Absolute threshold generalized selection
combining (AT-GSC)
average error probability
evaluation, 519-520
performance, 515-516
defined, 512
outage probability performance, 521-523
performance comparisons, with NT-GSC,
524-531
Additive white Gaussian noise (AWGN)
average error probability performance, 142
characteristics of, generally, 19, 25, 38, 46, 55,
61, 62, 65, 67, 70, 76
coded communication, 761, 772-773, 775,
7717, 783
fading channel capacity, 869-874
Gaussian Q-function, 84
multicarrier DS-CDMA systems, 745, 748
multichannel receivers, 312, 317, 331
multichannel transmission, 801-802, 818
optimum combining, 683, 699
optimum receivers, 189-190, 195, 199, 201,
211, 215, 218
performance, detection methods
binary signaling, generic results, 251
differentially coherent, 245-251
ideal coherent, 224-237
noncoherent, 242
nonideal coherent, 237-241
partially coherent, 242—-245
single carrier DS-CDMA systems, 738
single-channel receivers, 223-251
Alamouti’s diversity technique, using two
transmit antennas

INDEX

characteristics of, 803—809
combined with multidimensional trellis-coded
modulation, 812-818
generalization to orthogonal space-time block
code designs, 809-812
Amount of fading
implications of, 12—13
multichannel receivers, dual-branch diversity
combining, 567, 578-581
Amplitudes, fading channel
known
known delays, unknown phases, 198—199
known phases and delays, 191-195
unknown
known delays and unknown phases,
199-219
known phases and delays, 195-198
unknown phases and delays, 219-222
Antennas
Alamouti’s diversity technique, see Alamouti’s
diversity technique
diversity system, see
Multiple-input/multiple-output (MIMO)
antenna diversity systems
multiuser communication systems, multiple
transmit and receive
correlation between receiver antenna pairs,
726
distribution of antenna elements, 726
numerical examples, 727-729
optimum weight vectors and output SIR,
723
outage probability, 723-725
PDF of output SIR, 723-724
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Antennas (Continued)
special cases, 725-726
system, channel, and signal models,
721-722
Antipodal signaling, 52
Arbitrary two-dimensional signal constellation
error probability integral, 142—144
Automatic gain control (AGC), 314
Average fading power, multichannel receivers,
316
Average outage duration (AOD)
multichannel receivers
average level crossing rate and, 586—589
LLD. Rayleigh fading, 589-591
numerical examples, 591-594
overview, 584-585
system and channel models, 585
multiuser communication system, 667—671

Beckmann distribution, 28—-30
Bessel function, 94, 96, 100-103, 114115, 239,
346, 619, 650, 657
Beta function, 138, 140
Bhattacharyya parameter, 766
Binary DPSK (BDPSK), multichannel receivers
multiple-symbol differential detection
(MSDD), 370
outage probability, 411-413
selection combining, 415
switch-and-examine combining, 445
switched diversity, 464—465
Binary frequency-shift-keying (BFSK)
average error probability performance, 137
defined, 58
multichannel receivers
coherent, 413-415
coherent equal gain combining, 334, 339
noncoherent, BDPSK and, 411-413
noncoherent equal gain combining, 343, 365
post-detection combining, 564—565
optimum combining, 694
optimum receivers, detection of, 203—-204,
207, 210
single-channel reception
characteristics of, 243
fading channels, 267, 270, 273, 279-280,
283
Binary phase-shift-keying (BPSK)
characteristics of, 51, 68
multichannel receivers
characteristics of, 546-549, 552
correlation models, 401
differentially encoded, 235
selection combining, 415-417, 485-487

switch-and-examine combining, 441
switched diversity, 428, 469
multichannel transmission, 853
optimum combining, 698, 701, 710, 715
selection combining, 533-537
Binomial expansion, 10
Bit error probability (BEP), average
alternative closed-form expressions, 135—-137
coded communication
differentially coherent detection, 783
over fading channels, 759-760
transfer function bound, 772-774
TUB, comparison with union-Chernoff
bounds, 788-791
conditional, 319-320
for decision statistic, quadratic form of
complex Gaussian random variables,
619-625
integrals involving
arbitrary two-dimensional signal
constellation error probability integral,
142-144
Gaussian-Q function, 123-131, 144-145
incomplete gamma function, 137-141
Marcum-Q function, 131-135
M-PSK error probability integral, 141-142,
145-148
Marcum Q -function, 100
multichannel receivers
bounds on, 352-353
characteristics of, generally, 317, 320,
619-624
noncoherent equal gain combining, 334,
338-339
scan-and-wait combining, 448, 452,
454-455
selective combining, 519-520, 525-528,
530
multichannel transmission
characteristics of, 801-803, 845
fast-fading channel model, evaluation of,
827-828
slow-fading channel model, evaluation of,
829-830
optimum combining
diversity combining receivers, 685
multiple arbitrary power interferers and, 718
multiple-symbol differentiation detection
(MSDD), 718-720
Nakagami-m fading, 695-697
number of interferers and, 701-703, 705,
710, 712
Rayleigh fading, 682, 686—692



optimum receivers and, 203-204, 207,
210-212
as performance criterion, 6—12
single-channel receivers
implications of, 223-229, 232-234, 236,
238, 241, 247-248, 251
fading channels, 273-281
space-time trellis-coded modulation
approximate evaluation of, 827-830
transfer function upper bound evaluation,
831-833
Bit error rate (BER), average
coded communication, 785
multicarrier DS-CDMA systems, 749—750
multichannel receivers
correlation models, 400
multiple-symbol differential detection with
diversity combining, 368—371
noncoherent equal gain combining, 351
outdated/imperfect channel estimates,
463-464
post-detection combining, 540-553, 557,
561-565
selection combining, 480—-487, 498
switch-and-examine combining, 441, 443,
445-446
switch-and-stay combining, 435-436,
438-439
switched diversity, 463—465, 469
noncoherent equal gain combining, 347-352
Bivariate Rayleigh CDF, 172-174
Bivariate Rayleigh PDF, 170-172

Carrier reconstruction loop, 64
Carrier synchronization
architectures, 65, 273-274
loop, 64
Carrier-to-interference ratio (CIR), outage
probability, 639, 648, 657-661, 664—667
Carrier-to-noise ratio (CNR), 639, 648, 660-661,
664
Carrier tracking loop, 53
CDMA code/codewords, 801
Cellular mobile radio system, 644
Channel state information (CSI), 191, 193, 760,
764771, 773-774, 181, 785
Characteristics function (CHF), 11n
Chernoff bound, 85-86, 97-98, 231, 249, 759,
765-766, 773
Chi-square distribution, 550
Chi-square variates in outage probability,
multiuser communication systems, 640—645
Classical functions, alternative representations
Gaussian Q-function, 84-93, 120-122
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Marcum Q-function, 93-113, 118
Nuttall Q-function, 113-117
overview of, 83, 117-118
Closed-form expressions, 135-137, 141, 143,
147
Co-channel interferers (CCI), 681, 700, 706, 711,
721-722
Coded communication systems
coherent detection
example of, 775-781
pairwise error probability, evaluation of,
763-771
system model, 761-763
transfer function bound
alternative formulation of, 774-775
on average bit error probability (BEP),
772-774
differentially coherent detection
example of, 785-787
performance evaluation, 783—785
system model, 781-783
true upper bounds (TUBs), comparison with
Union-Chernoff bounds, 787-792
Code-division multiple access (CDMA), 311, 697
Coding gain, 798
Coherent detection
differentially, 71-78, 117
ideal, 45-58
noncoherent, 66—68, 117
nonideal, 62—66
optimum receivers, 191-195, 217-219,
221-222
partially, 6871
Coherent equal gain combining, multichannel
receivers
average output SNR, 332-333
characteristics of, generally, 331
exact error rate analysis
approximate, 340-341
asymptotic, 342
binary signals, 333-339
M-PSK signals, extension to, 339-340
outage probability
combining, 380-382
performance, 380—-381
receiver structure, 331
Combined (time-shared) shadowed/unshadowed
fading, 37
Communication, types of
coded, see Coded communication
differentially coherent detection
conventional detection (two-symbol
observation), 73-74
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Communication, types of (Continued)
M-ary differential phase-shift-keying
(M-DPSK), 71-73, 117-118
multiple-symbol detection, 76—78
ideal coherent detection
M-ary frequency-shift-keying (M-FSK),
56-58
M-ary phase-shift-keying (M-PSK), 50-54,
75
minimum-shift-keying (MSK), 58-62
multiple amplitude modulation (M-AM),
47-49
multiple amplitude-shift-keying (M-ASK),
47-48
offset QSPK (OQPSK), 55-56
overview of, 45-47
7/4-QSPK, 54-55
quadrature amplitude modulation (QAM),
48-50
quadrature amplitude-shift-keying (QASK),
48-50
staggered QPSK (SQPSK), 55-56
noncoherent detection, 66—68, 117
nonideal coherent detection, 62—66
partially coherent detection, conventional
detection
multiple-symbol observation, 69—71
one-symbol observation, 68—69
m/4-differential QPSK (7/4-DQPSK), 78
Complementary CDF (CCDF), 450-451
Composite gamma/log-normal
distribution, 33-34
fading channel, 21
Composite log-normal shadowing/Nakagami-m
fading channel
characteristics of, generally, 140—141
Gaussian-Q function and, 128-131
Marcum-Q function and, 134-135
Composite microscopic-macroscopic diversity,
315
Composite multipath/shadowing
characteristics of, generally, 33
composite gamma/log-normal distribution,
33-34
K distribution, 34-35
Rician shadowed distribution model, 36
Suzuki distribution, 34
Computer software packages, 171, 173, 685
Conditional BEP, 6-7, 9
Continuous-phase-frequency-shift-keying
(SPFSK), 58-59
Correlation models, channel
dual branches with nonidentical fading,
390-392

dual correlation model, 396
exponential correlation model, 396—-397
identically distributed branches
with constant correlation, 392-394
with exponential correlation, 394
intraclass correlation/constant correlation
model, 396
nonidentically distributed branches with
arbitrary correlation, 395-398
numerical examples, 399-404
overview, 389-390
tridiagonal correlation model, 397
Correlative fading, PDF and CDF
bivariate Rayleigh, 170—147
for maximum of two Nakagami-m random
variables, 177-180
for maximum of two Rayleigh random
variables, 175-177
two log-normal random variables
maximum of, 180-183
minimum of, 183-185
Costas loop, 64, 238—239, 273
Cumulative distribution function (CDF)
bilateral RVs, 9-10
bivariate Rayleigh, 172—174
inverse Laplace transform, numerical
techniques, 625-627
Marcum Q-function and, 100
multichannel receivers
average duration outage, 589
dual-branch diversity combining, 567, 570
multiple-input/multiple-output (MIMO)
antenna diversity system, 597-598
post-detection combining, 541-543,
550-551, 556, 559
selection combining, 497, 518, 521
switch-and-examine combining, 440, 444
switch-and-stay combining, 433-434
switched diversity, 420—421, 424
optimum combining, 724
outage probability
implications of, 5-6
multiuser communication systems,
640-643, 649, 661-662, 674—678
Weibull distribution, 26

Decay, power delay profile (PDP), 38
Decision matrices, diversity combining, 367-368
Definite integrals, 634—635
Degradation, 274
Degrees of freedom, 550, 640-643, 674-678
Deinterleaving, 759, 784
Delays, fading channel
known
known amplitudes and phases, 191-195



known amplitude and unknown phases,
198-199
known phases and unknown amplitudes,
195-198
unknown amplitudes and phases, 199-219
unknown, amplitudes and phases, 219-222
Delay statistic, multichannel receivers, 448—-450
Demodulation, 51-52, 57, 64-65, 76
Desired forms, 8
Differential decoding, 53—-54
Differential detection/detectors, 64, 73
Differential encoding, 53-55, 144
Differentially coherent detection
AGWN performance
M-ary differential phase-shift-keying
(M-DPSK), 245-250
mr/4-differential QPSK (7/4-DQPSK),
250-251
conventional detection (two-symbol
observation), 73-74
in fading communications
characteristics of, 284-285
M-ary differential phase-shift-keying
(M-DPSK), fast fading, 290-293
M-ary differential phase-shift-keying
(M-DPSK), slow fading, 285-290
M-ary differential phase-shift-keying
(M-DPSK), 71-73, 117-118
multiple-symbol detection, 76—78
optimum receivers
characteristics of, 211-214, 217-218
Nakagami-m fading, 217, 218-219
Rayleigh fading, 214-216, 218
single-channel receivers, M-ary differential
phase-shift-keying (M-DPSK)
conventional detection, two-symbol
observation), 245-249
with multiple-symbol detection, 249-250
Differentially coherent receivers, 199
Differentially encoded BPSK, single-channel
receivers and, 235, 240
Differential phase encoding, 53, 215
Differential phase-shift-keying (DPSK)
multichannel receivers, 343
optimum combining, 698
Differential quadrature phase-shift-keying
(DQPSK), multichannel reception, 343,
370-371
Differentiation, 4
Digital portable communications, 315
Dirac delta function, 515
Direct-sequence code-division multiple access
(DS-CDMA)
channel models
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multicarrier, 743
single, 737-738
numerical examples, 750-754
overview of, 735-736, 741-742, 744
performance
multicarrier, 745-750
single, 739-741
receiver
multicarrier, 743-744
single, 738
transmitter
single, 736-737
multicarrier, 742-743
Diversity combining
complexity-performance tradeoffs, 316
concept, 312
mathematical modeling, 312-313
multichannel receivers
multiple-symbol differential detection
(MSDD), 367-375
optimum, 375-379
techniques, survey of, 313-316
Diversity gain, 797
Diversity order, 797
Diversity-rich environments, combining in
generalized selection combining
based on log-likelihood ratio, 532-537
characteristics of, 469-512
with threshold test per branch (T-GSC),
512-531
generalized switched diversity (GSSC),
531-532
two-dimension diversity schemes, 466—469
Diversity selection combining, 158
Diversity systems, 12, 32
Dual-branch diversity combining schemes, over
log-normal channels
characteristics of, 566
maximal-ratio combining, 568—571
selection combining, 571-575
switched combining, 575-584
system and channel models, 566—568snr)
Dual-branch post-detection combining
identically distributed, 542, 544—547
nonidentically distributed, 542—-543, 547-548
Dual-branch selective combining
outage probability, multiuser communication
system
fading and systems models, 661
numerical examples, 664—667
outage performance with minimum signal
power constraint, 661-663
Dual-diversity combining receiver, 169
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Eigenvalue, noncentral complex wishart
matrices, 596604
800/900 MHz frequency, 25
Envelope fluctuations, in fading channels, 17-18
Equal gain combining (EGC)
coded communication, evaluation of, 768
defined, 11
multichannel receivers
dual-branch diversity combining, 571
noncoherent, see Noncoherent equal gain
combining
switched diversity, 467-468
noncoherent, see Noncoherent equal gain
combining
optimum receivers, detection of, 203
Euler summation-based technique, 625-626

Fading channel capacity
channel and system model, 863—864
channel inversion with fixed rate
characteristics of, 869-870
no diversity, 870
maximal-ratio combining, 870-871
I,(1), evaluation of, 880—-881
MIMO fading channels, 876-877
numerical examples, 871-876
optimum rate adaptation with constant transmit
power
characteristics of, 867—-868
no diversity, 868—869
maximal-ratio combining, 869
optimum simultaneous power and rate
adaptation
characteristics of, 865
no diversity, 865—866
maximal-ratio combining, 866—867
T, (1), evaluation of, 878—880
Fading channels, see specific types of fading
channels
capacity of, see Fading channel capacity
characteristics of, generally
envelope fluctuations, 17-18
fast fading, 18
frequency-flat fading, 18—-19
frequency-selective fading, 18—19
phase fluctuations, 17-18
slow fading, 18
multichannel receivers, noncoherent equal gain
combining, 356—364. See Correlation
models, channel
optimum receivers for
known amplitudes and delays, unknown
phases, 198—199
known amplitudes, phases, and delays,
191-195

known delays, unknown amplitudes and
phases, 199-219
known phases and delays, unknown
amplitudes, 195-198
overview of, 189-191
unknown amplitudes, phases, and delays,
219-222
outage probability, multiuser communication
systems, 643—-644
performance detection
differentially coherent, 284-294
ideal coherent, 252-267
imperfect channel estimation, 294-301
noncoherent detection, 281-282
nonideal coherent, 267-281
partially coherent, 282—-284
SNR and, 21
Fading distribution, multichannel receivers, 316
Fast fading, 18, 784
First propagation, 38—39
Fixed-rate transmission, 869—-871, 874
Flat-fading channels
implications of, 381
modeling of
characteristics of, 19-20
combined (time-shared) shadowed/
unshadowed fading, 37
composite multipath/shadowing, 33-37
log-normal shadowing, 32-33
multipath fading, 20-32
Fourier transform, 10, 337
Frequency-flat fading, 18—19
Frequency mismatch, 62
Frequency-selective fading, characteristics of,
18-19

Gauss-Chebyshev quadrature-based technique,
510, 626-627
Gauss-Chebyshev quadrature rules, 10
Gaussian-Hermite quadrature integrals, 123,
128-129, 134, 317, 338, 639
Gaussian noise, 118
Gaussian probability integral, 84
Gaussian Q-function
characteristics of, generally, 7, 179
coded communication, 765
higher powers, alternative representations of,
90-93
integrals involving
composite log-normal shadowing/
Nakagami-m fading channel, 128—-131
higher-order integer powers, 144-145
log-normal shadowing channel, 128
Nakagami-m fading channel, 126—127, 145



Nakagami-n (Rice) fading channel, 126
Nakagami-g (Hoyt) fading channel, 125
overview of, 123-124
Rayleigh fading channel, 125, 144-145
multichannel receivers
dual-branch diversity combining, 567
implications of, 320, 334-335
switched diversity, 429
symbol error rate (SER), 324
one-dimensional case, 84—86, 88—-90
optimum combining, 704
optimum receivers, 196
proofs of alternative forms, 120—122
single reception, 225-226, 229-232, 236,
239-240
symbol error rate (SER), 330
two-dimensional case, 86—90
Generalized selection combining (GSC),
multichannel receivers
based on log-likelihood ratio (LLR)
envelope-based, 536
optimum for equiprobable BPSK, 533-536
optimum for noncoherently detected
equiprobable orthogonal BPSK, 536-537
performance analysis
characteristics of, 470-473
L.ILD. Nakagami-m case, 497-502
L1D. Rayleigh case, 472-492
I.I.D. Weibull case, 510-512
non-LLD. Rayleigh case, 492-497
partial-MGF approach, 502—-510
with threshold test per branch (T-GSC),
512-531
Generalized switched diversity (GSSC), 531-532
Generic closed-form formula, 640
Global optimization, 465
Global System for Mobile (GSM), 697
Gradshteyn-Ryzhik equation, 325
Gray code bit mapping, 225, 227, 232-233, 246

Hamming distance, 775-776

Harmonics, 57

High-speed data transmission, 864

Hoyt distribution, see Nakagami-g (Hoyt)

distribution

Hoyt fading channel
characteristics of, 21-23, 28—-29
Gaussian-Q function and, 125
incomplete gamma functions and, 139
Marcum-Q function and, 133
multipath fading, 22-23

Hybrid diversity schemes, multichannel receivers
generalized techniques, 315
multidimensional techniques, 315-316
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Ideal coherent detection
in communication systems
M-ary frequency-shift-keying (M-FSK),
56-58
M-ary phase-shift-keying (M-PSK), 50-54
minimum-shift-keying (MSK), 58—62
multiple amplitude modulation (M-AM),
47-49
multiple amplitude-shift-keying (M-ASK),
47-48
offset QSPK (OQPSK), 55-56
overview of, 45-47
m/4-QSPK, 54-55
quadrature amplitude modulation (QAM),
48-50
quadrature amplitude-shift-keying (QASK),
48-50
staggered QPSK (SQPSK), 55-56
fading channels
differentially encoded M-ary
phase-shift-keying (M-PSK), 258-261
M-ary frequency-shift-keying (M-FSK),
262-267
M-ary phase-shift-keying (M-PSK),
256-258
minimum-shift-keying (MSK), 267
multiple amplitude-shift-keying (M-ASK),
253-254
multiple amplitude modulation, (M-AM),
253-254
offset QPSK (OQPSK), 262
w/4-QPSK, 258-261
quadrature amplitude modulation (QAM),
254-256
quadrature amplitude-shift-keying (QASK),
254-256
staggered QPSK (SQPSK), 262
single channel receivers, performance over
AWGN channel
M-ary frequency-shift-keying (M-FSK),
236-237
M-ary phase-shift-keying (M-PSK),
228-235
minimum-shift-keying (MSK), 237
multiple amplitude modulation (M-AM),
224-225
multiple amplitude-shift-keying (M-ASK),
224-225
offset QPSK (OQPSK), 235-236
m/4-QPSK, 234-235
quadrature amplitude modulation (QAM),
225-234
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Ideal coherent detection, single channel
receivers (Continued)
quadrature amplitude-shift-keying (QASK),
225-234
staggered QPSK (SQPSK), 235-236
Imperfect channel estimation, single-channel
receivers
characteristics of, generally, 294-295
Rayleigh fading, signal model and symbol
error probability evaluation, 295-297
special cases
M-PSK, 297-300
M-QAM, 300-301
Incomplete gamma functions, integrals involving
characteristics of, 137-137
composite log-normal shadowing/Nakagami-m
fading channel, 140—141
log-normal shadowing channel, 140
Nakagami-m fading channel, 140
Nakagami-n (Rice) fading channel, 139
Nakagami-g (Hoyt) fading channel, 139
Rayleigh fading channel, 138
Interference, error probability performance, 137
Interference-limited systems, outage probability
average outage duration (AOD), 667-671
channel fading models, 643-644
desired and interference signals models, 644
dual-branch SC and SSC diversity
fading and systems models, 661
outage performance with minimum signal
power constraint, 661-667
overview, 659-661
generic formula for, 644-46
with minimum desired signal power constraint
models and problem formulation, 648—-649
Nakagami/I.ID. Rice scenario, 654—659
Rice/LLD. Nakagami scenario, 649—654
outage rate, 667—671
related to CDF of the difference of two
chi-square variates with different degrees
of freedom, 640-643, 674-678
Interleaving, 759-780, 784
Irreducible error probability, 274, 293

K distribution, 34-35

Land-mobile satellite systems, 33, 37
Laplace transform
characteristics of, generally, 6, 124—126, 129,
132-134, 138-139, 143-144
coded communication, 769-770, 785-786
correlation models, 394
inverse, implications of, 361
multichannel receivers, selection combining,
475, 497, 521

optimum combining, 704
Largest eigenvalue of certain quadratic forms in
complex Gaussian vectors, distributions of,
732-734
Level crossing rate (LCR)
average outage duration
multichannel receivers, 585-589, 591-594
multiuser communication system, 667—668
defined, 14
Line-of-sight (LOS) path, Rayleigh fading, 20
Log-likelihood ratio (LLR), selection combining,
532-537
Log-normal random variables, PDF and CDF
maximum of, 180—-183
minimum of, 183-185
Log-normal shadowing
characteristics of, 21, 32-33
Gaussian-Q function and, 128
incomplete gamma functions and, 140
Marcum-Q function and, 133-134
Loop SNR, 64, 273-274

MacLaurin series expansion, 273, 276, 279
Macrodiversity, 316
M-ary communication system, 10—11
M-ary differential phase-shift-keying (M-DPSK)
coded communication, 782-783
communications, 71-73, 117
optimum receivers, detection of, 211
single-channel receivers
characteristics of, 229
conventional detection, two-symbol
observation, 245-249
fast fading, 290-293
multiple-symbol detection, 249-250
slow fading, 285-290
M-ary frequency-shift-keyed (M-FSK)
characteristics of, generally, 56—58, 68
multichannel receivers
noncoherent equal gain combining, 353-367
optimum diversity combining, 378-379
orthogonal extension, multichannel receivers
post-detection combining, 552-566
single-channel receivers, 236—237, 242-243,
262-267
M-ary phase-shift-keyed (M-PSK) signal
characteristics of, generally, 7, 50—54, 66,
68-69, 71, 73, 75, 77-78
coded communication
characteristics of, 762, 765, 774775,
781-782
differential detection of sequences,
association with MGF, 793-795
differentially encoded, single-channel
receivers, 258-261



error probability performance, see M-PSK
average error probability performance
multichannel receivers
coherent equal gain combining, 339-340
selection combining, 481, 489
symbol error rate (SER), 322-323, 326,
330, 339-340
multichannel transmission, 806, 810, 812, 815
optimum combining, 715-718
optimum receivers, detection of, 213-214, 217
single-channel receivers
characteristics of, generally, 227-234
differentially encoded, 234-235
fading channels, 256-258, 297-300
partially coherent detection, 244

Maple V, 171
Marcum Q-function

bounds on, 97-100, 105-113, 118
characteristics of, 172—-174, 179
for decision statistic, quadratic form of
complex Gaussian random variables,
619-621, 623-624
defined, 7
first-order, 93—100, 105-108, 114, 116
fourth order, 106—108
generalized (mth order), 100—113
integrals involving
composite log-normal shadowing/
Nakagami-m fading channel, 134-135
log-normal shadowing channel, 133-134
Nakagami-m fading channel, 133
Nakagami-n (Rice) fading channel, 133
Nakagami-g (Hoyt) fading channel, 133
overview of, 131-132
Rayleigh fading channel, 132
multichannel receivers, switched diversity,
423, 432
noncoherent equal gain combining, 346
outage probability, multiuser communication
systems, 641-642, 650, 655
second order, 106—108
single-channel receivers, 242

Mathematica, 171, 173, 685
MATLAB, 171, 650
Maximal-ratio combining (MRC)

characteristics of, generally, 5

coded communication, 765

fading channel capacity, 864, 866—867,
869-871

multichannel receivers
average outage duration (AOD), 590
correlation models, 398—399
dual-branch diversity combining, 568—-571
MGF-based approach, 320-326

INDEX 891

multiple-input/multiple-output (MIMO)
antenna diversity system, 595-596
outage probability performance, 379-380,
386, 388, 426427
outdated/imperfect channel estimates,
457-458, 464
scan-and-wait combining, 453-454
selection combining, 469-472, 477, 481,
485, 487, 499, 519, 523-526
switch-and-stay combining, 438
switched diversity, 424, 430-432, 464,
466-468
multichannel transmission, 801, 803, 807, 809,
816
optimum receivers, 193, 710-714
outage probability, multiuser communication
systems, 640, 644
overview of, 316-317
PDF-based approach, 319
receiver structure, 317-318
selection combining, 410
SER expressions, bounds and asymptotic,
326-330
Maximum a posteriori (MAP), 64
Maximum-likelihood (ML) decision rule, 191,
534
Maximum-likelihood (ML) receiver, 763
Maximum-likelihood sequence estimation
(MLSE), 367, 763
Minimum mean-squared error (MMSE), 294,
298-299
Minimum-shift-keying (MSK)
characteristics of, 58—62
single-channel reception, 237, 267, 273
Mobile communication system, 798
Modulation diversity, 799
Moment generating function (MGF)
average bit error rate probability, 12
average error probability performance, 143
coded communication
characteristics of, 770-771, 779, 781, 784,
786
differential detection of M-PSK sequences,
association evaluation, 793-795
composite gamma/log-normal, 21
log-normal shadowing, 21, 32
multichannel receivers
correlation models, 392-396, 398
noncoherent equal gain combining, 356—-359
selection combining, 405-406, 473474,
476, 480, 483, 493-494, 499-510,
516-517, 531-532
switch-and-examine combining, 440—-441,
445
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Moment generating function (MGF),
multichannel receivers (Continued)
switch-and-stay combining, 434—-435, 437
switched diversity, 422

multichannel transmission, 816, 823—-824, 833,
837

Nakagami-m fading, 21, 25

Nakagami-n (Rice) fading, 21

Nakagami-g (Hoyt) fading, 21-22

optimum combining, 682, 684—687, 689, 697,
703, 708

outage probability, 5-6
multiuser communication systems, 652, 654

Rayleigh fading, 21-22

signal-to-noise ratio, 4-5

Weibull distribution, 27

unconditional, 9

Moment generating function (MGF)-based
approach, multichannel receivers, 320-326

Monte Carlo simulations, 665-666, 721,
728-729

M-PSK average error probability performance

characteristics of, 141-142, 151-152
integer powers of
characteristics of, 145-146
Rayleigh fading channel, 146—148
characteristics of, generally, 141
integer powers of
overview, 145-146
Rayleigh fading channel, 146—148
Nakagami-m fading channel, 142
Rayleigh fading channel, 142
M-QAM
multichannel receivers
average SER, 324-326, 330
selection combining, 481
single-channel reception, 300—301
Multicarrier code-division systems (MC-CDMA)
characteristics of, 741-742
numerical examples, 750—754
performance analysis
average BER, 749-750
conditional SNR, 745-749
system and channel models
channel, 743
notation, 744
receiver, 743-744
transmitter, 742—-743
Multichannel receivers, performance of
average outage duration
and average level crossing rate, 586—589
LLD. Rayleigh fading, 589-591
numerical examples, 591-594

overview, 584-585
system and channel models, 585
bit error probability, 619-624
coherent equal gain combining
approximate error rate analysis, 340—341
asymptotic error rate analysis, 342
average output SNR, 332-333
characteristics of, generally, 331
exact error rate analysis, 333-340
receiver structure, 331
definite integrals, 634—-635
diversity combining
complexity of, 316
concept, 312
mathematical modeling, 312-313
techniques, survey of, 313-316
diversity-rich environments, combining in
generalized selection combining, 469-512
generalized selection combining based on
log-likelihood ratio, 532-537
generalized selection combining with
threshold test per branch (T-GSC),
512-531
generalized switched diversity (GSSC),
531-532
two-dimension diversity schemes, 466—469
dual-branch diversity combining schemes over
log-normal channels
characteristics of, 566
maximal-ratio combining, 568-571
selection combining, 571-575
switched combining, 575-584
system and channel models, 566—568
fading correlation, impact of
identically distributed branches with
constant correlation, 392—-394
identically distributed branches with
exponential correlation, 394
nonidentically distributed branches with
arbitrary correlation, 395-398
numerical examples, 399-404
overview, 389-390
two correlated branches with nonidentical
fading, 390-392
hybrid combining techniques, see Hybrid
diversity schemes, multichannel receivers
maximal-ratio combining (MRC)
MGF-based approach, 320-326
overview of, 316-317
PDF-based approach, 319
receiver structure, 317-318
SER expressions, bounds and asymptotic,
326-330



multiple-input/multiple-output (MIMO)
antenna diversity systems
characteristics of, 594
largest eigenvalue of noncentral complex
Wishart matrice, distribution of, 596—-604
optimum weight vectors and output SNR,
595-596
system, channel, and signal models,
594-595
noncoherent and differentially coherent equal
gain combining
DPSK, DQPSK, and BFSK, 343-353
M-ary orthogonal FSK, 353-367
multiple-symbol differential detection
(MSDD) with diversity combining,
367-375
numerical techniques, inversion of Laplace
transform of CDFs
Euler summation-based technique, 625-626
Gauss-Chebyshev quadrature-based
technique, 626—627
optimum diversity combining, noncoherent
FSK
characteristics of, 375-377
comparison with noncoherent equal gain
combining receiver, 377-378
extension to M-ary orthogonal FSK case,
378-379
outage probability
characteristics of, 379
coherent EGC, 380-381
MRC and noncoherent EGC, 379-380
numerical examples, 381-388
outdated or imperfect channel estimates
characteristics of, 456—-457
maximal-ratio combining, 457-458
noncoherent EGC over Rician fast fading,
458-460
numerical results, 464—466
selection combining, 461-462
switched diversity, 462—-464
power correlation coefficient of correlated
Rician random variables relation with
correlation coefficient of their underlying
complex Gaussian random variables,
627-631
pure techniques, see Equal gain combining
(EGC); Maximal-ratio combining (MRC);
Selection combining; Switched combining
selection combining
average output SNR, 406-409, 475-476,
494
average probability of error, 411-417,
480-487
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average SER, 494-496
CDF of output SNR, 497
characteristics of, 404—405
GSC input joint PDF, 472-473, 492-493
GSC input joint statistics, 499
MGEF of GSC output, 499-502
MGEF of output SNR, 405-406, 473-474,
493-494
outage probability, 409-411, 476—480, 497
PDF of output SNR, 474-475, 496-497
SNR penalty, 487-492
switched diversity
characteristics of, 417-418
dual-branch switch-and-stay combining,
419-439
multibranch switch-and-examine combining,
439-456
theorem proofs, 473-474, 631-634
Multipath diversity, 316
Multipath fading
Beckmann distribution, 28-30
defined, 20
Nakagami-m model, 24-25
Nakagami-n (Rice) model, 23—-24
Nakagami-g (Hoyt) model, 22-23
Rayleigh model, 20-22
spherically-invariant random process model
(SIRP), 30-32
Weibull distribution, 25-28
Multipath intensity profile (MIP), 38
Multiple amplitude modulation, (M-AM)
characteristics of, 47—-49
multichannel receivers, average SER, 323-324
single-channel receivers
characteristics of, generally, 224-225
fading channels, 253-254
Multiple amplitude-shift-keying (M-ASK)
characteristics of, 47—48
single-channel receivers
characteristics of, generally, 224-225
fading channels, 253-254
Multiple-input/multiple-output (MIMO) systems
antenna diversity systems, multichannel
receivers
characteristics of, 594
largest eigenvalue of noncentral complex
Wishart matrice, distribution of, 596—-604
optimum weight vectors and output SNR,
595-596
system, channel, and signal models,
594-595
outage probability, multiuser communication
systems, 660
transmission, 798
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Multiple-input/single-output (MISO) system,
601, 603, 726, 876
Multiple interferers, optimum combining,
697-718
Multiple symbol detection, see Differentially
coherent detection
Multiple-symbol differential detection (MSDD)
multichannel receivers
asymptotic behavior, 371
average bit error rate performance, 368—371
decision metrics, 367-368
numerical results, 372-375
optimum combining
average BEP, 718-720
decision metric, 718
Multiple trellis-coded modulation (MTCM), 799
Multiuser communication systems
direct-sequence code-division multiple access
(DS-CDMA), 735-756
optimum combining, 681-734
outage performance, 639-680

Nakagami-m fading channel
characteristics of, generally, 21, 24-25
composite gamma/log-normal distribution, 33
correlative PDF and CDF, 177-180
evaluation of definite integrals associated with
bounds, upper and lower, 165-167
exact closed-form results, 149—165
Gaussian-Q function and, 126-127, 145
incomplete gamma functions and, 140
Marcum-Q function and, 133
M-PSK error probability integrals, 142, 146
multicarrier systems, DC-CDMA, 750
multichannel receivers
characteristics of, generally, 323
coded communication, 778, 781
coherent equal gain combining, 340
correlation models, 392, 397-398, 403
multiple-symbol differential detection
(MSDD), 372-375
noncoherent equal gain combining, 353
outdated/imperfect channel estimates, 461
post-detection combining, 548
selection combining, 497-502, 509-512,
518
switch-and-stay combining, 435-436
switched diversity, 420, 422-423, 426, 429,
465, 469
optimum combining, 692, 695-697, 703, 712
optimum receivers
characteristics of, 196—198
detection by, 206-211, 217-219, 221
outage probability, multiuser communication
systems

characteristics of, 640, 643—-644, 648
Nakagami/I.L.D. Rice scenario, 654,
656-657
Nakagami/Nakagami scenario, 645-646,
678-680
Nakagami/Rice scenario, 647
outage rate and average outage duration,
multiuser communication systems, 667—671
single carrier systems, DS-CDMA, 740-741
single-channel receivers, 275, 279, 282, 289
Nakagami-n (Rice) fading, see Rician fading
channel
Nakagami-g (Hoyt) fading, see Hoyt fading
channel
Narrowband land-mobile satellite modeling, 33
Noisy reference loss, 273-281
Noncentrality parameter, 94
Noncoherent detection
optimum receivers
characteristics of, 199-200, 219
Nakagami-m fading, 206-211, 221
Rayleigh fading, 201-206, 220-221
single-channel receivers
AWGN channel performance, 242
fading channels, 281-282
Noncoherent equal gain combining
multichannel receivers
DPSK, DQPSK, and BFSK, 343-353
M-ary orthogonal FSK, 353-367
multiple-symbol differential detection with
diversity combining, 367-375
outage probability performance, 379-380
optimum diversity, comparison with, 377-378
Noncoherent frequency-shift-keying (FSK),
optimum diversity combining
characteristics of, 375-377
comparison with noncoherent equal gain
combining receiver, 377-378
M-ary orthogonal FSK, extension to, 378—379
Nonideal coherent detection, single-channel
receivers
AWGN channel performance, 237-241, 267
fading channels, 267-281
Nonlinear phase estimation techniques, 65
Normalized threshold generalized selection
combining (NT-GSC)
average error probability
evaluation, 520
performance, 516519
defined, 512
outage probability performance, 523
performance comparisons, with AT-GSC,
527-531



Numerical techniques, inversion of Laplace
transform of CDFs
Euler summation-based technique, 625-626
Gauss-Chebyshev quadrature-based technique,
626-627
Nuttall Q-function, 113-117, 650, 657

Offset QPSK (OQPSK)
characteristics of, 55-56, 59-60, 63
single-channel receivers
AWGN channel performance, 235-236, 241
fading channels, 262, 267, 273
Optical scintillation, 35
Optimum combining (OC)
characteristics of, 681-682
defined, 681
distributions of largest eigenvalue, quadratic
forms in complex Gaussian vectors,
732-734
diversity combining receivers
comparison with results for MRC in
presence of interference, 710-714
multiple arbitrary interferers, 715-718
multiple equal power interferers, 697-710
multiple-symbol differential detection in
presence of interference, 718—720
single interferer, 682—697
with multiple transmit and receive antennas
correlation between receiver antenna pairs,
726
distribution of antenna elements, 726
numerical examples, 727-729
optimum weight vectors and output SIR,
723
outage probability, 723-725
PDF of output SIR, 723-724
special cases, 725-726
system, channel, and signal models,
721-722
Optimum diversity combining, noncoherent FSK
characteristics of, 375-377
comparison with noncoherent equal gain
combining receiver, 377-378
extension to M-ary orthogonal FSK case,
378-379
Optimum reception, performance evaluation
fading channels, optimum receivers for,
189-222
multichannel receivers, 311-635
single-channel receivers, 223-309
Orthogonal signaling, 58
Orthogonal systems, noncoherent, 10
Outage duration
average, multichannels receivers
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and average level crossing rate, 586—589
LLD. Rayleigh fading, 589-591
numerical examples, 591-594
overview, 584-585
system and channel models, 585
as performance criterion, 13—14
Outage performance, multiuser communication
systems
average outage duration, 667-671
with dual-branch SC and SSC diversity,
659-667
interference-limited systems, 640—647,
678-680
with minimum desired signal power constraint,
648-659
outage rate, 667—671
overview of, 639
Outage probability
diversity combining, 170
multichannel receivers
characteristics of, 379
coherent EGC, 380-381
dual-branch diversity combining, 570-571
MRC and noncoherent EGC, 379-380
multiple-input/multiple-output (MIMO)
antenna diversity system, 599-600, 604
numerical examples, 381-388
selection combining, 409-411, 476—480,
497
multiuser communication systems, optimum
combining with multiple transmit and
receive antennas, 723-725
as performance criterion, 5-6
Outdated or imperfect channel estimates,
multichannel receivers
characteristics of, 456-457
maximal-ratio combining, 457-458
noncoherent EGC over Rician fast fading,
458-460
numerical results, 464—-466
selection combining, 461-462
switched diversity, 462—-464

Pair-state method, 774
Pair-state transition diagram, 774-775
Pairwise error probability (PEP)
coded communication, evaluation of
known channel state information, 764—-767
overview of, 759, 763-764
unknown channel state information,
768-772
defined, 244
multichannel transmission, Rician fading
evaluation
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Pairwise error probability (PEP), multichannel
transmission (Continued)
fast, 814-817, 820-821
slow, 821-824
Parseval’s theorem, 11
Partial-band interference (PBI), multicarrier
systems, DS-CDMA, 747-749
Partially coherent detection
conventional detection
multiple-symbol observation, 69-71,
244-245
one-symbol observation, 68—69, 242-244
single-channel receivers, AWGN performance,
242-245
Paths estimation, scan-and-wait combining,
450-451
Phase fluctuations, in fading channels, 17-18
Phase-locked loop (PLL)
noisy reference loss, 273
nonideal coherent detection and, 64
single reception, 238
Phases, fading channel
known
known amplitudes and delays, 191-195
known delays and unknown amplitudes,
195-198
unknown
known amplitudes and delays, 198—199
known delays and unknown amplitudes,
199-219
unknown amplitudes and delays, 219-222
Phase-shift-keying (PSK), 7
7 /4-differential QPSK (77/4-DQPSK)
defined, 78
single-channel receivers, detection of,
250-251
/4-QPSK, single-channel receivers, 54—55,
234-235, 258-261
Pilot-symbol-assisted modulation (PSAM), 294,
298
Pilot tone-aided detection, 64
Post-detection combining, multichannel receivers
average BER analysis, 540—543
channel model, 537, 539
operation
switching strategy, 539-540
switching threshold, 540
orthogonal M-FSK, extension to, 552-566
Rayleigh fading, 543-548
receiver, 539
severity of fading, impact of, 548552
system description, 537-538
Power correlation coefficient of correlated Rician
random variables relation with correlation

coefficient of their underlying complex
Gaussian random variables, 627-631
Power decay factor, 39
Power delay profile (PDP), 38, 201, 403, 469
Precoded MSK, 60, 62-63
Probability density function (PDF)
bit error rate probability, 10
bivariate Rayleigh, 170—172
coded communication, 764, 770, 783-784
composite gamma/log-normal, 21
fading channel capacity, 864
Gaussian-Q function, 125
log-normal shadowing, 21
Marcum Q-function and, 93
multichannel receivers
average duration outage, 586—589
characteristics of, 319
coherent equal gain combining, 336—337
correlation models, 390-393, 395
dual-branch diversity combining, 567, 571,
575, 577
multiple-input/multiple-output (MIMO)
antenna diversity system, 598—-602
post-detection combining, 559
selection combining, 472475, 477,
492-493, 496-497, 499-500, 502, 516,
518, 520-521, 531
switch-and-examine combining, 440, 444
switch-and-stay combining, 434, 437
switched diversity, 421-422, 424, 467
multichannel transmission, 807
multiuser communication systems
multiple transmit and receive antennas,
723-724
optimum combining, 685-686, 689,
694-695, 697, 704, 707, 710, 715
outage probability, 640, 648, 654—656, 661,
723-724
Nakagami-m fading, 21
Nakagami-n (Rice) fading, 21, 23-24
Nakagami-g (Hoyt) fading, 21
optimum combining, 723-724
optimum receivers, 192, 195-196, 198-199,
201, 219-221
outage probability, 5, 640, 648, 654—-656, 661,
723-724
Rayleigh fading, 21
signal-to-noise ratio and, 5
Weibull distribution, 25-26

Quadrature amplitude modulation (QAM)
average error probability performance, 130,
142, 151, 153
characteristics of, 48—52



defined, 7
single-channel receivers
characteristics of, 225-234
fading channel, 254-256, 267, 273,
279-280
Quadrature amplitude-shift-keying (QASK)
characteristics of, 48—50
single-channel receivers, 225-234, 254-256
Quadriphase-shift-keying (QPSK), see
Quadrature amplitude modulation (QAM)

Radar clutter, 35
RAKE receivers
multicarrier DS-CDMA systems, 746
multichannel, 315, 321, 381, 384, 468-469,
471, 514
optimum combining, 683
single carrier DS-CDMA systems, 736, 738
Rayleigh fading channel
capacity of, 871-876
CDF, 175-177
characteristics of, 20-22, 28
coded communication, 760, 778-779, 781,
786, 789
evaluation of definite integrals associated with
bounds, upper and lower, 165-167
exact closed-form results, 149—165
Gaussian-Q function and, 125, 144145
incomplete gamma functions and, 138
Marcum-Q function and, 132
M-PSK error probability integral, 142,
145-148
multicarrier DS-CDMA systems, 749
multichannel receivers
average outage duration, 589-591
coherent equal gain combining, 332
multiple-input/multiple-output (MIMO)
antenna diversity system, 600, 603
noncoherent equal gain combining, 353,
360-364
outage probability, 410, 426, 428
post-detection combining, 543—548,
557-559
scan-and-wait combining, 453-454
selection combining, 407-408, 472-497,
418-520
switch-and-examine combining, 443-444
switched diversity, 420422, 424, 426, 467
symbol error rate (SER), 323, 325-326
multichannel transmission, 823, 838
noisy reference loss evaluation, 273-281
optimum combining
average bit error probability, 682, 686—692,
698-699, 703
number of interferers, 706, 711
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optimum receivers
characteristics of, 195-196
detection by, 201-206, 214-216, 218,
220-221
outage probability, multiuser communication
systems
characteristics of, 643-644, 660
multiple Rayleigh interferers, 651
Rayleigh/I.LD. Rice scenario, 654—656
selective combining, 664—667
single Rayleigh interferer, 650—651
PDF, 175-177
single-channel receivers
characteristics of, 277, 279-281
signal model and symbol error probability
evaluation for, 295-297
Rayleigh/log-normal PDF, 34-35
Receive diversity, multichannel transmission,
800-803
Received vector, 229, 232
Rician fading channel
characteristics of, 21, 23-24, 28-29, 37
coded communication, 760, 767, 778
Gaussian-Q function and, 126
incomplete gamma functions and, 139
Marcum-Q function and, 133
multicarrier DS-CDMA systems, 749
multichannel receivers
characteristics of, generally, 323
multiple-input/multiple-output (MIMO)
antenna diversity system, 601
noncoherent equal gain combining, 363-364
outdated/imperfect channel estimates,
458-460
post-detection combining, 550, 552,
559-561, 564
selection combining, 509, 511, 518
switched diversity, 421-422, 426, 429
multichannel transmission
fast, 814-817, 820-821
slow, 817-818, 821-822
multipath fading, 23-24
optimum combining, 692—-693, 695, 706, 711
outage probability, multiuser communication
systems
characteristics of, 643—-644, 648
Rice/I.1.D. Rayleigh scenario, 657—-659
Rice/Nakagami scenario, 647, 649, 652
Rice/Rayleigh scenario, 649-650
Rice/Rice scenario, 646
pairwise error probability performance
fast, 820-821
slow, 821-824, 840-841
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Rician fading channel (Continued)
shadowed distribution model, 36
single-channel receivers, 276-278

Scan-and-wait combining (SWC), multichannel
receivers
defined, 440
numerical examples, 452—-456
operating assumptions, 446—447
performance of, 447-456
system and channel models, 446
Scattering, 35
Selection combining (SC)
characteristics of, 169—170
instantaneous, 178
multichannel receivers
average output SNR, 406-409, 475-476,
494, 574-575, 577-581
average probability of error, 411-417,
480-487
average SER, 494-496
CDF of output SNR, 497
characteristics of, 404—405
GSC input joint PDF, 472-473, 492-493
GSC input joint statistics, 499
MGEF of GSC output, 499-502
MGEF of output SNR, 405-406, 473474,
493-494
outage probability, 409-411, 476-480, 497,
575, 581-584
outdated/imperfect channel estimates,
461-462
partial-MGF approach, 502-510
PDF of output SNR, 474-475, 496-497
SNR penalty, 487-492
Self-adaptive receivers, 191
Set partitioning method, 761
Severity of fading, multichannel receivers, 316
Shadowing, multichannel receivers, 316
Signal vector, 229
Signal-to-interference plus noise ratio (SINR),
optimum receivers, 681-682, 685, 710
Signal-to-interference ratio (SIR), optimum
combining, 712, 716, 719-720, 723-724,
727
Signal-to-noise ratio (SNR)
average, as performance criterion, 4-5
coded communication, 767, 784, 791
conditional, in multicarrier DS-CDMA,
745-749
equivalent loop, 238-239
fading channel capacity, 864, 866-867, 870,
875, 877

instantaneous, 123-126, 128, 131-133, 175,
178, 233, 274, 313, 358, 469-470, 499,
515-519, 521, 567
large-symbol, 225, 227
multichannel receivers
average bit error rate, 321
average output, 406—409
coherent equal gain combining, 331-333,
380-381

correlation models, 395, 401-402

dual-branch diversity combining, 566—569,
571-572, 574-581

MGEF of output, 405-406

multiple-input/multiple-output (MIMO)
antenna diversity system, 595-596,
599-603

multiple-symbol differential detection
(MSDD), 373, 375

noncoherent equal gain combining, 347,
353, 367

optimum receivers and, 193, 196—197, 203,
210

outage probability, 424-426

outdated/imperfect channel estimates,
462-463, 465

post-detection combining, 544, 546-547,
559, 562-564

receiver structure and, 319

scan-and-wait combining, 447-448,
452-456

selection combining, 404, 406—409,
415-417, 471-476, 487-494, 496-498,
513-518, 521, 525-527, 529-533

switch-and-examine combining, 441, 443

switch-and-stay combining, 419-420,
423-424, 435, 437-438, 443-446

switched combining, 314-315

switched diversity, 423-424, 464-465,
467-468

symbol error rate (SER), 327-330

multichannel transmission, 801, 805, 816

optimum combining, 683-684, 695-696, 705

single carrier DS-CDMA system, 739

single-channel receivers, 225, 227-228,
230-231, 238, 273-275

Single carrier systems, DS-CDMA

performance analysis

characteristics of, 739-740

general case, 740

Nakagami-m fading channels, 740-741
system and channel models

channel model, 737-738

receiver, 738

transmitter, 736-737



Single-input/multiple-output (SIMO) MRC
systems, 594, 601, 603, 726, 864,
876-877

Single-input/single-output (SISO) systems, 876

Single interferers, optimum combining, 682—-697

Slow fading, characteristics of, 18, 145, 788

Space-time block coding (STBC), defined, 799

Space-time coding

defined, 798
disclaimer, 858—-859
Space-time trellis code (STTCs) designs,
multichannel transmission
orthogonal, 809-812
super-orthogonal space-time trellis codes
average bit error probability (BEP),
approximate evaluation of, 845
characteristics of, 834
extension to, with more than two transmit
antennas, 844
numerical results, 848—-850
pairwise error probability evaluation,
836-844
parameterized class and system model,
834-836
transfer function upper bound, evaluation on
average bit error probability, 846—848
super-quasi-orthogonal space-time trellis codes
characteristics of, 850
examples of, 853—-857
numerical results, 857-858
pairwise error probability, evaluation of,
852-853
signal model, 850-851
Space-time trellis-coded modulation
average bit error probability, approximate
evaluation of
fast-fading channel model, 827-828
slow-fading channel model, 829-830
characteristics of, 818—819
defined, 798
example of, 824-826
multichannel transmission, system design, see
Space-time trellis-coded (STTC) designs,
multichannel transmission
pairwise error probability performance on
Rician fading channels, evaluation of
fast, 820-821
slow, 821-824
transfer function upper bound evaluation on
average BEP
fast-fading channel model, 831-833
slow-fading channel model, 833
Spacing technique, 497
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Spherically-invariant random process model
(SIRP), 30-32
Spherically-invariant RV (SIRV), 30-32
Spread-spectrum (SS) technique, 735
Square-law detection, 66, 68
Staggered QPSK (SQPSK), see Offset QSPK
Stein’s unified analysis of error probability
performance, 304—-309
Super-orthogonal space-time trellis codes
average bit error probability (BEP),
approximate evaluation of, 845
characteristics of, 834
extension to, with more than two transmit
antennas, 844
numerical results, 848—-850
pairwise error probability evaluation
fast Rician fading channels, 836—840
slow Rician fading channels, 840—844
parameterized class and system model,
834-836
transfer function upper bound, evaluation on
BEP, 846-848
Super-quasi-orthogonal space-time trellis codes
characteristics of, 850
examples of, 853—-857
numerical results, 857-858
pairwise error probability, evaluation of,
852-853
signal model, 850-851
Suzuki distribution, 34
Switch-and-examine combining (SEC)
defined, 418
multichannel receivers
characteristics of, 439-440
multibranch, 440-446
scan-and-wait combining, 446—456
Switch-and-stay combining (SSC)
characteristics of, 315
multichannel receivers
branch correlation, effect of, 436—439
branch unbalance, effect of, 433-436
outdated/imperfect channel estimates,
462-463
performance over independently identically
distributed branches, 419-432
outage probability, multiuser communication
systems
fading and systems models, 661
numerical examples, 664—667
outage performance with minimum signal
power constraint, 663—-664
Switched diversity
branch correlation, effect of, 436—439
branch unbalance, effect of, 433-436
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Switched diversity (Continued)
characteristics of, 417-418

dual-branch switch-and-stay combining (SSC)

branch correlation, effect of, 436—439
branch unbalance, effect of, 433-436

performance over independently identically

distributed branches, 419-432
multibranch switch-and-examine combining
characteristics of, 439-440
classical multibranch SEC, 440-443
multibranch SEC with post-selection,
443-446
scan-and-wait combining, 446—456
multichannel receivers, outdated/imperfect
channel estimates, 462—-464
Symbol error outage (SEO), 328
Symbol error probability (SEP)
defined, 7
multichannel receivers, selection combining,
482-483
optimum combining, 715-718
single-channel receivers and, 223-226, 229,
234, 246, 248-250, 295-297
Symbol error rate (SER)
multichannel receivers
asymptotic, 328—330
bounds, 326—-328
coherent equal gain combining, 341-342
correlation models, 399-400
maximal-ratio combining (MRC), 317
M-PSK signals, 322-323
post-detection combining, 557-560
selection combining, 481-482, 489-491,
494-496
square M-QAM signals, 324-326
optimum combining receivers, 692
System performance measures
amount of fading (AF), 12—13
average outage duration (AOD), 13-14
bit error probability (BER), 6—12
outage probability, 5-6
signal-to-noise ratio (SNR), average, 4-5

TDMA system, optimum combining, 697,
721-722

Threshold test per branch, generalized selection

combining with (T-GSC), multichannel
receivers

average error probability evaluation,
519-520
average error probability performance,
516-519
characteristics of, 512-515
outage probability performance, 520—523
performance comparisons, 524-531
Tikhonov distribution, 64, 73, 240
Transfer function upper bound, evaluation on
average BEP
fast-fading channel model, 831-833
slow-fading channel model, 833
Transmit diversity
Alamouti’s diversity technique, using two
transmit antennas
characteristics of, 803—-809
combined with multidimensional
trellis-coded modulation, 812—-818
generalization to orthogonal space-time
block code designs, 809-812
historical perspective, 799—-800
overview of, 797-799
receive diversity vs., basic concepts of,
800-803
Trellis-coded modulation (TCM)
characteristics of, 760, 773, 775, 787, 798
multidimensional, 812—-818
space-time, see Space-time trellis coded
modulation
Tropospheric propagation, 35
True upper bound (TUB), see Coded
communication, coherent detection
Two-dimension diversity schemes, 466—469

UHF (ultrahigh frequency), 36

Unified MGF-based approach, 8

Uniform error probability (UEP) codes,
773

Urban environment, 38

Viterbi algorithm, 761, 763

Weibull distribution, 25-28

Weibull fading channels, 510-512

Wise-Gallagher representation, 32

Wishart matrices, noncentral complex,
596-604



