PROFESSIONAL

WIRELESS

BROADBAND
HANDBOOK

= Wireless Broadband

Access Technologies
= GPRS, EDGE, and 3G
« UMIS implementation Uptions
* 54 mps Wireless LANS
» MMDS/LMDS

REGIS J. "BUD" BATES




CONTENTS

About the Author
Acknowledgemenits

Chapter 1

Chapter 2

The History of Wireless

Wireless Radio Systerns
Free-Space Communication
Frequency Spectrum
The Modulation Process
Radio Propagation
Microwave Repeater Systerms
Satellite Radio Communications
Standards Groups
ANSI
TIA
ECSA
Spectrum Usage
Reguiatory Control
Cellular Service
Analog Cellular {AMPS and TACS)
Digital Celluiar
Personal Commurications Services (PCS)
Liniversal Mobile Telephone Systerns
Radio Channrels
Multiplexing Arrangements
Frequency Division Multiple Access [FDMA)
Tirme Division Muitiple Access [TOMA)
Code Division Multiple Access {CDMA)
Modulation Techniques Used
Modulated Signal Envelope
Amplitude Modulation
Frequency Modulation
Digital Modulation
Light-Based Systems

Radio Technologies and Systems

Wireless Methodologies
Radio Frequency Characteristics
General Aspects

XV

Xvii

39

40
40
40



Contents

Microwave Communications 49
What About Bandwidth? 53
Satellite Communications 56
Commercial Providers 57
How Do Satellites Work? 57
Satellite Frequency Bands 57
Orbital Slots 61
Communications 61
LFO versus GEO 64
Niches in the GEQ Sphere 64
LEC Meets GEO 65
Space Security Unit 65
The Market for the Network 65
Satellite Characteristics 67
Latency 68
Noise 69
Bandwidth 69
Advantages 70
Low-Earth Orbit Satellites {LEQs) 70
Low-Earth Orbit 71
The Benefits of These Service Offerings 74
Global Positioning System 77
Cirect Broadcast Satellites 77
Communication Satellites 77
Other Commercial Appiications 78
Chapter 3  Access Techniques for Radio-Based Systermns 81
Frequency Division Multiple Access [FOMA) 82
Digitai Cellular Evolution 84
Time Division Multiple Access [TDMA) 84
IS-136 TDMA 86
Capabilities Provided Through TDMA 87
Voice Quality Improverments with 1S-136 TDMA 89
Data Services Currently Available with TDMA 30
Automatic and Dynamic Channel Assignment for 15-136 N
Microcellular Evolution for 15-136 92
Future High-Speed Packet Data Wireless Access Using EDGE 92
Additiona!l Considerations for 136 HS 93

Extended-TDMA 94



Contents

' Chapter &

Code Division Multiple Access [CDMA]
The CDMA Celiular Standard
Spread Spectrum Goals
Spread Spectrum Services
Security
Synchronization
Balancing the Systems

Common Air Interfaces
The Forward Channel
Overhead Channels
The Reverse Channel
Traffic Channel

Cellular Communications

Why Digital?

Coverage Areas

Analog Ceilular Systems

Log On

Monitoring Control Channels

fFailing Signal

Setup of a Call

Setup an Incoming Call

Handoff
Setting up the Handoff
The Handoff Occurs
Completion of the Handoff

The Cell Site (Base Station)

The Mobile Telephone Switching Office (MTSO)
Frequency Reuse Plans and Cell Patterns

Overlapping Coverage
Cell Site Configurations
Sectorized Cell Coverage
Tiered Sites
Reuse of Freguencies
Allocation of Frequencies

Establishing a Call from a Landline to a Mohile

Intersystem Handoff
Handoff Completion
Hand Back
Handoff to a Third M5C

- g
1ihagiin

~0
i

97

97

99
100
100
100
101
101
102
103
105

107

111
112
113
114
115
115
116
117
117
118
118
118
19
ite
120
122
122
123
124
124
125
126
128
128
129
129



Chapter 5

Chapter 6

Seamless Networking with 1541 and 557
Automatic Roaming

Personal Communications

Current Cellular Standards
FDMA,
TOMA
Digital Systems
Digitai Cellular Evolution
Time Division Muitiple Access [TDMA)
Penetration
The CDMA Celiular Standard
CDMA Development Group
CDMA-PCS
More Sophisticated Vocoders
Capacity Improvements
CDMA Benefits
CDMA Today
Rationale Behind CMAS Popularity
Soft versus Hard Handoff
Qver-the-Air Activation
What About Data?
Circuit Mode Asynchronous Data/Fax Rates
Simuitaneous Voice and Data
Packet Data Services
PCS Providers

Global System for Mobile {GSM)

Change Is Underway
GSM Concept and Services
The GSM Architecture
The Air and Link Interfaces
The Access Techniques Used
Traffic Channel Capacities
Control Functions

The Data Burst

Speech Coding Formats
The Network Structured Protocols and Interfaces
Some Thoughts on GSM
The Need for Interoperability

Contents

130
131

133

136
136
136
137
138
139
140
142
142
142
144
145
145
147
148
148
149
150
151
151
152
152

155

158
158
159
161
162
163
164
164
165
165
167
168



Contents

Network Interoperability 170
Enhanced Voice Services 170
Add-On Technologies — iIDEN™ 173
Improved Spectral Efficiency 173
Motorolas VSELP—Coding Signals for Efficient Transmission 174
QAM Modulation 175
o Mutltiplied Channel Capacity 175
The Advantage of Integration 175
The Control Channel {CC) 177
Service Areas and Licensing Blocks 178
Innovation and ntegration 179
Spectral Efficiency with Frequency Hopping 179
Digital Transition 180
Chapter 7 Wireless Data Communications Services 183
The Wireless Revolution 184
Voice to Data 185
The Wireless Data Market 185
Wireless Data and the Spectrum 187
Spectrum Regulation 187
Unlicensed Spectrum 188
Wireless Data Transmission:How It Works 188
Session versus Packet Transmission 190
Celiular Digital Packet Data (CDPD) 195
Circuit-Switched Cellular Digitai Packet Data (CS-CDPD) 195
Packet-Switched CDPD 195
Packet Data Communications Are More Efficient 197
Wireless Application Protocol [WAP} 199
SMS 201
National SMS Interworking 201
Person-to-Person Messaging 202
Voice and Fax Mail Notifications 203
Internet E-mail Alerts 203
The Wireless Internet 203
General Packet Radio Systems 205
GPRS System Architecture 206
Bearer Services and Supplementary Services 209
Simultaneous Usage of Packet-Switched and
Circuit-Switched Services 210

EDGE — The Next Step in Wireless Data 210



Contents

GERAN 211
UMTS 211
UMTS Access Network (UTRAN) 212
The Wireless Data Industry 214
System Integrators 214
Software 214
Hardware Developers 215
carriers 215
Wireless Data: Apparatus Types 216
Chapter 8 Wireless Local Area Networks (WLANS) 219
Wireless Local Area Networks 220
Defining the Wireless LAN 222
Applications for Wireless LANs 224
Benefits of WLANSs 225
How WLANs Work 227
WLAN Configurations 228
Independent WLANS 228
Extended WLANS 229
Infrastructure WLANS 229
WLAN Technology Opticns 230
Spread Spectrum 230
WLAN Custormer Considerations 231
Range/Coverage 231
Tnroughput 231
Inteqrity and Reliability 231
802Z.11 Specifications 232
[EEE 8G2.11 Architectures 233
IEEE 802.11 Layers 233
Physical Signais 234
Timing Is Everything 235
Clear to Send? 236
Roaming 237
MAC Layer and Data Payload 238
Home Netwaorking 238
802.11b versus HomeRF Networks 238
Wireless Access Point 241
Wireless Adapter 242
Reaiities of Wireless 242
Some Motivation 243

Mobile IP 244



Contents

Chapter 9

Faster Wireless Standards: 802.11a
Frequencies for All
Bran Aryone?
Taming the Standards Beast
Interoperabiiity Problems
Dental Hygiene Anyone?
What Is Bluetooth?
Bluetooth Roots
Compliance
Voice
Data

Wireless Innovations in Broadband

Wireless Innovations
The Market in General
From Suitcase to Palmtops
The Ricochet Netwark Architecture
The Componernits
Radio Frequency Spectrum
Frequency Hopping, Spread Spectrum Technology
Packet-Switched Networking
Middleware, Custom Protocols, and Proxies
Mobile IP
TCPAP aver Sateliite
Satellite and ATM
Charting the Rules for the Internet
Tailoring IP Can Accelerate Throughput
Teledesic Technology Overview
Seamless Compatibility
The Teledesic Network
Fast Packet Switching
The Satellite Consteltation
Multiple Access
Network Capacity
Wireless Local Loop (WLL)
WLL Technology Shakeout
Architecture of a Wireless Downstream System
Frequency Bands and Limitations
Receiving the Signal at the Subscriber
Wireless Local Loop (WLL)
Not for Everyone

Kiash

P

244
245
247
247
248
248
248
249
250
251
251

255

256
256
257
260
260
263
263
264
264
267
268
270
270
271
273
273
273
275
276
277
278
279
280
280
281
281
285
286



Contents

What of the Bandwidth? 289
Enter Local Multipoint Distribution Services (LMDS) 290
The Reasoning Behind LMD5 290
Nebtwork Architectures Available to the Carriers 293
TCF/IP over LMDS 294

Chapter 10 Emerging Wireless Standards 297
Wireless Standards 298
GPRS 299
EDGE 304

What Is Special About EDGE? 305
UMTS 3006
Mobile Internet — A Way of Life 307
Applications of the Wireless Internet El
Visions of Wireless 312
Pasitioning the Mobile Industry 315
Key Technologies 316

UTRA 316

Multi-Mode Second Generation/UMTS Terminals 316

Satellite Systerns 317

USIM Cards/Smart cards 317

Internet Protocol (iP) Compatibility 318
Spectrum for UMTS 319
The cdma2000 Family of Standards 319

Purpose 319

Chapter 11 Wireless Applications 323
Using Wireless 324
There Is 2 Bug in My Soup 325
Wireless Intenet Starts It Off 326
Applications and Features 327
TV as an Application 331
What About Dick Tracy? 332
Web Through the Sky 333
Through the Air with Non-LOS 337
Medical Prescriptions 338
Dental Floss and PDAs 340
SOHO Long, Its Been Good to NOYO 342
Students and Profs Come Together 343

Shopping Pancorama 345



Contents

.
-

Acronym List
Glossary
Index

in Your Face

Ad Hoc Meetings with infraRed
Finally the Set Changes
Phoneless in Chicago

Where Am | Going?

How Do | Get There from Here?
Final Comments

346
348
349
350
351
351
355

357
367
387



