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PCM: PULSE CODE MODULATION

OBJETIVOS:

+ Técnica para digitalizacion de voz

+ Unidad fundamental de transmision

~digital: 64 Kbps . .

+ Jerarquia PDH (PIe5|ochronous D|g|tal
Hlerarchy) | SRR R




VENTAJAS DE LA
DIGITIZACION DE VOZ

¢ Se requnere detectar solo dos nlveles
(bits) |

+ Regeneracion de la senal

+ Las sefales codificadas son faCIImente
~ cifrables

+ Multiplexion
+ Conmutacion y transmision con
otras fuentes digitales.




- Desventajas

+ Ocupa mayor ancho de banda que el
original analdgico.

+ Necesidad de sincronizacion.




Tecnicas de Digitalizacion de voz

+ Cuantizadores instantaneos: PCM.
+ PCM Adaptivo Diferencial: ADPCM

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

+« Moduladores 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 métodos 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 conversion en transmision se realiza

“mediante un convertidor analdgico/digital
(ADC); y el proceso contrario en la
recepcion medio de un convertidor digital/
analogico (DAC). |




Diagrama a bloques de un sistema PCM
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MUESTREOQO

- Teorema d—e muestreo (Nyquist)

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

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




Analisis espectral de la senal
muestreada

Podemos interpretar el muestreo como la
multiplicacion de un tren de pulsos
periddicos s(t) (funcidon muestreo), con la
senal del mensaje (%)
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Bandas de guardia en el muestreo y
| recuperacion

Respuesta de Filtro H (f)

- f
5 X . X s
.
Banda de
Guardia




CUANTIZACION

+ 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
finto de valores predeterminados
(256 pasos de cuantizacion).




CUANTIZACION

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 uniforme

+ EIl rango de Ila 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 senal

my ) Valor cuantizado
de la sedal

X2




Cuantizacion no uniforme

o La cuantizacion uniforme utiliza un
tamano de escalon fijo A y una
brobabilidad 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.




Q7

¢ Experimentalménte se ha encontrado
que la fdp de la amplitud de voz es
aproximadamente exponencial.

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




Funcion de transferencia del
compresor.
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Senal comprimida y codificada
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Codificacion

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




0¢

Yg T QAUX) _—
Y7
Ye
Ys X —»
Ya
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




Codigo del
segmento

Cdédigo de Nivel

Nivel de cuantizacion

000

0000

15

001

0000

16
17

.................. 3' 1

110

96
........... o7

11

111

112




Tasa de transmision digital PCM

a | Frecuencia maxima de voz 3.4 KHz
Frecuencia de muestreo 8 KHz
¢ | Numero de muestras por 3,000 /s
sefial de voz .
a | 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 78,000 =125 mseg




o€

Multiplexion PCM

Caracteristicas especificas PCM30 PCM24
Nombre comercial El TI
Ley de codificacion Ley A Ley
Numero de intervalos de 32 24

tiempo de canal por trama

Numero de bits por trama

8 bits x 32 =256
bits

Shits X (24) T 1=
193 bits

Velocidad binaria de la sefial
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.US x 8=
256
aprox. 3,9useg

125,sx 8 =
193
aprox. 5,2useg
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CHAPTER [P

Routing Basics

Background

Routing is 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 bridging. 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 packets) 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 metric is a standard of measurement—for example, path length—that is used by routing algorithms
to determine the optimal path te a destination. To aid the process of path determination, routing
algorithms initialize and maintain routing rables, which contain route information. Route
infermation 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



Routing Components

Switching

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

g

&

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 algorithm being used. A variety of common metrics will be introduced and described
later 1n this chapter.

Routers communicate with one another (and maintain their routing tables) through the transmission
of a variety of messages. The routing updute message is one such message. Routing updates
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 nerwork
topology. Onee the network topology is understood, routers can determine optimal routes to network
destinations.

Switching algorithms are relatively simple and are basicatly the same for most routing protocols. In
most cases, 2 host determines that it must send a packet 10 another host. Having acquired a router’s
address by some means, the source host sends 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 uitimate destination host. If not, the next hop is 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
lustrated in Figure 2-2.

-2 Intemetworking Technology Overview



Routing Algorithms

Figure 2-2 Switching Process
Source host Packet
PC
To' Destination host (Protocol address)
Router 1 {Physical address)

l

Packet

Router 1

To: Destination host {Protocol address)
Router 2 (Physical address)

|

. To' Destination host {Protocol address) .
vt Router 3 {Physical address) -

Router 3

Packet -

v |

Destnation host  (Protocol address)
.Destination host  (Physical address)

S1284a

Destination host - Packet - :
PC ‘ -

The preceding discussion describes switching between a source and a destination end system. The
International Organization for Standardization (ISQ) has developed a hierarchical terminology that
is useful 1n describing this process. Using this terminology, network devices without the ability to
forward packets between subnetworks are called end svstems (ESs), while network devices with
these capabilities are referred to as intermediate systems (1Ss). 1Ss are further divided into those that
can communicate within routing domains (intradomain I55) and those that communicate both within
and between routing domains (interdomain ISs). A routing domain is generally considered to be a
portion of an internetwork under common administrative authority, regulated by a particular set of
administrative guidelines. Routing domains are also called autonomous systems. With certain
protocols, reuting domains can also be divided into routing areas, but intradomain routing protocols
are still used for switching both within and between areas.

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 reuter
resources. Finally, routing algonthms use a variety of metrics that affect calculation of optimal
routes. The following sections analyze these routing algorithm attributes.
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Routing Algorithms

Design Goals

Optimality

Simplicity

Robustness

Routing algorithms often have one or more of the foliowing design goals:
* Optimality

* Simplicity and low overhead

* Robustness and stability

Rapid convergence

* Flexibility

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 aigorithm might use number of hops and delay, but might weight delay more heavily in the
calculation. Naturally, routing protocols must strictly define their metric calculation algorithms.

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.

Routing algorithms must be robust. Int 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 focated 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 Convérgence

Routing algorithms must converge rapidly. Convergence is 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,
stimulating recalculation of optimal routes and eventually causing all routers 1o 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 arrives at Router 1 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 1 therefore forwards the packet to Router 2. Router 2 has not yet been updated
and so believes that the optumal next hop is 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
receives its routing update or until the packet has been switched the maximum number of times
allowed.

-4 Intermetworking Technology Overview
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Figure 2-3 Slow Convergence and Routing Loops
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Flexibility
Routing algorithms should alse 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 algorithms, on becoming aware of this problem, wili quickly select
the next-best path for all 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.

Types
Routing algorithms can be classified by type. For example, algorithms can be:
* Static or Dynamic
* Single-Path or Mulupath
* Flat or Hierarchical '
* Host-Intelligent or Router-Intelligent

Intradomain or Interdomain

* Link State or Distance Vector

Static or Dynamic

Static routing algorithms are hardly aigorithms at all. 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. Algornithms 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
unsuitable for today’s large, constantly changing networks. Most of the dominant routing algorithms
1n the 1990s are dynamic. ’

Dynamic routing algorithms adjust, in real time, 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 algorithms and change their
routing tables accordingly.
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Routing Algorithms

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 multiple 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 hrerarchical routing system, some routers form what
amounts to a routing backbone. Packets from nonbackbone routers 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
demains, while others can only communicate with routers within their domain. in very large
networks, additional 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). Intradomain 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 algorithms assume that hosts know nothing about routes. In these algorithms, routers
determine the path through the mternetwork based on their own calculations. In the first system, the
hosts have the routing intelligence. In the latter system, routers have the routing intelligence.

The trade-off berween 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 determuning all routes,
however, often requires substantial discovery traffic and a significant amount of time.

Intradomain or Interdomain

Some routing algerithms 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.
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Routing Algorithms

_Link State or Distance Vector
Link state algorithms (also known as shortest path first algorithms) flood 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 (also known as Bellman-Ford
algorithms) call for each router to send all or some portion of its routing table, but only to its
neighbors. In essence, link state algorithms send small updates everywhere, while distance vector
algonthms 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 algonthms 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.

Metrics

Routing tables contain information used by switching software to select the best route. But how,
specifically, are routing tables built? What 1s the specific nature of the information they contain?
How do routing algorithms 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 (hybrid)
metric. All of the following metrics have been used:

* Path Length
* Reliability
¢ Delay

* Bandwidth
* Load -

Communication Cost

Path Length

Path length is the most common routing metric. Some routing protocols allow network
administrators to 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 destination.

Reliability
Reliability, in the context of routing algorithms, refers to the reliability (usually described in terms
of the but-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 ratings
are usually assigred to network links by network administrators. They are typically arbitrary
numeric values.
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Routed vs. Routing Protocots

Delay

Bandwidth

Load

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 variables, delay is a common and useful metric.

Bandwidth refers to the available traffic capacity of a link. All other things being equal, a 10-Mbps
Ethernet link would be preferable to a 64-kbps leased 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 actual time required to send a packet to the destination may be greater through the
fast link.

Load refers to the degree te which a network resource (such as a router) is 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 protocol is common. Routed protocols are
protocols that are routed over an internetwork. Examples of such protocols are the /nternet Protocol
(1F), DECner, AppleTalk, NetWare, OSI, Banvan VINES, and Xerox Nenvork System (XNS). Routing
protocols are protocols that implement routing algornithms. Put simply, they route routed protocols
through an internetwork. Examples of these protocols include Interior Gateway Routing Protocol
(IGRP), Erhanced Interior Gateway Routing Protocol (EIGRP), Open Shortest Path First (OSPF),
Exterior Gateway Protocol (EGP), Border Gateway Protoco! (BGP), OSI Routing, Advanced
Peer-to-Peer Nerworking, Intermediate Svstem o Intermediate Svstem (1S-18), and Routing
Information Protocof (RIP). Routed and routing protocols are discussed in detail later in this
publicatton,

-8 Intemetworking Technology Overview
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~ u Circuito Virtual Permanente

n Circuito Virtual Conmutado

M.C. Emesto Quiroz M.
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CONMUTACION DE CIRCUITOS
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CONMUTACION DE PAQUETES

CITEDI

P3-P2-P1

P3

P2
P1

P3 P2 P1 >

A) Red de conmutacion de paquetes.
Modo circuitc virtual.

! P3-P2-P1

Terminal
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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

CITEDI

ntro de zona
(O Oficina terminal
(Urbana o aislada)

/ﬁ b/

Fig.1.7 Estructura de la red teléfonica




CONMUTACION DIGITAL

Una de las funciones basicas de un sistema
de conmutacion es la de funcidon 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 través de la
red de conexion.

CITEDI | M.C. Erﬁesto Quiroz M.
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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.
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ORGANOS INTERNOS

+ Soportan funciones para el
establecimiento de conexiones y para la
explotacion del sistema de conmutacion
digital

+ Emisores y receptores de sefiales para

“las interfaces

+ Organos de conferencia

+ Organos de prueba de las interfaces.

CITEDI | M.C. Emesto Quiroz M.
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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. Emesto Quiroz M. .
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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: |
= Ftapa espacial (Space switch)
= Eapa temporal (Time switch)

CITEDI | | M.C. Emesto Quiroz M.
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CONMUTADOR DIGITAL

CANALES CANALES

MULTIPLEX

AAAAA

CITEDI

M.C. Emesto Quiroz M.
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Arquitecturas de red

+ Pueden contener intercambiadores de
ranuras de tiempo, conmutacion por
division de tlempo O una combmaaon de

ambos

n a) SO'O_T
= b) Solo S

| C) T-
T

ad)S

S

= Q) Combinaciones as cdmplejas deSyT

CITEDI

M.C. Emesto Quiroz M.
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Ranuras de tiempo / .

ENTRADA
. Ranuras de tiempo
/ SALIDA

X
tren de ranuras 1| 2‘________#______________ e | X | 1 l 2l______,________
de tiempode [ 1 >
entrada marco "
tren de ranuras 4| X i I M >
de tiempo de
salida
Etapa T: Intercambiador de ranuras de tiempo
CITEDI M.C. Emesto Quiroz M.
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Fig 3.20 Arquitectura de una red tiempo-espacio
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Tiempo-espacial
1 1
2—% S
’ mxn
m m
1 2 .o |N
T T T
[T —
1 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 M.C. Ermesto Quiroz M.
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TEMAS RELACIONADOS

+ Blogueo en el Conmutador
+ Senalizacion
= Senalizacion de abonado
» Senalizacion entre centrales
» Sistema de Senalizacion No. 7 (SS7)

+ Ingenieria de trafico

CITEDI - M.C. Emesto Quiroz M.
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SISTEMAS BASADOS EN
CONMUTACION DE CIRCUITOS

+ POTS: Plain Old Telephone Network
~ « 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.
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CONMUTACION DE
PAQUETES
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CIRCUITO VIRTUAL

P3-P2-P1

P3

P2
P1

> p3 P2 P1—> 12 -|

T~

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

CITEDI M.C. Ernesto Quiroz M.




MODO DATAGRAMA

e L
P3-P2-P1 ' —
. P3 il
2
A m
V\P3 SN i
—
\ 2] P2-P3-P1
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" |

B) Red de conmutacién de paquetes. . Terminal

Modo datagrama.
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Conmutacién de Circuitos

Conmutacion de paquetes

Tiempo de estableci-
miento de la llamada

Aceptable para servicio
telefonico.
Relativamente largo para datos.

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

Retardo de transmision

Pricticamente despreciable.

Existe en toda comunicacion (del
orden de cientos de msg o de sg).
En caso de alto trafico puede
llegar a ser importante.

Asignacion de circuitos

Unico y exclusivo para cada
comunicacion.

Circuito compartido por diversas
comunicaciones simultaneas.

Transmision de informacion
de identificacion de destino

Sélo durante la fase de
establecimiento.

Es necesario incluir alguna
“identificacion de destino” en
cada paquete de la comunicacion.

Necesidad de capacidad
de almacenamiento en la red

No.

Si, localizada en los nodos de
conmutacion de la 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
alternativos.

Gran flexibilidad en utilizacion de
la red.

CITEDI

M.C. Emesto Quiroz M.
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MODELO 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 Enlace Detecddn de errores
1 | Hsico Conexiondeequipos |
CITEDI M.C. Emesto Quiroz M.




CAPA FISICA

+ Nivel de comunicacion fisica a traves de un
canal.

+ Se encarga de la transmision de los bits (0's
- 01%).
+ 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

| crrenr fisicas. M.C. Emesto Quiroz M.




CAPA DE ENLACE

+ Asegura la integridad de los paquetes que
se transportan.

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

= Ordena en tramas

= Verifica que no contenga errores

s 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 la red.

+ Provee direcciones destino a los
mensajes.

+ Convierte direcciones y nombres l6gicos
<> fisicos.

+ Evallia la mejor ruta que debe sequir el
paquete.

CITEDI - 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

M.C. Emesto Quiroz M.

arep; Modelo OSI.
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Nivel 1

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

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

CITEDI M.C. Emesto Quiroz M.
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Nivel 2

12

+ Basado en el protocolo LAPB (Link

Access Procedures Balanced).

‘« Permite iniciar la conexion en cualqwer

extremo (DTE 6 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
crep; ™ 17@ma sin numero

M.C. Ermesto Quiroz M.
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Campos de una trama LAPB

BANDERA DIRECCION CONTROL
] 1 1
DATOS
Variable
FCS BANDERA

1 1

CITEDI | M.C. Ermesto Quiroz M.
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Nivel 3

+ Segmenta la mformaaon de usuario en
paquetes.

+ Cada paquete de datos recibe un
numero consecutivo. |

+ Integra a cada paquete la direccion del
DTE destino. |

+ Da acceso a los servicios de la RCP
a Circuito Virtual Conmutad_o
» Circuito Virtual Pemanente

» Datagrama |
CITEDI | M.C. Emesto Quiroz M.
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DISPOSITIVOS ADAPTADORESS

+ El 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 los datos de
ciTepr Varios usuarios. M.C. Emesto Quiroz M.




| OTRAS ARQUITECTURAS DE
CONMUTACIONDE
PAQUETES

¢ Frame Relay
¢« ATM (Asynchronous Transfer Mode)

CITEDI | - M.C. Eresto Quiroz M.

16




2y

17
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. Eresto Quiroz M.
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18

ATM

+ 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. Eresto Quiroz M.
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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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‘Caracteristicas FR y ATM

FRAME RELAY

+ Interconexion de LANs

+ Servicios de Datos, Voz
y Fax

+ Transmision de
“tramas” de longitud
variable

+ Tasas de transmision
hasta 2.048 Mbps.

CITEDI

ATM

+ Interconexion de LANs
y WANS

+ 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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1. OBJETIVOS:

Establecer y analizar los principales parametros 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 sincronizacion mas adecuados para mantener una red
de telecomunicaciones dentro de especificaciones aceptadas internacionalmente.

Evitar la progresiva degradacion de la informacién debido a ei envejecimiento de los
componentes de 1a red. controlando su envejecimiento.



2 . TERMINOLOGIA.

2.1 Reloj de referencia primario:
» Dispositivo que proporciona una sedal de temponzacién con una desviacion de frecuencia a lamo
plazo mantenida en un valor de 1 x 106 mejor con venficacién respecto al Tiempo Universal
Coondinado (UTC).

2.2 Nodo de red sincrona:

e  Punto geogréafico en que estan interconectados uno ¢ mas equipos digitales sincronos.

2 .3 Nodo de transito:

s Nodo de red sincrona que eniaza con 0tros nodos y no directamente con el equipo de usuario.

2 .4 Nodo lecal.

*»  Nodo de red sincrona que enlaza el interfaz directamente con el equipo de usuarnio.

2.5 Nodo esclavo o subordinado:

* Reloj cuya salida de temporizacion esta enganchada en fase a la seial de lemporizaciéh recibida de
un reloj de calidad supenor.

2.6 Incertidumbre:

e Expresa la magnitud de la posible desviacion ded valor medido con respecto al valor real o nominal
de una senal

e Frecuentemente se distinguen dos componentes, |a incertidumbre sistematica y la incertidumbre
aleatona.

» La Incertidumbre sistemdtica se estima generalmente sobre la base de las caracteristicas del
pardmetro y es equivalente al término "Exactiud®,

¢ La Incertdumbre aleatoria se expresa en !érminos estadisticos como es la desviacidn lipica o
standar o por un multiplo de esta. (Varianza).

« Es equivalente al témino "PRECISION",

e La incenidumbre global comprende ambas partes, la sistemadtica y la aleatoria y es equivalente a la
exactitud total.



Z.7 Exactitud:

e [Es la capacidad de un reloj para generar una frecuencia tan cercana como sea posible al vaior
nominal, Esta dada por la relacién,

En donde:

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

2.8 Estabitidad:

¢ Es el grado con que un reloj produce una misma frecuencia durante un pericdo de tiempe una vez
establecida la operacion continua. Se mide a intervalos de tiempo, usando la refacidn.

Af
.f

. 1
To-T

En donde:

TO = Tiempo inicial

T1= Tiempo final

2.9 Deslizamiento:

¢ Repeticion o supresion de un bioque de bits en un tren de bils sincrono o plesiocrono debido a una
discrepancia en ias velocidades de lectura y de escritura en {a memoria de los nodos digitales.

2 .10 Tasa de deslizamiento:

+ Se define como |a cantidad de bits pérdidos o duplicados que ocurren en un cierto intervalo de
tiempo y es proporcional a |a diferencia de exactitudes de las relojes de los equipos enlazados. Se
especifica en deslizamiento/Unidad de tiempo.

2 .11 Instante significativo:

. Momento en el que las condiciones significativas de una sefal digital (0 & 1) son reconocidas por

un dispositivo apropiado.

2.12 Fluctuacion de fase {Jitter):

. \(an'acxén a corto ptazo de tos instantes significativos de una sefial digital de su posicion ideal en el

tiempo. (Numeéncamente, para frecuencias mayores a 10 Hz.).

2 .13 Fluctuacioén lenta de fase (wander):

» Es la variacidn a largo plazo de los instantes significativos de una sefial digital de su posicién ideal
en el tiempo (Para frecuencias menores de 10 Hz).



2.14 Maximo error de intervalo de tiempo (MEIT):

s Esla maxima vanacidn entre crestas del retardo temporal de una sefial de temporizacién dada, con
respecto a una sefal de temponzacion ideal comprendida en un periodo de tiempo ideal.

2 .15 Intervalo unitario o intervalo unidad (IU):

» Diferencia nominal de tempo entre instantes significativos consecutivos de una sefial isécrona.

2.16 Nodo de sincronizacién:

» Esun punto dg la red de sincronizacién en donde se originan y/o terminan sefiales de temporizacién,
se considera inherente a los nodos de conmutacién digital o bien un equipo dedicado para tal
proposito.

2.17 Red plesiocrona:

* Red en la cual los relojes que controian los Nodos de Sincronizacién son independientes y los
instantes significativos de las sefiales que se manejan se mantienen con una variacién dentro de
limites muy estrechos,

2,18 Red Sincrona:

» Es una red en la cual los relojes estdn controlados para que ideaimente trabajen a la misma
frecuencia ¢ al mismo promedio dentro de iimites establecidos de diferencia de fase.

2 .19 Control unilateral.

 Control e;tablecid_o entre dos Nodos de sincronizacion, tal que la frecuencia dei reloj de uno de estos
Nodos es influenciado por informacion de temporizacién derivada del reloj del otro Nodo.

2.20 Método maestro-esclavo (ME):

« En este método existe un Nodo de Sincronizacidn cuyo reloj estd actuando como maestro de los
demas. Los reiojes restantes estan subordinados a este reloj.

2.21 Método maestro-esclavo jerdrquico (MEJ):

« Método de Sincronizacion despético en el que todos los relojes de los nodos de sincronizacion estan
dispuestos en una jerarquia y a caga reloj se le asigna una etiqueta de identificacion conforme a su
pasicion en eila.

» En caso de fallar el enlace con el reloj maestro, se selecciona automaticamente como nuevo
maestro al relo) que se designe como de rango inmediato infenor.

2 .22 Memoria elastica:
+ Dispositivo de almacenamiento temporal de datos que permite compensar las fluctuaciones de fase.

« Lo anterior se realiza, ya sea aumentando o disminuyendo el tiempo de almacenamiento, segun sea
la velocidad de los bits entrantes. Cuando la velocidad de los bits entrantes y saiientes a la memoria
son idénticas, ésta guardara durante un tiempo nominai los bits.  Cuando la velocidad de los bits
entrantes disminuye el tiempo nominal de almacentamiento se reduce, aumentando |a velocidad de
salida; ef proceso contrario sucede cuando |a velocidad de los bits entrantes aumenta.



4.- LINEAMIENTOS GENERALES.

4.1 Objetivos de la tasa de deslizamientns cnntrolados.

» La calidad.de funcionamiento desde el punfc de vista de la tasa de deslizamientos de extremo a
extremo debe satisfacer las exigencias de los servicios telefénicos y no telefénicos en una conexidon
digital 2 64 kbps para una Red Digital Integrada (RDI).

« La tasa global de deslizamientos para una conexién efectuada a través dei numero maximo de
centrales establecida por los Planes Fundamentales de Conmutacién y Transmisién de la RDi-
.se indican en la tabla 4.1, para diferentes categonas de calidad.

TABLA 4.1
|
CATEGORA | | OBJETIVOS DE LA PRCPORCION DEL
DE CALIDAD | TASA MEDIA DE DESLIZAMIENTOS, TIEMPO TOTAL
| 2
]
l .
SAT’SFQ‘):TOR'A < 5 DESLIZAMIENTOS EN 24 Hs >98.9%
1
ACEPTABLE > "5 DESLZAMIENTOS EN 24 Hs o
<
(A) < 30 DESLIZAMIENTOS EN 1 Hre.
INACEPTABLE > 30 DESLIZAMIENTOS EN 1 Hra. < 01%
0




4.1.1 Conexiones de referencia.

« L3 estructura de red para la RDI- . se basa ¢n la conexién ficticia de referencia indicada en el
Plan fundamental de Conmutacién esto se muestra en 1a figura 4.1.1.

SECCION SECCION ' SECCION  SECCION
LOCAL NACIONAL SECCION INTERNACIONAL NACIONAL LOCAL
e - g — o -1-——--|

OO0 —00-00-0-00——0-0~
cL cP ©cs ¢ ¢ e ¢ e € CcP cCt

SIMBOLOGIA:

CL:CENTRAL LOCAL
CP:CENTRO PRIMARIO
CS:CENTRO SECUNDARIOQ
CI:CENTRO INTERNACIONAL

CONEXION DE REFERENCIA DE LA RED DIGITAL.
FIGURA 4.1.1

4.1.2 Distribucién de las degradaciones,

« La probabilidad de que, en una red vanas secciones experimenten tasas excesivas de
deslizamientos que afecten simultdneamente a una conexion, es pequeita. Esto es oon_siderado en
el proceso de atribucidn de objetivos. La tabla 4.1.2 muestra ia distribucion de los objetivos para
las diferentes secciones de una conexién. '

| TABLA 4.,1.2
SECCION DE :ﬁgfs%?&of OBJETIVO COMO PROPORCION
CADA CBJETIVO DEL TIEMPO TOTAL
LA RED SATISFACTORIA ACEPTABLE INACEPTABLE
|

INTERNACIGNAL 8.0 % 0,08 % 0,008 %

. NACIONAL 6,0 % 0.06 % 0.006%
LOCAL 40,0 % 0.4 % 0.04 %




Lepla

también entre centrales.

4 1.2 muestra en forma detallada |a distribucién de los deslizamientos entre secciones y

Las aplicaciones, por seccién de Red, se muestran en ios capitulos respectivos de este documento,

DISTRIBUCION POR S8ECCIONES

‘ SECCION | BECCION | SECCION SECCION | SECCION
CAngOH‘A | LOCAL | NACIONAL| INTERNACIONAL| NACIONAL| LOCAL
CALIDAD i 40 % 8% | 8% 8% 40 %

Dto/Hrs Dio/Hrs Dto/Hrs Dto/Hrs Dto/Hrs
[ |
SATISFACTORIO  1/12 180 | 1/80 80 . 112
f (S) | {0.0833) (0.0128) (0.01685) 1
! |
ACEP{KBLE | >112¢12 >1/80¢1.8]  >1/60 <24 | >1/80 <18/ >1/12 ¢ 12
INACEPTABLE > 12 > 1.8 > 2.4 > 1.8 | > 12
(0 |
-3 < 5 Dto/24 Hrs— -
QBJETIVOS L (A) Dio/H -l
GLOBALES [ 0 > 5 Dto/24 Hra Y < 30 Dio/Hra |
. - > 30 Dto/Hra -
DISTRIBUCION ENTRE CENTRALES
. |
A SECCION| SECCION 3EcCloN | SECCION | sECCION
TSEGORLA LOCAL | NACIONAL| INTERNACIONAL| NACIONAL| LOCAL
CALIDAD | 1 CENTRAL/2Z CENTRALES, 5 CENTRALES :2 CENTRALES| 1 CENTRAL
Dio/Hrs - | Dto/Hrs " Dto/Hrs Cto/Hrs Dto/Hrs
SATISFACTORIOQ 1/12 D0.0083 0.0033 0.00683 1712
(8) 1Dto/6.6D1as 1 Dto/12.5 Dias
“CEFZI?BLE >1/12 ¢ 12 {>0.006350.9 | > 0.0033 < 0.48 | >0.0063¢0.9 > 1/12 ¢ 12
'NACEZ)TAB"E > 12 0.9 > 0.48 >0.9 > 12

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

TABLA 4.1.2
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4.2 Caracteristicas da los relojes.

En la RDI-

los relojes se clasifican segun se muestra en la tabla 4 2

TABLA 4,2

ESTABILIDAD

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

] 1X10 1X10 .

10

i 1X10 1X10
P 1x10 P 1x10 °°

11



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 vanacion pico-pico del retardo de tiempo de una sedal de temporizacion dada con
respecto a una sefal de temporizacidn ideal dentro de un periodo de tiempo particular. Esto es:
MTIE (s) = Max_ X (t) - Min. X (1) para toda T dentro de S.

« Ladesviacoén de frecuencia a !argo plazo ( A f/f) o valor de exactitud esta determinada por el
cociente entre el MEIT y el intervalo de observacién S cuando S aumenta, esto es:

X{)

RETARDQ TEMPORAL
CON RESPECTO

A UNA

REFERENCIA

IDEAL

PENDIENTE QUE

f DA LA DESVIACION
DE FRECUENCIA

A LARGO

PLAZO

DEFINICION DE MAXIMO ERROR DE INTERVALO DE TIEMPO {MEIT)
FIGURAL /4.3.1
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e El MEIT expresa la maxima varnacion de fase a largo plazo admisible en un reloj de referencia

primano (con sal

ida sinusoidal o por impuloss).

+«  EIMEIT en un periodo de S segundos no excedera los siguientes limites:

a) (100S)nseq. para0.05<S ¢ 5

b) (55 + 500) nseqg. para 5 < S < 500

c) (Q.015+X)

nseg. para S > 500 y X = 3000 nseq.

La especificacién global se muestra en la figura 2/4.3.1,

10" 102 107 10* 10% 10% 107 107 seg

nSag.
107 ' 11
MEIT 107 |s+10 19
e S /
; JJ,
108 " " ’l
. 4 ’, ’
| ’ ) /
i /! /’ ’
104 : A{’ 1' I //’
¥ [ 3 '
| | ‘ [ V| 10931+ Xneg
’ \ | X=3000nGeg
(5{8)+500)nBeg. | - . ‘
103 priediaet A P .\ (PROVIBIONAL)
|/
BOO - = = =2 —m — e =l = == = ’ ’
: : ’f 'l
2 ¥ r ’
10 .
1008 NBEG. | | o Cle .
i II 1‘
1
1 : 'l ’
10 7 s
’| !V 1 s
r
' | ’ I ’
P . ] .
1 et r
’ e 1 .
’f »f 1 ’I
1 ’ " ! ’
- 2 PN )
10 :
3
]

1
10% 1031024971 4
1

D.08 B PERIODO DE OBSERYACION (S)

MAXIMO ERROR DE INTERVALO DE TIEMPO (MEIT) PERMITIDO CESIDO
A VARIACIONES DE FASE A LARGO PLAZO COMO UNA FUNCION DEL
PERICDO DE OBBERVACION (8) PARA RELOJ DE REFERENCIA PRIMARIA

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

~
"

+ Elrelojde referenciapn-'mmhébera estar diseflado para "Desviaciones de frecuencia a largo plazo
no mayores de 1 x 10 -11

o La desviacidn de frecuencia a largo plazo de 1 x 10-11 es cerca de dos 6rdenes de magnitud mayor
que la incertidumbre del Tiempo Universal Coordinado (UTC).  Por lo tanto, el UTC deberd ser la
referencia para la desviacién de frecuencia a largo plazo. (Vedse CCIR reporte 898).

+ Para cumplir con 10 antenor se reguiere que los relojes de referencia primarios sean construidos con
tecnologia de Haz de Cesio.

4.3.3 Estabilidad de fase.

+ Puede describirse por sus .vanaciones de fase que a2 su vez se dividen en un cierto nimero de
componentes a saber: .

a) Discontinuidades de fase, debido a penurbaciones transitorias.

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

¢) Vanaciones de fase a corto plazo también conocido como fluctuacion de fase (Jitter).

4.3.3a Descontinuidad de fase.

« Debido a gue elllos nodo(s) de referencia pimanos necesitan una fiabilidad muy alta, s@
requ£8 re& equipe duplicado o inplicado a fin de asegurar la continuidad de salida.  Sin
embargo, toda conmutacion de un reioj a otro en el nodo de referencia o entre nodos de referencia
primarios no debera causar mas que un alargamiento o acortamiento de la anchura del intervalo de
la sefal de temponzacion y no causara ena discontinuidad superior a 1/8 del intervalo unitarioc a la
salida del relo). Asi, si. la sefial de salida es de 2.048 KHz., 1a discontinuidad de fase no debera ser
superior a 61.07 nseg.

4.3.3b Variaciones de fase a largo plazo.

o La varacién 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.

14



4.4 Caracterizacion de los reicjes subordinados (Relojes tipo Il y lIf).

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

» ElIMERIT es analogo al MEIT definido en el inciso 4.3.1 de este documento, pero estd referido a un
oscilador practico de aita calidad en vez gel UTC.

4.4-.2 Estabilidad de fase.

« Puede descnbirse por sus variaciones de fase que a su vez se dividen en yn cierto namero de
componentes a saber,

a) Discontinuidad de fase, Debido a perturbaciones transitorias.

b) Variaciones de fase a largo plazo. Comprende |a flucluacidon lenta de fase (Wander) y la
desviacion integrada de frecuencia.

c} Vanaciones de fase a cortc plazo. También conocido como fluctuacién de fase (Jitter).

4.4.2a Discontinuidad de fase.

e En los casos, infrecuentes de comprobacion 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'! |U, |a variacién de fase para cada intervalo 62" U, no debers
excederse 1/8 de U, hasta un total de 1pseg.

Donde el valor IU es el inverso de |a vetocidad binana.

4.4.2b Variaciones de fase a largo plazo.

+  Considerando que la estabilidad de fase de los reiojes subordinados deben tomar en cuenta su
entomo real, es necesario especificar las categorias de funcionamiento del reloj, que pedemos clasificar
como:

i) Ideal
il Forzado
i) Mantemdo.

/)
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4.4.2.bi Funcionamiento ideal,

» Esta categoria de funcionamiento refleja el comportamiento de un reloj en condiciones en que no
existen degradaciones de la o las referencias de entrada.

» EI MERIT a ia salida del reloj sutordinado no debe en ningun periodo de S segundos, exceder |os
siguientes limiles:

130.05<8 <100
2) 1000 nseg para S > 100

. La especificacion global se muestra en la fig 4 4 2b

nSeg.
MERIT 104

107

10 2— o

10

EN EBTULIO

-t
AY

1 o1

101

R T 8
10102 1021071 1 10t 102 107 10% 10% 10% 107 10? seg

: PERIODC DE OBSERVACION (S}

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

DE CBSERVACION (S) PARA RELOJES ESCLAVOS BAJO CONDICIONES
DE OPERACION IDEALES,

FIGURA 4.4.2.b.|



4.4.2.bii Funcionamiento forzado.

+ Esta categoria de funcionamiento refleja el comportamiento real de un reloj considerando la
influencia de 1as condiciones reales (forzadas) de funcionamiento. Las condiciones forzadas incluyen
los efectos de la fluctuacion de fase, tas aclividades de conmutacién de proteccién, las rafagas de
errores.

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

4.4.2.biii Funcionamiento mantenido.

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

« EIMERIT a la salida de! reloj subordinade no debe, en ningun periodo de S segundos, exceder los
siguientes limites: :

« {(aS+ bS+c) nseg.para$ 100

+ Donde las variables a, b y ¢ toman los valores indicados en la tabla 4.4.2.biii

TABLA 4.4.2.b.1ll |
‘ : ! .
. VARIABLE RELOJ DE TRANSITO .  RELOJ LOCAL °
| : i
| a , 0.5 | 10 @
1 | H
H t N
| b 1.16x10°  (2)] 2.3x107% (3)]
| : .
! i |
| ¢ : 1000 (5)] 1000  (6)]

NOTAS:
(1) CORRESPONDE A UN DESPLAZAMIENTO DE FRECUENCIA INICIAL DE 5x10°10

(2) CORRESPONDE A UN DERIVA DE FRECUENCIA DE 1X109Dla.

(3) CORRESPONDE A UN DESPLAZAMIENTO DE FRECUENCIA INICIAL DE 1x16°8

(4) CORRESPONDE A UNA DERIVA DE FRECUENCIA DE 2x10°8

(5) EFECTO DE LA TEMPERATURA.

(6) TIENE EN CUENTA CUALQUIER MER!IT QUE PUEDA HABER EX!ISTIDO AL
COMIENZO DEL FUNCIONAMIENTO “MANTENIDO" Y LOS EFECTOS DE LA
RECONFIGURACION INTERNA.(Y DE LA DISTRIBUCION DE LA TEMPORIZACICN)
EN CUALQUIER CASO,ES NECESARIO UNA TRANSICION GRADUAL ENTRE EL
FUNCIONAMIENTO *IDEAL" Y EL "MANTENIDQ",

17



+ La especificacion global resuitante se resume en |a figura 4.4 2.biii.

nSeg.

108

MERIT [ | ' ] /] /
107 I I / | !
|

105

L /o
‘AELCJ LOCAL I |
/. I

10

103 :

2 -1 1 2 3 4 - 8 7 8 )
10 10 10 10 10 18 10 10 10 10 10 10 Seg.
PERIODO DE CBSERVACION (S)

MERIT ADMISIBLE DEBIDO A LAS VARIACIONES DE FASE A LARGO PLAZO
EN FUNCION DEL PERIODO DE OBSERVACION (8) PARA UN RELCJ
SUBCRDINADO EN FUNCIONAMIENTO MANTENIDO.

FIGURA 4.4.2.b,iii



4.5 Fluctuacidn de fase (FF) y fluctuacion lenta de fase (FLF).

La fluctuacién de fase comprende la fluctuacién de fase (Jitter) y fluctuacidn lenta de fase (Wander).

4.5.1 Limites de fluctuacién de fase FF en redes digitales.

En la tabla 4.5.1 se muestran los niveles maximos admisibles de la fluctuacion 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 requendo.

TABLA 4.5.1
LIMITE DE RED ANCHURA DE BANDA DEL
VALOR DEL FILTRO DE MEDICION
PARAMETRO FILTRO PASABANDA CON UNA
B1 B2 FRECUENCIA DE CORTE
INFERIOR 11 013 Y UNA
Wep Wpp | FREC.DE CORTE SUPERIOR 14
VELOCIDAD BINARIA _
(XBPS) 1 .14 13 . 14 11 (Hz) | 13 (KHZ) | 14 (KHz)
84 0.25 0.08 20 3 20
2048 1.5 0.2 20 18 100
8448 1.5 0.2 20 3 400
34358 1.8 0.18 100 10 800
139264 1.8 0.075 200 10 3500

IU = INTERVALO UNITARIO, TOMA LOS SIGUIENTES VALORES :

PARA 64 KBPS, 1lU=18.6mlicro seg.
PARA 2048 KBPS, 1!/U=488nseg
PARA 8448 KBPS, 1lU=118nseg
PARA 34368 KBPS, 1lU=25.1nseg.
PARA 139,264 KBPS, 1/U=7.18nseg.



+ E! montqje para la 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 filtros asociados a los aparatos de medida deben tener un
régimen de decremento de 20Db/decada. La recomendacion 0.171 describe con detaile el aparato de
medida.

..........................................................

: INTERVALCS
5 FILTRO PABA- | JUNITARIOS
5 BANDA -
5 FRECUENCIA DE :
. | oeTEcTon CORTE 1y 4 ! AMPLITUD DE
' LA FF.MEDIDA
LT FILTRO PASBA: :
BANDA 5
FRECUENCLA DE » B2
INTERFAZ CORTEf3yM | | INTERVALOS
UNITARICS
GERARQUCO |
O ACCESO
DE BALIDA

DE EQUIPQ.
' CIRCUITO PARA LA MECICION DE LA FR.PROCEDENTE
DE UN INTERFAZ JERARQUICO O DE UN ACCESBO
DE BALIDA DE EQUIPO.

FIGURA 4.5.1

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

« El limite de red maximo para FLF en todas las interfaces jerdrquicas no se tiene definido estos
valores, dependen basicamente de Ias caracteristicas del medio de transmisién y del envejecimiento
de los circuitos de! reloj de ia central,

¢ Los accesos de entrada deben tolerar 1a FLF de acuerdo con fos requerimientos de la tolerancia de
entrada indicada en el inciso (3.1.1 Rec. Rev. Doc. 170682).

+ Para interfaces en nodos de red, |os siguientes limites son aplicables,

« El MTIE (Rec. G.811) sobre un pen6do de S segundos, no debera exceder los siguientes valores:

1) S < 10* seq.
2) 107" S seg + 10pseq.
 La especificacién completa se ilustra en la figura  4.5.2 (Fig. 2/G.823).

* Nota: El MTIE total de 1Quseg adicional al tiempo promedio, puede s6lo ocurrir en {a salida del
ultimo nodo en la cadena de nodos.
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PARICOO OX OB8KRVACION (3)

MAXIMO ERROR DE INTERYALD D TIRMPO (MEIT) PERMMDO
YERBUS PERICOC DB CBEERVACION (B) PARA LA BALIDA
D UN NODO DN RED.

4.5.3 Limites de fluctuacién de fase en equipo digital.

e Para equipos digitales ‘individuales tales como multiplexores, regeneradores radios digitales, etc. es
necesario especificar la calidad de funcionamiento respecto a la fluctuacion de fase (FF) de tres
maneras: -

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

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

3. Caracteristicas de transferencia de la fluctuacion de fase, ver 4.5.3.3.
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4.5.3.1 Tolerancia de fluctuacién de fase en los accesos de entradas digitales.

Por conveniencia para su medicién. |a tolerancia de FF y FLF requerida se define en funcién de la
amplitud y ia frecuencia de una FF sinusoidal que, al modular una seflal de prueba, no causa una
degradacién apreciable del funcicnamiento del equipo.  Asi pues, todos los accesos de entrada
digitat de los equipos deben estar en condiciones de tolerar una sefial digital cuyas caracteristicas
eléctricas cumplen la Rec. G.703 pero modulada por una FLF sinuscidal que tiene una relacion
amplitud frecuencia definida en la figura 4.5.3.1 y en ia tabla 4.5.3.1.

Lo anterior debe cumplirse cualquiera que sea el contenido de informacién de 1a sefal digital. Para
pruebas, el contemdo binario equivalente de la sefial modulada por la FF debe ser una frecuencia
binaria seudoaieatora como se indica en tatabla 4 5 3.1.

AMPLITUD DE LA
FFY FLF
(ESCALA LOG.)

W A
F

CARACTERISTICA DE UN
ALINEADOR DE TRAMA TIPICO

. PENDIENTE EQUIVALENTE A
-, 20 dB/DECADA

FRECUENCIA DE LA FF.
(ESC.LOG)

LIMITE INFERIOR DE LA FF, Y FLF MAXIMA TOLERABLE.
FIQURA 4.5.3.1
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TABLA 4.5.3.1

AMPLITUD
VELO- FRECUENCIA SENAL DE
CIDAD N pp FLF. FF. PRUEBA
BINARLA - = | PSEUDO-
(KBPS) Ao | Ayl Ayl A2 19| to |19| g | # 12 13 14| ALEATORIA
Hz | Hz Mz} Hz |Hz | KHz KHz | KHz
64 1.15 | * |0.25 |0.05 * ) . 0.6 3 20 211
— 12 5 ) (Rec.0.152)
2048 9l o1, | 1% hear10o.01|1667 24 18 215,
(18pS)| »* x b s w20 Loy (700H2) 100 (Rec. 0.151)
L : .
8443 :825 « |15 02|10 . - + |20 0.4 3 ape] 2"
21;16) (10.7) | (B0} (Rec. 0.151)
34308 23.
“ws) - 1.5 (0.15 - bl ® - 100 1 10 800 2 1
(s) (Rec. 0.151)
130264 | 20 |15 075 | e . « | + 1200 | 05 10 |asod 2234
(18US) (Rec. 0.151)

* : VALORES EN ESTUDIO.

* ; ESTOS VALORES NO SE UTILIZAN CUANDO EL ENLACE TRANSPORTA SENAL DE SINCRONIZACION
RJ : INTERVALO UNITARKO

PARA INTERFACES, EN REDES NACIONALES LOS VALORES EN PARENTESIS PARA K, Y F4,PUEDEN SER

UTILIZADQOS,

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 tr
de justificacion, son transparentes a estos campics de fase g

ansmisién, tales como sistemma de linea digital y muidex sincronos que utilizan técnicas

e muy baja frecuencia.  Sin embargo,

es necesano admitir |a FLF en fa entrada de cienos equipos (Por ejempio conmutadores digitales y
MULDEX sincronos)

. A diferencia de la parte de la plantilla contenida entre {1y f4 y que reflejan la FF méxima pemisible
en una red digital, [a parte de Ia plantiia
admisible que puede producirse en la practica.

astablece de forma que, en caso necesano, el valor de el nivel de almacenamiento de

a bajo de 1, no esta destina a representar la FLF maxima

Por debajo de la frecuencia f1, 1a plantilla se

la memona a

la entrada ¢e un equipo, faclite ta admision de la FLF generada en una gran proporcién de

conexiones reaies.

« Una entrada gque sincroniza a un nodo y otro que no sin
respectivas tempeonzaciones de el mismo reloj de referencia, pero sobre diferentes
a desviacién con fase opuesta.

pueden por lo tanto, en un caso exiremo tener un
desviacion de fase refativa maxima es de 18useg , 1a cual debe ser absorbida por el equipo.

s Un intervalo corto inverso de
intema de el equipo terminal después de la ocurrencia de un
con el objeto de prevenir tales

causar otro deshizamienio.

disefiado con una histéresis adecuada para este fenomeno.
18 microsegundos

croniza e nodo, pueden denvar sus
trayectorias, y
La esperada

| TIE relativo entre la sedal de entrada y la sefial de temporizacion
deshzamiento controlado, no debe
deslizamientos, el equipo debe ser
Esta histéresis debe ser al menos de
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.4.5.3.2 Fluctuacion de fase maxima a la salida en ausencia de una fluctuacion de fase a la

entrada.

e Es necesario limitar el nivel de la FF; producida dentro de los difer’eqtes equipos. En las
recomendaciones sobre sistemas especificos se definen los niveles maximos de FF que pgeden
generarse en ausencia de una ff a |a entrada. Los limites efectiyos aphca}dos dependen dgl 't|po de
equipo y deberan respetarse cualquiera que sea el contenidq de informacién (_je ia sefal digital. En
cualquier caso, los limites no sobrepasan nunca el limite maximo de red permiido (ver 1abla 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 la fluctuacién de fase se define como e! valor de la ganancia de la FF
versus, 1a frecuencia de la FF donde la ganacia es ia razon de el valor de entrada y ei valor de salida
de ia amplitud de la FF para una tasa de bit's dado. Cuando la FF esta presente en ei puerto de
entrada del equipo digital, en muchos cascs, algunas partes de la FF se transmite a el
correspondiente puerto de salida digital. Muchos tipos de equipo digital atenuan inherentemente los
componenies de la FF de frecuencia elevada presentes a la entrada.

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

Lafigura 4.5.3.3 muestra la plantilla general de ias caracteristicas de transferencia de la FF.

GANANCIA

DE FF. ‘(ns)

x 7////7////////////////4 20 DB/DECADA

7, 5

ot 7
7
7
7
7,
L (Pr277277
. FRECUENCLA DE FF.
{ 1 f { -
t (Hz)
s e '7 (ESC. LOG.)

CARACTERISTICA TIPICA DE TRANSFERENCIA
DE FLUCTUACICN DE FASE

FIGURA 4.6.3.3
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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
necesarnoc controlar la fluctuacion de fase producida por 10s sistemas de transmision.

+ Los limites de la fluctuacidn de fase para las secciones digitales se dan en la Rec. G.921 ( ¢7/7-1) en
estas se incluye lo sigutente”

Tolerancia.

« Limite inferior de ta fluctuacién de fase admisible a la entrada.  Se deben satisfacer (0s requisitos
especificagos en lafig. 4.5.3.1 yiatabla 453.1.

Funcién de transferencia.

e Caracteristicas de transferencia ce la fluctuacién de fase. La ganancia maxima de la funcidn de
transferencia de la ff no debera ser supenor a 1dB

. FF Generada.

+ Fluctuacion de fase a ta salida en ausencia de fluctuacidn de fase a la entrada. La fluctuacion de

fase maxima pico a pico. en ausencia de fluctuacidn de fase a la entrada, para cualquier condicién
valida de la sefial, no deberd exceder del limite indicado en I3 tabla 4.5.4

TABLA 4.5.4
FE MAVIMA A LA SALIDA ' ANCHURA DE BANDA DEL
VELOCIDAD | LONGITUD SECCICN DIGITAL NO FILTRC PASABANDA
BINARIA ! DE LA I ERIOR A LA DE LA CON UNA FRECUENCIA
| S.D.FR. i DE CORTE INFERIOR #1
l O 13 Y UNA ERECUENCIA
U
(KBPS) | (Kem) , PP DE CORTE SUPERIOR f4
LIMITE DE LIMITE DE \ | f ’
| BAJA ALTA 1 l 3 4
| FRECUENCIA . FRECUENCIA Mz) | (KHz) | (KH2)
l (*1.14) | (314 il
|18
2048 50 0.75 0.2 20| ooHz | 190
8448 | 50 0.75 | 0.2 20 3 400
E . {80Y
| .
243e8 50 0.75 0.15 100 10 800
t |
34388 280 0.75 | 0.15 100 10 800
i ' : |
139264 | 280 0.75 0.075 ll 200 | 10 2500
H |

5.D.F.R.:SECCION DIGITAL FICTICIA DE REFERENCIA.
U :INTERVALO UNITARIO,
FF..:FLUCTUACICN DE FASE.

FF MAXiMA A LA SALIDA EN AUSENCIA DE FF A LA ENTRADA,
PARA LONGITUDES DE SECCION DIGITAL NO SUPERICRES A LA S.D.F.R.
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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

- 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 senal de temporizaciin

A cyclic signal used to control the timing of operations.

6002 timing recovery [timing extraction|

o récupération du rvthme ,
S: recuperacion de la temporizacion [extraccion de la temporizacion]

The derivation of a timing signal from a received signal.

6003 retiming

F: réajustement du rpthme
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

I crénean tempuorel fintervalle de temps]
S: intervalo de nempo [sector de tiempo, 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

Foousochrane

N, isdcrono

The essential characteristic of a tume-scale or a signal such that the time intervals between consccutive
stgnificant anstants either have the same duration or durations that are integral multiples of the shortest
duration

NOTE - In practice. vaniations 1n the time intervals are constrained within specified himits,

6015 anisochronous

I°: anisochrone
S, unisdcronao

The essential charactenstic of a8 time-scale or a signal- such that the time ntervals between consecutive
signilicant mstants do not necessanily have the same durution or durattons that are mtegral multiples of the
shortest duration

6016 synchronous [mesochronous]j

F: synchrone {mésochrone]
S: sincrono [{mesécrono)

The essential characteristic of time-scales or signals such that their corresponding significant instants occur
at precisely the same average rale

NOTE - The timmg relationship between corresponding significant instants uvsually varies between
specitied limits

———



MULTIPLEXORES PDH
DEFINICIONES

6019 plesiochronous

o plésiochrone
S: plestderono

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 specificd limits.

NOTLS

1 Two signals having the same nominal digit rate, but not stemming from the same clock or
homochronous clocks, are usually plesiochronous

2 There is no hunit to the time relationship between corresponding stgnificant instants,
6020 heterochronous

f: hétérochrone
S: heterdcrono

The essential characteristic of time-scales or signals such that their corresponding significant instants occur
at different nominal rates.

NOTES

] Two signals having different nominal digit rates, and not stemming (rom the same clock or from
homochronous clocks are usually heterochronous

2 Terms 6014 to 6020 are based on the following Greek roots:

50 = equal

homo = same

plesio = near

hetere = different.

10



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 “i" 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 VIOLACION PRESEDENTE Y NO ES UNA VIOLACION POR S I MISMA.

11



MULTIPLEXORES PDH
DEFINICIONES

CODIGO HDB3

VENTAIJAS:

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 A1 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 <> >« >« > >« >« >

Level Ap -

Level Aq ' L.
T T T1818870-9
4g>42>
< T > < T >

FIGURE 18/G.703
Example of CMI coded binary signal
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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 TIEMPO DE UTILIZACION DEL MEDIO DE TRANSMISION PARA
ENVIAR EN CADA INTERVALO DE TIEMPQO LA INFORMACION DE UNO DE LOS CANALES A MULTIPLEXAR

1.OS MULTIPLEXORES PDH SON DEL TIPO TDM REALIZANDO LA MULTIPLEXACION DE BIT A BIT DE CADA UNO DE
L.OS 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 VIDEO U OTROS.



MULTIPLEXORES PDH

JERARQUIAS

velocidades binarias jeraraquia (kbit/s) para redes con la jeraruia digjtal
basada en un primer orden de:

Nivel de Jeringuia Digital 1 544K bit /s 2048K bit/s
1 1544 2048
2 6312 8443
3 32064 ; 44736 34368
4 97718 139264




MULTIPLEXORES PDH
JERARQUIAS

JERARQUIA DIGITAL PLESIOCRONA JERARQUIA DIGITAL SINCRONA

Bpazinaii "Ei—":ﬁ.‘" L o) ’_E_."- "'5.2"‘“:::.:?:553.55




MULTIPLEXORES PDH
NIVELES JERARQUICOS A ZMEB/S

~ A

Videocon feran-
cing M. 120,
R

Volce 1—
and/or
64/320/384 30
kit

PCM multiplax
G 732 G.705,
< ra8

Digrat exchange
G.7058, Q.511,
as1z

Baslc
tupeIgraun
(312 BB2 =Hzx)

Transrmultipiex
G 793

Transoodar
G.781

Diigitml circulr
multiplication
awpment
G.763

Volce

PCM multiolex
G 748

Digltal exshange
G705 s

prm

Digital section/
Hine system
G.AZ21. G.O52.
G.a%4, G.958

Digital zoction/
line system
G.B2Y, G.952,
Q.954, G.956

Qugial sectuon/
line systam
G.921, G OG54,
G.O56

Hilersrahiaal kit rates for

Chgital multtiplax
G.736

B4/320/3B4 kbritls
1

o

Lo

Exnternal access -

G.737. G.738

tntertece G.703

Diglral multiplex
G. 747, G.74%

interfece G, 703

Digitel multipten
G.76%, (3.763

Digital multiplex
G.761, G.764

FIQURE 2/G.702

aytworks with the digital hiernrshy
bmsed om the flret loevel BK rate of 2048 kbiy's

Higrarchicst

bit rate
kbiv/s

54

2043

3448

343638

139764

leval

TIASTTIL-BR
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MULTIPLEXORES PDH
NIVELES JERARQUICOS A 1.5MB/S

-

Videroconferen-

e ———— e b

clng H.720,
130

PCM multiplex

-

G.733

ADPCM multl-
plex G.774

volca
24—
V=
Volce H
£ 1]
Beulc 1
Group B
- J—

G. 764

(B0-108 hHr)

_{

Transcodar
G.7a2

Digltal elrcuit
multipiicartion
squinment

< 7813

Digital Line
systam G951,
G.9EG -

Valce

PCM multiphex
G.748

Digital axchanges
G.706, Q611

Digital lne
aystem G B85,
G 955

Digital IIne

Digltal multiplas
.73

Digla) multiplex
G.7/43

ifntarfaca G,703

sysremn G.9s56

Chgl Hhe
systom 3 B3,
86

1= 97723
interface G703

FIOURE 1/G.702

Hisrarchical bt rates for networks whh the digiial hisrurehy

based om the fret lovsl bt rate of [ 544 kbit/s

intertace G.7

Interface G703

Hirrarchical

Oiglral line
systarm G 953,
G 966

tavel
64 3
1544 1
6312 2
44738 3
4
TI80FPTil-ar
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MULTIPLEXORES PDH
MULTIPLEXOR DE PRIMER ORDEN

SN
MULTIPLEX MIC DE PRIMER ORDEN 2048Kbit/s.
ESTE EQUIPO MULTIPLEXA 30 SENAL kS, SENALES DE VOZ MODULADAS MEDIANTE TECNICA MIC (PCM) O DATOS

EMPAQUETADOS A 64KB/S O NXO64KBIT/S, FORMANDO UNA TRAMA DE 30 INTERVALOS DE TIEMPO AL QUE SE LE
ANADEN UN INTERVALO MAS PARA SINCRONIA Y UNO MAS PARA SENALIZACION.

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 . HDB3

ATENUACION ADMISIBLE A LA ENTRADA A 1024Kbit/s 6dB

20



: MULTIPLEXORES PDH
MULTIPLEXOR DE PRIMER ORDEN

= .
ISDN set
POTS set P

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

) v.28 V.28
~ 19.2k | 19.2k
| —> —_—
G.703 2 Mbit/s © 2Mbivs | G.703
62KD G.703  Transport G.703 P | 6akb
| — —
V.36, | V.36
N x 64kb; | Nx64kb

22



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 (11 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. A

24



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.

LLAS 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
LLOS COMPONENTES DE MUY BAJA FRECUENCIA .

25



MULTIPLEXORES PDH
INTRODUCCION

R
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 AIS INDICA QUE UN DEFEC;FO HA S1IDO 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.

26



MULTIPLEXORES PDH
INTRODUCCION

A S
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;:

> LOSBITS DE MARCA QUE CORRESPONDEN A LA PALABRA DE ALINEAMINETO DE TRAMA.

> 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 S2,
S3 Y S4 CONTIENEN LOS BITS DE CONTROL DE JUSTIFICACION, ADEMAS EN EL SECTOR $4 SE UBICAN LOS BITS DE

JUSTIFICACION.



- MULTIPLEXORES PDH

Buffer
memory

Read

) command
Write

command

DE-
MULTI-
PLEXER

Write Writing disabled

timing on justification
recognition

—> ‘

Recover liming frequency fFe

-~

\

|

Justificati
on
recogniti

en

VCXO

Phase comparator

Low-pass
filler
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MULTIPLEXORES PDH

Reading

disabled

justification

on

—
—1
Write Read
command ™ command
{Fe} ]
— F Mo
e
L. _J

Buffer memory

{Phose comparatgr <

ﬂ Jusiification

[\ Read
timing

command

Justification request

authonsation '

MmuXx

29



MULTIPLEXORES PDH
JERARQUIA MULTIPLEXORES 2MB/S

R
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 DEMULTIPLEXA UNA SENAL DE 8448Kbit/s EN 4 SENALES AFLUENTES DE

139264Kbit/s.
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MULTIPLEXORES PDH
MULTIPLEXORES DE SEGUNDO ORDEN

R
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
COMPORTAMIENTO DE ERRORES

4
2048 Kbit/S +/- 50 x 10
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 '
HDB3
6dB

CONFORME A REC. G.823
CONFORME A REC G.821.
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MULTIPLEXORES PDH
MULTIPLEXORES DE SEGUNDO ORDEN

ESTRUCTURA DE TRAMA bits dentro de

8448Kbit/s ia trama
SECTOR S1 Bits 1 a 212
Palabra de alineamiento de trama (1111010000} 1a10
Bits de resena 11y 12*
Bits de los flujos de entrada 13 a 212
SECTOR 52 213 a 424
Bits de control de Justificacién 1a4
Bits de los flujos de entrada 5a212
SECTOR S3 425 a 636
Bits de control de Justificacion 1a4
Bits de los flujos de entrada 5a212
SECTOR 54 ‘ 637 a 848
Bits de control de Justificacién 1a4
Bits de Justificacion de los fiujos de entrada 5a8
Bits de los fiujos de entrada 9az2i12
Longitud de trama 848
cantidad de bits por flujo de entrada por trama 206
maxima velocidad de justificacion por flujo 9.962Kbit/s
de entrada (una justificacién 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 alarma,

Bit No 12 esta 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)

-

r

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 symmetrical pair
(see § 6.4)

One coaxial pair
(see § 6.4)

Test load impedance

75 ohms resistive 120 ohms resistive

Nominal peak voltage of a mark (pulse) 237V v

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 (.95 to 1.05
Ratio of the widths of positive and negative pulses at the .

nominal half amplitude 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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- MULTIPLEXORES PDH
MULTIPLEXORES DE SEGUNDO ORDEN

Nominal pulse

{244 + 244)
Note - V corresponds to the nominal peak value

3 //////////////// 7/////////////%
(¢ O ////f/// . L %02
$ A /// A /%/////// /
/: /
s,_om .ﬁow //// /N
%o %01 N _..%.%.P. %_
5 £ ”
W

T1818840-9

FIGURE 15/G.703
Mask of the pulse at the 2048 kbit/s interface
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MULTIPLEXORES PDH

MULTIPLEXORES DE SEGUNDO ORDEN

TABLA 2/G.742 CONDICIONES DE FALLA Y ACCIONES CONSECUENTES

Acciones consecucntes
Aplicacién de AIS
Generuacion de Enel
idicacion de intervalo de
alarma pam Generacion de Para todas tiempo de la
mantemimient o | Indicacion de alarma al las A lasehal sefial
Parte del Equipo Condicién de Falla inmediato multiplexotr remoto | tributarias { compuesta | compuesta
Multiplexor Falla de Fuente de Side ser Side ser
Demult iplexor Alimenlacidén Si préctico prictico
Multiplexor Péndida de la sefial de
solamente entrada de tributario Si Si
Pénlida de senal de ent rada
a 8448Kbit /s Si Si Si
Perdida de a sefal de
alineamient o 5i St Si
Indicacion de alarma
Demultiplexor recibida desde el equipo
solamente multiplexor remot o 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

34368Kbitss.

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 106
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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MULTIPLEXORES PDH
MULTIPLEXOR TERCER ORDEN

ESTRUCTURA DE TRAMA

bits dentro d -

34368Kbit/s la trama
—M | 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 a 768
Bits de control de Justificacion 1a4
Bits de los flujos de entrada 5a 384
SECTOR S3 769 a 1152
Bits de control de Justificacion 1a4
Bits de los flujos de entrada 5a 384
SECTOR S4 1153 a 1536
Bits de control de Justificacion 1a4
Bits de Justificacion de los flujos de entrada 5as8
Bits de los flyjos de entrada 9 a 384
Longitud de trama 1536
cantidad de bits por fluyjo de entrada por trama 378
maxima velocidad de justificacion por flujo 22375Kbit/s
de entrada (una justificacién por trama)
Frecuencia de solicitud de justificacién a 0.436
maxima justificacién
Bit No 11 se utiliza para transmitir una indicacion 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.
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MULTIPLEXORES PDH
MULTIPLEXOR TERCER ORDEN

TABLE 7/G.703

Pulse shape
(nominally rectangutar)

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

the nominal half amplitude

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

Maximum peak-to-peak jitter at an output port

Refer to § 2 of Recommendation G.823
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MULTIPLEXORES PDH
MULTIPLEXOR TERCER ORDEN

o (59 + 10y i
Vv _um» Al _
RIS T
2.370 H-,‘?.;Iw U 5111 OO . %
BRIFSEE BEe LS %
T ¥ % 2 ’//;///’///////'/'//'ﬁm ‘*% Nominal puls
%//é % 59 ns H
1.185 ' //4/2 ﬁ Z%/
gl W
// | ‘% (539 0
, // -
h-:////////j// % 100 ns
o| § N D (58 + 41) 7
%; %A; R
_o';;/ %Q
%//‘///////////}////}7//////,» %O -
i 118 ns
(59 + 59)

T1818850-92

FIGURE 16/G.703
Pulse mask at the 8448-kbit/s interface
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MULTIPLEXORES PDH
MULTIPLEXORTERCER ORDEN

TABLA 2/G.753 CONDICIONES DE FALLA Y ACCIONES CONSECUENTES

Acciones consecuent es

Aplicacion de AIS
Generacion de | Generacidn Enel
idicacidn de  jde Indicacion mtervalo de
alarma para | dealarmmaal | Para todas tiempo de la
mantentmiento] multiplexor las A la sefial senal
Parte del Equipo  |Condicidn de Falla inmediato remot o tributarias | compuesta | compuesta
Multiplexor Falla de Fuente de Side ser Side ser
Demultiplexor Aliment acién Si prictico prictico
Multiplexor Péndida de la seiial de
solamente eri rada de t bt ario Si Si
Pérdida de sefial de
enimda a 34368Kbil/s Si Si Si
Perdida de la seial de
alinearnient o Si Si Si
Indicacion de alarma
recibida desde el
Demultiplexor | ‘equipo multiplexor
solamente remoto .Si Si Si
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MULTIPLEXORES PDH
MULTIPLEXOR CUARTO ORDEN

I S
MULTIPLEX DE 34-140

. ESTE EQU]PO 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 ERRORES

4

34368 Kbit/s. +/- 20 x 108
139264 Kbit/s. +/- 15 x 10
1920,

CONFORME A REC. G 751

CONFORME A G.703
75 Ohms cable Coaxial
HDB?3

12dB

CONFORME A G.703
75 Ohms cable Coaxial
CMI
18dB

CONFORME A REC. G 823
CONFORME A REC (G.821.



MULTIPLEXORES PDH

MULTIPLEXOR CUARTO ORDEN

ESTRUCTURA DE TRAMA

bits dentro de

Longitud de trama

139264 Kbit/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 Justificaciéon tad

Bits de los flujos de entrada 5a488

SECTOR S3 977 a 1464

Bits de control de Justificaciéon 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 5a488

SECTOR S5 1953 a 2440

Bits de control de Justificacidon 1a4

Bits de los flujos de entrada 5a488

SECTOR S6 _ 2441 2928

Bits de control de Justificacién _ 1a4

Bits de Justificacion de los flujos de entrada 5a8

Bits de los flujos de entrada O a488
2928
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- 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)

Test load impedance

75 ohms resistive

nominal half amplitude

Nominal peak voltage of a mark {(pulse) 1.0V

Peak voltage of a space (no pulse) oV i 0.1V
Nominal pulse width 14.55 ns
Ratio of the amplitudes of positive and negative pulses at the 0.95 t0 1.05
center of a pulse interval

Ratio of the widths of pousitive and negative pulses at the 0.95 to 1.05

Maximum peak-to-peak jitter at an outpult port

Refer to § 2 of Recommendation G 823

A
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MULTIPLEXORES PDH
MULTIPLEXOR CUARTO ORDEN

44

ominal pulse
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(14,55 + 14 55)

FIGURE 17/G 703
Pulse mask at the 34 368-kbit/s interface
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MULTIPLEXORES PDH
MULTIPLEXOR CUARTO ORDEN

TABLA 3/G.751 CONDICIONES DE FALLA Y ACCIONES CONSECUENTES

Acciones consecuent es

Aplicacion de AlS
Generacion de Generacion de A la sefial Enel
idiacidn de | Indicacion dealarrna | Entodas las | compuestade | intervalo de
alarmma para en la sefial de tributarias a la | 139264 Kbit/s | tiesnpo de la
M enumento 139264Khit/s al salida del a la sahda del sefal
Pane del Equipo Condicion de Falla inmediato . | multiplexor remoto | demultiplexor | multiplexor | compuesta
M ultiplexor Faila de Fuente de Si de ser S1de ser
Demultiplexor Aliment sion Si prictico prictico
M ultiplexor Pérdida de la senal de
solamente ert rada de tnibut ariv Si Si
Péndida de sefial de entrada
a 139264Kbi/s §i Si 81
Perdida de la sefial de
alincamient o en Ja sefial
139264Kb/s Si Si Si
Indicacién de alamma
recibida desde el equipo
Demultiplexor multiplexor remoto de
solamenie 139264 Kbit/s

Para el multiplexor de 4 tributarias de 34368Kbit/s




MULTIPLEXORES PDH
MULTIPLEXOR CUARTO ORDEN

TABLA 4/G.751 CONDICIONES DE FALLA Y ACCIONES CONSECUENTES

Parte del Equipo

Condicion de Falla

A cciones consecuentes

seneracién de
idicacion de
alumma pary

murd enimient o
inmedinto

Generycion de
Indicacidn de alama
en la sefial de
139264K hit /s al
multiplexor remoto

G eneracidn de
Indicacdion de alarma
cn la senal de
34368kbit/s al
multiplexor remoto

A plicacion de AIS

Enlkxs 16
trilat arias de
8448hit/sala

salida del
demultiplexor

Enlas 4
tributarias de
8448kbit/s a la

salida de?
demultiplexor

A lasdil
compuesta de
139264 Khit/s
a la salica del

mitiplexor

End’
intervalo de
tiempo de ka

seiial
compuesta

M ultiplexor
D emultiplexor

Falla de Foente de
A limentaddn

Si

Si de ser
practico

Si de ser
prictico

M ultiplexor
solamente

Pérdida de 1a sefial de
entrada de tributario

]

D emultiplexor
solamente

Pérdida de sofial de entrada
a 139264Kbit/s

Si

Perdida de la sefial de
alineamiento ¢n Lz seial
139264K s

4]

Si

Indicaci6n de alama
.recibida desde el equipo
muttiplexor remoto de
139264 kbit/s-

Perdida de la sefial de
alineamiento en la seial
34368Kh/fs

s}

A

Indicacién de alama
recihida desde el equipo
mdtiplexor ramoto de
34368 kbitss

Para el multfplexor de l6tributarias de 8448Kbit/s
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- 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

e
LA NECESIDAD DE CONTAR CON:
- UNA MAYOR FLEXIBILIDAD 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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oy UNAM Interfaz V5 empscmoonse
] .

Introduccion

0 ¢ Qué es la interfaz V57?
o Aspéctos Técnicos.
o Resumen y Conclusiones

Junio de 1999 ignacio Ortiz Page 3



ey UNAM Interfaz V5  wemmmoos
Y AR Pib P Bell Labs innovations
P .

L RT PG

¢/, Qué es la interfaz V5?

Junio de 1999 Ignacio Orliz Page 4



| UNAM  Interfaz V5 wmmppoose

Diferencias en la implementacion de V5

Central Local de
Conmutacion

Central Local de | _Interfaz V5 { Red de
Conmutacién L Acceso

RTPC =PSTN
RTPC = Red Telefonica Publica Conmutada
PSTN = Public Switch Telephone Network

Junio de 1999 1gnacio Ortiz Page 5
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Y AN st TR - Beil Labs Innovations

B iF

. Queé es la interface V5?

o Serie de estandares publicados por ETSI/ITU
gue proveén una Interfaz Abierta entre la
Central Local (LE) y la Red de Acceso (AN)

- El AN es dueno del puerto
- EILE es duefio del servicio
o Protocolo basado en Mensajes Digitales

Juniodet99®¢  Ignaio Ortiz Page 6



‘ UNA M Interfaz V5  omugmose ]

:Qué es la interface V5? (cont.)

o- Ofrece Transparencia de Servicios (PSTN e ISDN).
o0 Es independiente del Interfaz de Usuario.

o Es independiente de Ié tecnologia del AN.

o Es independente de la tecnologia o arquitectura
del LE.

Junio de 1999 Ignacio Ortiz ‘ " Page7



i UNAM  Interfaz V5 oispoome

Responsabilidades del AN y LE

AN LE
o Terminacién de Puntas. ° ;rﬁg;s:dr:'_emo y enrutamiento de
o) Puertg Fisico del o Conmutacion
Suscriptor. o Puerto Légico del Subscriptor.
o Pruebas y | o Administrar Servicios
Mantenimiento de la Suplementarios.
Linea.

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

Junio de 1999 Ignacio Ortiz Page 8



i UNAM Interfaz V5 enigmoone

Ejemplo de Registrador de Llamadas

! HM ) '
£ O | pccess D, e |
,‘/Il\\ | A " Network CT _\7§ o Exchange - —-@@
(1) " D (3) charging
| ) T R2/ISUP/TUP

1. Llamada originada a través de una linea PSTN.

2. El AN detecta el flujo de corriente, forma un mensaje digital
V5 indicando la peticion de originacion hacia el LE.

3. El LE determina la razdn de tasacion.

4. El LE transmite la informacion al AN por medio de
mensajes de V5.

5. El AN es responsable de incrementar el contador de
pulsos (utilizando la polaridad correcta). | -

Junio de 1999 Ignacio Ortiz Page 9



UNAM Interfaz V5 tuntrotmotoge

Tipos de Acceso

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

Inala’me

Red de
AN | Acceso

Equipo
Red de Distribucion Red de Acceso Terminal
< » € » <€ >

Junio de 1999 Ignacio Ortiz Page 10




Wy UNAM Interfaz V5  emmmoone
i L., /A '

Estandares V5

Estandares:

oV5.1 (ITU G.964 and ETS 300 324-1)
0 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



o UNAM Interfaz V5 - Lucent Tochnologle:
Ryt _

Comparacion entre V5.1 y V5.2

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

2 1% bloquéo, 0.1 Erlang/Sub, y 4 E1s/Interface V5.2.
b Depende del nimero de canales de comunicacion proveidos.

Junio de 1999 Ignacio Ortiz Page 12
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o 1-16 Els por interfaz V5.2 y 1 El por interfaz V5.1.
o Cada E1 transporta 32 canales.
- 0 TSO es utilizado para sincronizacion.

o De 1 a 3 ranuras de tiempo o canales son reservados
para el control canales. (TS16, TS31, TS1)5)

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 lgnacio Ortiz ) Page 13



W UNAM Interfaz V5  omimmmonse
AT ‘

‘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.

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

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

Junio dewl999 Ignacio Ortiz Page 14



(i UNAM Interfaz V5  emimmone

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)
o Protocolo de Control de Enlace
" 0 Protocolo de Proteccion

Junio de 1999 ignacio Ortiz Page 15



UNAM Interfaz V5 Lucent Yechnologies

V5.2/1E1

V5.2/16Els

Junio de 1999

AN

Ignacio Ortiz Page 16



holin ..:’t;j.' - .‘ . F' ‘ , !
Bl UN WA nter a z l/ ; Lucent Technologies .
A VAT ot A WA < _ Bell Labs innovations

it :\"l':‘ . ’;,;:;:'.

ASPECTOS TECNICOS DE LA
'INTERFAZ V5
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Bell Labs Innovations

Disefio de la Interfaz V5

PSTN

ISDN

Red de
Acceso

/ Interfaz V5 (V5.1 Or V5.2)

Y

- 1-E1 (V5.1)
1-16Els (V5.2)

- 0 Mensages estructurados en 3 capas

-0 Definicion de dos tlpos de canales: Portadores (Bearer)
y de Comunicacion.

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

Junio de 1999

Ignacio Ortiz Page 18
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" Disefio de la interfaz V5 (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 V35 (cont.)

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

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

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

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

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

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

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

— enlace de datos transportador del Protocolo de Conexién de Canal Portador (BCC).
— cada uno de los dos enlaces de datos transportadores del Protocolo de Proteccidn.
— canales-C ldgicos transportadores de uno o mas trayectos de comunicacion.

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

Junio de 1999 ignacio Ortiz . Page 20
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Diseino de la interfaz V5 (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 eléctricas y alineacion de tramas para
una transmision libre de errores, ITU-T G. 703 G.704,

.G.706

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

o Interpretacion y clasificacion de informacion enviad o recivida por los canales-C
utilizando el subprotocolo LAPV5 ei cual:

o 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 informacion V5 al protocolo apropiado de la capa 3)

o 0-8175 - Senalizacién ISDN
o (V5DL-addrs no asignados - informacién procesada en el protocolo LAPD

en la capa 2)
o 8176 - Senalizacién PSTN
o 8177 - Protocolo de Control Comun y Puertos de Usuario
o 8178 - Protocolo BCC .
o 8179 - Protocolo de Proteccion
o 8180 - Protocolo de Control de Enlaces

Junio de 1999

Ignacio Otz Page 22
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Diseifio de la interfaz V35 (cont.)

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

o Basado en la asignacién 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 informacién de sefalizacion LAPD ISDN recibida de la capa
2 es procesada por el estandar Q.931

Junio de 1999 Ignacio Ortiz Page 23
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Software Layers for V5.2

) ‘National
‘ BCC l Protocol
T N
[ Link ] 1o port | |
rovecion| | Sl | | Lcammal [rom]
! ( Layer3
P - Tt T e T
‘ V5 L3 Control (ISDN layer 3)
e B LAPD Layer 2
LAPVS-DL l ’ (regular IDSN} y
EF-address- ‘ EF address for ISDN
e LAPV5-EF
- Layer 1
« F V5 Communication Channel
To Access Network
Junio de 1999 Ignacio Ortiz

Page 24
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Diseino de la interfaz V5 (cont.)

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

Se encuentra subdividida en 5 distintos protocolos

Control del Puerto de Usuario (PSTN y ISDN)
Comun Control ~

Conexion de Canales Portadores (Bearer channels)
Control de Enlace

Proteccion

©O O O O O

Junio de 1999 Ignacio Ortiz Page 25
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Diseiio de la interfaz V5 (cont.)

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

-- procedimiento de bloqueo y desbloqueo para puertos de
usuario PSTN,

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

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

Junio de 1999 Ignacio Oriz . Page 26
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Diseno 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-versala
identificacion de la interfaz V5. A

o0 Se basa en dos mensajes los cuales comunican y
confirman funciones de comun control (no
especificas a un puerto).

Junio de 1999 Ignacio Ortiz Page 27
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Diseio de la interfaz V5 (cont.)

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

o Permite concentracion en la Interfaz V5.2 por medio
de la selecidn y liberacion de ranuras de tlempo en
base a cada llamada.

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

o Se sustenta por medio de once mensages los cuales
comunican y confirman la informacién del Canal
Portador.

Junio de 1999 Ignacio Ortiz . : Page 28
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Mensages BCC AN LE

_ ESTABLISH (off hook)

ESTABLISH ACK

Wi e ——

ALLOCATION

ALLOCATION COMP

DIAL TONE

Junio de 1999 Ignacio Ortiz Page 29
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Diseiio de la interfaz V5 (cont.)

0]

O

©O O O O

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

V5.2. Este protocolo contola:

Estado e Identificacién 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
LLE o el AN.

Procedimiento de desbloqueo del enlace completamente simétrico.
Verificacion 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 Ignacio Ortiz Page 30
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Diseno de la interfaz V5 (cont.)

Protocolo de Proteccion - permite la conmutaciéon de
canales-C logicos hacia diferentes canales-C en un
evento de fallo.

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 primario transporta el Protocolo de
Proteccion.

o Ocho mensages son utilizados para la comunicacion y
reconocimiento de los procedimientos “switch-over” de
‘enlaces.

Junio de 1999 Ignacio Ortiz Page 31
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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 de Interfaz V5 Sincronizado - responsible de la operacié'n 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 comunicacion con su
entidad par en el AN.

Junio de 1999 Ignacio Ortiz Page 32



AT o UN A M I n t e r ﬂ z V5 Lucent I:ﬁl:b;:ﬁ!‘ggtii::

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 comunicacion con su entidad par
enel AN

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

Junio de 1999 ) Ignacio Ortiz Page 33
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PSTN PROTOCOL IMPLEMENTATION

PROTOCOL PSTN - comunica informacién referenta al estado de las
lineas analdgicas 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 terminacién de trayecto.
- ESTABLISH ACK: reconocimiento y ejecucucion de solicitud de accion.

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

establecer condiciones de linea especificas. También podra comunicar el
pulso de un digito o un pulso de tasasidon solicitado.

Junio de 1999 Ignacio Ortiz Page 34&_
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PSTN PROTOCOL (cont.)

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

- DISCONNECT: indica liberacion 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”).

Junio de 1999 [gnacio Ortiz Page 35
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AN LE
A-subscriber
AN5 DIAL TONE LE4
digit M: SIGNAL
[digit]
digit M: SIGNAL
'h [digit]
digit M: SIGNAL
H} [digit]
digit M: SIGNAL
( [digit]

Escenario de Marcacion por Pulsos
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UNAM Interfaz V5  enermmen

AN LE
B-subscriber A-subscriber
AN1 r T TTTole T T T LEt
‘ M ESTABLISH
[cadenced rngng.
nngng type = 0) LE2
M ESTABLISH ACKNOWLEDGE finging tone
ANS
M PROT. PARAMETER |‘Note
|Sigral on haok,
‘ recognilon time duraton ypa )
opcosed |
T
l = M SIGNAL
[stemdy sigral o hook] ’
r’ CONNECTION ]
bpopm Te <T<Tone
Toowraen
Joop closed J M SIGNAL

[pused signal regster recal|

lT"— M SIGNAL
[steady signal on hook]

M. DISCONNECT
[H

LES

M DISCONNECT COMPLETE

}l |
AN1 r—m—laﬁf_- T

e

*Note LE Activates FLASH lor Altl 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 tambi¢n proveedor de
varios productos de Redes de Acceso, de los

- cuales varios implementan interfaces V3.1 y/o
V35.2.
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CONCLUSIONES

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

o Lucent Technologies aprecia y agradece a la
UNAM su invitacion al curso

“Redes Digitales Actualidad y Perspectiva”

Junio de 1999 Ignacio Ortiz Page 39



TTOMITT s i
A

‘ A R PPy g L =" : AP T
) - R -..-.. PR N _ , ; e “ }
[ T T =‘l'1‘.!!.'nn ‘o ' o T yrremny r

FAaCuLTAD DE INGENIERIA U N_A_M.
DIVISION DE EDUCACION CONTINUA

CURSOS ABIERTOS

IX CURSO INTERNACIONAL DE TELECOMUNICACIONES

MODULO IV .

REDES DIGITALES:
“ACTUALIDAD Y PERSPECTIVA”

gt .
ﬁo‘_“
——— ., Ve
¥
it TR
eyt e

—

TEMA .

RED DIGITAL DE SERVICIOS INTEGRADdS

CONFERENCISTA

ING. MA. DEL CARMEN ANGELICA MORENO ARGUELLO
PALACIO DE MINERIA

MAYO 2000

Palacio de Mineria Calle de Tacuba £ Primerpiso )
Telefonos  5512-8855 5512-5121 5521-7335 5521-1887  Fax 5510-0573 5521-4021 AL 25

Deleg Cuauhtémoc 06000 México, O.F, APDO. Postal M-2285



Red Digital de Servicios
Integrados

ANGELICA MORENO ARGUELLO
Junio, 1999




RDSI- ISDN

B ;Qué es una RDSI?
B Ventajas de una RDSI
B Normalizacion en RDSI

B Clasificacién de RDSI

m ; Qué necesitamos para tener una RDSI?




Una Red Dlgltal de Servu:los |
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

Conexion y Configuraciones de Interfases
Usuario- Red.




Antes de RDSI

RDS|




Ventajas que ofrece RDSI

| mMejor funcionamiento y costo
efectivo menor que cualquier red

especial actual.




Ventajas que ofrece RDSI

Continuacion...

-

| mComunicacion mas eficiente y

amplia, esto se refiere a la
posibilidad de emplear terminales
multifuncionales y todos los servicios
en un enchufe comin, una sola linea
y un solo numero para llamada.




Ventajas que ofrece RDSI

Continuacion.

||| mAltas velocidades de

| transmisi()n(64Kbps) para la
mayoria de los servicios de “no
voz”comparados con las de los

sistemas comunmentes disponibles




Después de RDSI

TN : z
| .ﬂ.Telefono Teléfono T

Fax.

|| ll erminal Terminal

e Datos | de Datos C""“‘E




RDSI- ISDN

m ;Qué es una RDSI?

m Ventajas de una RDSI

B Normalizacion en RDSI

m Clasificacion de RDSI

m ;Qué necesitamos para tener una RDSI?

10



Organizaciones de
Estandarizacionen RD S 1

ITU International Telecommimication Union
International Standards Organization

CEPT European Conference of Posts and
Telecommunications Administrations

ETSI European Telecommunications Standards

Institute |
ANSI American National Standards Institute
EIA Electronic Industries Association
BELLCORE Bell Communications Research

11



Normalizacion en RDSI
'sus objetivos principales son:

B “La Normalizacion de los Servicios
Ofrecidos a los Usuarios” Con el fin
de que éstos Servicios sean

Compatibles en el plano Internacional

7




Normalizacion en RDSI
sus objetivos principales son:

| m“La Normalizacién de las Interfases
Usuario-Red” Con el fin de que el
equipo Terminal sea Transportable,
ademads de Facilitar el aspecto del

1NC1SO anterior.

13



Normalizacion en RDSI
sus objetivos principales son:

H“La Normalizacion de las

Capacidades de Red” Con el finde

hacer posible el Interfuncionamiento

Usuario-Red y Red-Red para lograr

los objetivos de los incisos anteriores.




Normalizacion

| m“La Normalizacion de los Servicios
Ofrecidos a los Usuarios”

| m“La Normalizacién de las
Capacidades de Red”

m “La Normalizacion de las Interfases
Usuario-Red”




Clasificacion RDSI

-

m Banda Angosta (Narrowband) Conoeida
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

ésta ofrece servicios mayores a 2Mbps.y
emplea fibra Optica, radio digital 6 coaxial.

16



‘Tipos de Canales en RDSI

| mB Son los canales que estan destmados a -
llevar Informacion

B D Son los canales que estan destmados a
llevar Senalizacion

| ®mH Son canales destinados a llevar
Informacion en sistemas de Banda Ancha

17



Tipos de Canales RDSI

mB 64Kbps

| WD 16Kbps / 64Kbps




Tipos de Canales RDSI

en Banda Angosta

| mHO 384Kbps ~ 6B

mHIl 1536Kbps ~ 24B

m H12 1920Kbps ~ 30B




Tipos de Canales RDSI

en Banda Ancha:

| mH2 30 a 45Mbps
mH21  30,720Kbps
mH22  33,792Kbps
mH32  44,160Kbps

| mH3 60 a 70Mbps

| mH4 120 a 140Mbps

20



Un Canal de 64Kbps permite:

m 64Kbps = 8Kbytes/s = 8000 caracteres/s

B Desplegar una pantalla completa (24
lineas de 80 caracteres cada una) en 0.25

segundos

| ®El contenido de un libro de 200 paginas

puede ser transferido en un minuto.

21



Tipos de Acceso en RDSI

-

BAcceso Basico2B+ D

canal B = 64Kbps y en €ste caso
canal D = 16Kbps

| mAcceso Primario 30B + D

canal B = 64Kbps y en éste caso
canal D = 64Kbps

22
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Grupos Funcionales y Puntos de -

Referencia

R,S,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)

23



. Que se necesita para tener RDSI?

B Red Digital Integrada

'm Sistema de Seiializacién por Canal
Comun

B Conmutacion de Circuitos

| m Conmutacion de Paquetes

24



Red Digital Integrada

B -

Senal

.

Analogica

Senal

Analégica

Senal

Analodgica

Senal
Analdgica

Senal

:\<:E?Kxﬁca
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Red Digital de Servicios Integrados

Senal

@

Digital

Senal

P %
[

Digital

Senal

)
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Modelo RDSI

7

.
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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 Telefénica Existente.

“Tan Simple como hacer una llamada

Presentacidn SRD-MKT-110699
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Accesos a la RDSI
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Conexion de Accesos Basico y Primario

Instalaciones
ISDN-DN (DK1) de abonado _
MSN (DK2) — / Mensajes Q931(16 kbit/s)
MSN (DK3)  TE]

2 hilos

CENTRAL
DIGITAL
S12

okl

Mensajes Q93 1(64 kbit/s)

IPABX PRA =30B +D

IPTM

4
1
% i coaxial
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ALCATEL
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- Puntos de Referencia RDSI

Estandar para el
Fabricante del TA
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Puntos de Referencia RDSI

Punto de Referencia R: esta entre equipo terminal 110-ISDN (TE2) ylin‘ TA.'"

Punto de Referenc1a S: esta entre el equipo de usuarlo ISDN (TEI 0 TA) y el ._
equipo de terminacion de red (NT2 o NT1).

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 mterfaz
usuario-red es comunmente llamada el punto de referencia S/T.

Punto de Referencia U: esta entre el NT1y la central 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.

Presentacion SRD-MKT-110699
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v | Puntos de Referenciay

Arquitectura para el Canal D
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)
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| v | Arquitectura de Protocolos
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ALCATEL

Ejemplo de la RDSI Basica

Interfaz S

Interfaz U

Presentacion SRD-MKT-110699

NTI

Acceso Basico

Instalaciones -
del abonado

Acceso Primario
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| "~ Lalnterfaz S

44@

energia.

El codigo de linea en la mterfaz S “es ‘eli 2B1Q,i el ‘cual es una
variacion del codlgo AMI donde u,n? €1 ’dlgltal es representado por
un nivel de 0V, mlentras que un‘*‘fO” vlgltal es representado por un
pulso, ya sea posmvo o negatlvo.f R

La |mpedanC|a nommal de Ia mterfaz S es de 100 ohms.

Geheralmehte eI bus S es terminado con una resistencia de 100
~ohms en cada par de hilos.

Presentacién SRD-MKT-110699
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v Configuracion de Bus Pasivo Corto
Punto a Multipunto

Maximo 150 metros

Resistores de
terminacion

Maximo 10 -
metros
i -
000 | Maximo 8
- terminales
ISDN ISDN ISDN
TE TE TE

Presentacién SRD-MKT-110699
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v Configuracion de Bus Pasivo Extendido
Punto a Multipunto

Maximo 500 metros Maximo 50 metros

>

Resistores de
NT1 ' terminacion

Maximo 10
metros

00 Maximo 4

terminales
ISDN ISDN
TE TE

Presentacion SRD-MKT-110699
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Configuracion Punto a Punto

Maximo 1000 metros

i;i—‘é&.;ﬂ;ﬁ..:.’&h’.::}ngi\‘m

ek el i b fg
__‘{

ISDN TE
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La Interfaz U

W ‘La interfaz Ues conocida como 2B+D Ia cual contlene 2 canales B
(Bearer) y un -canal D (Delta) y ha sido-disefiada - para operar
‘efectlvamente utlllzando lared.de acceso telefomco emsten_tg. LR

H
s
- . = » e
- :A:? -" . ":? T * !-.)

4 Los canales B’ son utlllzados para cualqmer tlpo de comumcacmn_%
de circuito conmutado tales como: voz, datos conmutados, ,VIdeo,-"
etC. . .- f'- »

% Los canales B son- as:gnados para todo el :tiempo que dura la
Ilamada y cada uno de ellos tlene un ancho de banda de 64 Kbps

ul‘

A 1 € = R % :’ { o
- o~ . P R o _‘r ¢ -
-

% . EI canal D es utilizado prlnmpalmente para senallzaclon aunque ya |
existen aplicaciones como_ el AO/DI - en la cual” trsnaporta
mformacron de usuarlo El canal D tlene un ancho de banda de 16
Kbps Ela S : ,_'; - SR T

K . S : S N .‘ e v

V EI bus U tiene una conﬂguracnon de dos hl|0$ y proporcmna
f-,transmrsron full, duplex . e M At L

i - e o
:- “!“ b -~ s f“"" ¥ = . "“

PRAT
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Ejemplos de Terminadores de Red

NT 1580/IiD4
2 Interfaces So RDSI

N = NT-Twin

- & 2 Interfaces Analdgicas
& g 1 Interfaz So RDSI
l - - ol — “

.

e e

<3,
e
'

1

i
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ALCATEL

Codigo de Linea 4B3T

Presentacion SRD-MKT-110699
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Codigo de Linea 2B1Q

ALCATEL
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ALCATEL

Ejemplos de Codificacion de Linea

i

Codigo AMI

L

Cédigo 4B3T

v 011011000111 0 010
A "

+1

0 [

) | L
v 0-1#1-1410+41000 0 -1
N .

+3

+1 I—

4 J

-3
Y 4 +3+1 3 141 3 43
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Sistema del Bus de Interconexion

) Teléfono
il Analdgico

Teléfono
ISDN

Teléfono con

Magquina Contestadora Fax
Teléfono Modem
inalambric

Presentacidn SRD-MKT-110699
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Videoconferencia de Salén

i »

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

Presentacion SRD-MKT-110699
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v

. . .
. 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-110689

28



Configuracién de Redes de Datos

Server
(Remote Access Server,
branch router, Internet router)

Sucursal

Teléfono

Teléfono

(Remote Access Serve

Movil (PCMCIA)

Presentacién SRD-MKT-110699
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ALCATEL

Respaldo a Lineas Privadas

RDA

Primario
V35, va4,..

PRI/BRI

Server
(Remote Access Server,
branch router, Internet router)

Presentacion SRD-MKT-110699
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A4

| Interconexiéon de LAN a LAN

Oficina Corpg

Oficina Remota

E1/PRI

'._\ s / -"\"
\ ka ' l;“\
RTP/CII‘Q{DSI / \;

/ \ A

o S
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ALCATEL

Acceso Remoto Fijo y Movil

4 Usuario Mévil
Analégico
ISDN BRI
Hogar
( \L\ —
\S]/ ™ ISDN_BRI = Phone !
/ TA/ISDN RS-232 be
Modem ==
Fax

Server

Analdgico

L

(Remote Access Server,
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Modelo de Referencia OSI

1. MODELO DE REFERENCIA OS]

La RDSI ha adoptado un esquema estratificado. basado en el modelo de siete capas de Interconexion
de Sistemas Abtertos (OS]} de la Organizacion Internacional de Normas (ISQ). para los protocolos de
intercambio de informacion dentro v a través de la red [CCITT. 1989b). Este inodelo s¢ mucstra en la Figur:
1 1 La estructuracion en capas. perimute, por un lado, subdividir el probleima global de la implementacion de
protocolos en varias piezas que resultan. obviamente. menos dificiles de realizar que el problema visto como
un todo. ademas de que se obticne. como consecuencia directa. que cada picza sea altamente independiente de
las demas. de tal forma que se puede alterar el funcionarmiento de cualquiera de cllas para aprovechar los
nucvos avances en las (écnicas de programacion o de desarrollo de circurtos sin afectar a las otras capas
[Gallardo & Sanchez. 1992]

Aplicacion |4 . Aplicacion ‘T
Presentacion [* - ™ Presentacién ‘
Sesion ol » Sesion !
Transporte  [* e Transporte ot
Red Bl » Red ‘f
Entace de Datos [« - «---- - ...~ . Eplace de Datos +
Fisica 4 > Fisnlca vt
«-—p» EnlaceLégico —— Enlace Fisico lT Primitivas

Figura 1.1 Modelo de Referencra OS]

Las caracteristicas fundamentales de los esquemas estratificados son la definicion de procedimicnios
estandanzados que permiten ¢l ntercambio l6gico de informacion entre entidiades de un mismo nivel. Ia
creacion de fronteras bien delumnitadas entre 1as capas v Ia posibilidad de miteraccion directa inicamente entre
capas advacentes

Dos cntidades de una misma capa que perienecen a sistemas diferentes en lados opuestos de la
‘terfaz v que deben intercambiar informacion para realizar un objetivo commin se denominan envidades par

- _____________________________________ - -
Rodolfo Castaficda S Pagina 1



Red Digital de Servicios Integrados Modelo de Referencia OSI
e e S _ ]

Cada capa puede estar consutwda por una o vanas entidades que reahzan las funciones requendas
Los mensajes definidos para la comunicacion entre entidades de capas adyacentes. de un mismo sistemna. s¢
conocen como prmutivas de servicto Las primitivas son meramente conceptuales v no estd especificado como
han de realizarse [Gallardo & Sanchez. 1992] Hav cuatro tipos diferentes de primitivas de acucrdo al senudo
en que se transimiten y a la funcién que llevan a cabo: éstas son identificadas con los sigutentes nombres
peticion. indicacion. respuesta v confirmacion Los tipos de primitivas v su direccion s¢ muestran en la Figura
12

Capa N+1
[
Confirmacién Indicacion
pas L
Petcion Respuesta
CapaN ~

Protocolo de
CapaN

pas - punto de acceso al servicio

Figura 1.2. Tipos de primitivas miercambiadas entre capas advacenies

El upo dc primitiva peticton se utihza cuando una capa solicita un servicio a la capa inferior, El upo
de prinuinva mdicacion lo utihza la capa que proporciona un servicio para notificar a la capa superior
cualquier snuacion relacionada con este servicio: generalmente es ¢l resultado de una actividad
descncadenada por una primitnva de tpo peticion en la entidad par. o bien. puede implicar 1a'incapacidad de
la capa infernior para proporcionar ¢l servicio El upo de prismitiva respuesta 10 uliliza una capa para acusar
recibo de una primitiva de tipo indicacion procedente de ta capa infenior. El tipo de prinntnvca confirmacion lo
utihiza ia capa que proporciona un servicio para confirmar que se ha completado la actividad que Ie ha sido
solictitada mediante una pruniuva de trpo peticion

La frontera entre entidades advacentes en un mismo sistema rectbe ¢l nombre de sarerfaz v cuenta
con un profocol de interfaz que opera a través de ella La mierfaz s¢ utiliva para accesar los servicios
prestados por la capa inferior a través de un punio de acceso af servicio (PAS).

.. ______________________________ _______ ]
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Red Dignal de Servicios Integrados Meodelo de Referencia OSI

Cotmo se habia mencionado antes. la comunicacion entre dos entidades del mismo nivel pero de
sistemas distintos. se lleva a cabo por medio de profocolos entre entidades parex. La comumcacion entre
entidades pares se realiza utilizando el protocolo de la capa en cuestion pero son necesarios. para lograrla. los
servicios de las capas infentores Cada capa trata la informacion procedente de La capa superior como un
bloque quc no va a procesar. unicamente a transportar. Al construir una trama de sahda cada capa aniade uno
0 mds campos. que reciben el nombre de encabezado [Terpan. 1993). Estos campos son utilizados para lu
comunicacion con la capa par correspondiente. la cual, al recibir Ia informacion procedente de su capa
ferior, interpreta v retira el encabezado v transmite el resto de la informacton hacia arriba hasta que Ia
informacién onginal de usuario alcanza su destino

Los dos tipos de protocolo descritos anteriormente se muestran en la Figura 1.3,

Protocolo de Capa Par
CapaN +1 B oo o ™M CapaN+ 1
Protocoto -
PAS de Interiaz
s 4 1
Capa N » o Capa N

Figura 1.3. Protocolos de interfaz v de entidades pares en el modelo referencia (351

Hasta el momento. el CCITT/UIT ha definido las capas 1. 2 v 3 para la RDSI. Ias cuales sc
encucntran intimamente asociadas con las capas correspondientes del modelo OSI v su relacion se muestra en
la Figura 1.4. En dicha figura se muestran de una manera separada los protocotos que le corresponden a los
canales By D

Rodolfo Castatieda S. Pigwna 3



Red Digital de Servicios Integrados Modelo de Referencia OSI

Aplicacién
Presentacion| Seaalizacién
de usuanos
Sesidn finales
Transporte
Control de llamaogs X.25 (Estudio X 25
Red 1.451/Q 931 | Nwel de paqueted  posterior) Nrvel ge naguetes
Enlace de Datos, LAP-D {1.441/Q.921) f 465/V.120 LAP-B
Fisica 1.430 Interfaz Basica + | 431 Interfaz Primana
_ . |Conmutacion Sem- Conmutacion
Sefal Paquete Telemetria de Circurtos permanente | de Paquetes
Canal D Canal B

Figura 1.4 Arquitectura de protocolos RDSI para la imterfaz usuario-red

m
Rodolfo Castaficda S. Pigina 4 -



Red Digital de Servicios Integrados Capa Fisica

2. CAPAFISICA DE LA RDSI

La capa fisica RDSI se presenta al usuario como puntos de referencia S o T, Esta capa es la
encargada de todo lo que se refiere a las conexiones eléctricas y mecdnicas. se encarga también de las
funciounes v procedimientos para activar y desactivar las conexiones fisicas Se especifica en las
recomendaciones 1,430 (Acceso basico). ¢ 1.431 (Acceso primano) del CCITT

Las funciones incluidas en la capa fisicas (capa 1 de la OSI) son las siguientes

¢ Codificacion de datos digitales para la transmmsion a traveés de la interfaz

e  Transnusion full-duplex de los ¢anales de datos B

o  Transmision full-duplex de los canales de datos D

¢  Multicanalizacidn de canales para formar la estructura de transmision de acceso basico o
prumario

¢ Activacion y desactivacion del circunto fisico

s  Ahmentacién de energia desde de la terminacién de la red hacia 1a terminal

» Identificacién dc la terminal

s Aislamento de terminaies con fallas

e Acccso de contension al canal D

Los servicios que proporciona a la capa 2 son ios siguientes:

» Capacidad de transmision de los canales B v D. asi como funciones de tlemporizacion v
- SINCronizacion,

e  Procedimientos de activacion/desactivacion de ET y/o TR

e  Arbitraje de accese al canal D de los ET en conexiones multipunto  +

+ Procedimiento y funciones de mantenimiento

s Indicacion a las capas supeniores acerca del estado de la capa |

.. "
Rodolfo Castafieda S. Paging S



Red Digital de Senicios Integrados ) Capa Fisica

2.1. CODIGOS DE LINEA

En la RDSI los datos analégicos o digttales se trasmiten utilizando sefiales digitales Una senal
cigital es una secuencia de pulsos de voltaje transmutidos secuencialmente v s¢ utihiza para representar un
flyjo de datos binarnos.

La seleccion de un codigo de linea para cualquier sisterna de transnmsion €s critico para su
desempefio Esto es particularmente cierto para la Linea Dhgital de Abonado (LD A) del acceso bisico de In
RDSI. En esta aplicacion ¢l codigo de linea afecta a los determinantes del descmipedio del sistema de un modo
crucial. la principal razon es que ¢l codigo de linea es un instrumento para deternnar tanto las caracterisuicas
de transmis10n de las sefiales trasmitidas como de los niveles de mido de diafonia en el extremo cercano que

" se afiaden de ofros pares en ¢l mismo cable. Ademds se requiere que el desempeiio de la LDA tenga una tasa
de crror (BER) del orden de 10~ para 1oda la pianta externa del par metihco.

Para proporcionar accesos basicos de una forma economica la LDA debe de ser utilizada sin
acondicionar la planta externa (es decir sin retirar las dernivaciones v sin redisinibuir los pares).no obstanic los
efectos perniciosos de las derivaciones ¥ los cambios de calibre. Aun mas. no deben asociarse operaciongs
cspeciales de 1ngemeria con las instalacidn de la LDA  Asi. para el Acceso basico de 1a RDSI. unia LDA ucene
que scr utilizada directamente de la planta telefonica existente

Uno de los objetivos de la utilizaci1on de codigos de linea es reducir al maximo la velocidad de la
linea transmtiendo la misma cantidad de informacion. por lo que el codigo que cumpla mejor con las
siguientes caracteristicas serd un codigo adecuado para RDS]

e Transparente a la informacién

s Facilidad para recuperar la seiial de reloj -

=  Evtar (si es posible) la componente de comente continua, asi como la presencia de grandes
cantidades de energia a bajas frecuencias

* Redundancia (descable) para detectar errores en la linea

s  Espectro hmnado en frecuencia para hacer un buen uso de la atenuacion v de la diafonia
{crosstalk) presentada por ¢l par torcido de cobre

« Reduccidn en la velocidad de transtision

e Eficiencia

+  Propagacion minuma de errores

+ Insensibilidad a la permutacion en los cables del par

En la Figura 2.1 se presentan los cédigos de linea utnhzados en sistemas de transnusion del tipo
RDSI. 1 en la Tabla 2-1 sc presentan los formatos de la codificacién dé las seiales digitales

. ____________________________________________________
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Red Dhgital de Servicios Integrados Capa Fisica

1:000010100000000.1.

0
+ : » .
L
. ’ ;
AMI 0 !_\ ﬂ 1_‘ - . .,
- , B = Sciial bipolar vilida
+ V = Violacion bipolar
B8ZS 0 160 0jviBO VB
+
HOB3 0| [ooo[v[ I_|000fV|B°01\i|7
+3 —
+1
2B1Q 0

SR U

Figura 2.1 Codigos de linea

. ______________________________________________ "
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Red Digital de Servicios Integrados Capa Fisica

Tabla 2-1 Definicion de formatos de codificacion de sefiales digriales

Nonreturn to zero (NRZ)
(+ = Nivel alto
1 = Nivel bajo

Bipolar AMI
(' = Ausencia de seilal de linea
1 = Nivel positivo ¢ negativo. alternando para unos sucesivos

Pseudoternaria
0 = Nivel positivo o negattvo. alternando para ceros sucesivos
1 = Ausencia de seiial de linea

BRZS
Es igual que el codigo bipolar excepto que cualquier hilera de ocho ceros consecutivos sc reemplaza
con una hilera que contiene dos violaciones de codigos

HDB3
Es 1gual que ¢l codigo bipolar excepto que cualquier hilera de cuatro ccros consecutivos s¢ reemplaza
con una hilera que contiene una violacién de codigo

2B1Q

Este codigo convierte bloques de dos bits conseculivos de 1a sefial en un solo pulso de cuatro niveles
para transnusion. Como resuliado la velocidad de la linea es 1a mitad de la velocidad de informacion.
Como todos los posibles valores de los simbolos transmitidos son wilizados al mapear los dos bits cu
un simbolo cuaternario. se dice que este s un codigo saturado. Utihiza el siguiente esquems de
codificacton

Par de bits Salida
DIBITS codificada
10 +1
11 + 1]

01

00

Rodolfo Castadieda S.

Pigina 8



Red Digital de Servicios Integrados Capa Fisica

2.2. ACCESOS RDSI

La arquitectura RDSI ha definido 3 tipos de interfaz usuario-red para accesar 0 conectarse a ésta
cubrir la diversidad de aplicaciones requendas por el usuano [Ibarra. 1993] La arquuicctura RDSI ha
defimido 3 tipos de interfaz usuano-red para accesar o conectarse a €sia v cubrir la diversidad de aplicaciones
requeridas por el usuano. 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 complepdad »
bajo costo [Dicenet. 1987]

Los dos principales tipos de interfaz son la Interfaz de Acceso Basico (BRI) v la laterfar de Acceso
Primario (PRI). Una forma practica de identiftcar la diferencia que existe entre estos dos tipos de accesos s¢
muestra en la Figura 2.2. donde sc puede observar que el Acceso Basico es exclusivamente para conectar v
dar servicio a usuarios que tienen una linea telefonica v el Acceso Pnmario esti enfocado a conectar usuaros
que actualimente tienen un conmutador (PABX, Pnivate Automatic Branch eXchange) v que estin haciendo
uso de un sistema de transmision PCM (Pulse Coded Modulation) de 2.048 o 1 544 Mbps [A Morcno. 1993]

INTERFAZ DE ACCESO
BASICO D
USUARIO
) : INTERFAZ DE ACCESO
i B1 ¢ T PRIMARIO
I =2 2 e
W W0 usvario
Bn
i ;<

PBX
n =30 para la norma Europea o, CENTRAL RDSI

n = 23 para la norma Americana

Figura 2.2 Tipos de Acceso a la RDSI.

El tercer tipo de nterfaz es la de Acceso de Banda Ampha, ésta proporciona los requenimicntos para
transnusion de tmagenes en movimiento. televisién de alta definicion v definicion estandar. videoconferencia,
etc, Otras aplicaciones incluyen transferencia de archivos a muy alia velocidad y mulucanahzadores
muliimedia que combinen daios de una vartedad de fuentes de alta velocidad La velocidad de datos puede
alcanzar varios cientos de Mbps [Ibarra. 1993]

Rodelfo Castafieda S. Pagma 9
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Las caracteristica de la interfaz fisica v su funcionamiento difieren para el acceso basico v el acceso
primario de la interfaz usuano-red

2.2.1. INTERFAZ DE ACCESO BASICO (BRI).

Como se vié anteriormente las normas RDSI definen el acceso del usuario 4 la RDSI a trinés de
canales B v D para crear las diferentes configuraciones de canales (BRI v PRI) Estas configuraciones de
canal se pucden pensar como tubos. cada tubo lleva varios canales los cuales estan “multiplexados en icimpo™
sobre la linea de transinision. El circuito de Acceso Basico es normalmente Ja linca que lHega a fa casa u
ofictna del usuario (linea del subscniptor). Este va a reemplazar los circuntos utillizados actualmenie por la red
telefonica Es una linea digital en la que no se envian tonos de marcacién de digitos. voltajes de umbrado. ete.
En lugar de cmviar ¢stos. se manda un mensaje que lleva los digitos marcados. o para indicarle al tetéfono que
tumbre o deje de tumbrar

Un BRI consiste de 2 canales B (64 Kbps cada une) v un canal D (16 Kbps). el cual ¢s conocido
como 2B+ v tiene una capacidad para transportar informacion de 144 Kbps Con bits adicionales de
overhead o centrol (sincronia. mantenimiento). la velocidad total en la interfaz S/T es de 192 Kbps El
protocolo de capa | para la interfaz de acceso basico estd especificado en 1a recomendacion I 430 [CCITT.
1989a}. 1a cual define ta comurucacion entre el ET v el TR a través del punto de referencia S/T.

Esta interfaz puede utilizar una configuracion punto a punto o punto a multipunto. esta tlnma
teniendo dos opciones: ducto pasivo coro v ducto pasivo extendide. v tienen las siguenies caracleristicas

o Configuracién punto o punto. La conexion punto a punto. limitada a 6 dB de atenuacion esta
compuesta por un solo equipo terminal (ET) conectado al terminador de red (TR). del cual. pucden
estar separados hasta 1 Km. ¥ puede conectarse sin tomar en cuenta la polaridad,

s Durcin pastvo corto En esta configuracion la ubicacién de los terminales esta restringido por ia
dispersion de los pulsos transmitidos simultaneamente en el mismo par. Esta configuracion permiic
concctar hasta 8 equipos termrnales a un solo terminador de red en un ducto de 100 a 200 mis..
segun la impedancia del cable. pudiendo estar los ETs v ¢l TR en cualquier punto del ducto.

e [cto pasive extendide. Esta configuracién permite que hasta 8 ETs se conecten al final del ducto.
agrupadas a no mas de 50 mis entre ellas. con cables de conexion menor a 16 mts v pucden
ubicarse hasta 300 mis del TR

La unpedancia resistiva que debe terminar el ducto es de 100 ohms ¢n cada extremo.

La Figura 2 3 muestra la configuracion punto a multipumo 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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Central
RDSI

2B+D

744 Kbps] 1 TL

i =1
ET #2 ET #3 ET #8

ETs = Equipos Terminales
TR = Terminador de Red
TL = Terminacion de Linea

Figura 2.3 Configuracion punte a multipunto de la Interfaz de Acceso Basico,

Los dos canales B pueden usarse independientemente para diferentes tipos de transimision Por
gjemplo. un canal B puede llevar informacion de voz v ¢l otro puede llevar datos. De esta manera. voz v dalos
son tntegrados sobre los mismos medios de transmision.

En la actualidad ¢l BRI es el mismo para todos los paises. pero existe una variacion en lo que se
refiere al contenido del canal B que afecta a equipos que tienen acceso a comunicacion de voz como lo es ¢l
caso del teléfono. conmutadores privados. y equipos dc prueba. La diferencia sc basa en el esquema de
codificacion de la voz que se utilice {ley A o lev p). La lev p se utiliza en EUA. Canada v Japon La lev A sc
utiliza ent rutas internacionales. Europa. Afnica v Latinoamérica.

Para la mterfaz de acceso primario sole se ha recomendado la configuracion punto a punto v el nivel
fisico se encuentra detattado en la recomendacion 1,431

A continuacion se descnibiran algunos de los aspectos de 1a interfuz basica como® conector {isico.
estructura de trama (incluvendo codigo de linea). v Ia forma de acuvacion v desactivacion de la interfaz

2.2.1.1.CODIFICACION DE LINEA

Sc utiliza para ambos sentidos de transmusion un caodigo de linea pseudoternario (tres niveles de
voltaje v solo dos niveles logicos) con anchura de pulso del 130% (el nivel de voltaje en 1a linca no varia en cl
tiempo correspondiente a la duracion de un bit). La codificacién se efectua de tal forma que el uno binano se
representa por ia ausencia de senal (voltaje) en la linea {alta impedancia). mientras que el cero binano se
representa por un pulso positivo o negativo de 750 mV = 10% [Stallings. 1992] Los ceros binarios s¢
alternarin en polaridad. salvo excepciones neccsarias para identificar el inicio v ¢l final de la trama. Un cero
que no respeta la alternacion de polaridades se conoce como una violacién de codigo (Gallardo & Sanchez.
1992] (Véase Figura 2 4)

r - _____________________________________ _____
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Violacion de codigo

Figura 2.4 Codigo de linea pseoudoternario con altermacion de polaridades en los ceros

_ El terminador de red (TR) derivara su temporizacton (tanto de bit. como de ocleto v de trama) a
partir de la sefial recibida de la red v utilizard esta temporizacioén para sincronizar fa sefial que trinsmita
haca los equipos terminales (ET's) conectados a €1, Un equipo terminal deberd obtener sus temporizaciones a
parur de la sefial recibida desde ¢l terminador de red

2.2.1.2.CONECTOR FISICO

Esta intcrfaz utiliza un par metdlico sunétrico para cada direccion de transmision v dos pares
opcionales para ahmentacién. El conector recomendado (2). corresponde a la norma IS8877 de 1a [SO v
puede verse en la

Figura 2.5 Utiliza obligatonnamente los cuatro termmumales centrales para transmitir v rectbir la schal en forma
balanceada con alimentacioén en circuito fantasma. esto permite alimentacion remota {desde la red) en caso de
cmergencia '

Los 4 termunales externos, son opcionales v se utilizan para alimentacton normal en varias
configuraciones. La utithzacion del mismo conector para acceso primario, se¢ encuentra en ¢studio

El ET sc basa preferentemente en la deteceidn de las fuentes 1 v 2. para determinar su cstado de
conexion v envia la correspondiente 1informacion de su estado a la entidad de gestion

Los pares 3-4 y 5-6 estan destinados a la transmision bidireccional de la senal digital v pueden
proporctonar alimentacion en circuto fantasma de TR a ET (fuenie 1)

Los pares 1-2 pueden proporcionar encrgiade TR a ET (fuente 2) o de ET a TR (fuente 3)

- ________________ ]
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Figura 2.5 Convcior fisico RDSI

2.2.1.3. ESTRUCTURA DE TRAMA Y MULTICANALIZACION

Recordemos que el acceso basico consiste de dos canales B (informacion de usuario a 64 Kbps cada
uno) v un canal D (informacidn de sefalizacidn o de usuario a 16 Kbps). los cuales son multiplexados en
tiempo sobre los cuatre hilos de la interfaz “S§™ Un par de hulos es usado para transmuter v el otro par ¢s usado

para recibir

Las estructuras de trama serdn diferentes en cada sentido de la transmision Un tipe de tramas cs
transmttido del ET al TR {(direccién de usuario a central)} v otro upo de tramas es transmitido det TR al ET
{direcc1on central a usuarno). como sc ilustra en la Figura 2 6

Rodolfo Castaiieda S. Pagina 13
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48 Bits en 250 microsegundos ]

TR —»ET ‘

BLFL B B2 B1
" ——EDARN o ~E DM/ ~ wEDS/——AﬁEDLFL

1HJIHH—I—1-H—H+LH+E—FFFHFH-H-H—{+H-J-]:H-H-I+H-HHJL

2 bits de
dezplazamiento

’ B1 ’ B2 I B1 l B2
DLFL—"~——LDLFL, —"———LDL, —"———LDL, —"~——UDLFL

o R R |

ET—*TR
F = Bit de alineacién de trama Fa= 8it auxihar (=0} ) 82 Biis del canal B2
L = Bit de balance de CD N = Bit puesto al valor binario de Fa = Bit usado para activacion
D = Bitde canal D B1 = Bits del canal B1 S Reservado para futura
= Bit de eco de canal D estandarzacion

Figura 2.6 Estructuras de trama para los puntos de referencia S v T a velocidad basica

El primer bit de cada trama transmiitda desde un ET hacia el TR se retardara dos periodos de bit con
respecto al primer bit de 1a trama recibida del TR, Ambos tipos de tramas consisten de 48 bits transnutidas
cada 230 useg (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) ¥ no de mformacién
dc los canales Bo D

Los 36 bits de informacion de los canales B v D son usados como sigue 16 buts son det primer canal
B. 16 bits son del segundo canal B. v cuatro bits del canal D, Esto resulta en una (ransferencia de datos a una
velocidud de 144 Kbps (36 bits x 4000 tramas por segundo)

El bit F. es un cero binario y siempre se codifica como una violacion al codigo de linca

El bit L. manticne el balance de C D. para un cierio conjunto de bits precedentes Su valor Iogico
seri un "uno” st los bits que se tratan de equilibrar contienen un ntimero par de “ceros” (paridad par)

Los bits B1, B2 ¥ D. transportan la informacion de sus respectivos canales
El bit E. es el eco de lo que TR ha recibido en el dltimo it D

El bit A provee un mecamsmo de activacion v desactivacion por sefializacion dentro de trama

. "~ "~ 1
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m
El bit Fa. es un auxihar para alineacidn de trama En el sentido TR a ET. Fa o N ascguran que
ex1stitd una violacion al codigo antes del bit 15, va que uno de los dos siempre serd un cero togico En el

senudo ET a TR. Fa es normalmente un cero Iogico v asegura una violacion. excepto cuando s wtithza como
bit Q (se cxplica posteriormente). Fa v L siempre 1ienen el mismo vatoer 1ogico.

El bit N, es siempre el complemento logico de Fa.

E! bit M. se utiliza para alineacion de multitrama. v se explica posicrioniiente

El bit S, s¢ encuentra en estudio v provisionalimente se pone a cero.

Se uuliza también una estructura de multitrama. con el objeto de proporcionar un canal extra de 800
b/s pdl‘d sefializacion de nivel 1, en la direccién ET a TR. utihzando el bit Fa. Cuando se utiliza cste canal. ¢l
bit se denomina Q. La utilizacion del bit Q v el bit M son opcionales.

Se denomina bt Q. al quinto Fa de cinco tramas consecutivas v se identifican en el ET, cuando TR

mvierte el valor de Fa Una estructura adicional. que agrupa 4 bits Q. se logra cuando TR transmiic el but M
con valor uno logico cada 20 tramas Esla estructura de multitrama se muestra en La tabla siguientc

trama ET TR TR
numero bit Fa bit Fa bit M
1 Q1 1 1
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 Q2 1 0
7 0 0 0
8 0 0 (
9 -0 0 0
10 0 0 0
11 Q3 | 0
12 0 (} 0
13 0 ( {
14 \; 0 0
15 0] 0 0
16 Q4 | 0
17 0 O 0
18 0 0 )
19 0 0 0
X0 0 0 0
1 Ql 1 1
2 0 ( 0
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Sélo una terminal a la vez. puede transmutir en un canal B. ¥ en gencral. el lado RED es el
encargado de autorizar €l acceso al canal Cuando un canal B no estd en uso. el ET debe transmitir unos
binarios

La sohicitud de acceso. (descrito en las recomendaciones [. 430 e [ 451). se rcaliza a través del canal

Todas las terminales deben estar sincromzadas. en modo esclavo. al icrminador de red. de modo que
no s¢ interfieran mutuamente

Cualquier termunal puede transmitir en ¢l canal D. y debe utilizarse algun mecamsmo de contension,
para resolver los casos de conflicto. este mecanismo asegura que aun en caso de colision un equipo lograra
transnitir cxitosamente

El mecamsmo utihzado para el acceso al canal D se apova en la utilizacion de un bit de eco (E). en ¢}
que TR repite lo que recibe en su canal D. de modo que antes de transmitir ¢l sigwiente bit D. todas ias
terminales deben haber recibido el eco del bit anterior

Para comenzar a transmitir una termnal debe venficar que el canal D se encuentra ltbre. o sca
csperar la aparicion 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. la terminal puede comenzar a transmutir. pero escuchando s
propio eco

S1 existiera alguna discrepancia entre el bit transmitido v el recibido en ¢l canal de cco. se detiene
inmediatamente la transmision (pues es evidencia de que simultaneamente mis de una terminal comenzo a
transmitr) v s¢ espera nuevamente por ¢l indicador de canal libre.

Las caracteristicas eléctricas de ducto. hacen que un “cero” binano prevalezca sobre un "uno™
binario transmitido De modo que. no ocurra nunca una interferencia destructiva v el protocolo de nivel 2.
asegura que como maxamo al tercer octeto transmitido sdlo una termunal estari usando el canal Dy podri
lerunar su transmision exiosamente

Por medio de una asignacion de priondades ¢ 1a cantidad de unos para decidir canal hbre ) s¢
asegura el uso cquitativo del canal D. para todas las terminales. Una vez que un cquipo ha terininado una
transitision exitosa. debe esperar un bit mas para transmitir nuevamente. v del mismo modo s asegura que la
scnalizacién tenga mayor prionidad sobre otro tipo de informacion

Priondad Contcnido Cuenia Cuenta Larga
Normal
l sefializacion 8 9
2 no 10 11
scilalizacion

. .
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Una vez que se detecta la ocurrencia de ta cuenta larga. o sea que todos los ET han tenido
oportunidad de transmutir en el canal D. las terminales regresan su prionidad a la cuenta normal v pueden
volver a transmitir

Las caracteristicas de la interfaz de acceso basico pueden resumursg en

=  Transnusion en 4 hilos. acoplamiento con transformador.

»  Velocidad nominal de transmision 192 Kb/s

o Longitud de trama 48 bits.

«  Codigo de Inversion de linea Alternada de Espacios (ASI) con un 100% de ciclo uul

binario codificado ASI
0 HI53Vo-0753V
1 ov

¢ Sincronia de trama por violaciones al codigo de linea (dos ceros binarios con la misma
polandad) al inicio de cada trama.

e Nivel de los pulsos 750 mV pico. los ceros binarios prevalecen sobre los unos binarios

« Alimentacion en varias configuraciones {-40V)

¢  Consumo-(alimentados de la fuente 1 en estado limitado)

maximo activer 380 mW
maximo inactivo: 100 mW

»  Activacton y desactivacién por sefiahizacién dentro de la trama (b1t A)
s  Configuraciones: punio a punto. ducto pasivo corto v ducto pasivo extendido.

Como puede observarse la estructura de la trama o es simétrica. en una direcc1don TR transmiic un
bit de pandad al final de cada trama. mientras que en la direccion opuesta. cada ET ¢s responsable de
transmitir un bit de pandad en cada campo de la trama que esté utihzando

2.2.1.4. ACTIVACION Y DESACTIVACION

Hay mecanismos de activacton v desactivacion que permiten minimuzar ¢l consumo de potencia de
los dispositivos cuando no hay comunicacion en curso. Los cambios de estado se dan de acuerdo a ciertos
mensajes recibidos por la enuidad de capa 1. ya sea mediante primitivas de capas supenores o a través de
setialcs especiales que se transmiten por 1a linea de interconexion entre el ET v el TR

e . ___________________________________________________________________ 1
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La comunicacion entre la capa | v la 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 (F1-DI)

La comumnucacion entre la capa I v la entidad de gestion se estabiece mediante las pnimitivas
- Indicacién GFI-ACTIVACION (GFI-Aly
- Peticion GFI-DESACTIVACION (GFI-DR).
- Indicacion GFI-ERROR (GFI-EIl)

Las sefiales que se usan para controlar los procedimientos de activacion-desactivacion. conocidas
como sciiales INFQ, se muestran en la Tabla 2-2.

Tabla 2-2 Seitales INFO, para la activacion v desactivacion del nivel fisteo de la mierfaz =S

NOMBRE DEFINICION DIRECCION

INFO 0 Ausencia de sefial ET & TR
Senal continua a una velocidad de 192 Kbps v con el siguienie

INFO 1 esquema ciclico: cero positivo. cero negativo v seis unos ET - TR

INFO 2 Trama cen todos los bits de los canales B. Dy 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 los 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 se¢ v16 antenormente el acceso basico ofrece un servicio de 64 Kbps va sca de.voz o datos Este
limitado ancho de banda no es suficiente para la comumcacion enire dos oficinas ternunales. o inclusive entre
un conmutador privado v una oficina terminal. esto hace necesario la utilizacién de una interfaz con un
mavor ancho de banda. esta interfaz es la que se conoce coino Acceso Pnmano (PRI),

Actualmente. existen dos upos de Accesos Primarios. E! 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 se le Hlama
CEPT. en EUA. Corea del Sur. v Japon. el PRI funciona a | 544 Mbps (23 canales B v un canal D a 64 Kbps
cada uno mas overhead de 8 Kbps) v sc conoce como T1 El overhead para ambos PRIs sinve para funciones
tales como sincronizacidn de trama v adrminusiracion de red

e - 3
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Canales de _ . co [ €i. [ c2 [ Cc3 [ -c4 ] €23 | co
 trama ’ '—\1
Bits porcanal [ F_|'Bf | B2 | B3| b4 | B5 | B6 | 87 | 88 | [(B6 | B7 | B8 | B1 |
. F
Inicio de trama Final de trama
<+— Trama anterior Trama posterior ———#

a) Interfaz a 1.544 Mbps (193 bits, 125 us)

Canalesde [ CO: [..C1 [ €2 | -€C3 [ €4 | [/~~~ [ T3 jco
" trama ’ i o T ) |
Bits porcanal FB1.['BZ | B3. | BA.| B5 | B6 | B7 | B8 | [B6 1 B7 | B8 | B1 |
Inicio de trama r Final de trama’
<+—— Trama anterior Trama posterior ——»

b) Interfaz a 2 048 Mbps (256 bits, 125 ps)

e ]
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2.3. INTERFAZU

Este punto de acceso a la RDSI no esta normalizado por el CCITT. por lo que cada admunistracion
define la técnica de transmision. ¢l cédigo de linea y ias caracteristicas fisicas de la interfaz.

Por razones econdinicas el actual par de hilos de cobre que liegan a Ia casa del usuano telefonico
deben ser utihizados para transportar la inforinacion de los servicios ofrecidos por la RDSI. es por csto que La
linea de abonado debe permitir transmmutir 160 Kbps (144 Kbps de fos canales 2B+D mas bits extras para
mformacion de mantcnimiento alineacidn. etc.) en forma “full-duplex”.

En cl disefio de esta interfaz se tienen basicamente 2 problemas’

e  Transmisidon “full-duplex” en 2 hilos de informacion digital
+ Velocidad de transmision en la linea es de 160 Kbps

El primer problema se resuelve utilizando una técnica adecuada de transnusion v ¢l scgundo tratando
de reducir Ia velocidad con un codigo de linea que ademas permita aprosechar las caracteristicas de
transmisién que presenta el 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 transmusion no ttene posibilidades en la practica va que todos los subscriptores
existentes ¢en la actual red telefonica se conectan con un solo par Solamente s¢ conectan a 4 hilos cuando la
conexton ¢s de 2 048 Mbps (por ejemplo. [a conexién de un PABX) Véase Figura 2 7

2.3.1.2.DIVISION DE FRECUENCIA

Con la técmica de division en frecuencia es posible transmutir en forma “full-duplex”™, sm cmbargo
fas seiales digitales codificadas enviadas por la linea se traslapan en su densidad espectral Para evitar este
problema sc usan difercnics codigos de linea en cada direccion (por ejemplo codigo bipolar de orden 1 ¢y una
dircecion v de orden 2 en la otra direccién) o
usando ¢l mismo codigo en ambas direcciones pero modulando la informacion transimuda en una de las
direcciones

La scparacion de la informacién en el lado de recepcién es realizada mediante filtros La distancia
que sc¢ puede alcanzar esta condicionada por las sefales de alia frecuencia que tengan gran cantidad de
energia. debrdo a la diafonia en el lado lgjano (FEXT. Far-end crosstalk). la cual es producida por lincas
advacentes de diferente longitud. Las sefales de alta frecuencia son transimitidas en la direccion de la central
al subscriptor
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Una de ias ventajas de esta técnica es que la diafonia en el lado cercano (NEXT. Near-end crosstalk)
es minimizada debido a que los espectros para transmitir v recibir son diferentes. sin embargo el diseiio de los
filtros es complejo v su implementacidn ¢n circuitos integrados digitales presenta problemas. Ademas no es
posible utilizar el mismo equipo en la central v en et subscriptor debido a la asimetria en la transmision: por
lo que esta técnica ha sido abandonada. Véase Figura 2.7

1) Transnusion a cuatro hilos

b) TCM (Time Compression Multiplexing) o PING PONG

Figura 2.7 Métodos de transmision en la linea de abonado (interfaz U}

2.3.1.3.TCM (Time Compression Multiplexing) o PING PONG

Este método también llamado de rifagas. involucra ¢l cambio alternado de la direccidn de
transnusion. Esta aliernacion en Ja transmision. no es en el sentido de la transmision “half-duplex — sino que
csta técnica garantza que efectivamente hava una transnusion ~full-duptex . aunque a nivel microscopico
esio sea ~half-duplex ™ dado que el transmisor v receptor transmiten en tiempos diferentes La informacion
binaria es alinacenada en forma de bloques en los extremos del enlace vy son transmitidos en miervalos de

tiempo diferentes Por lo tanto existen dos fases que no deben traslaparse transmision v recepcion. que pueden
ser distingudas en cada extremo del enlace

]

Rodotfo Castafieda S. Pagina 21



Red Digital de Senvicios Integrados Capa Fisica
_ﬂ
Por lo tanto para una velocidad de infonmacion D. 1a velocidad de linea requenda debe ser minuno

2D de hecho considerando la propagacion en los cables v el tiempo utilizado entre las difercntes fases dan
una velocidad del orden de 2.3D,

La distancia tedrica maxima esta dada por. .

Donde
V = Velocidad de propagacion en los cables (aproximadamente. 200.000 Km/s)
N = Numero de elementos binarios en el bloque
F = Velocidad de linea
th = Tiempo de guarda (para evitar interferencia entre la transmision

Bloques de longitud muy grande reducen el numero de veces que se debe alternar la direccion de
transmision v con ello el efecto de 1a 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 longuud teorica grande es también obtenida aumentando la velocidad de transmision pero esta
sc ve limutada por la atenuacion v 1a diafonia que presenta el par de hilos de cobre

2.3.1.4. CANCELACION DE ECO

Este método es utilizado actualmente en transmision analogica en bajas frecuencias para
proporcionar transmusion “full-duplex ™ por un par, utilizando un acoplador (bobina hibrida) de dos a cuatro
hilos con una unpedancia balanceada que representa un compromiso entre las impedancias representadas por
ambas lincas De hecho en la hibnda la red balanceada colocada en el lado del medio de transnusion produce
un desacoplo v permite que algunas de las sefiales transimtidas regresen junto con las seflales recibidas. a esie
fenomeno se le conoce como eco local.

La atenuacion de la travectona del eco para un ancho de banda 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
solo funciona correctamente para una relacion sefial a ruido de aproximadamente +25 dB. Dado que se
requicre para un sistema de transmusion digital de aproximadamente 45 dB a 100 KHz. {a sefial remota es
atcnuada por el valor correspondiente  Por lo tanto es necesano reductr el eco local aproximadamente 64 dB
{43dB + 23dB - 6dB) para que los datos sean detectados correctamente El eco remoto de pequena ampluud
dcbido al desacoplo de impedancias a lo largo de la linca es sumado al eco local

.“
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Para eliminar la sefial producida por dicho desacoplo de impedancias. se ha diseriado un dispositivo
que elimina el eco usando la informacion transmutida, llamado ~Cancelador de cco ™ De hecho ¢l eco ¢s
resultado de la corifiguracion ntrinseca de la linea de abonado v de las caracicristicas de los simbolos (codigo
de linca) que estan siendo transmitidos sobre ella Esie dispositivo hace uso del pnncipio de que no exista una
correlacion entre el eco v la sefial que proviene del lado remoto. para esic efecto se usan diferentes
aleatorizadores (scramblers) en cada uno de los extremos de la linca Ademds el circunto que realiza bas
funciones de procesamiento de sefiales debe ser flexible para aceptar todas las posibies configuraciones de una
linca de subscriptor en una red telefénica v responder a cualquier vantacidn en sus caracteristicas con cl
tiempo.

Existen basicamente dos métodos para estimar el eco: uno usa un filtro transversal v ¢l otro
esencialmente usa memorias

En ¢l primer método el fillro contiene N (el cual puede alcanzar yarias decenas) coeficientes
vanables que representa 1a respuesta al ampulso del eco muestreado. La multiplicacién de estos cocficicnies
con la secuencia de los datos transmitidos producen la perturbacion mstantinea detnda al eco b cual ¢s
calculada cada vez que se transmuite un simbolo Los coeficientes del cancelador de eco son ajustados para
reducir el error residual que resulta de una mala estimacidn del eco real. Se puede demostrar que la diferencra
entre el eco real v el eco estimado puede ser expresado estadisucamente. tomando en consideracion

la no correlacion de la sefial. como una funcién de los datos transnundos v del total de 1a sefial recibida (estos
parametros s¢ obtienen del sistema de recepcion) Por lo tanto es posible minnmizar este error usando
algoriumos de mavor o mener grado de complejdad (de! gradiente 0 upo de signo) el cual ascgurn una
convergencla progresiva det cancelador de eco Este método impliciiamente asume que el eco del canal es
lineal 1 que cualquier no linealidad esta fuera del rango de operacion del cancelador. lo cual implica que
cualquier no hingalidad en la codificacion sean excluidas de la travectona del eco. Sin embargo otras no
linealidades pueden aparecer como. desbalanceo en el transisor ¢ no lincalidad del convertidor analogico-
digral.

El segundo método. usa memorias que contienen el eco que ha sido previamente calculado para todus
las posibles secuencias de informacion con lo cual se puede compensar las no hincalidades. St se asume que ¢l
eco puede ser modelado mediante un filtro de N coeficientes para N datos binarios sucesivos. ¢f cco solo
puede tomar 2N valores v por lo tanto es suficiente que los N elementos binarios scan usados para dircccionar
una memona cuyo contemdo varia cn funcion de error residual de la sefial La gran cantidad de memonas v
los grandes tiempos de convergencia son las principales desventajas de ¢stc mélodo.

Consecuentemente estructuras mtermedias han sido disefiadas. por ¢jemplo M memorias con 2™
palabras cuvos contenidos son sumados para producir el eco. para esto sc debe establecer un compromiso
entre robuster a 1a no hincalidad. 1o velocidad de calculo » ‘el tiempo de convergencia

La pnincipal ventaja del cancelador de eco s la preservacion de espectro en frecuencia
correspondiente en banda base Sin embargo es importante evitar cédigos de linea con mucha cnergia en las
bajas frecuencias para asegurar una buena robustez contra el ruido de la red local. que por lo general ocurre
cn la banda de 0 a 20 KHz.

Por lo antes descrito es convemente usar codigos de linea para este método de transnision. que sean
lincales v que sean 1nvariantes con respecto al tiempo cn el proceso de almacenamiento de las respucstas al
impulso, Algunos de {os cédigos con esta caracteristicas son el bifase. bipolar. 4B3T v 2B1Q. El codigo
deternuna la complejidad de su implementacion en Circuitos Integrados. por ejemplo un Cl de transmusion
que contenga cancelacion. ecualizacion. recuperacion de la temponzacion v activacion pucden contener hasta
30,000 transisiores. pero se puede disminuir esta cantidad realizando una adecuada scleccion del codigo

- _____________________________________________________________________ 7
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Después de que el eco ha side estimado. se elimina (mediante una operacion de sustraccion) v ¢n ¢sc
momento generalmente la sefial es manejada como una transimision a 4 hilos. sin embargo es necesario
reahizar filtrados adicionales para reducir la interferencia entre simbolos. La velocidad de convergencra del
sistema cancelador de eco es un elemento clave en el tiempo de establecumiento de la comumcacion. Cuando
¢l sistema 1gnora por completo las caracteristicas de la linea. el tiempo de convergencia de arrancando desde
un cstado alcatorio los coeficientes: puede tomar algunos segundos. sin embargo si los coefictentes son

alimacenados entre una comunicacion v otra. el tiempo de convergencia no excede los 100 ms Véase Figura
2.7

Una vez (ue va s¢ tiene un panorama general de fo que es la Red Digital de Senicios Integrados, ¢n
la Figura 2.8 se muestra el modelo RDSI en ¢ que se pueden observar los 2 tipos de interfaz de acceso a la
RDSI. asi como los grupos funcionales, v los puntos de referencia.

MODELO RDsI

l!_] ET RED DE ET .

- — CONMUTACION -
I "~ E h CE N

PAQUETES 4 lineas
gglness 2B+D 5
ST * 192 Kbps
192 Kbps P TR2
a5 =
RED DE m ==
CENTRAL —_
TR Y Lt cs CONMSTEACION LOCAL Y TR1 T i
%glrless CITcumos ROS| 4-lineas a-lineas HIL Il
23B+D(T) 238+D Pax
" 160 Kbps [ [ 1 544 Mbps 1544 Mops
-lineas 2
ST A0B+D (CEPTY 30B+D )
%gz*K% CENTRAL LOCAL RED DE 2048 MEps 3048 Mops
ps RDSI SENALIZACION
POR CANAL — -
COMUN .
(CCITT Ne 7) :
ET|=
Interfaz de Acceso Basico ’ Interfaz de Acceso Pnmane
GRUPOS FUNCIONALES
F5 - CONMUTADOR DE PAQUETES ET - EQUIPC TERMINAL
CS - CONMUTACION DE CIRCINTOS TR1 - TERMINADCR DE RED?
CP - PROCESADOR DE LLAMADAS TR2 - TERMINADOR DE RED2

TL - TERMINACION 0OE LINEA

Figura 28 Modelo RDSI
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3. CAPA DE ENLACE DE DATOS.

La capa 2 para el canal D es definida en las recomendaciones 1 440 (Q 920y ¢ [ 441 (Q 921 del
CCITT Estos protocolos reciben comunmente ¢l nombre de LAPD (Procedimiento de Acceso al Enlice en el
canal D} v ticnen como finalidad controlar el intercambio de informacion entre las entidades pares de capa 3
a través de la mterfaz usuano-red. También controlan la interaccion de Ia capa de enlace de datos (capa 2)
con la capa de red (capa 3) v la capa fisica (capa 1} La estructura de trama LAPD para el canal D se muesini
en la Figura 3.1 [Terpan. 1993]

Informacion de Capa de

I Enlace de Datos N
[ *
Informacién de
’._ CapadeRed __,
—T
.
Bandera Direccién Control Informacién SVT Bandera

01111110 2 octetos 1 6 2 octetos Maximo 260 octetos 2 octetos 01111110
1 octeto 1 octeto

Figura 3.1 Estructura de trama LAPD para el canal D.

El protocolo LAPD provee los sigulentes servicios a la capa de red'

s  Presta servicios a vanas entidades de capa 3. las cuales se diferencian entre si por medio del
campo dc direccion de la trama de capa 2,

e  Proporciona delumtacion de tramas por medio de banderas HDLC (01111110) v transparencia

+ en la transmmsion de la informacion por medio de la insercion v extraccion de ¢oros para '

asegurarse quc no s¢ repia. de manera involuntana. la secuencia de bandera v ésta sc pucda
mterpretar como un mensaje erronco  Este procedimiento inserta un cero despuds de cada 3 unos
conscculivos

e Proporciona un mecamsmo de control de secuencia para garantizar el orden de las tramas
transporiadas a través de la inlerfaz

s Proporciona procedimcentos de deteccion v recuperacion de errores on la conexion de capa 2

e Proporciona control de flujo mancjando tramas que solicitan la suspensién temporal o la
reanudacion del envio de tramas de informacion v proporciona control de error a través del
acuse de recibo de tramas recibidas exitosamente solicitando retransimusion de tramas recibidas .
con error.

.m
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El campo de direccion de la estructura de trama 1dentifica. en 16 bits. el origen o destino de la trama
por medio del Idennficador de Punto de Acceso al Servicios (SAPI) v del identificador de Punto Extremo
Terminal (TEID). define. asimismo. si la trama corresponde a una instruccion o a una respuesta (C/R) El SAPI
tomara un valor 0 para la interaccion con la capa de red v un valor 63 para la interaccion con la entidad de
gestién El TEI puede tomar valores entre 0 v 127. sicndo los 64 primeros ((-63) asignados de mancra no
automatica: del 64 al 126 asignados automaticamente v ¢l 127 usado para difusion. (en enlaces punto a
multipunto) |Gallardo. i991].

El campo de control puede tener 3 formatos distintos”

»  Tramas | de informacion numerada: este formato es utilizado para la transferencia de
informacion proveniente de capa 3 Uliliza contadores para llevar una secuencia de tramas
enviadas v una secuencia de tramas rectbidas sin error.

»  Tramas S que manejan funciones de supervision' con este tipo de tramas se acusa recibo. se
pide una retransmision o se solicita la suspensién temporal del envio de tramas |,

= Tramas U (no-numeradas): se utilizan para la transmision de informacion no numerada para
realizar funciones de control de enlace de datos

La longitud del campo de control es de 2 octetos para los formatos I v S. siendo de un octeto para cl
formato U '

El campo de informacidn se encuentra presente en todas las tramas 1 v en las tramas Ul (iramas de
[nformacion No-numeradas). Cuando este campo existe es de longitud variable. de un maximo de 260 octetos,
» contiene informacion de capa 3

El campo de Secuencia de Venficacion de Trama (SVT) lleva informacion del Codigo de
Redundancia Ciclica de 16 bits (CRC-16) definido por el CCITT y calculado de acuerdo al polinonuo
gencrador ¥'F + X7 +x7 +1

4 e —
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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 450y del CCITT
La descripcion detailada se define en la recomendacion Q.93 1(1.431) del CCITT.

El protocolo de capa 3 proporciona los medios para establecer. mantener v terminar concxiones de la
red en una RDSI entre entidades de aplhicacion Ademas proporciona funciones de ennitanuento v
direccionamiento. '

Los tipos posibles de conexiones son:

e Conexiones por conmutacidn de circuitos utilizando los canaies B,
+ Conexiones para sefializacion entre usuarios utilizando el canal D.
e Conexiones por conmutacion de paquetes usando ¢l canal D. o el canal B,

' 4,2. Funciones de la capa 3

Las funciones soportan procedimientos para el control de una llamada bisica. v para el control de
una llamada en conjunto con servicios adicionales proporcionados por la red. Se dividen en dos categorias: La
primera conticne aquellas funciones que controlan directamente el establecinuento de las conexiones. v Ia
segunda mcluye las funciones relactonadas con el transporte de mensajes adicionales a las funcioncs
proporcionadas por la capa 2.

Dentro de las funciones mas importantes sc pueden listar las siguientes:

* Proceso de primitivas para comunicarse con la capa 2

e Generacion ¢ interpretacion de mensajes de capa 3 para la comutucacion entre entidades del
mismo nivel.

¢ Administrador de temponzadores v entidades logicas

e Administracion de acceso a recursos de la red

s Enmnamiento v retransmision

« Control de conexion de red

» Deteccion de error

e  Secuenciacién

+ Remncio
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w
4.3. Procedimientos para el control de llamadas

4.3.1. Procedimientos para llamadas por conmutacion de circuitos.

Este tipo de conexioncs se controlan mediante el intercambio de mensajes de capa 3 (ver Tabla 4-1)
entre las dos cntidades del mismo mivel Eslos mensajes sc envian por el canal D. y permiten 1a asignacién de
un canal B para el envio del flyo de informacion.

4.3.2. Procedimientos para llamadas por conmutacién de paquetes.

4.3.2.1.Servicio por conmutacion de paquetes utilizando el canal B.

La RDSI proporciona un canal B en una conexion semipermanente o conmutada entre una terimmnal
de usuano. v la funcion de manejo de paquetes de la RDSI.

Para lograr la conexion conmutada primeramente se utiliza la sefializacién normal RDSI para cl
establecimiento de un enlace conumutado

Posienormente se utilizara el canal B para el envio de paquetes de acuerdo a los protocolos de capa 2
videX25
4.3.2.2.8ervicio por conmutacion de paquetes utilizando el canal D.

El canal D permtte a las terminales de usuanos RDSI accesar a la funcion de manejo de paquetes
RDS]1 estableciendo una conexion de cnlace de datos a esa funcion la cual puede ser utilizada posteniormente
para soportar comunicacion de paquetes de acuerdo al protocolo de capa 3 de X 25

4.4. Estructura de los mensajes

La estructura de ios mensajes consiste de elementos comunes a todos los tipos de mensajes. v de
clementos de informacion obligatonos v adicionales los cuales son especificos a cada tipo de mensaje.

.‘“
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El campo de informacién de la trama de capa 2 conniene al protocolo de capa 3. El formato de los
mensajes sc muestra en la Figura 4.1

BY : Bo Octetos
of.ololo '.1[0}0]0 1
0010 0 . LRLL- 2
.B '\.‘.

Rcfcrenc;a dc llamada

0 [ T:po dc mcmajc .

Elﬁmmtos dc lnformac:én ‘

n
L R LL = Long. de referencia de Hamada ** | octeto para aceesa hisico
B = bandera de ref dellamada 2 ocletos pary aceeso primarno

0 = Mensaje enviade del lado onigen
1 = Mensaje enviado del lado destino

Figura 4.1 Formaio de los mensajes de capa 3

El discnminador de protocolos 1dentifica el protocolo de capa 3 Este protocolo pucde scr uno
especificado por et CCITT. o cualquier otro protecolo. A este campo le siguen una sene de cuatro ceros.
después sigue el campo que indica la longitud que tendra el campo de referencia

‘Después aparece el campo de referencia de llamada el cual se utiliza para idennficar cada llamada en
la interfaz usuario-red local. Los valores de este campo los asigna la entidad origen al inicio de cada Hamada,
Esie campo se remugve una vez que se ha completado o suspendido ia Hamada,

El campo de upo de mensaje es un octeto que permite identificar la funcion del mensaje que se envia.
los diferentes mensajes son los mostrados en las Tabla 4-1 v Tabla 4-2

Al final aparece el campo de elementos obligatonios o elementos adicionales de informacion el cual
identifica cada uno de los elementos de informacién posibles que son necesarios en cada mensaje

.- . ______ "~ 9
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Tabla 4-1 M ensaje de capa 3 para el control dv llamadas en’connnvacion dve crretutos
87654321 .
000 « - - - MENSAJES PARA EL ESTABLECIMIENTO DE LA LLAMADA
00001 - ALERTing
gg?]? - CALL PROCeeding
01111 - CONNect
00011 - CONNect ACKnowledge
00101 : - PROGress
01101 - SETUP
- SETUP ACKnowledge
000 ----- MENSAJES DURANTE LA FASE ACTIVA DE LA LLAMADA
00110 - RESume
888:8 - RESUME ACKnowledge
00101 - RESume REJect
01101 - SUSPend
00001 - SUSPend ACKnowledge —
00000 - SUSPend REJect
- USER INFOrmation
010 ----- MENSAJES PARA LA TERMINACION DE LA LLAMADA
00101 - DISConnect
?‘1'8?8 - RELease _
- RELease COMplete
011~ = --- MENSAJES DIVERSOS
11001
00010 - CONgestion CONtrol
11011 - FACility
01110 - INFOrmation
11101
- NOTIFY
10101 T
- STATUS
- STATUS ENQuiry

.. - %
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Tabla 4-2 Mensaje de capa 3 para el control de llamadas en conmutacion de paqueres

87654321
000---- MENSAJES PARA EL ESTABLECIMIENTO DE LA LLAMADA
00001 ALERT;
00010 . Ing
00111 - CALL PROCeeding
01111 - CONNect
00011
00101 - CONNect ACKnowledge
- PROGress
- SETUP
010 ---- MENSAJES PARA LA TERMINACION DE LA LLAMADA
g?::g} - DISConnect
11010 - RELease
‘ - RELease COMplete
011 ---- MENSAJES DIVERSOS
11101
10101 - STATUS
- STATUS ENQuiry

- ________________________________________________________ - T
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AL ATEL Servicios “On-Line” (OLS)
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- Servicios “On-Line”
AL ATEL Los Factores Clave de Exito

V¥ Uso amigable

V¥ Acceso répido

¥ Informacion util

V¥V Integracion en entornos de TI
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Escenarios de Evolucion :

AL ATEL
Red Telefonica
Nuevos A
Escenarios impulsados * FTTB, FTTC
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¢ VDSL
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modem
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At ATER ;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

V¥ Permite competir con los operadores de cable en los
servicios “On-Line” de alta velocidad

V¥ Los modems ADSL existen HOY

¥ No require instalaciones de cable adicionales

® Bajo costo de instalacion
® Rapida conexion de nuevos usuarios




AL ATEL Caracteristicas clave de ADSL

- ¥ 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 telefonico 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
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AL ATEL 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 ' NEXTD FEXT
V¥ Conexiones y transiciones de seccion |
. . . (Vs / bridged tap
=» Reflexiones : Distorsion de pulsos (“ISI”) f

-V Ruido Impulsivo : rafagas de corta duraccion (10 us - 1 ms)
V¥ Desadaptacion de Impedancias entre la hibrida y la linea
® Reflexiones (eco)

V¥ Interferencias de RF : difusion AM & radio-aficionados
® Transceptor con gran capacidad de adaptacion
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AL ATEL

Solucion de ADSL



st rrer  Gonfiguracion de referencia ADSL
(parametros ANSI)

power
spectrum
upstream
/ '
POTS -
3.4 kHz 1.1MHz  {requency
Cantral Office Residential Subscriber
- -
from digital _ Transmitter | ALT ANT { Transmitter <4f—
networ K/ . v
AN twisted-wire pair “ tt
hybrid - ] POTS L e s POTS |/ ybrid settop L 1 1v
N S splitter < > splitter .7 box
;Oegi\?oi}’al || Receiver ‘.»] 16 - 640 kbps 1.5 -7 Mbps L> Receiver -/

‘ POTS - . U
X Tel

ALT : ADSL Line Termination
ANT : ADSL Network Termination



L ot Espectro DMT (FDM) -
Parametros ANSI

= Modulacion QAM

cada sub-canal (tono)
optimizado en funcién de las
caracteristicas de la linea

tonos no utilizados
espectro 3 debido a condiciones
de potencia Separacion de la linea
entre tonos

(4.3 kHz)

maximo 3dB de

%5 variacion

POTS
— i frecuencia
4 kHz 20 kHz 1.1MHz
K™ K D
espectro utilizado espectro utilizado
para datos hacia la para datos desde la

red red
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AL ATEL - Modulacién DMT

V¥ General:
@ Definido como estandar ANSI

® Existen varias compaiiias con desarrollos DMT (Alcatel, Analog
Devices, Motorola, Texas Instruments, Metalink)

- Garantiza mayor competencia -> precios

‘¥ Tecnologicas:

® Permite mayores velocidades para culaquier linea dada

- Permite la mejor adaptacion a las caracteristicas de la linea, las
interferencias de RF y especialmente al ruido impulsivo

® Permite mayores velocidades para bucles cortos

@ Permite reconfiguracién en operacion
- se obtienen mejores caracteristicas EMI (Interferencial Electro-Magnéticas
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AL ATEL 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 / Demultiplexacion y
Concentracion en los diferentes puntos de flexibilidad.



) ADSL
AL ATEL Los beneficios de ATM
~extremo a extremo

a central local
(Banda Estrecha) %
ared de par de
Banda Anchh ADSL cobre ATMF 25 Mbps
-~ apsL | 7/ AB?'* Set-to o
NTI ADSL _ _
ATM
ADAPTADOR
DE ACESO
El mejor uso Flexibilidad de servicio
Multiplexacién directa ATM de la capacidad ] tafr;c{:}ho defggdda re:qot:grld'o .
desde el “bitrate” ADSL 2 de la finea en cada - asih'?gtar]irae dell se?v'ijcio P
SDH 155Mbps caso

- trafico a rafagas



Al ATEL ADSL con “Bitrate” Variable
Combinando DMT y ATM

V¥V DMT

® Permite obtener el maximo “bitrate” de cualquier linea |
fisica,teniendo en cuenta la calidad del bucle y las interferencias

® Determinacion automatica del maximo “bitrate” durante la
inicializacion del modem

- . ’ gn | “
® Determinacion automatica de la forma del espectro de frecuencia
para evitar las interferencias con otros servicios

V ATM

® Aprovecha completamente el “bitrate” fisico ofrecido por el
modem DMT

- @ Como una opcion, el “bitrate” ofrecido se puede limitar 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 capacidad inferior a 2Mbps (lineas largas,

ruidosas) .



AL ATEL “bitrate” en ADSL de Alcatel

Valores tipicos:
| caract. ruido ETSI
5 seccién cable 0.4 mm

0 +—— — | - | |
0 900 1800 2700 3600 4500 5400
Distancia (m) '
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AL ATEL

" Aplicaciones ADSL



+1 r7er Evolucion de la Arquitectura de Red
| para servicios “On-Line”
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AL AR Aplicaciones ADSL:
Internet y Video
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CPI

CPI

/

Red INTERNET

ISP

CPI

Aplicaciones ADSL.:
Acceso a Servicios On-Line
| Internet

Casa del Abonado

[~ ADSL

Conexiones virtuale ATM punto a punto
‘Permanente

+Semi-permanente

«Conmutada



Al ATEL ADSL como Solucioén 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 Telefénica Conmutada

® Evita la saturacion de las centrales con llamadas de larga duracién

® Permite deferentes esquemas de tarificacion para servicios de voz y
datos

V¥V Proporciona un segundo servicio en la linea sobre el mismo
par de cobre



Ab o aTidL IP sobre ATM
" TCP/UDP TCP/UDP
P P
LLC-SNAP LLC-SNAP
ATMIAAL 5 | g Ethernet
Fisico: 25.6 Mbps

*ATM / AALS / Protocolo Punto-a-punto



Aplicaciones ADSL.:

AL ATEL
Trabajo en Casa
@
Casa del Abonado
ADSL
AA
Servidor
| ~ ADSL
LAN Remota -

Conexiones virtuale ATM punto a punto
+Permanente -
*Semi-permanente

«Conmutada



Aplicaciones ADSL.:

AL ATEL Corporacién con Centros
Distribuidos
@
CENTRAL Centro Remoto
ADSL
AA ATM
Server : ANT ETH ]
1 — a R
LAN
| c N . LAN Remota

Conexiones virtuale ATM punto a punto
‘Permanente
*Semi-permanente
«Conmutada
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| Aplicaciones ADSL:
pbo sk Multimedia y
Video Bajo Demanda (VOD)

ej. HP, Digital, LE
Ncube
Casa del Abonado
ADSL = Y
AA 3
- ANT ATM F i&l"w‘. : i1
DE VIDEO _ ADSL SET TOP
ej. Apple
@ Stellar One

Conexiones virtuale ATM punto a punto
Permanente

«Semi-permanente

-Conmutada
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AL ATEL - Conclusiones

V El crecimiento de los servicios Internet y Multi-media
impone nuevos requisitos a las redes de telecomunicacion
® Mayor capacidad de conmutacidn
® Mayor ancho de banda en el acceso

V¥ ADSL proporciona una solucion 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 emstente

@ Rapida reaccion a los “Cable-modems”

V¥ La combinacién 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, una técnica prometedora

Ventajas - Puntos débiles




DRAFT

Mercado del LAN « Backbone »
Proporcion de utilizacion por

tecnologia
o ‘4%
ros o ‘
12% Un mercado
4 26% - ATM
bit Ethernet "
FHgH 19ap| E erne IIS% en fuer'fe '
crecimiento
ATM 32% [] 2 afios
8% ’ | HOY
50%
Fast Ethernet 307
11%
ETh er‘_neT 69%
8 ] gﬂ o E YankeeGrour

Sonondeo Trealizado en@e grandes
empresas

Source: CNS Registrations, 1998

: Ilm Empresas

Tl

Integradores
ﬂ potenciales

Operadores




Bbrcion de utilizacion por tecnologia

Otros
ATM supervisad 12 Un me,acaab
ATM 30% A TM
7%
n en fuerte
inf , J21% ..
ervicio IP supervisado 0 2 afos crecimiento
Frame Relay supervisado W Hoy
1§%
RDSI 33%
Frame relay Lo A%
Lineas locales e S YanTHECGroup
0 10 20 30 40 50

Sondeo entre las grandes empresas

Intéegradores

g Cperadores B Patenciales

Source: CNS Registrations, 1998

I"Il | Empresas
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DRAFT

ATM :una tecnologia adecuada para altas velocidades

* paquetes de tamario fijo: células de 53 octetos
— La implementacion hardware es totalmente factible

5 octets
* modo conectado

— adecuado para velocidades a!tasv
A

48 octets




DRAFT

ATM : tecnologia adecuada para perfiles de trafico muy diferentes - Contratos de
tréfico

* Principio :
— el usuario declara los descriptores de tréfico de la conexion: define el
contrato de trafico |
— la red decide si la conexion puede ser aceptada
* . Connection Admission Controf (CAC)

— Si acepta la conexion , la red se compromete en un nivel de calidad de
Servicio '




DRAFT

ATM : tecnolfogia 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)

* La red puede descartar celdas (células) no conformes con el contrato
de trafico definido (con o sin tagging -bit CLP )
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DRAFT

Distintos contratbs 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 (Statistical Bit Rate) o VBR (Variable Bit Rate)
— se especifican y se garantizan una velocidad maxima y una velocidad promedio
— posibilidad para el operador de red de gestionar su red con multiplex estadistico
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DRAFT

Distintos contratos de trafico (ATC)

« Contratos con control en bucle (Ioop)

— ABR (Available Bit Rate) para fuentes capaces de adaptar su velocrdad en funcion de la
disponibilidad de los recursos de la red (Ressource management cells)

» Contratos de tipo Best Effort
— UBR (Unspecified Bit Rate)

11



DRAFT

Con distintos niveles 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

oo oo L0 cual permite manejar
distintos niveles de precios




DRAFT

Compatibilidad con los sistemas de existentes y los servicios

I Posibilidad de mapeo de ATM sobre sistemas de transmision PDH o0 SDH
 homogeneidad del transporte de la informacion
— para las necesidades de los servicios : soporte de voz, de video, de dalos, de IP ...

— para adecuarse a las necesidades de gestion de red: mecanismos de aceptacion de
conexién en funcion 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.




DRAFT

Compatibilidad con los sistemas de existentes y los setvicios

* 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 s:stema de administracion de red) o
por conmutacion ( por senalizacion SVC)




DRAFT

conexiones

* ATM : flexibilidad para la gestion de las .

Nodo VP

Virtual Path (VP)
Virtual Channel (VC)

Nodo VC




DRAFT

Equipos ATM

2

Crossconects de VC“ﬂ_

crosconect VP

Conmutador VP Conmutador VC *f‘“a 7

]

» Proveedores de dos origenes distintos

~ Proveedores de los 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 conmutacién de 1 Gbit/s para los equipos del cliente (CPE) y de varias decenas
de Gbhits para los equipos de los Operadores.




DRAFT

Hacia una red integrada de banda ancha

 ATM esnla té-c-:ﬁ-o}oﬁgiwaﬁé—c;égaada para construir una red integrada, unica capaz de
soportar diferentes servicios (Datos, Video, Voz...)

HE

Red backborie ATM:. . - "o ool o ie e
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DRAFT

Debilidades del ATM

o 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
normalizacion.

» 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 telefénicas para un numero importante de
« llamadas » ) '




DRAFT

Debilidades del ATM

* Otras tecnologias reconocen los méritos del ATM y tratan introducir los
mismos conceptos

— calidad diferenciada
— calidad garantizada
— red multi servicios (datos, voz, video)

e Por lo cual evolucionan también hacia una mayor complejidad
...y costos (IP con QoS....)
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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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DRAFT

Core Switch
Backbone

Edge Switc
High Density |

Gestion
B T O
L ll6s Nodos

“STM4-STMI6 [ ﬁnﬁ%a@
E1/E3 : .

" Access Switc :

Low Density STA

E !

Gestion de Serviclos

E1/T1-E3/T3 o115 e .
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Redes privadas
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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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NNI
> B-ISUP
B-ICI

+Para el caso de interconexion con otras redes de ATM
inicialmente se utiliza el Protocolo NNI pudiendo
evolucionar a B-ICI.

La interconexidn con centrales telefonicas se realiza
con B-ISUP.

La interconexion con los Giga Routers se realiza con
NNI.
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ATM en 3 Niveles

4 - 98 nodos

Red
multiservicios
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Interconexion gg wuha Red Inteligente
con las redes de datos

INAP/CS-1
VPN-Voz
VPN Datos
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DRAFT
Arquitectura genérica de las redes de nueva

o, | ( ’(Z (‘\/m\
generacié i EUA )}},}

| DORSAL

Centrales
L.D.
Con PAS :
FRONTERA &) Zcentral E
Local :

EQUIPO
TERMINAL DE
- USUARIO
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Ejemplos tipicos ge yjterfuncionamiento

con ATM en Ia evolucion hacia la NGN

P

INAP L LT e L e e 1 e T som il AP
VPN-Voz. VPN-Voz.

, Central LD

Central LD , AT, PA
Acceso/Billing PAN |
de Servicios de J
R. Inteligente. A

: e .Acceso/Billing
- i de Servicios de
R. Inteligente,

VPN-Voz.

VPN-Voz.

Central
=Local

” ~
~

Central




DRAFT

Ejemplos de Servicios de un Backbone ATM

. (_)feﬁ‘a_ ﬁécionél

conexiones VP y VC
Conexiones permanentes

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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DRAFT

Ejemplo de Serwc;os listos para soportarse
desde 1999 -

» Oferta Multi-accesos ATM (OMA)
* Transporte de IP
 Emulacion de circuitos
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DRAFT

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)
— Conexién de la red ATM con la Red de Paquetes
— Voice Trunking en baja escala

31



DRAFT

OMA : Oferta Multiservicios con ATM

. Cobertura geograéfica:
— Las grandes ciudades de Meéxico y aquellas poblaciones con gran actividad econémica

-  Ejm. ( México D.F. Monterrey, Guadalajara, Pueblia, Tijuana, Hermosillo, Mérida,
Querétaro, 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)...
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Concepto de Red de Nueva Generacion

PLAN DE NUMERACION
DE REDES
TELEFONICAS

PLAN DE NUMERACION
DE REDES DE DATOS
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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.




Proposito de las Redes ATM

Integrar
Multiples Servicios

Voz

Datos

ki R - * Eficiencia de Red
177 [ ERRRE 0 | p
« Economias de Escala

Mainframe




Proposﬂo de las Redes ATM

Integrar
Multiples Servicios

. |
Voz 5

T T

7 -\/ATM )
, Velomdad\

)

/BACKBQNE/

-~ e
AT

Video

Datos

L — - Eficiencia de Red
)

* Economias de Escala
Mainframe




COMO CUIDAR LAS INVERSIONES?...,

minvirtiendo en Tecnologia altamente
competitiva...

mQue optimice el uso y Evolucion de la Red,

mQue reduzca los costos de Operauon 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... Mexico DF.

|
|

2N
]

T

Guadalajara

Monterrey Pasar_ de _Redes SuperpueStaS
con Aplicaciones Especificas, a....

pta capacions QOS |

TTXT‘NODO ATM
~ Video X_ Guadalajara

Monterrey una Red ATM Multiservicios.

NODO ATM

X

*RED SDH Y WDM

Meéxico D.F.

*Alta Velocidad

Datos NODO ATM
Voz




Con una Plataforma ATM ...

Se Entrega la
Calidad de Servicio (QoS) Acordada

con cada Cliente
D.F. .

Datos / i >@d

Voz \ |-
Video — X, — I

J}' - Guadalajara
Monterrey,

y simultaneamente se
optimiza el Ancho de Banda
- Eficiencia de la Red-

Gestion Avanzada de Trafico de Red




CON UNA PLATAFORMA ATM ES POSIBLE
OFRECER....

Mayor Rendimiento usando Gestion Avanzada de Red

atta 1 Rendimiento con:
Gestion Avanzada deTrafico (ATM)

Rendimiento con:
- Baja Gestion de Trafico

Ganacia
Estadistica

(+ Usuarios
- Ancho B P
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
. o Prioridad
l VBR-nrt |
Clase Inferior ﬁ UBRIAER

‘m Servicios de clase superior pueden llegar a complicar
la disponibilidad de servicios de clase inferior

m Puede escalarse a un problema de congestion




Gestion Avanzada de Trafico
con una Plataforma ATM.....

Clase Superior l | CBR |20%
I _VBRet(1) | 5%
 VBRert(2) | 5%

VBR-nrt (1) | 15% Prioridad

VBR-nrt (2) |15,

l : - _ABR 20%

UBR
Clase Inferior! . . 10%

m Garantiza siempre un Minimo de Ancho de Banda
m Elimina Ausencia de Servicio a Clases Inferiores
m Reduce Retransmisiones que Provocan Congestion

10




\\

ATM INTEGRACION GLO_B_AL DE LA RED

RED DE (
ACCESO
XDSL
WLL
ATM - NTU

/

ATM
NODO
MUL TISERV

/
(’/

;
-
/‘/" i

RED DE
ACCESO
XDSL
PON

ISDN |
ATM-NTU

L

ATM
NODO
MULTISERV

ATM

// \\

\
|

NODO

\ MULTISERV

.
\'\

RED DE
ACCESO
| IP
ISDN
WLL

CELULAR ./
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FACULTAD DE INGENIERIA U.N.A_M.
DIVISION DE EDUCACION CONTINUA

CURSOS ABIERTOS

IX CURSO INTERNACIONAL DE TELECOMUNICACIONES

MODULO IV
REDES DIGITALES:
“ACTUALIDAD Y PERSPECTIVA”
TEMA

PRINCIPIOS Y ELEMENTOS DE RED SDH PARA UNA
INFRAESTRUCTURA DE TELECOMUNICACIONES

CONFERENCISTA

ING. RODOLFO BUENDIA
PALACIO DE MINERIA
MAYO 2000

Palacie de Mineria Calle de Jacuba = 2nmer nissy Deigg Cuauntemoc 08000 Mexica, D F
Telefonos 5512-8858 EEIZLi T SI21-TEET SEZ1-1887 Far S5510-0573 SS21-4021 AL TS

LPDO Postal M-2285



Ing. Rodolfo Buendia
NORTEL Ingenieria de Transmiston
Tel. (5) 480-8269

Fax. (5) 480-8292
rodolfo_buendia@nt.com



Japen




SDS-

SDS-36

SDS-48

SONET / USA



Canal b

AHEREN
314

Senal Multiplexada

ultiplexaje
./ SDH

.pm‘. B
.‘L'dl\p\“‘;!

buffer
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Regenerator Section

Overhead

(RSOH)

Payload (Carga de Informacién)

Multiplex Section Overhead

5 (MSOH )




34 Mbit/s

Extraccion e Insercion
Sincrona S AT
L

Tributarias



nk]
PR

o

\ E{oy]
S
|

1544 Kb/s

9



139,264 Kb/s

alta velocidad de
multiplexaje

: VC-X + Apuntador

Inserciéon del POH

Insercion del SOH

10



R
MULTIPLEXORES
SINCRONOS

HEEE —
0 ey " STM-I'S

i
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PTR Cl | ClI |

Cl acion

Proceso de
Concatenacion
Virtual -

Receptor: Utilizacion de los
i Tf"“ apuntadores para poner los
"~ VC en fase.

Transmisién: € valor de
apuntadores es idéntico par
los VCs.



PT (n-1)

a) Justificacion Negativa

PT (n+1)

J=

de justificacién negs
B = Byte de relleno en €
justificacion positiva.

b} Justificacion Positiva

13



B tes de op®
tificacio

HI
*

H2 |HZ |H2]H3

H3

14



v

Bandera de nuevos datos
(NDF)

15



A1 A2 A2 C

L i A

!
e
Jaq

e
BT
Haiisine

o

i
e
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Senales
Tributarias

/!
Ensamble del
VC

Multiplexor Multiplexor
Terminal de Terminal de
SOH SDH
Sistema de *®
Interconexion Des;enlssgble
Digital SDH. €
d

17



a2 | a2 | A2 | J1
E1 F1 B3
D2 D3 C2
Ap}:nladur Al - G1
B2 | B2 | B2 | Ki K2 F2
> o b H4
i > o 23
D10 B11 D12
Z4
ztlzy fzr |22 | 22| 22| B2
Z5
J1
B3
L) e 7 B 4 g S ,
: C2 ‘, Etiqueta de Sefial gk

Localizacion g -
-~ de los bytes
en el POH = [
”M(wak é%i%qfﬁiento
2 o




RESPALDO RESPALD® ~; 5 R

TRIBUTARIAS

MULTIPLEXOR CONFIGURADO
COMO NODO CENTRAL.

=3
B

Cn

SENAL
OPTICA

[

Tributaria de
interface fisica

3 = lE kd
|
U
f ! ‘s‘jb T
F

i3 \»n :
BROADCASTING (DIFUSION) "«;ﬂTgIBUTARlAS
UNIDIRECCIONAL

19



STM-f de bajo orden

West
STM-1

HH

Coqmptadgt’ de | conmutador de
distribucion distribucion

[ [ ]

o e I - ) i\” o]
| Pl J'\j T
Interfaces de 2 Mbit/s Interfaces N rfa ! iméctrlcas u 6pticas de
de 34 Mbit/s 140*" “‘j'n 5sEMbms
e

!

20



Hacia equipo de
multiplexacion de
orden inferior

No se requiere
multiplexacion
de orden inferior

,/ Reserva /Oeste

Principal.

Principal /Este

Agregado optico con proteccion 1+1
0 enrutamiento alterno.

oen

HIrFIIps

21



1onales de

Sefal de

Tiempo

Externo
2,048 MHz

140/155 Mbit/s
Tributana

¢ 1_5_]| OHR

140/155 Mbit/s
622.08
Mbit/s

ERX

Tributaria Sefiate STM-1

Seiial de Reloj

22



140 Mbit/s
pucrto de

prueba

STM-1 puerto

de prueba

140 Mbit/s

mterface

STM-1
interface

eléctrica

Matriz de Conmutacion

i

interface optica

STM-1

Uso futiiro

Sisterna de Control

Interface de
operacion

Respalde de
memoria

STM-16
interfee ptica
Uso future

Generador Centrad
de Reloj

(CCG)

Sefiales reloj de

Termnal local

referencia

o remota

23



Senal de
Sincronia

Seral AN

Sincronia
optica.
622.08 Mbit/s
E1 F1
Interface F
Senal de
Senal de Si'nc'ronia
Sincronia optica. .
optica. 622.08 Mbit/s
622.08 Mbit/s

39 MHz Referencia de reloj.

24



o Bus con
edi1os

Tributarias

Tributarias

25



Tributarias

L

TrIbUtaFiaS b At jﬁ AR

26



L

guracion

27



[caciones

dancia

proteccion de ed\

®

Enlace

Causa:
- excavacion
- sabotaje

Nodo

Estacion

Causa:
- incendio -
- falla de energia

28



rabajo A

-

Canal de
Canal de 'l

DESPUES DE LA

B

Canal de Trabajo

29




Canal de Trabajo A .
Canal de Trabajo B .

Canal de Trabajo C

 Protegido inm i ANAL B

Activo

<.
.,

30



Condicion de
Falla

31



eccion Compartida

Fibra de emision

Fibra I~ % Rutai

Fibra 2™~

=

Tributaria e

F=7
7
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: Fuente d

PRS
SRS

Fuente de R
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FACULTAD DE INGENIERIA U N.A_M.
DIVISION DE EDUCACION CONTINUA

CURSOS ABIERTOS

IX CURSO INTERNACIONAL DE TELECOMUNICACIONES

MODULO IV

' REDES DIGITALES: | o
“ACTUALIDAD Y PERSPECTIVA” i :

T TEMAL
RED DE NUEVA GENERACION NGN ..
CONFERENCISTA

ING. ARTURO ALALUF OLIVARES.
PALACIO DE MINERIA
MAYO 2000

Palacic de Mineria Calle de Tacuba 5 Primer pisp Deleg Cuauhtémoc 06000 México, O F APDQ Postal M-2285
Teléfonos 5512-8835 5512.5121 5521-7335 5521-15887 Fax 5510-0573 5521-4021 AL 25



RED DE NUEVA
GENERACION
-~ NGN



RED DE NUEVA GENERACION

RED DE
SENALIZACION No. 7

INTERFAZ DE [
SENALIZACION

PREMISAS DE

RED ATM RED
DEE E;I\LI:PS:;;E seee SENALIZACION BANDA ANGOSTA
- seee SENALIZACION BANDA ANCHA
L :

SENALIZACION ATM



RED DE NUEVA GENERACION

ATM - SDH |
ANILLOS SDH

ATM-SDHY 5 5 Gpps - WDM 10 Gbps | ATM - SDH

BACKBONE ATM
o ATM - SDH

NODO DE —
INTEGRACION (| F.R. nx64Kbps
DE SERVICIOS U

DE DATOS @ 64Kbps



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 | | v /| pven
F.R. | IPCC
IP VOIP
™ ATM - SDH I ATM - SDH
| 64kBbps A IP IP ACC
nx64Kbps ANILLOS SDH ISDN IP
ETs 622 Mbps - 2.5 Gbps ms Ip
' MS ATM
MM VPN




RED DE NUEVA GENERACION
GESTION

VOZ,DATOS Y VIDEO
(SISTEMA DE GESTION INTEGRAL)

_J/

T

PLATAFORMA MULTISERVICIO
(INFRAESTRUCTURA INTEGRADA)

r
\
vOZ CELULAR
TELEFONIA TELEFONIA
ALAMBRICA || INALAMBRICA

DATOS

VIDEO

DATOS

VIDEO

SISTEMAS DE
GESTION
INDEPENDIENTES

INFRAESTRUCTURAS
INDEPENDIENTES

)



RED DE NUEVA GENERACION

(@C@(ﬁ N f/ >

RED

\QTEIGEN T

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 0OSSs: .
Delivery, NCON, PAWS SCP VPN,
el Prepaid Calling Card

Billing —

NGN Call Agent

NGN Announcement Server
NGN Accounting Gateway

Data & Voice
VPNs

g E2N0E Tk
T
£ i L\_Ljme
R

Leased Line
Frame Relay

ATM
xDSL for High
Speed Internet
Access /
&
Callingj Card )
Services International &
Domestic VolP




ESCENARIOS DE SENALIZACION
PARA EL SISTEMA DE S.C.C. No. 7

i1



EJEMPLOS DE PROCESOS DE LLAMADA ENTRE
ATM Y’EEL.SHE;TTEAMIll)EEiS.CZ(:.ﬁVCL 7

DORSAL j
/

"H-, ’

: PNNI ,l
@ ; B s
an Iy
:';:: Iy
Iy
/
FRONTERA I ;
!
%E {E ;! | sup !
! /
@_‘ ' Cen®a
SDH / /

vl_ - Celtral - Q PN ISD‘N
ACCESO v o
_ @y  PoTs
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EJEMPLOS DE SUPERVISION Y GESTION
AMBIENTE L.D e AMBIENTE LOCAL

oooooooooooooooooooooooooooooooooooooooooooooooooooooo

(E==s) (B

oooooooooooooooooooooooooooooooooooooooooooooooo

----------------------------------------------

...................................................

SERVICIOS

ATM/SENALIZACION

GESTION
LOCAL

GESTION
LOCAL

SDH
WDM

AMBIENTAL

13



SUPERVISION Y GESTION

SERVICIOS |

ATM/SENALIZACION

~ SDH
WDM

| 1

« FACTURACION.

* GESTION DE RED MULTISERVICIO.

* INTERACCION CON OTROS OPERADORES DE
SERVICIOS.

* INTERACCION ENTRE SERVICIOS.

« INTERACCION CON LA RED DE SERVICIOS EN
USO, DESEMPENO Y DISPONIBILIDAD.

« SOPORTE DE SERVICIOS.

« APROVISIONAMIENTO Y MODIFICACION DE
FACILIDADES.

« CONTROL DE VISTA DE RED.

* GESTION DE RED FOTONICA.
* GESTION DE CADA .UNO DE LOS ELEMENTOS DE
RED PDH, FUERZA Y CLIMA.

FUENTE: RECOMENDACION M.3010 /UIT
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HISTORIA

1899

1940°S

1970°S

1980'S

1984

PRIMERA TRANSMISION DE RADIO
GUILLERMO MARCONI.

LAS POLICIAS DE LAS GRANDES CIUDADES
EN LOS ESTADOS UNIDOS UTILIZAN SISTEMAS
RADIOTELEFONICOS PRIVADOS.

EN LA CIUDAD DE NUEVA YORK CON SOLO 12
CANALES DE RADIO SE DA SERVICIO A 545
USUARIOS.

IMTS
SISTEMAS DE 100 A 200 CANALES PARA
SOPORTAR 3000 A 5000 USUARIOS.

CELULAR

NACE EL PRIMER SISTEMA CELULAR

SE LANZA COMERCIALMENTE EN CHICAGO.
e RE-USO DE FRECUENCIA

« BAJAS POTENCIAS



RE-USO DE FRECUENCIAS

e PARA MINIMIZAR INTERFERENCIA _
AISLAMIENTO DE UN SITIO CELULAR CON OTRO QUE
UTILICE EL MISMO GRUPO DE FRECUENCIAS.

. DISTANCIA ENTRE SITIOS CELULARES
D/R '
D = DISTANCIA ENTRE CELULARES USANDO LA MISMA

FRECUENCIA.
R =RADIO DE LA CELULA.

UN VALOR TIPICO DE D/R PARA LOS SISTEMAS CELULARES
ANALOGICOS ES DE 4.6

VGR D=4.6
R=1

ESTO SIGNIFICARIA QUE UN CANAL USADO EN UNA CELULA
CON UN RADIO DE 1 Km. SE PODRIA REUTILIZAR A 4.6 Kms.

DE DISTANCIA.

LOS SISTEMAS DIGITALES SON MUCHO MAS EXIGENTES.



EXISTEN DOS TIPOS DE SISTEMAS CELULARES:
e ANALOGICO » MODULACION FM
e DIGITAL % MODULACION “/4 PSK

1990° TENDENCIAS MUNDIALES A DIGITALIZAR LOS
SISTEMAS.
“DIGITALIZACION DE LA INTERFAZ DE AIRE”

OPERACION EN MODO DUAL
“DUAL MODE”

SISTEMAS DIGITALES :
MAYOR CAPACIDAD
PRIVACIA
CALIDAD DE AUDIO
(VOCODER)
SNS

TECNOLOGIAS DIGITALES :  TDMA = DAMPS =18-136
- METODOS DE ACCESO : CDMA =18-95
GSM

CANALES DE CONTROL
CANALES DE VOZ o DE TRAFICO.



VOCODERS

DIGITALIZACION DE LA VOZ % 64 KBPS

PARA TRANSMITIR VIA RADIO 64KBPS SE REQUERIRIA
UN CANAL DE 64 KHz. |

ELL. CANAL DISPONIBLE DE LAS DIFERENTES
TECNOLOGIAS CELULARES ES DE 25 6 30 KHz.

.. SE REQUIERE COMPRESION - CODIFICACION

PARA TDMA IS-136 COMPRESION 8:1

PARA  CDMA  IS-95 COMPRESION VARIABLE
8:1A64:1
PARA  CSM COMPRESION 5 : 1

EL PROCESO DE COMPRESION - DESCOMPRESION SE LLEVA
ALREDEDOR DE 50 A 100 MSEG. PROVOCANDO ECO.

”. USO DE CANCELADORES DE ECO EN MSC.



ESTANDARES PARA RADIOTELEFONIA CELULAR:
AMPS - ADVANCE MOBILE PHONE SYSTEM (EIA-553)

FCC EN 1974 ASIGNA 40 MHz PARA ESTE SERVICIO
FCC EN 1984 ASIGNA 10 MHz ADICIONALES

UPLINK 824 A 849 MHz.
DOWNLINK 869 A 894 MHz.

ESTO DA UNA CAPACIDAD DE -832 CANALES DUPLEX DE
J0KHz.

BANDA A 25 MHz. 416 CANALES
BANDA. B 25 MHz. 416 CANALES

TELEFONOS CLASE 1: 3 WATT = 5 dBw = 34 dBm
CLASE2: 1.6 WATT =2 dBw

CLASE3: 0.6 WATT=-2dBw = 28 dBm

LA POTENCIA DE TRANSMISION DEL MOVIL SE AJUSTA EN
PASOS DE 4 dB.
LA POTENCIA MINIMA ES DE 6 Mw =-22 dBw = 8 dBm



TACS - TOTAL ACCESS COMMUNICATION SYSTEM

. INSTALADO EN 1985 EN EL REINO UNIDO.

. FRECUENCIAS COMUNMENTE ASIGNADAS A TACS
UPLINK 890 MHz A 915 MHz.
DOWNLINK 935 MHz A 960 MHz.

23MHz  FULL DUPLEX
45 MHz  SEPARACION UP/DOWN LINKS
BW =25 KHz POR CANAL.

TELEFONOS CLASE 1: 10 WATTS
CLASE2: 3 WATTS
CLASE3: 1.2 WATTS
CLASE4: 0.6 WATTS

LA POTENCIA DE TRANSMISION. DEL MOVIL TAMBIEN SE
AJUSTA EN PASOS DE 4 dB.

LA POTENCIA MINIMA TAMBIEN ES DE 6 mW,

JTACS - TACS MODIFICADO PARA JAPON.
NTACS - DE BANDA ANGOSTA BW =125 KHz.



NMT - NORDIC MOBILE TELEPHONE
«  NMT 450 INTRODUCIDO EN 1981
o NMT 900 INTRODUCIDO EN 1986

e DESARROLLADO POR LOS PAISES NORDICOS:SUECIA

DINAMARCA
NORUEGA
FINLANDIA
NMT - 450 180 CANALES  HASTA 50w
BW =25 KHz.
ESPARCIMIENTO DUPLEX = 10MHz
NMT-900 1000 CANALES HASTA 25W
BW =25 KHz
TELEFONOS NMT - 450 15W |
1.5W MOVILES
0.15W
1.0W ]
0.1W |  PORTATILES
NMT-900 6W |
1W MOVILES
0.1W
1.0W |
01w PORTATILES




NAMPS - NARROWBAND AMPS

e INTRODUCIDO EN 1991 POR MOTOROLA
' BW = 10 KHz
e ESTANDAR IS-88 UNA EVOLUCION DE EAI-553

JMCS - JAPANESE MOBILE CELLULAR SYSTEM (MCS)

¢ INTRODUCIDO EN JAPON EN 1979
OPERA EN LA BANDA DE 800 MHz.
BW =25 KHz

CNET

e SISTEMA USADO EN ALEMANIA, PORTUGAL Y SUDAFRICA.
e INTRODUCIDO “TEMPORALMENTE” EN ALEMANIA EN 1985.
e OPERA EN LA BANDA DE 450 MHz.

461.3 A 465.74 MHz.

451.3 A 455.74 MHz.

BW =20 KHz.

SEPARACION UP/DOWN :‘ 10MHz.



GSM - GLOBAL SYSTEM FOR MOBILE COMMUNICATION

i®

CREADO PARA PROPORCIONAR UN ESTANDAR UNICO EN
EUROPA.
UTILIZA TECNOLOGIA TDMA.
PRIMER SISTEMA EN OPERACION EN 1991.
SISTEMA QUE HA EVOLUCIONADO PARA USO EN BANDAS :
900 MHz
1800 MHz PCN EN EUROPA
1900 MHz PCS EN AMERICA

ACTUALMENTE EXISTEN ALREDEDOR DE 150 PAISES
USANDO GSM.
SISTEMA SOLO DIGITAL NO COMPATIBLE CON
TECNOLOGIAS ANALOGICAS.
BW =200 KHz TDMA -8 FULL RATE

TDMA - 16 HALF RATE (VOCODER EN
DESARROLLOQO). ,
GSM BIT RATE =270 KBPS.
GSM- 900 45 MHz  SEPARACION UP/DOWN
GSM - 1900 80 MHz SEPARACION UP/DOWN

10



CDMA -1S95 CODE DIVBISION MULTIPLE ACCESS

DESARROLLADO POR QUALCOMM.

1995 PRIMER SISTEMA EN OPERACION EN HONG KONG.

BW =1.23 MHz.

MULTIPLES ' CONVERSACIONES SIMULTANEAS EN LA
MISMA FRECUENCIA DIFERENCIADAS POR CODIGOS.
COMPATIBLE CON AMPS ANALOGICO (EIA - 553)

IMT - 2000 EL FUTURO

INFOCOM VOZ
DATOS ALTA VELOCIDAD
VIDEO
MULTIMEDIA

INFOCOM ES LA CONVERGENCIA DE :
-TELECOMUNICACIONES INALAMBRICAS.
- INTERNET.

11
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RED DE NUEVA
GENERACION
NGN



RED DE NUEVA GENERACION

RED DE
SENALIZACION No. 7

INTERFAZ DE
SENALIZACION

PREMISAS DE

- RED ATM | RED
DEE ‘3}1’,’2’;& eeee  SENALIZACION BANDA ANGOSTA
eeee  SENALIZACION BANDA ANCHA
I

SENALIZACION ATM



RED DE NUEVA GENERACION

ATM - SDH
ANILLOS SDH -

ATM-SDHY 5 5 Gbps - WDM 10 Gbps ATM - SDH

BACKBONE ATM
ATM - SDH
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ATM Architecture

ATM is a broadband ISDN technology that has been touted as the next revolution

in LAN and WAN communication. Volumes have been written about ATM und 1
emerging role in corporate networks. References [ 10-1] through [10-6] provide hack-
ground on cell-switching and ATM technology. References [ 10-7] through [ TO-9] are
vendor and analyst reports that discuss trends in the ATM marketplace. Relerences
[10-10] through [10-12] provide information on carriers” plans (o support ATM. Finally,
References [10-13] through [10-19] discuss the integration of LLAN und WAN 1cch-
nology. This chapter looks at ATM applications, stundards. and interfaces. Chapter
1 discusses the ATM protocols in detail,

10.1 ATM Technology

ATM technology comes from ITU standards that address the worldwide telecom-
munications infrastructure. Two significant developments preceded ATM: in the carly
1980s, the I'TU defined ISDN, which is now called Narrowband ISDN (N-ISDN), and
in the late 1980s, the ITU enhanced N-ISDN, defining broadband ISDN (B-ISDN).
N-ISDN defined two access interfaces: a basic rate operating at 144 Kbps. and a pri-
mary rate operating at 1.544 Mbps. These interfaces were designed to carry digital
voice, 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 illustrates 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 DS1 line; vartable 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 5-octet header containing addressing information. The resulting .
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53-octet packet is called a cell. At that point, ATM takes cells from various signal
sources, mixes them with cells from other sources, and sends them to the ATM switch
(see References {10-20 and [0-21]). The switch multiplexes the cells together. The
cells then contend for vacant slots in the outgoing ATM cellstream.

Constant Data . Variable
Bit Rate Bursts Bit Rate

B-ISDN Services

ATM Cell Segmentation

Multiplexing

Il Header
W] cet

Outgoing ATM Cellstream

Figure 10-1. The ATM concept.
Courtesy of Hewlett-Packard Company.

ATM is a connection-oriented service, meaning it requires an established con-
nection before it can transmit data. There are two types of ATM connections: PVCs
and SVCs. Two labels identify the endpoint connections: a VPl and a VCI.

" The transmission delay for each cell depends on the traffic load from the other
input datastreams, thus the arrival rate (delay) of each datastream is not periodic. .
Therefore, the cell transfer is referred to as an asynchronous operation or ATM.
In contrast, a synchronous transfer mode has fixed periods for cell transmission
and reception.
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10.1.2 ATM Example

Image transfer, one of the most frequently touted ATM applications, is one of the
key features of the FISHnet, a fiber-optic system designed by Cablevision Systems
Corp. of Woodbury, N.Y., that links ph;sicians and researchers at Brookhaven National
Laboratory, SUNY-Stony Brook, plus another Cablevision facility in Hicksville, N.Y.
(see Figure 10-2a). FISHnet, which stands for Fiber Optic, Istand-Wide, Super High-
speed Network, currently provides links for medical and environmental researchers
at the Brookhaven and Stony Brook locations.

TAX!

Stony Brook
/ >< University

Cablevision oc-3¢

Hauppauge, N.Y. 155 Mbps
TAXI /'
' / Brookhaven
L 0OC-3¢ National Labs
155 Mbps - L\

A .

OC-3c
155 Mbps

II

Cablevision
x Hicksville, N.Y.

Note- TAX{: Transparent Asynchronous
Transmitter-Receiver Interface

Figure 10-2a. FISHnet phase I.
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An optical backbone, operating at the OC-3c rate of 155 Mbps, connects ATM
switches from Fore Systems Inc. of Warrendale, Pa., at each location. Sun worksta-
tions connect to the ATM switches uging a 100 Mbps TAXI interface.

Currently, the FISHnet system lets doctors at Stony Brook Hospital read patient
X-rays taken at Brookhaven almost as soon as they have been taken. [f the doctor
needs additional diagnostics, such as a different X-ray position, the X-ray can be
retaken immediately.

Itis planned to integrate the experimental ATM network into a larger ATM back-
bone infrastructure that will be deployed to provide frame relay and ATM services to
the business community on Long Island (see Figure 10-2b). Many of these organiza-
tions have'large investments in legacy LAN architectures. To protect this investment,
the system will first implement LAN connectivity into ATM on the WAN, and will
only gradually migrate to ATM at the desktop. So, ATM-capable hubs and routers
will play an interim role in this connectivity plan. ATM switches will be deployed at
each premise only when the application requirements can justify the hardware expense.
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10.2 ATM Standards

Several sources have defined standards for ATM networks: the ITU-T [10-22],
the ATM Forum [10-23], Bellcore [10-24], and ANSI.

The key ITU-T standards are as follows:

ITU-T Recommendation Descriptiion

1.113 B-1ISDN Vocabulary of Terms

1214 Broadband Aspects of ISDN

1,150 B-1SDN ATM Functional Characteristics

1.211 B-ISDN Service Aspects

1.311 B-ISDN General Network Aspects

1.321 B-i1SDN Protocol Reference Mode!

1.327 B-ISDN Functional Architecture Aspects

1.361 B-ISDN ATM Layer Specification

1.362 B-1ISDN ATM Adaptation Layer Functional Description

1.363 B-1ISDN ATM Adaptation Layer Specification

1.371 Traffic Control and Congestion Control in B-ISDN

1.413 | B-1SDN User-Network Interface

1,432 B-1SDN User-Network Interface Physical Layer Specification
1.555 Frame Relay and ATM Interworking

.610 B-tSDN Operations and Maintenance Principles and Functions

The key ANSI standards for B-ISDN are:

ANS! Standard Description

T1.511 Broadband ISDN-—ATM Layer Cell Transfer Performance Parameters

T1.624 Broadband ISDN User-Network Interfaces—Rates and Formats
Specifications

T1.627 Broadband 1ISDN—ATM Layer Functionality and Specification

T1.629 Broadband ISDN—ATM Adaptation Layer 3/4 Common Part

Functions and Specitications



T1.630
T1.635

T1.636

T1.637

T1.638

T1.638

T1.649
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Broadband ISDN—Constant Bit Rate (CBR) Services

Broadband ISDN--ATM Adaptation Layer 5 Common Part Func-
tions and Spegcifications

Broagdband ISDN—Signaling ATM Adaptation Layer—Overview
Deécription

Broadband iISDN—ATM Adaptation Layer Service Specitic Connection
Oriented Protocol (SSCOP)

Broadband ISDN—Signaling ATM Adaptation Layer—Service Spe-
cific Coordination Function at the User Network Interface {SSCF at
the UNI) ’

Broadband ISDN—Signaling ATM Adaptation Layer—Service Spe-
cific Coordination Function at the Network-Network Interface (SSCF
at the NNI) /

Broadband ISDN—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 I'TU-T rec-

ommendations. This process ensures a higher probability of interoperability between
different vendors’ products. The framework for the ATM documents is called the
Anchorage Accord, illustrated in Figure 10-3, wpich describes the various documents’
dependencies and inter-relationships. The key ATM Forum documents are as follows:

Y Y

YYY VY Y VYY

ATM User-Network Interface (UNI) Specification, version 3.1

Physical Layer Specifications for DS1 (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-ICI) Speciﬁcation, version 2.0
LAN Emulation over ATM Specification, version 1.0

Broadband Inter Carrier Interface (B-ICI) 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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Levet
-+ Foundation Specs » 4——— Application & Service Specs ——ip-
Noles- .
AW, APPN Implementors Workshop D Spec in progress {9/96)
AMS- Audiovisual Multimedia Service
BICI Broadband Inter-Carrier Interface Compleled spec {3/96)
CES: Circut Emulation Service
DXI: Data Exchange Inlerface ——  Above spe¢s build
FR: Frame Relay on this level
FUNI Frame Based User-1o-Network interfface )
nsp: Interim Inter-Switch Signaling Protoco! {1} willinvolve a new
ILMI- Intenm Local Management Interface physical layer independent
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MPOA. Multi-Protocol Over ATM
PNNI; Private Network-Node interface {2)  ATM Forum validated
RBB: Residential Broadband specs, onginated by
SIG- Signaling . other organizations
SMDS- Switched Multi-Megabit Data Senice
TM™: Traffic Management
VTOA: Voice and Telephony over ATM
XTI X/Open Transport Interface

Figure 10-3. Anchorage Accord specification relationships.
Courtesy of the ATM Forum,

10.3 Broadband ISDN Architecture

ITU-T Recommendation 1.413 provides the reference configuration for the B-
ISDN UNI. The reference configuration specifies various functional entities and the
reference points, which are interfaces between them (see Figure 10-4). All interfaces,
except for the R interface, have a designation beginning with the letter B, indicating
broadband technology. The R interface may or may not have broadband capabilities
(sce References [10-25] and [10-26]).
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. S T U
] B B B
]
B-TE! f—+— B-NT2 (—— B-NT1 [——
l
R
SB
B-TEZ2 ! 1
or TE2 $ B-TA I
i
Notes: B: Broadband -—+— Reterence Point
TA: Termunal Adaptor !
TE: Terminal Equipment ’ D Functional Grouping

NT. Network Termination

Figure 10-4. B-ISDN functional reference configuration.

Source: TR-NWT-001112, ©1993, Bell Communications Research, Inc., reprinted with permission

10.3.1 B-ISDN Reference Points
The reference points defined for B-ISDN include:

>

R, the point between non—B-ISDN equipment (TE2 or B-TE2) and a ter-'
minal adapter (TA)

S, the point between ISDN user equipment (B-TE] or B-TA) and the cus-
tomer premises network-termination equipment (B-NT2)

T, the point between the customer premises network-termination equip-
ment {(B-NT?2) and the public network termination (B-NT1)

U, the point between the public network termination (B-NT1) and the

public network

LY

10
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10.3.2 B-ISDN Functional Groups

The B-ISDN functions are grouped to indicate the operations they perform. These
aroups include: ‘

>  B-NT1 (broadband network termination 1), which handles the termina-
tion of the transmission line as well as the Operations and Maintenance
(OAM) functions, such as a SONET line termination

>  B-NT?2 (broadband network termination 2), which may include higher-
layer functions such as buffering, muluiplexing, and signaling, as well as
other examples such as PBX, LAN, or terminal controllers

>  B-TEI (broadband terminal equipment 1), which supports B-ISDN protocols

>  B-TE2 (broadband terminal equipment 2}, which supports a broadband .
interface other than B-ISDN !

> TE2 (terminal equipment 2), which supports an interface other than ISDN

> TA (terminal adapter), which lets a B-ISDN user-network interface 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 layers
(see Figure 10-5a). This model differs from the familiar OSI Reference Model in that
it uses three, rather than two, dimensions. You can think of the planes as protocol suites.

Management Plane
Functions

Control User
Plane Plane
Higher Layer Higher Layer
Protocols and Protocols and
Functions Functions '

Figure 10-5a. B-ISDN protocol model.
Courtesy of STACKS, The Network Journal.
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The planes are designated: user, control, and management. The user plane pro-
vides user-to-user.information transfer and controls required for that transfer, such as
flow control and error recovery. The control plane provides call-control and connec-
tion-control functions such as signaling. 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. Layer man-
agement deals with the resources and parameters residing at each protocol layer, such
as OAM information flow.

Thé layers include: Physical (PHY), ATM, ATM Adaptation (AAL), and Higher.
The next section describes these layers in more detail.

10.3.4 ATM Layers and Sublayers

Figure 10-5b illustrates the ATM layers and sublayers. As you’ll see, the Physical
layer sends and receives bits on the transmussion medium, and it sends and receives cells
to and from the next highest layer, the ATM layer. The ATM layer then switches these
cells to the approprniate circuit to 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.

12
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Figure 10-5b. ATM layers and sublayers.
Courtesy of STACKS, The Network Journal.

The Physmal layer has two sublayers: Physical Medium (PM) and Transmission
Convergence (TC). The PM sublayer provides bit-leve! transmission. Its functions
include the electrical or optical interface into the transmission medium, such as a
cable, and the timing and recovery of those bits on the transmission medium.

The TC sublayer has five functions: frame generation, frame adaptation, cell delin-
eation, Header Error Correction (HEC) generation, and cell-rate decoupling. Frame
generation creates and recovers the data frame sent by the PM sublayer. Next, cells
transmitted by the ATM layer must be adapted to the data-frame format required for
the PM sublayer. In the receive direction, the frame-adaptation function extracts the
cells from the frame. The cell-delineation function identifies the boundaries of cells
so the ATM layer can decode them properly. Next, HEC sequence is calculated and
added to the ATM header for transmitted frames. For received frames, the cell head-

13
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ers are checked for errors. If errors are found, they are corrected when possible. If
they cannot be corrected, the cell is discarded. Finally, cell-rate decoupling inserts or
suppresses idle cells, adapting the transmission rate of the valid ATM cells to the pay-
load capacity of the transmission system.

The ATM layer functions independently of the Physical layer and performs four
operations on cells: multiplexing, VPI/VCI transiation, header generation, and flow
control. In the transmit direction, the ATM layer multiplexes cells from individual
virtual paths {(VPs) and virtual channels (VCs) into a composite cell flow. In the receive
direction, dernultiplexing directs cells from the composite cell flow to the appropri-
ate VP or VC. Nexl, the VPI/VCI fields in the incoming cell may require mapping to
new VPI/VCI values. Third, the ATM layer generates an ATM header and adds it to
the payload for transmission or extracts the payload from a received cell and passes
that payload to the next highest layer. Finally, the ATM layer may generate cells to
carry Generic Flow Control (GFC) information.

The AAL maps the higher layers (for example, services that define the signal type
used) into the ATM layer (for instance, cells). AAL consists of two sublayers: the
Segmentation and Reassembly (SAR) sublayer and the Convergence sublayer (CS).
The SAR sublayer segments the variable-length higher-layer information to be trans-
mitted into fixed-length ATM payloads, and reassembles the received payloads into
the higher-layer information. The CS performs functions required by the AAL type
in use, and is therefore service-dependent. In some cases, CS functions may be sub-
divided into a Common Part Convergence Sublayer (CPCS), or the lower sublayer;
and a Service Specific Convergence Sublayer (§SCS), or the upper sublayer.

10.4 ATM Interfaces

A broadband network may include several interfaces (see Figure 10-6): the UNI,
the ATM DXI, the network-node interface (NNI), the private network-node interface
(PNNI), and the Broadband Inter-Carrier Interface (B-ICI).

14
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The UNI connects the ATM network and premises equipment, which could include
an ATM switch. There are two types of UNIs: public and private. A public UNI con-
nects a private ATM switch to a public ATM service provider's network. A private
UNI connects ATM users with the ATM switch [10-27].

Some applications divide the ATM protocol functions between the DTE, such as
a router, and the hardware interface to the UNI, such as an ATM DSU. The DXI defines
the protocol operations between these two devices.

The NNI describes network interconnection within a single carrier’s network or
between two carrier networks. The PNNI specifies a protocol through which ATM
switches that are part of a private ATM network may communicate. The PNNI spec-
ification defines two possible configurations: a Private Network-Node Interface, oper-
ating between two switches; or a Private Network-to-Network Interface, operating
between two groups of switches, or ATM networks. When an NNI interconnects pub-
lic ATM carriers, it is often referred to as the B-ICl. '

When an ATM network connects to either a public or private network, such
as frame relay or SMDS, conversions between the two network protocols are
required. [WF processes, which the ATM Forum’s B-ICI specification defines,
perform these conversions. '

10.5 ATM Connections: VPIs and VCls

Whether sent at the UNI or the NNI, each ATM cell contains information that
identifies its virtual channel. This identification has two parts, which are both used at
the ATM layer: 2 VPI and a VCI (see References [10-28] through {10-30]).

A virtual path is a bundle of virtual channel links, all having the same endpoint.
So, the virtual path is like a large telephone cable, where all circuits terminate at a
central office. The VPI is either assigned or removed to originate or terminate a vir-
tual path link. These links are concatenated to form a virtual path connection (VPC).
Each virtual channel link within a VPC maintains the cell transmission sequence, but
does not ensure the integrity of an individual cell.

ITU-T Recommendation 1.311 defines the virtual channel as “a unidirectional
communication capability for the transport of ATM cells.” A VCI is either assigned
or removed, respectively, to originate or terminate a virtual channel link. Virtual chan-
nel links are concatenated to form a virtual channel connection (VCC), an end-to-end
cell path at the ATM layer.

16
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The physical transmission path (see Figure 10-7) contains the virtual paths and
their VPIs, as well as the virtual channels and their VCls.

— TN

VP

VCL2
Physical
media
VCI
VCi.2 VP12
vCi 3

N

Figure 10-7. The relationship between virtual channels,

_ virtual paths, and physical paths.
Source: De Prycker, Peschi, and Van Landegem, “B-iISDN and the OSI Protocof

Reference Model,” IEEE Nelwork Magazine, March 1993, © 1993 IEEE.
The ATM layer provides the logical connec.tion between two AAL processes. The
- virtual channel link connects a terminal equipment (TE) device with an ATM node
(see Figure 10-8). The concatenation of two or more virtual channel links forms a
VCC. Similarly, VPCs carry bundles of VCCs on an end-to-end basis.

ATM
TE Node TE
Virtual Channet Virtual Channet
‘> <4+
Link Link

Virtual Channel Connection

Figure 10-8. Virtual channel link and connection.

Source’ De Prycker, Peschi, and Van Landegem, “B-1ISDN and the OS! Protocol
Reference Model,” IEEE Network Magazine, March 1993, © 1993 IEEE.
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An ATM node may-also simultaneously support multiple end-user services (see
Figure 10-9). Each service may require a different data-transfer mechanism, such as
variable bit rate or constant bit rate. Thus, different AAL types have been defined.
Each end-user service would be addressed by two VCI/VPI pairs: one to transmit and
one to receive.

A ;

Convergence Sublayer 5
----- il i et ot s Mty

Segmentation and Reassembly Sublayer
AAL

4 | ¥ A J
24 X : RX X RX X
VCIVPE | VCIWVPI VCIVPL | VCIVPI VCINVPL | VCIVPI ATM
Layer
A

ATM Cell Transport Media

Figure 10.9. Virtual connection end boints.

Source: Armitage and Adams, "Packet Reassembly During Cell Loss,”
IEEE Network Magazine, September 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 UNI specification [10-27] plus various
physical specifications, and Bellcore’s TR-NWT-001112 [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 [10-32], explain the ATM and ATM Adaptation layers.
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10.6.1 The Physical Layer: Physical Medium and
Transmission Convergence (TC)

The ATM PHY layer contains twg.sublayers: TC and the Physical Medium Depen-
dent (PMD). The PMD sublayer provides the physical interface to the cable and deals
Wit it uming. connectors, and so on. The TC interfaces with the ATM layer. It
extralts cells from the incoming PMD bit stream and passes them to the ATM layer,
and ice versa.

ITU-T Recommendation 1.432 defines two options for the B-ISDN UNI Physi-
cal fayer. The first specification operates at 155.520 Mbps over two coaxial cables.
The second operates at 622.080 Mbps over two single-mode fiber cables.

In the UNI 3.1 Specification, the ATM Forum defines a number of options for the
Physical laver interface at either public or private UNIs. These include:

> A public or private UNI for the SONET STS-3c interface at 155.520
Mbps, operating over multimode or single-mode fiber.

> A public or private UNI for the DS3 interface at 44.736 Mbps, operating
OVer coax pairs.

>  The Transparent Asynchronous Transmitter/Receiver Interface (TAXI®),
at 100 Mbps over multimode fiber (private UNI). This interface was devel-
oped by Advanced Micro Devices Inc. and uses 4B/5B encoding, based
on the encoding scheme used with FDDI.

> A private UNI operating at 155.520 Mbps with an 8B/10B data-encod-
ing scheme, operating over multimode fiber or shielded twisted-pair 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), based on ITU-T G.703 and G.804.
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Since the publication of the UNI 3.1 Specification. the ATM Forum has devel-
oped other interface specifications: '
> A public UNI for the DS1 interface at 44.736 Mbps, operating over
twisted pairs. ‘

> A private UNI at 25.6 Mbps, operating over unshielded or shielded
twisted pairs.

> A UNI at 6.312 Mbps for the DS-2 interface.

> A UNI for the STS-! interface operating at 155 Mbps over unshielded
twisted pairs (UTP-3 cable).

> A UNI for the STS-3c interface operating at 155 Mbps over unshielded
twisted-pairs (UTP-5 cable).

> A UNI for the OC-12 interface operating at 622.08 Mbps.

> The Universal Test and Operations Physical Interface for ATM (UTOPIA).

The above interfaces are documented in individual documents and are available
on the Forum’s Web and FTP servers [10-23].

10.6.2 The ATM Layer

You can loosely compare the ATM layer and its associated Physical layer with
the OSI Physical layer. Both architectures require a physical transmission medium,
including the cable type, connectors, and so on, as shown in the lower portion of
Figure 10-10. But the ATM layer also includes the VPIs and the virtual connection
that perform multiplexing (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 VCls act as a “virtual wire™ between two end points, as described in
Reference [10-26]. ’
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Figure 10-10. OSl and ATM networks: the physical service. -

Source: De Prycker, Peschi, and Van Landegem, ‘B-1SDN and the QS! Protocol
Reference Model," IEEE Network Magazine, March 1993, ©@ 1993 IEEE.

10.6.3 ATM Layer Service Categories

Many recently published standards, inciuding the ITU-T 1.371 [10-33} and ATM
Forum documents, such as the Traffic Management specification [10-34], describe
service categories for the ATM layer that enable ATM technology to be used for a
wide variety of applications. (In the next section, we will study the ITU-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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. o ATM Layer Service Category
Afttnibute
.CBR rt-VBR nrt-VBR UBR ABR
Traffic Parameters: A
PCR and CDVT®&.5 Specified Specified(®) | Specifiectd)
SCR, MBS, CDVT(4.5) " na Specified n/a
MCR4) n‘a nfa Specified
Q0S Parameters: .o Ve ” r» o
Peak-to-Peak CDV Specified Unspecified
MaxCTOD Specified - Unspecified
CLR®) Specified Unspecified m
Other Attributes: T TS S o
Feedback Unspecified Specified()
Abbreviations:
Service Categorles Traffic Parameters .

CBR: Constant Bit Rate COVT:  Cell Delay Variation Tolerance

n-VBR: Real-Time Variable Bit Rate MBS- Maximum Burst Size

nrtVBR: Non-Real-Time Variable Bit Hate MCR: Minimum Cell Rate

UBR: Unspecihied Bit Rate PCR: Peak Cell Rate

ABR: Available Bit Rate SCR: Sustainable Cell Rate

QoS Parameters

CDV: Cell Delay Variation
CLR: Cell Loss Ratio
CTD: Cell Transfer Delay

Notes:

{1) CLA s low for sources that adjust cell low in response 1o control information. Whether a
quantitative value for CLR 1s specified is network specific.

(2) May not be subject to CAC and UPC procadures.

(3) Represents the maximum rate at which the ABR source may ever send. The actuat rate 1s
subject to the control information.

(4) These parameters are either explicitly or inplictly specdied for PVCs or SVCs.

(5) CDVT refers 10 the Cell Delay Variation Tolerance. CDVT 1s not signaled. in general, CDVT
need not have a unique value for a connection. Ditterent values may apply at each interface
along the path of a connection.

(6) Defined by the Flow Control Model and Service Model {or the ABR Service Catagory.

Figure 10-11. ATM layer service categories.

Source: Traffic Management Specification Version 4.0, The ATM Forum, April 1996.
Copyright © 1996, The ATM Forum.
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The ATM Service Architecture specifies five different service categories: Con-
stant Bit Rate (CBR), Real-Time Variable Bit Rate (rt-VBR), Non-Real-Time Vari-
able Bit Rate (nrt-VBR), Unspeg:iﬁe_d Bit Rate (UBR), and Available Bit Rate (ABR),
as shown in Figure 10-11. Each of these five categories has a number of traffic para-
meters, including the Minimum Cell Rate (MCR), Peak Celi Rate (PCR), Sustainable
Cell Rate (SCR), Cell Delay Variation Tolerance (CDVT), and Maximum Burst Size
(MBS). In addition, there are Quality of Service (QoS) parameters, including Peak-
to-Peak Cell Delay Variation (CDV), Maximum Celil Delay Vanation (maxCDV), and
Cell Loss Ratio (CLR). For ABR service, a feedback mechanism is used to control
the flow of the cells; it is described in detail in Reference [10-34]. The specific ser-

vices are defined below:

>

Constant Bit Rate (CBR) service provides a fixed bandwidth for the dura-
tion of the circuit connection. In addition, a timing relationship is main-
tained between the source and destination. This service is intended to be
used by real-time applications that require constraints on the CTD and
the CDV, such as voice, videoconferencing, television, or circuit emula-
tion service (CES).

Variable Bit Rate (VBR) service is divided into two subclasses: real-time
VBR (rt-VBR) and non-real-ume VBR (nrt-VBR). The nt-VBR is intended
for applications that are time-sensitive, such as multimedia, where the
cell delay and cell delay variatton must be controlled. The nrt-VBR is
intended for applications—such as transaction processing or frame relay
interworking—that have bursty traffic, but do not require such stringent
controls on cell delay.
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>  Unspecified Bit Rate (UBR) service does not guarantee any traffic or QoS
parameters. When excess network capacity exists, service is offered to
UBR connections, similar to a z&ro CIR with frame relay. As such, it is
referred to as a best-efforts service. Example applications include data or -
image retrieval or remote terminal functions.

> Available Bit Rate (ABR) service is intended to support applications that
are able to increase or decrease their information throughput if network
circumstances dictate. To implement ABR service requires an end-to-
end, rate-based flow control mechanism for the data. The PCR traffic
descriptor is negotiated (the user’s commitment not to exceed), as is a
Minimum Cell Rate (the network’s commitment to provide). ABR ser-
vice is thus designed for non-real-time applications that do not have delay
sensitivity. Applications for ABR would include data transfers, such as
L AN emulation and distributed file services.

The topic of ATM traffic 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 carried in the
ATM layer. Recommendation 1.362 defines four classes of services that the AAL pro-
vides, which depend on three parameters: the timing relation between source and desti-
nation (required or not required), the bit rate (constant or variable), and the connection
mode (connection-oriented 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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Figure 10-12. AAL service classes.
Courtesy of AT&T.
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[t should be noted that at the present time, the ATM Forum’s ATM layer service
categories (CBR, VBR, etc.) are used more frequently than the ITU-T Classes (A, B,
etc.) to describe the type of service provided to the application. Nevertheless, the ITU-
T classes of service described below are found in many reference documents, and are
discussed here for the sake of completeness.

> Class A: Connection-oriented, constant bit-rate data with a timing rela-
tionship between source and destination. Examples include PCM encoded
voice, constant bit-rate video, and DS! circuits.

> Class B: Connection-oriented, variable bit-rate data with a timing rela-
tionship between source and destination. Examples include compressed
audio or video.

> (Class C: Connection-oriented, variable bit-rate data with no timing rela-
tionship between source and destination. Examples include frame relay
or X.25 traffic.

> Class D: Connectionless, variable bit-rate data with no timing relationship
between source and destination. Examples include SMDS or LAN traffic.

Four different types of AALs are defined in ITU-T [.363. These have been defined
to optimize the transmission of the four classes of traffic:

Class A: AAL Type |

Class B: AAL Type 2 (currently being developed)
Class C: AAL Type 3/4 and AAL Type 5

Class D: AAL Type 3/4

VY VY

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 see the functions of the Physical, ATM, and AAL layers, follow the transmission
of a cell from one ATM layer entity to-enother (see Figure 10-13 from Reference [10-32}).

User PDU User PDU
| )
ATM Header ATM SDU [ ATM Header ATM SDU
\ A/ ATM_SDU \ / ATM_SDU

ATM Call

)

Cell
Multiplexing

Encapsulation

ATM Cell

Extraction

Cell Copying
to Layer Mgt

UPC/NPC

Cell I
Oemulttiplexing

YV________,

Cell
Tratfic Mgt / \ Relaying

7

Notes: NPC: Network Parameter Control
PDU: Protocol Data Unit
SpuU: Service Data Unit
UPC: Usage Parameter Control

Y

Figure 10-13. ATM_SDU encapsulation and extraction.

Source: GR-1113-CORE, © 1994, Bell Communications Research, Inc., reph’nted with permission.
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The originating ATM user, such as the AAL, sends a User PDU to the ATM entity.
This User PDU becomes the ATM SDU, or ATM payload at the originating ATM
entity. The ATM_SDU is encapsulated with the ATM header, which adds VCI/VPI
and other control information.

The resulting ATM cell is multiplexed with other cells and transmitted on the
Physical medium. The logical connection between originating and receiving ATM
entities is called the ATM peer-to-peer (APP) connection. Two control functions,
Usage Parameter Control (UPC) and Network Parameter Control (NPC), monitor the
traffic on that connection to ensure conformance with negotiated parameters. Some
ATM entities perform network management, and may copy the payload of a cell and
send it to the ATM Management (ATMM) entity for further analysis.

The receiving ATM entity performs the processes described above in the reverse
order, first demuitiplexing the cells, extracting 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 a DTE, such as a router, and a DCE, such as an ATM DSU,
jointly process the ATM protocol suite. The ATM Forum’s DXI specification details
the division of protocol responsibilities and the DXI operation {10-41].

The objective for this division of labor is to preserve the protocol 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 software upgrade.

The DXI Physical layer uses V.35, EIA/TIA 449/530, or EIA/TIA 612/613 (High-
Speed Serial Interface—HSSI) interfaces. The DXI Data Link layer protocol is derived
from the high-level HDLC protocol. Information from the DTE is encapsulated within
the DXI frame and sent to the DCE. The DCE converts the frame to the appropriate
ATM protoéol sutte.

The mode of operation (1a, Ib, 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 the ATM Forum.
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Mode la1s used with AALS only. and can handle up 1o 1,023 VCs. The DTE
SDU may be up to 9,232 octets 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 1b uses AAL3/4 for at least one VC, and AALS for other VCs, up to 1,023
VCs. The DTE SDU may be up t0 9.224 octets long for AAL3/4 and 9.232 oclets
long for AALS. A 16-bit FCS is implemented between DTE and DCE.

Mode 2 uses AAL3/4 and AALS. one per VC, for up to 16,777,216 VCs. The
DTE SDU may be up to 65,535 octets long. A 32-bit FCS is 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 network that
operates at the DS1 (1.544 Mbps) or E-1 (2.048 Mbps) rates.

The user information is carried on a DSI/E1 physical circuit, and may range from
a fractional up to a full DSI/E1 bandwidth. Once the user information is 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
DXI protocol. Support for operational Mode 1a is required, Mode 1b is optional, and
Mode 2 is prohibited. The FUNI frame is delimited by a one-octet flag in the header
and trailer. A two-octet FUNI 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
field; and a Cell Loss Priority (CLP) field, which is mapped to the ATM CLP field.

The FUNI may be multiplexed with other DS-n signals for transport efficiency.
For example. a DS1 FUNI could be multiplexed with other DS1 signals for transport
over a DS-3 line, and then demultiplexed back down to a DS1 FUNI signal before
connecting to the ATM network. In a similar fashion, a fractional T1 (FT1) FUNI
(Nx64 Kbps) could be multiplexed with other FT1 signals, transported over a DS|1
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ine, and then demultiplexed to a fractional payload of a DS1 before connecting to
the ATM network. In this way, FUNI information and other signals, such as voice,
may be combined for more efﬁ_ciq'r_:t transport to the carrier, and then separated before
further processing. '

For additional details, refer to the ATM Forum’s FUNI Specification [10-42] and
Reference [10-43]. :

Fuli

] I
DTE I oo  DTE

1 ATM |
FUNI ATM_UNI

T ATM Network

Full or Fractional
081/ E1 Bandwidth

Note- FUNI:  Frame-based User-to-Network Interface

Figure 10-15. FUNI architecture.

10.9 Multiprotocol Encapsulation over AALS

The popularity of the TCP/IP suite means that new networking technologies, such

as ATM, must support these protocols. RFC 1483, “Multiprotocol Encapsulation over
~ATM Adaptation Layer 5" [10-44], defines two methods of support: LLC encapsula-
tion and VC-based multiplexing. For both cases, the TCP/IP information is carried in
the payload field of the Common Part Convergence Sublayer PDU, and the SSCS of
AALS is empty.

The LLC encapsulation method is based on techniques developed for use with
SMDS. This method allows multiplexing of multiple protocols over a single ATM
virtual circuit. The receiver uses information contained within LI.C and SNAP head-
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ers to identify the protocol carried within that PDU. The LL.C encapsulation method
is used when it is not feasible to have a separate VC for each protocol or when net-
work charges are based on the number of active VCs.

The VC-based multiplexirig technique uses ATM VCs (o implicitly provide higher-
layer protocol multiplexing. In other words, each protocol is carried on a separate VC.
This method is used when it is feastble and economical to dynamically create large
numbers of virtual circuits.

Reference [10-45] discusses some of the implementation issues in greater detail. -

10.10 LAN Emulation

LAN Emulation, or LANE as it is commonly known, is a service that allows exist-
ing end-user applications to access an ATM network. More importantly, this access
should appear to the application as if it were using more traditional protocols, such

as TCP/IP or Novell’s Internetwork Packet Exchange (IPX), and running over more -

traditional LANs such as Ethernet or token ring. One of the design constraints is to
account for the differences in protocol design—ATM is connection-oriented. whereas
IP and IPX are connectionless. A number of functions, including setting up the ATM
connection and translating LAN to ATM addresses, must be hidden from the upper
layers, thus making the application think 1t is operating over a traditional network.

The ATM Forum has defined two different interfaces for LAN Emulation: a LAN
Emulation User to Network Interface, called LUNI: and a LAN Emulation Network
to Network Interface, called LENNI. Current work has focused on the LUNI. 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 interconnect Ethernets to Ethernets,
an Ethernet to an ATM device, or an ATM device to another ATM device. The second
scenario replaces Ethernet LANs with tok.n ring LANs under similar conditions. 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 TCP/IP 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-LAN converter sits at the edge of the network running dual protocol stacks: one that
communicates with the LAN (on the right) and another that communicates with the
ATM switch (on the left). Note that this ATM-to-LAN converter is functioning as a
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bridge, operating independent of the Network and higher-layer protocols. The ATM
switch (or switches) do not participate in LAN emulation other than to switch the ATM
connections, as would be the case with any other ATM-based network scenario. An
element of LAN emulatton is also active on the ATM host (left side of Figure 10-16),
masking the ATM functions from the higher-layer processes as well.

ATM Host ATM Switch ATM-LAN Bridge LAN Host
Application Apphcation
Network Layer . Network tayer
Protocel(s) Protocol(s)
NDIS/ODI Driver NDIS/ODI Dnver

Bridging
LAN Emutation LAN
Emulaton] MAC
MAC
AALS AALS
ATM ATM ATM
Physical Layer Physical | Physical Physical | Physical Physical Layer

Figure 10-16. LANE architecture.
Courtesy of 3Com Corporation.

In summary, the LAN emulation function maps the Ethernet or token rin~g MAC
layer functions into ATM virtual connections, while shielding the application from
the connection setup and handshaking functions that the ATM switch requires. The
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LANE architecture is designed around a client/server paradigm, such that the LAN
Emulation Client (LEC) derives information that it needs from one of several servers:
the Configuration Server, the LAN Emtlation Server (LES), or the Broadcast and
Unknown (BUS) Server. The'LEC software may be incorporated into workstation dri-
vers, or it could be incorporated into other internetworking devices such as routers or
switches. References [ 10-47] through [10-50] provide additional details on the oper-
ation and implementation of LAN Emulation systems.

10.11 Multiprotocol over ATM

Mutltiprotocol over ATM, or MPOA as it is commonly known, is a service model
for end-to-end internetworking across an ATM network infrastructure. In some cases
the attached devices may be running the ATM protocols, and in other cases the devices
may be legacy systems, such as Ethemnet or token ring LANs, that connect to the ATM
network through an edge device.

MPOA is considered to be an evolution of LANE technology. The key difference
between LANE and MPOA is in the layers of protocol operation—LANE operates at
Layer 2 (bridging only), while MPOA operates at both Layers 2 and 3 (bridging and rout-
ing). MPOA uses LANE for its Layer 2 forwarding functions. Thus the scope of LANE
is a single Layer 3 subnetwork, while MPOA allows devices to establish direct commu-
nication across ATM connections, even if the devices are in different subnetworks.

The MPOA architecture includes several key components: ATM-attached hosts,
edge devices, and route servers (Figure 10-17). In addition, devices may be grouped
logically into an Internet Address Summarization Group, or IASG. The IASG is defined
as “a range of internetwork layer addresses summarized into internetwork layer rout-
ing,” which is similar to a subnet and its range of addresses [10-51). In addition, an
IASG is protocol-specific; thus, a device that operates two internetworking protocols
(such as IP and IPX) would be a member of at least two IASGs.
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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 ring interfaces on one side and an ATM
interface 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 and/or logical device that prcvides routing information to
other devices within the internetwork. This information includes Layer 2, Layer 3,
and ATM addresses. If two devices that are attached to the same edge device need to
communicate, the edge device forwards the packets using LANE procedures. If the
packet needs to go outside its own IASG, the edge device obtains the ATM addf'ess
from either its internal address cache or from a query and response from the route
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server. Route servers, in turn, communicate with each other to discover and update
their information regarding addresses and available routes.

The MPOA architecture is expected tosbe completed in the 1997 timeframe. Ref-
erences [10-52] through [10-55] discuss application and implementation strategics
for MPOA.

10.12 ATM Signaling

Because ATM provides a connection-oriented service. it uses signaling to set up
and clear the connections. Signaling provides functions such as the ability to estab-
lish point-to-multipoint connections, to identify virtual paths and virtual connections.
to recover from network errors, to support various ATM address formats, and to com-
municate end-to-end compatibility parameters (see Figure 10-18). Signaling messages
are passed between any combination of three elements: endpoint equipment, such as
an ATM switch; a private ATM network; or a public ATM network.

SETUPMDISCONNECT

-

CONNECT/RELEASE

-l

ATM

User

ADD/DROP PARTY

P
-—

ACK/NAK

A

Figure 10-18. ATM signaling.

The ATM signaling protocols are based on ITU-T Recommendation Q.2931, for-
merly called Q.93B. The ATM Forum’s Signaling Specification [10-56], Bellcore’s
GR-1111-CORE [10-57], and Reference [10-58] also address signaling issues.

The ATM Forum specification addresses signaling between endpoint equipment
and a public network (the Public UN1), as well as signaling between endpoint equip-
ment and a private network (the Private UNI). Private ATM networks may use the pri-
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vate UNI signaling. The ATM Forum’s B-ICI specification addresses signaling between
public ATM networks.

10.13 Interworking

ATM technology must interoperate with other broadband alternatives. The fol-
lowing sections consider interworking between ATM and frame relay, and between

ATM and SMDS.

10.13.1 ATM/Frame Relay Interworking

Frame relay is an established broadband networking protocol, while ATM is
emerging as the broadband heir apparent. Therefore, many organizations are con-
cerned with preserving their investment in frame relay networking hardware while
migrating to ATM. An architecture that solves this problem was proposed by AT&T,
Cisco Systems Inc., and StrataCom Inc., and was further developed by the Frame
Relay and ATM Forums in the documents entitled “Frame Relay/ATM PVC Network
Interworking Implementation Agreement,” FRES [10-59], “Frame Relay/ATM PVC
Service Interworking Implementation Agreement,” FRE.8 [10-60], the ITU-T in Rec-
ommendation 1.555 {10-61], and Reference {10-62].

PVCs between an ATM UNI and a frame relay UNI or NNI provide logical con-
nections between frame relay and ATM. Figure 10-19 illustrates two PVCs. PVC 1
connects a frame relay user device with an ATM user device. PVC II connects a frame
relay network with an ATM user device. Examples of user devices include terminal
cquipfnen[ and a router or a switch.
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Figure 10-19. ATM/frame 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
and ATM protocols. The frame relay user device uses the Q.922 Core protocols while
the ATM user device uses ATM, AALS, and the Frame Relay Service Specific Con-
vergence Sublayer (FR-SSCS). The multiservices FR/ATM network contains both
protocol stacks.

The protocol conversion occurs in two steps. First, it makes a correspondence
between the two PVC identifiers: the ATM VPI/VCI and the FR DLCI. Second, it maps
the protocol data unit between the FR-SSCS protocol and the Q.922 core protocol.
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Additional ATM/frame relay interoperability issues that the architecture addresses
but that are not shown in Figure 10-19 include:

> conversion between frame retay and ATM protocols

> mapping between frame relay and ATM virtual circuits

> alignment of frame relay and ATM traffic-management parameters, such
as the conversions of the frame relay CIR into a meaningful parameter
for ATM traffic

> mapping of the local management information (the LMI used at the FR-

UNI and the ILMI used at the ATM UND

The next two sections will explore the Network Interworking alternatives.

10.13.1.1 Network Interworking

Two types of interworking have been defined: Network Interworking and Ser-
vice Interworking. The key differences between these two types are the location
where the protocol conversions occur and the awareness of the end stations to that
protocol conversion.

With FR/ATM Network Interworking, two frame relay users are connected via an
ATM network. The presence of the ATM network as a transport between the two end
users is not visible to those end users. In other words, one protocol is used on the two
ends of the connection, and another protocol is used in between.

Two scenarios for Network Interworking are possible. In the first scenario, 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-ISDN) network.
In the second scenario (Figure 10-21), one end of the connection is frame relay (need-

>
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ing the conversion to ATM or B-ISDN}) and the other end of the connection is an ATM
(or B-ISDN) user running a frame relay Service Specific Convergence Sublayer (FR-
SSCS), which requires no further conversion.

Frame
Relaying
Network

Frame
Relaying
Network

L] L]

{ A——— f S——¢
Frame Frame
Relaying Relaying
Terminal Terminal

.............................................................................................. Upper
Upper
Layers Layers
[FR-ssCs}- [FR-SSCS

Q922 || Qoz2 | Q922 |] g2z | CRCS }e--eeesor- 1 CPCS | Q922 Q922 | Q922 |} Qg2

Core Core Core Core SAR [y———= y1_SAR Core Core Core Core
ATM [{ ATM 1 aTM
Physical -] Physical | Physical [ Physical | Physical H Physical [+ Physical | Physical - Physical | Physical Physical

Notes®  CPCS: Common Parnt Convergence Sublayar
FA-SSCS:  Frame Relaying Service Specific Convergence Sublayer
IWF: Interworking Function
SAR Segmentation and Reassembly

Figure 10-20. Network Interworking between Frame Relaying Bearer

Service and B-ISDN (scenario 1).
Source: ITU-T 1.555.
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Notes; CPCS.
FR-SSCS.
IWF;
SAR

Common Part Convargence Sublayer

r O | [
[ w =
Y F
Frame
Relay
Terminal
FR/B-1SDN
Terminal
Upper
Upper L o e rmem Mt emsa— e mmmmama == -
Layers ) Layers
LFR-SSCS T mmommsmooooseooo FR.S5CS
Geoz [___. Q922 | Q92 [ ____ 0922 | CPCS f--m--mmomm e e m e CPCS
Core Core Core Core p=----4 k- -=== 4
SAR SAR
AM F-=---- ATM ATM - ATM
Physica! Physical } Physical Physical | Physical Physical | Physical Physical

Frame Relaying Service Speciftic Convergence Sublayer
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Figure 10-21. Network Interworking between Frame Relaying Bearer

Service and B-ISDN (scenario 2).
Source: ITU-T 1.555.

10.13.1.2 Service Interworking

Service Interworking, in contrast, allows users running dissimilar protocols to
communtcate directly, with the protocol conversion provided by the network. With
Service Interworking, the frame relay user performs no ATM service specific func-
tions and the ATM user performs no frame relay service specific functions (Figure
10-22). In this scenario, the ATM device has no knowledge that its remote destina-
tion is attached to a frame relay network. All necessary protocol conversions are han-
dled by the interworking function, which is a service provided by the transport net-

work. Hence the term “Service Interworking.”
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Figure 10-22. Service Interworking between Frame Relaying

Bearer Service and B-ISDN.
Source; ITU-T 1.555.

For more information on frame relay/ATM interworking, refer to the Implemen-
tation Agreements and ITU-T Recommendation 1.555.

10.13.2 ATM/SMDS Interworking

Belicore defines SMDS as a connectionless data-transport service. It is provided
by a number of LECs and [XCs. 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-
10s for SMDS and ATM interworking (see Figure 10-23). The first (or top) scenario
shows an SMDS 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 (or
lower) scenario shows the SMDS user accessing the network via the ATM UNI. Here,
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the SMDS CPE uses different protocols: the SIP Connectionless Protocol (SIP_CLS)
and AAL3/4. The functions of SIP Level 3 that are not part of AAL3/4 are placed in
SIP_CLS. So, the SMDS user receives the equivalent of SIP Level 3.

I Ongmnating/
P
CPE BSS ess ‘
1 " |
SMDS SMDS Serylce Tandem SMDS Sen_nce SMDS
User and Mapping BSS and Mapping User
Entity Functions Entity Functions
AR ERER
SIP3 sipa | 1OPCtS .,,N‘]bll?_,_}ctﬁb ;}" CP.LLS | gipg SIP3
AAL 3/4 NAGBM] AR AAL 344
SIP2 SIP2 [ atm ATM ATM ATM SIP2 SIp2
] 1
SIPY ' siP1 | PHY PHY | PHY PHY | SIP1 X SIP1
SNI B-ICI B-ICI SNt
SMDS - SNI ACCESS
SMDS SMDS Seryic_e I SMDS Seryice SMDS
User and Mapping and Mapping User
Entty Functions Entity Functions
SIP_CLS SIP_CLS| ICIP CLS ICIP_CLS | SIP_CLS SIP_CLS
AAL 3/4 AAL 374 | AAL 3/4 AAL 314 | AAL 3/4 AAL 374
ATM ATM ATM “ATM ATM ATM
] | ) 1
PHY ; PHY | PHY PHY | PHY ; PHY | PHY X PHY
UNI B-ICI B-tCl UN!
SMDS — UNI ACCESS
Notes: B-ICI: 8roadband Inter-Carrier In Phase 1 SMDS networking, these
Interface tunctions are not present. For Phase 2,
SiIP_CLS: SIP Conneclicnless Service these {unctions may or may nat be
ICIP_CLS: Inter-Carner Interface pertormed at the network provider's
Protocol Connectionless Service discretion.

' Figure 10-23. ATM/SMDS interworking.
Source: GR-1110-CORE, ©1994, Bell Communications Research, Inc., reprinted with permission.

10.14 The interim Local Management Interface

As discussed previously, the B-ISDN architecture defines three planes: user plane,
control plane, and management plane. The ATM Forum has developed the Interim
Local Management Interface (ILMI) to address the management plane functions.
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The ILMI assumes that each ATM device supports at least one UNI and has a
UNI Managcmeﬁl Entity (UME) for each UNI. The UMEs then communicate net-
work management information (see Fjgure 10-24). The SNMP/AAL performs the
[LMI communication. At the ATM layer. one VCC provides ILMI communication.
The default value for this VCC is VPl =0. VCI = 16.

Qutside the Scope ol the ILMI Specificatron —

Network
Management
Station or System
j=___________]

Remotely Remotely
Accessible Accessible
Agent Agent
I Private Public
UNI UNI

[OuE o -~ -~ oG] [GuE] -~ ot [t

ILMI LM
{SNMP/AAL) (SNMP/AAL)
ATM Private Public Network
End-System ATM Switch ATM Switch
Public
UNI
I .
UME | | o - ol | UME N
ILMI
(SINMP/AAL)

Note: UME:  User Management Entity

Figure 10-24. Definition and context of ILMI.
Courtesy of the ATM Forum.

The management information defined by the ILMI provides status and configu-
ration information from the UME regarding its UNL. This information details the sta-
tus and configuration of both the ATM and Physical layers at that UNIL. This infor-
mation is organized into a MIB that contains several groups of managed objects:
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> Physical layer

>  ATM layer

> ATM layer statistics
>  VPCs

>  VCCs

-

address registration information

Within these groupé, managed objects may pertain to the system as a whole, a
physical interface, an ATM layer interface, a virtual path, or a virtual channel. Exam-
ples of objects defined in the ATM UNI MIB include:

transmission type (SONET STS-3¢, DS3, and so on)

media type (coax, single-mode fiber, and so on)

operational status (in-service, out-of-service, and loop-back)
maximum number of VCCs

UNI port type (public or private)

ATM cells received

ATM cells dropped

ATM cells transmitted

Transmit QOS class

VPI/VCI value

Y Y VY Y YYYY VY

For further details on ILMI and the ATM UNI MIB, consult the UNI 3.1 specifi-
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
used as the communication protocol, CNM may be integrated with other SNMP-based
network management platforms, such as the ATM Forum’s ILMI. See References [10-
64] and [10-65] for other details on CNM.
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_ Figure 10-25. ATM CNM agent role {SNMP example).
Source: Brown and Kostick, “"And CNM for All: Custorer Network Management Services for
Broadband Data Services.” Proceedings of the 18th Annual Conference on Local
Computer Networks, @ 1993 |EEE,
This 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 [10-69].
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ATM Protocols

Because current ATM standards and implementations focus on the operation of

the ATM Forum’s UNI, this Ehapter-focuses on the UNI protocols and the upper-layer

services that use them. It also discusses ATM network management and interworking.

-+ 11.1 ATM Protocols and Network Architecture

To begin the study of the ATM protocols, compare the ATM protocols with the
OSI Reference Model. Figure 11-1 illustrates that there is an approximate relation-
ship between the ATM layers (PHY, ATM, and AAL) and the OSI Physical and Data
Link layers. Note that ATM-specific signaling and upper-layer functions, which may
be present for some network configurations, are not shown in the figure.

0S| Reference Model

Application

Presentation

Session
ATM Protocols
Transport
Network - . Co_nvergence Sublayer AAL
. - Segmentation and Reassembly Sublayer
Data Link ATM Layer ] ATM
Physicar Transmission Convergence Sublayer PHY
Physical Megium Dependent Sublayer

Notes: AAL: ATM Adaptation Layer
ATM: Asynchronous Transfer Mode Layer
PHY: Physical Layer

Figure 11-1, Comparing OSl and ATM architectural models.
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I

The ATM network architecture includes the CPE, BSSes, and the interfaces between
them (see Figure 11-2). The CPE includes the User layer, which supplics the infor-
mation to be transmitted, and the three ATM layers (AAL, ATM, and PHY)). Exam-
ples of User layers include: constant bit rate applications, such as DS1. that use AALI,
connectionless services, such as SMDS, that use AAL3/4; and connection-oriented
protocol traffic, such as TCP/IP, that uses AALS [11-1].

. CPE . . CPE
User ATM Network User
. Layer
Layer Originating/ Tand Originating/ y
: Terminating SSS?'T Terminating
. AAL Bsst! BSS(! AAL
ATM ATM ATM ATM ATM
PHY . PHY 1 PHY T PHY PHY
User-Network B.ICI B-IC) User-Network
Interface Interface
{UNI} (UNG
Network—Node Interface (NNI)
Internal to ATM Network
Noles: BSS: Broadband Switching Systam (1} For connectionless service
B-ICI Broadband Inter-Carrier interlace {e.g. SMDS), CPE and
CPE Customer Premises Equipment Onginating/Terminating switches
include the AAL and conngoctionless
service layers Tandem swilches
may or may not include these layers

Figure 11-2. ATM network architecture.

Source: GR-1110-CORE, ©1996, Bell Communications Research, Inc., reprinted with permission.

The CPE uses the UNI to connect to the ATM network [11-2]. The CPE requires
no knowledge of the ATM network’s internal architecture and operation. Bellcore
views the internal ATM network as interconnected BSSes. An originating/terminat-
ing BSS connects to the network side of the UNI, and tandem BSSes provide inter-
mediate switching. The BSS functional layers depend on the transmitted applications.

Bellcore has developed a protocol model of the UNI that illustrates the protocols
the BSS will support (see Figure 11-3). It has two categories of UNI protocols: core
functions that include the PHY and ATM layers and service-specific functions at the
AAL and upper layers.
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Figure 11-3. Protocol model of the UNL.

Source: GR-1110-CORE, ©1936, Belf Communications Research, Inc., reprinted with permission.

~ Access signaling is the exchange of call-control messages that set up, maintain,
and disconnect virtual channel connections between end users. [TU-T Q.2931 (for-

merly Q.93B) defines the signaling messages. CRS user information is transmitted
directly over the ATM Layer.

Circuit-emulation service, which can carry DS traffic. is transmitted over AALIL.
The SMDS Interface Protocol Connectionless Service (SIP_CLS) and AAL3/4 trans-
mit SMDS traffic. To the end user, the combination of SIP_CLS and AAL3/4 is equiv-
alent to SIP level 3 service. '
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Frame relay traffic is transmitted via a frame relay service-specific convergence
sublayer (FR-SSCS) over AALS. These functions are implemented within the device
that provides the FR/ATM interworking function.

11.2 ATM Layer Protocols

Each ATM cell is 53 octets long and consists of a 5-octet header and a 48-octet pay-
load. There are two header formats: one at the UNI and the other at the NNI {11-3].

11.2.1 The User-Network Interface
E The ATM header at the UNI consists of six fields (seq; Figure 11-4a):

> Generic Flow Control (GFC), a four-bit field that can provide local func-
tions, such as flow control. This field has local, not end-to-end, signifi-
cance and is overwritten by intermediate ATM switches. The UNI 3.1
specification provides details regarding the operation of this field.

> Virtual Path Indicator (VPI), an eight-bit field that identifies the virtual
path across the interface.

> Virtual Channel Indicator (VCI), a 16-bit field that identifies the virtual
channel across the interface. The UNI 3.1 specification defines some
VPI/VCI values for specific functions, such as meta-signaling, used to
establish the signaling channel; point-to-point signaling; and Operations
Administration and Maintenance (OAM) cells.
Examples of pre-assigned VPI/VCI values are:

Function VPI vCl
Unassigned and [dle 0 0
Meta-signaling 0 1
F4 flow (Segment Data) 0 3
F4 flow (End-to-End Data) 0 4
Signaling 0 5
SMDS 0 15
ILMI 0 16

> Payload Type (PT), a three-bit field that identifies the type of information
contained in the payload. The field has eight defined values:
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PT interpretation
000 User data, no congestion, SDU type = 0
001 User data, no cengestion, SDU type = 1
010 User data, congesticn, SDU type = 0
011 User data, congestion, SDU type = 1
100 'OAM segment data, F5, flow related
101 -OAM end-to-end data, F5, flow related
110 Hes:erved, future traffic control and resource management
111 Heséﬁred, future functions
. 'Cell Loss Priorz'ty {CLP), 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 certain network traffic conditions.
> Header Error Control (HEC), an eight-bit field that detects and/or cor-

rects bit errors occurring in the header.

Octet
8 7 6 5 4 3 2 e
GFC VPRI 1
VPI VCi 2
VvCli 3
vCl PT CLP 4
HEC s
6
Information .
Payload ;
{48 QOctets) -
‘53
Notes: GFC: Genenc Fiow Control PT.  Payload Type
VPI:  Virtual Path ldentifier CLP: Cell Loss Prionty
VCI: Virtual Channel identifier HEC' Header Error Control

Figure 11-4a. ATM cell format (UNI).

Source: GR-1113-CORE, ©1994, Bell Communications Research, Inc., reprinted with permisston.
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11.2.2 The Network-Node Interface

The ATM header at the NNI is 5 octets long, with a format almost identical to the
UNI format except for the first octet (see Figure 11-4b). The NNI, which provides
bundles of VClIs between switches, defines an additional 4 bits for the VPI. In other
words, the NNI uses 12 bits for the VP! and 16 for the VCI. The UNTI uses 8 bits for

the VPI and 16 bits for the VCI.

Notes:

8 ‘.3 7 (3 5 4 3 2 1
) VPI
VP VeI
VCI
VCl PT CLP
HEC
Information
Payload
(48 Octets)
VP Virtual Path identifier CLP. Cell Loss Priority
VCt:  Virtual Channe! Identifier HEC: Header Error Control
PT. Payload Type .

Qctel

53

Source: GR-1113-CORE, ©1994, Bell Communications Research, Inc., reprinted with permission.

Figure 11-4b. ATM cell format (NNI).

11.23 Unassigned Celis

At most interfaces, when there are no user-generated (or assigned) cells to send,
filler cells, also called unassigned cells, are sent to occupy the available bandwidth.
These cells have the reserved VPI/VCI value of 0/0 and a fixed-payload pattern. Unas-
signed cells are generated and discarded at the ATM layer and can be replaced by

assigned cells as necessary, such as cell-multiplexing functions.
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It is worth mentioning that anoiher type of cell also has a VPI/PCI value of 0/0—
the Physical layer cell. When the VPI/VCI value is 0/0, the 4-bit field normally used
for the PT and CLP fields is reinterpreteg. as follows:

interpretations i Value

Unassigned 0000 ATM Layer Cell
idie : - 0001 Physical Layer Cell
F1 flow (CBPL) . _ 001{ ) Physical Layer Celf
F3 flow (CBPL) 1001 Physical Layer Cell

Idle cells 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 ceils are not normally used;
rather, the ITU-T has defined a cell-based Physical layer (CBPL) in 1.432 that com-
prises only cells without a framing structure, such as SONET, in which to transport
them. Because of the absence of a framing structure, the F1 and F3 OAM flows have
to be carried tn Physical layer OAM cells that have a VPI/VCI of 0/0 and PT/CLP
ficld values as shown above. Note that the F2 flow is redundant.

11.2.4 ATM Operations and Maintenance

The ATM network’s ongoing performance is key to the success of a broadband
implementation. To support good performance, the ITU-T developed Recommenda-
tion 1.610 [11-4] to define the OAM functions of the Physical and ATM layers and
the VP and VC connections. These functions are divided into five phases:

performance monitoring, continuous or periodic checks

defect and failure detection, malfunction detection and alarms

system protection, bypassing a failed component to restore the system
* failure or performance information, alarms and reports

YYvvy

Jault localization, testing to determine the failed component

OAM functions operate on five levels within the Physical and ATM layers. These
functions are called OAM flows, designated F1 through F5. The Physica! layer con-
tains three OAM levels: the regenerator section level (F1), the digital section level
(F2), and the transmission path level (F3). The ATM layer contains two OAM levels:
the virtual path level (F4) and the virtval channel level (FS).
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OAM operation is addressed in Bellcore’s document GR-1113-CORE [11-5], the
ATM Forum’s UNI 3.1 specification, ITU-T Recommendation 1.610, ANSI Technical
Report T151.5/92-029R3, and in Stephen Farkouh’s paper about managing ATM net-
works {11-6]. OAM cells are sent on-pre-assigned VCls. For F4 (virtual path) OAM
flows, VCI = 3 identifies a segment OAM flow, while VCI = 4 identifies an end-to-end
OAM flow. For FS (virtual channel) OAM flows, the OAM cell is sent with the same
VPI/VCI values as the user data; however, the Payload Type (PT) value within the cell
header identifies the type of OAM connection as either segment or end-to-end.

Figure 11-4c shows the, ATM Layer Management PDU (or OAM cell). The cell
payload consists of five fields: '

OAM Type, identifies the type of OAM communication (fault manage-

Y.

ment, performance management, or activation/deactivation)}
>  Function Type, defines the function performed by this cell
> Function specific field, the detailed OAM cell contents
>  Reserved, unused bits
>  Error Detection Code, CRC-10
48 Octets
! -]
OAM | Function . -
Type Type Function Specific Reserved | CRC-10
4 4 360 ' 6 10 Bits
OAM Type Value Function Type Value
Fauft Managemant 0001 Alarm Indication Signal (AIS) 0000
Remota Detect Indwcation {RDI) 0001
Continuty Check 0100
Loopback 1000
Parlormance Managemant 0010 Forward Monfionng 0000
Backward Reporting 0001
Montorng and Reporting o010
Activaton/Oeactvalion 1000 Parlormance Monitonng 0000
Continuty Check 0oo1
Sysiem Management 1n Hot defned
(equipment-dependant)

Figure 11-4c. ATM Layer Management PDU format.

Source: GR-1113-CORE, ©1994, Bell Communications Research, Inc., reprinted with permission.
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Four function-specific fields pe',rform fault management, performance manage-
ment, activation/deactivation, and system management functions. Each of these OAM
cells contains additional fields to support these functions, which are detailed in ANSI
T151.5/92-029R3. The fault-management OAM cell performs Alarm Indication Sig-
nal (AIS) or Remote Defect Indication (RDI) reporting, continuity checking, OAM
cell-loopback testing, and cell-transfer delay measurements. The performance man-
agement OAM cell may menitor incoming ATM cell traffic (referred to as inward
monitoring) or report on ouigoing cel!rlra_fﬁc at the distant end (referred to as outward
reporting). The activation/deactivation OAM cell enables or disables the performance
. or coh,tirfuity check 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 1.544 Mbps
(the DS rate) to 622.080 Mbps (the OC-12 rate). Many of these interfaces 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 (see 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 to transport voice, data, and LAN traffic. As a result, the ATM
Forum developed a public UNI based on the DS interface, which is documented in
Reference [11-7) and also by Belicore in Reference {11-3].

The DSI interface for ATM applies to the public UNI only, and operates over
clear channel (or transparent) T1 facilities. The line rate is 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 ANS!I T1.403 standard, which defines
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the Extended Superframe (ESF) framing format. The physical interface (plugs and -

jacks), also defined in ANSI T1.403, is used for consistency with other DS1-based
systems. Maintenance functions for performance monitoring, failure detection, and
alarms, as specified in ANSI T1.408, are'employed for the ATM applications.

e o~ 53 Octet Cell —
Jte-————— 48 Octets of Informanon —— |
ATM Cell A T Intormation
DS-1 Frame = |F F F F
( lq—za Ocle!s-—-l

Notes: F: DS1 Framing Bit
H: ATM Cell Header

Figure 11-5. Direct ATM cell mapping on the DS1 frame.

Source: TR-NWT-001112, ©1993, Bell Communications Research, Inc., reprinted with permission.

11.3.2 25.6 Mbps Interface

For many ATM L AN applications, neither the DS1 interface (at 1.544 Mbps) nor the
DS3 interface (at 44.736 Mbps) provide an appropriate amount of bandwidth. To address
that need, the ATM Forum 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
1s 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 (TC) and Physical Medium Dependent (PMD) layers, trans-
mitting and receiving a stream of cells from the user application. The transmission
media specified for use by the 25.6 Mbps UNI employ commonly used connectors,
such as the eight-pin modular connector (formally specified by the IEC 603-7 and
ISO 8877 standards), which is generally referred to as the RJ-45 connector and is fre-

. —————
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quently used for both Ethernet and token ring LANs. As a result, it is expected that
the 25.6 Mbps UNI will achieve widespread acceptance within local ATM networks.

Receive ~ Transmit
. Cells Cells
_ Stapping Descrambling Crysiat or Formatting Scrambling
4B58 Decoding Low Jitter 1 4B5B Encoding
Deserializing , Timing Senalizing
NRZI Decoding Reference NRZI Encoding
-‘ “ ) * . - .
.Data |- ‘ | ¥ Co T
.Fiter, Amp, ' PMD ’f”.
Equalizer Data Lateh °|. :
RxLine | i
TxLine

\_- Transm,i,ﬁ?.fﬂ,:,:

Figure 11-6. TC/PMD components and transmitter timing
for the 25.6 Mbps physical interface.

Source’ AF-PHY-0040.000, © 1595 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 12 ATM cells plus overhead infor-
mation, which is transmitted every 125 microseconds (see Figure 11-7). The over-
head functions consist of the following:

Al and A2, framing

B1, bit interleaved panty

Cl, cycle/stuff counter

G, PLCP path status

PO to P11, path overhead identifier
Z1 1o Z6. growth octets

vy Y vYyyy
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For details, see Bellconje document TR-NWT-001112 and the ATM Forum UNI

3.1 specification.

-

PLCP
Frameg PO! POH PLCP Payload
IR ]
1 1 1 1 53 QOctets
Al | A2 |P11| ZB ‘ - First ATM Celt
Al | A2 |P10] Z5 " ATM Cell
JA1 | A2 Pg | za ATM Cell

Al | A2| PB | Z3 ATM Cell

Al | A2 | P7 | 22 ATM Cell

Al | A2 P6 | 21 ATM Cell

Al | A2 P55} X ATM Cell

Al | A2 P4 | B1 ATM Cell

Al | A2 P3| Gt ATM Cell

A1 | A2 P2 X ATM Cell

Al | A2 P1T | X ATM Cell

Al A2 PO | CH Twelfth ATM Cell Trailer

Object of BIP-8 Calculation {{13-14 Nibbles |

Notes: PLCP: Physical Layer Convergence Protocol A1, A2: Frame Alignment
PO Path Overhead Indicator B1: Bi} intereaved Panty
POH.  Path Overhead C1: Cycle/Stuff Counter
BIP-8: Bit Interleaved Panty-8 G1: PLCP Path Status
X: Unassigned-Recevers required to ignore Zx: Growth Octets

Source: TR-NWT-001112, ©1993, Bell Communications Research, Inc., reprinted with permission.

Figure 11-7. DS3 PLCP frame (125us).

e A o e
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11.3.4 STS-1 Interface

A mid-range interface, operating at the STS-1-rate of 51.840 Mbps, is also defined
for ATM cell transport. Bellcore has.defined a UNI which operates over two single-
mode fiber links, and the ATM Forum has defined a private UNI which operates over
Category 3 UTP cable using 8-pin modular connectors |1 1-9]. The frame structure 15
illustrated in Figure 11-8 and is part of the Synchronous Digital Hierarchy, which wiil
be examined in detail in zi,following_section. For details on the SONET STS-1 signal,
see ANSI T1.105. '

A

- 90 Octets

B2 [T k2 Column

|¢———— g Octets ——————»|
R EE
Hiem
(el x|
& (9]

.I‘,, 1@3}» - 1 30 ;9
SRR J1
miil
S8 ol % . é }

Transport Ol 2 / 38 / 8
Overhead oy T % s % =
IR N
SN Z7EZ
Payload .
Notes: :‘ SPE capacity used by ATM cells,

;'?cf*ﬁ Unassigned (X) bits/octets,
Any future usane of these unassigned (X) bits
shall be consistent with ANSI T1.105.

V/// Fixed stuff.

Figure 11-8. Logical frame structure of the 5§1.840 Mbps UNI.

Source: TR-NWT-001112, ©1993, Bell Communications Research, Inc., reprinted with permission.
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11.3.5 100 Mbps Multimode Fiber Interface

Much current LAN technology is based on previous work defined to support the Fiber
Distributed Data Interface (FDDI) standard. The ATM Forum, in the UNI 3.1 document,
defines a private UNI operating over multimode fiber. The Physical layer foliows the FDDI
Physical Medium Dependent (PMD) specification, with a link operating at 125 Mbiaud
with a 4B5B line coding scheme over 62.5 micron cable. Note that the link operates for
cell transport only; therefore, no Physical layer framing structure is required or defined.

11.3.6 SONET STS-3c interface -

. T_hé SONET formats are bart of the Synchronous Digital Hierarchy (SDH). The
- DS3 format is part of the Plesiochronous Digital Hierarchy (PDH). Transmission rates
“for various signals within these two hierarchies are shown below:

SONET/Synchronous Digital Hierarchy (SDH) Rates

Rate (Mbps) SONET SDH
51.840 STSA1

155.520 STS-3 STM-1
466.560 STS-9 STM-3
622.080 ST8-12 STM-4
933.120 STS-18 STM-6
1244.160 STS-24 STM-8
2488.370 STS-48 STM-16

Plesiochronous Digital Hierarchy (PDH) Rates

Rate (Mbps) North America Europe
0.064 ) DSo '
1.544 DSH

2.048 ' E1
3.152 DS1C

6.312 Ds2

8.448 . E2
34.368 E3

44 736 DS3

136.264 . E4
274176 DS4
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The Synchronous Transport Signﬁl-Level 1 (STS-1) frame, transmitted at 51.840)
Mbps, is the basis for the higher SONET transmission rates. The STS-1 frame consists
of nine rows and 90 columns, for a total of 810 octets. Each frame is transmitted within
a period of 125 microseconds, occupying a total bandwidth of 51.840 Mbps (810
octets/frame * 1 frame/125 microseconds * 8 bits/octet). Ol the 90 data columns, three
(or 27 octets) carry transport overhead (TOH), such as framing, error monitoring. man-
agement, and payload poim_ér information. So the STS-1 payload envelope (SPE) i
87 columns wide or 783 octets (87 * 9). The SPE is itsell a kind of frame that floats
_inside the available space in the STS-I frame. The {irst column of the 87 column SPE

‘18 occupiéﬂ by an 1 1-octet transmission path overhead (POH), and the start of the SPE
isfidemiﬁed by the payload pointer in the TOH. Note that this mechanism exists 10 let
the information carried in the SPE be timed with a bit clock signal that is not locked
to the STS-1 clock signal; pointer movements let the SPE drift toward the STS-! frame.
Because of the POH, the available capacity per STS-1 frame is further reduced to 774
octets (86 * 9), representing a user payload bandwidih of 49.54 ‘Mbps.

~ To provide SONET at higher rates (above 51.840 Mbps), multiple STS-1 frames
are byte (or octet) interleaved. For example, three STS-1 frames may be combined
into one STS-3 frame operating at 155.520 Mbps (the three frames must be frame
aligned). The STS-3 frame now has 270 columns and nine rows and a TOH of nine
columns. The payload of the STS-3 frame now has 261 columns and nine rows and
‘comprises the three STS-1 SPEs (each 87 columns wide) byte interteaved. Note that
these SPEs are independent of each other and can have any phase relationship with
each other and the STS-3 frame, as determined by the three individual payload point-
ers that are byte interleaved in the nine-column TOH. The purpose of this multiplex-
ing exercise is to enable the efficient transportation of three independent STS-1 sig-
nals long distance over a single optical fiber. Upon arriving at the far end, the STS-1
signals are demultiplexed to become three STS-1 framed signals again.

A'special vanant of the STS-3 frame is the STS-3c frame (c is for concatenation).

in which the three SPEs of an STS-3 frame are merged (concatenated) together to .

form one large SPE of 261 columns. Because there is only one SPE, there only needs
to be one POH, leaving a payload capacity of 260 columns that represents a usable
bandwidth (for cells) ot 149.76 Mbps (sec Figure 11-9). The same approach can be
used to generate an STS-12c signal in which the usable payload capacity is 5911-04
Mbps (note that three columns of the STS-12¢ SPE are not used). When SONET is
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specified as the UNI, STS-3c is the signal used. SONET is a North American stan-
dard. Outside North America, most countries use the SDH equivalent to STS-3c,
namely STM-1.

You should also note that when STS-1."STS-3c, or STS-12c¢ are sent through opti-
cal fiber, the signals become OC-1, OC-3c, or OC-12¢, respectively. .

270 Octets . -+
. —
Section -
. Dverhead
@ - - H1[H1H 1 H2 Hz_'[Hz' H3|H3{H3
% ) B ; S
o Line
> Overhead" h
[ 5 |2
o 1C2
— E o
- 2 |Gy
Transpont 9 ?j Paylocad
Qverhead 9
™ E.a
— Fan
s [
I e
o ‘{j
Payload
Notes. {:] SPE capacity used by ATM cells.
LiEanc] Unassigned (X) bits/octets.
Any future usage of these unassigned (X} bits/octets

will be consistent {Bellcore TR-NWT-000253).

Figure 11-9. Logical frame structure of the 155.520 Mbps UNL.

Source: TR-NWT-001112, ©1993, Bell Communications Research, inc., reprinted with pemnission.
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Within the transport overhead, rows one through three contain the SOH, and rows
four through nine contain the Line Overhead (LOH). The three original STS-1 TOHs
are byle interleaved to create the nine rws of the STS-3¢ TOH. So, we see Al, Al.
Al, A2. A2, A2, C1,CI1,Cl;and so onin the STS-3¢c TOH. Notice that overhead octets
Al, A2, Cl, HI, H2, H3, and B2 are rephicated, while octets B1, K2, and Z2 are not.
" The path overhead (POH) carried in STS-3c SWP includes JI, B3, C2, and G1.

Bellcore’s TR—NWT—’OOO253 [11-10] is the baseline reference on SONET. The .

ATM Forum’s UNI 3.1 specification defines the overhead octets and their functions
for STS-3c implementations with ATM, as well as an ATM Forum speciﬁcatidn for
" a lSSiMbps private UNI over twisted pair (100 ohm category 5 unshielded, 120 ohms.
“or 150 ohm shielded) cable [11-1 1].

Section Overhead

Octet L.abel

Overhead Function
Al AZ . Frame alignment
C1 ' STS-1 identification
B1 Section error monitonng
Line Overhead
Octet Label Overhead Function
B2 Line error monitoring

H1 (bits 1 to 4)

H1 and H2 (bits 7 to 16)
H1*, H2"

H3

K2 (bits 6 to 8)

3rd Z2

New data flag, Path AIS

Pointer value, Path AIS

Concatenation indication, Path AIS

Pointer action, Path AlS ,
Line AlS, Line FERF. removal of Line FERF
Line FEBE
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Path Overhead

Octet Label Overhead Function

J1 e STS path trace

B3 Path error monitoring .

c2 Path signal leve! indicator
G1 (bits 1 to 4) Path FEBE

G1 (bit 5) e Path RD! (yellow)

AlS: Alarm Indication Signal '

FEBE: Far End Block Error -

FERF:Fat End Receive Failure
RDI: Remote Defect Indicator
STS: Synchronous Transport Signal

ANSITI1.105 [11-12] is an excellent reference about SONET, and References {11-
{3} and [11-14] provide additional information on SONET implementations for ATM.

11.3.7 OC-12 Interface

The ITU-T, Bellcore, and the ATM Forum [11-15] have defined a UNI operating
at the OC-12 rate of 622.080 Mbps. For the ATM Forum’s case, a public UNI, a pri-
vate UNI, and a private NNI are all defined. The transmission consists of two fiber

optic links in a point-to-point configuration. Bellcore specifies a single-mode fiber

link, while the ATM Forum allows either single-mode or muitimode fiber options.
The frame structure is illustrated in Figure 11-10 and is based on the SDH hierarchy

discussed in the previous section.
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11.4 ATM Adaptation Layer Services

Recall from Section 10.6.3 and Figure 10-11 that ATM networks may support dif-
ferent types of data traffic. Each traffic type may use a different AAL protocol, as defined
in 1.363 [11-16]. The following sections explore each of these protocols mdmdually

11.4.1 AAL Type 1

AAL Type | supports Class A traffic, which is sent at a constant bit rate (CBR),
is connection oriented and has a timing relationship between the source and the des-
tination. Examples of such traffic include pulse code modulation (PCM), encoded
Yoice, or CBR video.

The AAL consists of at least two sublayers: the Convergence Sublayer (CS) and
the SAR Sublayer. For AAL, the CS takes the User Information, provided at a CBR,
and divides it into 47-octet protocol data units (AAL1_CS_PDUs), as shown in Fig-
ure 11-11- This AAL1_CS_PDU becomes the SAR_PDU payload. Note that no
AALI1-CS protocol control information (PCI) is added to the AALI_CS_PDU. The
SAR sublayer adds a header 1 octet long to the AAL1_CS_PDU, forming a 48-octet
AAL1_SAR_PDU.

The AALI_SAR_PDU header consists of two fields: Sequence Number (SN) and
Sequence Number Protection (SNP). The SN field contains two subfields: a Conver-
gence Sublayer Indicator (CSI), which is one bit and is used by service-specific func-
tions of the AAL1_CS; and a Sequence Count (SC), which is 3 bits and contains a
binary encoded sequence counter that is passed between peer AAL1_CS entities. One
CSI function is to pass timing information between the sender and the receiver. In this
method, called the Synchronous Residual Time Stamp (SRTS), the CSI field of suc-
cessive AAL1_SAR_PDUs carries a 4-bit Residual Time Stamp (RTS). The SC sub-
field detects lost or misinserted cells. The SNP field contains two subfields: a CRC
Control subfield (three bits) and a single Parity bit. These two fields provide error con-
trol for the CSI and CS subfields. '

The completed AAL1_SAR_PDU is sent to the ATM layer, where the ATM header
1s added before transmission.
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User l User Information
Layer . .
c e
— ) Iq— AALY_CS_PDU _......—'-i
CS;OSIVEI'genCe -. o l AAL - User Informaton
ublayer - "
y , a7
- - ...  Sequente Sequence Number Octets
‘ Numbar Protection
r i ] i
. H -
SAR csi | Sequence | GRC | Pamy |  SAR_POU Payioad
Sublayer : . . 1 e
Bn Bits Bas But Qctets
- | AAL1_SAR_PDU >
ATM -
Layer Hontior Payload
5 48 Oclels

Notes: CS: Convergence Sublayer
CSI: Convergence Subtayer Indicator -
SAR:. Segmentation and Reassembly

Figure 11-11. AAL Type 1 PDU format.

Source: GR-1113-CORE, ©1994, Bell Communications Research, Inc., reprinted with permission.

11.4.2 AAL Type 2

AAL Type 2 supports Class B traffic, which is sent at a variable bit rate (VBR):
is connection oriented, and has a timing relationship between the source and the des-
tination. Examples include VBR voice and video signals.
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The ITU-T is still developing AAL2. However, one suggested format for the
AAL2_SAR_PDUis shown in Figuré 11-12. The SN field is a binary counter that detects
lost or misinserted cells. The Information Type (IT) defines one of three message values:
Beginning of Message (BOM), Continuation of Message (COM), or End of Message
(EOM). The Length Indicator (LI) states how many octets in the SAR_PDU Payload
contain data. Finally, a CRC field provides error detection and correction. Error control
is especially important for compressed video signals, which could use AAL2. In this
case, single bit errors may affect the encoded datastream, which may produce a more
severe effect than a single bit error within a cell carrying CBR audio (Class A and AALI).

j#— Header —| |— Trailer —»|
SN IT SAR_PDU Payload Li CRC
fa ' AALZ_SAR_PDU -

Notes: T information Type
L1 Length Indicator
SN:  Sequence Number
SAR: Segmentalion and Reassembly

Figure 11-12, AAL Type 2 SAR PDU format.

11.4.3 AAL Type 3/4

AAL Type 3/4 supports Class C or D traffic, which is sent at a VBR with no timing
relationship required between the source and destination. At one time, there were two stan-
dards: AAL3, which supported connection-oriented traffic, and AALA, which supported
connectionless traffic. These two AALs were later merged into the common AAL3/4,
Data traffic that is sensitive to loss but not delay, such as SMDS, would use AAL3/4.

The AAL3/4 Convergence Sublayer is divided into two layers: an SSCS and a
CPCS. The SSCS, which may not be present (null), supports the User layer. The
AAL3/4 SAR sublayer interacts with the ATM layer.

The CPCS transfers variable-length blocks of data, or AAL3/4_CPCS_SDUs,
sequentially between users. Two service modes are defined: Message Mode Service
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and Streaming Mode Service. Message Mode is used for framed data (see Figure 11-
[3a). It transfers exactly one Interface Data Unit (AAL3/4_IDU) from the user. This
IDU may be fixed or variable in length, up to 65,535 octets long. Streaming Mode is
used for one or more IDUs; which may be separated in time (see Figure 11-13b).
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Figure 11-13a. AAL Type 3/4 PDU format (Message Mode Service).

Source: GR-1113-CORE, ©1994, Bell Communications F?ésearch, Inc., reprinfed with permission
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Figure 11-13b. AAL Type 3/4 PDU format (Streaming Mode Service).

Source: GR-1113-CORE, ©1994, Bell Communications Research, Inc., reprinted with permission.

The AAL3/4 process

AAL3/4_CPCS_SDU

the user information (the

initiated when

is
) 1s passed to the CPCS. The CPCS adds a header and trailer,

74



Chapter 11: ATM Protocols

generating the AAL3/4_CPCS_PDU. This unit is then passed to the SAR sublayer,
which segments it into 48-octet SAR PDUs to become the ATM cell payload.

The AAL3/4_CPCS_PDU header contains three fields: Common Part Indicator
(CPI), Begin Tag (BTag), and Bufier Aligéation Size (BAsize). The CPi field (one
octet) identifies the message fype and the counting units for the BTag and BAsizc
fields. This field 1s currently coded as 0OH. which indicates that the counting unit is
the octet. The BTag field (one actet) is used in conjunction with the End Tag (ETag)
in the trailer to associate the beginning and end of the AAL3/4_CPCS_PDU. The
same number is placed in the B'l:ég and ETag fields and is incremented for successive
. AAL3/4°CPCS_PDUs. The BAsize field (two octets) tells the receiving AAL3/4
process the maximum buffer size it must reserve to reassemble the incoming
AAL3/4_CPCS_PDU.

The AAL3/4_CPCS_PDU User Information payload is limited to the maximum
value of the BAsize field (65,535) times the counting value contained in the CP1 field
(typically octets). A Pad field may be placed after the Information field. This Pad may
contain zero, one, two, or three octets of filler, which forces the AAL3/4_CPCS_PDU
to be 32-bit aligned. Note that for SMDS applications. this field is of zero length
because the AAL3/4_CPCS_PDUs are always aligned on 4-octet boundaries.

The AAL3/4_CPCS_PDU trailer contains three fields: Alignment (AL), End Tag
(ETag), and Length. The AL field (1 octet) provides 32-bit alignment in the
AAL3/4_CPCS_PDU trailer, and is set to OOH. The ETag field (1 octet) is used in
conjunction with the BTag, as described above. The Length field (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
AAL3/4_SAR_PDU contains a header (2 octets). User Information (44 octets), and
a tratler (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
AAL3/4_SAR_PDU is the beginning of a message (BOM, with ST = 10}, the con-
tinuation of a message (COM, with ST = 00), the end of a message (EOM, with ST
= 01), or a single segment message (SSM. with ST = 11). The SN field (4 bits) is a
counter that indicates the sequential position of each AAL3/4_SAR_PDU associated
with an AAL3/4_CPCS_PDU. The MID (10 bits) identifies the AAL3/4_SAR_PDUs
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derived from a particular AAL3/4_CPCS_PDU. In other words, several
AAL3Y4_CPCS_PDUs may be transmitted simultaneously between the same two
AAL users. The MID field identifies the AAL3/4_SAR_PDUs from different
AAL34_CPCS_PDUs, assisting with'the interleaving and reassembly process.

The AAL3/4_SAR_PDU payload contains User Information and Fill and is 44

octets long. The User Information field contains up to 44 octets of an

AAL3/4_CPCS_PDU. If the User Information field does not contain 44 octets, the
Fill field completes it with zeros.”

- The AAL3/4_SAR_PDU trailel: contains two fields: Length Indicator (LI) and a
CRC The LI field (6 bits) contains the length in octets of the User Information field.
The type of segment, as indicated in the ST field, restricts the values of the LI field.
The BOM and COM segments may be 44 octets long. The EOM segment must be a
multiple of four octets (4, 8, 12, 16, ...44). The SSM must be a multiple of 4 octets
and must be at least 8 octets long (8, 12, 16, ...44).

When the AAL3/4_SAR procéssing 1s complete, it hands the AAL3/4_SAR_PDUs
to the ATM layer for transmission.

11.4.4 AAL Type 5

AAL Type 5 supports Class C traffic, which is connection-oriented and sent at a
VBR with no timing relationship required between the source and the destination.

The AALS process is considered much simpler than AAL3/4. Tt removes some of the

overhead at the SAR sublayer and supports only Message Mode service. AALS is
also known as the Simple and Efficient AAL (SEAL).

The User Layer passes User information 0 to 65,535 octets long to the CPCS, as
shown in Figure 11-14, The CPCS generates the AAL5_CPCS_PDU, which consists
of a payload and a trailer. At the CPCS, a Pad field 0 to 47 octets long is added to the
User [nformation to align the AAL5_CPCS_PDU on a 48-octet boundary.
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User - Liser Information L )
Layer
-
Payload Traiter
_ I r 1
User Pag | wu |- cer | Lengh | CBC
Convergence (nformation d, 9
Sublayer . " 0-85,535 \ 047 1 1 2 4 Octets
SAR *SAR_PDU SAR_PDU - SAR_PDU
. :Sublay,er 48 a8 48 Octets
ATM
Heager!"t| Fayload
5 48
ATM
Layer ATM
y Headed Paylocad
5 48
ATM
L Headed"| Payload
5 48 Octets
Notes: (1} SDU-type subfield of the PT field in the ATM Header
detects the beginning and end of the CS_PDU 0 = first
and intermediate celts, 1 ={ast cell. ’ 4
UL User-lo-User
CPI: Common Part Indicator

Figure 11-14. AAL Type 5 PDU format.

Source: GR-1113-CORE, ©1994, Bell Communications Research, Inc., reprinted with permission.

The AALS5_CPCS_PDU trailer consists of four fields: User-to-User (UU), Com-
mon Part Indicator (CPI), Length, and CRC. The UU field (1 octet) contains infor-
mation to be transferred transparently between AALS users. The CPI field (1 octet)
aligns the AALS_CPCS_PDU trailer on a 64-bit boundary. Other uses are under devel-

‘ment, and may include identification of layer-management messages. The Length
..cld (2 octets) indicates the length of the AALS CPCS payload. The CRC field con-
tains a CRC-32 calculation that detects bit errors in AAL5S_CPCS_PDU, including
the payload and the first 4 octets of the trailer.
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When the AALS_CPCS_PDU is assembled, the SAR sublayer segments it into
48-octet AALS_SAR_PDUs, which are then passed to the ATM layer. A single bit in
the ATM header PTI field indicates the end of the AALS_CPCS_PDU. This bit is set
to zero for the first and intermediate Segments, and to one for the last segment.

11.5 ATM DXI

A number of inteffaces and protocols assist with the management of ATM net-
works (see Figure | l-lSa),jincludi@g the DXI [11-17], the ILMI, and the messages
that use these interfaces. b

ILM1
Messages

)
\

ATM DXI ATM UNI

! ! ATM

OTE | DCE i Switch

? . DX LMt
Messages

SNMP
Messages

'

Network
Management
System/Station

Figure 11-15a. ATM DXI LMI.

Source: AF-DXI1-0014.000, © 1993, The ATM Forum.

Assume that the DTE is a router connected to an ATM switch via a DCE, such as
a DSU. Also connected to the router is a network management console running SNMP.
Several interfaces are involved: the ATM UNI between the switch and the DSU:; the
ATM DXI between the DSU and the DTE (router); and other interfaces, such as a
L AN connection, between the router and the network management console.

Several message types may be sent with this configuration. The Network Man-
agement System may send SNMP messages to request information contained in the
router’s MIB. The ATM switch may send ILMI messages to the router requesting
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information on a virtual path or virtual channel connection. In some cases, such as
when the router requests a count of the dropped received cells, the router must con-
sult the DSU. These consultations are referred to the DSU as DXI LMI messages.
Similarly, ATM DXI LMI traps sent fromithe DSU to the router generate ILMI traps
to the switch or SNMP traps t6 the Network Management Console.

To support these mechanisms, the ATM DXI LMI MIB includes the ATM UNI
ILMI MIB, defined in the ATM Forum'’s UNI 3.1 specification, and the ATM MIB,
defined by the Internet Engineering Task Force (IETF).

' 11.5.1.The DXi Protocol

. The DXI protocol provides a way for a DTE, such as a router, and a DCE, such
as a DSU, to share the processing of the protocols at the ATM UNI. Three modes of
operation are defined: '

>  Mode 1a, AALS only
>  Mode b, AAL3/4 for at least one VC, AALS for other VCs
>  Mode 2, AALS and AAL3/4, one per VC

The DTE transmits the information field of an AAL_PDU, referred to as a
DTE_SDU, to a peer process at another DTE. To do so, the DTE sends the DTE_SDU
inside a DXI frame to the DCE. The DCE then completes the processing at the AAL
sublayers (CPCS and SAR) and the ATM layers.

The format of the transmission frame sent between DTE and DCE varies depend-
ing on the AAL type used. For modes la or 1b with AALS, the DTE sends a DTE_SDU,
which may be up t0 9,232 octets long, to the DCE in a DXI frame (see upper portion
of Figure 11-15b). The DCE receives the DTE_SDU and performs the AALS CPCS,
AALS SAR, and ATM layer functions. The DXI Frame Address (DXA) field maps
the VPI/VCI information between the DTE and the DCE.

Mode 1b offers the capabilities of mode Ia plus support for AAL3/4 on individ-
ually configurable VCs. The DTE encapsulates an AAL3/4_CPCS_PDU within a DXI
frame (see lower portion of Figure 11-15b). In this case, the DTE_SDU is reduced in
length to 9,224 octets to accommodate the AAL3/4_CPCS header and trailer. The
DCE performs the AAL3/4 SAR and ATM layer functions.
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'

|- DX! Frame for Modes 1a and 1b Using AALS >
Flag 034 o DXt Flag
oning | Headed! DTE_Sou FCS | (111110
i 2 " "en<c9232 2 1 Octets
| DX! Frame for Mode 1b Using AAL3/4 .
Flag Oxt _ [AALva_cPCs_POU} o |amva_cpPes_pou] DX Flag
(@1111110) | Header!" Reader DTE_SDU Traler FCS | g

2 <, 4 0 < n<g224 4 2 1 Octets

DrAl Rsvd| O DFA® CNY [ Rsvd JCLPSH 4

Notes. (1) DX1header formal is consistent for AALS and AAL3/4 formats.
(2) DTE_SDU length 1s dependent upon AAL type. -
{3) DX Frame Address (DFA), used 1o pass VPUVCI information between DTE and DCE.
{4) Congestian Notification bd.
{5} Cell Loss Pnonty bit.

Figure 11-15b. ATM DXI frame formats (modes 1a and 1b).

Source: AF-DXI-0014.000, © 1993, The ATM Forum.

For mode 2, the DTE encapsulates an AAL3/4_CPCS_PDU within a DX1 frame
(see Figure 11-15¢}. In this case, the DTE_SDU may be up to 65,535 octets long. The
DCE performs one of the following functions:

> For AALS VCs, the DCE removes the AAL3/4 CPCS 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 AAL3/4 VCs, the DCE performs the AAL3/4 SAR and ATM layer
functions.
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Flag oxi AALV4_CPCS_PDU| pTE spy |AALava_CPCS_PDu| DX Flag
{©1111110) Header Header - Tradier FCS | {on1imng
1 4 4 0 < n < 65535 4 4 1 Octets

B 7 6 543 2187665432187 65 4321876543211 Bis

DFAiY Rswd| O DFAT - lon| s c:g 1 DFA™ peal!
{2) W

Ty

" Notes: (1) DX!Frame Address (DFA), used to pass VPI/VCl information between DTE and DCE.
{2} Congestion Notification bit '
(3) Cel Loss Prionty tif.

Figure 11-15c. ATM DXI frame format (mode 2).

Source: AF-DXI-0014.000, ® 1993, The ATM Forum.

11.5.2 The DX1 LMI

The DXI LMI exchanges management information across the DXI. The ATM
DXI LMI supports network management systems using SNMP and ATM switches
running ILMI. The network management system or the ATM switch may request man-
agement information. Therefore, the DTE, such as a router, must contain both an
SNMP proxy agent and an ILMI proxy agent. If the network management systcm or
the ATM switch sends a request and the DTE does not have the information, it will
query the ATM DCE using a DX LMI PDU (see Figure 11-15d).
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- - DX| Frame L
Flag DX - DxI Flag
{01111110) Header LM PDU FCS (011111410)
i 2ord " " ¥anable 2ord 1

POU Requast Er:BE Error Opject Otlagcl Object e:ez' e:"e‘: Otyect
Typa D Stalus Index Count Length 10 Tal; Leﬂ;m Value
1 1 1 1 1 n n 1 n n
Non-Trap PDU
or
POU Genanc Enterpnse Obrect
Type ;;;z Trap Type Count Oviect(s)
1 1 1 1 n Octets
Trap PDU

QOctets

QOclets

Figure 11-15d. ATM DX! LMI PDU formats.

Source: AF-DXI-0014.000, © 1993, The ATM Forum.
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Five LMI messages are defined. The GetRequest, GetNextRequest, and SetRe-
quest originate in the DTE, with a GetResponse returned from the DCE. The Trap

e

message ortginates in the DCE.

The LMI message formats are similar to those defined for SNMP. The GetRe-
quest, GetNextRequest, SetRequest, and GetResponse messages share a common
PDU structure, and the Trap meésage has a unique PDU format. The ATM Forum’s
DXI 1.0 specification pfbvides greater details about the PDU formats.

‘0

11,6°FUNI

The Frame Based User-to-Network Interface. or FUNI, is based on the DXI and
" provides an interface between end-user equipment and an ATM network at the DS|
(1.544 Mbps) or El (2.048 Mbps) rates. Inside the ATM network, a conversion is
made between the data carried in the DSI/EI frame and ATM cells. According to the
FUNI specification [11-18], the FUNI shall support DXI mode 1a, may optionally
provide support for mode 1b, and shall not support mode 2. The only AALs supported
over the FUNI are AAL3/4 and AALS; therefore, the interface is intended to support
VBR and UBR service only. Note that neither AAL1 nor CBR service are supported.

The encapsﬁlation/decapsulalion processes are shown in Figure 11-16a (for AALS)
and Figure 11-16b (for AAL3/4). Note that a mapping function translates the frame
address (FA) to the VPI/VCI fields to provide the appropriate address conversions.
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.

Source: AF-SAA-0030.000, © 1995, The ATM Forum.
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Figure 11-16b. FUNI encapsulation and ATM conversion process for AAL3/4.
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11.7 LAN Emulation

LAN Emulation (or LANE) is a process that allows existing local networks, such
as Ethernet/IEEE 802.3 and IEEE 802.5 (token ring) networks, to operate within a
switched ATM environment. The term emulation 1s used to describe this process, since
many of the core functions present in LANs are not directly available from an ATM
system. For example, LAN messages are sent using connectioniess transport, which
does not require a call setup. ATM is connection-oriented, which does require call
setup. LANSs are shared media systems, which lend themselves easily to multicast and
broadcast transmissions. Within ATM, a means must be defined to intercept these
messages and only send them to the stations that actually require that information.

LANE provides functions that are somewhat analogous to bridging and are
described in detail in the ATM Forum’s LANE Specification [11-19]. This specifica-
tion details the operation of the various LANE components, including the LANE
chients and LANE servers. The LANE client uses one of two frame formats to com-
municate: a modified Ethernet/IEEE 802.3 frame (Figure 11-17a) or a modified IEEE
802.5 (token ring) frame (Figure 11-17b). Note that the key modification is the addi-
tion of a LAN Emulation header (2 octets) which contains either a LAN Emulation
Client Identifier (LECID) or the value O000H. For specific details on LANE opera-
tion, refer to the ATM Forum specifications.

LE Header | Deslination Source TypelLehgth Data Unit | Pad

2 6 6 2 - [¢——46-1,500 —|Oclets

Figure 11-17a. LAN emulation data format for IEEE 802.3/Ethernet frames.

Source: AF-LANE-0021.000, @ 1995, The ATM Forum.

. I

LE Header Access | Frame | Destnation Source Route information
Control | Control Address Address Info Field
2 1 1 6 6 ) 0-3¢ variable Octels

Figure 11-17b. LAN emulation data format for IEEE 802.5 frames.

Source: AF-LANE-0021.000, ® 1995, The ATM Forum.
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11.8 ATM Signaling

Signaling is the process by which ATM users and the network exchange control
information to establish or disconnect VCs, request the use of network resources, or
negotiate for the use of circuit parameters such as QOS. VPI/VCI, and so on. Sig-
naling traffic is sent on VP[ =0, VCI = 5.

. Meta-signaling is an optional method of establishing signaling channels. Meta-
signaling messages are I cell long and are sent on VPl =0, VCI = |.

Meta-signaling sets up three types of signaling channels: point-to-point, general
broadcast, and selective broadcast. There are three meta-signaling procedures: the Assign-
ment procedure establishes a new signaling channel, the Removal procedure discon-
nects a signaling channel, and the Checking procedure verifies a signaling channel.

11.8.1 ATM Signaling Protocols

The protocols, shown in Figure 11-18, support connection control signaling. ITU-T
Recommendation Q.2931 specifies the signaling message format. These messages are
sent over the Signaling ATM Adaptation Layer (SAAL), which ensures their reliable
delivery. The SAAL is divided into a Service Specific Part and a Common Part. The Ser-
vice Specific Part is further divided into a Service Specific Coordination Function (SSCF),
which interfaces with the SSCF user; and a Service Specific Connection-Onented Pro-
tocol (SSCOP), which ensures reliable delivery. These two protocols are specified in

ITU-T Recommendations Q.2130 (formerly designated Q.SAAL.2), and Q.2110 (for-

merly designated Q.SAAL.1), respectively. The common part of SAAL is AALS.
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Related ITU-T
Recommendation

User-Network Signaling Q.2931
+ ' NI SSCF Q2110
r Service Specific UNISSC
Pant

SAAL ' SSCOP Q.2130
l AAL Type 5 Common Pan 1.363
ATM Layer 1.361
Physical Layer 1.432

Notes: SAAL: Signaling ATM Adaptation Layer
SSCOoP: Service Specific Connection Onented Protocol
UNI SSCF:  User Network Interface Service Specific Coordination Function .

Figure 11-18. SAAL protocol stack at the UNI.

Source: GR-1111-CORE, ©1995, Belf Communications Research, inc., reprinted with permission.

The ATM Forum’s Signaling Specification v. 4.0 [11-20], ITU-T Q.2931 [11-21], and
Bellcore's GR-1111-CORE [11-22] provide further details on the signaling architectures.

11.8.2 ATM Address Formats

Before two ATM endpoints can communicate across a private or public UNI, the
endpoints must be unambiguously identified. The' ATM Forym has defined three Pri-
vate UNI address formats, each 20 octets long, to provide this identification (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.
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DCC: Data Country Code IDI: Initial Domain Identifier
DSP:  Domain Specific Part 1DP: tritial Domain Part
ESL End System Identifier SEL: NSAP Selector

S

Figure 11-19. ATM address formats.

Source: AF-S51G-0061.000, © 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 (DCC) ATM format is divided into an Initial Domain
Part (IDP) and a Domain Specific Part (DSP). The IDP contains an Authonty and For-
mat ldentifier (AFI) and an Initial Domain Identifier (1D1). For the DCC ATM for-
mat, the AF1 has a value of 39H. The next field contains the DCC (2 octets) that spec-
ifies the country where the address 1s registered. The DSP part of the address contains
the High Order DSP (HO-DSP) field, End System Identifier (ESI), and Selector (SEL)
fields. The coding of the HO-DSP field is specified by the authority or coding scheme
identified by the IDP, and is further defined in Annex 1 of the ATM Forum’s Signal-
ing Specification. The ESI is a six-octet number that uniquely identifies the end sys-
~ tem, such as an IEEE 802 MAC address. The Selector is a one-octet field which is
not used for ATM routing but may be used by the end system.

The International Code Designator (ICD) ATM format is identified by an AFI of
47H. The next field contains the ICD (2 octets), which identifies an international orga-
nization and is administered by the British Standards Institute. The remaining address
fields are the same as in the DCC ATM format.

The E.164 ATM format is identified by an AFI of 45H. The next field contains the
E.164 address (8 octets). The other fields are the HO-DSP, the ESI, and the SEL, which
have the same functions as their counterparts in the DCC ATM and ICD ATM formats.

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 UNI. Address-registration pro- -,

cedures, which are an extension to the ILMI, accomplish this. For Private UNI 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 ILMI SetRe-
quest messages and are stored in tables at either side of the UNI. After the addresses
have been registered, they may be used in the Calling Party Number and Called Party
Number information elements transmitted inssignaling 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 are specified in
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B-ISDN Recommendation Q.2931, formerly Q.93B [11-21]. The ATM Forum UN]
Signaling Specification version 4.0 builds upon the earlier work with UNI 3.1 and
Q.2931, and also adds messages regarding Point-to-Multipoint Call/Connection Con-
trol from Q.2971 [11-24].

The ATM signaling messages may be grouped according to their function. Mes-
sages for ATM call and connection control include:

>  ALERTING, sent by the called user to the network or by the network to
the calling user to indicate that the called user alerting has been initiated

»>  CALL PROCEEDING, sent by the called user to the network or by the
network to the calling user to indicate initiation of the requested call

>  CONNECT, sent by the called user to the network and by the network
to the calling user to indicate that the called user accepted the call

>  CONNECT ACKNOWLEDGE, sent by the network to the called user to
indicate that the call was awarded and sent by the calling user to the network

>  PROGRESS, sent by the user or the network to indicate the progress of
a call in the event of interworking

>  SETUP, seat by the calling user to the network and by the network to the
calling user 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 oniginator has relcased the call reference and virtual channel

>  RESTART, sent by the user or the network to restart the indicated
virtual channel - L

> RESTART ACKNOWLEDGE, sent to acknowledge the receipt of the
RESTART message

>  NOTIFY, from Q.2971

> STATUS,' sent by the user or network in respoase 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 used with ATM point-to-multipoint call and connection control inciude:

Y Y ¥ ¥ Y

Y v

ADD PARTY, adds a party to an existing connection '

ADD PARTY ACKNOWLEDGE, acknowledges a successful ADD PARTY
ADD PARTY REJECT, indicates an unsuccessful ADD PARTY
DROP PARTY, drops a party from an existing point-to-multipoint connection
DROP PARTY ACKNOWLEDGE, acknowledges a successful DROP
PARTY

PARTY ALERTING, from Q.2971 ,

LEAF SETUP REQUEST, sent from the Leaf when that Leaf wishes
to join a call under the Leaf Initiated Join capabilities

LEAF SETUP FAILURE, sent from the network or Root if the join
request from the Leaf could not be completed under the Leaf Initiated
Join capabilities

ATM signaling messages, as defined in the UNI Signaling 4.0, use the Q.931 mes-
sage format (sce Figure 1 1-20). The message consists of five fields:

>

Y

Protocol Discriminator, distinguishes call-control messages from
other traffic

Call Reference, associates this message with a call at the UNI, but does
not have end-to-end significance

Message Type, identifies the message function

Message Length, identifics the length of the message contents
Information Elements, parameters réqqircd by the message
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8 7 6 5 4 3 2 1 Octet

Protocol Discrimmator 1

Length of Call Reference

0 0 0 0 Value (in Octets)

N

Flag Call Reference Value

Call Relference Value {Continued)

Call Reference Vafue (Continued)

Message Type

Message Type (Continued)

Message Length

0w m N O v AW

Message Length (Continue&)

Variable Length Information Elements as Required etc.

o Bits 8765 4321 Value
Protocol Discriminator

D0O0D 1001 Q.2931(Q.93B) User-Network
Call Control Messages

Message Types Bits 8765 4321 Value

defined in the ATM 000- —  Call Establishment Messages:

Forum's V.4.0 ] . 00001 ALERTING

- ; - 00010 CALL PROCEEDING

Sngnahng Specification 00111 CONNECT

which use the 0t CONNECT ACKNOWLEDGE
00011 PROGRESS

Q.931 Header 20101 SETUP

010- —  Call Clearing Messages:

01101 RELEASE

11010 RELEASE COMPLETE
00110 RESTART
01110 RESTART ACKNOWLEDGE

Of s Miscellaneous Messages:
11100 STATUS L
10101 STATUS ENQUIRY

100- —  Point-to-Multipoint Messages:
0 0000 ADD PARTY e
0 0001 ADD PARTY ACKNOWLEDGE
0no10 ADD PARTY REJECF

00011 DROP PARTY
00100 DROP PARTY ACKNOWLEDGE
00103 PARTY ALERTING

10000 LEAF SETUP FAILURE
10001 LEAF SETUP REQUEST

A

Figure 11-20. Q.931 message format for ATM signaling,

Source: AF-SIG-0061.000, @ 1996, The ATM Forum.
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11.8.4 A'_I‘M Information Eiements

Information Elements convey details and parameters associated with signaling
messages. Figure 11-21 shows the format for the IEs. The first field identifies the IE,
and subsequent fields provide control and length information. The 1Es defined in UNI

Signaling 4.0 are:

>

Yy

Y VY

Narrowband bearer capability, indicates a requested circuit-mode N-
ISDN bearer service to be provided by the network

Cause, identifies the reason for certain messages and provides diagnostic
information ‘

Call State, describes the current status of the call, such as call initiated,

call present, connect request, or release request

Progress indicator, describes an event that has occurred during the life-
time of a cail

Notification indicator, indicates information pertaining to a call
End-to-end transit delay, indicates the nominal maximum end-to-end
transit delay acceptable on a per-call basis, and indicates the cumulative
transit delay to be expected for a virtual channel connection
Cdnnectéd number, identifies the connected number (see Q.951).
Connected subaddress, identifies the connected subaddress (see Q.951)

Endpoint reference, identifies the individual endpoints in a point-to-

multipoint connection _

Endpoint state, indicates the state of an endpoint in a point-to-multi-
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, specifics the set of traffic parameters, such as
forward or backward peak ‘cell rates or sustainable cell rates
Connection identifier, identifies the-focal ATM connection, including
the VPI/VCI values
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11.8.4 ATM Information Elements

Information Elements convey details and parameters associated with signaling
messages. Figure 11-21 shows the format for the 1Es. The first field identifies the IE,
and subscquent fields provide control and length information. The IEs defined in UNI
Signaling 4.0 are: |

>  Narrowband bearer capability, indicates a requested circuit-mode N-
ISDN bearer service to be provided by the network

>  Cause, identifies the reason for centain messages and provides diagnostic
information . '

>  Call State, describes the current status of the call, such as call initiated,
call present, connect request, or release request '

>  Progress indicator, describes an event that has occurred during the life-
time of a call

>  Notification indicator, indicates information pertaining to a call _

>  End-to-end transit delay, indicates the nominal maximum end-to-end ..
transit delay acceptable on a per-call basis, and indicates the cumulative.
transit delay to be expected for a virtual channel connection

>  Connected number, identifies the connected number (see Q.951). . .

>  Connected subaddress, identifies the connected subaddress (see Q.951) .

> Endpoint reference, identifies the individual endpoints in a point-to-

multipoint connection

>  Endpoint state, indicates the state of an endpoint in a point-to-multi-
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

>  Conncction identifier, identifies the-4ocal ATM connection, including
the VPI/VCI values
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Y

The next sections will discuss the use of these messages and information clements.

ABR setup parameter, specifies the set of Available Bit Rate parame-
ters during the call/connection establishment

Leaf initiated join call identifier, uniquely identifies a point-to-multi-
point call at a Root’s interface

Leaf initiated join parameters, used by the Root to associate options
with the call when the call is created

Leaf sequence number, used by a joining Leaf to associate a SETUP, ADD
PARTY, or LEAF SETUP FAILURE response message with the corre-
sponding LEAF SETUP REQUEST message that triggered the response

Connection scope selection, allows the callirig user to indicate to the

network that the call/connection shall be processed and progressed within
the selected routing range

ABR additional parameters, specify the set of additional ABR para-
meters dunng the call/connection establishment

Extended QoS parameters, indicate the individual Quality of Service
parameter values on a per-call basis and indicate the cumulative QoS para-
melter values
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8 7 6 5 4 3 2 1 Octets

IE Identfier ) 1

1 Coding , IE Instruction Field 2
ext Standarg | F139 I Res. |S_pare lr:'(«,?ca-o;::r

Length ot IE 3

Length of 1IE {Continued)

MNotgs: {1} Thus IE may be repeated wihoui the broadband repeat ndicalor IE

0111 1100 Narrowband Low-Layer Compatibilityi2) 20
0111 1101 Narrowband High-Layer Compatibiltyd't 7
0111 111 Generic Identifier Transporti’ 33
1000 0001 Minimum Acceptable Tratfic Descnaptor 20
1000 0010 Altemative ATM Traffic Descnptor 30
1000 0100 ABR Setup Parameters 35 .
111G 1000 Leaf iniated Join Call Identiher 9

f
| Contenls of IE 5 etc
Bas Max,  Max. No. of
8765 4321 Length Occurrences
0000 0100 Narmowband Bearer Capabdity!! 2 14 3
0000 1000 Causel" 34 2
0001 0100 Call State 5 1
0001 1110 Progress Indicator"? 6 2
0010 011 Motilication lngicator [ 1]
0100 0010 End-lo-End Transit Delay 1" 1
0100 1100 Connected Number 25 1
0100 1101 Connected Subaddress 25 1
01061 0100 Endpoint Reference B 7 1
0101 01 Endpoint State 5 1
0101 1000 ATM Adaptation Layer Parameters 21 i
0101 1001t ATM Trathe Descriplor 30 1
0101 1010 Connection ldentitier 9 1
0101 1100 Quality of Service Parameler 6 1
0101 111 Broadband High-Layer Information 13 1
0101 1110 Broadband Bearer Capability 7 1
o101 1111 Broadband Low-Layer Information 17 3
0110 0000 Broadband Locking Shit 5 “w .
0110 0001 Broadband Non-Locking Shiflt 5 “
0110 0010 Broadband Sending Complete 5 1
0110 0011 Broadband Repeat Indicator 5 2
0110 1100 Cailing Party Number 26 1
0110 111 Calling Party Subaddrass!(?) 25 2
0111 Q000 Called Party Number - 25 1
0111 0001 Called Party Subaddress(! 25 2
0111 1000 Transit Network Selection 9 1
0111 1001 Restart Indicator 5 1
2
2
3
1
1
1
1
1110 1001 Leaf Inttiated Join Parameters . 5 1

1110 1010 Leaf Sequence Number 8 1

1110 101 Connection Scope Selechion . .6 1,
1110 0100 ABR Additional Parameters T 14 .
1110 1100 Extended QoS Parameters 25 1.

(2)  This IE may be repeated in conjunchion with tha broadband
repeal mdicatof IE

{3)  The maximum fength and the number of repatifions of ttus IE are
natwork dependent

{4) See §2 (4.5 3/0 2931, 4 5 4/Q 2931 and 5 6 &/ 2931) lor treatment
of thesa IEs

Figure 11-21. IEs for ATM signaling.

Source: AF-SIG-0061.000, © 1996, The ATM Forum.
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11.8.5 Call Setup Procedures

Before any of the signaling procedures may be invoked, a user-to-network SAAL
connection must be established. Call control signaling is then sent over a permanent

signaling virtual channel connection, with VPI =0 and VCI = 5.

To initiate a call, the calling user sends a SETUP message to the network (sce
Figure 11-22). The SETUP message is one of the most complex messages; it may
contain a number of information elements: AAL Parameters, ATM User Cell Rate,
Broadband Bearer Capability, Broadband High-Layer Information, Broadband Repcat
Indicator, Broadband Low-Layer Information, Called Party Number, Called Party
Subaddress, Calling Party Number, Calling Party Subaddress, Connection Identifier,
QOS Parameter, Broadband Sending Complete, Transit Network Selection, and End-

point Reference.

SETUP

CALL

Calling
User

Notes: @

®
©)
®

@ PROCEEDING
-q_...._....._._._._

CONNECT

CONNECT

ACKNOWLEDGE : ’ - ACKNOWLEDGE
o

SETUP
—___.’,.
CALL

PROCEEDING
-

Called
User

CONNECT
-

CONNECT

Calling user sends SETUP messge to network to iniitiate call;
network sends SETUP message to Called user,

Network and Remote user retum CALL PROCEEDING meassage.

Called user sends CONNECT message to network; network
also sends CONNECT message lo Calling user.
-,

Network returns CONNECT ACKNOWLEDGE message; calling
user returns CONNECT ACKNOWLEDGE message.

If the network determines that the requested service is authorized and available,
it returns a CALL PROCEEDING message to the calling user and a SETUP message

Figure 11-22. ATM call setup procedures.
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to the called user. If the network 1s unable to accept the call. it initiates call clearing
as described in the next section. The CALL PROCEEDING message includes Con-
nection Identifier and Endpoint Reference IEs. If the called user wishes to accept the
call, it responds with a CALL PROCEEDING message. tfollowed by a CONNECT
message. The CONNECT message includes the AAL Parameters, Broadband Low-
Layer Information, Connection Identifier, and Endpoint Reference LEs. The network
sends a CONNECT ACKNOWLEDGE message o the catled user and a CONNECT
message to the calling user. The CONNECT ACKNOWLEDGE message conveys no
additional parameters. The end-to-end connection is established when the calling user
returns a CONNECT ACKNOWLEDGE message to the network.

11.8.6 Call Clearing Procedures

The user or the network may initiate call’and connection clearing. (Figure 11-23
illustrates the procedures when the user initiates the clearing; nctwork-initiated pro-
cedures are similar.) The user sends a RELEASE message to the network and dis-
connects the virtual channel. The RELEASE message includes a Cause [E. The nct-
work disconnccts the virtual channel, initiates procedures to disconnect the remote
user, and responds with a RELEASE COMPLETE message. The RELEASE COM-
PLETE message also includes a Cause IE.

RELEASE

RELEASE

*

ATM
Network

User User

UNI

RELEASE

COMPLETE

RAELEASE

COMPLETE

Notes: @ User sends RELEASE massage 10 network to clear call;
network sends RELEASE message to remote user.

(2)  Network sends RELEASE COMPLETE message lo user;
Remote user sends RELEASE COMPLETE message 10 network.

Figure 11-23. ATM call clearing procedures.
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11.8.7 Point-to-Multipoint Procedures

Point-to-multipoint connections are a superset of point-to-point connections and
use the same signaling channel. The calling user is designated the Root, and the called
users are designated Leaves. The Root sets up the first connection to one Leaf accord-
ing to the call setup procedures defined for point-to-point calls (see Figure 11-24).

SETUP
e -
SETUP CALL
—_— PROCEEDING
CALL -
PROCEEDING CONNECT
4‘-""'_—‘—"—-' - 1__..—_-.__.—
- CONNECT CONNECT
ACKNOWLEDGE
CONNECT e User
ACKNOWLEDGE . , {Leaf 1)
—_——
Calling UNI
User NAtTM K
elwor
(Root) UNI
1 User
UNI (Leaf 2)
@ ADD PARTY @ SETUP
() SR, ©,
—————+
CALL
@ PROCEEDING
-
CONNECT
-
ADD PARTY CONNECT
@ ACKNOWLEDGE ACKNOWLEDGE
- " —_— e
Notes: @ @ @ @ The Calling User (or Root) initiates call with first User (Leat 1), using
point-to-point call procedures. -
@ To add a party to the call, the Root sends an ADD PARTY maessage
1o the network. The network sends a SETUP message to the
second user (Leaf 2).
I
@ The network returns an ADD PARTY ACKNOWLEDGE message
1o the Root upon receiving an indication that the add has been
accepted, :

Figure 11-24. ATM point-to-muitipoint procedures.
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The Root adds a second party by sending an ADD PARTY message 10 a second
Leaf. The ADD PARTY message may include the following IEs: AAL Parametcrs,
Broadband High-Layer Informauon. Broadband Low-Layer Information, Called Party
Number, Called Party Subaddress. Calling Party Number. Calling Party Subaddress,
Broadband Sending Complete. Transit Network Selection. and Endpoint Reference.
Note that the QQOS, Bearer Capability. and ATM User Cell Rate IEs are not included
in the ADD PARTY message. as these parameters are the sanie as the originally cstab-
"~ lished (first Root-to-Leaf) call.

When the network recetves an ADD PARTY message. it sends a SETUP mes-
sage or ADD PARTY message across the remote UNI to the Leaf. The SETUP mes-
sage 1s sent across the UNI if the link-state 1s nuli or cicaring, and it initiates the nor-
mal CALL PROCEEDING. CONNECT. and CONNECT ACKNOWLEDGE scquence
if the user wishes to accept the call.

The ADD PARTY message is sent if the link 15 in the Active link-state; it initi-
ates an ADD PARTY ACKNOWLEDGE message if the user wishes to accept the
call. If the network or called user (Leaf) 1s unable to accept the ADD PARTY mes-
sage, it returns an ADD PARTY REJECT message to the Root. -

A user or the network may drop a party by sending a DROP PARTY message or
a 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 (LUJ) procedure is a variation of the'point-to-multipoint
procedure. In the L1J procedure. however, the leaf initiates the connection using the
LEAF SETUP REQUEST, which contains the LIJ Call Identifier IE and the Root's
address (in a Called Party Number IE) (Fizure 11-25). If the leaf setup is successful,
the network will return a SETUP or ADD PARTY message, and the call will proceed.
Otherwise, the network or Root will return a LEAF FAJLURE message. Section 6 of
the UNI Signaling 4.0 specification is devoted to the L1J procedures.

101



Chapter 11: ATM Protocols

User
{Leaf 1)

Calling
User
{Root)

User
(Leaf 2)

@ {EAF SETUP
-
@ SETUP

B e

CALL

@ PROCEEDING

<—-———-————-——--

@ CONNECT
-—

CONNECT
@ ACKNOWLEDGE
———— e

Notes: @ Lea! issues LEAF SETUP message.

@ Network retumns SETUP message.

@ @ @ Call setup proceeds like a point-to-multipoint cali.

Figure 11-25. Leaf Initiated Join procedures.

11.8.9 Restart Procedures

The restart procedure returns one or 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 send a RESTART message (see Figure 11-26). 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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is included in the message to identify the virtual channel to be returned to the idle
condition. The recipient of the RESTART message returns the specified virtual chan-
nels to the idle condition, releases all of the call references associated with those vir-
tual channels, and sends a RESTART ACKNOWLEDGE message to the originator.
The RESTART ACKNOWLEDGE message includes a Restart Indicator IE. and may
.also include a Connection Identifier [E.

ATM

User
Network

User

@ RESTART

@ RESTART
————

RESTART . RESTART
@ ACKNOWLEDGE @ ACKNOWLEDGE
-~
Notes: (1) Either the User or Network may send a RESTART message to

return virtual channels to the idie condition.

@ After receipt of the RESTART message, the recipient returns the
specified virlual channels to the idie condition, releases all call references
associated with the specified virtual channels, and sends a RESTART
ACKNOWLEDGE message to the originator.

Figure 11-26. ATM restart procedures.

11.8.10 Status Enquiry Procedures
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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User User
STATUS STATUS
@ ENQUIRY @ ENQUIRY
__,______,_’ ___________’_

O STATUS (: ) STATUS

Notes (1)  Either the User or Netwark may send a STATUS ENQUIRY message
to verify the call state

(2)  The entity receiving the STATUS ENQUIRY message retums
a STATUS message.

Figure 11-27. ATM status enquiry procedures.

The STATUS ENQUIRY message may optionally include an Endpoint Reference
IE. The recipient of the STATUS ENQUIRY returns a STATUS message, which reports
on the current call state. The STATUS message includes the Call State, Cause, End-
point Reference, and Endpoint State IEs. :

11.9 ATM Interworking

Using ATM with other protocols in a collaborative manner is called interwork-
ing. The following sections discuss interworking via-multiprotocol encapsulation,
frame rclay, and SMDS.

Py

11.9.1 Multiprotocol Encapsulation over AALS |

RFEC 1483, Multiprotocol Encapsulation over ATM Adaptation Layer 5 [11-25],
defines a method to carry multiprotocol traffic over AALS. That document describes
two mcthods of support, LLC encapsulation and VC-based multiplexing. In both cases,
the higher-layer information, such as TCP/IP or LAN traffic, is carried in the payload
ficld of the Common Part Convergence Sublayer PDU, with the SSCS of AALS empty.
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The LLC encapsulation method. shown in Figure 11-28, is based on techmques’
developed for use with SMDS. This method is required when a single ATM virtual cir-
cuit carries several protocols. Information contained within an IEEE 802.2 LLC header
and an IEEE 802.1a SNAP header identifies the protocol carried within that PDU.

Chapler 1.1: ATM Protocols

- AALS_CPCS_PDU > |
CPCS_PDU Payload Pad uu CcPl Length CRC
< 65,535 0-47 1 1 2 4 Octels
| «——— LC Header ———p|4—————— SNAP Header—-——————h’ ~_
DSAP SSAP Control Orgamzabonally Protoco!
(AAH) (AAH) (03H) Unique identher {OUI) Identiier (PID) POU
1 1 1 3 2 < 65,527 Octets
E.5
ou PID
00 00 0OH (routed PDUs) Ethvartype
00 80 C2H {bndged PDUS) With Praserved FCS  Whhowt Presarved FCS  Media
00 H o0 OTH 802 VEthemat
00 02 00 08 ' poz4
0 03 00 09 ' BozS
o 04 00 pA” FODI
o0 05 00 0B 8026
00 0D “ Fraémems
00 OF ' BPDUs
Notes: CPL; Common Part indicator
DSAP: Destination Service Access Point
SSAP: Source Service Access Point
Uu: User-to-User
Ay

The figure also shows the format used for routed, non-ISO PDUs. (The format
for the routed ISO PDUs is slightly different; refer to RFC 1483 for details.) The

Figure 11-28. Multiprotocol encapsulation over AALS (non-1SO
routed PDUs or bridged PDUs).
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DSAP address (1 octet) and the Source Service Access Point (SSAP) address (1 octet)
both contain a value of AAH, which indicates that a SNAP header follows. The Con-
trol ficld (1 octet) has a value of 03H. indicating an Unnumbered Information (UI)
field. The SNAP header (5 octets) contains two fields: a 3-octet Organizationally
Unique Identifier, or OUI: and a 2-octet Protocol Identifier, or PID. The OUI has a
value of 00 00 O0H for routed PDUs, and a value of 00 80 C2H for bridged PDUs. -
For routed PDUs, the PID is a 2-octet Ethertype, which for IP would have a value of.
08 OOH. For bridged PDUs, the PID is a 2-octet field that indicates the type of trans-
mission media used (Ethernet/802.3, 802.5, FDDI, and so on), plus the handling of
the FCS. The lower portion of the figure shows PID values defined in RFC 1483. Fol-
lowing the header is the AAL5_CPCS_PDU, which can contain up to 65,527 octets
of higher-layer information, such as the MAC LAN frame.

The VC-based multiplexing technique provides higher-layer protocol multiplex-
ing by ATM VCs. Because a separate VC carries each protocol, the AAL5_CPCS_PDU
payload does not have to include explicit multiplexing information. For routed pro-
tocols, the AALS_CPCS_PDU payload may be entirely devoted (65,535 octets max-
imum) to the higher layer information, such as TCP/IP traffic. For bridged frames,
only the ficlds beginning 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,
if applicable, and the LAN FCS. :

RFC 1483 provides further details on these encapsulation formats. The specific”™ -
casc of using the Internet Protocol (IP) and the Address Resolution Protocol (ARP)
over ATM is discussed in RFC 1577, Classiica[‘ IP and ARP over ATM [11-26], and
1s also the topic of much discussion and research at the préscnt time.

11.9.2 ATM/Frame Relay

Four organization’s documents address-interworking between ATM and frame
relay: the ITU-T’s Recommendation [.555 [11-27], Bellcore’s GR-1115-CORE [11-
28], the ATM Forum’s B-ICI 2.0 Specification (11-29], and the Frame Relay Forum’s
Implementation Agreements for Network and Service Interworking, References [11-
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 IWF. 1.555 defines two functions, encapsulation
and protocol mapping, that impact the interworking architectures. Encapsulation
occurs when “the conversions in the network or in the terminals are such that the pro-
tocols used to provide one service make use of the layer service provided by another
protocol.” In other words. the protocols are stacked at the interworking point.

[n contrast. protocol mapping occurs when “the network performs conversions in
such a way that within a common layer service the protocol information of one pro-
tocol is extracted and mapped on protocol information of another protocol.” In other
words, each end of the connect supports different protocols, but a common layer ser-
vice in the IWF communicates with both end protocols.

Recommendation 1.555 defines two scenarios for connecting networks/devices
using B-ISDN (or ATM). Scenario | connects two networks/devices via an IWF into
and out of a B-ISDN network. In this case, the B-ISDN network is not visible to frame
relay users. All mapping and encapsulation functions occur transparently to the end
users. This scenario is sometimes called frame relay transport over ATM.

Scenario 2 connects a frame relay network/device with a broadband device using
a B-ISDN network. This scenario 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 function maps the frame relay functions to the ATM functions
and includes both protocol stacks internally. On the frame relay side is 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-ICI 2.0 specification and the FR/ATM Network Interworking IA specify
that the IWF will support the following frame relay functions: variable length PDU
formatting and delimiting, error detection, connection multiplexing, loss priority indi-

_cation, FECN and BECN indications, and PVC status management.

Figure 11-29 shows the format of the FR-S5CS PDU within AALS. The B-ICI
2.0 and the FR/ATM [A documents describe details on how the IWF supports each
of the above functions. ' :
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Cxctets

Oclets

} 44— FR-S5C5_PDU——
FR-SSCS Q922 Q922
Layer Adaress Information
24 vanable Octets
User

Convergence \nformalion Pad | UU { CPl ]Lengih | CRC
Sublayer 0-65.535 o-47 1 i 4
SAR SAR_PDU SAR_PDU .as SAR_PDU
Sublayer

L a8 48 48

ATM
Payload
ATM Header
Layer 5 ag
ATM
Header Payload
5 48
. "8 ATM -
Header Payload
: 5 48
Notes CPi: Common Part indicator
FR-SSCS: Frame Relay Service Specific Convergence Sublayer
Ul User-to-User . :

Figure 11-29. FR-SSCS PDU within AALS.
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11.9.3 ATM/SMDS

Interworking between ATM and SMDS has been addressed by three organizations:
Bellcore in GR-1110-CORE [11-1], the ATM Forum in the B-1CI 2.0 Specification
[11-29], and the SMDS Interest Group (SIG) in a document called Protocol Interface
Specification for Implementation of SMDS over an ATM-based Public UNT [11-32].

Under normal conditions, an SMDS CPE accesses the SMDS network at the SNI,
using the three layers of Bellcore’s SIP. Bellcore and the SIG have defined a method
that lets an end uscr connect to an ATM network using a UNI to access an SMDS ser-
vice offering. In other words, an end user can use the ATM UNI to access SMDS in
the same 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 Conneetionless Network Access Protocol,
CLNAP, defined by ITU-T Recommendation [.364. SIP_CL.S is transported over
AAL3/4 (null SSCS, plus CPCS and SAR), as well as the ATM and PHY layers. The
combined functions of SIP_CLS and AAL3/4 result in the equivalent of SIP Level 3
functionality. From the customer’s perspective, SMDS and the applications that depend
on it require no changes. They continue to support features such as multi-CPE arrange-
ments, access classes; and quality of service.

The SIP_CLS_PDU is 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
resulting PDU includes the Destination Address (DA) through Header Extension fields

(32 octets total), the Information field (up o 9,188 octets), and ends with the CRC- -

32 field (4 octets), as shown tn Figure 11-30. The.SIP_‘CLS_PI,_).U may be 32 10 9,224
octets long. '
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Figure 11-30. PDU format for SMDS on the UNL.

Source: GR-1110-CORE, ©1996, Bell Communications Research, Inc., reprinted with permission.
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The ATM Forum’s B-ICI 2.0 specification supports SMDS/ATM interworking.
The interworking function differs from the protocol interface in that a SIP L3_PDU
1s encapsulated inside another protocol, the Inter Carrier Interface Protocol Connec-
tionless Service (ICIP_CLS). The AAL3/4 then transports the ICIP_CLS_PDU. Map-
ping functions, which include routing, carrier selection, group address resolution, and
others, logically connect SIP Level 3 and ICIP_CLS. Mapping between SMDS and
ATM QOS occurs, and performance parameters are also performed.

This chapter has discussed the various ATM protocols and their formats and para-
meters. Chapter 12 provides case studies that illustrate the operation of these protocols.
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In Chapter 10, we discussed ATM architecture; in Chapter 11, we covered the

ATM protocols. This chapter puts that information to use, examining several case

studies illustrating the ATM protocols in 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 Hewlett-Packard Broadband Series Test System from
HP’s Telecom Test Division as the network analyzer (see Figure 12-1). This analyzer
" has a modutlar architecture and can be configured with any combination of the fol-
lowing physical interfaces: SONET/SDH (155 Mbps and 622 Mbps), ATM cell-based
(155 Mbps), DS3, 4B/5B TAXI, High-Speed Senal Interface (HSSI), and E3 (34 Mbps).
It supports a wide range of protocol decodes, including PLCP, ATM, AAL, and SMDS.

Figure 12-1, Hewlett-Packard Broadband Series Test System.

Courtesy Hewlett-Packard Coir?pan Y.

If you are not familiar 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. Details for the Header fields include
subfield names and values; details for the Payload field are shown in hexadecimal for-
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mat. Note that the HP analyzer indicates hexadecimal coding by preceding the valuc
with a Ox. Thercfore, a 0xF6 on the analyzer printout would be equivalent to the F6H

format for hexadecimal notation used throughout this text.
For the first five case studies in this chapter, the HP analyzer was connected to a

DS3 interface, as shown in Figure 12-2.

Token Eth
Hing _ themaet

e - L
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45 prs @ Holly
Russell /Q
TAX]
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. 3 ( 45 Mbps 3 C
Lorraine ] \ Dl '
DS3 '
45 M H
ops Nathan
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0

L
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@ Router
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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 trailer information, and is transmitted in 125 microseconds (see
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Figure 12-3). With overhead, the maximum throughput for ATM cells is 40.704 Mbps.
The overhead octets defined in Bellcore’s TA-NWT-001112 are as follows:

Al: Framing, with a pattern of 11110110 (F6H).

A2:  Framing, with a pattern of 00101000 (28H).

B1: Bitinterleaved parity (BIP-8), calculated over the POH ficid and pay-
load (ATM cells) of the previous PLCP frame.

Cl:  Cycle/stuff counter, which provides a nibble-stuffing opportunity and a
Trailer length indicator for the PLCP frame. A stuffing opportunity occurs
every third frame of a 3-frame (or 375-microsecond) stuffing cycle.

Ffa"n?,ig PO! POH PLCP Payload

I 1l 1

1 1 1 1 53 Octets

Al | A2 |P11| 26 First ATM Cell

Al | A2 |P10| 25 ATM Cell

Al| AZ| P9 | z4 ATM Cell

Al | A2 | PB | Z3 ATM Cell

Al A2| P7 |22 ATM Cell

A1| A2 | Pg | 21 ATM Cell

Al|Az|Ps| X ATM Cell

A1 | A2 | P4 | B ATM Cell

Al | A2 | P3| GI ATM Cell

Al|A2]P2| X ATM Cell

Al| A2|P1| X ATM Cell

Al | A2 RO Twelfth ATM Cell - Traler | 125s

" 13-14 Nibbles |
Bit Corruption
in C1 Octet

Figure 12-3. DS3 PLCP frame overhead error.
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C1 values are:

C1 Octet Frame Phase | Trailer Length
11111111 . {FFH) 1 ' 13
00000000 (00H) 2 | 14
01100110 (66H) 3 (no stuff) 13
10011004 (99H) 3 (stutf) 14

- So, the trailer is 13 nibbles long in the first 125-microsecond frame, 14 nibbles
long in the second, and 13 or 14 nibbles long in the third frame, depending on whether
or not there has been stuffing for frequency adjustment.

Gl: PLCP path status, which conveys the received PLCP status and per-
formance to the transmitter at the other end of the link. The G1 octet
has three subfields: one 4-bit Far End Block Error (FEBE), a 1-bit Yel-
low indication, and three reserved bits.

PO-P11: Path overhead identifier, which indexes the adjacent POH octet. The

coding of the POI octets are:

POI POI Code : Associated POH
P11 00101100 (2CH) Z6
P10 00101001 (29H) z5
P9 00100101 (25H) za-
P8 ‘ 00100000 (20H) . Z3
P7 00011100 (1CH) Sz
P6 00011001 (18H) "z
P5 00010101 (15H) X
P4 00010000 (10H) B1
P3 00001101 (ODH) Gl
P2 00001000 (08H) X
P1 00000100 (04H) X
PO 00000001 (01H) | c1

Z1-76: Growth octets, reserved for future use and set to 00000000.
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This case study shows the details of a PLCP frame containing 12 ATM cells. Trace
12-1 shows the contents of each ATM cell. Each cell printout includes 4 header octets
and 48 payload octets. The last line of the trace file shows the contents of the PLCP
trailer. In this case, an error occurs on the transmission line, and the CI1 octet (the
cycle/stuff counter) is invalid. Note that the value of C1 (67H) is identified as an crror
and is invalid according to the description above.

Trace 12-1. DS3 PLCP overhead error
HP Broadband Series Tester Capture Data Record

Port 9:1 DS3 PLCP

Header: A1=0xF6 A2=0x28 P11=0x2C Z6=0x00

Payload: 0000 00 01 52 6A 6A 6A 6A 6A 6A 6A 6A 6A 6A 6A
6A 6A GA GA GA GA GA 6A GA 6A GA GA 6A 6A GA BA
6A GA 6A 6A 6A 6A 6A BA 6A B6A 6A GA GA 6A 6A BA
6A 6A 6A BA BA

Header: A1=0xF6 A2=0x28 P10=0x29 Z5=0x00

Payload: 00 A0 03 20 C2 4A 01 00 01 00 54 00 00 Q0 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 GO 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 10 29

Header:  A1=0xF& A2=0x28 P9=0x25 Z4=0x00

Payload: 00 A0 0320C282 0100010054 C140 355512
12 FF FF C1 40.34 62 45 45 FF FF 00 0B 00 00 00 .
00 00 00 00 00 00 00 D0 00 00 00 FF 83 DF 17 32
09 4E D1 B3 5F . ’ ’

Header:  A1=0xFG A2=0x28 PB=0x20 Z3=0x00

Payload: 00 A00320C20601E7CD8A91C6D5C4C440
21 18 4E 5586 F4 DC 8A 15 A7 EC 92DF 9353 30
18 CA 34 BF A2 C7 59 67 8F BA 0D 60D D8 2D 7D 36
C3E6SEBO 32 -~

Header: A1=0xF6 A2=0x28 P7=0x1C Z2=0x00

Payload: 00 AQG320C24A 01000100 54 00 00 00 00 GO
00 00 00 00 00 00 00 00 OO0 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 0000 10 29
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Header:

Payload;

Header:

Payload:

Header:

Payload:

Header:

Payload:

Header:

Payload:

Header:

Payload:

Header:

ERROR:
Payload:

Traiter:

A1=0xF6 A2=0x28 P6=0x19 Z1=0x00

00 00 00 01 52 6A GA 6A 6A BA BA 6A 6A BA GA BA
6A 6A 6A 6A BA BA GA GA 6A 6A GA BA 6A BA 6A 6A
GA 6A GA GA BA 6A 6A GA BA BA 6A BA 6A 6A 6A BA
GA B6A BA GA BA

A1=0xF6 A2=0x2B P5=0x15 X=0x00

00 AD0320C2820100010054 Ct140355512

12 FF FF C1 40 34 €2 45 45 FF FF 00 0B 00 00 00
00 00 00 00 00 00 00 00 00 00 00 FF 83 DF 17 32

.09 4E D1 B3 5F

A1=0xF6 A2=0x28 P4=0x10 B1=0x12

00 AD0320C20601 E7CDBA91 C6D5C4C440
21 1B4E 5586 F4 DC BA15 A7 EC 92 DF 93 53 30
18 CA 34 BF A2 C7 59 67 BF BACD 6D D8 20 7D 36
C3E65EBO32

A1=0xF6 A2=0x28 P3=0x0D G1=0x00

FEBE=0 Yeilow signal=0 Link stalus signal=connected
00 A0 03 20 C2 4A 01 00 01 00 54 00 00 00 00 DO

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 G0 00 00 0O 00 00 00 00 00
0000001029

A1=0xF6 A2=0x28 P2=0x08 X=0x00

00 A0 03 20 C2 82 01 0001 00 54 C1 40 35 55 12

12 FF FF C1 40 34 62 45 45 FF FF 00 0B 00 00 00

00 00 00 00 00 00 00 00 00 00 00 FF 83 DF 17 32

09 4E D1 B3 5F -

A1=0xF6 A2=0x28 P1=0x04 X=0x00

00 00 00 01 52 6A 6A 6A GA 6A GA 6A 6A 6A 6A BA
BA BA 6A 6A BA BA BA 6A BA 6A BA GA HA BA 6A 6A
B6A 6A GA 6A BA GA GA GA OA 6A GA BA 6A BA 6A 6A
6A 6A 6A 6A 6A .
A1=0xF6 A2=0x28 P0=0x01 C1= 0x67

The C1 octel is invalid

00 ADQ320C20601 E7CD8A Y1 C6D5C4Ca40
21 1B4E 5586 FA DC BA 15 A7 EC 92 DF 9353 30
18 CA 34 BF A2C7 5967 BF BAOD 60 DB 2D 7D 36
C3 E6 5E B0 32

oxCCcCcccccccceccecece
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12.2 AAL1: Locating a Missing Cell

To verify how the ATM devices being tested will respond to AAL protocol crrors,
the analyst studies traffic using AALL, AAL3/4, and AALS. In this example, test data,
consisting of an alternating pattern of ones and zeros. 1012 ... 10, or AAAA ... AAH,
is sent over AALI. One of the cells is discovered missing. Let’s see how AAL1 iden-

tifies this problem.

Chapter 12: ATM Anaiysis

The transmitted data is divided into eight AAL1_SAR_PDUs, which are passed
‘to the ATM layer for transmission in eight ATM cells (sec Figure 12-4). The analyzer
output shows each ATM header (5 octets) and the corresponding ATM péyload (48
octets). Within each payload, the first octet contains the AALI_SAR_PDU header,
and the remaining 47 octets contain the user data (AAAA ... AAH).

User Information

\

H

User
Layer
Cénvergence
Sublayer

—
SAR
Sublayer
ATM
Layer

nlAaLi_sar || [AaL1_sAR aaLisanl [ (asLi_saRr
Payioad Payioad Payload Paytoad
14 147 1 47 1 47 Ogets
Sequence = 0 | | Sequence = 1 Sequence = 2 s Sequenoé =7
LY
ATM
Header Payload
5
.
ATM
Header Payload
5 48
Cell with Sequence = 1 ATM
is missing Header | Payload
5 48  Octets

Figure 12-4. Missing AAL1_SAR_PDU.

120



Chapter 12: ATM Analysis

The top of Trace 12-2, just below the time stamp 14:02:40.34404920, shows the
ATM header details. The Generic Flow Control (GFC) = 0, the Virtual Path Identifier

(VPI) = 1, and the Virtual Channel Identifier (VCI) = 5. The Payload Type (PT) fieid

has a value of 000, indicating a User data cell with no congestion, and an SDU type
(or user indication) of zero. The Cell Loss Priority (CLP) field has a value of zero,
indicating a higher priority cell (a CLLP = 1 would indicate a lower priority cell). The
Header Error Control (HEC) has a value of 40H.

The AALI_SAR_PDU header contains two fields: Sequence Number (SN) and
Sequence Number Protection (SNP). The SN field contains two subfields: a Conver-
gence Sublayer Indicator (CSI) = 0 and a Sequence Count (SC) = 0. (Recall that the
CSI field could be used for a Residual Time Stamp, or RTS. But this does not occur in
this case, because the values of CSI in each cell have the same value of zero.) The SC
field has a value of zero in the first cell, a value of two in the second cell, and then incre-
ments from three to seven. Note that the value SC = | is 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 next cell,
and so on. The Parity bit is off (P = 0) in the first cell and on (P = 1) in the next cell.

If you combine the four fields (CSi, SC, CRC, and P) into one octet, you can
denive the value of the AAL1_SAR_PDU header, shown as the first octet in the ATM
payload. Using the second cell as an example, CS1 =0, SC =010, CRC-3 =110, and

P = 1. This results in a binary value of 00101101, or 2DH, as shown in the payload..

You could make a similar analysis for the ATM and AAL!_SAR_PDU headers

in each ccil. The one key element is the Sequence Count field, with respective values’

of 0,2,3,4,5,6, and 7. Because SC = | is missing, you know that the second cell in
the sequence is missing, which means that 47 bits of constant bit rate (CBR) data from
the user layer are also missing. e
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Trace 12:2. Diagnosing a missing AAL1_SAR_PDU

HP Broadband Series Tester Capture Data Record

14:02:40.34404920 ATM
Header: Generic Flow Controt 0
Virtual Path Identifier 1
Virtual Channel Identifier 5
Payload Type 0 (User Data. No Cong. Userind=0)
Cell Loss Priarity 0 (Higher Prionty)
Header Error Control Ox40

Payload: 00 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 AA AA AA AA AA AA AA AA AA AA AA AA

. 14:02:40.34404920 AAL-1
Header: Sequence Number

Convergence Sublayer ind. o
Sequence Count 0
Sequence Number Protection
Control Bits {CRC3) ¢
Parity Bit 0]

Payload: AA AA AA AA AA AA AA AA AA AA .

14:02:40.34405950 ATM

Header:  Generic Fiow Control 0.
Virtual Path Identifier 1
Virtuat Channel Identifier 5 .
Payload Type 0 (User Data, No Cong, Userind=0}
Cell Loss Priority 0 (Higher Priority)
Header Error Control 0x40 S

Payload: 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 AA AA AA AA AA AA AA AA AA AA AA AA
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14:02:40.34405950 AAL-1
Header:  Sequence Number

Convergence Subtayer ind. 0
Sequence Count 2
Sequence Number Protection
Control Bits (CRC3) 6
Parily Bit 1

Payload: AA AA AA AA AA AA AA AA AA AA .

14:02:40.34406990 ATM

Header:  Genenc Flow Contro! 0
Virtual Path Identifier 1
Virtual Channel Identifier 5
Payload Type O (User Data, No Cong, Userind=0)
Cell Loss Priority ‘ 0 (Higher Priority)
Header Efror Control 0x40

Payload: 3A 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 AA AA AA AA AA AA AA AA AA AA AAAA

14:02:40.34406990 AAL-1
Header:  Sequence Number

Convergence Sublayer Ind. 0
Sequence Count 3
Sequence Number Protection
Control Bits {CRC3) 5
Parity Bit 0
Payload: AA AA AA AA AA AA AA AA AA AA ’
14:02:40.34408020 ATM ‘ °
Header:  Generic Fiow Control 0
Virtua! Path Identitier 1
Virual Channel Identifier 5
Payload Type ' 0 Wser Data, No Cong, Userind=0)
Cell Loss Prority 0 (Higher Priority)
Header Error Control 0x40

Payload: 4E 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 AR AA AA AA AA AA AA AA AA AA AA AA AA
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14:02:40.34408020 AAL-1
Header: Sequence Number
Convergence Sublayer Ind. 0
Sequence Count
Sequence Number Protection
Controt Bits {CRC3) 7
Panty Bit 0
Payload: AA AA AA AA AA AA AA AA AA AA

14:02:40.34409050 ATM

' Header.  Generic Flow Control . 0
Virtual Path Identifier 1
Virtual Channel tdentifier 5
Payload Type 0 (User Data, No Cong, Userlnd=0)
Cell Loss Priority 0 (Higher Prionity)
Header Error Conirol 0x40

Payload: 59 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 AA AA AA AA AA AA AA AA AA AA AA AA

14:02:40.34409050 AAL-1
Header: Sequence Number

Convergence Sublayer ind. 0
Sequence Count 5
Sequence Number Protection
Contrel Bits (CRC3) 4
Parity Bit 1 il

Payload: AA AA AA AA AA AA AA AA AA AA ..

14:02:40.34410080 ATM ' o

Header: Generic Flow Control 0
" Virtual Path Identifier 1
Virtual Channel Identifier 5 .
Payload Type 0 (User Data, No Cong, Userind=0)
Cell Loss Priority 0 (Higher Priority)
Header Error Control 0x40

Payload: 63 AA AA AA AA AA AA AA AA AA AA AA AA AA AA AA
AA AA AA AA AA AA AA AL AA AA AA AA AA AA AA AA
AA 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

Convergence Sublayer Ind. 0
Sequence Count 6
Sequence Number Protection
Controt Bits (CRC3) 1
Parity Bit 1

Payload: AA AA AA AA AA AA AA AA AA AA .

14:02:40.34411110 ATM

Header: Generic Flow Control 0
Virtual Path tdentifier 1
Virtual Channel Identifier 5
Payload Type 0 (User Data, No Cong,-Userind=0)
Cell Loss Priority 0 {Higher Priority)
Header Error Control 0x40

Payload: 74 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 AA AA AA AA AA AA AA AA AA AA AA AA

14:02:40.34411110 AAL-1
Header: Sequence Number

‘ Convergence Sublayer Ind. 0
Sequence Count 7
Sequence Number Protection
-Controt Bits (CRC3) 2
Parity Bit 0

Payload: AA AA AA AA AA AA AA AA AA AA ..,

Ta

12.3 AAL3/4: Identifying SAR Sublayer Errors

The next example (see Trace 12-3) looks at the AAL3/4 process, examining the
effects that corruption at the Segmentation and Reassembly layer have on the overall
data-transfer process. In this case, 168 octets of user information is sent in the pay-
load of one AAL3/4_CPCS_PDU. This resulis in four AAL3/4_SAR segments and,
therefore, four ATM cells (sec Figure 12-5).
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Figure 12-5. AAL3/4_SAR_PDU with SAR Trailer error.

The ATM header fields, including the GFC, VPI/VCI, PT, and so on, are identi-
cal to those used in the previous case study. But the overhead associated with AAL3/4
is more extensive than that found in AAL1 because AAL3/4 includes more rigorous
error control.

The AAL3/4_SAR header (2 octets) includes three fields. The Segment Type (ST), .
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 Single Segment
Message (SSM) with ST = 11. This amount of user information.requires one BOM,
two COMs, and one EOM. The SN, zero through three, keeps the AAL3/4_SAR_PDUs
in order. The multiplexing identifier (MID), with a value of one, associates all of the
AAL3/4_SAR_PDUs from the same message. )

L~
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The AAL3/4_SAR trailer (2 octets) includes a Length Indicator field (6 bits),
which carries the length of the AAL3/4_SAR_PDU. For BOM and COM segments,
the length must be 44 octets; for EOM segments, the length must be a multiple of 4
octets between 4 and 44 octets (4, 8, 12, ..., 44). Note that the EOM segment has a
Length = 30 octets, which is a valid number. The second ficld in the trailer is a CRC-
10, used for error control. The analyzer indicates a correct CRC-10 in the BOM seg-
ment, but an incorrect value in the first COM.

You can see the effects of the invalid CRC-10 in the first COM segment in sub-
seéquent segments. When the receiver finds the CRC-10 to be invalid, that cell (Sequence
Number 1) 1s discarded. When the cell is discarded, the next sequence number (2)
becomes invalid. The fourth cell, which is an EOM, arrives next. This further con-
fuses the receiver, which thinks an EOM occurred before a 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-
ous error control incorporated into AAL3/4 provides a solid venification of the integrity
" of the transmitted message.

Trace 12-3. Effects of an SAR trailer error
HP Broadband Series Tester Capture Data Record

13:24:48.81792030 ATM

Header: ° Generic Flow Conirol 0
Virtual Path Identifier 1
Virtual Channel identitier 5 o
Payload Type 0 (User Data, No Cong, Userind=0)
Celi Lass Priority 0 (Higher Priority) " ° l
Header Error Control - 0x40

Payload: 8001000100 A0C14035551212FF FFC140
34 62 45 45 FF FF 01 08 00 00 00 00 00 00 00 00
00 0C 00 00 00 00 00 01 02 03 04 05 06 07 B3 6A

13:24:48.81792030 AAL-3/4 SAR

Header: Segment Type 2 (BOM)
Sequence Number 0
Multiplexing Identifier 1

Payload: 000100 A0 C1403555 1212 FF FF C1 40 34 62
45 45 FF FF 01 0B 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 01 02 03 04 05 06 07
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Traiter:  Length 44

CRC10 Ox36A
13:24:48.81793170 ATM

Header: Genenc Flow Controt o]
Vidual Path Identifier 1
Virtual Channel Identifier 5
Payload Type 0 (User Data, No Cong, User!nd;O)
Cell Loss Priority 0 (Higher Prionty}
Header Error Control 0x40

Payload: 04010809 0A0BO0OCODOEOF 101112131415
1617 18 191A1B1C1D1E1F 2021222324 25
2627 28 29 2A 2B 2C 2D 2E 2F 30 31 32 33 B3 44

13:24:48.81793170 AAL-3/4 SAR

Header:  Segment Type 0 (COM)
Sequence Number 1
Multiplexing identitier 1

Payload: 08090A0BOCODOEOF1011121314151617
1819 1A 1B 1C 1D 1E 1F 20 2122 23 24 25 26 27
28292A2B2C 2D 2E2F 30313233

Trailer: Length 44
CRC10 0x344

ERRQR: CRC10is incorrect

13.24:48.81794210 ATM

Header: Generic Flow Contro! 0 .
Virtual Path Identifier 1 . ”
Virtual Channel Identifier 5 .
Payload Type 0 (User Data, No Cong, Userind=0) "
Celi Loss Priority 0 (Higher Priority)
Header Error Control 0x40

Payload: 0801 34 35 36 37 38 39 3A 3B 3C 3D 3E 3F 40 41
424344454647 48494A4B4C 4D AE4F 5051
52 53 54 55 56 57 58 59 5A 5B 5C 5D 5E 5F B3 6B

13:24:48.81794210 AAL-3/4 SAR

Header: Segment Type 0 (COM)
Sequence Number 2
Multiplexing Identifier 1
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Payload: 34 353637 38393A 3B 3C 3D 3E 3F 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

Tratiler: Length 44
CRC10 Ox368

PROTOQCCL ERROR: Invald sequence number

13:24:48.81795240 ATM

Header: Generic Flow Control 0
Virtual Path Identifier 1
Virtual Channe! Identifier 5
Payload Type 0 {User Data, No Cong, Userlnd=0)
Cell Loss Priority 0 (Higher Priority)
Header Error Contro! Ox40

Payload: 4C 01606162 6364 65 66 67 68 69 6A 6B 6C 6D
6EGF7071727374757677 7873 7A 00 CD 9A
E6 DD 00 01 00 AG 000000000000 00009079

13:24:48.81795240 AAL-3/4 SAR

Header:  Segment Type 1 (EOM)
Sequence Number 3
Multiplexing ldentifier 1

Payload: 60 61 62 63 64 65 66 67 68 69 6A 6B 6C 6D 6E 6F
7071727374757677 7879 7A 00 CD 9A E6 DD -
00 01 00 A0 00 00 00 00 00 00 00 00

Trailer: Length 36
CRC10 0x079 i
PROTOCOL ERROR: EOM before BOM B

12.4 AAL3/4: Identifying Higher-lﬁayer-‘-Efrors

The next case study builds on the previous AAL3/4 examplie and illustrates 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 AAL3/4_SAR_PDU segments: one BOM, two COMs,
and one EOM, with lengths of 44, 44, 44, and 36 octets, respectively. 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 decode of the AAL3/4 Common Part Convergence Sublayer (CPCS) header

and trailer follows the EOM segment. The AAL3/4_CPCS heac!er (4 octets) includes -

three fields. The Common Part Indicator (CPI) = 00H indicates'that the counting unit
is the octet. The BTag field = 01 H matches the End Tag (ETag) field in the trailer. The
BAsize field = 160 octets indicates the amount of buffer space reserved at the receiver
for this message. The values of this header, 00 01 00 AOH, are found in the first line
of the BOM payload. Following the CPCS header is the 160 octets of user informa-
tion, which 1s distributed between the BOM, COM, and EOM segments.

The AAL3/4_CPCS trailer has an Alignment field (1 octet) filled with OOH; the
ETag, as discussed above; and the Length field. Note that the Length field (160 octets)
does not equal the sum of the AAL3/4_SAR_PDU payloads (44 + 44 + 44 + 36 = 168
octets). The difference is in the AAL3/4_CPCS header and trailer, which use four
octets each. So the Length field measures the length of the AAL3/4_CPCS_PDU pay-
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toad, not the length of the AAL3/4_CPCS_PDU. The values of the trailer, 00 01 00
AOH, are found at the end of the EOM payload, just before the 8 octets of fill.

The CLLNAP (SMDS) header begins with the Destination Address field contain-
ing the value C14035551212FFFF. This is noted as a valid address, and because it
begins with an Address Type of CH (1100 binary}, we know that this is an individual
address. The other permissible value is EH (11 10 binary), which represents a group
address. The analyzer flags the Source Address as an invalid address because it begins
with an FFH. The rest of the CLNAP header and trailer do not indicate any errors.
This case study has illustrated that the user information (CLNAP, 1n this example) is
passed transparently by the AAL3/4 processes. Not until the user information reaches
the iniended receiver is it checked for protocol correctness. |

Trace 12-4, Effects of a higher-layer (CLNAP) error
HP Broadband Series Tester Capture Data Record

13:03:18.11440800 ATM

Header:  Generic Flow Control 0
Virtual Path identifier 1
Virtual Channel identifier 5
Payload Type 0 (Usor Data, No Cong, Userlnd=0)
Cell Loss Priority 0 (Higher Pricrity)
Header Error Control 0x40

Paylcad. 8001000100 A0C1 4035551212 FF FF FF 40
34 62 45 45 FF FF 01 0B 00 00 00 00 00 00 00 00
0000000000000001020304050607B17D

13:03:18.11440800 AAL-3/4 SAR

Header:  Segment Type 2 (BOM)
Sequence Number 0
Muluplexing ldentifier 1

Payload: 000100A0C14035551212 FF FF FF 40 34 62
45 45 FF FF 01 08B 00 00 00 00 00 00 00 00 00 00
000000000001020304050607 .~ .

Trailer: Length . 44
CRC10 0x17D
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13:03:18.11441840 ATM

Header:

Payload:

Generic Flow Control

Virtual Path ldentifier

Virual Channel |dentitier
Payload Type

Cell Loss Priority
Header Error Control

Chapter 12: ATM Analysis

9]

1

5

0 (User Data. No Cang. Userlnd=0)
0 (Higher Prionty)

0x40

04010809 0A0BOCODOEOF 1011121314 15
16171819 1A1B1C 1D IE1F 2021222324 25
262728292A2B2C 2D 2E2F 303132338316

13:03:18.11441840 AAL-3/4 SAR

Header:

Payload:

Trailer:

Segment Type
Sequence Number
Multiplexing ldentifier

0 (COM)
1
1

OBO9CAOBOCODOEOF1011121314151617
1815 1A 1B 1C 1D 1E 1F 20 21 22 23 24 25 26 27
2829 2A2B2C 2D 2E 2F 30313233

Length 44

CRC10 O0x316

13:03:18.11442870 ATM

Header:

Payload:

Generic Flow Control 0

Virtual Path Identifier 1

Virtual Channet! ldentifier 5

Payload Type 0 (User Data, No Cong, Usertnd=0)
Cell Loss Priority 0 (Higher Priority)

Header Error Control 0x40 .

08 01 34 35 36 37 38 39 3A 3B 3C 3D 3E 3F 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 B3 68 o

'13:03:18.11442870 AAL-3/4 SAR

Header:

Payload:

Trailer:

Segment Type 0 (COM}
Sequence Number 2

L~
Multiplexing identifier 1

34 3536 37 38 39 3A 3B 3C 3D 3E 3F 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 SF

Length
CRC10

44
0x368
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13:03.18.11443900 ATM

Header: Generic Flow Conlrol . 0
Virtual Path Identifier 1
Virtual Channel ldentifier 5
Payload Type 0 (User Data, No Cong, Userlnd=0)
Cell Loss Prionty 0 (Higher Priority)
Header Error Control Ox40

Payload: 4C 01606162 63 64 65 66 67 68 69 6A 6B 6C 6D
6EBF 70717273 74757677 7879 7TA 00 AF 0A
OF 43 00 01 00 AQ 00 00 00 00 00 00 00 00 93 90

13:03:18.11443900 AAL-3/4 SAR

Header:  Segment Type 1 (EOM)
Sequence Number 3
Multiplexing Identifier 1

Paylcad: 6061 62 63 64 65 66 67 68 69 6A 6B 6C 6D 6E 6F
70717273747576 77 7879 7A 00 AF OA OF 49
00 01 00 AO 00 00 Q0 00 00 00 00 00

Trailer: Length 36
CRC10 0x390

13:03:18.11443300 AAL-3/4 CPCS

- Header: Common Part Indicator 0x00 (BAsize,payld len,Length=payld len)
Beginming Tag 0x01
Bufter Allocation Size 160

Payload: C14035551212FF FF FF 40 34 62 45 45 FF FF

01 0B 0Q 00 00 00 00 0O 00 00 00 00 00 00 00 00

00 01 0203 04 0506 07 08 09 0A 0B OC 0D OE OF
1011121314151617 18 191A1B1C 1D 1E 1F,;
202122232425262728292A2B2C 2D 2E 2F
3031323334353637383%33A3B3C3D3E 3F

40 41 42 43 44 45 46 47 48 49 4A 4B 4C4D 4E 4F '
50 51 52 53 54 55 56 57 58 59 5A 5B 5C 5D 5E 5F

60 61 62 63 64 6566 67 68 69 6A 68 6C 6D 6E 6F
70717273747576 77 78 79 7A 00 AF OA OF 49

Pad Characters not present . :
Trailer: Ahgnment OxQo

A

End Tag 0x01
Length 160
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13:03:18,11443800 CLNAP

Header: Destination Address OxC14035551212FFFF
Source Address OxFF4034624545FFFF
ERROR: Source address type is incorrect
Higher Layer Protocol Id 0x00
Pad Length 1
Quality Of Service ox0
CRC32 Indication Bit 0x1
Reserved 0x0000
Header Extension Length 3 (32 bit words)
Header Extension 0x00 GO 00 00 00 00 00 00 GO 00 00 00

Payload: 0001 0203 04 0506 07 08 09 0A 0B 0C 0D OE OF
10111213141516 17 18191A1B 1C 1D 1E 1F
2021222324 2526 27 28 29 2A 2B 2C 20 2E 2F
303132333435363738393A3B3C 3D 3E3F
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 SF
60 61 62 63 64 65 66 67 68 63 6A 6B 6C 6D 6E 6F
707172737475767778797A

Pad Characters 0x00

Trailer; CRC32 OxAFQAOF49

12.5 AALS: Locating Missing Payload Information

This case study Iooks 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 pav-
load of the first ATM cell contains 48 octets of user information: 00 01 02 ... 2D, 2E.
2F. The second ATM cell contains 60 61 62 ... 8D 8E 8F.

Likewise, the third and fourth cells contain 48 octets of data. Tﬁe fifth cell contains
FO F1 F2 ... FD FE FF, 24 octets of zeros, and eight Sctels 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 ficid = 0100H, or 256 decimal.
which is incorrect. The CRC field is 69 83 2E 15, which is also incorrect.
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Figure 12-7. Missing AALS_SAR_PDU.

Knowing that the user information was loaded with 256 octets before transmis-
sion, the analyst must determine why the Length and CRC fields were wrong. To find
the answer, we looked at the payloads of the five cells: '

Cell 1: 00 ... 2F -
Cell 2: 60 ... 8F
Cell 3:90 ... BF
Cell 4: CO ... EF

Cell 5: FO ... FF, plus 24 octets of zeros
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The sequence 30 ... 5F (or 48 octets), which should have been received between
Cell 1 and Cell 2, is missing. Because AALS has no cell-sequence number. the prob-
lem was only identified by the invalid Length and CRC values. Further analysis of
the payload information, and the fact that the missing data (30 ... 5F) was casy to
identify, lead us to conclude that a cell was missing. Had the missing cell occurred
under AALI, the Sequence Count field in the AAL] header would have identified the
problem; with AAL3/4, the Sequence Number and the Segment Type fields would
have assisted. As a result, you can conclude that the error control in AALS is not as
rigorous as that in AAL3/4.

Trace 12-5. Effects of a missing AAL5_SAR_PDU
HP Broadband Series Tester Caplure Data Record

13:49:18.14378060 ATM

Header: Generic Fiow Control V]
Virtual Path Identifier 1
Virtual Channel ldentitier 5
Payload Type 0 (User Data, No Cong, Userind=0)
Cell Loss Priority 0 (Higher Priority)
Header Error Control 0x40

Payload: 0001020304 0506 07 08 09 0A 0B 0C 0D OE OF
1011121314151617 1819 1A 1B 1C1D1E1F
202122232425262728292A2B2C 2D 2E 2F

13:49:18.14379090 ATM

Header: Generic Flow Control 0 ",
Virtual Path Identifier 1
Virtual Channel dentifier 5 - -
Payload Type 0 (User Data, No Cong, Userind=0)
Cell Loss Priority 0 (Higher Priority)
Header Error Control 0x40

Payload: 60 61 62 63 64 65 66 67 68 69 6A 6B 6C 6D 6E 6F
70717273747576 777879 7A7TB7C 7D 7E7F.
80 81 82 83 84 85 86 87 88 89 BA 8B 8C 8D 8E 8F

13:49:18.14380110 ATM
Header: Generic Flow Control ) 0
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Virtual Path Identifier 1

Virtual Channel identifier 5

Payload Type 0 (User Data, No Cong, Userind=0)
Cell Loss Priority 0 (Higher Priority)

Header Error Control 0x40

Payload: 90 91 92 93 94 95 96 97 98 99 9A 9B 9C 9D 9E 9F
AQ A1 A2 A3 A4 A5 AB A7 AB A9 AA AB AC AD AE AF
B0 B1 B2 B3 B4 BS B6 B7 B8 B9 BA BB BC 8D BE BF

13:49.18.14381150 ATM

Header: Generic Flow Control 0
Virtual Path identifier 1
Virtual Channel |dentifier 5
Payload Type 0 (User Data, No Cong, Userind=0)
Cell Loss Priority 0 (Higher Prionty)
Header Error Control 0x40

Payload: COC1C2C3C4C5C6C7C8C3CACBCC CDCECF
D0 D1 02 D3 D4 D5 D6 D7 D8 D9 DA DB DC DD DE DF
EOE1E2 E3E4 ES E6 E7 EB E9 EAEB EC ED EE EF

)

13:49:18.14382180 ATM

Header: Genenc Flow Control 0
Virtual Path Identifier 1
Virtual Channel! Identifier S
Payload Type 1 {User Data, No Cong, Userind=1)
Cell Loss Prority 0 (Higher Pniority)
Header Error Contro! Ox4E '

'a

Payload: FO F1 F2F3 F4 F5 F6 F7 F8 F9 FA FB 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 83 2E 15
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13:49:18.14382180 AAL-5 _

Payload: 00 01 02 03 04 05 06 07 08 09 OA OB OC. OD OE OF
10 11 12 13 14 15 16 17- 18 19 1A 1B 1C 1D 1E 1F
20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F
60 61 62 63 64 65 66 67 68 69 6A 68 6C 60D 6E 6F
70 71 72 73 74 75 76 77 78 79 7A 7B 7C 7D 7E 7IF
B0 81 B2 83 B4 B5 86 87 83 89 BA 88 8C 80 BE BF
90 91 92 93 94 95 96 97 98 99 9A 98 9C 9D 9E OF
A0 A1 A2 A3 A4 A5 A6 A7 AB A9 AA AB AC AD AE AF
BO Bt B2 B3 B4 B5 B6 B7? B8 B9 BA BB BC BD BE BF
CO C1 C2 C3 C4 C5 C6 C7 C8 C9 CA CB CC CD CE CF
DO D1 D2 D3 D4 D5 D6 D7 D8 DS DA DB DC DD DE DF
E0 E1 E2 E3 E4 E5 E6 E7 E8 E9 EA EB EC ED EE EF
FO Ft F2 F3 F4 F5 F6 F7 ,F8 F9 FA FB FC FD FE FF
00 00 00 00 00 00 00 00 00 00O 00 00 0O 00 OO0 OO0

. 00 00 00 00 00 00 00 00

Pad Characters <none>

Trailer: User-User Indication 0x00
- Common Part Indicator 0x00
Length 256
ERROR: Length Field is incorrect
CRC32 0x69832E15

ERROR: CRC32is incorrect

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 the signaling procedures that are used to set up & 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 anatyzer. '

I TR
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fxi

ATM Swilch

HP Workstation

Network
Analyzer

Figure 12-8. Point-to-Point call setup analysis.

Revicwing Figure 11-3, note that the signaling functions (defined by Q.2931 and
the ATM Forum’s signaling specifications) utilize a Service Specific Coordination

Function (SSCF), a Service Specific Connection Oriented Protocol (SSCOP), and

AALS for communication over the ATM infrastructure.

Trace 12-6a illustrates the operation of the SSCOP for link initialization and sub-
sequent call sctup, and has been filtered to only show the highest layer of protocol in
operation. The summary information shown in Trace 12-6a includes a timestamp (e.g.
13:44:37:37107640), the Cell Protocol Processor slot number on the analyzer (CPP),

the Line Interface slot number on the analyzer (LIF), the direction of transmission-

(Tx or Rx), the highest layer protocol in use, and a short description of the function

of that cell (such as SETUP, CALL PROCEEDING, etc.). Note that the SSCOP link

initialization occurs in the first fourteen frames, followed by:thc UNI signaling func-
tions (the SETUP through RELEASE COMPLETE mgssagés). Traces 12-6b through
12-6g illustrate the details of the individual UNI signaling messages. Review Figure
11-22 for the sequence of events that occur during the call setup procedures.

Trace 12-6a. Point-to-Point Call Setup summary
HP Broadband Series Tester Capture Data Record

13:44:37.37107640 CPPALIF10 Tx AAL-5 Leﬁgth=8
13:44:37.37107640 CPP.9 LIF10 Tx SSCOP BGN
13:44:37.37148090 CPP:9 LIF:10 Rx AAL-5 Length=8
13:44:37.37148090 CPP:9 LIF:10 Rx SSCOP BGAK
13:44:37.98272150 CPP:9LIF:10 Tx AAL-5 Length=8
13:44:37.98272150 CPP:9 LIF:10 Tx SSCOP POLL
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13:44:37.98296530
13:44:37.98296530
13:44:38.02005790
13:44:38.02005790
13:44:38.02089690
13:44:38.02089690
13:44:44.45696230
13:44:44.45696230
13:44:44.45696230
13:44:44.47279460
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
13:44:45.82005960
13:44:45.82005960
13:44:45.82090020
13:44:45.82090020
13:44:55.67672480
13:44:55.67672480
13:44:55.67672480
13:44:55.68353670
13:44:55.68353670
13:44:55.68353670
13:44:56.28272150
13:44:56.28272150
13:44:56.28295970

CPP:9 LIF:10
CPP.9LIF:10
CPP:9 LiF:10
CPP:g LIF:10
CPP:9 LIF10
CPP:9 LIF:10
CPP:9 LIF:10
CPP:S LIF:10
CPP:9 LIF:10
CPP:9 LIF:10
CPP:9 UIF:10
CPP:9 LIF:10
CPP:2 LIF:10
CPP:S LIF:10
CPP:S LIF:10
CPP:S LIF:10
CPP:9 LIF:10
CPP:9 LIF:10
CPP:S LIF:10
CPP:9 LIF:10
CPP:9 LIF:10
CPP:9 LIF:10
CPP:9 LIF:10
CPP:S LIF:10

CPP:8 LIF:10.

CPP:9 LIF:10
CPP:9 LIF:10
CPP:9 LIF:10
CPP:9 LIF:10
CPP:9 LIF:10
CPP:9 LIF:10
CPP:2 LIF;10
CPP:g LIF:10
CPP:9 LIF:10
CPP:9 LIF:10
CPP:S LIF:10
CPP:9 LIF:10
CPP:9 LIF:10
CPP:9 LIF:10
CPP:9 LIF:10
CPP:9 LIF10
CPP:9 LIF:10
CPP:9LIF:10

Rx
Rx
Rx
Rx
Tx
Tx
Tx
Tx
Tx
Rx
Rx
Rx
Rx
Rx
Rx
Tx
Tx
Tx
Tx
Tx
Rx
Rx
Rx
Rx
Tx
Tx
Tx
Tx
Rx
Rx
Rx
Rx
Tx
Tx
Tx
Tx
Tx
Rx
Rx
Rx
Tx
Tx
Rx
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AAL-5 Length=12

SSCOP STAT

AAL-5 Length=8

SSCOP POLL

AAL-5 Length = 12

SSCOP STAT

AAL-5 Length =116

SSCOP SD N{5)=0

UN! Sig. SETUP 3 from

AAL-5 Length =24

SSCOP SD N(S)=0

UNI Sig. CALL PROCEEDING 3to
AAL-5 Length=16

SSCOP S0 N(S)=1

UNI Sig. CONNECT 31to

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

SSCOP POLL

AAL-5 Length=12
SSCOP STAT

AAL-5 Length=8

SSCOP POLL

AAL-5 Length =12 .
SSCOP STAT .
AAL-5 Length=8

SSCOP POLL

AAL-5 Length =12
SSCOP STAT

AAL-5 Length =20
SSCOP SD N(S)=2 ..
UNI Sig. RELEASE 3 from
AAL-5 Length=16
SSCOP SD N(§)=2
UNI Sig. RELEASE COMPLETE 3to
AAL-5 Length=8

SSCOP POLL

AAL-5 Length =12
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13:44:56.28295970 CPP:9 LIF:10 Rx SSCOP STAT
13:44:56.32006250 CPP:9 LIF:10 Rx AAL-5 (ength=8
13:44:56.32006250 CPP:9 LIF:10 Rx SSCOP POLL

13:44:56.32090500 CPP:8 LIF: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) to the switch (the Tx direction). Note that this message indicates it was sent

Sfrom the call originator (Call Reference Flag = from) and that a Call Reference Value
(3) has been assigned. In addition, there are seven information elements: ATM Traf-
fic Descriptor, Broadband Bearer Capability, Called Party Number, Quality of Ser-
vice Parameter, ATM Adaptation Layer Parameters, Broadband Lower Layer Infor-
mation, and Calling Party Number. In particular, note that the ATM Adaptation
Parameters indicate AALS will be used for this call.

Trace 12-6b. SETUP message details

13:44:44.45696230

1 00001001 Protocol Discriminator
2 0000---- Spare
--=-0011 Call Reference Length
3 Q- Call Reference Flag
-0000000 Call Reference Value
4 00000000
5 00000011
6 00000101 Message Type
7 1-nmee Ext
-00----- Spare
-=-Q-re- Flag
--+-00-- Spare
------ 00 Action indicator
8 00000000 Message Length
9 01100110
1 01011001 Information Element ID
2 A Ext
-00----- Coding Standard
A Flag
----0--- Reserved
----- 000 - Action Indicator
3 00000000 IE Length
4 00001001
7 10000100 Cell Rate Subtield ID

CPP:9 LIF:10 Tx UNI Sig. ATMF UNI 3.1 .
: Q.93B UNI call controf >

: from

- SETUP
: last octet

»

: not signifitant

‘clearcall©
102

: ATM Traffic Descriptor
- last oclet

" ITU-T standard

: not significant

: reserved

: clear call

19

: forward peak CR{CLP=0+1)
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7.1 00000101
7.2 01100011
7.3 10110111
8 10000101
8.1 00000101
8.2 01100011
8.3 10110111

-17 10111110

1 01011110
[ pe—
..00 .....
J -
-.--0---
----- 000
3 00000000
4 00000011
) —
T — '
---10000
5a 1------
-00----
-=-000--
"
S -
-00--=—-
-.-000....
------ 00
1 01110000
- —
-00_...--
_--0-_-
-_-.0-__
<e==-000
3 00000000
4 00010101
L p—
.000----
---0010
getc 01000111
00000000
01111001
00000000
00000000

Forward Peak Cell Rate

Cell Rate Subfield ID
Backward Peak Cell Rate

Cell Rate Subfield ID
Information Element |ID

Ext

Coding Standard

Flag

Reserved
Action Indicator
IE Length

Ext

Spare
Bearer Class
Ext

Spare

Traffic Type

Timing Requirements

Ext

Clipping Susceptibility

Spare

Chapter 12: ATM Analysis

- 353207

: backward peak CR(CLP=0+1)
: 353207

: best effort indicator

: Broadband Bearer Capability
: last octet

: ITU-T standard

: not significant

1 reserved

: clear call

03

: another octet

: BCOB-X
: last octet

: no indication

: no indication

: last octet

: not susceptible to clipping

User Plane Connection CFG: point-to-point

information Element ID

Ext

Coding Standard

Flag

Reserved
Action Indicator
IE Length

Ext

Type of Number

: Called Party Number
: last octet .
1 ITU-T standard
: not significant

: reserved T
: clear call

;21

ity

. last octet
-
: unknown

Addressing/Numbering Plan. 1SO NSAP addressing

ISO NSAP Address Octets:

0x47 G
: 0x00 .
0x79 y
:Ox00 .
: 0x00 .
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00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
10100000
00111110
00000000
00000000
00000001
00000000
1 01011100 Information Element |D
2 le-eaee Ext
-00----- ' Coding Standard
---0---- Flag
1 B Reserved
----- 000 Action Indicator
3 00000000. IE Length
4 00000010
5 00000000 QoS Class Forward
6 00000000 QoS Class Backward
1 01011000 Information Element ID
2 oo Ext
-0Q----- Coding Standard
-ae-e-- Flag
wa-0--- Reserved
----- 000 Action Indicator
3 00000000 IE Length
4 00001001
5 00000101 AAL Type
6 10001100 AAL Param Subfield 1D

6.1 00000101
6.2 11101100
7 10000001
7.1 00000101
7.2 11101100

AAL Param Subfield 1D

8 10000100 AAL Param Subtield 1D
8.1 00000000 S5CS Type
1 01011111 Information Element ID

Forward CPCS-SDU Size:s-

Backward CPCS-5DU Size:

- 0x00 .

- 0x00 .

1 0x00 .

1 0x00 .

1 0x00 .

: Ox00 .

: 0x00 .
:0x00 .

s Ox00 .

: OxAD .
:0x3E >

: 0x00 .

1 0x00 .

: 0x01 .

1 0x00 .

: Quality of Service Parameter
. last octet

1 iTU-T standard
: not significant
: reserved

: clear call

12

: QoS class 0 - unspecified
: QoS class 0 - unspecified
: ATM Adaptation Layer Parameters
: last octet
:1TU-T standard
: not significant
" :reserved
: clear call
19

(Y

:AALtype 5
: forward maximum CPCS-SDU size
1516

: backward maximum CPCS-SDU size
1516

: SSCS type
s nulf
: Broadband Low Layer Informalion
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[

00000000
0G0C01001

F .9

---00000
8.1 00000000
10100000
00111110
8.4 00000000
00000601
1 01101100

3 00000000
00010101
5 Aemmeme
~000----
----0010
6etc 00111001
00000000
00000000
00000000
00000000
Q0000000
00000000
00000000
00000000

F-9

Ext

Coding Standard
Flag

Reserved

Action Indicator
IE Length

Ext

Layer 3 Id

User Info Layer 3 Protocol
Ext

ISCAEC TR9577 NLPID:

Ext

Spare

Ext

SNAP ID
Spare
QU Octet

PID Octet

Information Element ID

Ext

Coding Standard
Flag

Reserved

Action Indicator
IE Length

Ext
Type of Number

Chapter 12: ATM Anaiysis

 last octet
LITU-T standard
: not significant

. reserved

: clear calf

19

: another octet

:3

D ISO/NEC TR9S77

: another octet

IEEE 802.1 SNAP identifier

: last octet

: last oclat
0

:O0x00 .

: OxAD .

:0x3E >

:0x00 .

1 0x01

: Calling Party Number
: last octet

: ITU-T standard

: not significant

: reserved

: clear call -

121 o

: last octet R
: unknown '

Addressing/Numbering Pian: 1SO NSAP addressing

ISO NSAP Address Cctets:

0x39 9
: 0xCO .

$0x00 .

< 0x00 .
1 0x00 .

1 0x00 .
:Ox00 .
: 0x00 |
1 0x00 .
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00000000 : 0x00 .
00000000 : 0x00 .
00000000 1 0x00 .
00000000 :0x00 .-
00000000 1 0x00 .
00000000 : Ox00 .
00000000 ) :Ox00 .
00000000 :0x00 .
00000000 :0x00 .
00000000 :0x00 .
. 00000000 ;0x00 .

The switch then returns a CALL PROCEEDING message to the analyzer. Note
the Rx indication at the top of Trace 12-6¢ and the Call Reference Flag = to, indicat-
ing that this message is being sent to the call originator. Also in this message are the
VPCI and VCI assigned to this call (0 and 285, respectively). In the subsequent cell,
the switch returns a CONNECT message to the analyzer (Trace 12-6d). We now know
that the switch (or ATM network) is prepared to receive information from the ana-
lyzer side of the connection. The analyzer then returns a CONNECT ACKNOWL-
EDGE message (Trace 12-6e), and the transfer of call information may proceed.

Trace 12-6¢. CALL PROCEEDING message details

13:44:44.47279460 CPP:9 LIF:10 Rx UNI Sig. ATMF UNI 3.1

1 00001001 Protocol Discriminator 1 Q.93B UNI call control
2 0000---- Spare !
----0011 Call Reference Length :3
K Call Reference Flag :to "
-0000000 Call Reference Value 13
4 00000000
5 00000011 :
6 00000010 Message Type : CALL PROCEEDING
7 1 Ext : last octet
-00----- Spare :
---0---- Flag .anot.significant
----00-- Spare X
------ 00 ' Action Indicator : clear call
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o o~y oM

00000000
00001001
01011010

00000000
00000101

-----000
00000000
00000000
00000001
00011101

Message Length

Information Element 1D
Ext
Coding Standard
Flag
Reserved
Action Indicator
IE Length

Ext

Spare

VP Associated Signalling
Preferred/Exclusive
VPCI

VCi

Trace 12-6d. CONNECT message details

Chapter 12: ATM Analysis

: Connection ldentifier
: last octet

1 1TU-T standard

- not significant

. reserved

: clear call

5

: last octet
: explicit indication of VPCI
: exclusive VPCL; exclusive VCI

:0

285

13:44:44.47550200 CPP:9 LIF:10 Rx UNI Sig. ATMF UNI 3.1

1
2

~N O 0 A

00001001
---0011

-0000000
00060000
00000011
00000111

00000000
00000000

Protocol Discriminator
Spare
Call Reference Length
Call Reference. Flag
Call Reference Value

Message Type
Ext '
Spare
Flag
Spare
Action Indicator
Message Length

; Q.93B UNI call control -

: CONNECT A
: last octet

: not significant

: clear call
;0
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Trace 12-6e. CONNECT ACKNOWIL EDGE message details

13:44:44 48468330 CPP:9 LIF:10 Tx UNI Sig. ATMF UNI 3.1

1 00001001 Protocol Discriminator
2 0000---- Spare
----0011 Call Reference Length
3 O-eerees Call Reference Flag
-0000000 Cali Reference Value
4 00000000
5 (0000011
6 00001111 Message Type
7 1= Ext
-0Q---—- Spare
---0-e-- Flag
=00~ Spare
------ G0 Action Indicator
8 00000000 Message Length
9 00000000

When the end user (the analyzer) has completed all of the information transfer, a

1 Q.93B UNI call contro!

: from

: CONNECT ACKNOWLEDGE
: last octet

: not significant

. clear cali
:0

RELEASE message is sent to the switch (or network, illustrated in Trace 12-6f and o
Figurc 11-23). Note that the end user uses the Call Reference Value (3) to identify the
particular call to be released, and that the RELEASE message contains a Cause infor-

mation element that defines why the call is being released (normal call clearing). 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:9 LIF:10 Tx UNI Sig. ATMFUNI3.1

1 00001001 Protocol Discriminator
2 0000---- \ Spare
----0011 Call Reference Length
3 0---e-- Call Reference Flag
-0000000 Call Reference Value
4 00000000 ‘
5 00000011
6 01001101 Message Type
AN EEE S Ext
-00---— Spare
---0---- Flag
---00-- Spare

A

1 ©.938B UNI call control

: from

: RELEASE
: last octet

: not significant
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00000000
00000010

-0010000

Action Indicator
Message Length

Information Element ID
Ext
Coding Standard
Flag
Reserved
Action Indicator
IE Length

Ext

Spare
Location

Ext

Cause Value

Chapter 12

: clear call
)

: Cause

: last octet
ITU-T standard
. not sigmficant

: reserved

: clear call

12

: last octet

user
: last octet

: NE:normal call clearing

Trace 12-6g. RELEASE COMPLETE message details

13:44:55.68353670 CPP:9 LIF:10 Rx UNI Sig. ATMF UNI 3.1

1
2

~N 3 os

w m

00001001
~---0011

-0000000
00000000
00000011
01011010

w00~

00
00000000
00000000

Protocol Discriminator
Spare
Call Reference Length
Call Reterence Flag
Call Reference Value

Message Type
Ext
Spare
Flag
Spare
Action Indicator
Message Length

" :Q.93B UNi call controt

03

(to
03

:RELEASE COMPLETE
: fast octet

oty

: not significant

. clear call
:0

: ATM Analysis

12.7 ATM Point-to-Multipoint Call Setup Procedures

ATM is designed to support a variety of appl-icalions. including voice. data, and

multimedia. For many of these applications, point-to-multipoint connections are required

instead of point-to-point connections. Examples of this would be business applications

of audio or video teleconferences, or distance learning applications with interactive

audio and video connections. This case study will illustrate the protocol interactions
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required to set up and terminate the poini-to-multipoint call. As an early warning to
the reader, this case study is rather complex and will involve a number of analyzer trace
printouts. However, this complexity alsoc demonstrates the strength of ATM and its abil-
ity to support many applications and configurations with equal facility.

In this example, the analyzer was again used to simulate an end-user terminal in
order to establish a connection with three voice stations (Figure 12-9). With respect
to the point-to-multipoint configuration, the analyzer is acting as the root and the voice
stations are acting as the leaves. Reviewing Figure 11-24, recall that the connection
with Leaf #] is set up like a point-to-point connection, and then connections with sub-
sequent leaves are established using the point-to-multipoint procedures. The summary
level analyzer output shows both the SSCOP and UNI Signaling protocols in opera-
tion as in the point-to-point case; however, additional messages, such as the ADD
PARTY and DROP PARTY, are added in this scenario (Trace 12-7a).

N
Leaf 1 .
403XXX3123
J % @ Leaf 2

403XXX8518
ATM Switch

" Leaf 3

- 403XXX3428

Network
Analyzer

403XXX2736

Root

XN

Figure 12-9. Point-to-multipoint call setup analysis.
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Trace 12-7a. Point-to-Multipoint Call Setup summary

HP Broadband Series Tester Capture Data Record

12:46:41.14861370
12:46:41.14908970
12:46:41.79362990
12:46:41.79442340
12:46:41.81934830
12:46:41.81964880
12:46:44.21560340
12:46:44.21560340
12:46:44.22105870
12:46:44.22105870
12:46:44.22287160
12:46:44.22287160
12:46:44.22561810
12:46:44.22561810
12:46:44.81935310
12:46:44.81965470
12:46:44.89363820
12:46:44 89442270
12:46:45.51934520
12:46:45.51964880
12:46:45.59363330
12:46:45.59442650
12:46:53.22798170
12:46:53.22798170
12:46:53.23335660
12:46:53.23335660
12:46:53.89363420
12:46:53.89442740
12:46:53.91935050
12:46:53.91965300
12:46:54.59362930
12:46:54.59440900
12:46:54.61934500
12:46:54.61964820
12:46:56.63308440
12:46:56.63308440
12:46:56.63899100
12:46:56.63899100
12:46:57 29363360
12:46:57.29442310

CPP;2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP2 LIF3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LiF:3
CPP:2 LiF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LiF:3
CPP:2 LIF:3
CPP:2 LiIF:3
CPP:2 LiF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF3
CPP:2 LIF.3

Tx SSCOP BGN

Rx
Rx
Tx
Tx
Hx
Tx
Tx
Rx
Rx
Ax
Rx
Tx
Tx
Tx
Rx
Rx
Tx
Tx
Rx
Rx
Tx
Tx
Tx
Rx
Rx
Rx

Rx

SSCOP
S3COP
SSCOoP
SSCOP
SSCOP
SSCOP

UNI Sig.

SSCOP

UNI Sig.

S5COP

UNI Sig.

SSCOP
UNI Sig.
S5COP
SSCOoP
SSCOP
SSCOP
SSCOP
SSCOP
SSCOP
SSCOP
SSCOP
UN! Sig.
SS5COP

UNI Sig.

SScoP
SSCOP
SSCOP
SSCOP
S8COP
S5COP
SsCoP
S5COP
Ss5CoP
UNI Sig.
SSCOP

UNI Sig.

SSCOP
SSCoP

BGAK
POLL

STAT

POLL

STAT

SD N(S§)=0

SETUP 5 from

SD N(S)=0

CALL PROCEEDING 5to

SD N(S)=1

CONNECT 5to

SD N(S)=1

CONNECT ACKNOWLEDGE 5 from
POLL

STAT

POLL

STAT

POLL

STAT

POLL

STAT

SD N(S)=2

ADD PARTY 5 from

SD N(S)=2 :
ADD PARTY ACKNOWLEDGE 'S to
POLL

STAT

POLL

STAT

POLL
STAT

POLL

STAT
SD N(S)=3
ADD PARTY 5 from

SD N(S)=3

ADD PARTY ACKNOWLEDGE 5 to
POLL

STAT
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12:46:57.31934660
12:46:57.31964230
12:46:57.99362770
12:46:57.99441910¢
12:46:58.01935030
12:46:58.01965810
12:47:00.77094350
12:47:00.77094350
12:47:00.77400280
12:47:00.77400280
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
12:47:04.69442310
12:47:04.71934800
12:47:04.71965230
12:47:05.39362750
12:47:05.39441610
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
12:47:09.81965170
12:47:10.49362680
12:47:10.49441380
12:47:10.51934900
12:47:10.51964560
12:47:13.10660400
12:47:13.10698110

CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:)
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2LIF3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:;2 LIF:3
CPP:2 LIF:3
CPP.2LIF:3
CPP:2LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP;2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF:3
CPP.2 LIF3
CPP.2LIF3
CPP:2 LIF:3
CPP:2 LIF.3
CPP:2 LIF:3
CPP:2 LIF:3
CPP:2 LIF.3

Tx
Ax
Rx
Tx
Tx
Rx
Tx
Tx
Rx
Rx
Rx
Tx
Tx
Rx
Rx
Tx
Tx
Rx
Tx
Tx
Rx
Rx
Rx
Tx
Tx
Rx
Rx
Tx
Tx
Rx
Tx
Tx
Hx
Rx
Rx
Tx
Tx
Rx
Rx
Tx

SsCorP
SSCOoP
SSCOP
SSCOP
SSCoP
SSCoP
SSCOP

SSCOP

SSCOP
SSCOP
SSCOP
SSCOP
SS5COP
SSCOP
SSCOP
S5COP
SSCOP
UNI Sig.
SSCOP

ssCopP
SSCOP
S8COP
sSsCoP
sSscCopP
SSCOP
SSCOP
SscopP
SSCOP
UNI Sig.
SsCoP

S5COoP
SSCOP
SSCOP
SSCOP
SSCOP
SSCOP
Tx SSCOP
RAx SSCOP
Tx SSCOP
RAx SSCOP

UNI Sig.

UNI Sig.

UNI Sig.

UNI Sig.

POLL

STAT

POLL

STAT

POLL

STAT

SD N(S)=4

DROP PARTY 5 from

SD N(S)=4

DROP PARTY ACKNOWLEDGE 5 to
POLL

STAT

POLL

STAT

POLL

STAT

POLL

STAT

SD N(S)=5

DROP PARTY 5 from

SD N(S)=5

DROP PARTY ACKNOWLEDGE 5 lo
POLL
STAT
POLL
STAT
POLL
STAT
POLL
STAT
SD N(S)=6
RELEASE 5fom
SD N(S)=6
RELEASE COMPLETE 5 to
POLL

STAT.

POLL

STAT

POLL

STAT

POLL

STAT

END

ENDAK
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The SETUP message identifies the Call Reference Value (5) for the call, and also
contains six information elements. Of these, the ATM Traffic Descriptor IE indicates
a backward peak cell rate of zero (a requirement for this type of point-to-multipoint
call), and the Broadband Bearer Capability IE indicates that the User Plane Configu-
ration is, in fact, point-to-multipoint. The Calling Party Number IE identifies the
address of the Root (1403XXX'2736), while the Called Party Number IE identifies
the address of Leaf #1 (1403XXX3123). Note that the telephone numbers have been
disguised to maintain the anonymity of the source. The CALL PROCEEDING, CON-
NECT, and CONNECT ACKNOWLEDGE messages are then exchanged to complete
the connection between 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¢) includes an Endpoint Reference IE, which defines an Endpoint Reference Value
= 0 for the connection to Leaf #1.

Trace 12-7b. SETUP message details

12:46:44.21560340 CPP:2 LIF:3 Tx UNI Sig. ATMF UN! 3.1

1 00001001 Protocol Discriminator :Q.93B UNI call control
2 0000---- Spare :
~--0011 Call Reference Length 3
3 O--e-e Call Reterence Flag :from
-0000000 Call Reference Value 5
4 00000000
5 00000101
6 00000101 Message Type :SETUP
A B Ext .last octet .
-00----- Spare ; "
w=e(--m Flag :not significént
----00-- Spare : a .
------ 00 Action Indicator : clear call
8 00000000 ~ Message Length 163
9 00111111
1 01011001 Information Element 1D : ATM Traffic Descriptor ‘
2 1 Ext : last octet™
-00----- Coding Standard < ITU-T standard
«=-0--- Flag . not significant
=-~-0--- Reserved s reserved
----- 000 Action Indicator : clear cail
3 00000000 IE Length -8
4 00001000
7 10000100 Cell Rate Subfield ID . torward peak CR{CLP=0+1)
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7.1 00000000
7.2 00000011
7.3 11101000

8

10000101

8.1 00000000
8.2 00000000
8.3 DCOOO0DO0O

1
2

/

iy

i

Getc 00110001

01011110

00000000
00000010

00000000
00001100

----0010

00110100
00110000
00110011
001 1xxxx
001 1xxxx
001 1xxxx
00110010
00110111
00110011
00110110

Forward Peak Cell Rate

Cell Rate Subfield 1D
Backward Peak Cell Rate

Information Element 1D
Ext
Coding Standard
Flag
Reserved '
Action Indicator
IE Length

Ext

Spare

Bearer Class

Ext

Clipping Susceptibility

Spare :

User Plane Connection CFG:
information Element 1D

Ext

Coding Standard

Flag

Reserved

Action Indicator

iE Length

Ext

Type of Number
Addressing/Numbering Pian:
Address/Number Digits

- 1000

: backward peak CR{CLP=0+1)
:0

: Broadband Bearer Capability
. last octet

: ITU-T standard

: not signilicant

: reserved

: clear call

12

: last octet
: BCOB-X

: last octet )
: not susceptible to clipping

point-to-muitipoint

: Calling Party Number
: last octet

1 ITU-T standard

: not significant

: reserved

: clear call

12 ry

: last octet
: unknown

ISDN/telephony numbering plan

10x31 1

:0x34 4
#0x30 0
:0x33 3
:0x3x x
:0x3x x
1 0x3x x
10x32 2
:0x37 7
:0x33 3
:0x36 6
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F-S

Getc 00110001

N - O AW

(S0~

01110000

~---000
00000000
00001100

-000----
----0001

00110100
00110000
00110011
Q01 1xxxx
001 1xxxx
001 1xxxx
00110011
00110001
00110010
00110011

01011100

00000000
00000011
00000000

Information Element ID

Ext

Coding Standard
Flag

Reserved

Action Indicator
IE Length

Ext
Type of Number

Addressing/Numbering Plan
Address/Number Dugits

Information Element ID

Ext

Coding Standard
Flag

Reserved

Action Indicator
IE Length

QoS Class Forward
QoS Class Backward

Information Element ID

Ext

Coding Standard
Flag

Reserved

Action Indicator
iE Length

Endpoint Reference Type

Chapter 12: ATM Analysis

: Called Party Number
: las! octet

: ITU-T standard

: not significant

: reserved

: clear call

12

: last octet
: unknown

:1ISDN#telephony numbering plan
1 0x31 1

: Ox34
:0x§0
:0x33
: Dx3x
: Ox3x
: Ox3x
: 0x33
: Ox31
: 0x32
: 0x33

WM = X X X WO N

- Quality of Service Parameter
: last octet

: ITU-T standard
: not significant

: reserved

: clear call -

12

LY

1 QoS class 0 - unspecified
: QoS8 class 0 - unspecified
: Endpoint Reference
clastocteh. . .
: ITU-T standard

“: not significant
: reserved

" clear call
13

- locally defined integer

]
-
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6

6.1 00C00000

[y S
-0000000

Endpoint Reference Flag

: from the ongination side

Endpoint Reference Value :0

Trace 12-7c¢. CALL PROCEEDING message details

12:46:44.22105870 CPP:2 LIF:3 Rx UNI Sig. ATMF UNI 3.1

1
2

~ M o= o - @ w;m o

N = Do~

00001001
0000----
---0011

-0000000
00000000
00000101
00090010

S
00000000
00010000
01011010

00000000
G00C0101

00000000
00000000
00000000
00100011
01016100

S P

Protocol Discriminator

Spare

Call Reference Length
Call Reference Flag
Call Reference Value

Message Type

Ext

Spare

Flag

Spare

Action Indicator
Message Length

Information Element ID

Ext

Coding Standard
Flag

Reserved

Action Indicator
iE Length

Ext

Spare

VP Associated Signalling
Preferred/Exclusive
VPC!

vel

information Element ID

Ext
Coding Standard

1 Q.938 UNI call controf

tto

: CALL PROCEEDING
: last octet

: not significant

: clear cali
$16

: Connection identifier
: fast octet

: ITU-T standard

: not significant

; reserved

: clear call

15 o

-

: last octet

3

: explicit indication of VPCI
: exclusive VPC!; exciusive VCi
:0 :

v

.35

: Endpoint Reference
: last octet
: ITU-T standard
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[=2 I T B - S

00000000
00000011
00000000

-0000000

6.1 00000000

Flag

Reserved )
Action Indicator
IE Length

Endpoint Reference Type
Endpoint Reference Flag
Endpoint Reference Vaiue

Chapter 12: ATM Analysis

1 not significant
: reserved

: clear call

:3

: locally defined integer
- to the ongmation side
:0

Trace 12-7d. CONNECT (Leaf #1) message details

12:46:44.22287160 CPP:2 LIF:3 Rx UNI Sig. ATMF UNI 3.1

1
2

N = O m ~N e oA

D th oW

00001001
0000----
0011

-0000000
00000000
0000101
00000111

b J——

-00-----

00000000
00000111
01010100
b R—

-0000000

6.1 00000000

Protocol Discriminator

Spare

Call Reference Length
Call Reference Flag
Caill Reference Value

Message Type

Ext

Spare

Flag

Spare

Action Indicator
Message Length

Information Element (D

Ext

Coding Standard
Flag

Reserved

Action Indicator
IE Length

Endpaint Reference Type
Endpoint Reference Flag
Endpoint Reference Value

1 2.93B UNI call control

:to

: CONNECT
: last octet

: not significant

: clear call
17

: Endpoint Reference.
: last octet, >
: ITU-T standard

: hot signiﬁca'n.l

: reserved

: clear call

:3

: locally defined integer
: to the origination side
10
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Trace 12-7e. CONNECT ACKNOWLEDGE (Leat #1) message details

12:46:44.22561810 CPP:2 LIF:3 Tx UNI Sig. ATMF UNI 3.1

1 00001001 Protocol Discriminator : Q.938 UNI call control
2 0000---- Spare :
---0011 Call Reference Length ° 3
O Calt Reference Flag : from
-0000000 Call Reterence Value 15
4 00000000
5 00000101
6 00001111 Message Type : CONNECT ACKNOWLEDGE
7 - Ext : last octet
-0Q----- Spare :
-=-Q---- Flag : not significant
----00-- Spare :
------ 00 Action Indicator : clear call
8 00000000 Message Length 10
9 00000000

Next, Leaf #2 is added to the connection, as illustrated in Trace 12-7f. Note that
the message is an ADD PARTY, which identifies 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 confirming the same Call Reference Value (5) and Endpoint Reference Value
(1), as shown in Trace 12- -Tg. '

Trace 12-7t. ADD PARTY (Leaf #2) message details

12:46:53.22798170 CPP:2 LIF:3 Tx UNI Sig. ATMF UNI 3.1 "

1 00001001 Protocol Discriminator : Q.93B UNI call control

2 0000Q---- Spare - .
--=-0011 Call Reference Length 13

3 Oeeeeeee Call Reterence Flag : from
-0000000 Call Reference Value :5

4 00000000

5 00000101 -

6 10000000- Message Type : ADD PARTY

AN PESES Ext : last oclet
-00----- Spare :
-==0---- Flag - not significant
----00-- Spare :
------ 00 Action Indicator : clear call

8 00000000 Message Length ;23
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.9 00010111
01110000

—

6etc Q0110001
00110100
00110000
00110011
001 1xxxx
001 1xxxx
001 1xxxx
00111000
00110101
00110001
00111000

1 01010100

o v na W
(=]
o

6.1 00000001

Trace 12-7g. ADD PARTY ACKNOWLEDGE (Leaf #2) message details

Information Element ID
Ext
Coding Standard
Flag
Reserved
Action Indicator
iE Length

Ext
Type of Number

Addressing/Numbering Plan: 1SDN/telephony numbering plan
Address/Number Digits

information Element ID
Ext
Coding Standard
Fiag
Reserved
Action Indicator
IE Length

Endpoint Reference Type
Endpoint Reference Flag
Endpoint Reference Value

Chapter 12: ATM Analysis

: Calied Party Number
:last octet

1 ITU-T standard

: not significant

s reserved

: clear call

12

: last octet
: unknown

:Ox31 1
: 0x34
: 0x30
1 0x33
: Ox3x
- 0x36
1 0x31
: 0x38
: Ox35
1 0x31
1 0x38

M — th B x X X WO &

: Endpoint Reference
: last octet

: ITU-T standard

: not significant
: reserved

: cleay call

13

Sy

LY

- locally defined integer
: from the origination side
|

-

12:46:53.23335660 CPP:2 LIF:3 Rx UNI Sig. ATMF UNI 3.1

1 00001001
2 0000~
—--0011

Protoco! Discriminator
Spare

Call Reference Length

: Q.93B UNI call control

13
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I Call Reference Flag
-0000000 Call Reference Value
4 (00000000
5 00000101
6 10000001 Message Type
7 1emeeee- Ext .
-00----- Spare
Ry Flag
----00-- Spare
------ 00 Action Indicator
8 (G000G000 Message Length
9 Q0000111
1 01010100 information Element |D
2 e Ext
-00----- Coding Standard
PR SO Flag ’
----0--- Reserved
-----000 Action Indicator
3 00000000 IE Length
4 00000011
5 00000000 Endpoint Reference Type
6 1--ee- Endpoint Reterence Flag
-0000000 Endpoint Reference Value

6.1 00000001

1o

: ADD PARTY ACKNOWLEDGE
: last octet

: not significant

: clear call
;7

: Endpoint Reference
: last octet

1 ITU-T standard

: not signitican

: reserved

: clear call

: 3

: locally defined integer
: to the origination side
1

In a similar manner, Leaf #3 is added to the connection. The ADD PARTY mes- -
sage (Trace 12-7h) includes the same Call Reference Value (5), the address of Leaf
#3 (1403XXX3428), and a new Endpoint Reference Value (2). The ADD PARTY
ACKNOWLEDGE message from the switch confirms the connection to Leaf #3

{Trace 12-7).

Trace 12-7h. ADD PARTY (Leaf #3) message details

12:46:56.63308440 CPP:2 LIF:3 Tx UNI Sig. ATMF UNIL 3.1

1 00001001 Protocol Discriminator
2 0000---- Spare
----0011 Call Retference Lengtﬁ
3 0e-eeees Call Reference Flag
-0000000 Call Reference Value
4 00000000
5 00000101
6 10000000 Message Type

: Q.93B UNi call controt

-

—:3
: from
' 5

: ADD PARTY

160



00000000
00010111
01110000

L

N - O @

F-N

00001100
. B ) BEre
-000----
----0010
6etc 00110001
00110100
00110000
oo110011
001 1xxxx
001 1xxxx
001 1xxxx
00110011
00110100
00110010
00111000

1 01010100

00000011

006000000

[y M—
-0000000
6.1 00000010

oo bW

Ext

Spare

Flag

Spare

Action Indicator
Message Length

information Element iD

Ext

Coding Standard
Flag

Reserved

Action Indicator
IE Length

Ext
Type of Number

Addressing/Numbering Plan
ISO NSAP Address Octets

information Element ID

Ext

Coding Standard
Fiag

Reserved

Action Indicator
{E Length

Endpoint Reference Type

Endpoint Reference Flag

Endpoint Reference Value

Chapter 12: ATM Analysis

: last oclet
: nol significant

: clear calt
123

: Called Party Number
- last octet

2 ITU-T standard

: not significant

: reserved

: clear call

L 12

: last octet
: unknown
(ISDN/telephony numbering plan
:0x31 1
: 0x34
: Ox30
: 0x33
1 0x3x
: Ox3x
: 0x3x
: 0x33
1 0x34
: 0x32
1 0x38

N A WX X X WO

: Endpoint Réference‘
: last octet

: ITU-T standard

: nol significant

: reserved

. clear c'a‘lhl‘

13

» locally defined integer
. from the ongination side
12
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Trace 12-7i. ADD PARTY ACKNOWLEDGE (Leat #3) message details

12:46:56.63899100 CPP:2 LIF:3 Rx UNI Sig. ATMF UNI 3.1

1
2

N .= W@ ~N O 0

AW bW

00001001
0000---- Spare
----0011  Cali Relerence Length
[ Call Reference Flag

Protoco! Discriminator

-0000000 Call Reterence Value
00000000

00000101

10000001 Message Type

IRt Ext

-00----- Spare

4 2 Flag

== 00~ Spare

------ 00 Action Indicator

00000000 Message Length
00000114

01010100 intormation Element 1D
1--eeaes Ext

-00--~-- Coding Standard
o Flag

==e0--- Reserved

----- 000  Action Indicator

00000000 IE Length

00000011

00000000 Endpoint Reterence Type
Veemme Endpoint Reference Flag
-0000000 Endpcint Reference Value

6.1 00000010

To disconnect one of the end users from the pointltoiﬁlultipoint connection, the
Root sends a DROP PARTY message (Trace 12-7)). This message includes the Call
Reference Value (5) that identifies the call, plus the Endpoint Reference Value (2) that
identifies the endpoint to be dropped (Leaf #3). The switch returns a DROP PARTY
ACKNOWLEDGE message (Trace l2-7k).containing similar identifiers. In a similar
way, Leaf #2 can be dropped from the connection using another DROP PARTY/DROP
PARTY ACKNOWLEDGE sequence, this time with Endpoint Reference Value = |

: Q.938 UM call control

[ to

: ADD PARTY ACKNOWLEDGE
: last octet

: not significant

: clear call
17

: Endpoint Reference

: last octet

1 ITU-T standard
: not significant
:reserved

: clear call

:3

: locally defined integer
_ :lo the origination side
12

Sy

(identifying Leaf #2), as shown in Traces 12-71 and 12-7m.
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Trace 12-7]. DROP PARTY (Leaf #3} message details

12:47:00.77094350 CPP:2 LIF:3 Tx UNI Sig. ATMF UN1 3.1

1 00001001
2 0000
0011

-0000000
00000000
00000101
10000011

~N DU s

00000000
00001101
06001000
P

N = © @

3 00000000
4 00000010

-0011111
1 01010100

00000000
00000011
00000000

h U AW

-0000000
6.1 00000010

Protocol Discriminator
Spare
Cail Reference Length
Calf Reference Flag
Call Reference Value

Message Type
Ext
Spare
Flag
Spare
Action Indicator
Message Length

information Element 1D
Ext
Coding Standard
Flag
Reserved
Action Indicator
IE Length

Ext

Spare

Location

Ext

Cause Value
Information Element ID

Ext

Ceding Standard

Flag

Reserved

Action Indicator

IE Length

Endpoint Reference Type
Endpoint Reference Flag
Endpoint Reference Value

: Endpoint Reference
; last octet
2 ITU-T standard
: not significant
:reserved
7 N
: clear call
03

- Q.938 UNI call control

: from

: DROP PARTY
: last octet

: not signifricant

. clear call
:13

:Cause

: last octet

S 1TU-T slandard
: not significant

: reserved

: clear call

;2

: last octet
. user .

: fast octet
: NE:unspecified

Y

: locally defined integer
: from the ongination side
12
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Trace 12-7k. DROP PARTY ACKNOWLEDGE (Leaf #3) message details

12:47:00.77400280 CPP:2 LIF:3 Rx UNI Sig. ATMF UNI 3.1

1 00001001
2 0000----
----0011

-0000060
00000000
00000101
10000100

~N o v s

-——-00
00000000
00001101
00001000

SR fa R s +

3 00000000
00000010

S p—
0011111
1 01010100

00000000
00000011
00000000

a N bW

-0000000
6.1 00000010

Protocol Discriminator

Spare

Call Reference Length
Call Reference Flag
Call Reference Value

Message Type

Ext

Spare

Flag

Spare

Action Indicator
Message Length

Information Element ID

Ext

Coding Standard
Flag

Reserved

Action Indicator
IE Length

Ext

Spare
Location

Ext

Cause Value

Information Element ID

Ext .
Coding Standard
Flag

Reserved

Action Indicator
iE Length

Endpoint Reference Type
Endpoint Reference Flag
Endpoint Reference Value

1 Q.93B UNI catl control

‘1o

v

: DROP PARTY ACKNOWLEDGE
- last octet

: not significant

: clear call
;13

: Cause

: tast octet

1 ITU-T standard
: not significant

: reserved

: clear call

2

: last octetl

. user
- last octét
;.NE:unspecified

: Endpoinit Reference
. last octet

: ITU-T standard

- not significant
:reserved

: clear call

23

- locally defined integer
: to the origination side
12
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Trace 12-7]. DROP PARTY (Leaf #2) message details

12:47:04.05196510 CPP:2 LIF:3 Tx UNI Sig. ATMF UNI 3.1

1
2

N = 0 @ ~N OO,

E-Y

[+ TR 4L B -

00001001
0000----
0011

-0000000
Q0000000
00000101
10000011

00000000
00001101
00001000

<--=-000
00000000
00000010

0011111
01010100

<ee=-000
00000000
00000011
00000000

-0000000

6.1 00000001

Protocol Discriminator

Spare

Call Reference Length
Call Reference Flag
Call Reference Value

Message Type

Ext

Spare

Flag

Spare

Actron Indicator
Message Length

information Element D

Ext

Coding Standard
Flag

Resarved

Action Indicator
|E Length

Ext

Spare
Location

Ext

Cause Value

Information Element 1D

Ext

Coding Standard
Flag

Reserved

Action Indicator
IE Length

Endpoint Reference Type
Endpoint Reference Flag
Endpoint Reference Value

: Q.93B UNI call control

from

: DROP PARTY
: last octél

: not significant

: clear call
113

: Cause

: last octet

1 ITU-T standard
: not significant

. reserved

: clear call

12

s last octet

user
. last octet e
: NE:unsp;ecified

: Endpoint Reference. .-
: last octet
:ITU-T standard
: not significant

: reserved

s clear cBll -
03

- locally defined integer
: from the origination side
| ‘

ATM Analysis
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Trace 12-7m. DROP PARTY ACKNOWLEDGE (Leaf #2) message details

12:47:04.05490610 CPP:2 LIF:3 Rx UNI Sig. ATMF UNI 3.1

100001001
2 0000----
0011

-0000000
00000000
00000101
10000100

-~ O &

00000000
00001101
00001000

N - O @

-+--000
3 00000000
00000010

£

-0011111
1 01010100

00000000
00000011
00000000

[+ 1T & R N N

-0000000
6.1 00000001

Protocol Discriminator

Spare
Call Reference Length

- Call Reference Flag

Call Reference Value

Message Type

Ext

Spare

Flag

Spare

Action Indicator
Message Length

Information Element 1D

Ext

Coding Standard
Flag

Reserved

Action Indicator
IE Length

Ext

Spare
Location

Ext

Cause Value

Information Element ID

Ext

Coding Standard
Flag

Reserved

Action Indicator
IE Length

Endpoint Reference Type
Endpoint Reference Flag
Endpoint Retference Value

: Q.938 UNI call controi

b (o]

DROP PARTY ACKNOWLEDGE
: last octet

: not significant

: clear call
13

: Cause '

: last octet

: ITU-T standard
: not significant

: reserved

: clear call

12

: last octet

T user ,
: last octet
_: NE:unspecified
B Endpoint-R'e'ference
: last octet
:ITU-T standard
: not significant
: reserved
" :clear call
;3

: locally defined integer
: to the origination side
1
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to-point connection between the Root and Leaf #1 exists. To terminate this last part,
a RELEASE message is sent from the analyzer to the switch (Trace 12-7n). The Call
Reference Value (5) is indicated as before, and a Cause [E states the reason for the
call termination (normal call clearing). The switch returns a RELEASE COMPLETE
message (Trace 12-70) which completes the call disconnection sequence and allows

Chapter 12: ATM Analysis

At this point in time, Leaves #2 and #3 have been disconnected, and only a point-

the network resources to be used for subsequent connections.

Trace 12-7n. RELEASE message details

12:47:09.14326120 CPP:2 LIF:3 Tx UNI Sig. ATMF UNi 3.1

1
2

~N O 0 A

N - W

00001001
0000----
—--0011 -

00000101
01001101

-0010000

Protocol Discriminator

Spare

Call Reference Length
Call Reference Flag
Call Reference Valua

Message Type

Ext

Spare

Flag

Spare

Action Indicator
Message Length

information Element ID

Ext

Coding Standard
Flag

Reserved

Action Indicator
IE Length

Ext

Spare
Location

Ext

Cause Value

: Q.938 UN! call contro!

: from

: RELEASE
: last octet

: not significant

: clear call
' 6

- Cause

: last octet

: [TU-T standard
. not significant
: reserved

: clear call

12

-last oglet
:user

- last octet
: NE:normal call clearing
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Trace 12-70. RELEASE COMPLETE message details

12:47:09.14645750 CPP:2 LIF:3 Rx UN! Sig. ATMF UNi 3.1

1
2

~N & 0 n

00001001
0000----
---00M1

-0000000
00000000
00000101
01011010

00000000
00000000

Protocol Discriminator
Spare
Call Reference Length
Call Reference Fiag
Call Reference Value

Message Type
Ext
Spare
Flag
Spare
Action indicator
Message Length

: {1.93B UN! call control

: RELEASE COMPLETE
: last octet

: not significant

: clear call
:0

12.8 Transmitting TCP/IP Data over ATM

Our final case study looks at the transfer of application data over an ATM infra-

structure. In this example, a workstation initiates a TELNET connection with a host
through an ATM switch (Figure 12-10). Note that the analyzer 1s monitoring only
the data from the workstation to the switch, and does not capture any of the data in-.
the opposite direction. For this reason, the protocol decode will indicate the “Rx” .
direction (workstation to switch) for the cells, and we never see any cells noted in

the “Tx” direction.
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!

G
L

> — _X_

HP Workstation

ATM Swilch
HP 9000

Network
Analyzer
]

Figure 12-10. ATM and TCP/iP analysis.

The example includes nine different messages that are sent from the workstation
to the switch (Trace 12-8a). Note that cach of these messages requires two cells 1o
carry the-data, as indicated by the timestamps that are placed on the cells (sec the left
hand margin of Trace 12-8a). For example, the first message contains Address Reso-
lution Protocol (ARP) information and requires two cells for transmission. The first
cell arrived at 12:08:29.53426090, and the second cell arnved at 12:08:29.53427120.
Note that the analyzer is able to completely decode the higher-layer information after
the last (second) cell arrives. The next two lines of the trace indicate that AALS is
being used to transport an ARP message. The ARP message is further decoded to
identify its contents: the Logical Link Control (LLC) header, the Subnet Access Pro-
tocol (SNAP) header, and finally the ARP message. The other messages from the
workstation indicate that a TELNET connection is being established, TELNET para-
meters are being negotiated, and finally the TELNET login occurs.
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Trace 12-8a. TELNET Connection over ATM (summary)
HP Broadband Series Tester Capture Data Record

12:08:29.53426090 Port 4:1 Rx ATM VPIVCI = 0/101
12.08:29.53427120 Port 4:1 Rx ATM VPINCI = 07101
12:08:29.53427120 Port 4:1 Rx AAL-5 Length = 68
12:08:29.53427120 Port 4.1 Rx ARP

LLC DSAP=0xAA SSAP=0xAA CTL=0x03

SNAP  OUI=0x00-00-00 PID=0x0806

ARP  Hardware=ATM Qperation=Request inverse
12:08:39.43636840 Port 4:1 Rx ATM VPI/VCI = 0/101
12:08:39.43637870 Port 4:1 Rx ATM VPI/VCI = 0/101
12:08:39.43637870 Port 4:1 Rx AAL-5 Length = 68
12:08:39.43637870 Port 4:1 Rx ARP

LLC DSAP=0xAA SSAP=0xAA CTL=0x03

SNAP QUI=0x00-00-00 PID=0x0806

ARP  Hardware=ATM Operation=Reply Inverse
12:20:00.15308550 Port 4:1 Rx ATM VPI/VCI = 07101
12:20:00.15309590 Port 4:1 Rx ATM VPINCI = 0/101
12:20:00.15309590 Port 4:1 Bx AAL-5 Length = 52
12:20:00.15309590 Port 4:1 Rx IP

LLC DSAP=0xAA SSAP=0xAA CTL=0x03

SNAP  OUI=0x00-00-00 PID=0x0800

P XXX.YYY.125.4 -> XXX.YYY.125.3 Id=25b5

TCP telnet -> 12386 Flags=.A..S. 5eq=1092224001 Ack=1
12:20:00.20426240 Port 4:1 Rx ATM VPINVCI = 0/101
12:20:00.20427400 Port 4:1 Rx ATM VPIVCI = /101
12:20:00.20427400 Port 4:1 Rx AAL-5 Length =48
12:20:00.20427400 Port 4:1 Rx IP ,,

LLC DSAP=0xAA SSAP=0xAA CTL=0x03

SNAP  OUI=0x00-00-00 PID=0x0800

IP XXX.YYY.125.4 -> XXX.YYY.125.3 [d=25b6

TCP telnet -> 12386 Flags=.A.... Ack=1278080007
12:20:00.279294390 Port 4:1 Rx ATM VPI/VCI = 0/101
12:20:00.27930530 Port 411 Rx ATM VPYVCI = 0/101
12:20:00.27930530 Port 4:1 Rx AAL-5 Length =51 -
12:20:00.27930530 Port 4:1 Rx IP

LLC DSAP=0xAA SSAP=0xAA CTL=0x03

SNAP  OUi=0x00-C0-00 PID=0x0800 ,

1P XXX YYY.125.4 -> XXX.YYY.125.3 Id=25c9

TCP telnet -> 12386 Flags=.AP... Seq=1092224002 Ack=1

TELNET IAC DO TERMINAL TYPE
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12:20:00.36361750 Port 4:1 Rx ATM VPINVCI = 0/101
12:20:00.36362780 Port 4:1 Rx ATM VPIVCI = 0/101
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
SNAP  QOUI=0x00-00-00 PID=0x0800
P XXX.YYY.125.4 -> XXX.YYY.125.3 Id=25¢ca
TCP telnet -> t2386 Flags=.AP... Seq=1092224005 Ack=1
. TELNET 1AC WILL SUPPRESS GO AHEAD <FF><FB>
12:20:00.38805570 Port 4:1 Rx ATM VPINVCI = 0/101
12:20:00.38806610 Port 4:1 Rx ATM VPINCI = 0/101
12:20:00.38806610 Port 4:1 Rx AAL-5 Length =86
12:20:00.38806610 Port 4;1 Rx IP
LLC DSAP=0xAA SSAP=0xAA CTL=0x03
SNAP  OUI=0x00-00-00 PID=0x0800
IP XXX.YYY.125.4 -> XXX.YYY.125.3 Id=25¢cb
TCP lelnel -> 12386 Flags=.-AP... Seq=1092224014 Ack=1
TELNET IAC WILL ECHO <FF><FB><01><FF><FD><01><00><0A><0D>
12:20:00.39593080 Port 4;1 Rx ATM VPINVCI = 0/101
12:20:00.39594110 Port 4:1 Rx ATM VPIWVCI = 0/101
12:20:00.39594110 Port 4.1 Rx AAL-5 Length = 51
12:20:00.39594110 Port4:1 Rx IP
LLC DSAP=0xAA SSAP=0xAA CTL=0x03
SNAP OUI=0x00-00-00 PiD=0x0800
P XXXYYY.125.4 -> XXX.YYY.125.3 Id=25¢cc
TCP telnet -> 12386 Fiags=.AP... 5eq=1092224052 Ack=1
TELNET IAC DONT ECHO
12:20:00.56377560 Port4:1 Rx ATM VPI/VCI = 0/101
12:20:00.56379630 Port 4:1 Rx ATM VPINCI = 0/101
12:20:00.56379630 Port 4:1 Rx AAL-5 Length =55
12:20:00.56379630 Port 4:1 Rx IP ‘ )
LLC DSAP=0xAA SSAP=0xAA CTL=0x03 .
'SNAP  OUi=0x00-00-00 PiD=0x0800
P XXX.YYY.125.4 -> XXX.YYY.125.3 Id=25¢d
TCP teinet-> 12386 Flags=.AP... Seq=1092224055 Ack=1
TELNET login:

-~

The details of one of the workstation messages illustrate how one TELNET mes-
sage is divided into two cells for transmission (Trace [2-8b). The information from the
ATM layer is shown in the first two cells, beginning with the ATM headers. In order
to reconstruct the TELNET message, the payloads of the two cells must be combined:
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Payload: AA AA 03 00 00 00 08 00 45 00 00 2B 25 C8 00 00
(cell #1) 3CO6DED3IXXYY7D04 XX YY 7D 0300170952
41 1A 04 02 4C 2D F4 07 50 18 3F FA 4E E6 00 00
Payload: FF FD 18 6F 00 00 00 060 00 00 00 00 00 00 00 00
(cell #2} 00 00 00 00 00 00 G0 00 00 00 00 00 00 00 00 00
00 0C G0 00 00 00 00 GO 00 00 00 33 03 C8 DA BY

After the analyzer combines these two payloads, it can next begin to decode the
various protocol layers contained within the data. For example, the first three octets
are the LLLC header: DSAP =33, SSAP = 33, Control = 03. The next five octets are
the SNAP header: OUI = 00 00 00, PID = 08 00. Next comes the IP header, begin-
ning with the Version and Length (45), Type of Service (00), and continuing through
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 (G0 17). The TCP header ends with the Checksum (4E E6) and the Urgent Pointer
(00 00). The TELNET data is a simple option (FF FD 18), which is followed by:37
pad characters. The AALS trailer completes the reassembled message and includes
the User-User indication (00), the Common Part Indicator (00), the length (00 33),
and the CRC32 (03 C8 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). This payload could be furthersub- .
divided into the LLC header (3 octets), the SNAP header (5 octets), the IP header

(20 octets), the TCP header (20 octets), and the TELNET data (3 octets), which yield
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 carrying the
TELNET information.

Trace 12-8b. TELNET Connection over ATM (details)

12:20:00.27929490 Port 4:1 HAx ATM -
Header: Generic Flow Control 0
Virtual Path ldentifier o
Virtual Channel identifier 101
Payload Type 0 (User Data, No Congest, Userind=0)
Cell Loss Priority 0 (Higher Priority)
Header Error Control 0x9C
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AA AA 03000000 08 004500002825 C90000
3C06DED3IXXYY7DO04 XX YY 7D 0300170952
41 1A 04 024C 2D F4 07 50 18 3F FA4E E6 00 00

12:20:00.27930530 Port4:1 Rx ATM

Header:

Paytoad:

Generic Fiow Control
Virtual Path Identifier
Virlual Channel identifier
Payload Type

Cell Lass Priority
Header Error Control

0
o
101

ATM Analysis

1 (User Data. No Congest, Userind=1)

0 (Higher Prionty)
0x92

FF FD 18 6F 00 C0 00 00 00 00 00 0000 00 00 00
00 00 00 00 00 00 00 00 00 Q0 00 00 00 00 00 00
Q0000000000000 000000003303CBDABY

12:20:00.27930530 Port4:1 Rx AAL-5
AA AA 03 0000 00 08 00 45 00 00 2B 25 C9 00 00
JCOB6DED3IXXYY7D 04 XXYY 7D 0300170952
41 1A 04 024C 2D F4 07 50 18 3F FA 4E E6 00 00

Payload:

Pad Characters

Trailer:

FFFD 18

0x6F 00 00 00 (0 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 00 00 00 00 00

00
User-User Indication
Common Part Indicator
Length
CRC3z

12:20:00.27930530 Port 4:1 Rx IP

LLC:

SNAP:

DSAP

SSAP

Control

oul

PID

Version = 4

Header iength = 20
Type of service = Routine{0)
Delay = Normai {0)
Throughput = Normal (0)
Reliability = Normal {0)

0x00

0xQ0

51
0x03C8DAB7 -

OxAA (SNAP-SAP)
OXAA (SNAP-SAP)

0x03 (Unnumbered Information) .

0x00-00-00 {Ethertype)
0x0800 (internet Protocol)
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Packet length = 43

Id = 25¢c9

Fragment offset = 0

Flags = [Don’t Fragment = 0)[More = 0)
Time to live = 60

Protoco! = TGP (6)

Header checksum = DED3

Source address = XXX.YYY.125.4
-Destination address = XXX.YYY.125.3

TCP: Source port = telnet (23) '

Destination port = 2386

Sequence number = 1092224002

Ack number = 1278080007

Data ofiset = 20

Flags = [URG=0)JACK=1}{PUSH=1][RST=0][SYN=0][FIN=0]
Window = 16378

Checksum = 4EE6 |

Urgent pointer = 00000000

TELNET: Interpret as Command. (IAC)
DO use option TERMINAL TYPE

12.9 Possible ATM Error Conditions

Below are some general guidelines to help you analyze the ATM layer, AAL3/4,
and AALS protocols [12-4] and [12-5]. Refer to Figures 11-4a, 11-4b, 11-11, 11-13a,
11-13b, and 11-14, 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). Verify that the HEC is correct.

For ATM Layer Management PDUs (OAM cells), look for:

'+

> aninvalid OAM cell type
> an invalid OAM function type
> aninvalid OAM CRC-12
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12.9.2 AAL3/4 CPCS Analysis Guidelines

YYVYY

Y

>

Verify that the value of the CPI field is not zero.

Verify consistency between the BTag and ETag values.

Verify that the BAsize field is large enough to contain the PDU.

Verify that the size of the PDU is not less than the minimum (8 octets) or
larger than the maximum (65,544 octets). Note that the maximum is derived
by adding the payload (65,535 octets), the pad (1 octet), the header (4 octets),
and the trailer (4 octets), which aligns the PDU to a multiple of 4 octets.
Verify that the Pad length 1s correct.

Verify that the value of the Alignment field is zero.

12.9.3 AAL3/4 SAR Analysis Guidelines

>

Y

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 is correct.

Look for an Abort_SAR_PDU from [.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 reassemblies,
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 Layér 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.

~»  Verify that the CRC-10 value is correct.
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BWA What is it?

LocaL
MULTIPOINT

D 1sTrRIBUTION
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. A broadband wireless (wireless fiber) point to
‘multipoint communication system for digital
two way data, m’rer'ne'r video and voice
services.
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'LMDS: What is it?

Voice, Fax, HS Data
Internet & Intranet Access
Leased lines E1, nxE1l
ATM / FR Networks
Video Conferencing

. Wireless LAN



LMDS What is it?

ngh capacufy Pt to Multi- -pt Microwave systems in the
2@5 GHz - 40 GHz range for local distribution of services

. Multi-Dwelling
K Unit Subscriber

——— T e

Frame Relay
_ :'\l‘runks to Public Frame
; & ISP

Fiber Ring
or Microwaves
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ATM Trunks
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ATM
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____________
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Industrial/

Institutional
Subscriber




© LMDS/BWA: What is it?
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7 Uses spectrum from 2.5 6Hz to 40 GHz
{+ Point to multipoint radio access

. Demand driven deployment

" Virtual ATM air interface supports voice, data
| and video services

" Bandwid*h is shared among users in a cell



" FWA: What is it?

A NARROW BAND wireless (wireless copper)
“point to multi-point communication system for
. digital two way data, fax, m1‘e.r'ne1' and voice
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o FWA:What is it ?

Switch §§

Concentrating
Backhau
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Basestation
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% FWA What is it?

A Technology capable of dellver'mg high qualﬂ‘y
Iecommumcahons services

Voice
Fax
Voice Band Data

Internet & Intranet Access at up 1'0

128kbps
ISDN: 1B+D, 2B+D
'‘Always on' e-mail
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" High capacity microwave access systems in the 1.9-3.5
" 6Hz band for local access
£ ' Residential
" Subscriber

Fiber
or Microwave backhaul

Circuit
‘Switch

! Business
Subscriber
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FWA: What is it?

Uses spectrum 1.9 GHz to 3.5 GHz
Point to multipoint radio access
- Demand driven deployment

.. Virtual ISDN air interface supports voice,
data and video services

Bandwidth is shared among users in a cell
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Mexuco BWA Market

—Fiber

—xDSL

-~ Wireless
- Saellite

*» BWA market of
US$1000M in 2003

* Total market of
US$5,000M in 2003

» Wireless BWA mérket |

growing at 189%
annually

 Wire broadband
access market
growing at 58%
annually
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BWA Where does

FWA/Cellular/PCS microcell
7Telephony & FAX " infrastructure

+High Speed Data - Replace conventional point to point with
. #Internet & Intranet Access point to multipoint infrastructure for cost
v'Leased T1/E1, T3/E3 and network economies

Video conferencing

il
" Wireless LAN !
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Enterprise
Networks

Reunion

BASE STATION (indoot)
STM-1/0C-3c Interface
Flexible configuration

~' LMDS How does it work?

Product

BASE STATION (outdoor)
Broadband Transceiver
Rooftop or Tower mounted
Various antenna configs
24 GHz 26/28 GHz
38 GHz

Large customer

. _‘-‘ﬁbint to multipoint technology allows high speed, high capacity two way
5 - 4 multimedia services to be delivered directly to the local access market by
. @ wirelessly bypassing the local exchange carrier

customer

12"x12"x10" CPE antenna
Modular/Integrated styles
Voice, data and video
Application interfaces:

E1/T1 E3/T3
10BT ATM
E0/DSO

SNMP based end to end OA&M

Small to medium

23



E1/DS1
POTS

10BT
E1/DS1
POTS

E1/DS1
POTS
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~ LMDS: How does it work?

o MA is best suited for:

| '; for large bandwidth requirements per CPE
— performance for high capacity traffic per CPE
. (aggregcted) |

TOMA is best suited for:

po

+for low minimum bandwidth requirements per CPE -
“‘burst like data patterns

The cross over between TDMA and FDMA is 1.5 Mb/s
to 2.5 Mb/s depending on traffic characteristics



shp ot

Y AR .
ects on Coverage | Cell with 12 x sectors (30 9) 3 Cell Pattern
\atenna / Sector Patter ns Increase Capacity & Coverage Extend Coverage
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M DS System Design Considerations

gr'equency band and bandwidth available

Rain region

Qverall reliability % objective

"“Target. areas/location of subscribers/rollout plans
[._‘.Type of services

##%¢ - Data

- - Internet

- Video Conferencing
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Spectrum . E1 Radius | 90° area | Total #E1
[MHZz] [Km] [Km?] per Area
60 1.7 16 201 11.7
500 97.5 3 7.1 2,778.0
200 39.1 2.2 3.8 2,066.1
Ass'umpf/ons
I traffic is symmetrical + 90 degree antenna
éuse factor of 1.5 + 3 carriers |
20% qverhead required for ATM and FEC * 10 MHz per carrier

Terrain Type "A”

CNR =12 dB

Vertical polarity
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WA How does it work?
s Proximity II Product

:Pb:,in'fto multipoint. technology allows high quality two way telephony services
‘to.be delivered directly to the local access market by wirelessly bypassing
stheglocal éxchenge >arrier

&
L1

gy Customer line
connections

BASE STATION (outdoor) Customer Installation

Transceiver ‘Reports Include:
Rooftop or Tower mounted - Bit Error Rate

Various antenna configs - Rx signal level

BASE STATION (indoor)
WV 5.2 switch interface
Scaleable configuration
External cabinet option

3.5 6H 0-1 e
No base station controller dupﬁ:xz' 50-100 MHz - g%’{;:cp ?a:ll"l'er'y condition
redundant architecture N arlure
. v TMN based end to end OA&M 29
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INTELLIGENT RIU SHARES POWER EQUALLY. ALSO SENSES AND
COMPENSATES FOR EITHER HOUSE TURNING OFF POWER
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CLASS
Telephone
Fax

PBX/Router
TA

Ly

Voice Band
Data Modem
PC

Internet
Teleworker
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- - Data
- Im'er'ne’r
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«gi‘-al dpequr‘s for up to 40km range

te operh‘rors for niche market applica‘rions

Iterna

Providers to bypass the local loop
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Technology comparison

“Technologysv = Frequency Band-Spectrum Range Data Rates
A

J

24-38 GHz 60~1000 MHz <6 km Up to 155 mbps
~ (per sector)

1.9 GHz 20 MHz <3 km 28.8 kbps
1.9 GHz 40 MHz <60 km 14.4 kbps

3.56Hz 34 MHz <40 km 128 kbps
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Base Station

L

.. Any network, any service,

Base station

10baseT
Modem
ISDN
PSTN
Connectivity

any operator
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1€ of the art RF technology
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ALCATEL

Distribucion de Rentabilidad

100%
90%
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70%
60%
50%
40%
30%
20%
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0%

Niamero

Ingresos

Ganancia

—r

Clientes residenciales

B Pequeiios Negocios

[ Siguientes 1000 mas
grandes clientes
corporatives

M 40 mas grandes clientes

V¥ Los grandes clientes corporativos dominan la rentabilidad
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CALCATEL] Nuevas Estrategias de Ataque
para la Entrada

Adquisicion
de Clientes
Servicio a
= Clientes
S
- puf
o
I - c ey
g Adquisicion e cturaci
= de Clientes | [ 2cturacion
o
L
—_ Adgquisicién Adgquisicion Servicio a T ransmision
g de Clientes de Clientes Clientes
o |
Z
Servicio a Servicio a ., :
Clientes Clientes Facturacion | [Conmutacién
Adquisicion Adquisicién 16 i onmutacion A
de Clientes de Clientes | |Facturacion Facturacién C ceeso
Proveedor/ Integrador Operador de Revendedor Revendedor Carrier
Agente Rellamadas - sin Switches con Switches basado en

Facilidades




Sitios

ALCATEL

Dinamicas Competitivas

Ataque Basado en Facilidades

Doméstico

Pequefio

—— Teloworkers-

PC y linea dedicada.
Requiere E-mail /
Acceso FTP.
Normalmente,
trabajores de oficina o
[———sjeettives

Teleworkers

Linea dedicada para
usuarios con carga de
trafico.

Oficimaentasa
A menudo, la Unica
oficina, con miembros
de la familia como
empleados. Pueden
tener linea dedicada,
fax

Usualmente solo una
linea dedicada.

Penetracion
aunb

Oficinas Pequéﬁas

Pueden ser conectadas
a redes corporativas
como extensiones

Oficinas Pequerias

Pueden ser conectadas
a un host como
extensiones externas

A menudo solo una
linea dedicada.
~ Usuarios de fax ¢

externas. del Sistema Llave.
Sucursales ~ Oficina Central , . . .
Mas altos niveles de trafico e ingresos
Normalmente m3 6] , . . .
lineas dedicages, mas | ¥ Mas bajo costo para dar servicio
el Si LIavT,:. En | w  Corto tiempo para implementacién:
lones una :r;ea manera mas rapida para atraer ingresos
s a?<'. a caudales
V¥ Por lo tanto, blanco primario para nuevos

operadores

mpresas medianas
y pequeiias

Residencial

Proveedores

. Individuales

Usuarios



Sitios

7 - | « s s .y
| Dinamicas Competitivas

ALCATEL] |
Otras Oportunidades de Mercado

OficimaenrCasa
PC y linea dedicada. Teleworkers A menudo, fa Gnica J( almente solo.una,
Requiere E-mail / . . oficina, con miembros i’ﬂﬁga SLYlE10S ©
Domeéstico Acceso FTP Linea dedicada para de. la famili
Norm almenté usuarios con carga de e&%bﬁéﬁﬁg Penetrams §)ATV
trafico. .
trabajores de oficina o tenegll?ea dedicada, Correo e Voz

PP Tt HYP-P
UJUUUllvv\J .
Oficinas Pequedfas Oficinas Pequdias dima E-Mail/Internet
m edica ~ 2da Linea

_ | Pueden ser conectddas Pueden ser conedtadas E Fnetin Fiio/Mévil
Pequefio | 5 redes corporatives  Servigins 0 amm(ﬂemmros yoriviovitr -
' extensiones extdrnas de N s
EitiagaLidve, LAV o
HR ' servicios moviles. LS
; Cor®fside Saotral 17717 —1
ciha - NorMaMaile mas de6 : )
Medio % ,LfaveyLAN proploc. lincAstdesyoedas, map e B RN
¥ Nechﬂan conemone-s Cﬁlﬁ%eagl;lgxe En 1. TN T R R N Gy
4 e@g;miatosalaﬁred . ocasiones una linea , ce e LTk
i &%rporatgva dedicada paraelfax) |- . . . N R on
% —rmu"ﬁ‘“‘ . : : - .
: Gﬂﬂﬁk&ﬁmﬁg T e ‘ .
) A.-.a;f"::; =,_§2‘!:%"‘ . ) . O o Lt . " : ; , i
*e: by A“B:X::ACCADQ,’”«? ‘ . J : : ¢ ? i.." f‘ ’:“ ‘..‘
aiinffams hosts, f SRRl IR
Empresas medianas Proveedores Residencial

y pequenas . __Individuales

Usuarios
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ALCATEL]

Dinamicas Competitivas
Ataque Basado en No-Facilidades

——Teleworkers
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PC y linea dedicada.
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a redes corporgfivas -
<7 COomN fories /
Lrexternag.

.
:‘E

Pequerio

553

Teleworkers

Linea dedicada parg.
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 ALCATEL] Prioridades del Usuario Corporativo

Confiabilidad de la Red

Rapida Respuesta a Fallas

Eficiencia en Liberacién de Fallas

Tarifas Bajas

Facturacion Confiable

Comprension de los Negocios

0 20 40 60 80 100
% de encuestados

V¥ Porcentaje de Ias mas importantes prioridades de los usuarios.

V¥ Los items no presentados (cobertura, rango de servicios, flexibilidad de facturacion, etc.)
fueron importantes para menos del 10% de los usuarios

V¥V  Muestra de 270 encuestados en compaiiias con mas de 500 empleados
Fuente: CIT/Westcombe 1995
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ALCATEL| Prioridades de Empresas
Medianas y Pequeiias

Confiabilidad de ]Ja Red

Tarifas Bajas

Riapida Respuesta a Fallas

Eficiencia para Liberar Fallas

Facturacion Confiable

Informacién de los Servicies

0 20 40 60 80
% de encuestados

V¥ Porcentaje de las tres mas importantes prioridades de los encuestados

V¥ Otros items (cobertura, rango de servicios, flexibilidad en la facturacion, etc.) fueron
importantes para menos del 10% de los encuestados

¥V Muestra de 370 encuestados en compaiiias de 1 a 10 empleados, con mas de una linea

100

Fuente: CET/Westcombe 1995
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ALCATEL] Prioridades para Usuarios Residenciales

Facturacion Exacta
No Interrupciones
Proteccién contra Fraude
Ripida Selucién a Problemas
Servicio Responsable
Precios Razonables
Servicio Coentinuo
Productos de Calidad
Eficaz Servicio de Usuario
Facilidad de Use
Sensible a la§ Necesidades

Prevision de Necesidades
Futuras

% de encuestados

V¥  Porcentaje de encuestados calificando el item como “muy importante”

V¥ 12 Mayores prioridades de servicio para una muestra de 250 usuarios residenciales en E.U.

90

12

Fuente: Telephony/Unisys 1995
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ALCATEL

Usuarios Corporativos: Niveles de

Conocimiento y Penetracion de Servicios

Lineas Privadas Digitales
(<64Kbit/s)

Lineas Privadas
Analégicas

Lineas Privadas Digitales
{(>64Kbit/s)

PRA ISDN
VPN

X.25

Frame Relay

Centrex

B Conocimiento
O Usado ahora
@ Probablemente se use

en 5 afnos

20 40
% de encuestados

60 80

Fuente: CIT/Westcombe 1995

V¥ Losservicios no-PSTN (SMDS, Datos I nalabrico, etc.) abajo del 20% de conocimiento

V¥ Muestra de 276 encuestados de compaiiias del Reino Unido con mas de 500 empleados
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AI.CATEL

~ Internet ¢ Intranet

Servicio Ingresos (£Em) | Ingresos (%)

Residencial : Internet de Banda Angosta 254 9
Residencial : Internet de Banda Ancha 45 2
Residencial : VoD Interactivo 221 8
Residencial : Difusion de TV 448 16
Total Residencial 969 35
Negocios: Internet /Intranet B. Angosta 1290 46
Negocios: Internet/Intranet B. Ancha 553 19
Total de Negocios 1843 63
Total 2812 100

V¥ Negocios e Internet/Intranet dominan

V¥ Servicios de Banda Angosta atin claves

UK, Aiio 2000

Suposiciones “optimistas” de Banda
Ancha

Fuente: Analysis, Junio 1996

~

V¥ Grandes corporaciones con comunicaciones de mensajes y datos manejan el mercado

14



ALCATEL

Diferentes patrones de actividad

y presupuestos...

Corporativo

V¥ Encasaoenuna
pequeifia oficina

V¥ Por lo general una o dos
personas unicamente

V¥ Trabajo de tiempo
parcial y tiempo
completo

V¥ Costos con cargo directo
o indirecto a la
corporacion.

Profesional

V¥ Trabajador
independiente

V¥ Usualmente en casa o en
una pequefia oficina

V¥ Control de costos
eficiente, requerimientos
clave

¥V Paga sus propios costos.

Oficina en Casa

Familias con cierto
conocimiento técnico

tareas como :procesador
de palabra, e-mail,
mercadeo en red

Usos competitivos
:juegos y para trabajo en
casa

Pago del presupuesto
familiar

Una ventana a las empresas
de comunicaciones y los
sistemas de informacion

Sistema de administracion
de negocios y herramientas
de productividad

Mejoramiento del nivel de
vida a través del
entretenimiento, la
educacion y la
productividad

15
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ALCATEL

... Asi como,

los criterios de compra ...

Profesional
Productividad

confiabilidad/resisten
cia en el trabajo
pesado

Soporte de calidad

Herramienta de
trabajo y control de -
costos '

<

Corporativo
Rendimiento
Confiabilidad

Gran interes en la
Integracién a los
servicios
corporativos

Facil de manejary
administrar

Oficina en el Hogar

V¥ Respaldo de marcas
reconocidas

V¥ Oferta segmentada
en paquetes

V¥ Facil de adquirir

V¥ Facil de usar

16



... La instalacion y el soporte
del servicio son la clave

ALCATEL

V¥ La atencion a un gran namero de pequeiios sitios/usuarios presentan retos especificos

V¥ El Servicio completo debe incluir :

O suministro de servicio relacionado CPE (Tarjetas PC, NTEs,dispositivos de acceso
remoto, etc.)

O suministro de servicio-relacionado con software (clientes, APIs, seguridad,etc.)

O instalacion y activacion del sistema

. ¥ El Soporte debe incluir
O reemplazo de hardware y reparacion
3 monitoreo del funcionamiento en linea y diagnosticos técnicos de soporte tipo hot-
line
0 mantenimiento y soporte en sitio

0 El Servicio tiene que estar disponible en una amplia area geografica, con una
coordinacion trans-nacional para mejores resultados

17
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 ALCATEL] Experiencia en los E.U. (1)

La penetracion de CLASS ha alcanzado el 26%
O Dominada por suscripciones de Llamada en Espera

CLI1 ha alcanzado una penetracion de 12%, y se espera que crezca explosivamente en 1996:

3 CLI en California sera lanzado en Abril: esto representa el 30% de todas las llamadas
nacionales

0 CLI sera nacional en Julio, en cuanto las IXC’s acojan el mandato FCC

Todos los participantes mayores estan desplegando ahora ADSI como un mejor MMI para
facilidades CLASS y de Correo de Voz

3 7 RBOC’s mas GTE y otras independientes grandes
O Bell Canada

Base terminal ADSI
O 1995 :290,000
3 1996 : 1 millon (estimacion de NorTel)

Primer adopcion fuertemente relacionada al uso telefonico, mas que a factores socioecondémicos

o demograficos

18



ALCATEL]I Experiencia en los E.U. (2)
Facilidad I“gres‘;?sﬁ;’s“e“c' I\']:gg(f:fg: o) Total ($m)
Llamada en Espera ‘ 1687 92 1779
Identidad del Llamante 587 52 639
Redireccionamiento de Llamada 250 143 393
Llamada Tripartita 312 40 352
Rellamada Automaitica 233 ' 18 251
Marcacion Rapida 205 28 233
Bloqueo Selectivo de Llamada 103 13 116
Completacion de Llamada en Ocupado 76 ~ 12 88
Timbrado Distintivo 45 8 53
Redireccionmaiento Selectivo de Llamada 33 3 36
Total 3531 409 3940

4 <

Ingresos en 1995 para las 7 RBOC’s y GTE solamente

Estos son ingresos por suscripcion solamente. Los pagos por actlvacnon y los ingresos relativos
al CPE son adicionales

La falta de servicio medido local quita importancia a las oportunidades de terminaciéon de
llamada
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Modelos de Red

20



Modelos de Red (1)

%@@%’ e

ALCATEL
Elementos Clave de Tecnologia
Servid . Oficina , A , Conectividad
crviaores ! Central | ceeso | de Usuario
Correo de Vozy | Fabrica de ! Ganancia : “QPE ?fLIg %“
' Banda . ' bes TS
Correo de Fax“ ' ! de Par . Bt 6l b o
SO N Angosta | [ “}é*%«a:;%%“:m%ﬁ
; FacilidadesC ; Inalémbrico | %ﬁg;[ Slatar de ‘i&%
'. LASS : ; p
:. Puente de | ISDN |
! Conferencia : :
E s E E §§%§£“ "j%la@{@w? %
i Facilidades- 5 Fibra ': E%P $:Mod “%"5‘%? e}
: ISDN - : SDH/PDH  [iiSe
E . Inter- E ! ;
: workmg ! ! :
i ISDN * ; i !
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ALCATEL] Modelo de Red
Servicios y Ventajas Actuales

) PSTN
/“”‘—-.\’__\_\\
CCS No.7
\\\Eg _//-:;

Cat

o
-

Lineas analodgicas
Enlaces E1 ™

Usuarios Empresariales

V¥ Servicios: V¥ Ventajas de la Red
® Conmutacion de Voz o de Datos (via modem) ® Red 100% digitalizada
Acceso a Internet a 56 Kbps (via modem) ® Servicios conmutados y dedicados
Identificacion de llamada, Espera, Tripartita ® Servicios de circuito y de paquete
@ Transferencia, Despertador ® Manejo de Senalizacién No.7, SDH
.®@ Servicios de datos utilizando enlaces dedicados @ Planta de cobre instalada
Redes privadas virtuales de datos (VPN) ® Gestion centralizada

22
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Tendencia General

23



v . .
DXYSHIN ¢ Que esta sucediendo en el mercado?

¥ Fuerte crecimiento del trafico de datos, lo que significa

que las arquitecturas de red seran mas manejadas por
el trafico de datos.

m Backbone comun para voz y datos

m La funcionalidad de voz en redes de datos soportada por
Call servers

m Parte del trafico de voz se tramitara en forma de paquete.

24



ALCATELI Estatus actual de las redes
Servicios Residenciales y ¥ Apartirde la RTPC o
Empresariales , . V¥ Aprovechar capacidad de migracidn y

planta instalada

Enfasis en integracidén, presencia y
flexibilidad

Desde Voz

Conmutacmn de

Servicios Empresariales

X.25/ Frame Relay

e Ak e
}_“grt:v%das A“"IJ‘M g

(ot e
s é‘m L e
rontera Multls

V¥  Apartirde Datos

¥  Enfasis en usuarios de datos

V¥  Esfuerzo en presencia y flexibilidad
v

. Esfuerzo en integracién de Voz y ciruitos
... dedicados

}‘
?.

La importancia de la Vision Estratégica de la Red y la Demanda del Mercado

25
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ALCATEL]| Un backbone comun

V¥ Los operadores estan considerando poner trafico de voz
sobre un backbone de datos (voz sobre ATM o voz

sobre IP), en vez de invertir en una renovacion de los
switches de trafico de voz.

V¥ Los operadores estan considerando utilizar Ia
infraestructura central de otro operador.

26
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7 . .
DYYSEEN (Que estda cambiando? El transporte

V¥ El medio de transporte puede tomar diferentes formas
dependiendo de la red en particular y el tipo de trafico
dominante.

V El trafico IP sera transportado sobre WDM, SDH/Sonet,
ATM, MPLS....

28



ALCATE.L ¢, Que esta sucediendo? El backbone

V¥ Algunos operadores mantendran separados los
backbones de voz y datos por un tiempo considerable.
Nuevos switches de transito con interfaces SDH son
mucho mas densos y de menor costo.

V¥ Otros operadores transportaran voz sobre redes de

datos e introduciran interfaces para voz sobre ATM o
voz sobre IP.

29



v - . : : :
INEWSEAN . Que estd sucediendo? Aplicaciones

V¥ Los servicios de voz son en este momento mucho mas
ricos en facilidades que los servicios de datos. Este
tambien es el caso para el PABX comparado con la
LAN.

V¥ Los servicios de voz son aun la principal fuente de
ingresos para los operadores, quienes no tienen interés
en disminuir sus ingresos por voz moviéndose en la
direccion de solo transporte de bits.

30



i | .
DEYEEEN ¢ Qué esta sucediendo? Aplicaciones

V¥ Los servicios de voz requieren manejo de llamada vy
supervision en tiempo real. Lo mismo es requerido para
interactividad multimedia de persona a persona.

V¥ Los operadores requieren de rapida introduccion de
nuevos servicios, con el fin de competir en funcionalidad
mas que en precio. Esto se logra a través de la red
Inteligente y a través del creciente uso de servidores de
llamada.

V¥ El cambio a un ambiente multimedia requiere la misma
riqueza en facilidades que los servicios de datos.

31



R4 Apreciacion global de la arquitectura

(ALCATEL] |
delaredelP
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Web) - «*
Caching " ;

\— _

Ala Red
de Datos

S
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Trabajo.en Casa

Oficinas Remotas
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ALCATEL

V¥ La mayoria de los operadores tienen al dia de hoy una
multitud de redes de datos y dentro de ellas diferentes
elementos de red, todos ellos con diferentes sistemas de
administracion. Los costos de operacion son enormes.

V¥ La calidad del servicio y la integracion de redes estan
llegando a ser cada vez mas importantes.

o

¢ Que esta sucediendo? AO&M

33
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Vision de Evolucion
Bellcore
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ALCATEL ;. Que esta sucediendo?

V¥V Las compaiiias de redes IP (Cisco,...) y consultoras

(Bellcore,...) estan promoviendo nuevas arquitecturas de
red.

V¥ El mensaje es que éstas arquitecturas resultaran en
menores costos y aumento en la flexibilidad.

V¥ Los operadores estan disminuyendo la inversion en
extension o reemplazo de switches de voz.

35
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AI.CATEL

Vision de Bellcore: capas
funcionales en la evolucion de la Red
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ALCATEL]I)

‘Modelo de Evolucion
Alcatel
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ALCATEL

El modelo de Red del Futuro

V¥ Principios

W Aislar control, servicios, transporte m Multiples tecnologias de

m interoperabilidad con la red
teleféonica existente

datos (ATM and IP)
B Basado en estandares

38



v El modelo de Red del Futuro
Componentes

Service Execution Node
(SEN)

Data Base Server (DBS) -

Signaling Gateway (SGW)

Media Gateway Controller
{(MGC)

Routing Controller (RC)

Media Switch (MSW)

Core Switch (CSW)

NMP, C\K
Trunking Gateway (TGW)

\
Data Gateway (DGW)

Access Gateway (AGW) =" \_ RADIUS, ..., T
Wireless Gateway (WGW)

LIRSIIINERE

IPIATM

39



K Vista del Modelo de red del Futuro de
Alcatel

V¥ Alcatel soporta totalmente este modelb.

V¥ La pregunta importante es:

m ;,Como puede éste modelo ser
implementado en realidad?

¢, Significativa reutilizacion de ¢ Iniciando desde
lo ya instalado y servicios y “scratch”?
productos disponibles?

V¥ Alcatel puede soportar todos los niveles de este modelo,
basandose en:

m Reutilizacion de productos y servicios existentes
B Adicion de nuevas tecnologias y servicios
m Manteniendo la calidad de clase de carrier

40



— T m Soluciones Alcatel para los Diferentes
Niveles de red

Alcatel 1400 - intelligent network

Alcatel 145x - service creation environment
Alcatel 13xx - TMN .
Alcatel 1135 SMC - service management center

Alcatel 1000 CS - call server

Alcatel 1000 S12 - multi-service switch

Alcatel 1000 BBX - - core router

Alcatel 1100 LSS - switch routers (Xylan)

Alcatel Powerrail - routing switch (PacketEngines)
Alcatel 1131 RAN/DANA

Alcatel 1540 MSAN/GA

Alcatel 1570 BB - hybrid fiber coax
Alcatel 9800 - fixed wireless access
Alcatel 9700 - satellite access

... and many more

41



7 . .,
ENYFeaEy Criterios parala Evolucion ala Red del

Futuro
V¥ Servicios sin Union (Seamless)
B Independientes del medio de
transporte (cobre, fibra, radio, ...) Eiemplo de una
B Independientes de la localizacion consecuencia:

(en casa, en el trabajo, en el camino) ,
= E|l mismo portafolio de servicios de Los servidores de voz para
P redes IP requeriran

voz _ similares
4 Innoyatlva convergencia de funciones/servicios como
sServicios los implementados en

nuestros dias en los
sistemas de conmutacion .
de voz.

¥ Los usuarios de datos requeriran servicios similares a los
conocidos ahora en las redes de voz (p.ej., servicios de
red inteligente)

42



7 L . |
EYxwwaay Criterios para la Evolucion a la Red del
Futuro

V¥ Bajo costo de mantenimiento (COO):
B Funciones integradas (en particular: gateway)
m Interfaces estandar
B Red general y administracion de servicio
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Residential and Business Users

" ' Alcatel 1000 S12
Vista a la Red en el 2000

Access Local/Edge " Transit/Core
network management :

Alcatel 13xx TMN |

AAA server medla server, IN SCP, IPIE 164 number translation

B el L e T Y el

Alcatel 1135 SMC -Alcat

3 R g
Pt Ca b St e B W MY

NB transit

1 Radius

Alcatel 1000 S12
Alcatel 1000 S12 '
subscriber POTS . gw;ﬁégb,éi{z;q
lines
ISDN NB fabric
access (DSN) or TDM PDH/SDH
fived. cabl TDM BB fabric
(ljxe » €4 Ie E1/T1, (MPSR) ATM STM-n
modem, wireless, _ .
mobile, satellite STM-1 VOATM GW Alcatel 1000 S12 Transﬂ
ATM VoIP GW switch/router . core switch/router
Alcatel Alcatel 1000
RAN Xylan 8BX

router
Alcatel |_j
Packc—iEggs
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La Red Explotada
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ALCATEL Integracion alrededor del Switch de
la proxima generacion
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4
ALCATEL] Alcatel 1000 S12 Multimedia
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Alcatel 1000 E10/S12 Multimedia
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Residential and Business Users

N4
ALCATEL]

Vista de la Red 1999
para Usuarios Alcatel 1000 S12

Access

Local/Edge

Transit/Core

Alcatel 1360 SMC
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-Alcatel 1400 IN

st e, et L LG T L
.

NB transit

E1, T1, STM-1
S12 RSU, Alcatel 1000 S12
MSAN,
HYTAS
E1/T1 Alcatel —_—
: VR giplakat
POTS || STM.1 100_0 $12 5 i?ng ;
ISDN BaN o VolP GW
MPSR
IP ATM edge/core
: n*10 G
Alcatel 1131
splitter “RAN Alcatel Xylan
- Switch/Router
—— Alcatel 1000 ATM Alcatel 1131
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Corporate networks
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Residential and Business Users

ALCATEL
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para Alcatel 1000 S12
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under study

ATM
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DSN or
MPSR
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&
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SERVICIOS

AESIDENCIALES COMERMCIALES
YEAEP R0 DE AL VO£ OCONFERENCA
TELEFONO DE ALCANCIA COM TARETA DE CREISTODERITO
MUMERC UNVERSAL DATOS
NUMERG PERSONAL FACosm, :
COBRO PEVERTIDO CORFE O DE VO 2
CORAEOD BLECTRONICS LOCALIZACION VEHICULAA

EQUIPOS Y SISTEMAS

DACS, CONMUTADORES DE CIRCUTOS, CONMUTADORES DE PAQUETES, NODOS INTEUGENTES,

NODOS ESPECIALIZADOS DE TELECOMUNICACIONES, REDES INTELIGENTES,

RED SUPERPUEBTA, RED SATELITAL, PUNTOS DE ACCEBO VIDEOTEX, PUNTOS DE CONTPCOL DE

BERVICIOS, ADMINIBTRADORES DE RED, SENALIZACION POR CANAL COMUN

TECNOLOGIAS CLAVE
MICRC SLECTROMICA OPTORLECTROMCA PROC. DE IMFORMACION TRAMBISION RADIDA

COMPONENTES EN I Gake CONMUTACION CPTICA PROCE WO, DRITAL DE SEMALES PACKO CRTAL
TECNOLOGIA BICRION NAPLFICADORE 8§ OFTICOS PROTOCOLOS SATELITE
TECNOLOGIAS D MONTAE S04 FOTODETECTORES Y~ AUMACENAMTO. DE INF OPMACION RADIO CELULAA
CRCUITOS ACS, MLDe FOTOEMMORES COMPYE SOMNAMLE TFLEXAR, DATOS OPFTIMZACION DE DAMDAS
saecs REQENERADORE S COORICACION DE FRECLENCIA®

MOOLLACION DFECTA ¥ ARCUST. DE PROCESADORES )

COHEFRENTE LENGUAIE DE COMPUTO :

MO TEMAS OPERATNOS

INTEFRELACION TECNOLOGICAS CLAVE-EQUIPOS Y SISTEMAS-SERVICIOS
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| [
LATE 1990s — _ ~
1m......._..__.._.| ______ ___!-____%_IJ[__—_J_
- | | |
) | | |
Al | |
ol ] o I S R .
Mg BISDN | |
I Y l B_f%w B:I\STEANI
./ I LATM | I \ J I
: l |
FODI 1l
[EARLY-MID
1990s |
| (1992-95)
o -
Y LATE '119.80 | | |
EANLY 19908 | | | 1 |
| EDER|)EES) o3
el I A N =~
FTH
| l @ l &) | l
| | | | |
- | | | _ ~l, I
SubLAN { AN MAN WAN GAN Geographic

1SDN: Integ:rzted Services Digital Network
BISDN: Broadband ISON

SONET: Synchronous Optical Network
FCS: Fiber Channel Standard

HPPI: High-Performance Parallsl Interface
FODI: Fiber Distributed Data Interface
SDH: Synchronous Digital Hiararchy
LATM: Local ATM

scope

FT1: Fractional T1

ST1: Switched T1

ESCON: Enterprise Systems Conneclion
SMDS: Switched Multi-Magabit Data Service
FFOL: FDDI Follow-On LAN

FRS: Frams Relay Service

HSSI: High-Spead Saerial Interface

FigeltX Broadband LAN/MAN digital technologics of the 1990s.



SERVICIOS PORTADORES

1) MODO CIRCUITO

m 64 kbps no restringido

m 64 kbps para transmision de voz

m 64 kbps para audio a 3.1 KHz

m Uso alternado para voz / 64 kbps no restringido
m 384 kbps no restringido

m 1536 kbps no restringido

m 1920 kbps no restringido

2) MODO PAQUETE
m | lamada virtual y Circuito virtual permanente
m Sin conexidn '
m Senalizacidon de usuario




" SERVICIOS SUPLEMENTARIOS

m Marcacién Directa Entrante (DDI)

m Presentacion del nUmero del usuario que llama (CLIP)

“m No presentacién del numero del usuario que llama (CLIR)
®m Presentacion del numero del usuario llamado (COLP)

m No presantacién del numero del usuario llamado (COLR)
m [dentificacién de llamadas maliciosas (MCI)

® Subdireccionamiento (SUB)

m Transferencia de llamadas (CT)

m-Desvio de llamada en caso de numero ocupado (CFB)
m Desvio de llamada en casu de no contesta (CFNR)

m Desvio incondicional de llamadas (CFU)
m Desvio de llamadas (CD)
m Busqueda de linea (LH)

m | lamada en espera (CW)
m Retencién de llamada (HLD)
m Terminacién de llamados a nimeros ocupados (CCBS)




SERVICIOS SUPLEMENTARIOS (CONT)

m Conferencia . CONF)

m Conferencia tripartita (f:ﬁ TY)

m Grupo gerrado de Usuarios (CUG)

m Plan de numeracién privado (PNPy

m | lamada con tarjeta de crédito (cred)

®m Envio de informacién de tarificacién (AOC)
m Llamadas por cobrar (REV)

m Senalizacion Usuario a Usuario (UUS)




Layer 1 Frame _Stru.cture

.

Y

|

48 bits in 250 microseconds

NTtoTE

F.LBIB1IBIBIBIBIBIBIE D AF. NB2B2B8B282B2B28B2B2 ¢ D S1B1BIBIBIBIBIBIBIE DS2B2B2B2B2B2828B2B2E D L

-

|

-

*—-- 2 bit offset [

]

l I

mgor =

N
E_LJ

] TE to NT

F LBIBIBIBIBIBIBIBIL D LF, LB2B2B2B2B28B2B2B2 L D L BIBIB1IB1IBIBIBIBI L D LB2B2B2B2B2B2B282 L O L

-

-

Framing bit

DC balancing bit
D channel bit

D echo-channel bit

e

|

Fa = Auxiliary bit (=0)

N = Bit set to binary value =Fa
B1 = Bit within B channel 1

]

T

= Bit used for activation

|

A

Bit within B channel 2

Reserved for future standardisation

Fig. 53 Frame structure at the basic access.
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TE

CONFIGURACION PUNTO A PUNTO

e 1 KM -

TR TR

NT

TE = Equipo Terminal :
TR = Resistencia de Terminacién (100 Ohms + 5%)
NT = Terminador de Red




CONFIGURACION BUS PASIVO CORTO

TR

100 A 200 MTS -

TE TE

TR NT

TE TE TE

TE = Equipo Terminal
TR = Resistencia de Terminaci6n (1 00 Ohms + 5%)
NT = Terminador de Red




CONFIGURACION BUS PASIVO EXTENDIDO

1
D

—
m
& 500MTS —————
4 i
m
R | NT

A i
m A

| TE = Equipo Terminal

25ASOMTS TR = Resistencia de Terminacién (100 Ohms + 5%)

l NT = Terminador de Red

M -

\
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Mutti service
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.
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RDSI EN EUROPA: ACTUALIZACION

- § |ACCESO BASICO

LAS PRUEBAS SE INICIARON EN 1085-86,
PRUEBA PILOTO DE ACCESO BASICO Y
¥ PRIMARIO PARA ESTE ANO

LA PRUEBA PILOTO SE INICIO EN 1987-88

g LAS PRUEBAS DE HELSINKI TELEPHONO CO.
_' SE INICIARON EN 1986 ACCESO BASICO EN 87

PRUEBA PILOTO DE ACCESO BASICO

LA PRUEBA DE LA RED INTEGRADA EMPESO
EN 1984; ACCESO PRIMARIO ADSI PUESTO A
A PRUEBA A FINALES DE 1988

'PAUEBA PRE-ADSI EMPEZO EN 1880Y SE
OFRESIERON SERVICIOS CASIRDSI A

USUARIOS COMERCIALES CON-IBERCOM;
PRUEBA DE ACCESO BASICO Y PRIMARIO

LAS PRUEBAS DE CAMPO EMPEZARON EN
1086-1087: ACCESO BASICO Y PRIMARIO
PLOTO EN 1568-89

PRUEBA PLOTC DE ACCESO DIGITAL
INTEGRADO EN 1985; MULTLINEA IDA EN
BLOQUES DE 30 X 64 KBPS DE 30x64 Kbps
A FINALES DE OTONO; MEACURY LANZO EL
SERVICIO DASS-2 DASADO EN CASI-IDSI A
FINALES DEL ANO PASADO

PRUEBA RENAN A MEDIADOS DE 1680

-* B | PRUEBA DE ACCESO BASICO DURANTA

1964-85; SEAVICIO PLOTO EN 1667

r

} | EMPEZANDO 1,05 SERVICIOS DE

e W W e .

PRUEBA PILOTO DE ACCESO BASICO 108589 §

PRUEBAS COMERCIALIZACION - TJ L
OPERACION PILOTO DE ACCESO BASICO Y A PRUNCIPIOS DE 1990
PRIMARIO PARA ESTE ANO

1090t - 1602

A PRINCIPIO DE 1090; LAS TARIFAS YA HAN SIDO
ANUNCIADAS

CODERTURA DEL AREA METROPOLITANA PARA
HELSINKI PARA MEDIADOS DE 1990 EL SERVICIO
PILOTO I'TT SE ESTA IMPLEMENTADO DE 10688-89
PARA SEGUIR CON SERVICIO COMERCIAL

LAS TARIFAS NO SE HAN DADO, PERO SE ESPERA
QUE SEAN SIMILARES A LAS DE ALEMANIA

A FINALES DE 1089

DESPUES DE 1089

1000

1691
ACCESO BASICO EN 1989

EL PRIMER SERVICIO COMERCIAL RDSI DE ACCEsO f}

.??74.’14.5“ N F"’”‘“’

BASICO A NIVEL MUNDIAL EMPEZO EN BRITANIA A

S DE 1087; EL SEAVICIO FUE AMPUADO Al
ANO SIGUIENTE; ACCESO ENTRE RDS! Y LA RED DE |}
PAQUETES EN OPERACION TRANSPAC ACCESO |
PRIMARIO PLANEADO EN OTONO; DISPONIBILIDAD
NACIONAL PROGRAMADA PARA FINALES DE 1090.
LAS TARIFAS YA SE DIERON A CONOCER

SE PROGRAMARON 100 CENTRALES PARA
MEJORAR UN SERVICIO EN RDSI EN 1889;
COVERTURA NACIONAL PARA 1993; EL. OBJETIVO

A LARGO PLAZO ES INTRQDUCIR CONWTACION
POH PAQUETES EN LA RDSI: LAS TARFAS YA SE
PAQUETES EN LA RDSI: LAS TARUIFAS YA -
DIERON A CONOCER

109091 LAS TARIFAS YA SE DIERON
A CONGCER

f AXE SEBBi -2

SISTEMA

ROS| 3

12
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SERVICIOS DE MENSAJERIA
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CLASES DE |T1PO DE’ EJENPLOS DE SERVI- APLICACIONES ALBUNOS ATRIBUTOS POSIBLES | CRTEGORIAR _PROPUESTA
SERVICIOS |1NFORMRCION|CIQS DE RDSI. TELESER- | SERVICIOS
vICI0S PQRTADORES
SERVICIOS |VIDED SERV. DE DISTRIB. | DISTRIBUCION DE PROGRAHAS | - DEMANDA (SELECCION), PERHANEN. X
DE DISTRI- DE TV DE CALIDAD | DE TV - DIFUSION
BUCION SIN (PAL ,NTSC ,SECAN) - BIDIREC. ASINET./UNIDIRECIONAL
CONTROL
INDIVIDUAL SERY. DE DISTRIB. | DISTRIBUCION DE PROGRAMAS | - DEMANDA (SELECCION)~ PERMANEN. X
POR PARTE DE TV DE CALIDAD | DE TV - DIFUSION
DEL USUA- HEJORADA. - BIDIREC. ASIAET./UNIDIRECIONAL
R10. -DISTRIB. DE TV DE
ALTA DEFINICION
HDTY
~-TV DE ALTA CALI-
DAD HOTV
TV DE PAGA (PAGO | DISTRIBUCION DE PROGRAMAS | - DENMANDA (SELECCION), PERMANEN. X
POR YER,PASD POR | DE TV - DIFUSION
CANAL) - BIDIREC. ASINET./UNIDIRECIONAL
TEXTQS, SERVICIO DE DIS- PERIDDICO ELECTRONICO, - DEHANDA (SELECCION)/PERMANENTE X
GRAFICAS, |TRIBUCION DE DOCU- | EDICION ELECTRONICA. - DIFUSION/MULTIPUNTO
INRGENES HENTOS. ~ BIDIR. ASIM./UNIDIRECCIONAL
FIJAS
DATOS SERY. DE DIST. DE | DISTRIBUCION DE DATOS SIN |- PERMANENTE X
INF, DIGITAL A AL-} RESTRICCIONES ~ DIFUSION
TA VELOC, SIN RES- ~ UNIDIRECCIONAL
- TRICCIONES.
PELICULAS | SERV. DE DISTRIB. | DISTRIBUCION DE SENALES DE |- PERMANENTE X
DE INF. DE VIDEO. | VIDEO/AUDIO - DIFUSION
= UNIDIRECCIONAL
SERVICIOS | TEXTOS, DIFUSION DE VIDEQ-]| - CAPACITACION Y EDUCACION |- PERMANENTE P
DE DISTRI-|GRAFICAS, TEX DE CANRL €On- | ~ A DISTANCIA - DIFUSION
BUCION COM|SONIDO, PLETD. - PUBLICIDAD ~ UNIDIRECCIGNAL
CONTROL IHAGENES . - CONSULTA DE NOTICIAS S
INDIVIDUAL { FIJAS { ~ TELESOFTURRE A -
POR PARTE ; : , Ty
DEL USUA- b L - - e
RIO.
; arsae
L4
TABLA 4B.3: POSIBLES -SERVICIOS 'EN LA RDSI DE BANDA ANCHA (CONTINUACION)

1



CLASES DEfTIPC DE  : | EJENPLOS DE szavl— APLICACIONES ALGUNOS ATRIBUTOS POSIBLES | CATEGORIA _PROPUESTA
SERVICIOSFINFORNACION | cIOS DE RDSI. | ..~ T ' : ; | JELESER— | SERVICIOS
.. ! | vicios ' ]| PORTADORES
COVERSA- | DATOS TELEACCION A ALTA [-. CONTROL DE TIEMPO REAL ; % i v
CION ' + | veLocipap, l-TELEMETRIR.:  wior 7 e : {
S R T B N ; i i
DOCURENTOS | | TELEFAX A RLTA' | | TRANSFERENCIA DE. TEXTES, |- DEMANDA .. ~voy it oivi- | X :
| verocipan? ' IHRGENES 'DIBUJOS, ETC. DE: | ~ PUNTO R PUNTO/HUL TIPUNTO : ; :
N PR .. i|usuaR10 A USUARID - BIDIR. SINET./BIDIR:-ASINET. | : i
‘| servicio ns'conu-‘ TRANSFERENCIR DE DOCUNENTOS | ~ DEmANDA .., .. .. i %
NICACION DE DOCU-, | VARIADOS DE USUARIO A USUA- | - PUNTO A PUNTO/RULTIPUNTO ... T |
HENTOS: ‘ RI1O Co ke - BIPIR. SIMET.¥BIDIR, RSINET. ; ;
HENSAJE- | INAGENES: | SERVICIO DE CORREC | SERVICIO" DE' BUZON ELECTRO- | | ~ DEMANDA™ " . IR
RIA EN MOVINIEN-| DE VIDEC. NICO PARA LA TRANSFERENCIA .| - PUNTO A PUNTO/HMULTIPUNTO :
T0 (VIDED) DE INAGENES EN MOVIMIENTO | - BIDIR. ASIN./UNID.CEN ESTUDIO) i
Y SONIDO. | RCOHMPANADAS DE SONIDO. , S me ey i
. . e ‘s . [ ety oMo, 1 . .’u
DOCUMENTOS | SERVICIOS DE CO- | SERVICIO DE BUZON:ELECTRO-' | - DEmANDR' ~ PR P
RREO-DE DOCUMENTOS | NICO PRRA DOCUNENTOS "VARIAZ [ =" PUNTO' A PUNTO/MULTIPUNTO : '
Dos. S werews |- BIDIR. ASIM./UNID.CEN ESTUDIO)
CONSULTA | TEXTOS, GRA-| VIDEOTEX DE BANDA .|~ VIDEOTEX INCLUYENDS IHAGE H - DEMANDA . X
FICAS, DATOS| ANCHA. NES EN NOVINIENTOUS " j) - PUNTO A PUNTO i
, SONIDO, - EDUCACION Y cgpnc:rnc1on {{ -:BIDIRECCIONAL, ASINETRICA
IMRBENES FI- R DISTANCIA “““ N T e T
JAS, INAGE- | ~TELESOFTMARE : =¥ 057 W N
NES EN ROVI- ~ PUBLICIDAD -jf,j ; “
RIENTO. - TELEVENTAS - i ; ; e
- = CONSULTAS DE NDTICIRS i _
SERVICIO DE CONSUL- - PROPOSITO DE ENTRETENI- |~ DEMANDA"/ RESERVADR bt '
TA EN YIDED HIENTO - PUNTD A"PUNTQ + HULTIPUNTO
- EDUCACION Y CAPRCITACION | - BIDIRECCIONAL ASINETRICR
A DISTANCIR T
rd
SERVICIO DE CONSUL4- PROPOSITO DE ENTRETENI- | - DEMANDR ~ RESERVADA ®
i} TA-DE-INABEN DE AL HIENTO - PUNTO A PUNTO
" TA“RESOLUCION ~ EDUCACION Y CAPACITACION |- BIDIRECCIONAL ASIMETRICA
' - . - A DISTANCIA )
SERVICIO DE CONSUL- CONSULTA DE “DOCURENTOS VA- | - DEMANDA X
TR DE DOCUHENTOS |RIADOS® DE CENTROS DE INFOR-{ - PUNTO A PUNTO
MACION, RRCHIVOS, ETC. - BIDIRECCIONAL ASIMETRICA
| L))
TABLA 4B.2

:| POSIBLES SERVICIOS EN LA RDSI

DE BANDA ANCHA (CONTINUACION)




APLTCACIONES

CLASES DE §TIPO DE EJENPLOS DE SERVI- ALBUNOS ATRIBUTOS POSIBLES CATEGORIA _ PROPUESTA
SERVICIOS | INFORRACION| C10S DE RDSI. : ) TELESER- | SERVIC10S
. vIcios PORTADORES
CONVER- | IMAGENES EN| VIDEOTELEFONIA, COHUNICACION PARA LA TRANS- |- DEMANDA/RESERVA/PERMANENTE. X
SACION  |MOVIMIENTD | VIDEQCONFERENCIAR |FERENCIA DE VOZ (SONIDD)Y, = PUNTQ A PUNTO.
(VIDED) Y DE PUNTO ft PUNTo. [INAGENES EN HOVIHIENTO, EX- |- BIDIRECCIONAL SINETRICO/BIDI-
SONIDO PLORACION DE IMAGENES FIJAS | RECCIONRL ASIMETRICO.
‘ ¥ DE DOCURENTOS ENTRE 2 = (LA TRANSFERENCIA,DE INFORMA-
LOCALIDADES (PERSONA A PER- |, CION ESTA EN ESTUDIO) . - -
SONA,  PERSONA A BRUPQ, GRU-'[I"~ N
PO A GRUPDY . :
VIDEQCONFEREN- COMUNICACION HULTIPUNTO - DEMANDA/RESERVA/PERNANENTE . X
CIA-HULTIPUNTO. PARA LA TRANSFERENCIA DE { HULTIPUNTO.
. . |vozicsoniDod, INAGENES EN [- BIDIRECCIONAL SINETRICG/BIDI-
; HOVIHIENTO YiEXPLORACION, |} RECCIONAL ASINETRICO.::. -
EN VIDEQ DE IMAGENES FIJAS [t ~ 1 Wi im0
Y DOCUMENTOS ENTRE MRS DE,  fi o7 7 71"
2 LOCALIDADES (PERSONA A °ff1 ' '~ =
PERSONR, PERSONA"R GRUPD,” ]! o T R N
GRUPO A GRUPO) A :
VIDEOVIGILANCIR - .VIGILANCIA EN" EDIF!CIDS’ - ngnnqgggg;scnvn/PsRnRNENTE X o
cheem e ~ MONITOREQ DE TRANSITO. | = PUNTG A PUNTO/MULTIPUNTOD. :
- TO ~ BIDIRECCIONAL RSInETRICU/UHI- :
v ; i DIRECCIONAL, . /1", :
§ INFORNACION DE -+ |- TRRNSFERENCIH DE sefiaL " | DEnnNDn/RESERVn/PERnRNENTE P R o
y+ « = | VIDEO/AUDIG,-SER-*+| ; DE-TIV." - > |~ 'PUNTO R PUNTO/HULTIPUNTO. -. ;
vicla: DE TRnnsnI- - DIALOGG VIDEO/AUDIO, BIDIRECCIONARL SINETRICOVBIDI- | i.
sronk S e e e _RECCTONAL’ ‘ASTAETRICO !
DATOS SERVICI0”DE TRANSZ 3 TRANSFERENCIA DE 'DATOS A |- DEMANDA/RESERVA/PERMANENTE - X

'Ry

HISIDN DE _INFORNA-
CION“DIGITAL A AL-
TASYELOCIDAD SIH
RESTRICC!UNES

IETSOL R L

L RLTR "VELOCIDRD, '« - ..
;'+INTERCONEXION DE LAN’S
{ +INTERCONEXION DE CONPU-
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TABLA 4B.1:

POSIBLES SERVICIOS EN LA RDS| DE BANDA ANCHA (BISDN).
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