Telecommunication
Networks

Eugenio lannone

.
------------
0 . .
. .
®
.

S LestP R,
2 ® e

.....



Telecommunication
Networks

Eugenio lannone

Ve i)} ‘; '.a-:':'w
ARy EANE (i
-,

i 1

CRC Press
Taylor & Francis Group
Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business




CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway N'W, Suite 300
Boca Raton, FL 33487-2742

© 2012 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works

Printed in the United States of America on acid-free paper
Version Date: 20111017

International Standard Book Number: 978-1-4398-4636-0 (Hardback)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts have been made to
publish reliable data and information, but the author and publisher cannot assume responsibility for the validity of all materials
or the consequences of their use. The authors and publishers have attempted to trace the copyright holders of all material repro-
duced in this publication and apologize to copyright holders if permission to publish in this form has not been obtained. If any
copyright material has not been acknowledged please write and let us know so we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmitted, or utilized in any
form by any electronic, mechanical, or other means, now known or hereafter invented, including photocopying, microfilming,
and recording, or in any information storage or retrieval system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.com (http://www.copy-
right.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923, 978-750-8400.
CCC is a not-for-profit organization that provides licenses and registration for a variety of users. For organizations that have been
granted a photocopy license by the CCC, a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for identifica-
tion and explanation without intent to infringe.

Library of Congress Cataloging-in-Publication Data

lannone, Eugenio.
Telecommunication networks / author, Eugenio lannone.
p. cm. -- (Devices, circuits, and systems)
Includes bibliographical references and index.
ISBN 978-1-4398-4636-0 (hardback)
1. Data transmission systems. 2. Packet switching (Data transmission) 3. Telecommunication--Switching
systems. 1. Title.

TK5105.1247 2011
621.39'81--dc23 2011042298

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com



Telecommunication
Networks



Devices, Circuits, and Systems

Series Editor

Krzysztof Iniewski
CMOS Emerging Technologies Inc., Vancouver, British Columbia, Canada

Telecommunication Networks
Eugenio lannone

Atomic Nanoscale Technology in the Nuclear Industry
Taeho Woo

Nano-Semiconductors: Devices and Technology
Krzysztof Iniewski

Electrical Solitons: Theory, Design, and Applications
David Ricketts and Donhee Ham

Radiation Effects in Semiconductors
Krzysztof Iniewski

Electronics for Radiation Detection
Krzysztof Iniewski

Semiconductor Radiation Detection Systems
Krzysztof Iniewski

Internet Networks: Wired, Wireless, and Optical Technologies
Krzysztof Iniewski

Integrated Microsystems: Electronics, Photonics, and Biotechnology
Krzysztof Iniewski

FORTHCOMING
Optical, Acoustic, Magnetic, and Mechanical Sensor Technologies
Krzysztof Iniewski

Biological and Medical Sensor Technologies
Krzysztof Iniewski



Preface

The telecommunication infrastructure is perhaps the most impressive network developed
by humankind. Almost all the technical knowledge forming the basic human know-how is
exploited in the telecommunication network, from quantum field theory needed to study
optical amplifier noise to software architectures adopted to design the control software of
the network, from abstract algebra used in error correcting codes and in network design
algorithms to thermal and mechanical modeling adopted in the design of telecommunica-
tion equipment platforms.

The network is present almost everywhere in the world, allowing seamless communica-
tion of sounds and images through a chain of different types of equipment produced by
several equipment vendors. Not only is communication carried out smoothly in normal
conditions, but its quality is also monitored continuously, allowing it to survive failure of
individual components and even to maintain a certain degree of functionality in case of
catastrophic events like earthquakes.

The aim of this book is to present the telecommunication network as a whole, adopting
a practical approach that examines evidence of not only recent developments and research
directions, but also engineering subjects and key market needs that are no less important
in guaranteeing the network operation standard.

The great attention to standardization, both in the description of standards and in the
bibliography, is functional to part of this strategy.

The only area not covered by this book, out of a generic discussion, is constituted by
radio systems. Considering that cellular systems are part of the access area and that radio
bridges are used only in emergency situations out of the access area, this mainly impacts
the way in which access to the network is performed. It will be the task of a future work
to carry out an analysis of the trend toward the integration of mobile and fixed access and
its effects.

This book starts with a market analysis of the telecommunication environment needed
to individuate trends in services and equipment development. Technical advancements,
thus, do not appear as mere improvements, but as answers to precise market needs.

Moreover, attention is devoted throughout the book to issues such as power consump-
tion and real estate, which in some practical cases are more important than engineering
key performances like capacity or reach in determining the success of a product.

Quantitative data are provided for all the analyzed systems, inspired by real products and
product-level prototypes, to make clear potentialities and limitations of every technology.

Whenever possible, measured data are sustained by mathematical modeling in order to
help the reader apply the concepts to his or her own case.

The result of this effort is a book that will help both professionals and advanced students
have a global picture of the telecommunication network in order to be able to make the
right choices and to always remain updated.
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