The Cable and
Telecommunications
Professionals’ Reference

3RD EDITION

VOLUME 2

EDITED BY | @

Goff Hill Press



The Cable and
Telecommunications
Professionals’ Reference

Transport Networks

Edited by Goff Hill

AMSTERDAM « BOSTON e HEIDELBERG ¢ LONDON @

?4 - NEW YORK ¢ OXFORD e PARIS ® SAN DIEGO Focal
S SAN FRANCISCO » SINGAPORE * SYDNEY ¢ TOKYO Press
ER Focal Press is an imprint of Elsevier

ELSE



Focal Press is an imprint of Elsevier
30 Corporate Drive, Suite 400, Burlington, MA 01803, USA
Linacre House, Jordan Hill, Oxford OX2 8DP, UK

Copyright © 2008, Elsevier Inc. All rights reserved.

No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of the publisher.

Permissions may be sought directly from Elsevier’s Science & Technology Rights
Department in Oxford, UK: phone: (+44) 1865 843830, fax: (+44) 1865 853333, E-mail:
permissions@elsevier.com. permissions@ elsevier.com. You may also complete your
request online via the Elsevier homepage (littp://elsevier.com), by selecting “Support &
Contact,” then “Copyright and Permission,” and then “Obtaining Permissions.”

Recognizing the importance of preserving what has been written, Elsevier prints its
books on acid-free paper whenever possible.

Library of Congress Cataloging-in-Publication Data
The cable and telecommunications professionals’ reference / edited by Goff Hill. —3rd ed.
. cm.

Rev. ed. of: Telecommunications engineer’s reference book / edited by Fraidoon Mazda.
2nd ed. 1998.

Includes bibliographical references and index.

ISBN-13: 978-0-240-80748-5 (alk. paper)

1. Telecommunication: transport networks. 1. Hill, Goff. 1II. Telecommunications
engineer’s reference book.

TK5101.M37 2007

621.382—dc22

2007003442

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library.

For information on all Focal Press publications,
visit our website at wwrw.books.elsevier.com.

Printed in the United States
0809 101112 10987654321

Working together to grow
libraries in developing countries

www.elsevier.com | www.bookaid.org | www.sabre.org

ELSEVIER  BOOKAID oo Foundation

International




The Cable and
Telecommunications
Professionals’ Reference



To my family



Preface

The past decade has seen massive change in the telecomunications industry. Industry struc-
ture, regulation, technology, and services have all seen or caused substantial development.
New technologies and services are displacing long established ones, and the convergence
of different networks, technologies, and services compound the change. The predecessor to
this reference was called the Telecommunication Engineer’s Reference Book. Recent trends
toward convergence of voice, data, and video technologies and services have suggested that
the title, scope, and content of the book should reflect these changes. For this reason the
new reference is entitled The Cable and Telecommunications Professionals’ Reference. Some of
the content in the earlier edition has become dated, and a substantial amount of new mate-
rial is now included so that it remains an authoritative reference book. However, some of
the earlier content remains fundamentally relevant and is retained in this volume. Inevitably
this means that some of the earlier material relating to the displaced technologies should,
in some cases, be downsized and in other cases removed.

Even so, the huge amount of new material entering the scene means that the full scope
would lead to a significant increase in the length of the book. The current edition is therefore
divided into three volumes, and I have attempted to associate related material in each.
Because of the many relationships between different topics, however, it is not possible to
split them into three completely independent volumes.

The first volume dealt with the telecommunications industry and with voice and data
and their convergence in both landline and mobile cellular networks. This seemed a logical
grouping because of the historical influence of telephone networks on today’s communica-
tions systems. This volume deals with core transport network technologies and the changes
that are enabling them to deal with converged voice, data, and video traffic. The third
volume will deal with the broadband access network technologies and the way in which
they are used to support new services.

Volume 2 of The Cable and Telecommunications Professionals’ Reference is arranged into
three parts. The parts deal firstly with the digitization and coding of source information,
secondly with the properties of the transmission paths across which the signals are carried,
and thirdly with the networking techniques that are used to ensure that the signals reach
their destination.

Because of the growth in demand for data services and the way in which voice, data,
and video services have converged, core transport networks have needed to adapt to become
more “data friendly.” Transport networks and the services they carry are therefore adopting
packet principles to a far greater extent than they did 10 years ago.
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Xii Preface

Part 1 examines the way voice, data, and video sources are digitized and coded in
preparation for transmission over telecommunications networks. This provides a solid intro-
duction to the way signals are carried over transport networks.

Part 2 deals with the physical media commonly used in core transport networks—
namely optical fiber and radio. Optical fiber carries the vast majority of telecommunications
traffic at regional, national, and international levels. The basic properties of optical fiber
itself are discussed, and the principle characteristics and limiting factors of high-capacity,
long-range optical systems are explained. Radio systems are used to a lesser extent in core
networks. Very good discussions of these were included in the earlier Telecommunication
Engineer’s Reference Book, and selected chapters are reproduced here, with only minor addi-
tions, on the grounds that the principles of radio propagation have not changed.

Part 3 presents the main network technologies used today in core transport networks.
While the trend is toward data-networking technologies, such as IP/MPLS and carrier-grade
Ethernet, the concept of “next-generation networks” is not specific about which technologies
should predominate, other than that a packet-networking technology should act as a con-
vergence layer. Indeed, a key principle is that converged traffic can be carried over any
underlying transport technology. For example, while SDH is generally considered to be a
legacy technology now, its installed base is so huge that it will continue to be a key transport
technology for many years to come. Moreover, its life is effectively extended with the appli-
cation of Next Generation SDH. Other “legacy” technologies are also described, including
ISDN, leased lines, Frame Relay, and ATM. In conclusion, IP/MPLS, which is now favored
by many operators as a core transport network for data traffic, and the emerging carrier-
grade Ethernet, are described.

Where appropriate, chapters that were included in the Second Edition of Telecommuni-
cations Engineer’s Reference Book are reproduced in this volume with changes and updates as
needed. I was unfortunately unable to contact four of the previous contributors for their
updates. In Part 2 this applies to Chapters 7, 8, and 9 and in Part 3 to Chapter 10. An assess-
ment was that these chapters contained a lot of information that is still very important,
relevant, and clearly presented. In most cases the changes to the original text are minor.
As for Chapter 10, the previous edition’s chapter focused on SDH; for this book, I have
rearranged the original text slightly and made some additions to highlight the similarities
and differences between SONET and SDH.

I am greatly indebted to the authors who have contributed to this volume of the Cable
and Telecommunications Professionals’ Reference. They are all experts in their fields and working
at the forefront of technology. I should like to express my thanks to them and to their respec-
tive organizations for all the support they have given.

Goff Hill
GTel Consultancy Ltd.
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Part 1

For most of the past century, the main purpose of telecommunications networks
has been to enable voice communications between people at a distance. To a lesser
extent it has included communications between people and voice recording or
playback devices, such as automatic voice response systems. In more recent decades,
there has also been a steady growth in the use of telecommunications networks to
provide data connections for applications such as remote sensing, transfering data
between data centers, or carrying TV signals in digital format. However, more
recently, the emphasis has shifted very much toward the provision of connections
between information systems or between people and information systems capable
of carrying voice, video, or data signals.

Voice and video signals are analogue at their source and in early systems were
transported over telecommunications networks in analogue form. With the relent-
less development of digital technology, however, analogue systems have progres-
sively given way to digital transmission, with signals remaining in analogue format
for only a short distance before being converted to digital. Data signals, on the other
hand, often start out in digital format—for example, from a file or data storage
device.

Digital signals generally need more bandwidth for their transmission than
analogue ones, but they offer the advantage (with careful systems design) of being
highly resistant to noise and other impairments and of being highly extendable.
In recent years considerable emphasis has been placed on ways to reduce the bit-
rate (and therefore bandwidth) needed to carry analogue signals that have been
digitized without significant loss of quality.

Part 1 of Volume 2 of The Cable and Telecommunications Professionals” Reference
looks at the process of digitizing analogue signals and at the properties of the



