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PREFACE

Wireless technology has become the most exciting area in telecommunications and network-
ing. The rapid growth of mobile telephone use, various satellite services, and now the wireless
Internet and wireless LANs are generating tremendous changes in telecommunications and
networking. This book explores the key topics in the field in the following general categories:

¢ Technology and architecture: There is a small collection of ingredients that serves to char-
acterize and differentiate wireless communication and networking, including frequency
band, signal encoding technique, error correction technique, and network architecture.

¢ Network type: This book covers the important types of wireless networks, including
satellite, cellular, fixed wireless access, and wireless LANS.

* Design approaches: The book examines alternative design choices and assesses their
relative merits.

* Applications: A number of key technologies and applications have been developed on
top of wireless infrastructures, especially mobile IP and wireless Web access.

Throughout, there is an emphasis on both technology and on standards. The book pro-
vides a comprehensive guide to understanding specific wireless standards, such as those pro-
mulgated by ITU and IEEE 802, as well as standards developed by other organizations. This
emphasis reflects the importance of such standards in defining the available products and
future research directions in this field.

INTENDED AUDIENCE

This book is intended for a broad range of readers who will benefit from an understanding
of wireless communications and networks, and the associated technologies. This includes stu-
dents and professionals in the fields of data processing and data communications, designers
and implementers, and data communication and networking customers and managers. For
the professional interested in this field, the book serves as a basic reference volume and is
suitable for self-study.

As a textbook, it is suitable for an advanced undergraduate or graduate course. It cov-
ers the material in the CS332 Wireless and Mobile Computing advanced course of the joint
ACM/IEEE Computing Curricula 2001. The chapters and parts of the book are sufficiently
modular to provide a great deal of flexibility in the design of courses.

PLAN OF THE BOOK

The book treats a number of advanced topics and provides a brief survey of the required ele-
mentary topics. For the reader with little or no background in data communications, Part
One and the appendices cover a number of basic topics. The booK is divided into four parts:

¢ Technical Background
* Wireless Communication Technology

W



¢ Wireless Networking
* Wireless LANs

In addition, the book includes an extensive glossary, a list of frequently used acronyms,
and a bibliography. Each chapter includes problems, suggestions for further reading, and a
list of relevant Web sites. Each chapter also includes, for review, a list of key words and a
number of review questions.

INTERNET SERVICES FOR INSTRUCTORS AND STUDENTS

There is a Web site for this book that provides support for students and instructors. The site
includes links to other relevant sites, transparency masters of figures and tables from the book
in PDF (Adobe Acrobat) format, PowerPoint slides, and sign-up information for the book’s
Internet mailing list. The Web page is at WilliamStallings.com/Wireless/Wireless2e.html; see
Section 1.8 for more information. An Internet mailing list has been set up so that instructors
using this book can exchange information, suggestions, and questions with each other and with
the author. As soon as typos or other errors are discovered, an errata list for this book will be
available at WilliamStallings.com. I also maintain the Computer Science Student Resource
Site at WilliamStallings.com/StudentSupport.html.

WHAT’S NEW IN THE SECOND EDITION

In the three years since the first edition of this book was published, the field has seen con-
tinued innovations and improvements. In this new edition, I try to capture these changes
while maintaining a broad and comprehensive coverage of the entire field. To begin the
process of revision, the first edition of this book was extensively reviewed by a number of
professors who teach the subject. The result is that, in many places, the narrative has been
clarified and tightened, and illustrations have been improved. Also, a number of new “field-
tested” problems have been added.

Beyond these refinements to improve pedagogy and user friendliness, the technical
content of the book has been updated throughout, to reflect the ongoing changes in this
exciting field. Every chapter has been revised. Highlights include the following:

¢ Minimum shift keying: MSK is a form of modulation that is found in some mobile
communications systems. This material is now covered.

* CDMAZ2000: The first 3G (third generation) wireless system to be deployed commercially
is known as CDMA2000 1xEV-DO. A discussion of this important standard is included.

* WiIMAX and IEEE 802.16a: Work on wireless local loop has evolved, including the intro-
duction of the WiMAX specification to provide interoperability specifications for 802.16.
Chapter 11 includes new material on 802.16, including the recent 802.16a standard.

¢ Orthogonal frequency division multiplexing: The popularity of OFDM is increasing
and is used in a variety of local and wide area wireless standards. The material on
OFDM has been updated and expanded.

+ Wi-Fi and IEEE 802.11: The coverage of 802.11a and 802.11b has been expanded
significantly, and treatment of 802.11g had been added.

* Data scrambling: Scrambling is a technique often used to improve signal quality. An
overview of data scrambling is provided in Chapter 14.



* Wi-Fi protected access: WPA has replaced Wireless Equivalent Privacy (WEP) as
the specification for providing security in wireless LANs. Chapter 14 provides
coverage of WPA.

¢ IEEE 802.15 and personal area networks: The initial 802.15.1 standard provides an
official specification for Bluetooth, which was covered in the first edition as well as
this edition. This edition also covers two new standards: the 802.15.3 high-speed
wireless PAN standard and the 802.15.4 low-speed wireless PAN standard.

¢ Trellis-coded modulation: TCM is a technique that provides for efficient use of
bandlimited channels; it is described in Chapter 15.

In addition, throughout the book, virtually every topic has been updated to reflect the
developments in standards and technology that have occurred since the publication of the
first edition.
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" Wireless Communications & Network‘s, Second Edition

This book is a survey of the technology of wireless communications and networks.
Many factors, including increased competition and the introduction of digital tech-
nology, have led to unprecedented growth in the wireless market. In this chapter, we
discuss some of the key factors driving this new telecommunications revolution.

This book, and the accompanying Web site, covers a lot of material. Following
the general discussion, this chapter gives the reader an overview of the book.

WIRELESS COMES OF AGE

Guglielmo Marconi invented the wireless telegraph in 1896.! In 1901, he sent tele-
graphic signals across the Atlantic Ocean from Cornwall to St. John’s Newfoundland;
a distance of about 3200 km. His invention allowed two parties to communicate by
sending each other alphanumeric characters encoded in an analog signal. Over the
last century, advances in wireless technologies have led to the radio, the television,
the mobile telephone, and communications satellites. All types of information can
now be sent to almost every corner of the world. Recently, a great deal of attention
has been focused on satellite communications, wireless networking, and cellular
technology.

Communications satellites were first launched in the 1960s. Those first satel-
lites could only handle 240 voice circuits. Today, satellites carry about one-third of
the voice traffic and all of the television signals between countries [EVAN98].
Modern satellites typically introduce a quarter-second propagation delay to the
signals they handle. Newer satellites in lower orbits, with less inherent signal delay,
have been deployed to provide data services such as Internet access.

Wireless networking is allowing businesses to develop WANs, MANs, and
LANSs without a cable plant. The IEEE has developed 802.11 as a standard for wire-
less LANSs. The Bluetooth industry consortium is also working to provide a seamless
wireless networking technology.

The cellular or mobile telephone is the modern equivalent of Marconi’s wire-
less telegraph, offering two-party, two-way communication. The first-generation
wireless phones used analog technology. These devices were heavy and coverage
was patchy, but they successfully demonstrated the inherent convenience of
mobile communications. The current generation of wireless devices is built using
digital technology. Digital networks carry much more traffic and provide better
reception and security than analog networks. In addition, digital technology has
made possible value-added services such as caller identification. Newer wireless
devices connect to the Internet using frequency ranges that support higher infor-
mation rates.

The impact of wireless communications has been and will continue to be pro-
found. Very few inventions have been able to “shrink” the world in such a manner.
The standards that define how wireless communication devices interact are quickly

IThe actual invention of radio communications more properly should be attributed to Nikola Tesla, who
gave a public demonstration in 1893. Marconi’s patents were overturned in favor of Tesla in 1943
[ENGE00].



Chapter 1 Introduction

3THz T
-g Optical
£ Infrared communications
£ wireless satellite

300 GHz +- LAN
[
-]
=
30 GHz +
[ A Communications .
% Terrestrial satellite WiMAX
microwave Wi-Fi
3GHz + Experil?en.ta! Ultra-
communications wideband
E satellite Cordless
- phone Cellular ZigBee
phone
300 MHz + o
1™
= FM radio
Mobile
30 MHz 4+ Black-and- two-way
white TV radio
29
T | Shortwave
radio
3 MH:z { —+— + —+ —t +— + —
1930 1940 1950 1960 1970 1980 1990 2000 2010

Figure 1.1 Some Milestones in Wireless Communications

converging and soon will allow the creation of a global wireless network that will
deliver a wide variety of services.

Figure 1.1 highlights some of the key milestones in the development of wire-
less communications.”? Wireless technologies have gradually migrated to higher fre-
quencies. As will be seen in later chapters, higher frequencies enable the support of
greater data rates and throughput.

1.2 THE CELLULAR REVOLUTION

The cellular revolution is apparent in the growth of the mobile phone market alone.
In 1990, the number of users was approximately 11 million [ECON99]. Today, that
number is in the billions. According to the ITU (International Telecommunications
Union),? the number of mobile phones worldwide outnumbered fixed-line phones
for the first time in 2002. The newer generation devices, with access to the Internet
and built-in digital cameras, add to this momentum. There are a number of reasons

2Note the use of a log scale for the y-axis. A basic review of log scales is in the math refresher document
at the Computer Science Student Resource Site at WilliamStallings.com/StudentSupport.html.

3A description of ITU and other standards-making bodies is contained in a supporting document at this
book’s Web site.
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for the increasing dominance of mobile phones. Mobile phones are convenient; they
move with people. In addition, by their nature, they are location aware. A mobile
phone communicates with regional base stations that are at fixed locations.

Technical innovations have contributed to the success of mobile phones. The
handsets have become smaller and lighter, battery life has increased, and digital
technology has improved reception and allowed better use of a finite spectrum. As
with many types of digital equipment, the costs associated with mobile telephones
have been decreasing. In areas where competition flourishes, prices have dropped
dramatically since 1996.

In many geographic areas, mobile telephones are the only economical way to
provide phone service to the population. Operators can erect base stations quickly and
inexpensively when compared with digging up ground to lay copper in harsh terrain.

Mobile telephones are only the tip of the cellular revolution. Increasingly, new
types of wireless devices are being introduced. These new devices have access to the
Internet. They include personal organizers and telephones, but now they have Web
access, instant messaging, e-mail, and other services available on the Internet. Wire-
less devices in automobiles allow users to download maps and directions on
demand. Soon, the devices may be able to call for help when an accident has
occurred or perhaps notify the user of the lowest-priced fuel in the immediate area.
Other conveniences will be available as well. For example, refrigerators may one
day be able to order groceries over the Internet to replace consumed items.

The first rush to wireless was for voice. Now, the attention is on data. A big part
of this market is the “wireless” Internet. Wireless users use the Internet differently
than fixed users. Wireless devices have limited displays and input capabilities com-
pared with typical fixed devices such as the PC. Transactions and messaging will be
the rule instead of lengthy browsing sessions. Because wireless devices are location
aware, information can be tailored to the geographic location of the user. Informa-
tion will be able to find users, instead of users searching for information.

1.3 THE GLOBAL CELLULAR NETWORK

Today there is no single cellular network. Devices support one or two of a myriad
of technologies and generally work only within the confines of a single operator’s
network. To move beyond this model, more work must be done to define and
implement standards.

The ITU is working to develop a family of standards for the next-generation
wireless devices. The new standards will use higher frequencies to increase capacity.
The new standards will also help overcome the incompatibilities introduced as the
different first- and second-generation networks were developed and deployed over
the last decade.

The dominant first-generation digital wireless network in North America was the
Advanced Mobile Phone System (AMPS). This network offers a data service using the
Cellular Digital Packet Data (CDPD) overlay network, which provides a 19.2-kbps data
rate. The CPDP uses idle periods on regular voice channels to provide the data service.

The key second-generation wireless systems are the Global System for Mobile
Communications (GSM), Personal Communications Service (PCS) 1S-136, and PCS



