
ZyXEL Communications Corporation Ex. 1005 
Page 1 of 51

cei
Fundamentals of WiMAX

Understanding Broadband Wireless Networkingaaaela 
—
cod
|

|
i
iBraame
 

Jeffrey G. Andrews + Arunabha Ghosh + Rias Muhamed

Prentice Hall Communications Engineering and Emerging Technologies Series

CM MLUCNMCI)em Yee TCD

 
ZyXEL Communications Corporation Ex. 1005

Page 1 of 51

 
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


ZyXEL Communications Corporation Ex. 1005 
Page 2 of 51

 

  Fundamentals of WiMAX

Understanding Broadband Wireless Networking  
yeneration Jeffrey G. Andrews, Ph.D.

Departmentof Electrical and Computer Engineering
The University of Texas at Austin

Arunabha Ghosh, Ph.D.

AT&T Labs Inc.

Rias Muhamed

  
 
 

AT&T Labs Inc.

PERKINS COIE |
nulation

MAR 14 7007

ee LAW LIBRARY
eo

2ption eePRENTICE
LL

Upper Saddle River, NJ * Boston « Indianapolis * San Francisco
New York © Toronto * Montreal * London « Munich « Paris * Madrid
Capetown ¢ Sydney * Tokyo Singapore * Mexico City

 
ZyXEL Communications Corporation Ex. 1005

Page 2 of 51f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


ZyXEL Communications Corporation Ex. 1005 
Page 3 of 51

 
 
 

 
 

 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

Manyofthe designations used by manufacturers and sellers to disting
those designations appear in this book, and the publisherwas
with initial capital letters orinall capitals.

uish their products are claimed as trademarks. Where
aware of a trademarkclaim, the designations have been printed

Theauthors and publisher have taken care in the preparation of this book, but make no expressed or implied warranty of any
kind and assume no responsibilityfor errors or omissions, No liability is assumedfor incidental or consequential damages inconnection with or arising out ofthe use ofthe information or programs contained herein
The publisher offers excellent discounts on this book when ordered in quantity for bulk purchases or special sales, which
mayinclude electronic versions and/or custom covers and content particular to your business, training goals, marketingfocus. andbranding interests, For more information, please contact:

U.S. Corporate and Government Sales
(800) 382-3419
corpsales @pearsontechgroup.com

For sales outside the United States. please contact:
International Sales
international @pearsoned.com

 
This Book Is Safari Enabled

Safari
gooxsonune 'he Safari® Enabled icon on the cover of your favorite technology book means the bookis available through
MEET Safar Bookshelf. When you buy. this book, you get free access to the online edition for 45 days,

Safari Bookshelf is an electronic reference library that lets you easily search thousands of technical books, find code sam-
ples, download chapters, and access technical information whenever and wherever you needit.
To gain 45-day Safari Enabled access to this book:

* Go to hitp;//www.prenhallprofessional.cum/safarlenabled
»? Complete the briefregistration form
° Enter the coupon cade JRR8-NBAQ-SCDV-9ZOB-FNJU

If you have difficulty registering on Safari Bookshelf or accessing the online edition, please e-mail customer-service @ safa-ribooksonline.com.

Visit us on the Web: www.prenhallprofessional.com

 

Library of Congress Cataloging-in-Publication Data
Andrews, Jeffrey G.

Fundamentals of WiMAX :
Muhamed.

p.cm,

 
understanding broadband wireless networking / Jeffrey G. Andrews. Arunabha Ghosh, Rias

Includes bibliographical references and index.

ISBN 0-13-222552-2 (hbk : alk. puper)
1. Wireless communication systems, 2. Broadb:Title.

TK5103.2.456 2007
621,382—de22

 
and communication systems. I, Ghosh, Arunabha.Il. Muhamed, Rias. II.

2006038505
Copyright © 2007 Pearson Education, Inc

All rights reserved. Printed in the United States of America. This publication is protected by copyright, and permission mustbe obtained from the publisher prior to any prohibited repreduction storage in a retrieval system, or transmission in any
form or by any means, electronic, mechanical, photocopying, recording, or likewise, For information regarding permissions,write tor

Pearson Education, Inc,
Rights and Contracts DepartmentOne Lake Street
UpperSaddle River, NJ 07458
Fax: (201) 236-3290

ISBN 0-13-222552-2

 
    
  
 

Text printed in the United States on recycled paper at Courier in Westford, Massachusetts
First printing, February 2007

 
ZyXEL Communications Corporation Ex. 1005

Page 3 of 51f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


ZyXEL Communications Corporation Ex. 1005 
Page 4 of 51

 

 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Introduction to Broadband

Wireless

roadband wireless sits at the confluence of two of the most remarkable growth stories oftheB telecommunications industry in recent years. Both wireless and broadband have on their
own enjoyed rapid mass-market adoption. Wireless mobile services grew from 11 million sub-
scribers worldwide in 1990 to morethan 2 billion in 2005 [1]. During the sameperiod,the Inter-
net grew from being a curious academic tool to having about a billion users. This staggering
growth of the Internet is driving demand for higher-speed Internet-access services, leading to a
parallel growth in broadband adoption. In less than a decade, broadband subscription worldwide
has grown from virtually zero to over 200 million [2]. Will combining the convenience of wire-
less with the rich performance of broadbandbe the next frontier for growth in the industry? Can
such a combination be technically and commercially viable? Can wireless deliver broadband
applications and services that are of interest to the endusers? Manyindustry observers believeso.

Before we delve into broadband wireless, let us review the state of broadband access today.
Digital subscriber line (DSL) technology, which delivers broadband over twisted-pair telephone
wires, and cable modem technology, which delivers oyercoaxial cable TV plant, are the predom-
inant mass-market broadband access technologies today, Both of these technologies typically
Provide up to a few megabits per secondofdata to each user, and continuing advances are mak-
ing several tens of megabits per secondpossible. Since their initial deploymentin the late 1990s,
these services have enjoyed considerable growth. The United States has more than 50 million
broadband subscribers, including more than half of homeInternet users. Worldwide, this num-
ber is more than 200 million today and is projected to grow to more than 400 million by 2010
[2]. The availability of a wireless solution for broadband could potentially accelerate this
growth.

Whatare the applicationsthatdrive this growth? Broadbandusers worldwide are finding that
it dramatically changes how we share information, conduct business, and seek entertainment.

Abies.
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Chapter 1 ¢ Introduction to Broadband Wireless
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Figure 1.1 Worldwide subscriber growth 1990-2006 for mobile telephony,Internet usage, and a
broadband access[1, 2, 3] «
Broadband access not only provides faster Web surfing and quicker file downloads but also n
enables several multimedia applications, such as real-time audio and video streaming, multimedia u
conferencing, and interactive gaming. Broadband connections are also being used for voicetele- ¥
phony using voice-over-Internet Protocol (VoIP) technology. More advanced broadband access

systems, such as fiber-to-the-home (FTTH) and very high data rate digital subscriber loop P
(VDSL), enable such applications as entertainment-quality video, including high-definition TV b
(HDTV) and video on demand (VoD). As the broadband market continues to grow, several new 9
applications are likely to emerge, and it is difficult to predict which ones will succeed in the :
future. 5

So what is broadband wireless? Broadbandwireless is about bringing the broadband experi- b
ence to a wireless context, which offers users certain unique benefits and convenience. There are s
two fundamentally different types of broadbandwireless services. Thefirst type attempts to pro- ‘|
vide a set of services similar to that of the traditional fixed-line broadband but using wireless as
the medium of transmission. This type, called fixed wireless broadband, can be thought of as a N
competitive alternative to DSL or cable modem. The second type of broadband wireless, called i
mobile broadband,offers the additional functionality of portability, nomadicity,! and mobility. d
Mobile broadband attempts to bring broadbandapplications to new user experience scenarios | i
and hencecanoffer the end user a very different value proposition. WiMAX (worldwide interop- |

*erability for microwave access) technology, the subject of this book, is designed to accommo-
date both fixed and mobile broadband applications. = 

|ee ae : . «ape 0

[. Nomadicity implies the ability to connect to the network from different locations via different base |
stations; mobility implies the ability to keep ongoing connections active while moving at vehicular PIspeeds. 5
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