HK

AMBIENTAL




SUPERVISION Y GESTION

« FACTURACION.
SERVICIOS + GESTION DE RED MULTISERVICIO.

« INTERACCION CON OTROS OPERADORES DE
SERVICIOS. |

. INTERACCION ENTRE SERVICIOS.

- INTERACCION CON LA RED DE SERVICIOS EN

ATM/SENALIZACION USO, DESEMPENO Y DISPONIBILIDAD.

- SOPORTE DE SERVICIOS.

« APROVISIONAMIENTO Y MODIFICACION DE
FACILIDADES.

« CONTROL DE VISTA DE RED.

i

SDH - GESTION DE RED FOTONICA.
wbM ' B+ GESTION DE CADA UNO DE LOS ELEMENTOS DE
RED PDH, FUERZA Y CLIMA.

]

FUENTE: RECOMENDACION M.3010 /UIT
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FACULTAD DE INGENIERIA U.N_A_M._
DIVISION DE EDUCACION CONTINUA

CURSOS ABIERTOS

VIIl CURSO INTERNACIONAL
EN TELECOMUNICACIONES

MODULO IV:

REDES DIGITALES:
“ACTUALIDAD Y PERSPECTIVA”

TEMA

PRINCIPIOS Y ELEMENTOS DE RED SDH PARA UNA
INFRAESTRUCTURA DE TELECOMUNICACIONES

EXPOSITOR: ING. RODOLFO BUENDIA
PALACIO DE MINERIA
JUNIO DE 1999

ineriz Calle de Tacusz 5 FPrimar nisc  Deley, Cuavhtemocs 05800 Mexico, DF. tal: 521-40-20 Apdo. Postal M-2235



Ing. Rodolfo Buendia
NORTEL Ingenieria de Transmision
Tel. (5) 480-8269

Fax. (5) 480-8292
rodolfo_buendia@nt.com



64 kbit/s
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Japon




SDS..

SDS-24

.| <SDS-36

B

SDS-48

SONET / USA CCI'F%%.@/ EUROPA



Sedial Multiplexada
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e




bits de relleno ang
ser multiplexadas.



Regenerator Section
Overhead

( RSOH )

Payload {Carga de Informacion)

Multiplex Section Overhead

5 ( MSOH )




34 Mbit/s

ercion

Extraccion e Insercion
Sincrona

i

Tributarias



048 Kb/s

]
Hoykls
A

g’ 3 i
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ol

VC11

2| 1544 Kbss




139,264 Kb/s

- 5
alta velocidad de
multiplexaje

1 544 Kbls

: VC-X + Apuntador

I
Inserciéon del POH

Insercion del SOH
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MULTIPLEXORES
SINCRONOS
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. STM-1'S
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STM-1'8
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Proceso de L
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Concatenacion c1| vcz|ves
EE% ;Eig-i‘ni a

Virtual

' Transmision: El valor
apuntadores es idéntico para
los VCs.

apuntadores para poner los
VC en fase.



a) Justificacién Negativa

s
de justificacion ngg%
B = Byte de rellenc en é

justificacion positiva,
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Tipo de Unidad Administs it

Aot d e

v

Bandera de nuevos datos

(NDF)



A1

D7 D8
D10 |.° D11
Z1 Z1 Z1 Z2

diedtsd
g

Hi




Senales
Tributarias

~—»

/
Ensamble del
VC

Multiplexor ..
Terminal de
SDH

Multiplexor
Terminal de

Sistema de
Interconexion Desgnlssrélble
Digital SDH. e




A2 A2 Az | 1

E1 Fi B3

D2 px} Cc2

Apuntador Al G1

Ki K2 F2

D4 D5 06 H4

D7 D8 D9 23

D10 Dt D12 74
zZi |zt tzr | z2 | 22 | 22 | E2

Z5

en el POH

de los bytes

J1

B3

B aLEL i

Trazado

BIP-8

AT
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RESPALDO RESPALD@IE:
TRIBUTARIAS
MULTIPLEXOR CONFIGURADO
COMO NODO CENTRAL.
'/ TRIBUTARIAS
! L \/C1
fé :3 SENAL
Ven OPTICA
Tributaria de

interface fisica

BROADCASTING (DIFUSION)
UNIDIRECCIONAL



@)
West
STM-1
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L onexion

de bajo orden

s I o
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Interfaces de 2 Mbit/s

Tribs. | JTribs. || Tribs. [Tribs. [@iTribs. |#&iTribs.
ZMb/sl|  §2Mb/sp  j12Mb/is]  [[2Mb/stizz]34M 34M STM STM STM 1 ,/
T Conmutador de " conmutador def;

H ST
]

TG

jz E‘LIIHII

n‘éctrlc:as u Gpticas de
Mbit/s

Interfaces
de 34 Mbit/s



Hacia equipo de
multiplexacion de
orden inferior

No se requiere
multiplexacion
de orden inferior

[ ]

Principal.

Agregado Optico con proteccion 1+1

Reserva.

Principal /Este

Agregado optico con proteccion 1+1]
6 enrutamiento alterno,

Reserva /Oeste




ionales de

Sefial de

Tiempo

Externo
2,048 MHz

140/135 Mbit/s

Tributaria

Bus de linea
T oDL

2Mb

PECIN

Q3

t al Gptica
140/155 Mbit/'s . Sincrina
622 08
Tributaria ERX “ Senale STM-1 Mbit/s

Seiial de Reloj



140 Mbit/s
puerto de
prueba

140 Mbit/s |3
interface |4 .
S RTER I3

STM-1 puerto
de prucba

STM-1
interface optica _
Uso futuro

Al
Matriz de Conmutacion
STM-1 STM-16. - =
interface interfee Optica~ -
eléctrica Uso fu:t\;'ro e

Generador Central

de Reloj
(€C6)

Sefiales reloj de
referencia

Sistema de Control

Interface de | Respaldo de
operacion memoria

Terminal local '

_oremola




Senal de
Sincronia

Sefal d
Sincronia
Gptica.
622.08 Mbit/s
E1, F1
Interface F q—
Senal de
Senal de TR S[ncronla
Sincronia . wtmmmsl  QRX 4 optica.
optica. ' Sefnales STM 1%mw g 622.08 Mbit/s
622.08 Mbit/s ‘ + %%ﬁﬂ
»,ﬁg&! d

39 MHz Referencia de reloj. ©
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Enlace

Causa:
- excavacion
- sabotaje

EPS. Con¥g .
proteccion de edWg

nmutacion
Automatica

Nodo '

Causa:
- incendio
- falla de energia

Estacion

S

RECRAT F

iigga;
- Anillo

Malla




Canal de Trabajo A

Canal de Trabajo B




Canal de Trabajo A

Canal de Trabaje B
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' LMDS

e Broadband Wireless Access

&

Fixed Wireless Access

Carlos Bueso
Wireless Business Development

NewTEL o
* 141 NETWORKS



Agenda
/ LMDS (BWA) & FWA

. § What is it?
§  Why is it important?

Where does it fit?
How does it work?
Who will purchase it?
Fu1'ur'e Evolution

- 3¢
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BWA: What is it?

5 _ Loca

| MULTIPOINT

D 1sTrisuTION
S ERVICE

L4 A broadband wireless (wireless fiber) point to
4 multipoint communication system for digital
#% " two way data, internet, video and voice
‘serviceSL_



""“LMDS:WhaT iS iT

No’r new technology (Microwave Transport),
= “sf rather a new implementation of existing
RN Technology

—>
L
—>

el

%{?:,?iSIngle mfr'as'rr'uc'rure pa’rh fosters network and
1 _"'E{fcosf economles within the network




LM DS: What is it?

Vo:ce, Fax, HS Data
Internet & Intranet Access
Leased lines E1, nxE1l
ATM / FR Networks

- Video Conferencing

. Wireless LAN

) ,@RTEL
R NETWORKS



LMDS What is it?

High capacity Pt to Multi-pt Microwave systems in the
AZ@B GHz - 40 GHz range for local distribution of services

1 ST

. -"-"a":':?"""“ﬁ:-f’ aoffircr i Multi-Dwelling
R Unit Subscriber

s ————
-— =
-

Fiber Ring
or Microwaves

ATM Trunks

REUNION