Contents

Preface . . . XV
Preface to the first edition. . . ... ... .. . xvii
I IntroduCtion . . ... v i it e 1
1.1 Background ........... .. ... ... 1

1.2 Frequency bands .......... .. ... ... ... i 4
121 VLF . e 5

122 LFand MF. .. ... ... i i 5

123 HE .. e 6

124 VHFand UHF .. ........ ... .. ... i, 6

1.2.5 SHF .. oo e e 6

1.2.6 BHE . ... 7

1.3 Mobile radio frequencies. . . .. ... ... . i 8
131 Radiolinks ... ..ottt 9

1.3.2 ATEA COVETAZE .« o v oot e vttt et e ittt e e e e e e 10

1.4 POSESCIIPL. « o v v v et e et e 13
References . . . oot 14

2 Fundamentals of VHF and UHF Propagation. . .................... 15
2.1 Introduction. . .. .. .ot e 15

2.2 Propagationinfreespace ........ ... .. 16

2.3 Propagation over a reflecting surface . ............ ... I8
2.3.1 The reflection coefficient of the Earth. . . . ............... 18

2.3.2 Propagation over a curved reflecting surface. . . ........... 21

2.3.3 Propagation over a plane reflecting surface. . .. ........... 22

2.4 Ground rOUZHNESS . . . ..ottt 24

2.5 The effect of the atmosphere . . .......... ... ...... . ........ 26
2.5.1 Atmospheric ducting and non-standard refraction. . ... ..... 29
REfCrENCES © &« o v et et e e e e 31

3 Propagation over Irregular Terrain ... ...... .. ... ... ... ... 32
3.1 IMtroduCHOD. .« . ittt e e 32

3.2 Huygens' principle . ... ... 33

3.3 Diffraction over terrain obstacles . . . ....... ... ... .. 34



viii

Contents

3.3.1 Fresnel-zoneellipsoids . ......... ... .. ... .. ... ... ... 36

3.3.2 Diffraction 108ses . . . . . ..ot s 37

3.4 Diffraction overrealobstacles . ... ........ .. ... ... .. ... . ... 41
3.4.1 The uniform theory of diffraction . .................... 42

3.5 Multiple knife-edge diffraction. . . ....... ... ... .. ... L 46
3.5.1 Bullington’s equivalent knife-edge . ... ................. 47
3.5.2 The Epstein-Petersonmethod . .. ..................... 47
353 ThelJapanesemethod.............. ... ... ... ....... 49
3.54 The Deygoutmethod ... ...... ... .. .. ... .. ... ... 50
3.5.5 COMPAriSOM. . . . o i v vttt ittt e e e 50

3.6 Pathlosspredicionmodels.......... ... ... ... .. ... .... 52
36.1 TheEglimodel ........ ... ... ... .. .. ... .. .. . ... 53
362 TheJRCmethod . ......... ... ..., 54
3.6.3 The Blomquist-Ladell model. . ... .................... 56
3.6.4 The Longley-—Ricemodels. .......................... 56
3.6.5 CCIRmethods. . ... ..ot e 60
3,66 Othermethods. ... ..... ... 0 .. 62

3.7 DHSCUSSIOI « & v vttt et et e e e e e e e e 64
ReferenceS « . o ot ettt e e e e 68
Propagation in Built-up Areas. . . .. ..... ... ... ... 71
4.1 Introduction. ... ... ... ..ttt 71
4.2 Built-up areas: a classification problem. . . . ................ ... 72
4.2.1 A classification approach . .............. ... ... ... 73
4.2.2 Classification methods: a brief review. . . .. .............. 74

4.3 Propagation prediction techniques . .. .......... ... ... . ... 77
431 Young’s measurements . . . . ... ..vv e i 77
432 Alilsebrook’smethod. .. ....... ... i 79
433 The Okumuramethod ......... ... .. ... ... .. . ... ... 81
4.3.4 The Ibrahim and Parsonsmethod . .. .................. 88
43.5 The Walfisch-Bertonimethod . . .. .................... 91
43.6 Othermodels. . ... ... ... . i 95

4.4 Microcellular Systems . . . . ... ... . e 101
441 Microwave measurements . . . . ... ...t o 102
442 UHF measurements . .. ... .......c..ueinennennnnnns 105
443 Microcellularmodelling .. ............. ... .......... 107

4.5 DHSCUSSION « . o vttt e et e et e e et e e e 110
0 51153 1o T e 111
Characterisation of Multipath Phenomena . . .................. ... 114
5.1 Introduction. . . . v it n et e e e e e 114
5.2 The nature of multipath propagation . .. .................... 116
53 Short-termfading. .. ... ... . ... ... 119
5.3.1 Thescatteringmodel .. ..... ... ... .. ..c.cvuini... 120

5.4 Angle of arrival and signal spectra. . .......... ... . ... ... 122
5.5 The received signalenvelope ... ... 125
5.6 Thereceivedsignalphase . ....... .. ... ... 127



Contents ix
577 Baseband power spectrum . ................ .. ..., 128
538 LCRand AFD . ... ... 130
59 The PDF of phase difference .. .......................... 134
510 Random FM .. ... ... . . . . . . 136
511 Ricianfading . ....... ... . ... .. 139
5.12  Spatial correlation of field components . . .. ................. 140

5.12.1 Cross-correlation . ...................c..uu..... 142
5.13 The signal received at the base station ..................... 144
5.13.1 Vertically separated antennas. . .. .................. 146
5.13.2 Horizontally separated antennas. . . ................. 147
5.14 The magnetic field components. . . . ....... ... ... . ..., 150
515 Signal variability. .. ..... . ... . 152
5.15.1 Statistics of the fast fading. . . .. ................... 153
5.15.2 Statistics of the localmean . ...................... 155
5.15.3 Largeareastatistics. . . . ... ... ..o ninenn. .. 155
References ... ... ...t i 162

6 Wideband Channel Characterisation. . ... ....................... 164
6.1 Introduction. ............. ittt 164
6.2 Frequency-selective fading. . . ........ ... ... ... ... ... 165

6.2.1 Channel characterisation. . ... ...................... 166
6.3 Characterisation of deterministic chanmnels. . . .. ............... 167
6.3.1 The time domain function. . .. .. ...... ... ... ...... 168
6.3.2 The frequency domain function. . .................... 169
6.3.3 The time-variant transfer function . . . . ................ 169
6.3.4 The delay/Doppler-spread function ... ................ 170
6.3.5 Relationships between system functions . . . ............. 171
6.4 Randomly time-variant linear channels. . . ................... 172
6.4.1 Channel correlation functions . . .. ........ .. ... ..., 172
6.4.2 Relationships between the functions. . . ................ 173
6.5 Classification of practical channels. ... ..................... 174
6.5.1 The wide-sense stationary channel . . . ................. 174
6.5.2 The uncorrelated scattering channel. .. ................ 175
6.53 The WSSUSchannel .......... ... ... 177
6.6 Channel characterisation using the scattering function . .......... 178
6.6.1 The point scatterer description .. .................... 179
6.6.2 Statistical point scatterermodel. . . ...... ... ... L. 180
6.6.3 The scattering function. . .. ....... ... ... 181
6.7 Mobile radio channel characterisation .. .................... 184
6.7.1 Small-scale channel characterisation. . . ................ 185
6.7.2 Large-scale channel characterisation. . . ................ 188
REfEIENCES « - o o vt v et et e et e 189

7 Other Mobile Radio Channels . .. ...... ... . ... 190
Tl Introduction. . . v v v vt oo e e e e e e 190
7.2 Radio propagation into buildings. . . ............ ... .. L. 191

7.3

Propagation inside buildings . .. ............. ... ... L L. 195



X Contents

7.3.1 Propagation characteristics . . .. ..................... 196
7.3.2 Wideband measurements. . ... ... ...t 199

7.4 Ray tracing: a deterministic approach. . . . ......... ... ... 203
7.5 Radio propagationintunnels. . .. .......... . ... ... .. 210
7.6 Propagationinruralareas............ ... . ... ... ... 211
7.6.1 Introduction ........... . ... 211
7.6.2 Signal statistics. . . . ... .. i e 212
7.6.3 Small-scale signal variations: statistical modelling . . .. .. ... 215
References . . ..ot vt i e e et e e e e 218

8 Sounding, Sampling and Simulation. . .. ... ... . L L 221
8.1 Channelsounding . ... ... ... ... 221
8.2 Narrowband channel sounding. . .. ............. .. ... .. ... 221
8.2.1 A practical narrowband channel sounder . ... .......... 223

83 Signal sampling. . .. ... ..ot s 226
8.4 Sampled distributions .. ........ ... . ... . 227
8.4.1 Sampling to obtain the local mean value ... ........... 228

8.4.2 Sampling a Rayleigh-distributed variable . . ... ......... 229

85 Meansignal strength. .. ... ... ... . ... ... ... 229
8.5.1 Confidenceinterval.......... ... ... .. ... ... . ... 230

8.6 Normalisation revisited . . ... ....... .. ... . .. . ... 232
8.7 Wideband channel sounding. . . ......... ... ... ... . ..... 233
8.8  Wideband sounding techniques. . . ...... ... .. ... ... ... ... 234
8.8.1 Periodic pulse sounding. . .. .......... ... ... . ... 234

8.8.2 Pulse compression. . .. ........ ... 235

8.8.3 Convolution matched-filter . ... .................... 236

8.8.4 Swept time-delay cross-correlation . .. ........ ... ... 237

8.9  System requirements . . ... ... .. ...ttt e 239
8.9.1 Accuracy of frequency standards . . . ................. 241

8.9.2 Phase noisein signalsources . .. .................... 242

8.10 A practical sounderdesign. ... ........ ... ... .. ... 242
8.10.1 Data Processing . ... .....oueuut e 243

8.11 Experimental data processing. . . ... ... ...t 246
8.11.1 Frequency domain characterisation. . . .. ............. 247
8.11.2 Large-scale characterisation. .. .................... 248
8113 Summary . .. .. ... e 248

8.12 Radio channel simulation . ............ ... ... ... ....... 248
8.12.1 Hardware simulation of narrowband channels. . . ....... 249

8.13 Wideband channels. ... ..... ... ... ... ... ... 253
8.13.1 Software simulation . ........................... 253
8.13.2 Hardware simulation. . .. .............. ... ... ..., 257
References .. ..... ... . i 261

9 Man-made Noise and Interference . ........... ... ... .. ... .... 263
9.1 Introduction. .. ...... ..ot i e 263
9.2 Characterisation of pulses . . . ..., ... i s 265

9.2.1 Spectrum amplitude of a rectangular pulse. . ............ 265



Contents

10

xi

022 Impulse generators. . . .. .. .o vt 267

9.3 Characterisation of impulsive noise .. ...................... 267
9.3.1 Measurement parameters . ......................... 267

9.4 Measuringequipment . . ... ... .. 270
941 Bandwidth..... ... ... . ... . . ... 273
942 DynamiCrange. . ... ... ..ot .. 273
9.4.3 Receiver sensitivity and noise figure. ... ............... 274
944 Impulse reSponse . . .. ... ..ttt 274

9.5 Practical measuring Systems. . . . .. ... .. 275
9.5.1 Measurement of amplitude probability distribution. .. ... .. 276
9.5.2 Measurement of noise amplitude distribution . . .......... 278

9.6 Impulsive noise Measurements . . . . .. .. ... v ... .. 280
0.7 DISCUSSION . .« . ottt e 286
9.8 Performance prediction techniques . . . ...................... 287
9.8.1 Assessment of receiver performance using APD .. ........ 288
9.8.2 Assessment of receiver performance using NAD . ... .. ..., 289

9.9 Interference . ... ..ot e e 295
9.9.1 Singleinterferer .. ... ... 298
9.9.2 Multiple interferers. . . . ....... .. 299
ReferenCes « o o vt ot e e e e e 304
Mitigation of Multipath Effects. . . .. ........ ... ... ... ... .. .... 307
10.1  Introduction .. .. ... ...t 307
10.2  Diversity reception . ... ... . i 307
10.3  Basic diversity methods . . ... ... ... . L L 308
10.3.1 Selection diversity . . . .. ..ot i 311

10.3.2 Maximal ratio combining. . . . .. .. ... ... . ... 312

10.3.3 Equal-gain combining .. ................. ... .... 313

10.4 Improvements from diversity . ... ....................... 315
10.4.1 Envelope probability distributions. . .. .............. 315

1042 LCRand AFD ... ... . i, 317

1043 Random FM ..........c... ... 320

10.5 Switched diversity . . ... ... ..o 321
10.6  The effect of diversity on datasystems ....................322
10.7  Practical diversity systems . .. ............ ..o ... 325
10.8  Post-detection diversity . ... ... ... 325
10.8.1 Unified analysis. . .. ........... ... 328

109 Timediversity. .. ..o.cvvveim ... 328
10.10 Diversity on hand-portable equipment. . . . .................330
10.11 Discussion and conclusions . ............... ... ... 335
10.12 Interleaving. ... .....v.ovenenienneanneo. ... 335
10.13 Channel equalisation . . ... ... 337
10.13.1 Adaptiveequalisers . .. ........... . ... . 337

10.14 Non-linear equalisers. . ...............o ..., 338
10.14.1 Decision feedback equalisers. . . .................. 339

10.14.2 MLSE Viterbi equaliser . . ... ................... 339

10.15 Channel codifg. .« -« e vt v v i 341



xil Contents

10.15.1 Linear blockcodes. ... ... ... ... ... . . ... 342

10.15.2 Convolutionalcodes . .......... ... .. .. ... ..., 344

10.16 Codes for fading channels . .............. ... ... ........ 344
10.16.1 Performance of codes in fading channels . . ... ....... 345

10.17 Speechcoding. ... ... ... i 347
10.17.1 Sub-bandcoders . ........... ...y 347

10.17.2 Pulse-excitedcoders. . . . .......... .. .. L. 348

10.18 The RAKE I€CeIVET. . . . o v it vttt et et e e e e e a s 348
10.19 Smart antennas . . . . . ..ottt e e e 350
10.19.1 Considerations and possibilities. . . . ............... 351

10.20 Wideband modulation: the alternative. . .. ... .............. 355
10.20.1 Mitigation bandwidth .. ....... ... .. ... ... ..... 356
References. . ... ... it e e 359

11 Planning Radio Networks . .......... .. ... . 362
11,1 Introduction. ... ... ..ottt et e e 362
11.2 Cellular systems . . . ... ottt it et e e e 363
11.2.1 Interference comsiderations. . . ... .................. 366

11.3 Radio COVETAZE. . . . v vttt it e e et e e ettt e i 369
11.3.1 Coverageofasmallarea................. ... ..... 369

11.3.2 Coverage area of a base station . . . ................. 371

11.4 Planning tools. . . . . . .. ..t 373
11.4.1 Self-regulating networks . ... ............... ... ... 379

11.5 A modelling and survey analysismodule. . . ................. 379
11.5.1 Data preparation . ... ... ......veurennennnaennn 380

11.5.2 Modelcalibration . . . ........... ... ... .. ... 380

11.5.3 Developingamodel ............................ 382

11.5.4 Limitsoncoefficients. . . ... ....... ... ... ... ...... 384

11.5.5 Microcellmodel .. ....... ... ... . oo 384

11.6 Grade of service . . . . .. . .. it i e 384
11.6.1 Milli-erlangs per subscriber . .. .................... 385

11.7 Summary and review. . . ... ..o i it e 386
11.7.1 Cellsite dimensioning . . . .. .........oiierunn..nn 386

11.7.2 Basestationsite planning . ....................... 388

11.7.3 Frequency planning. . . ......... ... ... iiirnnnn. 388

11.74 Outputs of planning . . .............. ... ... .. .... 392

11.7.5 Conclusion. . .. ... ..t i 392

11.8 Adesignexample ... ...ttt 392
11.9 Thefuture .. ... ... e 395
11.9.1 AUMTSplanningtool......................... 396

1192 Raytracingmodels. . .......... ... ... ... . ..c..... 399
References . . ... .t i e 401
AppendiCes . . . ... e 403
A Rayleigh Graph Paper and Receiver Noise Figure. . ................ 403

B Rayleigh Distribution (dB) and CNR in a Rayleigh Fading Environment . 405



Contents

C Deriving PDFs for Variables in Logarithmic Units . . ...............
D Effective Signal Envelope . .. .......... ... ... .. ... .. ... .....



