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Doppler spectrum 40, 40
Doppler spread 16–17, 27, 30–1, 34
downconversion 22, 24
downlink 4, 121
duplexer 121
dynamic programming 90, 90

eigenmode of a channel (eigenchannel) 293
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decorrelator limitations 356–7, 357
derivation 357–60, 358
MMSE–SIC 361–2, 361, 362
performance 360, 361

performance enhancement by MMSE
decoding 459–61, 460

mobile switching center (MSC) see mobile
telephone switching office (MTSO)

mobile telephone switching office
(MTSO) 3–4

multipath fading 11, 16
multiple input multiple output (MIMO)

channels 290–1, 328–9
see also multiuser communications with

MIMO systems
antenna diversity

degrees of freedom 77–8, 78
low-complexity detection 80–1, 82
spacial multiplexing 79–80
summary of 2×2 schemes 82

capacity 332–3, 345, 373
CSI at receiver 336–8
performance gainss 338–46

D-BLAST archicture 368
coding across transmit antennas

371–2, 371
suboptimality 368–70

diversity-multiplexing tradeoffs 383, 384
2×2 MIMO Rayleigh channel 392–5
formulation 384–6
MIMO Rayleigh channel 392, 393, 393
MISO Rayleigh channel 391–2
n×n MIMO i.i.d. Rayleigh channel

395–8, 396, 397
parallel Rayleigh channel 390–1, 391
scalar Rayleigh channel 386–90,

388, 389
full CSI 346

capacity 346
performance analysis 347–8
transceiver architecture 347



560 Index

multiple input multiple output (MIMO)
channels (Cont.)

modeling fading channels 309
angular domain transformation

315–16, 316
basic approach 309–10, 310
dependency on antenna spacing 323–7,

324, 325, 326, 327
i.i.d. Rayleigh fading model 327–8
multipath channels 311

multiplexing architectures 332–3, 373
fast fading channels 335–6
V-BLAST 333–5

multiplexing capability 291, 309
capacity via singular value

decomposition 291–4, 293
rank and condition number 294–5

physical modeling 295–6
antenna arrays with only a line-of-sight

path 299–300
geographically separated antennas

300–6, 300, 303, 304, 305
line-of-sight MISO channels 298–9
line-of-sight plus one reflected path

306–9, 307, 308
line-of-sight SIMO channels

296–8, 296
receiver architectures 348–9

information theoretic optimality 362–4
linear decorrelator 349–54, 350, 351,

353, 354
linear MMSE receiver 356–62, 357,

358, 361, 362
successive cancellation 355–6, 355

slow fading channels 366–8
high SNR 368

universal space-time codes 383, 398, 411,
415–16

design criterion 412–13
properties of approximately universal

codes 413–15
QAM is approximately universal for

scalar channels 398–400
universality of D-BLAST 411–12

multiple input single output (MISO)
channels 73

frequency-selective channels 85, 85
large transmit antenna arrays 344, 345
linear time-invariant Gaussian channels

179–80
modeling 298–9
Rayleigh fading 391–2
universal code design 407, 410

conversion to parallel channels
408–9

design criterion 409–10
viewed as parallel channels 407–8,

multiplexing
D-BLAST architecture 368

coding across transmit antennas
371–2, 371

suboptimality 368–70
MIMO architectures 332–3, 373

fast fading channels 335–6
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