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In a wireless comuni catli on system a transmtter nay

utilize multiple (T) transmt antennas for data
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i ncrease throughput and/or inprove reliability. For

Brarflly ©4.41Re cniithids nBMCEQyCQMB%EKIT%pSTEE‘%%QaMMO OFDM

SYSGRRESS It hanpoushiiod " 4 hiGnlatbaME MukioAR! GBS ah@ hercby

I mprove throughput. Alternatively, the trafSh t T er may

txraesty ihcapeiategl by rdfrancsheeam fromall T transmit

antennas to i nprove reception by the receiver. [0004]

Good performance (e.g., high throughput) may be

achieved by transmtti ei gennodes of the

M MO channel . The eigeﬁgégggeﬂggntgﬁbiemed as

Erth0ﬂgﬂgl spatial channels. To transmt data on the

i gen s, the transnmitter obtains a transmt
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preedwely rig Wrhquasefor rtzansmitting t dagg imop mutliplg-injud oosltiple-output

é&ﬁgﬁgst§g1nay have nmul tipl e subcarriers that nmay be

se S¥>data transnission. To transnit data on the

ei gennodes of each of the subcarriers, the transmtter

nmay obtain a transmt steering matrix for each

ElibcaBatckground perform spati al processing for that
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transmit antennas for data transmission to a receiver equipped with multiple (R) receive

antennas. The multiple transmit and receive antennas form a MIMO channel that may
be used to increase throughput and/or improve reliability. For example, the transmitter
may transmit up to T data streams simultancously from the T transmit antennas to
improve throughput. Alternatively, the transmitter may transmit a single data stream
from all T transmit antennas to improve reception by the receiver.

[0004] Good performance (e.g., high throughput) may be achieved by transmitting
data on the eigenmodes of the MIMO channel. The eigenmodes may be viewed as
orthogonal spatial channels. To transmit data on the eigenmodes, the transmitter obtains
a transmit steering matrix, which is derived based on a MIMO channel response matrix,
and performs spatial processing with the transmit steering matrix.

[0005] The system may have multiple subcarriers that may be used for data
transmission. To transmit data on the eigenmodes of each of the subcarriers, the

transmitter may obtain a transmit steering matrix for each subcarrier and perform spatial



transmt steering matrix for each subcarrier may
requi re significant conputational resources at the
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significant anount of radio resources may be needed to
send the transmt steering mabrices, or pilot signals
used to derive the transmt steering matrices, from
the receiver to the transmtter. [0006] There is
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station performs transmt steering or beamsteering
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subcarriers. The transmitter station performs transmit steering or beam-steering for
cach of the multiple subcarriers with the transmit steering matrix for that subcarrier.

[0009] In an embodiment, a receiver station sends channel information for the at
least one subcarrier to the transmitter station and receives the data transmission sent on
the multiple subcarriers. The receiver station may obtain at least one channel response

matrix for the at least one subcarrier and decompose the at least one channel response

matrix to obtain at least one transmit steering matrix, e.g., V(k) and/or U(k), which
are described below. The receiver may send at least one transmit steering matrix V(k)

as explicit feedback. The receiver station may also send a steered pilot on the at least



are described below. The receiver may send at | east

one transmt steering matrix \ (k) as explicit
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dﬁméb@tht [0012] FIG 1 shows a bl ock diagram of a
transmitter station and a receiver station. [0013]
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pOOpi MEGS 6 shows a block diagram of a receive (RX) spatial processor.

[0018] FIG. 7 shows a process for transmitting data.

[0019] FIG. 8 shows an apparatus for transmitting data.

[0020] FIG. 9 shows a process for receiving data.

[0021] FIG. 10 shows an apparatus for receiving data.

DETAILED DESCRIPTION

[0022] The word “exemplary” is used herein to mean “serving as an example,
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instance, or illustration.” Any embodiment or design described herein as “exemplary”
is not necessarily to be construed as preferred or advantageous over other embodiments
or designs.

[0023] The transmission techniques described herein may be used for various

wireless communication networks such as wireless wide area networks (WWANS),



or designs. [0023] The transm ssion techniques
descri bed herein may be used for various wreless
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networ ks (WAMNs),w rel ess netropolitan area networks
(WVMANs), wireless |ocal area petworks (W.ANs), and so

on. The terns "network" and "systent are often used
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and
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ot ‘'network entity. Station 150 may be part of, and
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RS Qtation, a user equipment, and so on, and station 150 may be part of an access
point, a base station, a Node B, and so on. Station 110 is a transmitter of a data
transmission and is equipped with multiple (T) antennas. Station 150 is a receiver of the
data transmission and is equipped with multiple (R) antennas. Each transmit antenna
and each receive antenna may be a physical antenna or an antenna array.

[0025] At transmitter station 110, a transmit (TX) data processor 120 receives traffic
data from a data source 112, processes (e.g., formats, encodes, interleaves, and symbol
maps) the traffic data in accordance with one or more rates, and generates data symbols.
As used herein, a data symbol is a symbol for data, a pilot symbol is a symbol for pilot,
and a symbol is typically a complex value. The data symbols and pilot symbols may be

modulation symbols from a modulation scheme such as PSK or QAM. Pilot is data that



and each receive antenna may be a physical antenna or

an antenna array. [0025] At transmtter station 110, a
w0 e@ngwize4 (TX) data processor 120 receives trab€¢T/uSuat/e67323

froma data source 112, processes (e.g., formats,

encodes, interleaves, and synmgol maps) the traffic

data in accordance with one or nore rates, and

gener at es data synbol s. As used her ei n, a data synbol
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receiver 154 processes (e.g., filters, anplifies,

thoeved piletrsysboli tgiatch 2] protesSOF M. delroadal rapessyori 194 estimates the

#@@g(;) \?ﬁattr%(?esgﬁiﬁep éos\élg ?Oglig]rggl‘%?ellé\{%g pﬂ@tﬁ%’@ Zb%%(i é)trooviges channel

sgie@iteth RIX Gfatiay pRsdkssot 68. CRANGRkaP NFﬁfé@S?sS@fma%rforms MIMO
Channel processor 194 estimtes the MO channel

feispionsen Hesisacived dife syewelsywh phe elna@yh@%msat%n@d provides data

%;é@ydl%%‘?mgég lna l%ﬁgi%{e Bge%ici.)rgl r#g@%\ﬁ %Ctg gfﬁ Sd% nterleaves and

detotiey tllieedma vyaabal @t tamstysrind @owdbbddobéectdikamfted data smk 172.

[e()s()t I8]rrat eRSecglr\]fgr Etragglll C{%S nqa%} send feedback information to base station 110.
The feedback information may comprise one or more rates to use for transmission,
transmit steering matrices, channel quality indicators (CQIs), and/or other information.
The feedback information is processed by a TX signaling processor 180, multiplexed
with pilot symbols and spatially processed by a TX spatial processor 182, and further
processed by transmitters 154a through 154r to generate R modulated signals, which are
transmitted via antennas 152a through 152r

[0029] At transmitter station 110, the modulated signals from receiver station 150

are received by T antennas 134a through 134t, processed by receivers 132a through



synbol estimates. An RX data processor 170 further
processes (e.g., deinterleaves and decodes) the data
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sink 172. [0028] Receiver station 150 may send
feedback information to base gtation 110. The feedback
i nformati on nmay conprise one or nore rates to use for
transm ssion, transmt steering matri ces, channe
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oper ati on ti 110 and , respectively.

Menories 1 % gkg tore Qﬁ(} nd program codes for

stati gﬂi 116, £RY %@(k)respelmﬂ((v)s y. [003}] The MMO  _ .
chann&l®}5 med by the T-antennas|at tran i ek a()
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may be cha bet@)i ﬁed(@y ‘an 'Ro*X] channel response

matri x H(A) for each subcarrier Kk, mhlch may be

expressed as; h 2 (k). h (k &b) hl
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description herein assumes no error in channel estimation.

[0032] In certain aspects, to provide directionalized transmission the channel

response matrix H(k) for each subcarrier £ may be diagonalized with either eigenvalue
decomposition or singular value decomposition to obtain S eigenmodes of H(k), where
S <min {T, R}. The eigenmodes may be viewed as orthogonal spatial channels.

[0033] Singular value decomposition of H(k) may be expressed as:
H(k)=U(k)-Z(k)- V" (k) , Eq (2)

where U(k) is an R xR unitary matrix of left singular vectors of H(k),

2(k) isan RxT diagonal matrix of singular values of H(k),



may estimate H(A:) based on a pilot sent by
transmtter system 110. For sinplicity, the
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estimation. [0032] In certain aspects, to provide
directionalized transm ssion the channel response
matrix H(A') for each subcarrier k may be di agonalized
wi th either eigenval ue deconposition or singular val ue
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represent t he channel gai ns of t he ei gennbdes of H(A)
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Eq (3) where R(A) is aTx T channel covariance
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H8ahOVARdAGn LY | X, an eigen-steering matrix, a
steering matrix, and so on. The si ngul ar val ue

[BGTPOAS slvn i @EUUAGHsON) GAd (BN theetdd@nNabU& (k) are right singular
deconposition in equation (3) may be perforned using
varoreus Héthns qudk as sigehvasommidfhR(4). V(k) may be referred to as a

transmit steering matrix, a beamforming matrix, an eigen-steering matrix, a steering
matrix, and so on. The singular value decomposition in equation (2) and eigenvalue
decomposition in equation (3) may be performed using various techniques, such as with
Jacobi rotation described in commonly assigned U.S. Patent Application Serial No.
10/096,839, entitled “Efficient Computation for Figenvalue Decomposition and
Singular Value Decomposition of Matrices,” filed March 31, 2005.

[0038] Transmitter station 110 may perform transmit steering with V(k) to send

data symbols on the eigenmodes of H(k), as follows:
X(k)=V(k)-s(k) , Eq (4

where s(k) isa T x1 vector with up to S data symbols to be sent on subcarrier £, and



Jacobi rotation described in comonly assigned U. S.
Pat ent Application Serial No. 10/096,839, entitled

WO Ejoffiizi7ént Conput ation for Ei genval ue DeconpoRGCT/US2I907/067323
and Singul ar Val ue Deconposition of Matrices,” filed
March 31, 2005. [0038] Transngtter station 110 may
performtransmt steering with V(A') to send data
syrrbol s on the eigennodes of H(A') , as foll ows: X(AT)

with BHOrSoS ATy b T sEh b oD h Sugntspisgheagtir £
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transmt_steering in equation maxi m zes system .
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steermgninetrses & manmttm Statiqphil é@» whlyh g@%yf perderny gesmit steering for
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trﬁqmeﬁky chyrmek fahoth thegdrdipkcandridink; sSipeceens Grausges channel is
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assune € reci proca annel esponse

feotprddae ob e MIMM kchant@kespbnsci for teAothet Bnlt. hah MOIf H(k) is the
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annel reciprocity In Syste OWs a Cna
H&RRANSPanspose. Channel reciprocity in the TDD system allows a channel response

for one link to be estimated based on pilot sent on the other link. Thus, receiver station
150 may send a pilot to transmitter station 110, which may estimate the MIMO channel
response based on the pilot from receiver station 150. Transmitter station 110 may then
perform singular value decomposition or eigenvalue decomposition to obtain a set of
transmit steering matrices for all data subcarriers.

[0042] In general, transmitter station 110 may obtain the transmit steering matrices
based on explicit and/or implicit feedback from receiver station 150. Explicit feedback
may comprise transmit steering matrices derived by receiver station 150 based on pilot
sent by transmitter station 110. Implicit feedback may comprise pilot sent by receiver

station 150 and used by transmitter station 110 to derive the transmit steering matrices.



for one link to be estinmated based on pilot sent on
the other link. Thus, receiver station 150 may send a
w@epost27ed t ransm tter station 110, which may eBCT/H81087/067323
the M MO channel response based on the pilot from
receiver station 150. Transm pter station 110 may then
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steering matrices. [0044] In an enbodi ment, receiver
sdlatd aiforhiBiosents sabamias fombbichehagr] frdorntitioy i@sent are referred
subset. of all data subcarriers. The channe
famdlcHgnaten sty 8 hpri se transnit steering matrices

ylﬂclg]) l' AP UREH O %bé&ilg_l?kt: oF r}gitéha&es}é/gﬁ‘nﬁ{ear subcarriers. In this

hannel response matrices ) . channel covari ance

embodinest, R{eAK)total sulshe@redepistwied ot meusatilepiol ohnsmission and are
gsr;gg/n(e)(ri il?({ipeesrofclht%?onueglh K. The designated subcarriers are uniformly distributed
across the K subcarriers and include every L-th subcarrier, or subcarriers b, L+b,
2L +b, and so on, where L >1 and b is an index of the first designated subcarrier. The
uniform distribution of the designated subcarriers allows for sampling of the entire
system bandwidth in the frequency domain.

[0046] In an embodiment, L is a fixed value that is selected to provide good
performance for most operating environments. In an embodiment, L is equal to three,

which allows the channel information for a given designated subcarrier to be used for

that designated subcarrier as well as data subcarriers to the left and right of the



related i nformati on. The subcarriers for which channe

information is sent are referred to as designated
waumcartiers. [0045] FIG 2 shows an enbodi meneCoiS2007/067323

fi xed designated subcarriers. In this enbodi nent, the

K total subcarriers are assungd to be usable for

transm ssion and are assigned indices of 1 through K

The designated subcarriers are uniformy distributed
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: . d.
Stbcat Mpet Sorararbfls PHey e eipatReBrice WARNEICT 1of df Fappbysed for
Iefsnflld T RIEERLREAT T, 86 Sublirfil hWaERbick! BP- I8 WliS1 to +28
Ich may provide divérsity against frequency
selusghle V& tfadinmgion] (048# afd Gabld 1sthowsexampéamp dekiigrendd subcarriers

esjgnat ed, subcarrjers, for | EEE 802.1 1. |EFE 802.1 1
e PR RuRs BB et Gt g iR iy g By selocied
subcarriers that are assigned indices of -31 to +32.

In | EEE 802.1 la/g, 52 subcaspieers with indices of -26
to - 1 and + 1 to +26 are usable for transm ssion,

four subcarrleis Wi gh indic gﬁéﬁméd%hbcéékmf/ and
3 +2,5,8,11, 14,17, 20, 22, 25 and 28
5 +3,8,13, 18,23 and 27
7 +4,11, 18 and 25
9 + 6,16 and 25
13 + 8 and 22

[0049] In an embodiment, the designated subcarriers are known a priori by both the
transmitter and receiver stations. This embodiment avoids the need to send signaling to

identify the designated subcarriers. In another embodiment, multiple sets of designated



+21 are used for carrier pilot, and the subcarrier

wth index of 0 is not used for transm ssion. In | EEE
wW@o®7121w4 56 subcarriers with indices of -28 POI/USH07/067323

and + 1 to +28 are usable for transm ssion. FIG 4 and

Tabl e 1 show exenpl ary desi gngted subcarriers for

different values of L. O her designated subcarriers

nay al so be selected. Table 1 [0049] I'n an enbodi ment,
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be” qu conerence’
frequency. A frequency correlation function Q(¢) may be defined as:

K-/

Q(ﬂ)—(K g) TR ;;;hlj(k)'hi,j(kﬁ), Eq (5)

where ¢ represents frequency delta and “ * ** denotes a complex conjugate.
[0053] Coherence bandwidth may be estimated based on the width of Q(¢) as

follows:

BW, = ; Eq (6)




is related to the rate of change of the channel
response matrices as a function of frequency. A

WO e@quzitey correl ation function Q) may be def PEBUS87/067323

where represents frequency delta and " " denotes a
conpl ex conjugate. [0053] Cohgrence bandw dth may be
estimated based on the width of ) as follows: E . =
i Eq (6)where Lc is the smallest value of for which

f) \<b \ \, s hr esho val ue tween 0 and
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coher gnces Hapinidhfiod, and nversely rel ated to del ay
spread. Hence, a snaller coherence bandw dth

cor r eBpandshe ehardnge bedwddthay spread, and vice versa.
L nmay be related to coherence bandw dth and inversely
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may be defined for L versus delay spread or cpherenc
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bandw dth of the w rel ess channel . %0055 ecel ver

wigtheoreldtsd toregohsenct vandvodth tygasvasselx related] to delay spread. A

Lnformati o otransmtter stati.on 110. In.an
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each designated subcarrier. In another enbodi nent of

entpid @ cohgrepeppalwidte obthgarirdesschgmel 50 sends a

i al i [ i x f h i gna .
BSSL ) g B L 4GRS Rl o o
trasniieert aatorei pinvalabenttedongn siftdxphicio feclbagy Iradeivelstigion 150
deconposition for each designated subcarrier, instead
ginde ae BntggtangobsgerinematrighVel) fragachednsicnated plraatiqrodn another

Furthernpre, receiver station 150 erform. . :

FrBbeHFGE o i bricherC deergh atoa JabeBi Pl gpsmit stcering
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Receiver station 150 may use a final solution of the

perfmrsnéigenstberdengmpetitidncorf snguwareratiwsdagpapesitie fie areli designated
sql uti,on

il B SR b Bk cion
Flvghthahe rre@divdrt Qhtadn 0BG hay Peffbie debOmpositadn $& bddhOfesignated
subcarrier in an iterative manner, e.g., using Jacobi rotation. Receiver station 150 may
use a final solution of the transmit steering matrix for one designated subcarrier as an
initial solution of the transmit steering matrix for another designated subcarrier, which
may reduce the number of iterations to derive the final solution.

[0056] In yet another embodiment of explicit feedback, receiver station 150 orders
the singular values (or eigenvalues) for each subcarrier from largest to smallest and also
orders the right singular vectors for that subcarrier in the same manner so that each right

singular vector is associated with the same singular value before and after the ordering.

The ordered right singular vectors may be denoted as v,(k), v,(k), ..., v;(k). The
ordered singular values may be denoted as o,(k)>o,(k)>...20,(k). A wideband

eigenmode is the set of same-order eigenmodes for all subcarriers after the ordering,

e.g., wideband eigenmode m includes eigenmode m of all subcarriers. Receiver station



[0056] In yet another enbodi ment of explicit feedback,
recei ver station 150 orders the singular val ues (or

wer@enyakues) for each subcarrier from | ar gestP@DUS2007/067323

smal | est and al so orders the right singular vectors
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explicit feedback, receiver station 150 sends a

eeragnsead Sl“E%%B?Fse matrix H(A:) for each designated
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150 se&ﬂs Ifulﬂecsmglnm educs Ubr eachi matrix[1OR&8Y tbrtraasmitter station 110. (A
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| mnﬂgk emy{t) an ta3r1 Isgndsbacﬁoﬁ(km)( rﬁH' Eﬂ(ii , hgr%rk fori=0,1,

., are designated subcarriers. In yet another embodiment, receiver station 150 maps a
computed matrix to the nearest matrix in a codebook and sends the nearest matrix. For
example, a codebook of possible matrices may be defined for V(k), and one matrix
may be selected from the codebook for each designated subcarrier based on the matrix
computed for that subcarrier. In yet another embodiment, receiver station 150 performs
coding or compression of the matrices to be reported in order to reduce the amount of

information to send.



150 may conpute differential values for a channel
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recei ver station 150 rray per form ei genval ue

deconposition of H ( :) H (k) , instead of H (A)

H(A:) XQSk)&hm,)Mk)lM(quuatl on (3), to obtain U(A) . Eq (7)

Recei ver station 150 nay send a steered pilot on each

ei genm)de m as follows: n(k) -p(k) , Eq (7)
@Iieepﬁk}swkasbmb@&segm C%r@ﬁtrrfg,on subcarrier Kk,

unm( A:) an R x eft singular vector for ennodes
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outp Utgmfly)nltg%ln Vethor oI’ o&ggtssy%l%ofs%g ﬁ an![ennas on subcarrier .

In an embodiment, receiver station 150 may cycle through the S eigenmodes in different

symbol periods. In another embodiment, receiver station 150 may send steered pilots

on the S eigenmodes on different subcarriers, e.g., use subcarriers a, atS, ... for
eigenmode 1, use subcarriers a+1, a+S+1, ... for eigenmode 2, and so on, and use
subcarriers a+S-1, a+2S-1, .... for eigenmode S.

[0061] The received steered pilot at transmitter station 110 may be expressed as:



In an enbodi nent, receiver station 150 may cycle
through the S eigennodes in different synbol periods.
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steered pilots on the S eigennodes on different
subcarriers, e.g., use subcarfyers a, at+S, .. . for
ei gennode 1, use subcarriers +1, +S+1, . . . for
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obtai ned tor the designated subcarriers. [0064] In an
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[0064] In an embodiment, transmitter station 110 performs transmit steering for

Eq (8)

cach data subcarrier with the transmit steering matrix for the closest designated
subcarrier. As an example, for L=3 in Table 1, the transmit steering matrix for
designated subcarrier 2 may be used for each of data subcarriers 1, 2 and 3, the transmit
steering matrix for designated subcarrier 5 may be used for each of data subcarriers 4, 5
and 6, and so on. For L =35 in Table 1, the transmit steering matrix for designated
subcarrier 3 may be used for each of data subcarriers 1 through 5, the transmit steering
matrix for designated subcarrier 8 may be used for each of data subcarriers 6, 8, 9 and
10, and so on.

[0065] In another embodiment, transmitter station 110 interpolates the transmit
steering matrices for the designated subcarriers to obtain a transmit steering matrix for
cach data subcarrier. For example, transmitter station 110 may perform linear

interpolation on two transmit steering matrices for two designated subcarriers to obtain



and 6, and so on. For L =5 in Table 1, the transmt

steering matrix for designated subcarrier 3 may be
w@e®d12ow4 each of data subcarriers 1 through 5PCT/H82007/067323

transmt steering matrix for designated subcarrier 8

may be used for each of data gubcarriers 6, 8 9 and

10, and so on. [0065] In another enbodi nent,

transmtter station 110 interpolates the transmt
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i &&ﬂ&% q%&%ansn1t steering matrices for L - |
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arriers between these two designated subcarriers.
0a6E m thremsnsttet isamiod 101 ayaypgretforim iratsetip olt@tingnfarneach data
ot her. manpers and/or on nore than two transmt
gibsairichgs PPces for nore than two designated
subcarriers. [0066] Transmtter station 110 nay

perfo tr steering for each data subcarrier as
Fol | ot ?E’s%”k({ s(K) , Eq (9) where \ (k) isa P10
transm t steerlng natrix for data subcarrier k . \_(k)

% reb'@ %Q?nh s’?‘eeﬁﬁ%ln{ﬁ )mac%rdiaf% sfuBEarﬁe £ Sgg}?)a&% be a transmit

I er C osest carrier

ste&ﬁfg%h@&efar ] Ei@sl"'éﬂﬁ'téd ﬁﬂa@zﬁhbﬁ&ow@{ fol daté:a{mwri%{dkt)p bn interpolated
dat a subcarrier . 067] The recei ved synbol s at

recselitsecraganiton cw@uﬁqréiort@taesqbp@rme@ as: r(k) =E(k)
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channel response matrix for subcarrier k, and nmk) is
a veckQr of HObj-sek)f-oh, @ybcarrier k at receiver station
150. For sinplicity, the noise may be assuned to be

addi ti ve whHi(k)- wms(la)mmke)e (AWGN) with a zero nmean Eq(10)
vector and a covariance matrix of n (k) =sn 2 1 ,

where sl isHuH&) ) aBebéfbf the noise. [0068] Receiver
station 150 nay obtain Heff ( ) in various manners. In

one
where H.;(k)=H(k)- V(k) is an effective channel response matrix for subcarrier &, and

n, (k) is a vector of noise for subcarrier £ at receiver station 150.

For simplicity, the noise may be assumed to be additive white Gaussian noise (AWGN)

with a zero mean vector and a covariance matrix of n_(k)=o. -1, where &~ is the

variance of the noise.

[0068] Receiver station 150 may obtain H,; (k) in various manners. In one
embodiment, transmitter station 110 sends an unsteered pilot on all or a subset of the
data subcarriers. Receiver station 150 obtains a channel response matrix H(k) for each
subcarrier in which the unsteered pilot is sent and decomposes the channel response
matrix for each designated subcarrier to obtain a transmit steering matrix V(k) for that
subcarrier. Receiver station 150 then sends the transmit steering matrices (or a steered
pilot) for the designated subcarriers to transmitter station 110. Receiver station 150 also
uses these transmit steering matrices to derive the effective channel response matrices

for the data subcarriers.



enbodi nent, transmtter station 110 sends an unsteered

pilot on all or a subset of the data subcarriers.
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H(A:) for each subcarrier in which the unsteered pil ot

Is sent and deconposes the chgnnel response matrix for
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Recei ver station 150 nmay derive a spatial filter

?ggLké%ggiJigspgf?Qaéﬁﬂgg%rrbegkklggﬁ dfo? ;hekg?EE( ) Eq(11)

+B2-ir 1 -Hf (), Eq (1 I where D( ) [di ag
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BPork el 1 Lt v L bR, o » o
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[0071] Receiver station 150 may perform MIMO detection as follows:

8(k) =M(k)-r(k) = s(k) +n, (k) , Eq (12)

where s(k) isa T x1 vector of data symbol estimates for data subcarrier &, and

n, (k) is a vector of noise after the MIMO detection.

The data symbol estimates in §(k) are estimates of the data symbols in s(k).

[0072] FIG. 5 shows a block diagram of an embodiment of TX spatial processor
130 and transmitters 132a through 132t at transmitter station 110. Within TX spatial
processor 130, a demultiplexer (Demux) 510 receives the data symbols from TX data

processor 120, maps the data symbols and pilot symbols to the proper subcarriers, and



[0071] Receiver station 150 may perform M MO detection

as follows: () = MA) -r(k) =s(k) +n (k) , Eq (12)
wob@ra2sgk) is a T x | vector of data synbol eRCT/B8108%067323

for data subcarrier k, and (k) is a vector of noise

after the M MO detection. Thegdata synbol estimates in

s(k) are estimates of the data synbols in s(k)

[0072] FIG 5 shows a bl ock diagram of an enbodi nent

of TX spatial  processor, 130, and transnitte 132 .
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132a, through 132t. [0073] Each transmtter 132
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194 estimates the MIMO channel response for each subcarrier with pilot transmission
based on the received pilot symbols for that subcarrier. Channel processor 194 provides
channel response matrices to a spatial filter matrix computation unit 624 and a
decomposition unit 626 within RX spatial processor 160.

[0075] Unit 626 performs eigenvalue decomposition or singular value

decomposition of the channel response matrix H(k) for ecach designated subcarrier and
provides a transmit steering matrix V(k) for that subcarrier. The transmit steering

matrices for the designated subcarriers may be sent back to transmitter station 110 or



provi des received data synbols to a M MO detector 620
within RX spatial processor 160, and provides received
w@rloon2Eysbol s to channel processor 194. ChannedT/US2007/067323
processor 194 estimates the M MO channel response for
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[0078] FIG. 7 shows an embodiment of a process 700 for transmitting data. A
transmitter station receives channel information for at least one subcarrier that is a
subset of multiple subcarriers used for data transmission (block 710). The channel
information may comprise at least one transmit steering matrix, at least one set of
eigenvectors, at least one channel response matrix, or at least one channel covariance
matrix for the at least one subcarrier. The channel information may also comprise an

unsteered pilot or a steered pilot sent on the at least one subcarrier. The at least one

subcarrier may be distributed across the multiple subcarriers and may be fixed or varied
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the at | east one subcarrier. The at | east one
ubkar22) edf theychhenadifomdsiongd anonstssred pdotrthani qjll@st one channel

subcarrier.s an do varled Cros

RERERE s g belboinse iR pCead Bk RERGHRR Tt 66 BicSumstcered
pll@nadidecSthped RgobRin' the @slchflont I@@nrﬁdit tsicBti®g matrix. If the channel
subcarriers based on the channel information for the

formasion ipnesteupt aiet dher( Bicodkleap @pe tménmtr sipRypgt mefrix may be
%Bt? ? dlpetc& Ceosd§e og atilg steere(fngq(r)tnul”[thle aensﬁlliltgec a{#’mo [ ?eterrmnes a

nsnr st eer I Ces tO sen

frimumiteteéring atrixafes réath aflﬂ%ﬂﬂﬁaﬁlpl@subdhﬁrieﬁﬁ Base@oRithe at least one
ant ennas( bl ock 730%@ [0079] In an enbodi nent of blo
frogpmit pecing Aty (BIock {7t onf Tebtrafisut siecting Statigh dor Gach of the

ot
TR AP 1 e 80l ey v o
l:lbsetsh enc béthedt leadt @noasubainri¢rsorai?) Westv &k b dntpipobiting tthveror more

at | east ane channel .response matri x may be obtai ned
FSTin SteSfiNg RRFIOEY @ DEIATa 0T &7O hils BPTorEIoNs. qHaPHETey In an

B binRRCHAREATPAS ek {rsh ARSI s'fhtfoh%e%nh@ﬁ'%snﬁf‘ﬁeenng for each of
transmt steering matrix. If the channel information

the rwlspleeue@rmrls otith thhransnhiestedriniggnaitix daermingd $ori that subcarrier.

@EOS@ [ 1 of Merhede AR Bl o i 07 o B dging g

fiis t SO0 @RI rMBdnsi for freEcigiaghciabindl NExfoflatioR| Br at lcast one
su carriers based on the at | east one transmt

gitbsairich élaﬁsstarwse(tr@rf Jutipie aybcamipss wyedfendata 5@1@8@15%@1 (block 810),
%ﬂs‘ or of)’tra n%?g: Ear?s 1{ ﬂgerﬂtéj ﬁl{ltplcgs for kﬁ% %Lh@ Ca ne§ l#a}gd on the

egua ransm eering

EH@né:ll affeshatione f@f tHehat ddast east subﬁﬁ‘rﬁtl Kbhx:kl 820)prand 2iheans for
ggcés\é%% (Pa¥a Iforllrttl(leg Pncl)lllt?ptle rs]u ctarvr?erso {Vlth tflg transmit steering matrices to send
the data from multiple transmit antennas to multiple receive antennas(block 830).

[0081] FIG. 9 shows an embodiment of a process 900 for receiving data. A
receiver station sends channel information for at least one subcarrier that is a subset of
multiple subcarriers used to send data (block 910). The receiver station receives a data
transmission sent on the multiple subcarriers from multiple transmit antennas to

multiple receive antennas using transmit steering matrices derived for the multiple

subcarriers based on the channel information for the at least one subcarrier (block 920).



transmt steering matrices obtained for two or nore
cl osest subcarriers. In an enbodi nent of bl ock 730,

WO b@7tizamsm tter station perforns transmt st eRCT/ORDTO67323

each of the nultiple subcarriers with the transmt
steering matrix determ ned foy; that subcarrier. [0080]
FIG 8 shows an enbodi nent of an apparatus 800 for
transmtting data. Apparatus 800 includes nmeans for
| Vi channpe nf Q ol | east ..one
URELY 18, APl 8 BBk %00’ s FephEP ShiBLPppigs,oe teust one

vt clf rosponad ﬁlatr[xafdﬁ ﬁlhesal least oht ogcatikd and ﬂeam@as@dr the at least one
obtaining transmt steering matrices for the nultiple

chppoelr rasponse bagitiy torolithie atHaasheine romitastcang atixhes.g., V(4)

at | east one subcarrier (block 820) and neans for

yrdé@regé’rhg Thatagcvsr maRecliptiFpit eng {BRERIE peprangunaHix N&K) as the
matrices . to s he dat

t
R ER oG P ek RE St n iRy i ermia s v 1¥ist one transmit
%f@érﬁ&nﬁ%gl Ve %Q)leasﬁ 8R8 %&de@oﬁl ifa $HEW0R A& RBRAIEB {cast one

a process receiving data. A receiver
sdRiMoBd as &ﬁ%aﬁﬁkﬂﬁﬂbl’mhﬂiﬁmrm ta@BivEOstaiddn RASIs0RAd at lcast one
subcarrier that is a subset of nultlple subcarriers
ggeach sple BATE PbRbigasoeny chaHel corwianss BatEK| Inthe channel
[n?@%la\ﬁ%ﬁ aTlgea}e%erEIaFﬁHbl? ?ﬁa?rnaﬁ(? NEnPY stt&l:?e 1(%‘[' JPA ®he at least one

arriers fromnultiple transmt antennas to

sabchiriel @sing Geilasst @it @Rast stsdritg hataRSU(A) . STRE Fédeer station may
matrices derived for the nultiple subcarriers based on
d¢ternmhafiregiicricp fsolentatityoor dday sireadadf theasirclossechannel and determine

K oBRMBY0 O (RBOFOES! Vbr bl ar i GBI HEO D Basth (i feauency

m@dﬁwy of aéapg@féam@ftthe ¥ifeRiss EH@nall | east one
subcarrier and deconposes the at | east one channe

H983bnsdn r&atembxédtn@ﬁn@ bt blopk 920, |tearpceiyprestatiqaradiigins multiple channel
?etsg(%{se %tﬂ&t rf‘o%(thg%n@tq)le glﬁCa)m@g C&)l%ck ‘g&@ ntd de-léhl%goses at least one

erver oné "transni
al’ainnelxlre&ﬁo%sé nadrit fier thbannelst bif eubratricdio obfagh kEeReitwdk transmit
station may al so the at |east one transmt
SeEHIy mgtrmau(k)( (V(OAE P28 p érﬁlelré%ﬁsYer@lt?éIO@d&é%n@& tﬁﬁnémlt steering
codeboqk end the at odeword as.
YRR fort ?’6‘%1 ff cafife t?aéi‘:‘g?l%/gﬂf’ At B tWBVnﬁlsE?S“ng matrix in
gRndnAt mh@rﬁ%tas QRE G RGNS} sthBSPASE g@@)r ' Th@?ec@fvef 8@8bn derives
one channel covariance matrix as the channel
ittt erenatiohfiltereatrieasdow the naitlaplic @nbmy@rab@@d@aﬁme muultiple channel
st eer ed |Iot oaﬁﬁ E at Ie st. one subc rrhfr B gfat
feé%‘&{seorﬁ Fafts FRUPH CHEr METGER T thopp gubCarricts, c.g.,
L@eRianes w&ﬁhaMMSE RN ce edchhibed (REIKEOTY). SBhERIkMbE Yation then
or dela spread of the w reless channel and determ ne
peréo rm& tign feruthe anliiple subeprgers avith s rrevltipler spetiadt fiilem matrices
Bﬁ&: the frequency selectivity or delay spread of

| ess channel .

[0084] FIG. 10 shows an embodiment of an apparatus 1000 for receiving data.

Apparatus 1000 includes means for sending channel information for at least one
subcarrier that is a subset of multiple subcarriers used to send data (block 1010) and
means for receiving a data transmission sent on the multiple subcarriers from multiple
transmit antennas to multiple receive antennas using transmit steering matrices derived
for the multiple subcarriers based on the channel information for the at least one

subcarrier (block 1020).



[0083] In an enbodi nent of bl ock 920, the receiver
station obtains nmultiple channel response matrices for

w0 b@7meid7e4 pl e subcarriers (block 922) and decoP@GDESRN0H067323

| east one channel response matrix for the at |east one
subcarrier to obtain at |eastpone transmt steering
matrix V(A:) (block 924). The receiver station
determines transnmit steering nmatrices for the multiple
rri-ers, based.on (L4 at ast, ane_transimi
BUOBSE g M EYST e i AR RC Bt hE PP s drmgpented oy
$4reduis OMed3| 0Ckr Qiﬁh?le'rhl&sé aeinV@ics Shat ibe mmrh&ﬁéd in hardware,
nul tiple spati al ter matrices for the nultiple
Bupvaicr seftwasaoed epmbiRgiqruthergofe Bevanherdwass poplsancntation, the
S

RS AFRR AR L Bon RSB or ly 2L A T DR GBS il 3 ed within
bec bﬂtxﬂ)lﬂ@ﬂplﬂtdaﬁmk spR@)c infdpgatee catviey (A316%), atigitdhaipnal processors
erforns detection for. the nulti ubcarrierg with
flﬁil’sgmdeglﬁf &SIt PrAFespingt g5 Vifi .ﬂBEﬁQ ebwreglw ¢ logic devices
¢ el Lp SHRVR ak-CHRARI PEIEA BecARRAT Bl -
goggé%of reéégelng da ae Ap%gratus %O&g ?nc | udes negﬁglﬂwﬂ)
c@ItrOélersdlrmgraph@mB@Irs i elédramat idowicEsprother Ekagonionaits designed to

carrier t.hat ubset of |p| subcarriers
BB bt St g T iR Soprch o BT °t ccel vi ng
Foo@a} a tHoRNS MirSSiafd aHE/B s@ﬂwﬁféelﬂ?iblhﬁlbﬂbﬁorﬁ Uine aeElBifes may be

rommultiple transmt antennas to nultiple receive
wnplemprisd (et gmﬁw@ﬁ dpiet, m@énreﬁg fumthamsG @sd der pn)etbjatf perform the

rr n

R B R, L FoBBARCu Rl BT S gy pe srored in o
RR0Q)y [(9@8ﬁherﬁb@ 142108 9SO AIG e¢hahdugscdes ¢>|y| Hetocessor (e.g.,
her ei n na be inpl emented by variqus neans.
@5@%5@% 149 08590y ecﬂm HGROTHEAYhRE |HHB]|6€W€Wfie‘Hlﬂiﬂﬁ the processor or
gﬁ 1N % e, software, or a conbination

ere F ardwar e i npl enentation, the processing
L0087 atThR pre\amm’ddstrmtumtcsftth@dusdbsed aneeeinuarts stpadvided to enable

may be | nted within one or re application
@aée?rﬁﬁm: rﬁ?h?im et 19 PRk 05 uﬁ%%ﬁ@@ﬁc?owﬁfgi Vapou giedjfications to
Qe &%ﬁ@dlﬁleﬁw ) be 1%5.&1'1}1 ppasd@NGthdRE @Ei@l%é ')uli‘ %edzﬁlt’ ' a@ﬁsthe generic

( DSPDs) rogramraebl e I'ogi ¢ devices (P
pmmgpla ed lgam@ ngqyﬂ:a:y@p@ﬁ@@gt}ler gnb@:bg@ms sw1thout departing from

antr ers, ontr r.ocess
QiR on oty ST HELBs SRR e B R O R BESRBERhio ey ited o
pRrdngodirh&is thsved herm ﬂﬁi@ itd BeAcdd®i the Wided scope consistent with
conbi nation thereof. [0086] For a firmware and/or
deringiesiang nevel ieaiercs discloprd heseiini ques may be
i npl enented with nodul es (e.g., procedures, functions,
and so on) that performthe



functions descri bed herein. The firmware and/ or
software codes may be stored in a nenory (e.g., nenory

wQa2®702774092 in FIG 1) and executed by a proceBGDDS2007/067323

(e.g., processor 140 or 190). The nmenory may be

i mpl emented within the procesgpr or external to the
processor. [0087] The previous description of the

di scl osed enbodi nents is provided to enabl e any person
skilled in the art to make or use the disclosure.

Various nodifications to these enbodinents will be

readily apparent to those skilled in the art, and the
generic principles def i nedCheXEYES may be applied to

ot her enbodi ments wi thout departing fromthe spirit or
scope of the disclosure. Thus, the disclosure is not
|ntenged t An@parafik ek ﬁgnghe enbodi nrents shown herein

but is to be accorded Phe Wi dest scope consistent with

t he prﬂr lpast phe pragasson eerdigufeshiioueesvasaangsatprmation for at least one
su% iy %‘at 1slv§fsubsctb‘8 uﬁﬁ{l@ tsﬁjbc’ca% ﬁée ' 09 :da attran%%‘?ssm%n?o obtain
processor con ur ed redeive chanmel” CAfor ma

frovisndt stb@amt m@tﬁeesSfd)b el thuRipld mt:artﬁrs&)asctb&ethe%annel information
nmul tiple subcarriers used for data transm ssion
fpétt%ﬁ ﬁt ]F?Sérﬁ’@?nstl @iEar pHgtonRpegse datarfer thernaulipl etaubr:%é‘ﬂers with the

{ gt%&{ gs Rﬁsctnﬁqhé:ti Anm W51 %ﬁhﬁﬂlt H{enﬁ%eto multiple
east e su carrier, to pro s data for 't
nmbmeph&nmmbmahnn@nmywmnpbﬂheﬂmmahmﬁkme@hﬁemmng
matrices to send the data frommnultiple transmt
antennas to nultiple receive antennas; anda nenory
coupl ed toTB@eap@Erah%a%f Qi% P OGRSSRN the-at TREt one processor s
apparatus of claim1, wherein'the at |east one
pondigessioto dbsaie @hfeagtmedramsmotst@rmg aatiie fztthoakleast one subcarrier

ransm.t steeri.n trlx r the | east one .
bR MR P ot it RnarRER bosf Tpgrix for cach of the
AR Ok adidkd Basaioh the @eldaftbr¥tdnkhitl PeerdaGhatak, ddteto perform
mul tiple subcarriers based on the at | east one

tfﬁ%ﬁemt?efgtge@)ﬂeﬁ@l phthei myltigleasubearpierst withnthe Gnsmiit stecring matrix
ﬁétggﬁlh&?f - Ao s‘ﬁ%&ﬁn&f the nultiple subcarriers with the

Stee i'ng matri x determ ned for the
subcarrier. 3 The apparatus of claim?2, wherein the
at | east one processor is configured to set the

transtit stBerdbRgraist Pf 4By ‘eathersh thfe aflepstppre processor is
§ ¢ Fdd B3t B4Bhsh s‘f”eehﬁ%ﬂ%?ﬁ& ﬁetegtgﬁ bpﬂler{ﬁﬁlﬁg% subcarriers equal

i ned for a closest on | east
Eudotrarsmeirteermg nfdex apparcdtfosa dbsest aianf2he atHeaseome subearrier.
at | east one processor is

4. The apparatus of claim 2, wherein the at least one processor is
configured to derive the transmit steering matrix for each of the multiple subcarriers by

interpolating transmit steering matrices obtained for closest subcarriers among the at

least one subcarrier.

5. The apparatus of claim 1, wherein the channel information comprises at

least one transmit steering matrix for the at least one subcarrier.

6. The apparatus of claim 1, wherein the channel information comprises at

least one eigenvector for each of the at least one subcarrier.



configured to derive the transmt steering matrix for
each of the nmultiple subcarriers by interpolating

WO e@ngwi7e4 st eeri ng matri ces obtai ned for cl oseBECT/US2007/067323

subcarriers anong the at | east one subcarrier. 5. The
apparatus of claim1, wherei mghe channel information
conprises at |east one transmt steering matrix for

the at | east one subcarrier. 6. The apparatus of claim

1, wherein the channel information conprises at |east

one eigenvector for each of the at |east one

subcarri er THe appaeatapphclains, @helradhtn chani @ifeinfatidi€omprises at
channel information conprises at | east one channe

feasipras sdanral FpspoBte MEtrxeQfstt lensk o shwr! exypppngenmatrix for the at

ﬂﬁ&&hés&&{n%ge at | east one subcarrier. 8. The
apparatus of claim2, wherein the channel information
conprises a pilot sent on the at |east one subcarrier,

and erein the at |east.one ocessor configured
to obbai n § heaBRAEREE CHR 2 PREH? fhcsghanps! rBIoFEAe, comprises a

pasednPont 8 R11LQL 2ENub&RritN &l wh&BB! thAN8 least one processor is
subcarrier. 9. The apparatus of claim2, wherein the

ctrdigneld tordbtaimeitd ascasb oy framsnitstpéringt maigintbased ot éhegtilot sent on
QF i& one s bcarrler and wherein the at |east one

d §§6P€S WD@ENFi gured to obtain at |east one channe
response matrix for the at | east one subcarrier based

on the pilot sent on the at |east one subcarrier, and

to deBonpodbe epiaraus palyim gnevhetrim s Chae@fﬂdﬁ&)émﬁmrr peanprises a
élgot 9 Ioﬂ th eat qgaslt eo%étﬁugga?n&{ aawa flergtheﬁlr I ﬁgler@ e %rocessor 18
. e appar atus o Clalm 1, ereln eas ne

seigargd terobkdin di Rhustidag tcRahmet Fe@pSnst eatiiifér tht @t least one subcarrler
subcarrjers. 11. The a?paratus of claiml, whereint

5%8611 oadhe Bkt sshitRmiheiag fcagtpnesybertiers andrin d5coMeoss W@ at feast one
%ﬁél%éﬁ)nsél'nf%atrﬁ FRhRATHE QP RALSInE Fand B Qﬂeﬁ 1ﬁg9m9!?&” nel

ormation for at |east one subcarrier t
subset of multiple subcarriers used for data

transm ssi obtai nin ransmt steerin trices for
the mifti pfﬁe BRI BF OHECdd BATE Mo fioh dhefst one. subcarrier is

HRE@uRtHCRIs ﬁ{%rmﬁlhﬁle%béa@ﬁ&*s one subcarrier; and
processing data for the nultiple subcarrlers with the

transmt steering matrices to

11. The apparatus of claim 1, wherein the at least one subcarrier varies

across multiple time intervals.

12. A method comprising:

receiving channel information for at least one subcarrier that is a subset of
multiple subcarriers used for data transmission;

obtaining transmit steering matrices for the multiple subcarriers based on the
channel information for the at least one subcarrier; and

processing data for the multiple subcarriers with the transmit steering matrices to

send the data from multiple transmit antennas to multiple receive antennas.

13. The method of claim 12, wherein the processing data for the multiple

subcarriers comprises



send the data fromnultiple transmt antennas to
multiple receive antennas. 13. The nethod of claim 12,

wob@rar1i44 he processing data for the multiple PCT/US2007/067323

subcarriers conpri sesobtaining at | east one transmt
steering matrix for the at |emgst one subcarrier from

the channel information, determning a transmt

steering matrix for each of the nultiple subcarriers

gﬁ?j e Sg‘t?tlgmtm & ‘rileats%r (gnﬁe:t%‘ﬁl A étslié refal?lg Ii]ﬁ I‘é)? 2 ac%ﬁq?an?ﬂne subcarrier from
m@bhmﬁkenﬁ@ﬁﬁﬁbﬁjers wth the transn1t steering matrix
determ ned for the subcarrier. 14. The nethod of claim

13, WHLPBTIAIEHE ST SieRNE dnathis ferreanls of thegpelgplerpybearriers based

Hﬁ‘h{e'a’fﬁlé‘a on%%ﬁsrﬁft s{eQﬁn%HJa{r hphfg subcarriers conprises

ransmt st ng matri x for each of the
mul ti pd:rﬁ)rﬂlmhg: aransreitssteqingl fdrocarht ofinlsarintulgple esubogriers with the
matri.x obtained for a cI ne of the at |east one
EEbENF HPES myrix ARtegpingd Ronee @%meg-i ng: means for
recei ving channel information for at |east one
subcarrier that is a subset of multiple subcarriers
used f4r dahantattadsofi dsinon3, whemm thordetsbmaiimg g transmit steering

trices. for the nmultiple
B Pash TR BT MhE R oaio R or ki on for t he
at | egstin®ie teHBRkIcb8hg maftk OB Jfekic MURHRSSIbOMTdAtRual to a
for the nultiple subcarriers with the transmt

arsart sigeringtmates obtagnod dara elrscstiancofitho ah laast phppubcarrier.
transmt antennas to nultiple receive antennas. 16.
The apparatus of claim 15, wherein the neans for

pr ocessi ngAdapparbk coerisiigt i pl e subcarriers conprises
means for gbtaining at |east one transmt steering
ot 1 RCRRY 1T HECEYINg cRnel HaloeGel freit A rneRwbCATTier that is o

GRRANR md 1RH IR s T8 a2 ug&%ﬁgitg raﬁs@ﬁlggle;ﬂ ning a transmt

steering nmatrix tor each e multiple subcarriers
b asedmemns foe ob\lmﬂn@ﬁansm&tédr'mgmthcat feethermgulimplersukicarriers based

ans f ing transmt steering for each of
Shibe ?PSP?%F BoaT P Sl stont RD BRIy st cer ng
nat Fi cQlaf BF B}d%gﬁnfgod[até Hﬁ' tRYURGRIIE @ﬁbca&?ers WA the transmit steering
apparatus of claim16, wherein the nmeans for

etrecsfodend thehdata from rnultlple transmit antennas to multiple receive antennas.

16. The apparatus of claim 15, wherein the means for processing data for the
multiple subcarriers comprises

means for obtaining at least one transmit steering matrix for the at least one
subcarrier from the channel information,

means for determining a transmit steering matrix for each of the multiple
subcarriers based on the at least one transmit steering matrix, and

means for performing transmit steering for each of the multiple subcarriers with

the transmit steering matrix determined for the subcarrier.

17. The apparatus of claim 16, wherein the means for determining the

transmit steering matrix for each of the multiple subcarriers comprises



transmt steering matrix for each of the nmultiple
subcarriers conprisesneans for setting the transmt

wee@en2igd matri x for each of the nmultiple subceCT/U82087/067323

equal to a transmt steering matri x obtained for a

cl osest one of the at |east ope subcarrier. 18. A
conput er -readabl e nmedi um i ncl udi ng i nstructions stored

t her eon, conprising a first instruction set for
o0t P, EPRDR) 3BTRS el Bt ERB Ry subarin
eqad thor ndadmit ttRASAT BSiQNobtaIns@doNd ¢108dst WAt idInthsedt least one
for obtaining transmt steering matrices for the

FHPCRITST-e subcarriers based on the channel information

for the at |east one subcarrier; and a third

instruction set for processing data for the nultiple
subcat8.i er & woiputehecatiatdasmediust eéarludigg nastrictiess tstored thereon,
send.the data fromnultiple transmt antennas to

FRITPTPE recei ve antennas. 19. An apparat us

CONpr j $i- A% st@btidEas Tor‘-’r@@el&lh? CRaRO! infRPatig ks Gt Ie%ststﬁl% dubcarrier
channel 1 nformation for at Teast one subcarrier th
ﬂ@taasmbsébfamhqmtmpr@wsubcaﬁnuthHmsemmmm,send data

and to rec a.data transmssion sent .on

i 1 DPESB N PrEF & LRI e ke iR el fRp e mutiple

Subchitckd Bs€d 618 BRI HEnrN rFoidtiod Foille b RAF Bhé ssHceRlertGhd
matrices derived for the nultiple subcarriers based on

t he chairkinsimetimnsst ifomprogessingedag farethe mudtiele subcarriers with the
Ff%?s%ﬁ{ gtegrmgzrgg'&i].i:%s fF &%d%h 8&%@' 0%1 bult&@% ér%}l Vzh??%{eng{l to multiple

processo appara us o
ﬁkmheamkmﬁme processor is configured to obtain at
| east one channel response matrix for the at |east one
subcarrier, to deconpose the at |east one channe

respopge nﬁhrPQM%gﬁgQ%ghﬁn t | east one transmt

steering matr sefid the at | east one transmt
st eer amkgas‘rajlllelproﬁsmrh@nﬁganed ab semd ohamati orfornition Theat least one

parat of cl ai m.19, erein.the at one .
Bt RE Bt [ S PG TULEPE SUBTiamUSA 9 S daghang fagppgie @ data

FESRANSS B b tfh@rmhﬁﬁ)lc‘ﬂtsuﬂ)c%ﬁ'%rs O SHRAMIS ItRhsmitOantennas to
deconpose the at |east one channel response matrix to

rmttaqlm r@pteweeatsten@ﬁ erurrgatrgmmlt stesing myatraesr dsrjvedoforethe multiple

% ga%%:aslel%gg on e C ann ﬂplf(t)m%ttf%lel rf(l)lrn ca tearlslt )(()né gubcarr}e? aasntd

a memory coupled to the at least one processor.

20. The apparatus of claim 19, wherein the at least one processor is
configured to obtain at least one channel response matrix for the at least one subcarrier,
to decompose the at least one channel response matrix to obtain at least one transmit
steering matrix, and to send the at least one transmit steering matrix as the channel

information.

21. The apparatus of claim 19, wherein the at least one processor is
configured to obtain at least one channel response matrix for the at least one subcarrier,
to decompose the at least one channel response matrix to obtain at least one transmit
steering matrix, to map the at least one transmit steering matrix to at least one codeword

in a codebook, and to send the at least one codeword as the channel information.



in a codebook, and to send the at |east one codeword

as the channel information.22. The apparatus of claim
wWaAo7TMLEReLi N the at | east one processor is conPCUSEAT/067323

to obtain at | east one channel response matrix for the

at | east one subcarrier and tg send the at | east one

channel response matri x as the channel information.

23. The apparatus of claim 19, wherein the at | east

one processor is configured to obtain at |east one

channel response matrix for the at |east one

subcap?.i er Thé aapparanidt of alaimeas! wiecig thangl lcaqvand gi6&ssor is

matrix for the at |east one channel response natri x,

godiguedsternbtaimat lepst|ong shamieh respeih énat%\f%rrﬁhaﬁb@awusubcamer

%gd foEnF AP Rlast dﬂ%%FEEﬁIel fé@ orSd ma%?aﬂﬁl@%ﬁ&h%ﬁ@émﬁhgﬂm
wherein t east one processor i s configure

to obtaln at Ieast one channel response matrix for the

th n subcarrle , Lo ggco ose the af |east one
chann gg%ﬁ@gmﬁﬁFrP YICZRIn | B sdt (sag one processor is
rﬁﬁgﬁf@dt to%ﬁo%% hiQadiRhE 'CK&IIH@FI%S}S(QIS@ e afor tRes8daPbhOfubcarrier,

e at least one subcarrier using the at |east one
tor @msite atsleest ona ghammt:lr ¢ovari@ire mitex dppte at leestofnegthanmml response
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mbindaplbg. subcarriers, to derlve mul tiple spati al

filter matrices for the nultiple subcarriers based on

the nultiple channel response matrices, and to perform

det ect} on I p sybcanL8rs .
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coreighirodSto dhvf@ﬂi ei [Badt loac ahaﬂneﬂﬁ:tspcﬁﬂe nkrC RS 30 ati 18ast one subcarrier,
configured to deconpose at_ | east one channel response
toadrRPPes therrd least paashangrkrespensa matex o @bkt &l Igagitone transmit

Lt@@rﬁ% &Q&lxt raﬁ'@%cgnséndsé Q{%Eﬂeﬁ%flﬁ%h'tﬁe af %age(fn%rsrﬁ‘o&ﬁn[ﬁhﬁsmg the at

transmt sfteering matrices for the nu
kaftoar tiassrsit basdeg matrixhe at | east one transn1t
steering matrix, and to derive a spatial filter matrix
for each of the multiple subcarriers based on a
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for the subcarrier. 27. The apparatus of cl aim 26,

vmé"rgsmd totmbtan Muage chammeprespess onatiiess donthic quuleipletsobearriers, to
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thee mdtiBle spaféal filtermaisises.i s configured to derive the
multiple spatial filter matrices for the nmultiple
subcarriers in

26. The apparatus of claim 25, wherein the at least one processor is

configured to decompose at least one channel response matrix for the at least one
subcarrier to obtain at least one transmit steering matrix, to determine the transmit
steering matrices for the multiple subcarriers based on the at least one transmit steering
matrix, and to derive a spatial filter matrix for each of the multiple subcarriers based on

a channel response matrix and a transmit steering matrix for the subcarrier.

27. The apparatus of claim 26, wherein the at least one processor is
configured to set the transmit steering matrix for each of the multiple subcarriers equal

to a transmit steering matrix obtained for a closest one of the at least one subcarrier.



accordance wi th m ni num nmean square error (MVSE)

detection technique. 29. The apparatus of claim 19,
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determ ne frequency selectivity of a wireless channe

and to determ ne the nunber ofg subcarriers for sending

channel information based on the frequency selectivity

of the wireless channel. 30. The apparatus of claim

19, wherein the at | east one processor is configured

to determ ne delay spread of a wireless channel and to
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swbbar of evubcBersThe mewdingd cbinnel anfor@atiof uras¢reron the frequency

risi tain t | east one channel response
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deconp05|ng the at | east one channel response matrix
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andwherei n the sending the channel infornmation
conprises sending a steered pilot on the at | east one
subcaBt.i er Ausethgd tdreprading:east one transmt steering
matri x. 34. The net od of ¢laim31, further

conpr KB RIS MGNHOR fop1 & CRL-oRS SYReamishdhat is a subsct of
ARIPIC Sibchi@ferd (R8d Bt Rb&; %{{Jcar riers;

receiving a data transmission sent on the multiple subcarriers from multiple
transmit antennas to multiple receive antennas using transmit steering matrices derived
for the multiple subcarriers based on the channel information for the at least one

subcarrier.

32. The method of claim 31, further comprising:

obtaining at least one channel response matrix for the at least one subcarrier; and

decomposing the at least one channel response matrix to obtain at least one
transmit steering matrix, wherein the channel information comprises the at least one

transmit steering matrix.

33.  The method of claim 31, further comprising:
obtaining at least one channel response matrix for the at least one subcarrier; and
decomposing the at least one channel response matrix to obtain at least one

transmit steering matrix, and



deconposing at | east one channel response matrix for
the at | east one subcarrier to obtain at |east one
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filter matrices for the nultiple subcarriers based on
the nmultiple channel responsexgratrices and the at
| east one transmt steering matrix; and perform ng
detection for the nmultiple subcarriers with the
mul tiple spatial filter, matrices. .35. An.apparatus .
corpr REFAr BnsBhtink Gl R RurifZ o MR SR RAPAbH % sgered pito
ai tHeedsdastaiie sebhedmisig thdatleass ofe Gulast st@fringuhdtiipl e
subcarriers used to send data; and neans for receiving
a data transm ssion sent on the nultiple subcarriers
from myl t1 phewtfiBAYohii SRAAS: dftafilldd Pl @ recel ve
antennas using transmt steering rirces derived for
t he nobthini gemsitilptadhahal sedpasednarncdshfer tidamrigple subcarriers;
infornation for ihe at | east one subcarrier. 31%. The :
appar S§QE1PEFING [ah [Pt chaptoh S3SPRRTIRATEK AgF thrdhleastiqe subcarrier
AR PRa@lonk BA8ImP HeS{ARRGIk; r esponse matrix for the
at | east one subcarrier; 7and neans for deconposing the
at | edgivionmutthpda sisitial BEgronste cesafior ithe moltipht subparaiers based on the

| eas ne transmt steering,matrix, erei.n the .

o A A PR o LSRRl o et p e PG Py e matrix; and
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35, further conprising: means for obtaining at | east

oabicehannel response matrix for the at |east one
subcarrier; and neans for deconposing the at |east one
channel response matrix to obtain at |east one

transait shaeppagtugBbmpAsingndwherein the means for

sendi ng the channel information conprises neans, for .

sendi Pgans 1oF sanding ghener! ifermationgfor plelgast opp subeamics that ya subsct

#ﬁlnﬂﬂi iJ‘s%b@érrile&%&} R).”s%nggétgséﬁdt steering matrix. 38.
e afgpar atus of claim35, further conprising: nmeans
for obkansnfongecniving pl date hansiebsioe spansetheahultipkssuboarriers from
Erlr&ﬁipqg![rgrllsrgrllite antennas to multiple receive antennas using transmit steering matrices
derived for the multiple subcarriers based on the channel information for the at least one

subcarrier.

36. The apparatus of claim 35, further comprising:

means for obtaining at least one channel response matrix for the at least one
subcarrier; and

means for decomposing the at least one channel response matrix to obtain at
least one transmit steering matrix, wherein the channel information comprises the at

least one transmit steering matrix.

37. The apparatus of claim 35, further comprising:

means for obtaining at least one channel response matrix for the at least one
subcarrier; and

means for decomposing the at least one channel response matrix to obtain at

least one transmit steering matrix, and



subcarriers; nmeans for deconposing at |east one
channel response matrix for the at |east one

W@ ewearTHer to obtain at | east one transmt stREr/US07/067323
matri x; means for deriving nultiple spatial filter
matrices for the nmultiple subgarriers based on the
mul ti pl e channel response matrices and the at | east
one transmt steering matrix; and neans for performng

det ect :hgl%lf l rtnpa%}snﬁf)tr gF:t%m chﬁle{nrnlggm%%rmatlon ctz)rnprlses means for

nultlp fric
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thereon, conprising: a first instruction set for
@éﬁ&@ﬁgm@ﬁannel information for at |east one

subcarrier that is a subset of nultiple subcarriers

used to send data; and a second instruction set for
direcB$ng The eptarans of clamo3f, urthcansmpashgn sent on t he

mul tiple subcarriers fromnultiple transmt .antennas )
to rru\e“le?ftﬁ or ObkiRjRe aﬁ‘ﬁ”é‘%l?aé’lhﬁ‘%‘\%h gethoRsS PtrigEedpt dae multiple
MRchifegs derived for the nultiple subcarriers based on

t he channel information for the at |east one
subcameamy for decomposing at least one channel response matrix for the at least one

subcarrier to obtain at least one transmit steering matrix;

means for deriving multiple spatial filter matrices for the multiple subcarriers
based on the multiple channel response matrices and the at least one transmit steering
matrix; and

means for performing detection for the multiple subcarriers with the multiple

spatial filter matrices.

39. A computer-readable medium including instructions stored thereon,
comprising:

a first instruction set for sending channel information for at least one subcarrier
that is a subset of multiple subcarriers used to send data; and

a second instruction set for directing reception of a data transmission sent on the
multiple subcarriers from multiple transmit antennas to multiple receive antennas using
transmit steering matrices derived for the multiple subcarriers based on the channel

information for the at least one subcarrier.



