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PREFACE NN

We believe this textbook covers all the primary areas in the wireless tech-
nology arena. It is the result of many years of research and work experience
as well as years teaching college students all about the wonders of wireless
technology.

We begin with a brief overview of networking. This not only sets the
stage for later discussions on wireless, but also provides an opportunity for
those students who do not already have a background in networking. The
chapters that follow address the chief wireless technologies such as wireless
application protocol, Bluetooth, cellular telephony, emergency services, wire-
less local area networks, satellite communications, global position system,
and paging systems.

This text is well suited to Computer Information System (CIS) and In-
formation Technology (IT) programs that emphasize a practical approach to
this field. We have deliberately developed this book so that readers do not re-
quire any mathematical foundation. The concepts are presented thoroughly
and clearly.

Being in the education field ourselves, we realize that instructor sup-
plements are important. We never seem to have enough time, it seems! An
extensive set of supplemental materials, including lecture notes, PowerPoint
presentations, many review and test questions, hands-on exercises, and
team exercises is found in the Instructor's Manual that accompanies this text.
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been extremely supportive of our efforts. Alex Wolf and Kelly Mulligan, ed-
itors extraordinaire, have pulled out a lot of hair dealing with first-time
textbook authors such as ourselves.

Charles Stewart, vice president of Prentice Hall, certainly deserves our
undying gratitude and respect. He trusted in two first-time authors and has
displayed the highest levels of integrity, professionalism, and even friendship
through this time of innumerable questions and interruptions.

We would also like to thank the following reviewers for their valuable
feedback: Phillip Davis, Del Mar College; Lee Rosenthal, Farleigh Dickinson
University; and Costas Vassiliadis, Ohio University.

Finally, our families have paid a toll in missed opportunities to go out to-
gether while we were laboring on this book.

Gary S. Rogers
John Edwards



ABOUT THE AUTHORS

John Edwards has a Ed.D. degree from the University of Georgia and holds
the rank of Associate Professor of Information Technology at Macon State
College. He has 35 years experience installing and managing local and wide
area networks in education and business, and has published twenty-seven
technical articles in the field of computing. He is a principal in a firm which
provides e-commerce consulting, network configuration, installation and
management, and website development.

Gary S. Rogers has a Ph.D. degree from Walden University and holds the
rank of Assistant Professor of Information Technology at Macon State Col-
lege. He specializes in telecommunications, possessing more than 20 years
experience in the computer networking field and many years designing and
implementing wired and wireless networks. Dr. Rogers has designed and im-
plemented computer networking systems in both the private and public sec-
tors. He has authored many articles and technical presentations in the area of
networking, network security, and telecommunications standards.

vii



CHAPTER 1

CHAPTER 2

CHAPTER 4

CONTENTS NN

introduction to Netwerking 2

Technology and Change 5

The Internet  §

Reference Models, Layering, and Protocols 11
0SI and Other Models 15

Network Types 17

Network Media 19

Network Topologies 24

Connectivity Devices 28

Evolution of Networking 31

intreduction to Wireless Communications 44
Why Wireless? 45

Types and Range of Wireless Communications 46
Growth of Wireless Communications 49

Wireless Technologies 59

Wireless LANs 69

Satellite Communications 72

Wireless Application Protocol 80

Other Wireless Systems 84

Yochnical Feundation of Wireless Techuslegles 92

What Is Wireless? 93

Antennas 94

Narrowband and Spread Spectrum Technology 97

Accessing Channels: Spread Spectrum and Cellular Telephony 100
Propagation 104

Frequencies and Spectrum 106

Signals 115

Personal Communications System 119

How an Organization Gets a Piece of Spectrum 119

Wireless Application Pretocel 124
Background 125

History 126

Design and Principles of Operation 128
WAP Architecture Requirements 132



CONTENTS

WAP Architecture Overview 133

The WAP Model 134

WAP Architecture Components 136

Compliance and Interoperability 141

WAE Overview 141

The WWW Model 144

The WAE Model 145

WAE Services and Formats 148

Internationalization 154

Security and Access Control 155

WTA Architecture Overview 155

WTA Framework Components 156
Telephony-Specific Exchanges 157

Wireless Telephony Application Interface Specification 162
Supported Content Formats 165

Wireless Session Protocol Specification 166
Wireless Transaction Protocol Specification 169
Wireless Transport Layer Security Specification 170
Handshake Protocol Overview 170

Wireless Datagram Protocol Specification 174
Wireless Control Message Protacol Specification 178
The Future 19

CHAPTER5 Bluetooth 184
Purpose and Beginnings 189
Design and Principles of Operation 189
Transmitter Characteristics 192
Spurious Emissions 192
Baseband Characteristics 193
Physical Channel 195
Physical Links 196
General Format 197
Transmit/Receive Timing 199
Channel Control 199
Bluetooth Security 200
Link Manager Protocol 201
Logical Link Control and Adaptation Layer Protocol 202
General Operation 204
Data Packet Format 206
Service Discovery Protocol 207
Ricomm 209
Telephony Control Protocol Specification 211
Interoperability Requirements for Bluetooth as a WAP Bearer 214
Alternatives to Bluetooth 217
The Qutlook 217
Recent Events in the Bluetooth World 217



CHAPTER 6

GHAPTER 7

CHAPTER 8

CHAPTER 9

Contents

Cellular Telephony 222

History of Cellufar Telephony 224

Design and Principies of Cellular Operation 230
Cellular Telephony Operations 240

Analog Cellular Telephones 242

Digital Gelluiar Telephones 245

The Digital Network 250

Personal Communications System 255

Third Generation 263

Recent Events in the Cellular World 276

Public Services 302

Interoperability in Communications 304

Aspects for the Law Enforcement Community 310
Incident Response Plans 311

Design and Principles of Operation 312
Specialized Mobile Radio 320

Wireless LANs 328

Introduction 331

Benefits of WLANs 333

Design and Principles of Operation 334
WLAN Configurations 334

Microcells and Roaming 336

Types of WLANs 336

WLAN Customer Considerations 343
Wireless LAN Standard IEEE 802.11, 802.11b, and 802.11a 347
Planning for a New Network 351
Selecting a WLAN 351

Microwave LANs 355

Recent Events 357

Satellite Communications 368
Background 373

History 374

Communicating with a Satellite 376
Launching a Satellite 376

Escape and Orbital Velocity 377
Different Types of Satellites 379
Orbital Mechanics 382

Leo Satellites 383

Iridium 386

Globalstar 388

Teledesic 394

Surrey Satellite Technology Ltd. 398
Orbcomm 399



xii CONTENTS

MEOs 401
GEOs 406
Polar Orbits 419
HEOs 420
Other Options 421

CHAPTER 10 Giobal Positioning Systom 426
Historical Precedents of GPS 434
Design and Principles of Operation 436
The Controversies 441
Satellite Segment 442
Control Segment 444
User Segment 445
Differential GPS 446
Geodetic Datums 449
Geometric Earth Models 450
Earth Surfaces 450
Datum(s) Revisited 451
Coordinate Systems 452
The Future of GPS 455

CHAPTER 11 Paging Systems 460
Who Is Involved in the Paging Systems Industry? 462
Design and Principles of Operation 464 .
Internet Servers and Gateways—Portals to a Paging System 476
Challenges of the Wireless World 491
Outlook for the Future 495

CHAPTER 12 Trends 500
Technology and Culture 502

WAP 502

3G 504

Wireless in Local Proximity 506
Appendices 508
Glossary 516

" Bibliograghy 524



BN AN INTRODUCTION T0 I
WIRELESS TECHNOLOGY



CHAPTER [IE

Introduction to
Networking

OBJECTIVES
Atter reading this chapter and completing the exercises, you will be able to:

® Understand the evolution, role, and current state of the internet

® Understand the purpose, operation, and role of reference models in
networking

® |dentify essential network types, media, topologies, and connectivity
devices

® Understand the increasing role of wireless networking

This chapter provides you with a solid foundation in networking basics,

which will enable you to have a deeper appreciation and understanding of the
more complex wireless discussions that follow in subsequent chapters.









Introduction to Networking

TECHNOLOGY AND CHANGE

As you are undoubtedly aware, we live in the midst of an information revo-
lution. This time can be challenging or even frightening. This change is evi-
dent in every sector of society, including the entertainment industry. Ina 1998
science fiction series, Babylon 5, a notable character sums up our situation
nicely: “The past tempts us, the present confuses us, and the future frightens
us.”(United Paramount Network. 1998. Babylon 5 TV series). Alternatively,
as Alvin Toffler indicates in his Third Wave, this advent of technology and its
associated information can be thought of as a third wave of information and
is the dawn of a new civilization (Toffler 1991).

It is an event as profound as that first wave of change unleashed thou-
sands of years ago by the invention of agriculture, or the earthshaking second
wave of change touched off by the industrial revolution. Information tech-
nology forms the basis of this new age of civilization—the information age.
Just as the industrial age caused mass movements of people from farm to fac-
tory, the information age has produced dramatic changes in the way we work
and live (Toffler 1991). Certainly, major technological advances await us in
this millennium, such as those in the biotechnology, cloning, and nanotech-
nology fields.

With this technology, however, comes something else—something per-
haps as tangible as the technology itself—namely change. We live in a time of
technological change, from the workplace to the home. On the work scene,
this change even affects a tradition-ruled organization like the U.S. Con-
gress. Members of Congress are so inundated with e-mail messages from
constituents and special interest groups—80 million last year alone—that
lawmakers routinely ignore most of them, according to a new study (Tech
crisis 2001).

At home, how many would have seriously envisioned receiving 500+
TV channels from an 18-inch satellite dish located in the backyard? DishTV is
a major player in this arena, using six satellites to transmit the TV channels
and associated services such as Internet connectivity (Our Satellites 2001). It
is clear that people, organizations, and society as a whole must learn to adapt
to this change and learn from it.

Technological change has increased the rate at which computer networks and
their accompanying applications are becoming not only accepted and preva-
lent but, in many cases, taken for granted. Many people in the United States
are so accustomed to an electronic mail service that they would have diffi-
culty living without it. Recent surveys indicate that electronic mail may soon
become as important as the telephone.



