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a posteriori probability (APP), and turbo equalizer, 365

Abramson, N., 462

access layer design, and ad hoc wireless networks, 5447

ad hoc on-demand distance vector routing (AODV), 550

ad hoc wireless networks: applications of, 536—-40;
and cross-layer design, 554—6; definition of, 535;
design principles and challenges of, 540-2; and
energy-constrained networks, 558—64; and network
capacity limits, 556-8; and protocol layers, 542-54

adaptive coded modulation, 303-5

adaptive coding, 288

adaptive equalizers, 353, 366-8

adaptive loading, 382-3

adaptive modulation: in adaptive transmission systems,
284-5; in combined fast and slow fading, 314-15;
definition of, 283; and general M-ary modulations,
305-13; and hybrid techniques, 288; practical
constraints on, 283—4; and variable-coding techniques,
288; and variable error probability, 287; and
variable-power techniques, 286—7; and variable-rate
techniques, 285-6; and variable-rate variable-power
MQAM, 288-305. See also modulation

adaptive rate, and variable-rate variable-power MQAM,
290-1

adaptive transmission system, 2845

additive white Gaussian noise channel. See AWGN
channels

Advance Mobile Phone Service (AMPS), 12, 595

Alamouti code: and multiple-input multiple-output
(MIMO) systems, 339; and transmitter diversity, 217,
219-20

ALOHANET (University of Hawaii), 2

ALOHA protocol, and random access systems, 462—4,
466

alternate Q-function representation, and digital
modulation, 182

Anmitay, N., 37

amplify-and-forward strategy, for routing protocols, 551

amplitude and phase modulation, in digital
communications, 142-53

analog cellular systems, 3, 11

analog equalizer, 352

angle of arrival (AOA), and space-time channel models,
93-4

antenna(s). See antenna arrays; directional antennas;
multiple antennas; multiple-input multiple-output
systems; multiple-input single-output channels;
sectorized antennas; single-input multiple-output
channels; smart antennas

antenna arrays, and multiple-input multiple-output
systems, 344

Antheil, George, 407nl

application layer design, and ad hoc wireless networks,
553-4

area spectral efficiency (ASE), and fundamental rate
limits, 525-8

Asynchronous Connection-Less (ACL), 19

AT&T Bell Laboratories, 3

attenuation factors, and path loss in indoor environments,
45-6

auction process, and spectrum allocation, 13, 21

autocorrelation functions: and direct-sequence spread
spectrum, 413; and fading models, 71-7, 84-5, 91-2;
and random processes, 583

automatic gain control (AGC), and MQAM modulation,
178

automatic repeat request (ARQ) protocol, for access layer
design, 546

average BER target, and general M-ary modulations,
310-13

average dB path loss, and shadowing, 49

average fade duration, and narrowband fading models,
79-81

average fade region duration (AFRD), and adaptive
MQAM, 298-300

average probability of error, and fading channels, 184-92.
See also bit error rate; error probability

“aware homes,” and home networks, 537

AWGN channels: and area spectral efficiency, 527f;
capacity of, 99, 1001, 470-6, 484-8; coding gain in,
229f; and digital modulation, 172-92; probability of
error for hard decision decoding in, 240-2; probability
of error for soft decision decoding in, 242—4; and
spread spectrum, 405

633
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backbone infrastructure, and ad hoc wireless networks,
540

balanced property, of spreading codes, 414

bandpass channels, representation of, 574

bandpass signals, representation of, 573-6

base stations: for cellular phone systems, 9-10; for
cordless phones, 14; handing off from, 506. See also
infrastructure-based wireless networks

batteries, and ad hoc wireless networks, 558. See also
energy constraints

Bayes’ rule, and probability theory, 578

beamforming, and multiple-input multiple-output
diversity gain, 334-5, 496, 497

belief propagation, and low-density parity-check codes,
262

BER. See bit error rate

Bergmans, P. P., 471

Bernoulli random variable, 582

Berrou, C., 259, 260

binary linear block codes, 231-2

binary UEP codes, 272. See also unequal error protection
codes

binomial distribution, and random variables, 582

bit error rate (BER): and general M-ary modulations,
310-13; and voice and data targets, 5. See also error
probability

bit-interleaved coded modulation (BICM), 271

bit/symbol energy, and AWGN channels, 172-3

BLAST (Bell Labs Layered Space Time) architectures,
340-2

blind equalizer, 366

block coding: and space-time codes for multiple-input
multiple-output systems, 339; with interleaving,
267-70

block fading channels, capacity of, 102, 11617

Bluetooth, 19-20, 601-3

Bose—Chadhuri-Hocquenghem (BCH) codes, 244, 245f

BPSK modulation, and error probability, 173-5

branch metric, and maximum likelihood decoding, 249

broadband wireless access, overview of current systems,
17

broadcast channels, and downlink channel capacity, 470

broadcasting, and satellite systems, 4, 19. See also
entertainment and entertainment systems

building penetration loss, and indoor systems, 46

busy-tone transmission, and random access, 465-6

capacity, of wireless channels: ad hoc wireless networks
and limits of, 556-8; in AWGN, 100—1; and cellular
system design, 514-18; and code performance, 230;
determination of, 99-100; and downlink channels in
multiuser systems, 469—84; and flat fading channels,
102-16; and frequency-selective fading channels,
116-21; and multiple-input multiple-output channels,
325-34; and uplink channels in multiuser systems,
484-90. See also ergodic capacity; outage capacity;
rate region

capacity with outage: and flat fading channels, 105—-6; and
multiple-input multiple-output channels, 332-3

INDEX

capacity per unit energy, and energy constraints, 562—4

capacity region, of multiuser systems, 469

capture effect, and random access, 462

carrier phase recovery, and digital modulation, 144, 1607

carrier-sense multiple access (CSMA), 464—6

CDMA. See code-division multiple access

¢dma2000 standard, 599-600

cell clustering, and cellular system design, 509, 511-13

cell coverage area, and path loss, 53—6

cell shape and cell size, and cellular system design, 507,
508, 509-13

cellular digital packet data (CDPD) system, 17, 245

cellular phones: growth in use of, 1, 6; history of, 3—4;
overview of current systems, 8—13; and standards, 24,
595-600

cellular system design: and channel reuse, 508-13; and
dynamic resource allocation, 520—4; and fundamental
rate limits, 524-8; fundamentals of, 505-8; and
interference reduction techniques, 518-20; SIR and
user capacity in, 514—18. See also infrastructure-based
wireless networks

central limit theorem (CLT), and random variables, 582

centralized route computations, and network layer design,
549

channel(s): adaptive MQAM and estimation error or delay
of, 300-3; cellular system design and assignment
of, 509, 510, 512 f; cellular system design and reuse
or set of, 506, 508-13; downlink capacity and
models of, 470; and unequal error protection codes,
274-5; vector coding for multicarrier modulation
and knowledge of, 392; wideband fading models and
coherence time of, 90-1. See also AWGN channels;
block fading channels; capacity, of wireless channels;
channel distribution information; channel equalizer;
channel inversion; channel side information;
downlink channels; finite-state Markov channels; flat
fading channels; multipath channels; single-input
single-output channels; static channels; time-invariant
channels; time-varying channels; uplink channels

channel distribution information (CDI), and capacity of
flat fading channels, 102-3

channel equalizer, and multiple-input multiple-output
systems, 342

channel inversion: and adaptive MQAM, 292-3; and
multiuser DSSS systems, 437; and zero-outage
capacity, 111-13

channel-optimized source coding, 275

channel-optimized vector quantizer (COVQ), 275

channel side information (CSI): and capacity of flat
fading channels, 102, 103—13; and channel capacity
in multiuser systems, 478, 488; and multiple-input
multiple-output systems, 333—4

channel side information at receiver (CSIR), and
multiple-input multiple-output systems, 322, 329

channel side information at transmitter (CSIT): and
diversity, 217-18; and multiple-input multiple-output
systems, 322, 329

characteristic equation, and matrix decomposition, 592

characteristic function, and random variables, 579

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521837162
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521837162 - Wireless Communications
Andrea Goldsmith

Index

More information

INDEX

characteristic polynomial, and matrix decomposition, 592

chip rate, and spread spectrum, 405

chip sequences, and spreading codes, 413-14

chip time, and spread spectrum, 405

circular convolution, and discrete implementation of
multicarrier modulation, 383—4

Clarke, Arthur C., 4

coarse synchronization: and direct-sequence spread
spectrum, 418; and frequency-hopping spread
spectrum, 422

co-channel cells, and cellular system design, 506

code characterization, and trellis diagrams for
convolutional codes, 246-9

code(s) and code design: channel capacity and
performance of, 230; and coded modulation, 263-7;
and concatenated codes, 258-9; and convolutional
codes, 246-58; definition of, 228; and energy
constraints for ad hoc wireless networks, 559—60; and
interleaving for fading channels, 267-71, 381; joint
source and channel coding, 274-5; and linear block
codes, 230—46; and low-density parity-check codes,
262; and multicarrier modulation, 381; overview of,
229-30; and space-time codes for multiple-input
multiple-output systems, 337-42; and turbo codes,
259-62; and unequal protection codes, 271-4; and
variable-coding techniques for adaptive modulation,
288. See also adaptive coding; Alamouti code; block
coding; coding gain; dirty paper coding; Gold codes;
Gray coding; Kasami codes; long spreading code;
maximal linear codes; network coding; nonorthogonal
codes; orthogonal codes; Reed-Solomon code; short
spreading code; spreading codes; trellis codes; vector
coding; Walsh-Hadamard codes

code-division multiple access (CDMA): and cellular
phone systems, 11; and cellular system design, 516-18;
and multiuser systems, 424, 441-3, 458-9, 460

coded modulation, and code design, 263-7. See
also adaptive coded modulation; bit-interleaved
coded modulation; lattice coded modulation;
symbol-interleaved coded modulation; trellis coded
modulation

codeword symbols, 231

coding gain: and adaptive coded modulation, 303-5;
definition of, 229-30

cofactor, of matrix, 591

coherence bandwidth, and wideband fading models,
88-90

coherent detection, and amplitude/phase modulation, 144

coherent modulations, error probability approximation
for, 180

collision avoidance, and random access, 465

column vector, of matrix, 589

combined fast and slow fading, adaptive techniques in,
314-15

common data, and downlink channel capacity in multiuser
systems, 4767

common linear block codes, 244

complex envelope, and representation of bandpass signals,
573

635

complex lowpass representation, of bandpass signals, 573

computers. See Internet

concatenated codes, and code design, 258-9, 261-2

constant envelope modulation, 127

constellation expansion factor, and coded modulation,
264

constellation shaping, and amplitude/phase modulation,
152

continuous-phase FSK (CPFSK): error probability for,
179; and frequency modulation, 156

continuous random variable, 578

continuous-rate adaptation, and coding for adaptive
modulation, 305-9

convolutional codes, and code design, 24658, 270, 271f

convolutional interleavers, 269, 270

cooperative diversity, and routing protocols, 551

cooperative MIMO, 560-1

co-phasing, and receiver diversity, 206

cordless telephones: and equalization, 351; overview of,
13-15; and spread spectrum, 403

correlation coefficients, and random variables, 581

coset coding, and coded modulation, 263, 265

cosine pulses, and Nyquist criterion, 158

cost: of base stations for cellular phone systems, 9-10;
and spectrum allocation, 21

COST 231 extension, to Hata model, 44

Costa, M., 520

covariance, and random variables, 581

Cover, T. M., 471

CPFSK. See continuous-phase FSK

cross-correlation: and multiuser DSSS systems, 425; and
narrowband fading models, 71-7

cross-layer design, and ad hoc wireless networks, 543,
554-6, 562

CSI. See channel side information

CT-2 (cordless telephone, second generation), 14

cumulative distribution function, 578

cyclic codes, design of, 236-8

cyclic prefix, and multicarrier modulation, 384—6

D-BLAST, and multiple-input multiple-output systems,
336, 3412

data networks, 537. See also ad hoc wireless networks

decision-directed parameter estimation, and digital
modulation, 165

decision-feedback equalization (DFE), 353, 364-5

decision-feedback phase-locked loop, 165

decision regions, and signal space analysis, 1347

decode-and-forward strategy, and routing protocols, 550

decoding. See hard decision decoding; maximum
likelihood decoding; minimum distance decoding;
multistage decoding; soft decision decoding

decomposition, of matrix, 592-3

decorrelation distance, and shadowing, 51

deep interleaver, 268

Defense Advanced Research Projects Agency (DARPA),
2,535,537

degraded broadcast channel, 470

deinterleaver, 268. See also interleaving
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delay constraints, and power control for multiple access,
469

delay spread, and equalization, 351

design process, and technical challenges for wireless
networks, 7-8. See also access layer design;
application layer design; cellular system design;
code(s) and code design; cross-layer design; network
layer design; physical layer design; transport layer
design

determinant, of matrix, 591

determinant criterion, and pairwise error probability for
multiple-input multiple-output systems, 339

deterministic scattering function, and wideband fading
models, 84

device networks, 538. See also ad hoc wireless networks

DFT. See discrete Fourier transform

diagonal elements, of matrix, 588

diagonal encoding, and multiple-input multiple-output
systems, 341-2

diamond cell shape, 508, 509-10, 511, 512 f

dielectric canyon, 37-8

differential modulation: error probability for, 180-2; and
signal space analysis, 149-51

Digital Enhanced Cordless Telecommunications (DECT),
14, 598

digital modulation: amplitude and phase modulation and,
142-53; and AWGN channels, 172—-82; considerations
in choosing techniques for, 126; and Doppler spread,
192-5; and fading, 182-92; and frequency modulation,
153-7; and intersymbol interference, 195-7; main
categories of, 127; and passband modulation, 142; and
pulse shaping, 157—-60; and signal space analysis,
127-41; symbol synchronization and carrier phase
recovery, 160—7. See also digital systems

digital radio, 2

digital systems, advantages of over analog systems, 11.
See also digital modulation

digital television, 22

direct sequence (DS), and spread spectrum, 405

direct-sequence spread spectrum (DSSS): and code
division for multiple users, 474—6; and hybrid
techniques for multiple access, 460; and modulation,
405, 408-21; and multiuser systems, 424—43

directional antennas: and diversity, 205; and multiple-
input multiple-output systems, 343—4

dirty paper coding (DPC): and downlink channel capacity,
483; and interference reduction, 520

discrete Fourier transform (DFT), and multicarrier
modulation, 383-4

discrete implementation, of multicarrier modulation,
383-93

discrete random variable, 578

discrete-rate adaptation: and adaptive MQAM, 293-8;
and general M-ary modulations, 309-13

discrete-time model, and multipath channels, 92-3

distance properties, and convolutional codes, 253—4

distance vector routing, and network layer design, 549

distributed control systems, and ad hoc wireless networks,
539-40

INDEX

distributed route computation, and network layer design,
549

diversity: coding and interleaving as forms of, 267; and
cross-layer design in ad hoc wireless networks,
555-6; definition of, 204; and independent fading
paths, 204—6; and moment generating functions,
220-5; and receivers, 206—17; and transmitters,
217-20. See also cooperative diversity; diversity gain;
diversity—multiplexing trade-offs

diversity gain, and beamforming in multiple-input
multiple-output systems, 334-5

diversity—multiplexing trade-offs, and multiple-input
multiple-output systems, 335-7

Doppler power spectrum, and wideband fading models,
90-1

Doppler shift: and signal models, 30-1; and time-varying
channel impulse response, 65

Doppler spread, and digital modulation, 192-5

downlink channels, and multiuser systems, 424-5,
428-33, 452-4, 469-84, 490-4

DPSK modulation, error probability of, 194

DSSS. See direct-sequence spread spectrum

dual-slope model, of path loss, 44

duality, of uplink and downlink channels in multiuser
systems, 490—4

duplexing, and downlink/uplink channels in multiuser
systems, 454

dynamic channel assignment (DCA), 521-2

dynamic resource allocation, and cellular system design,
520-4

dynamic source routing (DSR), and network layer design,
550

early—late gate synchronizer, 1667

Echo-1, 4

economics. See cost

effective data rate, of random access systems, 462

effective noise vector, and multiuser fading channels, 478

eigenvalue, 592

eigenvector, 592

802.11a/b/g standards, 601, 602¢

empirical path-loss models, 42-6

encryption, and security, 7

energy constraints, in ad hoc wireless networks, 542,
558-64

Enhanced Data rates for GSM Evolution (EDGE), 13,
598-9

entertainment and entertainment systems: and home
networks, 538; and satellite systems for broadcast,
4. See also broadcasting; radio(s) and radio
communications; television

equal-gain combining (EGC), and diversity analysis,
216-17, 224

equalization and equalizers: and adaptive equalizers, 353,
366-8; decision-feedback, 353, 364-5; definition
of, 351; and equalizer training and tracking, 366—8;
and equalizer types, 353—4; folded spectrum and
ISI-free transmission, 354—7; and linear equalizers,
353, 357-62; and maximum likelihood sequence
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estimation, 362—4; multicarrier modulation and
frequency, 381; and noise enhancement, 351, 352-3;
and turbo equalizer, 365—-6. See also analog equalizer;
blind equalizer; channel equalizer; decision-feedback
equalization; fractionally spaced equalization

equivalent branch metric, and maximum likelihood
decoding, 250

equivalent lowpass channel, and representation of
bandpass channels, 574

equivalent lowpass signal, and representation of bandpass
signals, 573

ergodic capacity: and channel side information at receiver,
103-5; and multiple-input multiple-output channels,
330-2; and multiuser fading channels, 478, 482

ergodicity, and random processes, 585

error coefficient, and coded modulation, 264

error probability: adaptive modulation and variable,
287; and adaptive MQAM, 300; for BPSK and
QPSK modulation, 173-5; and code design, 230;
for coherent modulations, 180; for concatenated
codes, 259; for convolutional codes, 257-8; for
differential modulation, 180-2; and hard decision
decoding in AWGN, 240-2; for MPAM and MQAM
modulation, 176-9; for MPSK modulation, 175-6;
and signal space analysis, 137—41; and soft decision
decoding in AWGN, 242-4; and space-time codes
for multiple-input multiple-output systems, 337-9;
and variable-rate variable-power MQAM, 289-90.
See also average probability of error; bit error rate;
probability theory; symbol error

Ethernet technology, 2

Euclidean norm, 589

Europe: and broadband wireless access, 17; and cellular
phone systems, 12, 13, 595, 596, 598; and cordless
phone systems, 14; and WLANS, 16

European Cooperative for Scientific and Technical
Research (EURO-COST), 44

European Telecommunications Standards Institute
(ETSI), 21,23

exposed terminal problem, and random access, 465

extended Golay code, 244. See also Golay code

fade region, and adaptive MQAM, 298-300

fading: adaptive techniques in, 285-8, 314-15; and coding
with interleaving, 267-71; and digital modulation,
182-92; diversity and realization of independent
fading paths, 204—6; and downlink channel capacity,
477-82; multicarrier modulation and mitigation of
subcarrier, 380—-3; and multipath channels, 69, 70-92;
and multiple-input multiple-output channels, 329-34;
and shadowing, 48-51; and uplink channel capacity,
488-90. See also Nakagami fading; Rayleigh fading;
Rician fading

fading state, and multiuser fading channels, 478

fast Fourier transform (FFT), and multicarrier
modulation, 383

fast frequency hopping (FFH), and spread spectrum,
407-9

FDMA. See frequency-division multiple access

637

Federal Communications Commission (FCC), 3, 21

Fessenden, Reginald, 28

FFT. See fast Fourier transform

FHSS. See frequency-hopping spread spectrum

fine synchronization, and direct-sequence spread
spectrum, 418-19

finite-state Markov channels (FSMCs): and capacity of
flat fading channels, 103; and narrowband fading
models, 82

first-generation analog systems, and cellular phones, 595-6

fixed rate, adaptive MQAM and channel inversion with,
292-3

FLASH-OFDM, 374

flat fading, and narrowband signals, 89

flat fading channels, capacity of, 102-16

flooding, and routing protocols, 548-9, 550

floor attenuation factor, and indoor path-loss models,
45-6

flow control, and network layer design, 551-2

folded spectrum, and equalization, 3547

Foschini-Miljanic power control algorithm, 468

Fourier transform. See discrete Fourier transform; fast
Fourier transform; inverse FFT

fractionally spaced equalization, 355

free-space path loss, 31-2

frequency: cellular systems and reuse of, 8-9, 506; digital
systems and modulation of, 153-7; equalization of
and multicarrier modulation, 381, 387; independent
fading paths and diversity of, 205-6; and timing
offset in multicarrier modulation, 395-6. See also
fast frequency hopping; frequency-hopping spread
spectrum; slow frequency hopping

frequency division (FD): and downlink channel capacity,
469; and uplink channel capacity, 486

frequency-division duplexing (FDD), 454

frequency-division multiple access (FDMA), 11, 455-6,
460, 514-16

frequency-hopping spread spectrum (FHSS): definition
of, 405, 407; and multiuser systems, 408-9, 421-3,
443

frequency-selective fading channels: capacity of, 116-21;
and intersymbol interference, 195; and multiple-input
multiple-output systems, 342—-3; and wideband fading
models, 89

frequency-shift keying (FSK): error probability for, 179;
and frequency modulation, 155

Fresnel-Kirchhoff diffraction parameter, 40

Fresnel knife-edge diffraction model, 39

Frobenius norm, 338, 591

FSMCs. See finite-state Markov channels

fully connected network, and network layer design, 547

fundamental rate limits, and cellular system design, 5248

Gallager, R. G., 262

game-theoretic approach, to energy-efficient access for
ad hoc wireless networks, 561

Gaussian approximation, and multiuser DSSS systems,
431-2, 436-17

Gaussian distribution, and random variables, 581-2

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521837162
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521837162 - Wireless Communications
Andrea Goldsmith

Index

More information

638

Gaussian processes, and properties of random processes,
586-7

general M-ary modulations, and adaptive modulation,
305-13

General Packet Radio Service (GPRS), 598

general ray tracing (GRT), 38-41

generator matrix, for linear block code, 232-4

generator polynomial, for cyclic codes, 236

geometric representation, of signals, 129-32

geometrical theory of diffraction (GTD), 39

geosynchronous orbit (GEO) satellite systems, 4

Glavieux, A., 259

Globalstar LEO system, 19

GLOMO (global mobile information systems), 537

Golay code, and linear block codes, 244

Gold codes, and multiuser DSSS systems, 425-6

Golomb, S. W., 414

GPRS standard, 12-13

Gram-Schmidt orthogonalization procedure, 129

Gray coding: and amplitude/phase modulation, 145; and
signal space analysis, 141

Green, Paul, 419n4

GSM (Global Systems for Mobile Communications)
standard, 12, 596

Gupta, P, 556

Hadamard matrix, and multiuser DSSS systems, 427-8

Hamming code, and common linear block codes, 244

Hamming distance, and code design, 230, 232

handing off, from base station, 506, 597

hard decision decoding (HDD), and linear block codes,
238-42

Hata model, 43—4

Hayes, J. F., 287

Hermitian matrix, 590

Hertz, Heinrich, 28

hexagon cell shape, 508, 509-13

hidden terminal problem, in random access systems,
464-5

high data rate (HDR), and time-division multiple access,
521

High Speed Circuit Switched Data (HSCSD), 598

HIPERLAN (high-performance radio LAN) standards, 16

home networks, 537-8, 539. See also ad hoc wireless
networks

hybrid techniques: for adaptive modulation, 288; for
multiple access, 460—1

IEEE (Institute of Electrical and Electronics Engineers)
standards, 23, 396-8, 601, 602

incremental redundancy, and access layer design, 547

independent fading paths, 204-6

indoor path-loss models, 45-6

Industrial, Scientific, and Medical (ISM) frequency
bands, 2

infrastructure-based wireless networks, 505. See also
cellular system design

Inmarsat (satellite network), 18

inner product, of vector, 591

INDEX

in-phase component, and representation of bandpass
signals, 573

intelligent appliances, and home networks, 538

intercell dyanamic channel allocation (DCA), 521

interference: intercell, 9, 507, 522; precancellation of,
520; reduction technique for cellular system design,
518-20. See also interference limited; interference
signal; intersymbol interference; intracell interference;
multiple access interference; narrowband interference;
symbol interference cancellation

interference limited: and cellular phone systems, 12;
and cellular system design, 507; and multiuser
spread-spectrum systems, 432

interference signal, and spread spectrum, 405

interleaving, and coding for fading channels, 267-71,
381. See also bit-interleaved coded modulation;
symbol-interleaved coded modulation

International Mobile Telephone (IMT-2000) standard, 599

International Telecommunications Union (ITU), 13, 21,
22,599

Internet: growth in use of, 6; and quality of service
concerns, 553

Internet protocol (IP), and ad hoc wireless networks,
542-3

intersymbol interference (ISI): and digital modulation,
195-7; and equalization, 351; and maximal linear
codes, 416—17; spread spectrum and rejection, 406—7;
and wideband fading models, 83. See also ISI-free
transmission

intracell interference: and cellular phone systems, 11; and
cellular system design, 507

inverse FFT (IFFT), and multicarrier modulation, 383

invertible matrix, 592

1S-54 standard, 596

1S-95 standard, 596-7, 598, 599

ISI. See intersymbol interference

ISI-free transmission, and folded spectrum, 3547

ISM bands, for WLANS, 15

iterative decoding. See turbo codes

J-Phone 3G system, 600

Japan: and cellular phone systems, 12, 13, 595, 597-8,
600; and cordless phone systems, 15

joint source, and channel code design, 274-5

Kasami codes, and multiuser DSSS systems, 426, 431
Kronecker product, 593
Kumar, P.R., 556

Lamarr, Hedy, 407nl

Laplace transforms, and moment generating functions, 187

large-scale propagation effects, and path loss, 27

lattice coded modulation, 264, 265, 266

LDPC. See low-density parity-check codes

least mean square (LMS) algorithm, and equalizer
training and tracking, 367-8

left singular vectors, 593

level crossing rate, and narrowband fading models, 79-81

linear block codes, and code design, 23046, 262
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linear equalizers, 353, 357-62

linearly independent set, of matrix rows or columns, 591

linear modulation, 127

linear path loss, 31

line-of-sight (LOS) channel, 31, 34

link layer, and physical layer design for ad hoc wireless
networks, 543

link state routing, and network layer design, 549

local mean attenuation (LMA), and path loss, 42

local mean received power, and path loss from ray-tracing
models, 41

local multipoint distribution service (LMDS), 17

Lodge, Oliver, 28

log likelihood ratio (LLR), and turbo equalizer, 365

log-normal random variable, and shadowing, 49

log-normal shadowing, 48-9

long spreading code, 416

low-density parity-check (LDPC) codes, and code
design, 262

low-earth orbit (LEO) satellite systems, 4, 18-19

lower triangular matrix, 588

m-sequences, and spreading codes, 414-16

Mackay, D.J. C., 262

macrocells, 9

macrodiversity, 204

MANS. See metropolitan area networks

Marconi, Guglielmo, 1-2, 28

Marcum Q-function, and diversity analysis, 224

Markov model, and Rayleigh fading, 74

matched filter: and direct-sequence spread spectrum
(DSSS), 410; signal space analysis and receiver
structure, 1367

matrices: definitions, operations, and properties of,
588-94; and representation of OFDM, 388-90

matrix. See generator matrix; Hadamard matrix;
parity-check matrix

maximal linear codes, 415, 41617

maximal-ratio combining (MRC), and diversity analysis,
214-16, 221-4

maximum a posteriori (MAP) equalizer, 365

maximum likelihood decision criterion, and signal space
analysis, 134-7

maximum likelihood decoding, and code design, 239,
249-51, 272-3

maximum likelihood (ML) detection, and pairwise error
probability, 337-9

maximum likelihood phase estimation, 163-5

maximum likelihood receiver, 135-6

maximum likelihood sequence estimation (MLSE), and
equalization, 353, 362-4

maximum likelihood timing estimation, 165-7

Maxwell, James Clerk, 28

Maxwell’s equations, 28-9

medium-earth orbit (MEO) satellite systems, 4

metropolitan area networks (MANSs), 540

microcells, 10

military, and ad hoc wireless networks, 535, 536, 538

MIMO. See multiple-input multiple-output systems
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minimum distance, of signal constellation, 140

minimum distance decoding, and hard decision decoding,
238-9

minimum free distance, of convolutional codes, 254

minimum mean-square error (MMSE) detector, 440

minimum mean-square error (MMSE) equalizer, 357,
358-62

minimum rate capacity: and downlink channel capacity,
482; and uplink channel capacity, 489

minimum-shift keying (MSK), and frequency modulation,
155

mobile telephone switching office (MTSO), 10

mobility, and routing protocols, 550

modulation, and energy constraints for ad hoc wireless
networks, 559-60. See also adaptive modulation;
BPSK modulation; coded modulation; coherent
modulations; constant envelope modulation;
differential modulation; digital modulation; DPSK
modulation; general M-ary modulation; linear
modulation; multicarrier modulation; nonlinear
modulation; passband modulation; pulse amplitude
modulation; QPSK modulation; quadrature amplitude
modulation; unitary space-time modulation

moment generating function (MGF): and average error
probability, 187-91; and diversity analysis, 220-5; and
random variables, 580

Morse, Samuel, 1

MPAM. See pulse amplitude modulation

MPSK. See phase-shift keying

MQAM. See quadrature amplitude modulation

MUD. See multiuser detector

multicarrier CDMA (MC-CDMA), and direct-sequence
spread spectrum, 441-3

multicarrier modulation: and data transmission, 375-8;
definition of, 374; and discrete implementation,
383-93; frequency and timing offset in, 395-6; and
overlapping subchannels, 378—80; and peak-to-average
power ratio, 393-5; and subcarrier fading, 380-3

multicarrier transmitter, 375-6

multichannel multipoint distribution services (MMDS), 17

multihop routing, and ad hoc wireless networks, 535, 541

multilevel encoder, 272-3

multipath channels: characteristics of, 64; and
discrete-time model, 92-3; and frequency-hopping
spread spectrum (FHSS), 422; and narrowband fading
models, 70-82; and space-time channel models, 93—4;
and time-varying channel impulse response, 65-70;
and wideband fading models, 82-92

multipath intensity profile, and wideband fading models,
86-8

multipath routing, and network layer design, 550

multipath signal components, and ray tracing, 33

multiple access: and cellular system design, 5067
and code-division multiple access, 458-9; and
frequency-division multiple access, 455-6; hybrid
techniques for, 460—1; primary methods of, 452,
454-5; and space-division multiple access, 459-60;
and time-division multiple access, 456-7. See also
multiuser systems
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multiple access channel (MAC), 469

multiple access interference (MAI), and multiuser DSSS
systems, 438—41

multiple antennas: and downlink channel capacity, 483—4;
and uplink channel capacity, 490

multiple description coding (MDC), and application layer
design, 553

multiple-input multiple-output (MIMO) systems: and ad
hoc wireless networks, 560-1; and channel capacity,
325-34; and channel equalization, 342; definition
of, 321; diversity gain and beamforming, 334-5;
and diversity—multiplexing trade-offs, 335-7; and
frequency-selective MIMO channels, 342-3; and
IEEE 802.11n wireless LAN standard, 602¢; and
multiuser systems, 496—7; and narrowband MIMO
channel model, 321-3; and parallel decomposition
of channel, 323-5; and smart antennas, 343—4; and
space-time codes, 337-42

multiple-input single-output (MISO) channels, 327

multiplexing gain, and multiple-input multiple-output
systems, 323-7, 496

multislope model, of path loss, 44-5

multistage decoding, 273

multiuser detection: and direct-sequence spread spectrum
(DSSS), 438-41; and interference reduction, 520

multiuser detector (MUD), 438—41, 459

multiuser diversity, 480, 494—6

multiuser systems: definition of, 452; and downlink
channel capacity, 469—84; and DSSS, 424-43;
and FHSS, 443; and multiple access, 454—61; and
multiple-input multiple-output systems, 496—7; and
multiuser diversity, 494—6; and power control, 466-9;
and random access, 461-6; uplink and downlink
channels for, 452—4; and uplink—downlink duality,
490—4; and uplink channel capacity, 484-90. See also
multiple access

mutual information: and capacity in AWGN, 100—1; and
multiple-input multiple-output channels, 328

Nakagami fading: and capacity of flat fading channels,
115f; and digital modulation, 186—7; and multipath
channels, 79

narrowband AMPS (N-AMPS), 595

narrowband fading models, 70-82

narrowband interference, and spread spectrum, 405

narrowband MIMO model, 321-3

Neal, R. M., 262

near—far effect: and code-division multiple access
systems, 488-9; and uplink channels for multiuser
DSSS systems, 433, 437

nearest neighbor approximation, and signal space
analysis, 140

negative coding gain, 240

neighbor discovery, and network layer design, 547-8

network capacity limits, and ad hoc wireless networks,
556-8

network coding, and network layer design, 551

network layer design, and ad hoc wireless networks,
547-52

INDEX

noise enhancement, and equalization, 351, 352-3

noise-whitening filter, and minimum mean-square error
equalizer, 359-60

nonbinary block codes, 245-6

noncoherent detection, of FSK, 1567

non—decision-directed parameter estimation, and digital
modulation, 165

noninvertible matrix, 592

nonlinear equalizers, 353

nonlinear modulation, 127

nonlinear multiuser detectors, 4401

nonnegative definite matrix, 593

nonorthogonal codes: and code-division multiple access,
458; and multiuser DSSS systems, 425, 475-6

nonorthogonal systems, and cellular system design,
516-18

nonsingular matrix, 592

Nordic Mobile Telephone (NMT) standard, 595

norm, of vector, 589

normal matrix, 590

North American Digital Cellular standard, 596

Nyquist criterion, 158

observation interval, and receiver structure with carrier
and timing recovery, 162

OFDM. See orthogonal frequency division multiplexing

off-diagonal elements, of matrix, 588

Office of Spectral Management (OSM), 21

Okumura model, 42-3

OmniTRACS, 18

open systems interconnect (OSI) network model, 452nl,
542

opportunistic beamforming, and multiple-input multiple-
output systems, 497

opportunistic scheduling, and multiuser diversity, 495

optimal power allocation, and capacity of flat fading
channels, 109-10

orthogonal codes: and code-division multiple access, 458;
and multiuser DSSS systems, 425, 428-9, 431, 474-5

orthogonal frequency division multiplexing (OFDM):
and hybrid techniques for multiple access, 460; and
multicarrier modulation, 374, 385-90; and multiple-
input multiple-output systems, 343

orthogonal systems, and cellular system design, 514—16

outage capacity: and multiuser fading channels, 478, 482;
and truncated channel inversion, 112—13. See also
capacity, of wireless channels

outage probability: and capacity of flat fading channels,
105-6, 112-13; and digital modulation, 183-4, 191-2;
of multiple-input multiple-output systems, 332-3;
under path loss and shadowing, 52, 54

overlapping subchannels, and multicarrier modulation,
378-80

packet error rate (PER), 461, 544

packet radio, 2, 461

packet-reservation multiple access (PRMA), 466

paging systems: overview of current systems, 17-18; and
sleep periods, 562
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pairwise error probability, and ML detection, 337-9

parallel concatenated coding, 261-2

parallel decomposition, of MIMO channel, 323-5

parity-check matrix, and linear block codes, 2345

partial band noise jammer, and frequency-hopping spread
spectrum, 423

partition loss, and indoor path-loss models, 45-6

passband modulation, 142

path loss: and cell coverage area, 53—6; definition of,
27; empirical models of, 42-6; free-space, 31-2; and
outage probability, 52; and radio wave propagation,
28-9; and ray tracing, 33—41; and shadowing, 281,
51-2; and signal models, 29-31; simplified model for,
46-8

path metric, and maximum likelihood decoding, 250-1

peak-to-average power ratio (PAR), and multicarrier
modulation, 393-5

perfect code, 240

Personal Access Communications System (PACS), 598

Personal Communication Service (PCS), 598

personal digital assistants (PDAs), and ad hoc wireless
networks, 537

Personal Digital Cellular (PDC) standard, 597-8

Personal Handyphone System (PHS), 15, 598

phase and timing recovery, and amplitude/phase
modulation, 161-3

phase-shift keying (MPSK), and amplitude/phase
modulation, 143, 146-8, 176-9

phased antennas, and multiple-input multiple-output
systems, 343

physical layer design, and ad hoc wireless networks,
543-4

piecewise linear model, of path loss, 44-5

Poisson processes, and random access, 461

positive definite and semidefinite matrices, 593

power constraints, and home network design, 538

power control: and cellular system design, 522—4; and
multiuser systems, 466—9

power delay profile, and wideband fading models, 86—8

power distributions, and narrowband fading models, 78-9

power schemes, for variable-rate variable-power MQAM,
290-1

power spectral density (PSD): and equalization, 352;
and narrowband fading models, 71-7; and random
processes, 584

precoding, and multicarrier modulation, 381-2. See also
Tomlinson—Harashima precoding; transmit precoding

Price, Bob, 419n4

private branch exchange (PBX), 14

probability density function (pdf), 578

probability theory, 577-8. See also error probability

processing gain, and spread-spectrum systems, 405

proportional fair scheduling, and multiuser diversity,
495-6

protocol layers, of ad hoc wireless networks, 542-54

PSD. See power spectral density

pseudo-random sequence, and spreading codes, 414

public switched telephone network (PSTN), 10

pulse amplitude modulation (MPAM), 143, 144-6, 176-9

641

pulse shaping, and digital modulation, 157-60
puncturing, and adaptive coding, 288
pure ALOHA, 462-3

Q-function representation, and digital modulation, 182

QPSK modulation, and error probability, 173-5

quadrature amplitude modulation (MQAM): definition of,
143, 148; and error probability, 176-9; and signal
constellations, 148-9; variable-rate variable-power
and adaptive modulation, 288-305

quadrature component, and representation of bandpass
signals, 573

quadrature offset, and amplitude/phase modulation,
152-3

Qualcomm, 18, 596

quality-of-service (QoS): and ad hoc wireless networks,
550, 553—4; and dynamic resource allocation, 520;
and home networks, 538

quasi-convex function, and flow control for network layer
design, 551

radar cross-section (RCS), and radio wave propagation, 29
radio(s) and radio communications: and device networks,
538; history of, 1-2; overview of current systems,

19-21; and spectrum, 7

radio wave propagation, and path loss, 28-9

Radiocom 2000 (RC2000), 595-6

raised cosine pulses, and Nyquist criterion, 158

RAKE receivers: and discrete-time model of multipath
channels, 92, and spread spectrum, 403, 418, 419-21

random access: definition of, 454; and energy constraints
for ad hoc wireless networks, 561; and multiuser
systems, 461-6

random backoff, and carrier-sense multiple access, 464

random processes, 583—6

random sequences, and spread spectrum, 404

random variables, 578-82

rank criterion, and pairwise error probability for
multiple-input multiple-output systems, 339

rate-compatible punctured convolutional (RCPC) channel
codes, 274-5, 288

rate—delay trade-off curve, and application layer design,
554

rate region, and multiuser channel capacity, 452, 469. See
also capacity, of wireless channels

ray-tracing techniques, and path loss, 29, 33

Rayleigh fading: and adaptive MQAM, 299-300; and
capacity of flat fading channels, 103, 112, 115f; and
digital modulation, 185-7; and multipath channels, 74,
78-9; and receiver diversity, 210

reactive routing, and network layer design, 549-50

receiver(s): and capacity of flat fading channels with
diversity, 113—-14; and channel side information,
103-13; and diversity, 206—17; parallel decomposition
of MIMO channel and shaping of, 323, 324; phase and
timing recovery and structure of, 161-3; signal space
analysis and structure of, 132—4. See also channel side
information at receiver; maximum likelihood receiver;
RAKE receivers

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521837162
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521837162 - Wireless Communications
Andrea Goldsmith

Index

More information

642

rectangular pulses, and Nyquist criterion, 158

reduced-complexity MLSE equalizers, 365

Reed Solomon (RS) codes, 245-6, 259

remote sensing, and sensor networks, 539

rescue operations, and sensor networks, 539

resource allocation, and network layer design, 551-2

reuse distance: and cellular phone systems, 9; and cellular
system design, 509-11

reverse channel. See uplink channels

rich scattering environment, and parallel decomposition
of MIMO channel, 323

Rician fading, 78-9, 194

right singular vectors, 593

routing protocols, for ad hoc wireless networks, 548-51,
561-2

row vector, 589

run-length property, of spreading code, 414

satellite networks: history of, 4; overview of current
systems, 18—-19

scalability, of ad hoc wireless networks, 541-2

scattering functions, and fading models, 85, 91-2

scatternets, 603

scheduling: and dynamic resource allocation, 520-1; for
multiuser systems, 466, 495-6

second-generation (2G) digital systems, for cellular
phones, 596-9

second moment, and random processes, 583

sectorization, and reduction of interference, 519

sectorized antennas, and multiple-input multiple-output
systems, 343—4

security, and technical challenges for wireless systems, 7

selection combining (SC), and diversity analysis, 204,
208-11, 224

sensor networks, and ad hoc wireless networks, 538-9

sequence estimators (SEs), and equalization, 353

sequence space, and coded modulation, 264

serial concatenated coding, 262

shadowing: and cell coverage area, 53—6; and fading,
48-51; and outage probability, 52; and path loss, 28 f,
51-2

Shannon, Claude, 99, 100-1

Shannon capacity: and coded modulation, 263;
and flat fading channels 103-5, 107-11; and
frequency-selective fading channels, 120; and
fundamental rate limits, 524-5; and multiple-input
multiple-output channels, 325-34

shift property, of spreading codes, 414, 415

short spreading code, 416

signal combinations, and pre-industrial wireless
networks, 1

signal-to-interference-plus-noise power ratio (SINR), and
ad hoc wireless networks, 540-1

signal models, and path loss, 29-31

signal-to-noise power ratio (SNR): and AWGN channels,
172-3; and path loss, 30

signal space analysis, and digital modulation, 127-41

signal space representation, 131

signal and system model, and signal space analysis, 128-9

INDEX

simplified path-loss model, 46—8

Singelton bound, and linear block code, 235

single-bit parity-check code, 2301

single-input multiple-output (SIMO) channels, 327

single-input single-output (SISO) channels, 323, 331-2

singular matrix, 592

singular value decomposition (SVD): and matrix
decomposition, 593; and parallel decomposition
of MIMO channels, 323; and vector coding for
multicarrier modulation, 392

SINR. See signal-to-interference-plus-noise power ratio

sleep modes, and ad hoc wireless networks, 542, 559, 562

slotted ALOHA, 463—4

slow frequency hopping (SFH), and spread spectrum, 407

small-scale propagation effects, and path loss, 27

smart antennas: and interference reduction, 519; and
multiple-input multiple-output systems, 343—4

smart rooms, and home networks, 537

smoke detectors, and sensor networks, 539

SNR. See signal-to-noise power ratio

soft decision decoding (SDD), 242—-4

soft handoff (SHO), and cellular phones, 597

source coding, and unequal error protection codes, 274

source-driven routing, and network layer design, 549

space diversity, 204

space-division multiple access (SDMA), 459-60

space-time block codes (STBCs), 339

space-time channel models, and multipath channels, 93—4

space-time code, and multiple-input multiple-output
systems, 337-42

space-time trellis codes (STTCs), 339

spatial multiplexing, and BLAST architectures, 340-2

spectrum: cellular phone systems and sharing of, 11-12;
ISI-free transmission and folded, 354—7; overview of
issues in allocation of, 21-3. See also direct-sequence
spread spectrum; Doppler power spectrum;
frequency-hopping spread spectrum; spread spectrum

spread spectrum: definition of, 403; direct-sequence
spread spectrum, 409-21; frequency-hopping spread
spectrum, 405, 407, 408-9, 421-3, 443; and multiuser
DSSS systems, 424—43; principles of, 403-9

spread-spectrum multiple access (SSMA), 424

spreading codes: for ISI rejection, 413—17; for multiuser
DSSS systems, 425-8; and spread-spectrum
modulation, 403

Sputnik, 4

standards: for cellular phone systems, 12-13; and IEEE,
23, 396-8, 601, 602; overview of current, 23—4;
summary of, 595-603; for WLANSs, 16

state diagrams, and convolutional codes, 2547

static channels, and capacity of MIMO channels, 325-9

statistical models, of radio wave propagation, 29. See also
multipath channels

steady state, and trellis diagrams, 248

subcarrier fading, and multicarrier modulation, 380-3

sublattice, and channel coding, 265

submatrices, 589

successive cancellation, and downlink channel capacity,
472
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sum-rate (SR) capacity, 473—-4

superposition code division, and downlink channel
capacity, 469, 472, 473

survivor path, and Viterbi algorithm, 252-3

switch-and-stay combining (SSC), and receiver diversity,
211-13

symbol-by-symbol (SBS) equalizers, 353

symbol error: and fading, 182-3; and frequency-hopping
spread spectrum, 422-3

symbol interference cancellation, and spatial multiplexing
for multiple-input multiple-output systems, 341

symbol-interleaved coded modulation (SICM), 271

symbol synchronization, and digital modulation, 160—7

synchronization and synchronizers: and digital
modulation, 144, 160-7; and direct-sequence spread
spectrum, 410, 417-19; and frequency-hopping spread
spectrum, 422. See also coarse synchronization

Synchronous Connection Oriented (SCO), 19

syndrome polynomial, and cyclic codes, 238

syndrome testing, and linear block codes, 235

system model, of receiver diversity, 206—8

systematic linear block codes, 233, 237

TDMA. See time-division multiple access

Telecommunications Industry Association (TIA), 23

telegraph, 1

telephones. See cellular phones; cordless telephones

telepoint service, 14

television, and spectrum allocation, 22

ten-ray model, of path loss, 37-8

tesselating cell shape, 508, 511

Third Generation Partnership Project 2 (3GPP2), 599

third-generation systems, of cellular phones, 599-600

Thitimajshima, P., 259

3G standard, for cellular phone systems, 13

threshold diversity, and receiver diversity, 211-13

throughput, of random access, 462

time diversity, and independent fading paths, 206

time division: and downlink channel capacity, 469; and
uplink channel capacity, 486—7

time-division duplexing (TDD), 454

time-division multiple access (TDMA), 11, 456-7, 460,
514-16, 521

time-invariant channels, and capacity of
frequency-selective fading channels, 116-19

time-multiplexed coding method, for unequal error
protection codes, 273—4

time-varying channels: and capacity of frequency-selective
fading channels, 119-21; and impulse response of
multipath channels, 65-70

timing offset, and frequency of multicarrier systems,
395-6

timing recovery, and amplitude/phase modulation, 144

Tomlinson—Harashima precoding, 366

Total Access Communication System (TACS), 12, 595

total offered load, and random access, 462

traffic load, and random access, 461-2

transfer functions, and state diagrams for convolutional
codes, 2547

643

transmission control protocol (TCP), and ad hoc wireless
networks, 542-3

transmit power, and design of ad hoc wireless networks,
544, 545-6

transmit precoding, and parallel decomposition of MIMO
channels, 323, 324

transmitters: and channel side information, 107-13; and
diversity, 217-20

transport layer design, and ad hoc wireless networks,
552-3

trellis coded modulation, 264, 266, 267

trellis coded quantization, 275

trellis codes, and multiple-input multiple-output systems,
339

trellis diagrams, and convolutional codes, 246-9

truncated channel inversion, and outage capacity, 112-13

turbo codes, and code design, 259-62

turbo equalizer, 365-6

turbo trellis coded modulation, 267. See also trellis coded
modulation

two-ray model, of path loss, 29, 34-7

ultrawideband (UWB), 20-1, 601-3

underlay systems, in spectrum allocation, 21-2

unequal error protection (UEP) codes, and code design,
271-5

Ungerboeck, G., 263

uniform distribution, and random variables, 582

uniform power allocation, and multiple-input multiple-
output systems, 328-9

uniform scattering environment, and narrowband fading
models, 73-4

union bound: and probability theory, 578; and signal space
analysis, 137-41

unit vector, 589

unitary matrix, 592

unitary space-time modulation, for block fading channels,
339

Universal Mobile Telecommunications System (UMTS),
600

unlicensed bands, and spectrum allocation, 21, 237

Unlicensed National Information Infrastructure (U-NII)
bands, 15

uplink channels, and multiuser systems, 424-5, 4338,
443, 452-4, 484-94

upper triangular matrix, 588

V-BLAST, 341

variable-coding techniques, and adaptive modulation, 288

variable error probability, and adaptive modulation, 287

variable-power techniques, for adaptive modulation,
286-7

variable-rate techniques, for adaptive modulation, 285-6

variable-rate variable-power MQAM, 288-305

vector(s), definitions and operations of, 588-92

vector codeword, 392

vector coding (VC), and multicarrier modulation, 390-3

vectorization, of matrix, 593

Verdd, S., 438

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521837162
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521837162 - Wireless Communications
Andrea Goldsmith

Index

More information

644

vertical encoding, and multiple-input multiple-output
systems, 341

Viterbi, A. J., 252

Viterbi algorithm, and convolutional codes, 2523

voice activity factor, and code-division multiple access
systems, 518

Walsh-Hadamard codes, and multiuser DSSS systems,
427-8

WANS. See wide area networks

water-filling formula, and capacity of wireless channels,
109-10, 120-1, 326-7, 330

white noise, and random processes, 584-5

Wiberg, N., 262

wide area networks (WANSs), and ad hoc wireless
networks, 540

wide area wireless data services, overview of current
systems, 16—17

wideband CDMA (W-CDMA) standard, 599, 600

wideband fading models, and multipath channels, 82-92

wide-sense stationarity (WSS), and random processes,
584

WiFi (wireless fidelity), 601

WiMax, 17

windows, and penetration loss in indoor systems, 46

wireless communications: adaptive modulation and
coding, 283-315; and ad hoc wireless networks,
535-64; and capacity of wireless channels, 99-121;
and code design, 228-75; definition of, 5-6; and
digital modulation, 126—67, 172-97; and diversity,
204-25; and equalization, 351-68; growth in use of,

INDEX

1; history of, 1-4; and infrastructure-based wireless
networks, 505-28; and multicarrier modulation,
374-98; and multiple-input multiple-output systems,
321; and multiuser systems, 452-97; overview of
current systems, 8-21; and path loss, 27-56; and
spectrum allocation, 21-3; and spread spectrum,
403-43; and standards, 23-4, 595-603; and
statistical multipath channel models, 64-94; technical
challenges of, 6-8; vision of, 4—6

wireless local area networks (WLANSs): and ad hoc
wireless networks, 537; growth in use of, 1; history
of, 2-3; overview of current systems, 15-16; and
standards, 24, 396-8, 6001

wireless metropolitan area networks, and ad hoc wireless
networks, 537, 540

Wireless Personal Area Networks (WPANSs), 602

wireless short-distance networking standards, 601-3

WLANS. See wireless local area networks

worst-case interferers, and intercell interference, 519-20

WPANS. See Wireless Personal Area Networks

Wyner, A., 524

zero-forcing (ZF) equalizers, 357-9

zero-mean, circularly symmetric complex Gaussian
(ZMCSCG) random vector, 326

zero-mean spatially white (ZMSW) model, and multiple-
input multiple-output channels, 322, 328-9, 331-2

zero-outage capacity: and flat fading channels, 111-12;
and multiuser fading channels, 478

ZigBee, 20, 601-3

zone routing protocol (ZRP), 550
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