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and LDPC, 164–177, 165, 167, 168, 169, 173, 174, 175,

176
and spatial diversity, 154
and STBC encoding, 152–164, 154, 156, 157, 158, 160,

161, 162, 163
BSS, 289
CCA, 305
enhancements to 802.11n amendment, 121–126, 122, 124,

125, 126, 127
MCS tables, 103, 104, 141, 142, 143, 377, 420, 421
receiver sensitivity, 136–140, 138, 139, 140

20/40 MHz
BSS, 290, 291, 292, 292–293, 294, 295–298, 295
channel interference, 107
coexistence element, 351–354, 358
intolerant channel report element, 354, 358

40 MHz
BSS, 292–293
channel design, 106, 106
fields, 300–301
MCS tables, 377, 378, 422, 423

802.11 standard
ACK frame format, 231–234, 232, 234
and CSMA/CA, 4, 228
BSS, 6, 7, 223–227, 223, 225
definition of layers, 3
DS, 6
LLC, 4
MAC, 3–4, 4, 222–223, 222, 248–250, 249, 250
PHYs, 4–5, 4, 5, 12, 16

802.11a amendment. See also MF packet
channel access timing, 240
MF preamble, 62–75, 75
OFDM, 27–29
protection mechanisms in, 307–308
waveform comparison, 146

802.11a/g amendment. See legacy devices

802.11ac amendment. See also 802.11ac packet structure
BSS channel operation, 293, 300–304, 302, 303
CCA, 305–306
data rate, 5, 6, 19, 183, 186, 190, 194, 195
fast link adaptation, 441, 443–444
history of, 17–19
operating mode notification, 247
PHY features, 19–20, 20
protection mechanisms in, 306–307, 309, 311, 312
station capabilities, 284–286
transmit beamforming, 365, 417–419
usage models, 18

802.11ac packet structure. See also 802.11ac amendment,
VHT preamble

data field encoding, 200–212, 201, 202, 203, 205, 206,
208, 209, 210

MU, 182, 432–435, 432
SU channelization, 182–183, 183, 184
SU VHT, 184–185, 184

802.11b amendment, 4–5, 5, 232, 307
802.11e amendment

and channel access, 236–241, 237, 239
block acknowledgement protocol, 241–243, 243
MAC, 250, 252, 253

802.11g amendment
channel access timing, 240
history of, 2, 5, 5
protection mechanisms in, 307–311, 312

802.11h amendment, 299–300, 339
802.11n amendment. See also transmit beamforming, MFHT

packet, high throughput amendment
CCA, 305
data rate, 6, 12–14, 15, 105–106, 119–128
fast link adaptation, 441
GI in, 136–140, 138, 139, 140
issues with, 16, 47–49, 47, 48, 49
linear receiver design, 50, 51–53
MAC, 17
major features of, 14–17, 16
MF preamble, 62–75

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-01676-7 - Next Generation Wireless LANs: 802.11n and 802.11ac
Eldad Perahia and Robert Stacey
Index
More information

http://www.cambridge.org/9781107016767
http://www.cambridge.org
http://www.cambridge.org


802.11n amendment (cont.)
performance enhancements to, 147–181, 178
PHYs, 10, 14–16
protection mechanisms in, 306–307, 309, 311–316,

313, 315
SM power save, 246
station capabilities, 284–286

802.11n amendment models, 39, 40, 41
channel, 38–49, 39, 40, 41, 44, 46, 47, 48, 51, 57, 58,

59, 60
fading multipath, 36–38, 37, 38
path loss, 41, 50–51
usage, 12–14, 13, 14, 15

802.11u amendment, 246

access point. See AP
ACK frame
exchange, 231–234, 232, 234
format, 330, 333, 437, 437

action frame format, 339–342, 340, 341, 342, 358
address fields, 321
aggregation, 443. See also throughput
and data rate, 251–253, 252, 253, 254
in 802.11ac amendment, 436–437
in 802.11n amendment, 253–259, 254, 255, 256, 258

Alamouti scheme, 153–156, 154
ALOHANET, 1
A-MPDU. See MPDU aggregation
A-MSDU. See MSDU aggregation
antenna correlation, 443. See also STBC
in 802.11n channel models, 41, 42–44, 44, 46, 47, 49, 51,

57, 58, 59, 60
in MIMO, 37

AP
802.11n antenna requirements, 11
802.11n usage models, 12–14, 13, 14, 15
MAC, 223–227, 320
MU-MIMO, 424–426, 436
power management, 244
transmit beamforming, 365, 384

A-PSDU. See PSDU aggregation
association/reassociation request/response frame format,

337–338
authentication
frame format, 339
in 802.11 QoS, 224–225, 225
in 802.1X, 227

BA frame format, 332–334
BAR frame format, 330–332, 337, 339
basic service set. See BSS
BCC
and LDPC, 175–176, 175, 176
interleaver in 802.11ac, 205–207, 205, 206
packet encoding process, 70–72

beacon. See also PS mode
CFP, 271–273, 272, 273

frame format, 244–246, 337
HT transmission, 288
in 802.11 QoS, 223, 223

Bell Labs, 1
bit string encoding
40 MHz, 114–116
MFHT packet, 88–89

block acknowledgement protocol. See also throughput
in 802.11e amendment, 241–243, 243, 259–264, 260, 263,

264, 265–266, 265
in 802.11n amendment, 264, 265, 266–270, 267, 268,

269, 270
Broadcom, 2
BSS
in 802.11 standard, 6, 7, 223–227, 225
in 802.11ac amendment, 293, 300–304, 302, 303
in 802.11n amendment, 12–14, 287–300, 290, 292, 302

calibration
errors, 399–402, 401, 403–406, 405, 407, 408, 409
transmit beamforming, 410–412, 411, 412

capability information field, 343, 344, 344, 345
capacity based performance curves
linear receiver design, 53
MIMO, 37, 38

carrier frequency offset, 30–31
carrier sense multiple access. See CSMA/CA
carrier sense multiple access with collision detection. See

CSMA/CD
CCA, 304–306
channel access timing
802.11 standard, 229–231, 229, 231, 271–274, 272, 273
802.11e amendment, 274–277, 276
802.11g amendment, 240
802.11n amendment, 240, 277–283, 278, 279, 280, 282
in wider channels, 301–306, 302, 303

channel bandwidth. See data rate
channel models, 38–49
channel sounding, 407, 409, 418–419, 419, 443. See also

feedback, NDP sounding
channel switch announcement, 299–300
clear channel assessment. See CCA
coexistence element, 351–354, 358
coexistence with legacy, 119, 443. See also PCO
control wrapper frame format, 335
correlation coefficient, 43–44
cost
MU-MIMO, 424
of 40 MHz, 105
of WLAN devices, 2
OFDM, 31
transmit beamforming, 365, 387

CSI
feedback, 381–392, 382, 392
transmit beamforming, 379–381, 380, 380, 381, 413–416,

415, 416
CSMA/CA, 4, 221–222, 228
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CSMA/CD, 3, 221
CTS frame format, 327, 333
cyclic shifts
and LDPC, 176
in 802.11ac, 186, 193
in 802.11n amendment, 76–77, 77, 78

data field encoding
40 MHz, 113–116
MFHT packet, 88–95, 90, 92, 95
MU VHT, 432–435, 432
SU VHT, 200–212, 201, 202, 203, 205, 206, 208,

209, 210
data link layer. See LLC, MAC frame format
data rate. See also GI
affected by MAC aggregation, 251–253, 252, 253, 254
affected by OFDM, 27
and 802.11ac amendment, 6, 19, 182, 183
and 802.11n amendment, 5, 12–14, 15, 105–106
MFHT packet, 122–126, 122, 124, 125, 126, 127
of MIMO/SDM, 36

DCF, 228
DCF inter-frame space. See DIFS
degradation. See issues
DIFS, 230
direct sequence spread spectrum physical layer. See DSSS
disassociation, 226
distributed coordination function. See DCF
distribution system. See DS
Doppler model
802.11ac channel models, 46, 402
802.11n channel models, 44, 45–46, 46

DS, 6, 7, 225
DSSS, 5, 5
duplicate
detection, 233
HT format, 116–119, 117, 118
VHS format, 305–306, 314–315

duration/ID field, 321

EDCA, 236–241, 237, 239
EIFS, 236, 236, 240, 443. See also NAV, RTS/CTS frame

exchange
encoding process
LDPC, 165, 166–176, 167, 168, 169, 173, 174
MFHT packet, 88–92, 92, 93–95, 95
STBC, 152–164, 154, 156, 157, 158, 158, 160, 161,

162, 163
VHT preamble, 200–212, 201, 202, 204,

208, 209
enhanced distributed channel access. See EDCA
Enhanced Wireless Consortium. See EWC
enterprise usage model, 13–14, 14
ESS, 6, 7, 223–224
Ethernet, 3, 4, 13–14
EWC, 11
extended channel switch announcement element, 358

extended inter-frame space. See EIFS
extended service set. See ESS

fast link adaptation
and transmit beamforming, 386–387
MCS feedback, 440–444, 441

FCC, 1
FCS field, 327
feedback. See also NDP sounding, channel sounding

comparison between implicit and explicit, 416–417
compressed beamforming weights, 388–392, 392
explicit, 386, 413–416, 415, 416
implicit, 382–386, 382, 410–413, 411, 412, 413
MCS in fast link adaptation, 442–444
non-compressed beamforming weights, 387
uses for CSI, 386–387

FHSS, 4
five criteria form, 8
forty MHz intolerant bit, 298–299
fragmentation

802.11 transmission, 232–233, 233, 266
VHT, 439

frame body field, 327
frame check sequence field. See FCS field
frame control field, 317–321, 318, 319, 320
frame format

ACK, 231–234, 232, 234
association/reassociation request/response, 337–338
beacon, 244–246, 337
MAC, 317–342, 318, 319, 320, 323, 324, 325, 326, 327,

331, 340, 341, 342, 346, 357, 358
probe request/response, 338–339
VHT, 335, 335

frequency hopped spread spectrum physical layer. See FHSS
full state block acknowledgement, 265–266

GI, 28, 136–140, 138, 139, 140, 186, 190, 194, 195, 443. See
also data rate

GO, 7
goodput, 9
Greenfield preamble

and STBC, 164
compared to MF preamble, 127–130, 128
format auto-detection in, 134–136, 135
in 802.11n amendment development, 16, 127–128
issues with, 130–134, 132, 133
protection mechanisms in, 309

group owner. See GO
guard interval. See GI

handheld devices, 11, 130, 243–244
HCCA, 274–277, 276, 443. See also PCF
hidden node problem, 234–236, 236
high throughput amendment. See also MFHT packet,

802.11n amendment
40 MHz channel expansion, 105–106
40 MHz data encoding, 113–116
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high throughput amendment (cont.)
channel design, 108
coexistence with legacy in the PHYs, 119
MCS 32 duplicate format, 116–119, 117, 118
MF preamble, 108–113, 109, 110, 112, 113, 114
performance improvement with, 120–121
spectral mask, 106, 107, 246
subcarrier design, 106, 106, 121, 122

High Throughput Study Group. See HTSG
High Throughput Task Group. See TGn
hotspots, 1, 14, 15
HT capabilities element, 344–350, 410
HT control field, 324–327, 324, 325, 326, 327, 328,

331, 332
HT operation element, 350, 358
HT STA. See 802.11n amendment
HT-LTF, 86–88, 87
HT-SIG, 7–8, 82–84, 82, 84, 85, 97–98
HT-STF, 85–86, 86, 194–195
hybrid coordination function controlled channel access. See

HCCA

IBSS, 6, 7, 223
IEEE standards. See 802.11 standard
impairments. See issues
impulse response, 39–42
independent BSS. See IBSS
indoor environments
802.11n channel models, 38–49
and transmit beamforming, 370–381, 371, 373, 374, 375,

377, 378, 380, 381
industrial scientific and medical radio bands. See ISM radio

bands
infrared physical layer. See IR
infrastructure BSS, 6, 7, 223
interleaver permutations encoding
in SU VHT, 205–207, 205, 206
MFHT packet, 90–91

inter-symbol interference. See ISI
intolerant channel report element, 354, 358
IR, 4
ISI, 28
ISM radio bands, 1
issues
Greenfield preamble, 130–134, 131, 132, 133, 134
HCCA, 277
hidden node problem, 234–236, 236
in 40 MHz channel, 105
in 802.11 transmission, 47–49, 47, 48, 235, 235
in ML estimation, 55
OFDM, 29–31
PCF, 272, 273–274, 273
SM power save, 246
transmit beamforming, 399–406, 401, 402, 403, 405, 407,

408, 409

key distribution, 227

LDPC. See also transmit beamforming, STBC, spatial
expansion encoding, receiver diversity

and BCC, 175–176, 175, 176
encoding process, 165, 166–176, 167, 168, 169, 173, 174
in SU VHT, 207–209, 209

legacy devices, 10, 75–79, 127–134, 311
limitations. See issues
linear receiver design, 50, 51–53, 443. See also ML

estimation
LLC, 3, 4, 222, 242, 254
logical link control. See LLC
low density parity check coding. See LDPC
L-SIG TXOP, 311–314, 313, 315
LTF. See also STF
MF packet, 65–68, 67
non-VHT, 187
VHT, 195–198, 197, 431

MAC 802.11
basics, 222–223, 222
BSS, 223–227, 223
channel access timing, 229–231, 229, 229, 231, 271–274,

272, 273
CSMA/CA, 228
data transmission, 231–234, 232, 233, 234
interoperability, 294–300, 294, 295
power management, 243–247
protection mechanisms, 306–316, 310, 311, 312, 313, 315
throughput enhancements, 250–270, 250, 252, 253, 254,

256, 260, 263, 264, 265, 267, 268, 269, 270
MAC 802.11ac
aggregation, 251–253, 254
BSS, 293, 300
enhancements, 17, 182
MU-MIMO, 437
PPDU, 258–259
VHT station capabilities, 286

MAC 802.11e
block acknowledgement, 241–243, 243
channel access timing, 236–241, 237, 239,

274–277, 276
MAC 802.11n
BSS, 12–14, 287–300, 290, 292, 302
channel access timing, 240, 277–283, 278, 279,

280, 282
enhancements, 250–270, 250, 252, 253, 254, 255, 256,

260, 263, 267, 268, 269, 270
station capabilities, 286

MAC frame format
control, 327, 333, 335, 337, 339, 346, 357, 358
data, 336, 358
general, 317–327, 318, 319, 320, 323, 324, 325, 326, 327,

328, 331, 332
in transmit beamforming, 406–416, 409, 411, 412, 413,

415, 416
management, 340, 341, 342, 358

MAC protocol data unit. See MPDU aggregation
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management frame fields, 342–355, 343, 344, 345, 346, 347,
349, 350, 351, 352, 358

maximal-ratio combining. See MRC
maximum likelihood estimation. See ML estimation
MCS tables
20 MHz, 103, 104, 120–121, 141, 142, 143, 377,

420, 421
40 MHz, 117, 144, 145, 422, 423
duplicate format, 116–119, 117, 118
fast link adaptation, 441
spatial stream and data rate for MFHT packet, 122–126,

122, 124, 125, 126, 127
transmit beamforming, 376–378, 377, 378
unequal, 420, 421, 422, 423
VHT, 212–216, 212, 213, 214, 215, 216

medium access control layer. See MAC frame format
MF data field, 69–70
MF long training field. See LTF
MF packet. See also 802.11a amendment
encoding process, 70–72
receiver procedure, 73, 96–102
structure basics, 62–75, 63, 64, 65, 66, 67, 68, 69, 71, 73

MF preamble
20 MHz MCS tables, 103, 104
40 MHz MCS tables, 109, 110, 114
compared to Greenfield preamble, 127–130, 128, 130, 131
in 802.11a amendment, 62–75, 75
in 802.11n amendment, 75–102, 75

MF signal field. See SIG
MFHT data field, 88–95, 89, 90, 92, 95, 100–101
MFHT packet. See also 802.11n amendment, high

throughput amendment
and STBC, 161–164, 163
cyclic shifts, 76–77, 77, 78, 86
data field, 88–95, 89, 90, 92, 95
HT-LTF, 86–88, 87
HT-SIG, 82–84, 82, 84, 85, 97–98
HT-STF, 85–86, 86, 194–195
legacy compatibility, 77–79, 79, 85, 97
non-HT LTF, 80
non-HT SIG, 80–81, 81
non-HT STF, 194–195
structure basics, 74, 75

MFHT receiver procedure, 96–102, 96
MIMO
basics, 32–34, 33
channel models, 8
data rate in high throughput, 122–126, 122, 124, 125,

126, 127
fading multipath channel in, 36–38, 37, 38
history of, 2
receiver diversity, 147–152, 148, 149, 150, 151
transmit beamforming, 370, 371

MIMO/SDM system
equalizer, 36
equation, 35

mixed format. See MF packet

mixed format high throughput. See MFHT packet
ML estimation, 54–55, 443. See also linear receiver design
models

channel, 8, 38–49, 39, 40, 41, 44, 46, 47, 49, 51, 57, 58,
59, 60

fading multipath, 36–38, 37, 38
usage, 12–14, 13, 14, 15, 18

modulation and coding scheme. See MCS tables
modulation mapping encoding

in SU VHT, 207, 208
MFHT packet, 91

MPDU aggregation
in 802.11ac amendment, 258–259
in 802.11n amendment, 255–257, 256

MRC. See also receiver diversity
compared to STBC, 153–156, 154, 156
MIMO basics, 34

MSDU aggregation, 254–255, 254, 255
multiple-input-multiple-output concept. See MIMO
multi-TID BA frame format, 334, 337, 346, 357, 358
multi-TID BAR frame format, 332
MU-MIMO. See also MIMO

advantages of over MIMO/SDM system, 424–426, 425
data field encoding, 432–435, 436
MAC, 436–437, 437
packet structure, 429–432, 429, 430, 432
pre-coding, 426–427
receiver design, 427–428, 429
sounding protocol, 438–439, 438

NAV, 271, 306, 307–309, 314–315, 335, 443. See also EIFS,
RTS/CTS frame exchange

NDP sounding, 415–416, 416, 438–439, 443. See also
channel sounding, feedback

network allocation vector. See NAV
network architecture. See BSS
nine functional requirements of TGn, 9
non-HT LTF, 80
non-HT SIG, 80–81, 81
non-HT STF, 194–195
null data packet. See NDP sounding

OFDM
802.11 PHYs, 4–5, 5
802.11a amendment, 27–29, 29, 30
legacy compatibility in 802.11n amendment, 76–81

operation element, 287–288
orthogonal frequency division multiplexing. See OFDM
overlapping BSS scan parameters element, 355, 358

P2P group, 223
PA, 47–49
PAR, 7–8
parity check matrices, 177–181, 178
PAS, 43
path loss models, 50–51
PCF, 271–274. See also HCCA
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PCF inter-frame space. See PIFS
PCO, 443. See also coexistence with legacy
peer-to-peer group. See P2P group
PER, 440
performance
capacity curves, 37, 38, 53
enhancements to 802.11n amendment, 147–181, 178
high throughput amendment, 120–121
MIMO, 38
receiver diversity, 136–140, 149–152, 149, 150, 151
transmit beamforming, 393–406, 393, 394, 395, 396,

397, 398, 399, 400, 401, 402, 403, 405, 407,
408, 409

phase noise
in 802.11n channel model, 47, 47
in OFDM devices, 30–31

phased coexistence operation. See PCO
PHYs
802.11 standard, 4–5, 4, 5, 12, 16
802.11ac amendment, 19–20, 20
802.11n amendment, 10, 14–16, 16
Greenfield preamble, 130, 130, 131
HT station capabilities, 284–285, 346, 347, 349, 350, 351,

352, 358
MF preamble, 62–75
VHT MU-MIMO, 429–435, 429, 430, 432
VHT station capabilities, 285

physical layers. See PHYs
PIFS, 230
pilot subcarriers encoding
MFHT packet, 91–92, 92
SU VHT, 209–212, 210

point coordinator function. See PCF
power amplifier. See PA
power angular spectrum formulation. See PAS
power management, 243–247, 443. See also PSMP
power-save multi-poll. See PSMP
PPDU
40 MHz, 285, 289, 301, 302
HT, 235, 254, 257
in channel sounding, 408–409, 409, 410–413, 411,

412, 413
VHT, 258–259, 279

probe request/response frame format, 338–339
project authorization request form. See PAR
propagation models. See channel models, path loss models
protection mechanisms
802.11b amendment, 307
802.11g amendment, 307–308, 310–311, 312
Greenfield preamble, 309
in HT and VHT transmissions,

306–307
L-SIG TXOP, 311–314, 313, 315
RTS/CTS frame exchange, 236, 303, 309–311,

310, 311
with legacy stations present, 306–309

protocol data unit. See PPDU

PS mode, 244–246, 246, 443. See also beacon
PSDU aggregation, 257–258, 258
PSMP, 280, 282, 443. See also power management
PS-poll frame format, 334

QoS
802.11 MAC, 223–227, 223, 225
802.11e amendment, 240–241
control field, 322–324, 323

quality of service. See QoS

radio band
2.4 GHz, 291–293, 292, 295–298, 295
5 GHz, 4–5, 9, 290, 290, 294, 294, 300
and 802.11ac amendment, 17–18, 19
and 802.11n amendment, 15–17
channel allocation, 141, 142, 143, 182–183,

183, 184
random backoff time, 230–231, 231
reassociation, 226
receiver design
MU-MIMO, 427–428, 429
transmit beamforming, 378–379

receiver diversity. See also LDPC, transmit beamforming,
STBC, spatial expansion encoding, MRC

basics, 148
performance improvement with, 136–140, 149–152, 149,

150, 151
selection diversity in, 153
SU VHT, 214, 215, 216

reduced interframe space. See RIFS
residential usage model, 13, 13
reverse direction protocol, 277–280, 278, 279
RIFS, 443. See also SIFS
robustness
in MIMO system, 34
of 802.11n design, 15

RTS frame format, 327, 333, 335
RTS/CTS frame exchange, 235–236, 303–304, 309–311,

443. See also EIFS, NAV

scanning, 224
SDM
basics, 34–36, 34, 35
in high throughput, 122–126

sequence control field, 321
SF
non-VHT, 187–191, 189, 190
VHT (field A), 191–194, 192
VHT (field B), 198–200, 199, 202–203, 202

short interframe space, 443. See SIFS
SIFS, 15, 229, 229, 443. See also RIFS
SIG
MF packet, 68–69, 68, 69
VHT, 430–431, 430, 432, 435, 436

signal-to-noise ratio. See SNR
single antenna devices. See handheld devices
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single carrier modulation, 29–31, 30, 443. See also SISO
single user very high throughput. See SU VHT
single-input single-output. See SISO
singular value decomposition. See SVD
SISO, 443. See also single carrier modulation
SISO
basics, 32, 33
compared to MIMO, 38, 246

slot time, 230
SM power save, 246
SNR, 370–375, 373, 374, 375
space-time block coding. See STBC
spatial division multiplexing. See SDM
spatial expansion encoding. See also LDPC, receiver

diversity, STBC
adding robustness to MIMO systems,

152, 154
MFHT packet, 93–95, 95

STBC, 15, 19, 152–164, 443. See also antenna correlation,
transmit beamforming, spatial expansion encoding,
receiver diversity, LDPC

STF. See also LTF
MF packet, 62–65, 63, 65, 66
non-VHT, 187
VHT, 62–65, 193, 194, 195, 431

stream parsing encoding
40 MHz, 115–116
MFHT packet, 90, 204–205
SU VHT, 203, 204–205

SU VHT
802.11ac packet structure, 184–185, 184
interleaver permutations encoding, 205–207,

205, 206
LDPC, 207–209, 209
modulation mapping encoding, 207, 208
pilot subcarriers encoding, 209–212, 210
receiver diversity, 214, 215, 216
stream parsing encoding, 204–205, 204

subcarrier grouping, 402–403, 402, 403
SVD, 366–370, 372–375, 373, 374, 375

tap spacing. See impulse response
TGn, 7–10
TGn Sync proposal, 10
throughput. See also aggregation, block acknowledgement

protocol
throughput
and handheld Wi-Fi devices, 11
comparison criteria of TGn, 120
definition of, 8
MAC, 250–251, 250, 252, 253, 254, 258–259
receive diversity, 151

TIM, 244
traffic indication map. See TIM
transmission. See also TXOP
MIMO in 802.11n, 231–234, 232, 233

MU in 802.11ac, 182, 432–435, 432
SISO in 802.11n, 32, 33
SU in 802.11ac, 184–185, 184
with STBC, 152–164, 154, 156, 157, 158, 160, 161,

162, 163
transmit beamforming. See also 802.11n amendment, STBC,

receiver diversity, LDPC
advantages of, 365–366, 366, 367
and fast link adaptation, 386–387
CSI, 379–392, 380, 381, 382, 392, 413–416, 415, 416
in indoor environments, 370–381, 371, 373, 374, 375, 377,

378, 380, 381
MIMO basics, 32–34
MU-MIMO, 435, 437–438
performance, 393–406, 393, 394, 395, 396, 397, 398, 399,

400, 401, 402, 403
receiver design, 378–379
SVD, 366–370
unequal MCS in, 376–378, 377, 378

transmit opportunity. See TXOP
transmit waveform generator, 12, 19
TXOP, 236, 238, 238, 240, 243, 311–314, 313, 315, 443. See

also transmission

United States Federal Communications Commission. See FCC
usage models

in 802.11ac amendment, 18
in 802.11n amendment, 12–14, 13, 14, 15

Very High Throughput task group. See VHT
VHT

MU-MIMO, 429–435, 429, 430, 432
PPDU, 258–259, 279
protection mechanisms in, 306–307
SIG, 430–431, 430, 432, 432, 435, 436
station capability, 285
SU, 209–212, 214, 215, 216

VHT beamforming report poll frame format, 336
VHT NDP announcement frame format, 335
VHT packet structure. See 802.11ac packet structure
VHT preamble. See also 802.11ac packet structure

basics, 184–185, 185
data field encoding, 200–212, 201, 202, 204, 208, 209
non-VHT portion, 185–191, 186, 189, 190
VHT portion, 191–200, 192, 193, 194, 195, 197, 199

VHT-SIG-A, 191–194, 192
VHT-SIG-B, 198–200, 199
virtual private network. See VPN
voice over IP. See VoIP
VoIP, 13, 14, 130
VPN, 2

WFA, 1, 2–3, 6, 24, 223
Wi-Fi

handheld devices, 11, 130, 243–244
network, 11
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Wi-Fi Alliance. See WFA
Wi-Fi Direct network, 7
wireless Ethernet. See 802.11 standard
wireless local area networking. See WLAN

WLAN
and transmit beamforming, 365–366
cost of devices, 2
history of, 1–3, 2

WWiSE proposal, 10
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