Preface

Contents

xi

Chapter 1. Introduction

Transmission Media

Digitization

Digital Microwave Radio System Configuration
The Optical Fiber System Configuration
Mobile Radio Systems

Data Communications and the Network
International Standards

1.1
1.2
1.3
1.4
1.5
1.6
1.7

Chapter 2. Digital Multiplexing (Baseband Composition)
Pulse Code Modulation

2.1

2.2
23

2.4

214
2.1.2
213
2.1.4
215
2.1.6
21.7
2.1.8
2.1.9

Sampling

Quantization

Encoding and Decoding

Recent Coding Developments

PCM Transmission Formats

Formats for 30-Channel PCM Systems
Frame Alignment

Multiframe Alignment

Formats for 24-Channel PCM Systems

Line Codes
Asynchronous Higher-Order Digital Multiplexing (CCITT)

2.3.1
2.3.2
233
23.4
235
2.3.6
23.7

The Digital Multiplexing Hierarchy
Second-Order Multiplexing (2 to 8 Mb/s)
Positive Pulse Stuffing (or Justification)
The 8-Mb/s Frame Structure

Third-Order Multiplexing (8 to 34 Mb/s)
Fourth-Order Multiplexing (34 to 140 Mb/s)
Fifth-Order Multiplexing (140 to 565 Mb/s)

Asynchronous Higher-Order Digital Multiplexing (North America)

241
2.4.2
243

The Digital Multiplexing Hierarchy
DS$1-C Multiplexing (1.544 to 3.152 Mb/s)
DS2 Multiplexing (1.544 to 6.312 Mb/s)

10
12
13
14
16

17

18
18
20
27
28
30
32
32
37
38
39
47
47
48
50
52
54
55
56
58
58
58
60



i Contents

25

2.6

24.4
245

DS3 Multiplexing (6.312 to 44.736 Mb/s)
DS4 Multiplexing (44.736 to 274.176 Mb/s)

Synchronous Digital Multiplexing

2.5.1
2.5.2
253
254
255

Network Node Interface

Synchronous Transport Signal Frame

Synchronous Transport Module Frame

Comparison of Asynchronous and Synchronous Interfaces
SDH Multiplexing Structure Summary

Multiplexing Digital Television Signals

2.6.1
2.6.2
2.6.3
2.6.4
2.6.5

Digitization of TV Signals

Analog Color TV

Video Compression Techniques

A Typical Digital TV Transmission System
High-Definition Television

Chapter 3. Signal Processing for Digital Radio Communications
Modulation Schemes

3.1

3.2

3.3

3.4

3.1.1
3.1.2
3.1.3
3.1.4

3.1.5
3.1.6
3.1.7
3.1.8

Bandwidth Efficiency
Pulse Transmission through Filters
Pulse Amplitude Modulation

Frequency Shift Keyed Modulation, Minimum Shift Keying (MSK),

and Gaussian MSK

Phase Shift Keyed Modulation
Quadrature Amplitude Modulation
Comparison of Modulation Techniques
Demodulation

Error Control (Detection and Correction)

3.2.1
3.2.2
3.23

Forward Error Correction
Automatic Request for Repeat
Trellis-Coded Modulation

Spread Spectrum Techniques

3.3.1
3.3.2
3.3.3

Pseudorandom Noise Generation
Spread Spectrum Systems
Direct Sequence Spread Spectrum

Access Techniques for Mobile Communications

3.4.1
3.4.2
3.4.3

Frequency Division Multiple Access
Time Division Multiple Access
Code Division Multiple Access

Chapter 4. The Microwave Link
4.1 Antennas

4.2
4.3

411
4.1.2
413
4.1.4
4.1.5
4.1.6

Antenna Gain

Beamwidth

Polarization

Antenna Noise
High-Performance Antennas
Antenna Towers

Free Space Propagation
Atmospheric Effects

4.3.1

Absorption

60
63
63
65
66
73

77
80
81
82
83
84
86

89
89
89
90
92

93

95

97

99
105
110
111
120
121
124
127
129
130
132
132
132
133

135

138
138
141
143
144
146
146
149
151
151



4.4

4.5

4.6

4.7

4.8

Contents

4.3.2 Refraction

4.3.3 Ducting

Terrain Effects

4.4.1 Reflections

4.4.2 Fresnel Zones

4.4.3 Diffraction

Fading

4.5.1 Flat Fading

4.5.2 Frequency Selective Fading
4.5.3 Factors Affecting Multipath Fading
Availability

4.6.1 Performance Objectives
Diversity

4.7.1 Space Diversity

4.7.2 Frequency Diversity

Link Analysis

4.8.1 Hop Calculations

4.8.2 Passive Repeaters

4.8.3 Nolse

Chapter 5. Digital Microwave Radio Systems and Measurements

5.1

5.2

5.3

5.4

System Protection

5.1.1 Diversity Protection Switching

5.1.2 Hot-Standby Protection

5.1.3 Combining Techniques

5.1.4 IF Adaptive Equalizers

5.1.5 Baseband Adaptive Transversal Equalizers

Digital Microwave Radio Systems

5.2.1 140-Mb/s DMR with 16-QAM

5.2.2 Digital Microwave Radio Transceiver Components

5.2.3 140-Mb/s DMR with Higher Modulation Levels (64-QAM or
256-QAM)

5.2.4 Low-Capacity DMR

Performance and Measurements

5.3.1 RF Section Tests

5.3.2 IF Section Tests

65.3.3 Baseband Tests

Comparison between Analog and Digital Microwave Radio

5.4.1 Composition of the Baseband

5.4.2 FM Analog Microwave Radio

5.4.3 Measurements

5.4.4 Summary

Chapter 6. Introduction to Fiber Optics

6.1
6.2

Introduction

Characteristics of Optical Fibers
6.2.1 - Numerical Aperture

6.2.2 Attenuation

6.2.3 Dispersion

wuil

151
157
157
157
159
163
166
166
167
168
169
171
178
179
181
182
182
186
191

201

201
201
202
204
206
211
220
220
222

253
256
261
262
265
266
282
283
284
289
293

295
295
295
296
297
300



viii

6.3

6.4

6.5

Contents

6.2.4 Polarization

6.2.5 Fiber Bending

Deslgn of the Link

6.3.1 Power Budget

Optical Fiber Cables

6.4.1 Cable Construction

6.4.2 Splicing, or Jointing

6.4.3 Instailation Problems

Fiber Optic Equipment Components
6.5.1 Light Sources

6.5.2 Light Detectors

6.5.3 Polarization Controllers

6.5.4 Amplifiers

6.5.5 Modulators

6.5.6 Couplers

6.5.7 Isolators

6.5.8 Filters

6.5.9 Photonic Switches

6.5.10 Solid-State Circuit Integration

Chapter 7. Optical Fiber Transmission Systems

71
7.2

7.3

7.4

7.5

7.6

Intensity Modulated Systems

Coherent Optical Transmisslon Systems

7.2.1 Nonlinear PLL

7.2.2 Balanced PLL

Optical Multiplexing

7.3.1 Wave Division Multiplexing

7.3.2 Frequency Division Multiplexing
Repeaters

7.4.1 Regenerative Repeaters

7.4.2 Optical Repeaters

Systems Designs

7.5.1 Junction Routes (Interexchange Traffic)
7.5.2 Long-Haul Links

7.5.3 Local Area Networks and Subscriber Loops
7.5.4 BER Improvement

Optical Fiber Equipment Measurements

7.6.1 Cable Measurements

7.6.2 Line Terminal Measurements

Chapter 8. Mobile Radio Communications

8.1
8.2
8.3
8.4

Introduction
Cellular Structures and Planning
Frequency Allocations

Propagation Problems
8.4.1 Field Strength Predictions
8.4.2 Effects of Irregular Terrain

303
304
306
308
310
310
an
321
323
323
330
333
335
338
34
343
344
347
348

355
358
359
365
366
368
368
370
372
372
373
374
374
378
381
388
389
390
391

399
399
400
407

409
410
414



8.5

8.6
8.7
8.8

8.9

Contents

Antennas

8.5.1 Base Station Antennas

8.5.2 Mobile Unlit Antennas

Types of Mobile Systems

Analog Cellular Radio

Digital Cellular Radio

8.8.1 Digital Narrowband TDMA
8.8.2 Future Digital Cellular Radio
Portable Radio Telephones and PCNs

8.10 Data over Cellular Radio

8.11

Cellular Rural Area Networks for Developing Countries

Chapter 9. Data Transmission and the Future Network

9.1
9.2

9.3

9.4

9.5
9.6

9.7

Standards

Data Transmission in an Analog Environment
9.2.1 Bandwldth Problems

9.2.2 Modems

Packet Switching

9.3.1 Packet Networks

9.3.2 The X.25 Protocol

9.3.3 Network Interface Protocols
9.3.4 Optical Packet Switching

Local Area Networks

9.4.1 CSMA/CD (Ethernet)

9.4.2 Token Rings

9.4.3 10Base-T (Ethernet)

9.4.4 Fiber Distributed Data Interface
WANSs and MANs

ISDN

9.6.1 Narrowband ISDN

9.6.2 Broadband ISDN

Data Communications Testing

Appendix: Standards

Bibllography 507
Index 527

Ix

416
417
419
420
423
426
426
435
436
439
440

443
444
449
449
449
451
453
454
459
460
461
463
464
467
467
473
476
476
487
500
502



