ISDN

[mplementor’s
Guide

STANDARDS, PROTOCOLS,
AND SERVICES

Charles K. Summers

McGraw-Hill Series on Computer Communications



ISDN
Implementor’s Guide

Standards, Protocols, & Services

Charles K. Summers

McGraw-Hill, Inc.

New York San Francisco Washington, D.C. Auckland Bogota
Caracas Lisbon London Madrid Mexico City Milan
Montreal New Delhi San Juan Singapore

Sydney Tokyo Toronto



Library of Congress Cataloging-in-Publication Data

Summers, Charles K.

ISDN implementor’s guide : standards, protocols, & services /

Charles K. Summers.
p. cm.—(McGraw-Hill series on computer communications)

Includes bibliographical references and index.

ISBN 0-07-069416-8

1. Integrated services digital networks. 1. Title. II. Series.
TK5103.75.593 1995
621.382—dc20 95-9069

CIP

Copyright © 1995 by McGraw-Hill, Inc. All rights reserved. Printed in
the United States of America. Except as permitted under the United
States Copyright Act of 1976, no part of this publication may be repro-
duced or distributed in any form or by any means, or stored in a data
base or retrieval system, without the prior written permission of the
publisher.

234567890 DOC/DOC 9009876

ISBN 0-07-069416-8

The sponsoring editor for this book was Jerry Papke, the editing
supervisor was Caroline R. Levine, and the production supervisor was
Donald F. Schmidt. This book was set in Century Schoolbook by Ron
Painter of McGraw-Hill’s Professional Book Group composition unit.

Printed and bound by R. R. Donnelley & Sons Company.

McGraw-Hill books are available at special quantity discounts to use
as premiums and sales promotions, or for use in corporate training pro-
grams. For more information, please write to the Director of Special
Sales, McGraw-Hill, Inc., 11 West 19th Street, New York, NY 10011. Or
contact your local bookstore.

This book is printed on acid-free paper containing 10% post-
consumer waste.' '

Information contained in this work has been obtained by
McGraw-Hill, Ine., from sources believed to be reliable. However,
neither McGraw-Hill nor its authors guarantees the accuracy or
completeness of any information published herein, and neither
McGraw-Hill nor its authors shall be responsible for any errors,
omissions, or damages arising out of use of this information. This
work ig published with the understanding that McGraw-Hill and
its authors are supplying information but are not attempting to
render professional services. If such services are required, the
assistance of an appropriate professional should be sought.




Ll LA e Vans B A e e

Preface

In the years since the first Integrated Services Digital Network
(ISDN) standards were presented, the viability of ISDN has been con-
sidered with enthusiasm and gloom, Proponents have continued along
the path of strengthening and expanding the standards—demonstrat-
ing new methods of using the concepts and standards to present a
unified access to the networks. Opponents, or skeptics, have contin-
ued to point out the difficulty of completing the cycle of standards,
availability, and product access. As is true with most issues, propo-
nents and opponents serve as bookends which may serve to strength-
en the final outcome. The final outcome of ISDN is yet unknown, but
there is considerable growth of access and use in many parts of the
world. ISDN is now a system that can be used.

In the last few years, books have appeared to explain the concepts,
uses, and specific technical standards of ISDN. These books cover
marketing issues, in-depth technical explanations, high-level techni-
cal overviews, standards processes, architectures, general services,
and many other issues. The rapid growth in the availability of books,
in itself, is an indication of the increased acceptance of ISDN and a
reflection of the growing interest in; and use of, ISDN.

This book is oriented toward those who need to know how the vari-
ous protocols work together as a system. How do the protocols inter-
act? If there is a base standard for ISDN, why are there so many vari-
ants and in what ways do they differ? How do the layers of the
protocol interact and what issues in common do they have? How are
state machines implemented and what are the advantages, and dis-
advantages, of each approach?

Interested readers may be involved in the implementation of ISDN
within a product, or they need to understand the specific methods of
providing services that they may need to use. This book is for all such
people.

Charles K. Summers
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Introduction

Integrated Services Digital Network (ISDN) is an attempt to tie to-
gether various telecommunications services into a unified system.
There are many forms of data transmission in use. These include the
traditional forms of voice, fax, and binary file transfer. ISDN gives a
common method of identification of data form. This allows multiuse
access of services on common transmission lines. Initially, because of
lack of consensus on use of identification parameters, many services
will require specific Customer Premise Equipment (CPE). The contin-
ued evolution of standard use of ISDN provided information will
allow generic use of equipment on common lines.

ISDN directly allows cost savings by reducing the number of commu-
nication lines needed—depending on particular tariff structures in the
area. Other potential savings are realized by simultaneous multiple
uses of the transmission medium and by using internetworking capa-
bilities of public national, or international, digital switching systems.

Knowledge of the mechanisms used within ISDN can be used to
evaluate equipment. It is also mandatory for implementation of new
products. This requires knowledge of all layers and the ways that
they interact.

ISDN as a Software System

Each protocol layer of ISDN provides separate, and distinct, functions
for the system. In this manner, each layer is totally independent and
modularized. However, layer 1 must be able to communicate informa-
tion to layer 2. Layer 3 must be able to pass information to layer 2,
and so forth. Thus, in addition to knowledge of the specific protocols
within a layer, information is needed about how the interfaces work.
ISDN must be looked at as an integrated system of protocols.

The first, or “lowest,” level of ISDN is the physical layer. The physi-
cal layer provides the basic digital electronic communication across
the transmission medium. Most of the functions are provided by semi-
conductor chips. These chips must be initialized according to the
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needs of the hardware of which they are part. There must also be a
way of communicating information, and commands, between the rest
of the system (particularly layer 2) and the chip. This software entity
is sometimes called a Low-Level Driver (LLD).

The next layer is the data link layer. It provides an error-detecting
(and retransmitting, if necessary) data transfer function. It will re-
ceive information from layer 1 and make requests of the hardware.

The third layer is the network layer. For ISDN, this is usually a
type of signalling protocol (based on ITU-T Recommendation Q.931).
The network layer provides a connection-oriented call setup. It nor-
mally only directly communicates with layer 2 and the “upper layers.”
Sometimes the first three layers are referred to as chained layers be-
cause these layers are used between endpoints on a communication
line. Other layers, if necessary, are passed transparently between the
origination and termination equipment.

Finally, there are two classes of provided functions which connect
all the layers into a working system. Sometimes these are referred to
as the Supervisory-plane (S-plane) and User-plane (U-plane) by the
standards. They are called planes because they act as a background
for all of the module layers and may, depending on use, be considered
a “lower” or “higher” layer. Together, all these modules create a func-
tioning ISDN system.

Approach to Material

There is one main question approached in this book. How does it all
work together? This is done by analyzing the protocols according to
how they can be implemented and the impact of each layer upon
other entities of the system. The chapters on the protocols first go
into the philosophy behind the protocol. What purpose does it serve?
What is its use and why are the specific features important?

The next step is to provide a companion analysis of the standard
upon which the protocol is based. No attempt is made to be complete
in coverage of all the details of the standard. One reason is that dupli-
cating the material will not be of direct service to the reader. The other
reason is that every specific implementation must be guided by the
needs of the specification relevant to the certification requirements for
the equipment in that area. What will be provided is an analysis of the
relevant concepts, and methods of implementation, needed for imple-
mentation of any ISDN system-—or for evaluation of ISDN equipment
that may be used in the home or business environment.

Finally, the interface and management primitives will be examined.
How does this protocol layer communicate with other layers? What
services are needed from the software environment? What types of in-
ternal data are needed for efficient protocol handling?
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The last part of the book goes into greater detail on specific imple-
mentation concerns. What alternatives are available for implemen-
tation of protocol state table systems? What are areas of concern for
real-time programming in an ISDN system, and what are the differ-
ent approaches to them? How do the S- and U-plane (referred to as
coordination and management entities) interfaces work with the
system?

How to Use This Book

This book is divided into three parts. Part 1 covers basic architecture
issues. This is an overview of the history of ISDN and some of the
evolution of the standards. Some coverage is given to isolating the dif-
ferences among ISDN specifications around the world. What types of
differences exist? What items are in common? Part 1 also starts the
discussion about the protocols by reviewing the basic International
Telecommunication Union-Telecommunication Standardization Sector
(ITU-T) documents covering the basic architecture of the standards.
As a side note to prevent later potential confusion, this book uses
bytes and octets interchangeably. Octets are used within ITU-T docu-
mentation and bytes are primarily used by software people.

Part 2 covers the protocols. The first three chapters of this part dis-
cuss the chained layers of the physical, data link, and call manage-
ment network layers. Broadband ISDN (B-ISDN) and Frame Relay
are also discussed in this part. The remaining chapters are related to
services that may be commonly used with ISDN. These include bear-
er services (such as ITU-T Recommendations X.31 and X.25 or voice
or fax) and rate adaptation protocols used by terminals on the ISDN
system.

The final part narrows in on implementation concerns, as men-
tioned above. Together, these three parts cover the areas of stan-
dards, protocols, and services. They may also be broken into the
areas of history, use, and implementation. The direct purpose of this
book may be divided into three main categories: an implementation
guideline, a companion to the standards, and an aid to the analysis of
ISDN features.

implementation guideline

The second two parts are of greatest importance to the implementor
of an ISDN system. Start with Chap. 10 to gain insight into different
methods of implementing the state machine for the protocol. Proceed
to Chaps. 11 and 12 for further architectural considerations and then
review relevant protocols in Part 2. The overall architecture of the
system needs to be firmly designed before implementing the actual
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protocols. Remember that, as a system, all of the modules must be
able to work together. Also, by starting with the system architecture,
many parts will be similar in form. This saves implementation time
and can aid in maintenance of the software.

Standards companion

If there is need for analysis of a particular protocol or service, the
place to start is the chapter devoted to that protocol. It may also be
useful to first read through Chap. 2 to gain a better understanding of
the general architecture. Note that most protocols do not operate in
isolation. Reading the specific chapter, however, will help determine
what other protocols may be of immediate relevancy.

Analysis of features

Chapters 5, 6, and 9 should be of immediate use. Read Chap. 5 for
general mechanisms of conveying bearer service information. Chapter
6 goes into greater detail on some specific bearer services. Chapter 9
is relevant if Data Termination Equipment (DTE) is to be used in con-
junction with ISDN.

If the specific need is to evaluate the way that software in a product
has been implemented, general needs are similar to that mentioned
above in reference to “Implementation Guideline.” Implementing, or
analysis of implementation, follows similar requirements.

Summary of Chapters

The chapters of this book are organized into three parts: basic archi-
tecture, the protocols, and implementation concerns. Chapters 1 and
2 are involved with the history of ISDN, its growth from the Open
Systems Interconnection (OSI) model, and the general architecture
documents concerning ISDN. Chapters 3 through 9 work with the
specific protocols including the standards, interworking of layers, and
specific features used within the protocols. Chapters 10 through 12
discuss particular architectural issues involved with implementation
of a real-time system and with protocol state machines with an em-
phasis on the use of such with ISDN.

The 0S| model and beginnings of ISDN

Chapter 1 is a general discussion of ISDN. It includes some of the
specific history of the evolution of the standards. It also covers the
general aspects of the OSI model that is used as a foundation for the
architecture of ISDN.



