
Index

3GPP, 7, 9, 145

Access control, 9, 87, 102
exception, 100

Access mechanism, 221, 227, 320
closed, 9, 88, 95, 97, 112, 113, 119, 121, 125,

126, 221, 228
hybrid, 9, 88, 95, 97, 221
open, 9, 88, 95, 112, 113, 119, 122, 125, 128,

221, 228
Ad hoc network, 410

cognitive, 410
Almost blank subframe, 11, 168, 193, 194, 196, 246,

273
pattern, 194, 196, 197, 209
reduced power, 198, 209, 211
zero power, 211

Amplify-and-forward, 284
Antenna

combining weights, 199
electrical tilt, 70
gain, 69
pattern, 68
tilt optimization, 169

Automatic neighbor relation, 152, 156
interfrequency, 154
inter-RAT, 154
relay node, 155
UTRAN, 156, 158

Backhaul, 12, 219, 224, 312, 318–321, 324, 329,
333–335, 347, 348, 432

low latency, 11
Base station, 5, 284

aggressor, 181, 184, 194
connectivity, 149
X2 establishment, 154

Beacon signals, 393
cognitive pilot channel, 393

broadcast, 394
combined, 394
harmonized, 393

in-band, 393
non-harmonized, 393
on demand, 394
out-band, 393

Bit error rate, 377
Blind standard recognition sensor, 389
Burlington model, 31

Capacity, 3
CAPEX, 8, 427, 435
Carrier aggregation, 7, 188
Carrier allocation, 227

partially shared carrier, 228
separated carrier, 227
shared carrier, 228

Cell, 5
Cell boundary, 183
Cell identity, 148–150, 152, 155

assignment, 148, 156, 158
Cell individual offset, 249
Cell outage, 170
Cell range expansion, see Range expansion
Cell reselection, 246, 263, 266
Cell selection, 91, 95, 96, 99, 179, 181, 182, 184,

185, 197, 203, 263, 266
R criterion, 264
S criterion, 263

Cell selection offset, see Range expansion
bias

Cell spectral efficiency, 104
Cell splitting gain, 104
Cell-specific reference symbol, 198, 210
Centralized SON, see Self-organizing network,

centralized
Channel sounding, 189
Channel state information, 194, 197, 198, 286, 315,

318, 319
global, 323, 328
local, 323, 326, 344
receiver-side, 369

Cholesky decomposition, 64
Closed access, see Access mechanism, closed
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Closed subscriber group, 9, 88, 89, 95, 99, 101, 154,
165, 180, 181, 190, 192, 193, 196, 200

allowed CSG list, 88
identity, 88, 95
inbound mobility, 97
indicator, 88, 95, 100
manual selection, 88
operator CSG list, 88
reserved PCI range, 96, 97
whitelist, 88, 95

Cluster angular spread, 49
Cluster delay spread, 49
Cluster process, 116
Cluster visibility region, 49
Clustering, 321, 338
Clutter data, 40
Co-tier interference, 118
Codebook, 322, 323, 347
Coding gain, 353

necessary condition, 358
upper bound

geometry considered, 356
geometry not considered, 354, 355

Coding opportunity detection, 378
Cognitive radio, 11, 383

false alarm, 386
missed detection, 386
scenarios, 409

ad hoc networks, 410
cellular networks, 411
direct UE-to-UE, 411
dynamic backhaul, 410
femtocells, 412
rural broadband, 410

SNR wall, 386
spectrum hole, 385
techniques, 385, 407

cross-layer design, 407
white space, 385

Control channel interference, 188, 192
Control plane, 90, 94, 250
Cooperative communication, 314
Cooperative relaying, 12
Cooperative spectrum sensing, 390

centralized, 391
distributed, 391
hard combination methods, 391

AND-rule, 391
K-out-of-N-rule, 391
majority-rule, 391
OR-rule, 391

hidden-UE problem, 390
reporting, 390
sensing, 390
soft combination methods, 391

equal gain combining, 391

maximal ratio combining, 391
Coordinated multi-point, 194, 315
Coordination, 11, 194
Core network, 87, 89
Cornu spiral, 31
COST 2100 channel model, 44, 48
COST 231 Hata model, 19
COST 259 channel model, 44, 48
COST 273 channel model, 44, 48
Cost efficiency, 434
Covariance-based detection, 388
Coverage, 3
Coverage and capacity optimization, 169
Coverage hole, 106, 173
Coverage imbalance, 179, 180
Cross-carrier scheduling, 188
Cross-tier interference, 111, 113, 118, 180, 181, 200
Cyclostationary feature detection, 388

Decentralized SON, see Self-organizing network,
decentralized

Decode-and-forward, 284
Demodulate-and-forward, 284
Dense multipath components, 51
Deployment

co-channel, 219, 220, 228
orthogonal, 220

Deployment model
heterogeneous, 73
homogeneous, 72

Desensitization, 190
Detected cells, 156
Deygout model, 33
Digital subscriber line, 224
Direct UE-to-UE communication, 411
Distributed antenna system, 217
Distributed multi-cell processing, 324

distributed implementation, 313, 324, 327, 329,
330, 333, 344

Diversity and multiplexing tradeoff, 366, 370, 375,
376

Diversity gain, 375
Domain manager, 146
Dominant path model, 27
Donor eNodeB, 7, 149, 293
Downlink/uplink coverage imbalance, 183
Dual strip model, 81
Dynamic spectrum access, 383

primary user, 383
secondary user, 383
space dimension, 383
time dimension, 383

eICIC, see Intercell interference coordination, time
based

Element manager, 146
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Energy consumption, 426, 431
Energy detection, 387
Energy efficiency, 12, 426, 431

cross-layer techniques, 427
definition, 434
fundamental tradeoffs, 432
network architecture, 436
pricing scheme, 448
scheduling, 445
standardization, 447

Energy saving, 433
capacity improvement, 433
dynamic antenna optimization, 442
infrastructure reduction, 433

eNodeB, 5, 92
Epstein–Peterson model, 32
Escape carrier, 189
Estimate-and-forward, 284
Event entry condition, 248, 249, 259, 276
Evolved cell global identifier, 100
Evolved cell global identity, 148, 150, 155
Evolved packet core, 92
Evolved UMTS terrestrial radio access network, 92
Exponential effective SINR mapping, 70, 71

Feature group indicator, 154
Femto node, 7
Femtocell, 7, 11, 77, 217
Femtocell access point, 7

enterprise, 220
home, 220
integrated, 224
outdoor, 221
stand-alone, 224

Finite-difference time-domain model, 19, 39, 40
Fixed-point iteration, 330, 331
Fresnel zones, 29, 30
Fresnel’s wave, 28

Generalized butterfly network, 357, 358, 360, 378
Geo-localization, 9, 172
Geolocation databases, 392
Geometry model, 23
Geometry theory of diffraction, 25, 27
Geometry-based stochastic channel models, 44
Global navigation satellite system, 151, 172
Global positioning system, 226
Grail network, 361
Green metrics, 431
Green transmission techniques, 443
Greenhouse effect, 426

Handover, 9, 93, 95, 154, 182, 245, 247, 266
command, 252, 254
complete, 252, 254
completion, 253

execution, 253
failure, 157, 161, 246, 249, 254, 255, 276
failure causes, 166
failure rate, 255
hysteresis, 249
inter-RAT, 161
margin, 183
packet forwarding, 254
ping-pong, 246, 249, 254, 258, 276
ping-pong rate, 258
preparation, 253
prepared, 161
procedure, 250
seamless, 253
short stay, 164
time to trigger, 249
time-of-stay, 258
to wrong cell, 163, 257
too early, 162, 256
too late, 163, 255
unnecessary, 161, 246, 258
unnecessary inter-RAT, 164

Hata model, 34
Heterogeneous cellular network, 5
HNB management system, 146
Home eNodeB, 7, 93, 146
Home NodeB, 7, 89
Home NodeB/eNodeB gateway, 7, 89, 93, 224
Huygens principle, 23
Hybrid access, see Access mechanism, hybrid
Hybrid SON, see Self-organizing network,

hybrid

Indoor coverage, 28, 217
Indoor-to-outdoor model, 40
Intercell coordination, 313, 314, 323, 324, 412

dynamic clustering, 322
full cooperation, 319, 320
information exchange, 315, 321, 324, 325, 326,

329, 333, 335, 339
limited feedback, 323
parameter exchange, 333

Intercell interference, 10, 179, 181, 200, 219, 312,
319

control channel, 188
Intercell interference coordination, 179, 182, 186,

206, 246, 279
antenna adjustments, 11
carrier based, 187, 188
frequency domain, 11, 186
power control, 11
power domain, 189, 199, 200
time domain, 11, 192, 193, 196, 198–200, 202,

204, 209
Intersite distance, 71
Intertier interference, 320
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Interference cancellation, 129, 210, 211, 365
partial, 368, 376

Interference covariance matrix, 199
Interference leakage, 326
Interference management, 444

dynamic, 11, 179
spectrum assigment, 11
uncoordinated, 11

Interference mitigation, 227
antenna-based techniques, 236
frequency-based techniques, 239
power-based techniques, 231

Interference modeling, 112, 113
Interference rejection combining, 199
Intracell interference, 317
Intrafrequency measurements, 183
Itf-N, 146
ITU, 9

Jain’s fairness index, 185

Key performance indicator, 147
Knife-edge model, 31

L1 filtering, 248
L3 filtering, 248
Limited feedback, 322
Line of sight, 28, 75
Linear network coding, 354
Link adaptation, 286
Link to system model

lookup table, 58
SINR to BLER mapping, 58

Load balancing, 238
Load indication, 167

inter-RAT, 167
Load sharing, 188
Localization, 225
Location management, 245
Long Term Evolution/System Architecture

Evolution, 87
Low-power node, 6
LTE, 7
LTE-Advanced, 7, 293

Machine learning, 446
Macro base station, 5, 6
Macrocell, 6, 217
Maintenance, 145
Management architecture, 146
Management system, 146, 153, 196

discovery, 149, 151
Matched filter signal detection, 387
Maxflow mincut bound, 354
Maximal ratio combining, 70
Measurement report, 248, 250

Measurement resource restriction, 195, 197
Medium access control, 90, 94
Membership verification, 93
Micro base station, 6
Microcell, 6
MIMO channel model, 42

physical, 43
stochastic, 43

Minimization of drive test, 171
accessibility, 172
immediate, 171
location information, 172
logged, 171

Minimum mean square error (optimal) combining,
199

Mobile data, 2
Mobility, see also Handover, 87, 245

closed subscriber group, 87
idle, 95
inbound, 87, 97
management, 246, 272
model, 83

hotspot, 84
large area, 84

outbound, 87, 97
Mobility load balancing, 166, 245, 263, 266,

268
Mobility management entity, 92, 155, 247, 250
Mobility robustness optimization, 10, 161, 246
Mobility state, 279
Multi-cell processing, 313–318, 321
Multi-resolution frequency-domain ParFlow model,

22, 40
Multicast, 352
Multipath components, 16, 17, 23, 50
Multipath fading, 62, 65

channel model, 66
precomputed map, 67

Multiplexing gain, 375
Multiuser MIMO, 318, 322
Multiwall model, 36
Mutual information effective SINR mapping, 71

Neighbor relation, 148, 149, 152, 155–158
covered by, 171

Network architecture, 436, 445
LTE/SAE, 92
relaying, 293
UMTS, 88

Network coding, 12, 352, 354
average energy constraint, 371, 372
decoding at destination, 370
distributed, 378
penalty, 358, 360
saving, 358, 360
wireless, 365
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Network evolution, 8
Network management system, 146
Network MIMO, 12, 313, 318–321, 323, 346–348
Network monitoring, 9
Network monitoring mode, 222

basic carrier detection, 223
LTE cell identification and power measurement,

223
LTE cell information retrieving, 223

Network-channel coding, 305
NGMN, 10, 145
Node, 5
NodeB, 5, 89
Non-line-of-sight, 39, 75
Non-convex problem, 337

OFDM symbol shift, 192
Okumura–Hata model, 18
Open access, see Access mechanism, open
Operational carrier, 187
Operational carrier selection, 148, 169
OPEX, 8, 427, 435
Optimization, 259
Outage probability, 373
Outdoor-to-indoor model, 40
Overhearing, 377

Packet data convergence protocol, 90, 94
ParFlow model, 21
Path loss, 17, 114
PCI collision, 157, 158
PCI confusion, 97, 102, 156
Performance information, 146

data reduction, 173
Performance metric, 115, 117

area spectral efficiency, 117
outage probability, 117
spatial throughput, 117
transmission capacity, 117

Physical cell identity, 96, 148, 149, 153, 155, 156
Pico base stations, 6
Picocell, 6, 74, 217
Pilot-based coherent detection, 387
Planning, 145, 148
Point process, 114

binomial, 115
homogeneous, 114
non-homogeneous, 115

Poisson cluster process, 115
Poisson point process, 112, 114
Policies, 146
Power amplifier, 432
Power constraint, 317, 318, 326, 327, 330, 331, 337,

338, 340, 344, 345
Power consumption, 431, 432
Power control

downlink, 191
uplink, 184, 186, 190

Power headroom, 172
Precision time protocol, 226
Precoding, 315, 322

coordinated beamforming, 319, 323, 337, 338
distributed beamforming, 319
multiuser precoding, 318
Tomlinson–Harashima precoding, 318

Primary scrambling code, 101, 149
Proximity indication, 99, 165

Radio access network, 87
Radio link control, 90, 94
Radio link failure, 158, 162, 246, 254, 255

in sync, 254
out of sync, 254
T310 timer, 254

Radio network controller, 89, 152
Radio propagation effects, 23
Radio propagation model, 15

calibration, 42
large scale, 17

deterministic, 17, 19
empirical, 17
hybrid, 17, 39
semi-deterministic, 17, 34
semi-empirical, 17

path loss, 17
shadow fading, 17
small scale, 17

Radio propagation models, 8
Radio resource control, 90, 94
Radio resource management, 89
Radiometric detection, 387
Random access, 155, 189, 252

access delay probability, 160
access probability, 160
optimization, 158
parameter optimization, 160
preamble, 158
procedure, 158
resource sharing, 161
transmission power control, 159

Range expansion, 166, 179, 181, 182, 184, 185, 188,
190, 192, 196, 199, 203, 204, 206, 273, 320,
338, 344

Range expansion bias, 166, 181, 182
Range expansion region, 181
Rate fairness, 324, 326, 339
Ray launching, 27

intelligent ray launching, 28
Ray tracing, 26
Rayleigh distribution, 17
Rayleigh fading, 367
Received signal quality, 180
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Received signal strength, 180, 181, 182
Reduced power subframe, 168, 198, 209
Reference signal received power, 182, 248
Reference signal received quality, 182, 248
Reference symbol, 192, 198
Relay function, 285
Relay node, 7, 78, 149, 284
Relay-aided X network, 364
Relaying

access link, 287
backhaul link, 287
coded cooperation, 304
decoding at destination, 370
Layer 1, 284
Layer 2, 284
Layer 3, 284
MMSE symbol estimation, 301
SISO decoding, 299
SISO re-encoding, 299
soft symbol calculation, 300
Un bearer handling, 296

Remote radiohead, 6
Report triggering, 183
Resource block, 186, 187
Ricean distribution, 17
RIM

SON transfer, 164, 167, 170
RRC, 94

cell individual offset, 182
closed subscriber group identity, 88, 95, 100
connected, 246
ECGI, 148
evolved cell global identifier, 100
idle, 246, 263
measurement report, 161, 248, 250
measurement subframe pattern, 197

neighbor cells, 195
serving cell, 195

measurement subframe sets, 194
mobility control info, 252
RACH report, 160, 172
radio link failure report, 258
report triggering, 183
RLF report, 163, 164, 172
RRC connection re-establishment, 163
RRC connection reconfiguration, 100, 153, 252
RX–TX time difference, 172
SIB1, 95
SIB4, 96
system information, 95
UE ANR procedure, 154, 155, 157
UE information, 163, 172

S1 interface, 92, 93
S1AP, 93, 296

cell identity, 148

configuration transfer, 155
path switch, 253
SON information, 155

Saving of transmissions, 358, 360
Scattering loss, 25
Self-organizing network, 10, 145, 446

antenna tilt optimization, 169
automatic cell identity management, 156
automatic neighbor relation, 152, 154, 156
centralized, 147, 152
closed subscriber group, 154, 165
coverage and capacity optimization, 169
distributed, 147, 152
hybrid, 147
mobility load balancing, 166, 245, 268
mobility robustness optimiation, 161
mobility robustness optimization, 246
monitoring, 171
random access optimization, 158
reduced power subframes, 168
relay node, 149, 155
self-configuration, 147
self-healing, 170
self-optimization, 151
transmission power tuning, 167
X2 establishment, 154

Self-configuration, 10, 145, 147
relay node, 150

Self-healing, 10, 145, 170
triggering condition, 170

Self-optimization, 10, 145, 151
Self-organization, 219
Serving gateway, 93
Shadow fading, 17, 18, 62

autocorrelation, 63
cross-correlation, 63, 64
precomputed map, 64

Signal to interference ratio, 120
Simulation

3GPP assumptions, 71
dynamic, 60
link level, 58
model, 9
static, 59
system level, 58

Single-cell processing, 316
SINR

wideband, 254
SINR balancing, 329
Site, 5
Sleep mode, 441

aggressive, 442
passive, 441

Small Cell Forum, 222
Small scale fading, 17
Snell’s law of refraction, 27
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Soft estimate and forward, 302
Software-defined radio, 383
Source cell, 247
Spatial channel model, 43, 46
Spectral efficiency, 287, 312, 314, 319, 320, 348,

431
Spectrum allocation, 11, 112, 118
Spectrum analysis, 395

combined metrics, 398
primary activity metrics, 397

arrival rate of busy/idle periods, 397
duty cycle, 397
expected occupancy/vacancy duration,

397
radio frequency metrics, 396

bandwidth, 396
emission limits, 396
frequency, 397
interference, 396

Spectrum awareness, 386
Spectrum decision, 398

capacity based
maximum capacity based, 399
minimum variance based, 399

delay based, 399
efficiency based, 399
error based, 399
multi-objective optimization, 399

Spectrum handoff, 404
proactive, 405
reactive, 405
space dimension, 404
time dimension, 404

Spectrum mobility, 404
Spectrum selection, 395
Spectrum sensing, 386

cooperative, 390
Spectrum sensing architectures, 389

dual radio, 390
single radio, 389

Spectrum sharing, 399
horizontal, 401

centralized, 402
cooperative, 402
distributed, 402
internetwork, 402
intranetwork, 402
non-cooperative, 402

vertical, 399
interweave, 399
overlay, 400
underlay, 400

Star network, 362
State

CELL DCH, 91
IDLE, 91

RRC CONNECTED, 95, 246
RRC IDLE, 94, 263

Stochastic geometry, 112–114
Stochastic local area channel, 16, 24
Subchannel allocation

disjoint, 112, 118, 126, 129
general, 119
joint, 112, 119, 126, 128

Subframe alignment, 192
Success probability, 124

downlink, 121
Synchronization, 225
Synchronization symbol, 192
System information, 91, 95, 148, 154, 192

Target cell, 247
Terrain information, 40
Time to trigger, 183, 249
Trace, 171
Trace collection entity, 171
Traditional butterfly network, 360
Traffic

density, 78
forecast, 1
hotspot, 74, 173, 273
model, 9, 82

FTP, 83, 210
full buffer, 82
VoIP, 83

offload, 105, 181, 182, 184, 185, 209
uneven distribution, 5

Transmission power difference, 180
Transmission power tuning, 167
Two-tier network, 111

downlink throughput analysis, 124
model, 117
throughput optimization, 125

Two-way exchange network, 360, 365

UE aggressor, 181, 184, 189
UE cell detection capability, 166
UMTS terrestrial radio access network, 88
Unicast, 353
Uniform theory of diffraction, 17, 25, 27
Universal Mobile Telecommunication System,

87
Uplink interferer identification, 189
Uplink received power, 190
User equipment, 87

cooperation, 303
velocity, 246, 259

User plane, 90, 253

Victim base station, 181, 184, 189, 194
Victim UE, 181, 184, 190, 192–194, 196, 198
Virtual channel, 289
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Walfisch–Ikegami model, 34, 36
Wall penetration attenuation, 37
WiFi, 8
WINNER I channel model, 44, 46
WINNER II channel model, 44, 47
Wireless fidelity, 218
Wireless network coding, 365, 366
Wraparound, 60

X2 interface, 93, 152
X2AP, 93, 297

ABS information, 194
ABS status, 194
cell activation, 170
cell identity, 148
deactivation indication, 170
eNB configuration update, 170
eNB configuration update, 155, 157
handover report, 164
handover request, 250

handover request acknowledge, 252
high-interference indicator, 187
invoke indication, 194
last visited cell information, 164
load information, 168, 187, 194
mobility change, 267, 269
mobility information, 165
overload indicator, 187
radio link failure indication, 257
relative narrowband transmit power,

187
resource status, 167
resource status update, 194
RLF indication, 164
served cell information, 155, 157
status transfer, 252
UE history information, 164
UE information, 160
UE ontext release, 253
X2 setup, 101, 155
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