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antennas. The multiple transmit and receive antennas form a multiple-input multiple-
output (MIMO) channel that may be used to increase throughput and/or improve
reliability. For example, the transmitter may send up to T data streams simultancously
from the T transmit antennas to improve throughput. Alternatively, the transmitter may
send a single data stream from all T transmit antennas to improve reception by the
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[0004] Good performance (e.g., high throughput) may be achieved by transmitting
one or more data streams with beamforming. To perform beamforming, the transmitter
may obtain a channel estimate for the MIMO channel, derive steering matrices based on
the channel estimate, and perform transmit spatial processing with the steering matrices.

The transmitter may obtain the channel estimate in several manners depending on the

duplexing scheme used by the system and the capabilities of the transmitter and
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[0008] In yet another aspect, a station may perform bidirectional beamforming with
implicit feedback and NDP sounding. The station may send a first frame with a training
request and may also send a first NDP cither before or after the first frame. The station
may receive a first steered frame with beamforming based on first steering information,
which may be derived from the first NDP. The station may also receive a second NDP
in response to the training request and may derive second steering information based on
the second NDP. The station may then send a second steered frame with beamforming

based on the second steering information.
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[0023] FIGS. 14 and 15 show beamforming by a station.

[0024] FIGS. 16 and 17 show explicit beamforming with NDP sounding.

[0025] FIGS. 18 and 19 show implicit beamforming with NDP sounding.

[0026] FIGS. 20 and 21 show bidirectional implicit beamforming with NDP sounding.
[0027] FIGS. 22 and 23 show calibration with NDP sounding.

[0028] FIGS. 24 and 25 show transmission of CSI feedback for calibration.

[0029] FIG. 26 shows a block diagram of two stations.

DETAILED DESCRIPTION

[0030] The techniques described herein may be used for various wireless
communication networks and systems such as wireless local area networks (WLANS),
wireless metropolitan area networks (WMANSs), wireless wide area networks

(WWANS5), etc. The terms “networks” and “systems” are often used interchangeably.
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[0035] Unitary matrix V, is characterized by the property Vi V, =1, where I is
the identity matrix. The columns of a unitary matrix are orthogonal to one another, and
cach column has unit power. V, is also referred to as a beamforming matrix. Diagonal
matrix A, contains possible non-zero values along the diagonal and zeros elsewhere.
The diagonal elements of A, are eigenvalues representing the power gains of the
eigenmodes of R, .

[0036] The transmitter (or beamformer) may perform transmit spatial processing for

beamforming to the receiver (or beamformee), as follows:
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short training field (L-STF) and a legacy long training field (L-LTF), (ii) a legacy signal
(L-SIG) field, (ii1) an HT signal (HT-SIG) field, and (iv) an HT preamble composed of
an HT short training field (HT-STF) and one or more HT long training fields (HT-
LTFs). The number of HT-LTFs is equal to or greater than the number of streams being
sent simultaneously. The long and short training fields carry known training symbols
that may be used for frame detection, time acquisition, frequency estimation and
correction, automatic gain control (AGC), channel estimation, etc. The L-SIG and HT-
SIG fields carry signaling information for the HT-PPDU. For example, the HT-SIG
field carries (i) a Length field that indicates the length of the Data field and (ii) a Not
Sounding field that indicates whether or not the HT-PPDU is a sounding PPDU. A
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docunent s. 0045 FIG 3 shows a structure of a MAC
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frame. Control field includes various field

Eh@cmh@tsﬁezlds_mnﬂhe Adagpt aemnornCantised| fof eabddetaction of the MAC frame.
The HT Control field includes various fields such as a Link Adaptation Control field, a
CSI/Steering field, an NDP Announcement field, and a reverse direction grant
(RDG)/More PPDU field. The Link Adaptation Control field includes a training request
(TRQ) field and an MCS request or Antenna Selection Indication (MAI) field. The
MAL field includes a modulation coding scheme (MCS) request (MRQ) field. Table 1
lists the various MAC fields shown in FIG. 3 and provides a description for each MAC
field. The formats of the MAC frame and fields and the different types of explicit
feedback indicated by the CSI/Steering field are described in the aforementioned IEEE

802.11n documents.
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Tabl e 2 Soundi ng Type Descri ption
[0046] Table 2 lists two sounding types and provides a short description for each

sounding type. An NDP carries no MAC frame and thus no HT Control field. Hence,
there may be certain restrictions on the use of the NDP as well as the manner in which

the NDP may be sent.

Table 2

Sounding Type Description

MPDU sounding | Use of a sounding PPDU carrying data and the HT Control field.

NDP sounding | Use of a sounding PPDU carrying no data and no HT Control field.

[0047] Table 3 lists two beamforming schemes/feedback types supported by IEEE
802.11n and provides a short description for each feedback type.

Table 3
Feedback Type Description
.. Beamformee transmits a sounding PPDU.
Implicit
feedback Beamformer derives a MIMO channel estimate from the sounding

PPDU and computes steering matrices based on the MIMO channel
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bl (s A8 S oGS m R, T Pk Wncing ypes
hﬁg;@gmﬁfoh@aable 0050] In an aspect, a station may be
designed with the foll owi ng capabilities in
[0050]g In an aspect, a station may be designed with the following capabilities in

order to support both implicit feedback and explicit feedback for beamforming:

1. Transmission and reception of sounding PPDUs,
2. Respond to training request (TRQ) by sending a sounding PPDU, and
3. Respond to request for explicit feedback.

By supporting the set of capabilities given above, the station would be able to perform
implicit or explicit beamforming with another station supporting the same set of
capabilities.

[0051] In one design, a station may support only NDP sounding, or only MPDU
sounding, or both NDP and MPDU sounding. The sounding capability of the station
may be advertised via a transmit beamforming (TxBF) Capability field that is included

in certain frames such as beacon, association request, association response, probe
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franes ma : . . .
s & Mfeamd ¥nt without beamforming, and a steered frame is a frame sent with

beamforming. Frame 410 may be a Request to Send (RTS) frame containing a
requested duration for the amount of time needed to transmit pending data and
associated signaling. Frame 410 may have the NDP Announcement field set to 1 to
indicate that an NDP will follow. Station B may receive RTS frame 410, grant the
request, and transmit an unsteered Clear to Send (CTS) frame 412, which may carry any
data that station B may have for station A. The RTS and CTS frames are control frames
that may be exchanged to reserve the wireless medium and avoid interference from

hidden stations. The RTS and CTS frames may also be omitted.
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response based on NDP 518, derive steering matrices based on the MIMO channel
estimate, and transmit a steered data frame 522 using the steering matrices for
beamforming.

[0057] Unidirectional implicit beamforming with NDP sounding may also be
performed in other manners. For example, the RTS and CTS frames may be omitted or

replaced with frames of other types. Frame 516 may have the NDP Announcement

field set to 1, and frame 518 may be omitted.
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as shown in FIG. 6. Each station may derive explicit feedback based on the NDP
received from the other station and may send the explicit feedback to the other station.
Each station may derive steering matrices based on the explicit feedback received from
the other station and may transmit steered frames with the steering matrices.
[0062] FIG. 7 shows an example frame exchange for unidirectional explicit

beamforming with MPDU sounding. Station A may transmit an unsteered RTS frame

710 in a sounding PPDU. Frame 710 may include a feedback request for one of the
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PCT/ US2007/ 072224 feedback types listed in Table 1.

st o dBarthyt gatiomBt may hevgvidvErshenstationr dspStasien A may derive

ased on.the ;soundi ng PPDU,an ener ate expl.ici
PES T iSRS Shofe clonbePRcPPBY HERFEEFor Bt b and may
Basit & BRBretirdARSHihe 8N4 URSE &R fekriahSnhtiideefof blamMinét)y. Frame
carry the e}pl icit feedback. Station A may derive
1€]

m
$temry hgvhiierTRQdickhscs i brho ficateyk BRringg refeesibatakion B may then

gg@gﬂii’ &g uﬁ§t§%§ ke 6 Za[] 3 Lﬁﬁﬂ}ﬁgt BRSS™ frafe S8;1 § ?Irla%g carry a block

rame using t eerrrng matrices
belfidraheriatrg serftimfremé 844 may be sent in a sounding PPDU

d may j.nclyde a feedback request for updated . . T
Aidedbac 1Cs: 8t o Pragranadt i hate P NS listional implici
bESBARR %ﬁﬁMmUtsaﬁnoE&gmgtaﬁen %Héy%qsﬁﬁyanqgﬂfeb%gns frame

explicit feedback of the type requesSted by station
St@in enoBrdvey PPPéh FraamsH G map haveshe @R fiEldaset to7 160 indicate a

R b SR o SSRRE W e i o
sounding PPDU from station B and may derive steering matrices based on the MIMO
channel estimate. Station B may then transmit a steered CTS frame 912 in a sounding
PPDU. Frame 912 may have the TRQ field set to 1 to indicate a training request and
may carry any data that station B may have to send to station A. Station A may derive
steering matrices based on the sounding PPDU received from station B and may
transmit a steered data frame 914 using the steering matrices for beamforming. Frame
914 may carry a block Ack for any data sent in frame 912 and may have the TRQ field

set to 1 to indicate a training request. Station B may derive steering matrices based on



[0063] FIG 8 shows an exanple franme exchange for
unidirectional inplicit beanf orlﬁn' ng with MPDU
wG@owaad2ege Station A may transm t an unst eer edP@IVBS2007/072224

frame 810, which may have the TRQ field set to 1 to
indicate a training request. Station B nmay then

transmt an unsteered CTS frane 812 in a soundi ng

ﬁ%%ncﬁﬁ%ﬁ?%%cmé(d frgﬂlré'té‘[io%n}( aﬂ@%xttpﬁgm LAl BatT®hme 918
ave to send to station A Station may derive

st esnindggrRRD U c Esanlas Bimey cting a Sk di dkgfoPRDUdatewat ireftame 914,
fromstation B and may transmt a steered data frane
%fﬁlnﬁgﬁ‘?@u?sﬁé‘ngg%@ri ng matrices for beanforning. Frane
F}rbg_sfmy Baufointife VAR INipbd §&Ind§r%n;n tFIGENYi Gatifd @ may also be

I ning request. Station B may en transmt an
perfareed ad oftreamean8d®. iFor exsopledihe R FBU CHiSafremes @ayrdy replaced
carry a bl.ock ~Ack for the data sent in frane 814.
IN%E W%P&Oﬁ]@r@'ﬁgﬁs an exanpl e franme exchange for
[odbT ectBigiedtiondxipGtit bepeRFELRILRIMIDN sdidihg may be performed
soundi ng. Station may transmt an unsteered RTS )
basgden agombingtign &5 HHefS- nprdPhBtatprg e aiod B rgybasla frangnpgsounding

[ t.t Opl di e .al nl.ne...r .

BPRLGR hond i oL BTy AL PRI BRNERE based on the
sounting PEIDU neicing:dARIN the othes ttativo anBman demdyhedsipiivie feedback to
steering matrices based on (}h-e M MO channel esti mate. .
e pthein Statiohy E%grﬁt%tmn@ﬁﬁ cHIve (o8 gt cey Bpsdgam thepexplicit
BRIV LAYt 8iBr 9hAofBYd NAYE thlsnil RRRetdLhImEStvith the
to 1l toindicate a training request  and nmy carry any
statrang thattricst at i on B may have to send to station A

tatj on derive .steerjn trices based on .t
R g eI B & s 0 SR o Bt ggrocd] MIMO channel
bétaRetTklatidnsS A/l dpkia aflbREBPA A1 MY LhRakt @ENINIO channel
matrices for beanforming. Frane 914 may carry a bl ock

Rekorfserfomihy ladt HometrtionB te arbo A2basad opsaysdvadiagt DU received

field, sef to 1 to indicate a.training request,.
EPR, FhRorhm. B GhPudedy MIMG S imdy i B Rso8 b i e Mimo
2RR8L102P0 e 1dr PR b2 A/ B2 4tiod e t& Quutidh g, PRBWever, if the
received fromstation A and may transnmit a steered . )
Brapensey alnte grepsmit phainsya dififagntProuthoreaassg1d thageeeive chains at
g t - . .

B0 A% QBB LOIRSRL BN bl BRI i e o

8Rhbbklsounding in FIGS. 7, 8 and 9 may al so be

rforned in other nanners. For ampl e, the RTS and..
[OPESE  rdatiana A pacy BpMay el oy FRiTr g o I GERIE the differences

btResn tHeAOBREmB HareedilOpRlinei foCddivh @BAEQIIN QoM It may be
MPDU soundi ng may be perfornmed based on a conbi nation

afpliell Bsaccpuairfdr the dififartnan snd\ratrde BemageityotCalibraionns not required

fogub%grln%]&ming but, if performed, may improve beamforming performance. Stations

A and B may perform calibration at association and/or at other times.

[0069] FIG. 10 shows an example frame exchange for calibration with explicit CSI
feedback and NDP sounding. Station A may transmit an unsteered RTS frame 1010,
and station B may return an unsteered CTS frame 1012. Station A may then transmit an
unsteered frame 1014, an NDP 1016, and an unsteered frame 1018. Frame 1014 may
have the CSI/Steering field set to 1 to request CSI feedback and may indicate that full
precision CSI feedback should be sent back. Frame 1018 may have the TRQ field set to

1 for a training request and the RDG field set to 1 to indicate a reverse direction grant.



PPDUs, as shown in FIG 9. Each station may derive
explicit feedback based on the oundi ng PPDU recei ved

w0 c@s003922 ot her station and may sénd the expl i BCT/US2007/072224
feedback to the other station. Each station may
derive steering matrices based on the explicit
feedback received fromthe other station and may

(30" B R AR MM P BRI SR L RDP 1016 and

magi perecat O Meatbacdnels db@hhecérnnsﬂwt iaforsméntamdd BIEEE 802.11n

hi s aIIo st t|on A to esti mat

i-{%célﬁkﬁrf e Remiy menft¥aa%¢§taatlfnéwe s St n AP G022, and
hRagdeQ8d ﬁa&@q@dun%&%ﬁ%w Yc% the @'S‘I%e’%hé_]@arﬁl A9 have the
(i1) use this M MO channel |rraeasanest|rratete

MoOPPBhaneldiser @sbmwmélcmrth@trmmdteh @rarrici will fotlom dirami dA24 may

Aol P RetPR S s B8 PAHERRATT BRji ol g indicte ha

hbetheesehveilligigyse at  station A or at station B, then
the differences would i npact the reciprocity of t

MOE  créaina A papegmae dhe SHMA chaends rasppnisepised m% NDP 1022
?‘ﬁhl s@a(tfor 'E?nS‘Eaﬁor(Ii dﬁﬁgh{éﬁ H@H re&sl;o(:c]g§ t%grr%%ﬁh%gfars based on the

elr ansm cerve ains
MIM@chammiel veeiae dctehmineddy skgionapphd @tk COI &edbdoktreégived from
the djifferences and{ tore reciprocity. Calibration
patIoHE- rséﬁlﬂnr% cnayfapp Ybéﬁ ﬁ?cé?rﬁ?%c%’tﬁctlo? y e‘fﬁ%‘isfl% {iHu(g, transmission
BYatioms ove beanform ng performance. Stations A and B
may performcalibration at association and/or at other
fa072|. [IUOB gl sko s ad Oxahedraare exhagedorf caipeatmnohiingeplicit CSI

CSI, feedback, an

d0xshpis
iR g S o Tt A 0 ST O SRR TS frame 1110
f @@@m%lg%oPPD@n Framatii oo nannlﬁa)(ze ted URDSRBrik $ibRIEde @T§request

frame 1012. Station A may then transmt an unsteered
Chhfsdbarkaandghe NJBIQ fiolleset tndl teamdigate @ dladng regprest. 1@1?810n B may

t he CSI/Steerl fie
FOTT RIS BT ouRE vy PhaRD o bRl PPy Recbived from
ptate@n 3l il %) cbreabaCck RbdiicH. BRatiRNB M@cken ffaasmit aLéhsteered
have t he T field set to 1 for a trainjng

PE deaee Hhid. tvdc fpey dhasedl fesdhackein fha?%lv@ BPDU. Station A

B FURT01) 6 SbBE BBl e R AL 5o hRine BPDU spgeived from

MhidD Bhadnedy cespon mlma&qdcmchl&l?véﬁdﬁ tasel onreye MIMO channel

enerate f eedback as described in the
%?aé?r%‘}ﬁtgsﬁéﬂlql 912 11n documents. Station B may

[0099) LT aneith Bwy Qﬁ b&&h @g B AR foPBINPRICh QS ex ﬁ)llCIt CSI

and " an unsteered frame 1024. Franme 1020 may carry t
testibdckeuidalwith AP rag MRVE tonedinybratRPDY fmagltangett anaunsteered

%a‘%o | ndl 1(‘2%{)ew ! maa?ro arlfeertherégﬁStvemerlnllg fﬁ%u W toFli atgerequest CSI
feedback. Station B may return an unsteered CTS frame 1212. Station A may then
transmit an NDP 1214 and an unsteered frame 1216. Frame 1216 may have the TRQ
field set to 1 for a training request and the RDG field set to 1 to indicate a reverse
direction grant. Station B may estimate the MIMO channel response based on NDP
1214 from station A and may generate CSI feedback. Station B may then transmit an
unsteered frame 1218 in a sounding PPDU. Frame 1218 may carry the CSI feedback
and may have the More PPDU field set to 0 to indicate that no other frame will follow.

Station A may estimate the MIMO channel response based on the sounding PPDU



also carry the CSI feedback and may have the Mdre PPDU
field set to O to indicate that ,,no other frame wll

wo 200800297 0071] Station A may estimate the M MTTOS200B072224

response based on NDP 1022 fromstation B. Station A
may then conpute reciprocity correction vectors based
on the M MO channel estinmate determ ned by station A

?Ae%gnig%/&‘ ?roQFLtaE BOAKmh$ cHpER JeEgmcn'Ztc%He%nBvec%erb'a% on the

e reciprocity correction vectors in
WM@ehettmamun&mmithdz exgicatfeqibadk. [ 0072] FIG 11

a Iefr meexc an for calibration wt
@’Eﬁwlsc. {ba&ﬁfa tiop dpy kD %\H%F iy gthsarrgners: Koy erpople, the RTS
aRY ctrsansiid mad enspeeiedikTfd rames b1 Hdmek Rfdther types. Frame
soundi ng PPDU. " Frane 1110 nmay have the CSI/ Steering

101l ahdaut1 020 i Fio 10equelsve tIGSNDPetuntivaiokeragnd fickleseTRQ, and frame

i et 1 to | aining r st
IR 008 oy R S B LR AR BB L 2 g SR b BPDU s
SN jogsiRAetcr aetaigidg frE bt Béatstaion A aBehtiBRB may send the CSI
&gnerate CSlI feedback. Station B may then transmt an

dbackcitbier iTPanjupefins vith the NIBP en sqmlghngal’rPM Phat adgfer time.
k P
F@ﬁgﬁfc S anneﬁp?gg%g%%éﬁgggégéagﬁ %ﬁ%bun ﬁ%é&bg%b% WHhmH

nﬁﬁglculelgtaﬁdsmnpec&tcatneMg& andl framye emnaﬁg@ r €6t paldﬁhm(m, the CSI

orrection vectors based onthe M MO esti ma
feedbac PRyt My tberssaibdk the @W%tferm&;ge@ éﬁ%ﬁg Qﬂntrol “Field, as

l;
SR T ET R RSl Wit Tt gl g n

sanmaframe ans G f@adbwisteqeersecfull RiSisiorn@Bl hatles may cbh sm:t;back for

have t he CSI./ St erln ield set_to t o r.equest
PO i TRIPE G cothigh Neftar Tarngihet Qe g Caigplgdield may
B2d2d tSiRtid28Uhe s fichEBYatib 8B ilerd W)(] NER cd &4 f&%h@{ﬁtlon

unsteered frame 1216. Frane 1216 nmay have the T
fﬂﬂébbl sdilG.d3shows aatrtwtalremfrﬁgma@@@@snt faarde 4 H0 mmczmay be used to

ca e a |rect
LISl for P BRBAT hinl 0B il fes Pl SRS SR 5 Mivo
aanMPﬁeuﬂZ&ﬂi B romviss &ISIOMaﬁqoa@d{dilSBM geger arh@ 1\@5140 Control field
f eedback. St at ion B may then transnmit an _unstee
chides yarasifields sighgg .arfgrorbpl@gu (Ngt Hetd ailﬁfsc%ﬂjm@afr We field. For

LRGPy RSRAR e PSR 0P, PR oS o

Bicasubcanriérs nay thes b iGRA tneattik @wN/ItMprohdem 6r daels pbriwesubamedrs {-28,
on the soundi n PPDU, WD 8/ 002972 16
PCTA USOO 7T 032 9t4ma¥ be é‘??ﬁe% I {eBiisYaR dhe BosHipispgypize field may

s@gh% W ¢ fe;mls Rre ?Jhﬁéht RO %& Iefgm Bﬁ%ioﬁr%m%ﬁ g&k fﬁE pkd8sion) will be
used fof ea?c?lneelemeens‘; olf régchecgllnma‘urlx Thepl\/llll(\:/ll(g CSI Matgges.Report field may
carry a CSI matrix for each subcarrier that may be used for transmission, with each
matrix element being represented with full precision.

[0077] FIG. 14 shows a design of a process 1400 for supporting beamforming by a
station. The station may receive a training request (block 1412) and may send a first
sounding frame in response to the training request (block 1414). The station may
receive a request for explicit feedback for beamforming (block 1416) and may also
receive a second sounding frame (block 1418). The station may generate the explicit

feedback based on the second sounding frame (block 1420) and may send the explicit
feedback in response to the request for explicit feedback (block 1422). The processing



[0074] Calibration may al so be perfornmed in other
manners. For exanple, the RTS d CTS frames nay be

WO epBaed® wi th data franes or frames of other PgpPES2007/072224
Frame 1014 and/or 1020 in FIG 10 may have the NDP
Announcenent field set to 1, and frame 1018 and/or
1024 may be omtted. Station B may send an NDP or a
0 i P
LAY PP, |00 e HBF ShORP nlt S ORI Bl Bchanges
Thedlvacising] itdockis 1 4¢Dwjronglt 1422 may kxdrbse NDRapabilities given above

soundi ng PPDU or at_a .|l ater ne. 007 As shown i.n
S@pmigothf@pélﬁa faf‘éiba%ﬁdbm@pgﬁe Hﬁvibtfél Efﬁﬁ%@ﬁ?@a In particular,
Whitdpsion H& RQestdin O duh@Rp 3MaRid b é&é&@%%l@dﬁg 1412384 1418,

exchanges. For calibration, the CSI feedback request
respedbeclye espaisadp & treiniy) fegtiese by sendingd doundinghlPIPT is covered in

fiel h in FIG 3 and le 1. |
BRSBTS o affubatTor PG (88K pnrl™ blocks
sareofiyape as a CSI feedback request, full precision

CSI matrices nmay be sent back for use to derive
HOZBbr odiach fragier may p@tﬁ@S@@@@ &t 8 PPDY anBilie 803 &5 og some other type

sed, { t f
HEPOBY 328 A, T B, 1P Db WG S0P it
saldatarfald ongii) a Mﬂ@haﬁh@ooth&rasmﬁg\ﬁncad&h rfigtdsurgheadkpHcit feedback
managenent frame 1300 that nmay be u send %SI i

Pe¥dBABRI$Or CRlal MFigES: oRoN- p?raa@ssj@éo%eﬁﬂﬁ gings iethepk s matrices,

leld and a M MO CSI
%ﬁ@%&é“ﬁ%ﬁg’?@f%@“@gﬁﬁﬁmm rol field

[(}ﬂﬂ PLdesTheastdtousndy ed asexlictt besméorBeoapd ngy (riNg) v 4 gtbeted frame

eff ci ent e fjeld. .Fo bration,
G Ot B ol St S S e §plisit Fred Rk R M WoRE 4422 The
SetiE e B9 aRfimplibe RERERREE 9hd: maP rbhtdle & s@é%ked”ﬁﬁﬁﬂe"sent with
will be provi ded for each of the subcarriers {-2

beamforming-bpsed on implgt ﬁeh@iach@yrlb@i fiemdgh¢ dirst soundlng frame sent in
f)lr algslg]égs;\igh s‘@plgn Cn?ag{]gl G ﬁegp ﬁ{tzb%g%lgf%%me%latn r&ay rg’c(::“etlve explicit
Rle@bdcki @ncfa@dd froml ther &6t SodidingMihinebderiwts Siderdiy irfaihtion (e.g.,
el enent of each CSI matrix. The M MO CSI Matrices

RepEE meirgey) basgd opdhe yeeived) cxplieit ifxedbagk, edisend a steered frame

SHRGRGRE 11%1 B% sedHh tlﬂg S %ﬁﬁi i hrh RS MRS %tg{i]?nuﬁaglhbe an implicit

each  ma enment bein epr esentéd w
bas&ﬁbﬁn@mnd[tﬁ)@%%}:el% @.thlidl s@J’mdm@ faarde sicgne secrangind@emsion based

gllf gl}% {9?{5 r§§9 %Wg ecf‘ g&ﬁ&mﬁ%%?cgéa@gth %f)%%%%lf@)based on the

ﬁggn{gamf&glggo@ first sounding franme in response to
the training request (block 1414). The station may

[0886] ve EHG. dgubsivs faotesienpifiapi apphredblddR fHosupporting beamforming.

nf (bl ock 141 d
BERHES 5 S Pl Bl B0 T hoiSiRg oSG, By 512). means
ERNeR@hE af fi8t SouRldirel framé 8L dR6HKscPRSAE tﬁﬁnﬁ% eeq%@ﬁcmﬂ)dule 1514),
soundi ng frame (bl ock 1420) and may send the explicit

meeaih e Ketatving gpishuest fer m?élcrtequﬂmk fferr b@mfptr@mg (module 1516),
Ll%grgsbt%? ¥ec%R7n9gCJ§ sgt%%g)soun(fqr‘ia’g RLRE %&%d{l‘lg 1518), means for generating the

explicit feedback based on the second sounding frame (module 1520), and means for
sending the explicit feedback in response to the request for explicit feedback (module
1522).

[0081] FIG. 16 shows a design of a process 1600 for beamforming with explicit
feedback and NDP sounding. A station may send a first frame (e.g., frame 410 in FIG.



WO 2008/ 002972 17 PCT/ US2007/ 072224 in bl ocks 1412

t hrough 1422 may be for one or ngre i ndependent frane
wexohamyes. The processing in blocks 1412 t hrpemoShd2@2224

may exercise the capabilities given above to support

both inplicit feedback and explicit feedback for

beanform ng. In particular, transm ssion and

t] s r egh i
SEAPA Rk GoUtflo BE (968 06187 o Bullcls dn v
(egUNEXP HiA) Senohigray leass onmttaiingngFRIDU bus ne detarfedd (ock 1614). The

bl ocks 1412 .and 1414. _Response to request for, explicit
PRI AR ek gerEdnd HABForit the ! _qfofeeié@fﬁ dﬁt}@%ﬂ%ed on the
Remh oo apln R &Qéc]fke%%%ﬂdThé’ stati& Qféy'd%ﬁ{lgﬁ%ewm}%rgﬁﬁon based

sone other type o Each sounding frane may
¢ YheagxphioRP fh@&hﬂg (tdock &S andenayr sendiangedred Framigu(e.g.,rfoame 420)

d field.or, (ii frame having. b raini ng and
§bBebhfiriit valed g foloRiRe B oR Wlask AR 19205,
[0W82] CeSThen@Aroaai®f &mdes WERaaicrsnBe figedhakkreceive a CTS frame
matrices, conpressed beanforn1n§ f eedback matri ces,

B ©spqneo tofhe Femei oW sead thseNBR veiltpn iacIFS piaxmeidhenéd'S frame.

i v . . ent i .orm .
RSl oty St M R SR RO R b BRETR GRS e of
theeND®t @idi may megeivaethansecoml frahk dfeanfiothirefraimd. MAye station may
receive a steered frame sent with beanform ng based i
Biludgpin; @iber g]éefe%'afté‘?@%i 8 thedird fsmer A appquaceaenidbgtmg NDP will
fJiage sent in block 1414. The station may be an
explicit beanfornmer and may receive explicit feedback
83} at dIG. 1drshowe afdiesig of e aphangud i Zibefor Heamfpeming with explicit

teering,i rmation (e.qg., eer | matri ces) base
Bl o SOl s A up AT Tt DR S BT ot rame
{itBBreqist kbrt@(gﬁé@ B P kD@RRIEA 1017 10N En&dn§ §61 f9ding an NDP having
i nformation. The station may be an inplicit o
bidaast onerbpingngdfigid put erdaty éieéi (miidute Eddhdnenys feranesiving a second
g’grlrrjlh\éﬁth?hf%e&l [i&t Igncfgga{crlza Irlgire]%t%gs:p?igodl ?‘E é\ﬁrlglg \xdrtn?ﬁlrﬂg 1716), means for

n rea sen

beamh®sotmy Dasedtion bided onsheetpling feaftatimhodne 17 0988]d means
FIG 15 shows a design of an apparatus 1500 for . . )
Kipysdingng esed diamenyith hesgdparigs Based ann ey seerings gigrmation

?ﬁgmﬁgfgjﬁing a training request (nodule 1512), neans
or sending a first sounding frame in response to the

f0084ni NFIEdBesiowsndesign 64 $yrocessTe 8Os fdrdscamda@iing Rgthaimplicit
equest faor explicit feedback for beanformng (podule .

iosdeyck an SpEidinee & iSAIAY YRS AT gTes o2 f go%m% 574 in FIG.

§TRH! Lo diRtB) reRA NS0 EIOT 8 B NEFARL éteg[ﬂ)nt Jﬂgy r&%RA éhijﬁ})g (e.g., NDP

feedback baSed on the second soundi ng frane (nodu
3169 0ayingrd lershorse franingsfeaidibnigna Heta dicpd (Wdodk Feddabdbk siaion may

crieer?\Peosqgeerintgoin or}rena ion lﬂ)?lssetd 319 rfheeﬁlﬂPi ﬁailgckf ?gl%?aa%ﬁ n(larlgp geurldea steered
frame (e.g., frame 522) with beamforming based on the steering information (block
1818).

[0085] The station may send an RTS frame (e.g., frame 510), receive a CTS frame
(e.g., frame 512) in response to the RTS frame, and send the first frame after the CTS
frame. The station may include an RDG in the first frame, receive a second frame (e.g.,
frame 516) in response to the first frame, and receive the NDP after the second frame.
The second frame may include an announcement that an NDP will follow. The second

frame may also include an indication that another frame will follow, and the station may



1522). [0081] FIG 16 shows a design of a process 1600

for beanformng with explicit fgedback and NDP
wWGEwRMI29R A station may send a first franme (ePr/ps2007/072224

frame 410 in FIG WD 2008/ 002972 18 PCT/ US2007/ 072224

4) with a request for explicit feedback (block 1612).

The station may send an NDP (e.g., NDP 414) having at

Jtlhggzgce €, ﬁﬁl@l‘ f%tﬂ@ géc %k&m@ %202911@%&16&&109!1(?} i RS Bthﬁr frame will

tatio y recelve a second
ﬁﬂbwepr|C|t feedback derived based on the NDP, e.g.,

4 6 The station deriv . e
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e B pE Sphd o bhFdut 16T, GECleY e GiBRTformation
BasSll Fén tthdreNop ueTHf amﬁd mddis foradch@mgMRYst&edtd fidime with
third frame with an RDG (e. , frame 416 Mﬁthln a

Eﬂm@@ﬂnwﬁbéﬁﬁfmﬁéeN@ﬂ“&ﬁ@ﬁﬁﬁ?ﬂﬁ%é@PWéeﬂﬂ )second frame
EH; Wer Iﬁd i‘ﬂﬂr %o%%em g %{ %te@’{)%e%g &B?y f011 Qﬁi rlégt?dna Beamforrnmg
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shows a design of an apparatus %700 for
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request” for expl ICI feedback dule 1712), neans
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dule 17 , f
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i nformati on based on the explicit feedback (nndu
tp71118)trauangi reppasgblocl 20$@nafidngan dgm‘éfemdnd stawmgmmfcnmatlon based

598, PO Rt R0 oE e s 6 B AP Sl rame

feﬁg’ beapfaoivith béadnToirpkitabéd oh Ql@ baekd atdriNDhformation (block
soundlng A station may send a first frame (e.g
514 in FIG 5) with a training request (block

|
ﬂ"z’% ho anE SAEH B, TR hRER Wt n fpate f10), EFbgRgP1s frame
(. ofrkmd $12) in rEhwonst ai therR ISyranede and/ ecndtthe Iﬁirsn grame after the CTS
|nforgﬁt|on based | ock 1816)

Hagped g dirstifameed '}éfle,h it secs SHMGpgshing %ﬂ%ﬁg&m that
base 9 folgwsteering information (block 1818).

[0089] FIG. 21 shows a design of an apparatus 2100 for bidirectional beamforming
with implicit feedback and NDP sounding. Apparatus 2100 includes means for sending
a first frame with a training request (module 2112), means for sending a first NDP
having at least one training field but no data field either before or after the first frame
(module 2114), means for receiving a first steered frame with beamforming based on
first steering information derived from the first NDP (module 2116), means for
receiving a second NDP in response to the training request (module 2118), means for
deriving second steering information based on the second NDP (module 2120), and
means for sending a second steered frame with beamforming based on the second

steering information (module 2122).



[0085] The station may send an RTS frane (e.g., frane
510), receive a CTS frane (e.920 frame 512) in
wo e®poide2to the RTS frame, and Send the firstPET/EN®07/072224
after the CTS frane. The station may include an RDG
inthe first franme, receive a second frame (e.g.,
frame 516) in response to the first frane, and receive
DP 4§y t c r . o ane :
[ %80 e Ao ol e e R prRB® P R T RpGHitn NDP
semding. A s@tren may sahd o firstdtande(ean, frade ¢@t4 mnFIChaD or frame 1210

anot frame wll_ follow, d the station .
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other frame wll ol low. [0086] FIG 19 shows a

de ditg dickt (blorkaA3p Ar. athesstat@@Omiyorechiea nfsosanidritpm fekg., frame 1020 in
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NDP havi ng at least one trai ni(g}ga(fi el d but no data .
FI@I 1§ ¢mpame having)bothvisainigf and figldp guddy aseframgy 1218 in FIG. 12
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shows a design of a process 2000 for bjdirection
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Zszt)ation may send a first frame (e.g., frame 614 or

618°in FIG 6) with a training request (block 2012).

981kt atTherfimtefyarse ntiyanfludes b tralDig (eguept andNBP aBd@incement that an

in | east one training field bhut nq data field )
S R Blions ettt P el me Sl bR e e 1018 in
FIG ® &t firffe TBYs [EER M) &ifhi 4 Bhinfloaeh&dt hfi@Be NDIY- In any case,
frame 620) with beanform ng based on first steering

thefsonnding GAmd aray\bscbehiriomesphescitp tlyt traifiDR r¢dsicsick 2016) .
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dier | AgpaseaoDBNBIneRIdEN thehmf oF RBidiNNa PasgeEhm®WithRerequest for
second NDP (bl ock 2020). The station may then send a )
sedisideedhael & qaliprsion (mogule 331 Ahungpe foiugenging an NDP having at

iy o i of X

REF ot P 1RAFByal tE REFARGUAS 38Tk AF B he o sccond

frampevi({hethg .cxpli¢ciafeedkR)(motdele €3 6), andahSfdrrraceving @.sgunding frame

f ' h Sf , d dth

15T £ Bhe e T FEn S SRR, AT Bl opr Gigounding frame
W& 2308, fddrfiland tf@leﬁe'l?;l%Pnfnf lifBYioh BEHIR RO clllzaln&el ezszclirnate and

nnouncenent that an will follow [0089]
thieowpliat tedbagh (mbddn 23pPar at us 2100 for bidirecti onal

Hﬁl@g{ of rﬂl@ 24 shows a design of a process 2400 for sending CSI feedback for
calibration. A station may receive a request for CSI feedback for calibration, e.g., in
frame 1014 in FIG. 10, frame 1110 in FIG. 11, or frame 1210 in FIG. 12 (block 2412).
The station may also receive a sounding frame, e.g., NDP 1016 in FIG. 10, frame 1110
in FIG. 11, or NDP 1214 in FIG. 12 (block 2414). The station may generate the CSI
feedback based on the sounding frame (block 2416) and may send the CSI feedback
with no grouping of subcarriers and full precision (block 2418).

[0094] The station may send the CSI feedback in a management frame having a

grouping field and a coefficient size field, as shown in FIG. 13. The station may set the



with inplicit feedback and NDP soundi ng. Appar atus
2100 includes neans for sending,;a first frane with a
W e@Bnd2@ r equest (nodul e 2112), “neans for senPCHYSM07/072224
first NDP having at |east one training field but no
data field either before or after the first frame
(nodul e 2114), neans for receiving a first steered
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FIG 10 or frame 1210 in FIG 12 vvlth a request
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glte@t} d@@%e?l $QrdvBrE ¥&ids S WA f E@@one‘ﬁm CReM®Y circuits,
e elt an NDP such as NDP 1022 in FlI 10 or §

ﬁleameha:tq g abm:hrnbmatlmthgre@lﬁd data fields such as

BT " FHEisuia dioueh Zrdb e BaduanBReHE SotiAtihg. Prats: 4 5. 6.
(®! PCknd?220) TheT PR cShkl BN stIBYn BIRNcRESIEQEMSAl! b %rbé@@smg by

(e.g., derive reC|pr00|ty correction vectors) based
smtutthé adannebe eesciibet by anet af tf@ueesmonmlqmeﬂé@'db@ﬂGS 14 through

$7 LI prb St HaRdhs.A B B G ATB ALY hiPhERe fertprmed as

§methé§btf@ﬁfbatlvel y, the station may send a third
rame 1018 in FIG _ 10 or frame 1216 in

ﬁlﬂéﬁl 12)F1%’r t% shopisa hlogly diagguasal aflesign phataipp, Al wdalﬁyeach of
FRER ma BEASSARR0 0 RIRS YRS i1 TSRODER A, e

‘azltthamﬂap]at(m; aﬂBﬁX&szxéMa:ﬁirmlghaZ&éﬂthM tlay IHBElsedsfmmidtartgansmlssmn
aratus 2300 incl udes for. se

Aff@f?@e%% iy Bds eayigpe w Wléfl?lef@g %&Ra& %{55261 through 2652r

fal inQ{z 8t 'u%&l oMY h@ndRitddn aﬁ@é@&)tfoﬂr sendi ng an NDP

having at |east one training field but no data field
(009811 e PEBSL?CK)OH Aeamlslnﬁmlt (T¥Q afiatai prgcascsre:éﬁjﬁdnay repebve traffic data

&‘8}&122? fc}?tﬁé 1%g g%:]% 2l OF Pﬂﬁﬁ dgtm){érjornea con ro?lér/pqgcaeggorfg%. TX data
processor 2614 may process (e.g., format, encode, interleave, and symbol map) the
received data and generate data symbols, which are modulation symbols for data. A TX
spatial processor 2620 may multiplex the data symbols with training symbols, perform
transmit spatial processing with steering matrices, and provide T streams of output
symbols to T modulators (MOD) 2622a through 2622t. Training symbols are also
commonly referred to as pilot symbols. Each modulator 2622 may process its output
symbol stream (e.g., for OFDM) to generate an output chip stream. Each modulator

2622 may further condition (e.g., convert to analog, amplify, filter, and upconvert) its



(rmodul e 2318), nmeans for deriving a channel estimate
based on the sounding frane ( ul e 2320), and neans
w0 o008pex97Dr m ng cal i brati on based”on the channedT/US2007/072224
estimate and the explicit feedback (nodul e 2322).
[0093] FIG 24 shows a design of a process 2400 for
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VEERET iy Rt rabriSary Shis' TS aURe 25 THnE. RETALS Feeived from
aenst 3 ing g GBhateestbagivibagemhnen réslﬂgns%oumilb&ﬁsor 2678 may
frame (nodul e 2516), and neans for sending the CSI
flecortpaska mhftrmehmafgmfglpm@ sobcasucurcetlegounof sihghiricrs of interest,
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component s, Ioglcal CIrCUItS nmenories, etc., or any .
eURBIeHEL | W reopEreesd) . bepudamingprgices 4 Rigessih§ may provide the
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in these figures.
2660 for spatial matched filtering.

[00102] The processing for transmission from station B to station A may be the same
as or different from the processing for the transmission from station A to station B.
Traffic data from a data source 2686 and/or other data (e.g., feedback information) from
controller/processor 2680 may be processed (e.g., encoded, interleaved, and modulated)
by a TX data processor 2688, and further multiplexed with training symbols and
spatially processed by TX spatial processor 2690 with steering matrices. The output
symbols from TX spatial processor 2690 may be further processed by modulators 2654a
through 2654r to generate R modulated signals, which may be transmitted via antennas

2652a through 2652r.



[0098] FIG 26 shows a bl ock diagram of a design of
stations A and B, each of which,may be access point
wai@sme2oene of stations 120 in F 1. Stati onP@I/US2007/072224
equi pped with multiple (T) antennas 2624a through
2624t that may be used for data transm ssion and
reception Station Bis equipped with multiple (R
nasy. tahr t Y uge

O ool o Gna o BRAt ish IR PRl O spocived by

antemaus R4a (hfoQghdz2dt pmd pmcsssed bg liérmidylatoe&‘ 2620 through 2622t to

traffic .data froma ta source 26 nd/ or ot her
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Biogasbs262%mmy podudeatho spat2b fiter mhrwagto RE2Patiatwyodsssor 2640 for

tr mtte om ant ennas 262 hr h 2624t

e BRE et TR o AR St Ko, Tt BHIASS ysbgpmforming
FRERUGR c?o%%neﬁwcésmm éicdmREk A athn Bignals from
station A, and each antenna 2652 may provi de a

[@d@ﬂvedimtrgﬂaﬂs/plr@:easom éejfkend 2@8%@% daniselghe ODERIDD) at stations

% I éﬁgs??tlggtg%rﬁ?g eﬁlteo?lﬁ§ gggfsl & :‘%{6 per {1}8 .Igténee O(P L OGP progl%rn codes for
gt@@bﬂsatxoaﬁd X522 sprti0flyal Prodeeoal 262K S%Eto)olstSA%@@ @ind@r other
(RX) spatial processor 2660 may perform spati al

iRcestld ma parormribe piecesies adcanctods doyibra hetee gl process 1400

Hlel";%gﬁlélaér%{:gss 21%66 ﬂlwﬁm o9 Ero%@s%‘llrSang FI@! A e@cggf%(ﬂ)o in FIG. 20,

mat es, ch are estimates of
pmntxslzﬁoo iBRKGN20t pdcdyy 2460 ai Flgh 2A, ctdn RX dat a

ﬁbﬁﬁﬁss%zgghgﬂ?é f@@%ﬁﬁ?fﬁhﬁ%egﬁegﬁsﬁq lﬁaw@wous means. For
SR éﬂgttﬁéseat@&l (!([)Lfég'n‘ilfy %ﬁﬂﬂ@ﬁheﬁ‘t@&% 9 @ atkttBmysird I‘software or a

nd/or a control’l er/ processor 2680. [00101]
odmlvm@ﬂlomtws oFor26 h@rdveaye pnmtﬁamtatnom thengrossmbxgl Bnits used to

gel Vﬁd tfgékg%n%@gtnq% Eg é@g%ﬁ%ﬁ%‘g orrrlaetoer rnore app 1Cation specific
1ntegrated circuits (ASICs), digital signal processors (DSPs), digital signal processing
devices (DSPDs), programmable logic devices (PLDs), field programmable gate arrays
(FPGAs), processors, controllers, micro-controllers, microprocessors, electronic
devices, other electronic units designed to perform the functions described herein, a
computer, or a combination thereof.
[00107] For a firmware and/or software implementation, the techniques may be
implemented with modules (e.g., procedures, functions, etc.) that perform the functions

described herein. The firmware and/or software instructions may be stored in a memory



deconpose a channel matrix for each subcarrier or each
group of subcarriers of interestz4 e.g., as shown in
weeuwaniodm (1), to obtain a correSpondi ng beanfRCTHiUsI07/072224

matri x. Processor 2678 may generate feedback
information for the channel matrices or the (non-
conpressed or conpressed) beanforning matrices.
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feedback information to controller/processor 2630.

Processor 2630 nay derive steering natrices based on

the feedback information. [00104] A channel processor
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station B and nay estimate the M MO channel response.

Processor 2628 nay deconpose a channel matrix for

each subcarrier or each group of subcarriers of

interest to obtain a correspondi ng beanform ng

matri x. Processor 2628 may al so derive a spatia

filter matrix for each subcarrier or each group of

subcarriers of interest.



Processor 2628 may provide the spatial filter matrices
to RX spatial processor 2640 fo%5 spatial matched
wo pdosee29my and may provi de the channel matri ceBCDUS2007/072224

beanform ng nmatrices to controller/processor 2630 for
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menory, coppact disc . gnetic or optical data .
Storage dedtearraihi®pbrbi Toatsre, MR dsEl ot igaeessor i
ednflotfeddioSiebQssib &hird seuiRiYhgd B8mb OtoeaRleest@hivig RRfoP@Rtion based on
skilled in the art to make or use the disclosure.

harthiod sound thigf fraseg. ifodh & seod eitecthidSednasbased on the steering information.

6. The apparatus of claim 1, wherein the first and second sounding frames

cach comprise training and data fields.

7. The apparatus of claim 1, wherein the first and second sounding frames
cach comprise a Null Data Packet (NDP) having at least one training field but no data
field.



will be readily apparent to those skilled in the art,

and the generic principles defig d herein nmay be
wa@ppBioexd71 0 ot her variations w thout departi ngPd¢T/OR00TI€72224

spirit or scope of the disclosure. Thus, the

di sclosure is not intended to be limted to the

exanpl es and designs descri bed herein but is to be

accorged t 0 t

pri nc?pl esﬁ}g% ve? ?glg%rqeg/ﬁdl% tgsfg%tt %éir%?%nd wAang frames

tShGloAvED al ﬁam\i\lhaﬂﬁh@&keﬁﬁ)lﬁgMd%tﬁﬁﬂdwﬁ?%]ﬁuﬂmaﬁ@acket (NDP)

FORRSet b s BRRIY D BCBIVERA | i ni ng T equest, o

send a first sounding franme in response to the
training request, to receive a request for explicit '
feedb@ck f 8he bpamptwsndfhglaimol.r Wd:lefreue tlae @aphmbl feasiback regmprises

fra , L erate ex IC it bas
BB AP M ePa koS SRS ey GRS g PEftroRRink Focdback
eeiladk coMprdseaneastorhing RRdbRAURScdsOr explicit
f eedback; and a menory coupled to the at | east one
processor. 2. The apparatus of claim1l, wherein the at

| east ;one ' f d
2ot 18", BHSERAR KRR MU SEARL G e e
ddrepraedthiyaiculsLofer cJoﬁVefrgance\Mwbecblr(PLE@) ptotb@aghtaaméts (PPDUs) in

rocessor is configured to receive a steered frane

kd on inmplicit feedback derived fromthe

first sounding frame. 4. The apparatus of claim1,
wherein the at | east one processor is configured to

recei Ve exﬁhh@hodtmﬂmbﬁmk derived based on the first
soundi ng. frane, derive steering information based

on th§”’¥E@VV@Hn@§6WP@ﬁf f eedback, and to send a
St eer QahdlralrsDasuating ik SESBRING thd W AR ARLEARst: 5-

The apparatus of clarm 1, wherein the at |eas one
proc e@@@lrvmgsa r equmf faggrelicit vedack fardeamifdriniag;soundi ng

frame e, . Lo.deriy te%&hn%?lnfornatlon based on the
third §8un&luf? AT YS” send a steered frane

basedg@ikrdting tbd &lich Jeddbhick tMEd OMtheGecobdgoamiag Atuns; afd
claim1, wherein the first and second soundi ng frames
each odpwE Becrnigitipedhacinin rasnoass fodheisequest fomaplicit feedback.
apparatus of claiml1l, wherein the first and second
soundi ng franes each conprise a Null Data Packet

( NDP) 1havi fhe aictHodad tlaond 1§ fuathoi sugnirisédgd but no data

receiving a steered frame sent based on either the explicit feedback or implicit

feedback derived from the first sounding frame.

13. The method of claim 11, further comprising:
receiving explicit feedback derived based on the first sounding frame;
deriving steering information based on the received explicit feedback; and

sending a steered frame based on the steering information.

14. The method of claim 11, further comprising:
receiving a third sounding frame;
deriving steering information based on the third sounding frame; and

sending a steered frame based on the steering information.



field. WO 2008/ 002972 26 PCT/ US2007/ 072224 8. The

apparatus of claiml1l, wherein t first and second
w@ouwaad2g f rames each conprise a frane havi ngpCT/EBW0TIT2224

and data fields or a Null Data Packet (NDP) having at

| east one training field but no data field. 9. The

apparatus of claiml1l, wherein the explicit feedback

conprises channel state information (CSI) matrices,

non- conpr essed beanform ng feedback matrices, or

conpr éssedAbeandretusicogpfigegback matrices. 10. The

appar at f claiml, wherein the first and second

soundFﬁ@mﬁgﬁﬁﬁ@VnﬁﬁﬁﬁFpggr?ﬁ?@ical Layer Convergence

Pr ot Oﬁl@hns(fglkQonhlr%LaoﬁﬁgﬁunQEQQra% h3edpBRRUS khd MaininEEEquest;
802.11. 11. A net conpri Sing receiving a training

r equewgnssfennhcnlgm a‘neqsftst ﬁmmpllnmgfeﬁdlaﬂnb forrbepmdépronsg t o

the traini cei a tequest for
expligF?”?gg gﬁl $m%%§ ﬁ MC r eceiving a second
soundingnsf fod erﬁﬁ%&hé‘%klﬂﬁ:lﬁ faediabbiseillonfReshosk shaRiafd frame;
on the second soundi ng frane; and sending the

@%blicit feedback in response to the request for

expl i ﬁleansf RE %Q@cﬁﬁ% thelé(éah-gﬂ q’ﬁ%‘é&? E’L Pefsg%{s? 'rtg}%%el geeth?st for explicit

further co a steer

badedkon elther the explicit feedback or inplicit

f eedback derived fromthe first sounding frane. 13.
The nmet hod of claim 11, further conprising: receiving

expl i gyt f?ﬁ@”&’;ﬂﬁﬁ‘aﬁ?@&f A5 @%&%e‘?@oﬁlﬁﬁgfl%rﬁ soundi ng

frame; deri steering Informatio ased on the
r e cei mdnmp tqceMmg‘ esddrad Kamarsdnt meettomgitheer sheempéidit feedback or

g RS Rg Sl f Aol BiBE Foike Tecel ving a

thlrd soundi ng frane; deriving steerlng i nformati on
based on the third sounding frane; and sending a
st eer &4 f r Aheaprasads ofrrlainel s fedror ngmpmlog mati on. WD

gggg/r ?%297%r ?e%ele%g eg%ﬁc Qzeeggelzc%zd%rlvé'(? based on %af[lrs{ soundlng frame;
means for deriving steering information based on the received explicit feedback;

and

means for sending a steered frame based on the steering information.

18. The apparatus of claim 15, further comprising:
means for receiving a third sounding frame;
means for deriving steering information based on the third sounding frame; and

means for sending a steered frame based on the steering information.

19. A processor-readable medium including instructions stored thereon,
comprising:

a first instruction set for receiving a training request;

a second instruction set for sending a first sounding frame in response to the
training request;

a third instruction set for receiving a request for explicit feedback for

beamforming;



means for receiving a training request; neans for
sending a first sounding frane bg response to the
W@ e@B1029a2 r equest; neans for reCeiving a requesSt/USIN7/072224
explicit feedback for beanform ng; neans for
recei ving a second soundi ng frame; neans for
generating the explicit feedback based on the second
soundj r: o - r i : licit
Fcedbani T NBicioRY FERPRME SEIY PRRITE SN,
f eedbaditth hétructioe sapfiargheastiog thed @ipiiclt Feedback hased on the second

co rig%gg; mians for receiving a steered franme sent

eds fA@r the explicit feedback or inplicit

f eedbagkRkiry@n e} §8RIidd the bxARMUEEIMCE [P¥8pondd to the request
The apparatus of claim 15, Turther conprising: nmeans

fagrexplewefcodlngkexpl i cit feedback derived based on the
first sounding frame; mneans for deriving steering
i nformati on based on the received explicit feedback;

and ne@ns A@rapp@aes kgmarisihger ed frane based on the
steering information. 18. The apparatus of claim 15

f ur t halrlcess Ape PEichyor prdissTaddp serde iyt Ak With pdequest for explicit
in : i Ving. st ' ..
FUBEATR, LORIENTAR 00 ARFIS BB ESH e g el bt o
deafisld and meRcdinga secohe famd wiklathe cRpls@dfcodback @erived based on the
steering information. 19. A processor-readabl e medi um
-88¢ ng i nstructions stored thereon, conprising: a

First, bRgddy! E&%ﬂi ®8&he hiQCask Sﬁ@%ﬁg%&go@ training

request; a sec I nstruction or sending a first
sounding frane in response to the training request; a

third,j nst ti t . i Vi . t f .
cxpl 311 BEAEaBReRGr of G PG eI OTBROY2M prgeessor s
ESatlMR20Q 1 LPi(2 3R4rin@ il fOMAdtIdni 13SEd i HlcO&kphigk fEQback and to send a

recel ving a second sounding franme; a fifth instruction
steered rmgdnasadaan the stebngiapdringtionf eedback based on the
second sounding frame; and

22. The apparatus of claim 20, wherein the first frame comprises a Request
to Send (RTS) frame, and wherein the at least one processor is configured to receive a
Clear to Send (CTS) frame and to send the NDP within a short interframe space (SIFS)
time of the CTS frame.

23. The apparatus of claim 20, wherein the at least one processor is
configured to send a third frame with a reverse direction grant within a short interframe

space (SIFS) time of the NDP, and to receive the second frame after the third frame.

24. The apparatus of claim 23, wherein the at least one processor is
configured to include in the first frame or the third frame an announcement that an NDP

will follow.

25. A method comprising:

sending a first frame with a request for explicit feedback;



a sixth instruction set for sending the explicit
feedback in response to the reqygst for explicit

wo e@dbexdk2 20. An apparatus conpfising: at | eaBCT/U8m07/072224
processor configured to send a first frane with a
request for explicit feedback, to send a Null Data
Packet (NDP) having at |east one training field but no
data f , ' - i1
cxcpr 1 ¢ P oS0 L RERELYRR) ARTAER, KA SRkt A4 but no data
freldpand coupl ed to the at | east one processor. 21. The
ng?ggﬁtggigfiqogfsa sceleaI rérg? Bt tetéee %vg)ﬂi}cgg‘eegiﬁaég ersptéieg IBgsed on the NDP.
i nformati on based on the explicit feedback and to send
a steered frame based on the steering information.
22. The apphe arthwdof ckimi2in othendrermismg he first franme

conpri,ses_a_Reques t nd,(RLS) fr.al nd wherein
Che’ ot handy S Rlmmalet PRt el ol L e B U Ve 2
C ear sdndinpeiedr&d Pimé bas¥d oankk §teerindfdrheidDP within a
short interfrane space (SIFS) tinme of the CTS frane.

23. The apparatus of claim20, wherein the at | east

one pyPCEesgQL . od%?@faﬁrﬁ‘igeglﬁ%%éot%ﬂﬁins third frame

with areverse gﬁrectlon t §'short

I nt er fecaivihg & 0ae t SEdYCTI)eanad irt RRepdNBP1o aREqtiest to Send (RTS)
recei ve the second fra fter the third frape. 24. .

FRC éﬁ'btaﬁ‘saﬁ]ﬁs Tt emsi Oy hegib s NDPHS Saet Taagta St interframe

%ﬁggﬁﬁ%gzﬁﬁ§Ofggnffggﬁgg_to include in the first franme
r the thi

Ird frame an announcenent that an NDP w ||
follow 25. A nmethod conprising: sending a first frane

with request for, explicit,.feedback; . WD 2008/ 002972

29 Pc%-uszgg@/@ﬁ‘}‘?éfic aét&%_a'i %t?lsr QUITISRE & Packet (NDP)

havi ngnding £aftd aamctwah AiBGerbd alrébtRut ord® Wahid a She hiterframe
and receiving a second frame with the explicit

Sraed bSIER) timci ofdbic bie dndwhereen NRccor@siramthes needivesbaftdr the third
ﬁhain125, further conprising: deriving steering
I'Af 6r mat i on based on the explicit feedback; and
sending a steered frane based on the steering
information, 27. The nethod of claim25, further
conpr 22 ngThe method of claim 28, further comprising:
including in the first frame or the third frame an announcement that an NDP will

follow.

30.  An apparatus comprising:

at least one processor configured to receive a Null Data Packet (NDP) having at
least one training field but no data field, to derive steering information based on the
NDP, and to send a steered frame based on the steering information; and

a memory coupled to the at least one processor.

31.  The apparatus of claim 30, wherein the at least one processor is
configured to send a first frame with a training request and to receive the NDP in

response to the training request.



receiving a Clear to Send (CTS) frame in response to a

Request to Send (RTS) frane seﬁb as the first frane,
w@nasmberei n the NDP is sent within a short i ne€r/isBENE072224

space (SIFS) tinme of the CIS frane. 28. The nethod of

claim 25, further conprising: sending a third franme

wWth a reverse direction grant within a short

i nterfsane | ES)1.1:4 0 -} ' .

the. stgond 15 appreb BETSLE PRy IR R DRE Frblessor s

2énfiglieel trstinba rofrse|daicoti@Bgrahtuntthefirst iame ®imacgive a second frame

i ncludi.ng.in the first f or.the third frane an
afict i R EATeL 40 T FeREEINDP 2fics p}eo%ﬁforsdofra%
apparatus conprising: at |east one processor

configured to receive a Null Data Packet (NDP) having
at | éast dhe appaiahisngl fclaahd3buwhasirddba sk¢add framg includes an

derive steering.iff or ion based on the NDP, and to
ggﬁwngmgFiﬁpgg@PﬁﬁﬁgﬂE§@88>on the steering
information; and a nmenory coupled to the at | east one

processor. 31. The apparatus of claim 30, wherein the
at | eddt ohbe ppeiessor! ickimedhf Mgarcey the sseand Hamier Bicludes an

r i I : ecej ye e .
B Bl LR FES, B0 BT R g M ocsor i
Séhff3GIddUS2007/ 072224 32. The apparatus of claim 31,

wherein the at | east one processor is configured tq i
send ¥ Fs¢F Sethifidy é%liﬂ? ey thentecppd diggnes thes thiyd, 5%? ipgjuding an

[RE&HYE 1Rt RE6ARARhLaNEI f@fder the first frame, and to
he NDP aft

recei ve the er the second frane. 33. The
apparatus of claim 32, wherein the second frane

i ncl a announcenent .t h an NDP wll follow 34. )
he. aibar athe BPUERE: i Simualy StheNehe cttoleds Pl rocessor is
b8 uElRIStoaddnd IaNRlE fRbt BB hAFR TRNPLRR! td FRER W Clear to Send (CTS)

foll'ow, and whereln the at |east one processor is

temf iy raspenst o thedel S/ Bame tanidriel s¢ndethe figst frametaier diedorfdframe.
frame, the third frame including an indication that

no other franme will follow 35. The apparatus of claim
30, wherei A htBodtorthgastg:one processor is configured

to send a Request to Send (RTS) frane, to receive a
d ear rchlvggr?gNP]éng}a Packet P) having at least one training field but no data
field;

deriving steering information based on the NDP; and

sending a steered frame based on the steering information.

37.  The method of claim 36, further comprising:
sending a first frame with a training request, and wherein the NDP is received in

response to the training request.

38.  The method of claim 37, further comprising:
sending a reverse direction grant in the first frame; and
receiving a second frame after the first frame, and wherein the NDP is received

after the second frame.

39.  An apparatus comprising:



frame in response to the RTS franme, and to send the

first franme after the CTS frane l36. A net hod

W@ 0upnddrng: receiving a Null Da?a Packet ( NDPYCTIEYI0NT072224
at | east one training field but no data field,;

deriving steering informati on based on the NDP; and

sending a steered franme based on the steering

i nf or %EASQ Bne g?bgessgp@oqiﬂlmq]p %fenc% ?i!rgpfl?agie &/Hﬁ ta!?ted'ining request, to
conprising: sending a first frame with a training

seqjueStst NaHd ath @nckich ((WDEB) Nbng st leext @nv édining ficlddmons @ata field,
to the trainin uest. 38. The nethod of claim 37,

ff OREGTEohHEPEd NEP hagihansego it SUBRSEHHe et on gr ant

I'n th&nfeh{o?& cédﬂé@tbtﬁ@&’tlé@s@@hé’ ffesorsecond frame after

the first franme, and wherein the NDP is received

after the second frane. 39. An apparatus conpri sing:

pr ocobor LBTPRFBY bl SERA°: MIFLT el ffinoae processr s

Edr%lgﬁlirdalgtoﬁ%@léie@h,stée@ed e basdd dSISEteH%% inPGitnatida Cdeeifed from the
having at |east one training field but no data

N

&rSé )P. and to receive a second NDP in response to the
training request; and a nenory coupled to the at | east

one processor. 40. The apparatus of claim 39, wherein

t he atll.l eaThe appaateced sMimi 39, edrfdiguhedatt asteosd Ro&ssor is
steered frame based on steering informtion derived

FeBAUE Ko flnieg SRS formionaset APuLC orcR1dafRP3gnd to send a
YOGEE Hnke s orl (O 3LoRB SR AL REGATaib,  confl gured 1o

derive steering I nformation based on the second NDP
and to send a steered franme based on the second

steering informati on. 42. The, apparatus, of .cl alim 39,

aher et hAnE | FRBARRL 6§ HEE (AIE S DR EE R SO RS glades an
AhoNREnirk that &b NOW wiBRIBhe apparatus of clai m 39,

wherein the at | east one processor is configured to

send a Request to Send (RTS) frane, to receive a O ear

to Se ( fra i espqpse .to.the RIS franme, and .
to seﬂg t %E% iarpg?rapui%a?rg C?ffugle?g’t RS ‘5? a@ea%.on% ProCessor 13
o@ifiaetdcongend Si R@juest to Send (RTS) frame, to receive a Clear to Send (CTS)

frame in response to the RTS frame, and to send the first frame after the CTS frame.

44. A method comprising:

sending a first frame with a training request;

sending a first Null Data Packet (NDP) having at least one training field but no
data ficld; and

receiving a second NDP in response to the training request.

45. The method of claim 44, further comprising:
receiving a steered frame based on steering information derived from the first

NDP.

46. The method of claim 44, further comprising:
deriving steering information based on the second NDP; and

sending a steered frame based on the second steering information.



sending a first frame with a training request; sending

a first Null Data Packet (NDP) ?2ving at | east one
waoe@sni2o@ field but no data field;, and recei vPCIGUS2007/072224

second NDP in response to the training request. 45.

The method of claim44, further conprising: receiving

a steered frane based on steering information derived

fromthe first NDP. 46. The nethod of claim 44,

further conprising: deriving steering information

based4dn thﬁagpm*amdcmﬁrisiag'd sending a steered frane

based on the second st n ti.on ..
2008/ HO5YY Qn%er%@ﬁrwgﬁwe@% 9%9 it fr@ameav\é@%rarqr@st for explicit
Fe‘éﬂMck%PQallb@étldneﬁ)s§enﬁ RENRI %%Sls&ketc(?‘lﬁp)%&ﬁ% Jt%a%?@ﬂje training
afirst frame wth a request for ex cit feed

field bwaiho Watatficdh to tascwe raldseaomuﬁmm@mta thla@rq:éltclt(fmlb)*»ck to receive a
havi,n e st one t o dat

DR R R eBnge th M MimbierteSed i B2 -Sfhfng ifiete. and 1o

p&@fdracailibaatian bagdrsithg cﬁefnﬁﬁleastlhﬁte%ﬁlﬂr{@e hehamra@hck and
estimate based on the sounding frane, to perform

cal|b?ﬁﬁﬁEﬁYBQH%ﬁf@ﬁh?Hée%%aﬁ%ﬁpc@§?ﬁnate and t he

explicit feedback; and a nenory coupled to the at

| east one processor. 48. The apparatus of claim47,

wher ed® t hehs appaatog off raaim ¢nnphidrs@sthasouNdiy fd9ae ddraprises an
apparatus of claim47, wherein the sounding frane

5@ﬁbrises training and data fields. 50. The apparatus

of claim47, wherein the first frane includes a

training request and an announcenent that an NDP wi | |

fol | 0¢9. anahmpaiamstbﬂéckaﬁunw,ngfhénemm isgurskemg frame comprises
res ons trai ning request. 51. The apparatus of
EW& ﬁH%#@in the at | east one processor is

conflgured to send a third franme with a training

request after the NDP, and wherein the sounding frame

i s seb® i nThesponstes 106 claia 47, awlmrrng th@é”m@tsﬁram6mcludes a training

reg&easg a{l& oIrl’rEr &) n(?m?tﬁ?l?aq aa%]i ll %olyav{ Iarr& Iegerl]n the SRHnﬁi]mg frame
& sbltl ih r@@bﬂseFfa@L@eﬁralﬁﬂN@E’éqdeaVI ng at | east one training

field but no data
51. The apparatus of claim 47, wherein the at least one processor is
configured to send a third frame with a training request after the NDP, and wherein the

sounding frame is sent in response to the training request.

52. A method comprising:

sending a first frame with a request for explicit feedback for calibration;

sending a Null Data Packet (NDP) having at least one training field but no data
field;

receiving a second frame with the explicit feedback;

receiving a sounding frame;

deriving a channel estimate based on the sounding frame; and

performing calibration based on the channel estimate and the explicit feedback.



field; receiving a second frane with the explicit

f eedback; receiving a sounding,fkrane; deriving a
web@snedo7est i mat e based on the soundi ng franme; PERtS2007/072224

perform ng calibration based on the channel estimate

and the explicit feedback. W 2008/ 002972 33

PCT/ US2007/ 072224 53. The nethod of claim 52, wherein

the fikgst ' azir gs.e s

announterente AR BB T ThOFRoue BE TR Ry 2 waining

Baque’ﬂii iand) afi pmmeincérsers elrtt an NDR sypld il o wt, ant nhetaimilei sognding frame

uest. 54. The nethod of claim52, further

@é trlp§?%1?@nse§8 FHMIREEHAYCH- frane with a training

request after the NDP, and wherein the sounding frane

IS sent in response to the training request. 55. An

apparé&us Ebwpmﬂwdm@cbanSBQ@ghmonmmpwuuﬁssor

ot o A lef it G R oiffof DR 0Py S pggrein e

mﬁlaulrgeﬂm fslsaiten rdspokene Rt tRiding redudlt. f eedback based
on the sounding frame, and to send the CSI feedback

with no grouplng of subcarriers and full precision;

and a nor, at | east one processor.
56. T geapéérgﬁﬁgug 0&¥H&H 55, wherein the at | east

one patod@ss@nei procednif icghfi@aed ctosesdivehe fSGhest efodbatknel state
ement frame having a grouping fiel and a
eg@maiﬂen dashdrodvas B}r&aﬁ?raﬂ%tto fHENGrimyPHigefiaglcy tq gengrate the
£Q1 IFdbEAL BaRR@ SH ﬁiépéo‘ﬁﬂdﬁ&g freﬁH@Ceﬂ{dr {0®5chd tﬁ@dcélofe%%ack w1th no
e coefficrent size to 1 ndicate

gmplngroésulmaumrmnd ffulﬂepr@ﬁliorﬁ emdback 57. The appar at us

of cl ai m55, mh n,th f eedback conprises a CSl
natrlinFUF“%Sﬁ Oéh$WﬁP§$P??p%Wa§%%carrlers usabl e

for transm ssion. 58. A nethod conprising: receiving a
request for channel state infornation &CSI) f eedback
for cab.i br &h¢ owpparapuscel wlawg 45 sohetiimgthe raintgast one processor is

i aetdI tﬁ dseng%&ﬁcﬁél f%eg% Cll%f ag 2%1%2%{&%%'% oha 11&% %,]odlpmg field
@tfd Std:beﬂTc[dne ki aedld, ftol det PHeEEloGHiAP - fidh® to -ﬁht@ 1ﬁ8icl§]t@d1d3§roupmg of
cl aim 58, wherein the sendlng t he CSI feedback .
subcarriers, and to set the coefficient size field to 3 to indicate § bits for full precision of

the CSI feedback.

57. The apparatus of claim 55, wherein the CSI feedback comprises a CSI

matrix for each of a plurality of subcarriers usable for transmission.

58. A method comprising:

receiving a request for channel state information (CSI) feedback for calibration;
receiving a sounding frame;

generating the CSI feedback based on the sounding frame; and

sending the CSI feedback with no grouping of subcarriers and full precision.

59.  The method of claim 58, wherein the sending the CSI feedback

comprises



conpri ses WO 2008/ 002972 34 PCT/ US2007/ 072224 sendi ng

the CSI feedback in a managenent,,frane having a
w@e@apiag2 field and a coefficient size field, PEEUSINY072224

the grouping field to O to indicate no grouping of

subcarriers, and setting the coefficient size field to

3 toindicate 8 bits for full precision of the CS

f eedb?&llﬂing the CSI feedback in a management frame having a grouping field and a
cocfficient size field,

setting the grouping field to 0 to indicate no grouping of subcarriers, and

setting the coefficient size field to 3 to indicate 8 bits for full precision of the
CSI feedback.



