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I nprove performance, the MEVIO systemmay utilize sone )
faseompaset datpb Ms kspakielr eltapnelse whetee N patietii,t e }. The Ns spatial
eval uates the spatial channels and proyides  feedback
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Each spatial channel may experience various deleterious channel conditions
such as, e.g., fading, multipath, and interference effects. The Ns spatial channels may
also experience different channel conditions and may achieve different signal-to-noise-
and-interference ratios (SNRs). The SNR of each spatial channel determines its
transmission capacity, which is typically quantified by a particular data rate that may be
reliably transmitted on the spatial channel. For a time variant wireless channel, the
channel conditions change over time and the SNR of each spatial channel also changes
over time.

To improve performance, the MIMO system may utilize some form of feedback
whereby the receiving entity evaluates the spatial channels and provides feedback |
information indicating the channel condition or the transmission capacity of each spatial
channel. The transmitting entity may then adjust the data transmission on each spatial
channel based on the feedback information. However, this feedback information may
not be available for various reasons. For example, the system may hot support feedback
transmission from the receiving entity, or the wireless channel may change more rapidly

than the rate at which the receiving entity can estimate the wireless channel and/or send



channel . The transmtting entity may then adjust the
data transm ssion on each spatial channel based on the
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[0007] Techniques for efficiently conmputing spatial
filter matrices used for I ocessing by a
receiving entity are descWM| n. Atransmtting
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either, full channel state information ("full- CSI") or
maqe@ﬁﬂag ‘bysp repqiging gty ofc dascribed dierdied Pelraugmitting entity may
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“bad” channel realization for an extended period of time. The receiving entity performs
the complementary receiver spatial processing for either full-CSI or partial-CSI
transmission and for steering transmit diversity. The spatial filter matrices used for
receiver spatial processing may be efficiently computed if the MIMO channel is
relatively static or does not change abruptly.

If the MIMO channel is relatively static over a range of transmission spans (e.g.,
a range of symbol periods or frequency subbands), then the channel response matrices
for the MIMO channel over these transmission spans may be highly correlated. In this
case, an initial spatial filter matrix may be derived based on a channel response matrix

and a selected receiver processing technique, as described below. A spatial filter matrix



the conmpl enentary receiver spatial processing for
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matri ces used for receiver spatial processing nmay be
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filter matrix, e.g., using an iterative procedure. The
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FIGS. 3A and 3B show data transm ssion in a
[0014] sj ngl &1C&r Aiaad Svhay pyosessas émeorgpute spatial filter matrices for fully and

partially correlated channel response matrices, respectively;

[0015] FIG. 6 shows a block diagram of an access point and a user terminal; and

[0016] FIG. 7 shows a block diagram of a processor for spatial filter matrix computation.
DETAILED DESCRIPTION

[0017] The word “exemplary” is used herein to mean “serving as an example, instance,

or illustration.” Any embodiment described herein as “exemplary” is not necessarily to
be construed as preferred or advantageous over other embodiments.

[0018] FIG. 1 shows a simple block diagram of a transmitting entity 110 and a
receiving entity 150 in a MIMO system 100. At transmitting entity 110, a transmit (TX)
spatial processor 120 performs spatial processing on data symbols (denoted by a vector

s(m)) to generate transmit symbols (denoted by a vector x(m)). As used herein, a



mul ti-carrier M MO system respectively; [0014] FIGS.
4 and 5 show processes to conpute spatial filter

woredosioesss for fully and partially correl ated cPermng1005/022840

[0019]

[0020]

[0021]

response natri ces, respectivel¥; [0015] FIG 6 shows a
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multiple (NF) orthogonal subbands, which are also referred to as tones, subcarriers, bins,

“and frequency channels. With OFDM, each subband is associated with a respective

subcarrier that may be modulated with data.
In MIMO system 100, the MIMO channel formed by the Nt transmit antennas at
transmitting entity 110 and the Ny receive antennas at receiving entity 150 may be

characterized by an N x N channel response matrix H(m) , which may be given as:

h1,1(m) h1,2(m) hl,NT(m)

H(m) = hz,l:(m) hz,zz(m) thT(m) , Eq (1)

Py 1 () b 2 (m) - hNR,NT(m)



obtain "detected" data synbols (denoted by a vector
s(m ). The detected data synbols are estimates of the
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entities are described bel ow. {0020] The spati al
filter matrix conputation techni ques described herein
maﬁ/ be used for a single-carrier M MO system as wel |
axhege RRIFY 7. 49 r fo8r M MONay& e A LivyI W picBotes the eouplng gr complex
be obtained with orthogonal frequency division ..
rﬁ?’me@ IS8R GGV pEPE Mt Anday @ndgeeiveiagirang piar)ranggisgion span m.
A hebsidbibh spaH fria%rgoVBdt'i’rhé”ah&’Br FRGIRC{ B Rens®nsS AR example, in a
ot her construct. DM effectively partitions the
oinglebarriey SIMO bystai adransingssivnrsphnt mply eorrddppnd tot dreegryrdoo] period,

SRR o e e oo, BRE e Saits. ks muleeiger MIMO

&36t8mS 4 hRARiskidn 3p&P fagtBftedohl t& oh€ SIahi Y€ one symbol period. A
subcarrier that may be nodulated with data. [0021] In

NEVFDIsSipntspAR 107, alsh eowE R dtipleatymdio] peripdsdarsiort multigle subbands.
HF S0 ahE 0 e R W T e e N
0022 0% HENER Rl Bytodl B0 OF EESGTF hdf oprating

imedet such aljRfoarestainplel a. “calitvated” aesiiet g6l i Euwaliblated) méde. The

coggl! ex channel gain bg}:lween transmt antenna / and .
rdilated BRtledpay FplYy flkbhshigaspissien aphciebyadata is transmitted on
¢ . . c .
SRR SH 0 OB, SRSl BB I SRR e ot
syedee may aertiplay grersaliCS] spmmissign edereby pdatal it dransreitted on spatial

AR 0 byl o o P e
[0023] t T aNS MRS MINIEG PARtelR Yndi0 b6 SRRIEy tfecping SMRRANWIVRIQNESTD) to

synmbol peri od. transm ssi on 'span may al so cover '
riptdvigl rerfoympiasie. pBiithobED athg/ tomsmiiting whigtyspeyivams spatid processing

SR Y b P I iR TR bl of otcive
Shppeld ardiefls ot 5@OIE 6h 3iile bad Bghn@8lereQlizalibh Cor0REEAEdRE period of
nodes _such as, for example, a "calibrated" node and an

‘timae b onsegucatly, nestpemangeds aefl diefptad by thepwershease shyms condition.
full -CSI transmi ssion whereby data is transnmitted on

O”Ngo A raiPdnidle CHANLR'ST £ nsnfisgighm0des ") of the

M . y enpl oy

[0024] gﬁr tslpgiltor ﬁl—dglat"rr];nrym?sss}o%? e}/\g'iggxrfa 1?3/ dgcaotnlapc;sﬁiotnrﬂﬁg}§ %‘e%e? ormed on a

correlation matrix of H(m) to obtain Ny eigenmodes of H(m), as follows:

R(m) =H" (m)-H(m) = E(m)-A(m)-E" (m) , Eq (2)

where R(m) is an N, x N, correlation matrix of H(m);
E(m) is an N} x N unitary matrix whose columns are eigenvectors of R(m);
A(m) is an N x N, diagonal matrix of eigenvalues of R(m); and

«H» denotes a conjugate transpose.

A unitary matrix U is characterized by the property U” - U =1, where I is the identity

matrix. The columns of a unitary matrix are orthogonal to one another, and each



channel s of the M MO channel, e.g., from i ndividual
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performance. Wth STD, the trapsmtting entity

perfornms spatial processing with steering matrices so
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R(m ; and " denotes a conjugate transpose.

uﬁtthaéwqgettwmﬂ@wegs@hatﬁ&tomst zed by the pr operty U =
Il , where | is the identity matrix. The colums of a

uni t ar trgX \a r gonal to one another, and
eachcgf%—h%@)un&ﬁ{ngp%&gr’. The matrix E( ) may be used Eq(3)
for spatial processing by the transm’tting entity to
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obt ai nEm) isiteemabix ofefigensiprions ifstiraneinissionspams andwhi ch
may be used for_full-CSI transm ssion. [0025] The
transiAng BNyl pestebiid Npfensamit sygbels 4p g seat from the Ny
full-CSI transnjission with steering transmt
di versity, UGS anisiRas mirapsgissiogspanymy(w) s(i") , Eq
(3) where s(m is an Nt x 1 vector with up to Ns data
Asntions ineqbaiondd), dach tatasymbelsinoyimg garffactively spatially spread with

a respective column of V(m). If Ng <N, then Ns data symbols in s(m) are spatially
spread with an Ng xNg matrix V(m) to obtain Ns “spread” symbols. Each spread
symbol includes a component of each of the Ng data symbols. The Ng spread symbols
from the spatial spreading are then sent on the Ng eigenmodes of H(m). Each steering
matrix V(m) is a unitary matrix and may be generated as described below.

[0026] The receiving entity obtains received symbols from the Ny receive antennas,

which may be expressed as:

t,(m) =H(m) X (m)+n(m)=H(m) E(m)-V(m)-s(m)+n(m) ,

Eq (4)
=H, ;(m)-s(m)+n(m)

where r (m) is an N x1 vector with Nr received symbols obtained via the Ng

receive antennas in transmission span ;



V(m is an N1. x Nt steering matrix for transm ssion
span m E(m is the matrix of eigenvectors for
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mean vector and_a covariance matrix of - f nn = s2
full-CSI technique and a minimum mean square error (MMSE) techmque
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[0028] For the full-CSI technique, the receiving entity may derive a spatial filter matrix

M ,;(m) as follows:
M (m)=V" (m)- A” (m)-E" (m)- H" (m) . Eq (6)
The receiving entity may perform receiver spatial processing using M ;;(m) , as follows:

Sfcsi(m) = Mfcsi(m) !f(m) s
=V (m)- A7 (m)-E" (m)-H" (m)-[H(m) - E(m)- V(m)-s(m) +n(m)] , Eq(7)

=s(m)+n,(m) ,

where §.;(m) is an N x1 vector with Ns detected data symbols; and

n,(m) is the post-detection noise after the receiver spatial processing.

[0029] For the MMSE technique, the receiving entity may derive a spatial filter matrix

M, ,,5.(m) as follows:

M, ymse (1) = [Hf o (M) H, eﬁ”(m)+o- 07 H, eﬂ’(’n) Eq (8)



-1, where s2 is the variance of the noise and | is
the identity matrix. [0027] The receiving entity can
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recei ver processing techni ques, The techni ques

applicable for full-CSI transntssion include a

full-CSl technique and a m ni rum nean square error
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processing. [0029L For the MVBE techni que,

recei ving enti tyPnpys 08} M e na. @atialy @) ﬁ(é'?) W’?)ﬂ % Eq (9)
M_ mmse Qn) as follows: M _mBe On) =[ Hf eff On) H

# Q]) +s2 | ] H:w]]l)mmse(’a}M? mmst(en)qutl @Jn)fj( %eihf mmse(m)(

Mmse (m) mnimzes the nean squaré error between the
synbol estimates fromthe spatial filter and the data

syhdel B i N0 stis a dib@E30malhecdnedsing lthtgh@gtinlal dlemiBirts of

perform MVBE spatial processing, as follo f _mmse
(mnzmSe 12 Mﬁ@;@nl (H;r%,,)n%rdyl br DS ’?’"f (&zym)ddg [fMW”)" (m):Hf g(m)] and

(9) - hf mt%(ﬁ']ﬁsﬂ}leWSBﬂﬁlltefeﬂ?nmsef etr(rr) S 'T? +nf

ere Df nmse (m is a diagonal matrix

onta| ng the djiagopal elenents of
he squ)ol %st}mates fror% the spatial filter M, . (m) are unnormalized estimates of -

the data symbols. The multiplication with the scaling matrix D, . (m) provides

normalized estimates of the data symbols.

[0031] Full-CSI transmission attempts to send data on the eigenmodes of H(m).
However, a full-CSI data transmission may not be completely orthogonal due to, for
example, an imperfect estimate of H(m), error in the eigenvalue decomposition, finite
arithmetic precision, and so on. The MMSE technique can account for (or “clean up™)
any loss of orthogonality in the full-CSI data transmission.

[0032) Table 1 summarizes the spatial processing at the transmitting and receiving

entities for full-CSI transmission with steering transmit diversity.

Table 1
Entity Calibrated Mode - Full-CSI Transmission
Transmitter | X,(m) =E(m)-V(m)-s(m) Spatial
Processing
Effective
H =H(m)-E(m)-V
H, . (m)=H(m)-E(m)-V(m) e
Receiver | »» (m) = V7 (m)- A~ (m)- B (m) - H” (m) Spatial
full-CSI st - = = = Filter Matrix




M _mte () f eff (m , or & mse (M = diag [M
mse (m -H ()] ; and nf mre (m) is the MVBE

WO 2006804306 Nnoi se. The synbol estimates from t hePGpPES1085/022840
filter Mmse (n) are unnormal jzed estimates of the
data synbols. The nultiplicatiOn with the scaling
matrix OF nmse(m) provides norrralized estimates of the

gata—syrbels— 0034} —Fuld transm-ssi-oh—attenpts—to

send data pg tg f H(?n) . However, a Spatial
full-CSl darféf’(tﬁ Q IO’ﬁ n‘gy not be conpl etely Processing
orthogonal | due to, for rerag anm [ peTfect—estimgte

Of H(VV) y eMprnmsL(m)tzH:é_I.jeJﬁ(\g \/H_lf uﬁ(mithrTFBSI Hfoﬁ'(m) Spatlal
finite arifthnetic Er eci sion, and so on. The MVBE Iter Matrix
t RIF6IVELe CEQ a0 ﬁldlﬁl'goﬁMfQ;nse(m] é%ynﬂtipf)} any |oss of

or nal Ly H—the—fuH—CSH—data Llallolllool (o2 -
[0032] Tab] g H1zeso4 Mspat cessing at| _ Spatial
the trans f’i f’"ﬁ‘@: [a)nd_fé'??é é'ﬁ‘fqn or full-C$l Processing

fransm ssiron W th steering transmt di verS| Ty. Table
12. Uncalibrated Mode - Partial-CSlI Transm ssion
[0033] For partial-CSlI transm ssion with steering
t r ads Wncalibvimted Mode hP antiak’S Xk Tiramsmissiony perf or ns
spatial processing as follows: | , 0") YOn) -S(Jn)
[0033]1Eq (| CP)orVyfwﬁzﬁ GBI MnshBssidrewithasdeeing téismitv€ivbltyf B transmitting
transm ssion span m As shown in equation (10), each

ALY RSFIBES spﬁlaépwessgigs%éwom y spread with a
respective colum of V(/M . The N T spread synbols
resul t [tiplication with V(m are then
transn#“{t?/lg i@?‘nlgme T transmt antennas. [0034] The
receiving entity obtains received synbols, which may

k\@zeﬁ? R gr??r)qgt}és%'an?ﬁit(d@a v:e:c:::go‘fy)féxxtra 'ﬁsr?%"onr%) m:. }Xllér?ﬂown in equation
Y@%%a&?d&@sy}nﬁof Hlesc’@c ?fl gﬁg%lf}yg%%d éf% o‘fﬁﬂte%kfe column of V(m).

SmM SSI on” span

effeaet ‘sﬁf@ad\@ym&shég‘ﬁlﬁhg ReRPAR RufTRIdalidn FRREVESES althen transmitted

from the N transmit antennas.

Eq (10)

[0034] The receiving entity obtains received symbols, which may be expressed as:

r,(m) =H(m)-x,(m)+n(m)=H(m) V(m)-s(m)+n(m) ,

Eq (11)
=H, 5 (m)-s(m)+n(m) ,

where r,(m) is the received symbol vector for transmission span m; and

H, ,;(m) isan Ny xN; effective MIMO channel response matrix observed by

s(m) for partial-CSI transmission with steering transmit diversity, which is:

H, ;(m)=H(m) - V(m) . Eq (12)

[0035] The receiving entity can recover the data symbols in s() using various receiver
processing techniques. The techniques applicable for partial-CSI transmission include a

channel correlation matrix inversion (CCMI) technique (which is also commonly called



s(m for partial-CSI transm ssion with steering

transmt diversity, which is: [0035] The receiving
wenisog47e@an recover the data synbols in s(m UBECTIGS2005/022840

various receiver processing techniques. The techniques

applicable for partial-CSI trafsni ssi on include a

channel correlation matrix i nver si on (CCM ) technl gue

oI GUOPE. FRETARBE bchMYeleclntne, SHbdbauppesive inerference
|&hggﬂaﬁg§m@%%gﬁﬁlugatl on (Sl C) techni que. [0036] For
technique, the receiving entity may derive a
[0036] spat i aforfth¢ C&MItechniguaythereOpivingsentity hmywsleriVhe spatial filter matrix
receivin ity nma erform CCM spatial processing,
algmcﬁ”f)oa%fonb@éiln(n%/ g M acmi (fn) -pr p (n)p , = - (%
-EHp eff (m -[ p(mM -s(m +n(mM] , g (Y s(m +

e M S e O, o 0BT H g (i flﬁk%z "B m) . Ea13)

techm que may anplify the noise. [0037] For the MVBE

rTiogr e S S G ool Bhedie s BRES, ' g
(15) Equation (15) for the partial - CSI transmi ssi on

has thg sane £M tion (8) for the full-CSl
transni‘ssi on. Flff\cf\"/'e(?ﬁ)r qlg?p e (m (|nstead of He (1))

is used in equgt 1|o for rtial mSS|on

[0038] The  acRiy iﬁrﬁt%)r@ pféf"?oﬁ?% pati al  Ea(4)
processi ng, as foI | ows: p nmmse 0") P_mmse

0") L p ("0 ,= Ew)&llﬁ)ml(m)D, (nr) MIO mse (m) - P_ef

) *n) + npnrse (M , where p nrse (M) = diag [Mp

mee (M -E P eff(_ mand P mGe@) is the MVBE

where n,,,;(m) is the CCMI filtered noise. Due to the structure of R, -(m), the

CCMI technique may amplify the noise.
[0037] For the MMSE technique, the receiving entity may derive a spatial filter matrix
M (m) , as follows:

p_mmse

M, ee(m)=[H; (m)-H, (m)+o” X7 -H, (m) . Eq (15)

Equation (15) for the partial-CSI transmission has the same form as equation (8) for the

full-CSI transmission. However, H, . (m) (instead of H, _-(m)) is used in equation

(15) for partial-CSI transmission.
[0038] The receiving entity may perform MMSE spatial processing, as follows:

-Sp_mmse (m) = D:_mmse (”l) : .Mp_mmse (m) ) Ip (m) >
Eq (16)

= -l-)-p mmse (’n) '_M_p_mmse (m) 'Hp_eﬁ’ (m) §(m) + Ep_mmse (ﬂ’l) 5

where ._p mmse(m) dla’g [Mp mmse(m)'l_._lp__eﬁ‘(m)] and !l_p_mmse(m) is the MMSE

filtered noise for partial-CSI transmission.
[0039] For the SIC technique, the receiving entity recovers the data symbols in s(m) in

successive stages. For clarity, the following description assumes that each element of



filtered noise for partial-CSlI transm ssion. [0039]
For the SIC technique, the receiving entity recovers

W0 b@edat7es synbols in s(nm) in successive stagesPCHUS2005/022840

[0040]

[0041]

clarity, the follow ng description assunes that each

el enent of s(m) and each el ene boof r p (mM corresponds

to one data synbol stream The receiving entity

processes the N R received synbol streams in rp (n in

Némg yande §aGhy elemeal 06 ¥ d7)e 60MsPORGHe tNOng Aot symbel stream.  The

streans in s(m . Typically, the SIC processing is )

SEREHVIRg) SRUILY TE0GeaRas éﬁe Ne reeivrfesyaebdl giregne s £y n Hguccessive

t hen anot her packet is recovered for another stream o

atrgesty repeverdie Ny daie synbel, stnepras iroB(rowi hgpigdbi ihepdlCaprocessing is

assiy{@s NS =_NT, . 004%] For each stage |, \M}gre -\

suc t ong parketoisdp \(Gis 0t P{l%/stﬁf‘éifl}, &nﬁ.&hqne@é)i packet is recovered

$0@LhAheP SRGES Sind0s@R_nN Bol RRHILSH IR fSildvAE Rescriftion assumes

(m for that stage. The input synbol streans for the

fNgstNstage ( =1 ) are the received synbol streans,

or r p{mM =Y p (J ) . The input synbol streans for

each dobsacusetnage st,agbere £21.... NNsthp mravimgdentitye ¢performs receiver

synbol streans froma precedi ng stage. The receiver

Sspaiadl procpsseas NR nfud kyib6loRreains r_é@ﬁ)e dorothatestsgeat Thl input symbol

filter matrix Mex (m, which nay be derived based on a

r C [ = =

PEREIOC R R TRRROBER Tk et B =1, (m.

- - C .

o SR MG ol A RS Mo (422 < e iified symbol
o & $thoeS U A eceivet WBati PRbOskIME RAiaY ¢ is based on

gg%ag?{ns o(r:{g&get ec e% dat a synbol ﬁstrg)am {S{c}g% fortgst age ©

angpatiblr fiter maftrBC A85@8) , (whigh maeb®detind®Based on a reduced effective

dei nterl eaves, and decodes) this streamto obtain a

CRAHRS RRPEHsB nAae qaed Gt ah® @M AebrdandORHA kheTOEMI, MMSE,
receiving entity neXt estimates the interference that

t .
9B T8 SLARAR (S ST SSulfod 6, 2409 s i 1, 5
i f Nt h j Vi ' 4.
BEBAE0 8, Ne oPraa 08 beP Rty RECHTNERRM B sng ¢ The
ReleRit PR ot bl §lFoAE T TPRNCY oSk B0 Mgt Dound futher
Z’gé‘%ﬁ%}s g(fei_)g;,r asRduliAbE ddeisébRles fd }decod’é@) GRis | §ire@3h to obtain a
corresponding decoded data stream {c? -

The receiving entity next estimates the interference that data symbol stream {s,}

causes to the other data symbol streams not yet recovered. To estimate the interference,

the receiving entity processes (e.g., re-encodes, interleaves, and symbol maps) the
decoded data stream {é’ .+ in the same manner performed by the transmitting entity for
this stream and obtains a stream of “remodulated” symbols {s,}, which is an estimate of
the data symbol stream {s,} just recovered. The receiving entity then performs spatial
processing on the remodulated symbol stream with steering matrices V(m) and further

multiplies the result with channel response matrices H(m) to obtain Ny interference

components i‘(m) caused by stream {s,}. The receiving entity then subtracts the Ng



the data synbol stream {s } just recovered. The
receiving entity then perforns spatial processing on

wa b@oenettodul at ed synbol stream w th steering nMeCT/USME5/022840
V( ) and further nultiplies th% result with channel
response matrices H(r) to obtdi’n NR interference
conponents i (m caused by stream {s} . The receiving
entity then subtracts the N Rinterference conponents i
(injerferangt tdompRpents m(m)syﬁmm the tNe ammut psytrhjol fstreambier, (m) for the
current stage to obtain e+i . NR input synbol streans

reugrent fstage t heto nebtdin SNadeput osynitpl (siparhis (. (&) -foi the{ néxt) stage, or
The input synbol streams rp t+i (. m represent t he

_.SHHQ%'TS it bﬁ} 10m) I Rl iy f)L'ﬂ:% Bl Eﬁ/ea?ﬁﬁuwd (Pz?‘f@p&%ﬂh\éesqreams that

thé dita symbol stream not” b
tﬂh@@@dﬁ&lﬁg ntitdSPoUT ROvd RRL VE(IP?f td%fa %tream {]Sd had not been
cancel I ation Wwas effectlve y perforne e receivin

etdrstiyttdd) 8 urBReRbStht it FaeBcd ¥ A68 fSibA W réfﬂe&ﬁveNPperfomed The
I nput synbol streans r +1(n) to recover another data

slteia@awg biRe vean, rephes dhe sempvwoedssingein thesNenisputnssmbol streams
é for the subsequent stage + 1 is reduced_ by

ohe (@ R AFFOrGane bz Agcay HAWCR: e sifpeibie chemmshesponse matrix
{se} recovered in stage . [0042] For the SIC
t Hohpiml&or thé\sutGpReof stagecA+dias redggertint orstqobemm berresponding to the
dependent on (1) the receiver processing technique
(datgsymbioCMreann {/BEJoversddn ftage ach stage, (2) the
specific stage in which the data synbol streamis

[0042] r ecovelfasdhe a?cd techyique dhea BT eath date symbelksitsemds éelofmdent on (1)
t eco t
18 sb s B SRR [CECHON ) D@ Flse BT B ke, @) e

sypetific mtg"eeanwhleh:a;mamdsymoﬂ 3tredm St agRveleaC anb €3)t fhe amount of
interference fromdata synbol streans recovered in

dflreaﬁer%l%&ee tq ghecdgte éwebol sfigp@s xegpvered qn daten flaggsg War general, the
| SR brb R et il HE1Ra YRR b 30 PRI G tddts because
phe mﬁsxsfemgc@fromhtatet syaumististrtamg raevnders e priongagastis thksled. This
for a trans SSIO with sfeering transm
ﬁﬁgw oW | eglf%ﬁ? g]P P§Fd hatap f)%lcﬁ#ﬁeaaéecpger%%n later stages.
[0043] ShOVVn Tdblel 2D nrRarizE8 the s?& Mbedstife o2 R %srﬁl‘rﬁﬂﬁj ghd receiving
for data transm ssion w steering transmt
chntaepssfor \partl'ﬁl -608 fransnpipggore withtsieefiid trpmanfiip diversiyafFornbimplicity, the

O-—«

RoGEaR 1& ts?lgv%}lllr?ll"aliciga.eadi ng) for steering
Table 2
Entity Uncalibrated Mode - Partial-CSI Transmission
Transmitter | X,(m)=V(m)-s(m) Spatial
Processing
Effective
H m)=H(m)-V
H, ;(m)=H(m) Y(m) Chozmel
M __.(m)=[H? . N Spatial
Receiver | () =[H, o (m) By o ()] -Hy o (m) Filter Matrix
CCMI :
Seont (M) = M., (), () Spatial
Processing




transmt diversity (block 220) and spatial processing
for either full-CSI or partial-CSI transm ssion (bl ock
wQ@3@p/ooRecei ving entity 150 perforns receiver BEEUBZ05/022840

processing for full-CSI or partlaI-CSI transm ssi on
(bl ock 260) and receiver spatlél processing (or

spatial despreading) for steering transmt diversity

JJeILOC!/\ ’)7(\\. As chn\nn i -G 2 fho frﬁncmffl nn

entity perfMne spat® ﬁ@qm mor o Siger |rig (m) .
transmit d v pr3|ty pri ol %{Qo t‘ﬁe"ﬁg(patl al proc &s%i ng | (j fSpatial
arBgceiver f LD - CS(mpadidgaMi al - @ Hr glﬂﬁzﬂ]l ssion. The Filter Matrix
re(]},ﬁ'v[\‘siEng nt pl ty may per faofrm r‘nrml pm:nt ary

recei ver spati al _procassi &gw,vd Spatial
part i al - CS "H—f"'af(gﬁl P—@We%l. Lt gt)l al Processing
gespreadcing—for—steerng—transmt—dverstty-

Spatial Filter Matrix Conputation [0045] Wth steeri ng

[0044] t r aNSNFEG. K2 BEWE b YmodHl fbe HaR trabRRkiod SwiR stdeGRS tidh&hit diversity.

[0045]

[0046]

[0047]

may be used for different transm ssion spans to

r Braunittine ey di 0 eetfpires spatig pmeﬁsmg (ob spatind @pn99dlag) for steering
ve erf

ot AUSTLS 290270 A 0 ORE Y PGE P FRR 58 o

l\&d&@r@d@ﬁmr(ﬂock 230). ZRéceing @ItltjamS@péMSd'erraﬁatfaﬂ processing for
tinme he transm ssion spans. may correspond to synbol

pf’@}lr%%ismr rrtigl-Gh frepsraigsipn éPlORE\?l@ 94 tTeeAl v @a%awegessmg (or
féﬁﬁtuﬂ d%rte%%x?@rﬂ)f SberMeVAnsH si{;@fb@l( ZEb)G‘ Ag’é}lo%xt}loiﬂﬁflG 2, the

ransm §si on ring transm
chransmsltmg ehtity parfsrmg kmttlahspmaelmg\ﬂot/ﬁlesxymg Emsnﬁodlveﬂsltys prior to the

m the tr SSi n i.ndex be .e
P§9 POSEPEdE ROt AT ety bemeissib, Tia? receiving
datkigy %d@?éﬁoﬂ?%h@%oﬁlbmﬁ §dcdivereda Balsyfgégém fdroﬁﬂl CSI or

n and spati spread with a steering matrix V

sreirigal 1 (&Yl ttansmtsman f@\h‘ﬁﬂﬁl bypwetid dlesiEastngifor atesmuansmlt diversity.
vector s(") observes an effective MDVI O channel

res e n. = H")-V(") and is recovered
usi ﬁgngp MLITH‘E‘?‘“'.Mg‘ ‘iﬂ?‘.‘i’g‘.’?‘&a\{w (n) . [0047] FIG 3B
shows a artlaI-CSI transm ssion with steering

t r ans nVithctegsipg itrapsmi divergity; diffesent isteering matréses t V@) Moy be used
this.system the transn ssion.span index beequal

vl et G ol SRAtp gp TR ISeRGF <EIRCH <2y D) cHand Guserved by
OD@atY Yeh@hisSick) 10fis ARYansy HRbSe H@ﬁfoﬁfan&é gsitld @fa kAnsmission

each subband k and spatially spread wth a steering
ndotes inrt Ypskrye & chadt MAMQ chatngl reslibiseomafor Bacixtadded period of time.

Sf(hr{abt%nsvm%scsgo%r sp }na(})r cso?rré\s/peo%datg symbol periods for a single-carrier MIMO
system or subbands for a multi-carrier MIMO system.

FIG. 3A shows a partial-CSI transmission with steering transmit diversity for a
single-carrier MIMO system. For this system, the transmission span index m may be

equal to a symbol period index # (or m =n). One vector s(n) of data symbols may be
transmitted in each symbol period # and spatially spread with a steering matrix V(7)
selected for that symbol period. Each data symbol vector s(n) observes an effective
MIMO channel response of H, ..(n)=H(n)-V(n) and is recovered using a spatial
filter matrix M, (n).

FIG. 3B shows a partial-CSI transmission with steering transmit diversity in a

multi-carrier MIMO system. For this system, the transmission span index m may be




effective M MO channel response of He -(k) =H(A)
-V(A;) and is recovered using a spatial filter matrix

wokoophed706 The vector s(k) and the matrices V(BCH/S2005/022840

[0048]

[0049]

[0050]

[0051]

H(A:) , and M*(A:) are also a_function of synbol
period n, but this is not shodft for si nmplicity. [0048]
As shown in FIGS. 3A and 3B, if different steering
rratrl ces are used for dlfferent transm ssion spans

tqeeal tpr@éuém laqie&’fiorév =rkalt FiOF é%chlﬁé/wc’byeqqﬁiem%wm §¢) of data
] f unct. he
il BRE GBI i CoohARD 2 e R BATE Shepd Pt  steering

Hoddixi ¥ i) %681dcted fspﬂﬁt @ﬁEbaﬁ&erEa%hr@a‘ﬂa%yrﬁf)olt YRBTN(ES | Merves an
spans. exanple, in a nulti-carrier M MO system
H(f&chvém’m\m chintRlUre3p6138 Hf S e} (& B bW eSS addis @cdveddd using a
fading M MO channel with a Flat frequency response. As
aspatidlefilt@XRaRixe M (rk)a Thé GleCtot (k) Qind I\fhb/%aﬁaéscl\e/a;kﬁ( "H(k), and
may be fixed over a given tinme interval for

CNBiike hrewsldoha fadctic@ngfasyaibol patiodg:, bitthis it hotshbwhdovdiplicity.
may correspond to all or a portion of the tinme
dur at i &% sheve in oFIGSarddhiand 31| 6cthferendateansg' rmttngeSt gt used for

and_ decoded
C%ﬁtgrgp{e ?algwl§s1061 s&;g.}l? tﬁe t%g tsga%@i F ilter aﬁggs e ggtﬁfetﬁe receiving entity
I £6 POAmEtiom bof ithe ﬁaﬁﬁﬁlsﬁdjl apan Endelkaﬁis NTAR| @ NnfePavEs, if the channel
e.g., between Him and Hm 1) . This correlation may

tresnonpd slatred H)s inpked gr constand wpen arings ¢fotira1t8ﬁesswn spans. For
spati al fllter matrices at the_receivi n%entlt

cfaqqaaxmeaﬂn pYld-cargiss MIYEQ Sbsé‘i’lﬁwﬂ(@ maxPedhed #oross a Seof subbands

||- | d
oF p G s HMRDs 00 et R ¢ e SRbleRaltesfPtse as et prmple, in

r@%ﬁgﬁthEMd Wstéﬂeﬂ@j\@léghﬁ@ FREd io%erl b pBEEnONRE ifterval for a
range of transmn ssion Span 1| ndal ces of interest, e. g.

f MiM@~dhannel vidth noviegorall fadiyigb histyme fitegel mup Icu:eespond to all or a
greater t han one. Thus ) = H2) =... =HM =H.

ReoEa ofbe topedyrgtien sl tp ér@ﬂﬁma elogknf %%\ﬁfng{POl? fhat iy coded and
"ﬁ’e%dlé& MaGibeld M Wi th fully correlated channel
response natrices maybe expressed as: M i-(nm =Y
HON) - AA-degteblof cofrglafion fypitedlysgxats betwleeh tler chambeliresponse matrices

may then be conputed as
'\%f @g]lacq%é;r@nsm*sgpn Fpangs, g%p%gtweegqﬂ%f;)and H(m+1SmThls correlation
may be exploited to simplify the computation for the spatial filter matrices at the

receiving entity. The computation is described below for two cases — full-correlation

and partial-correlation.

A. Full Correlation

With full-correlation, the channel response matrix for the MIMO channel is
fixed over a range of transmission span indices of interest, e.g., for m=1 ... M, where
M may be any integer value greater than one. Thus, H()=H(2)=..=HM)=H.

For the full-CSI technique, the spatial filter matrix M ,.(m) with fully

correlated channel response matrices may be expressed as:
M.(m)=Y"(m)- A" -E*-H" . Eq (17)

The spatial filter matrix M ,;(m) may then be computed as:



where Mcsi base =AT1 - HHis a base spatial filter
matrix, which is the spatial filter matrix for the
w0 2006406306 t echni que wi t hout steering transm t PCT/US2005/022840
di versity. The base spati al fllter matrix M cs/ base
is not a function of transnisson span m because the
channel response matrix His fixed. Equation (18)
indicates that th atial filter matrix MCSI(n’) for
each thh@éﬁﬁgﬁioﬁﬂbﬁg : gy be obt afened=by.. M Eq (18)
pre-mul tiplying the base spatial filter matrix hﬂ c
base w h the steerlng matrix V (m) used for that
twhere Mssi,or=gpaE” (D052 bake spatiat fiker patrixhehshds il spatial filter
filter matrix Mcsi (nm) may be conputed as: M( ) =
i @mik foMl(el fpll-CSlotechmique withoutisteefing (re8ymibidévessity. The base spatial

1)-A 1l - = VW V/(
R U R R O
M f fo . _
ot "%9 o ondied i BAROR HOOs BRBceies Pl s spadieh flter matr
mfﬂi)(m I)?ﬁg {r{n%grgglqs}i%l%ﬁ ns’lpI%%f, %%V\db%med eyi\pnraetlrg}l@plying the base
unitary matrices, each of which is obtained b
ripetialpiien quetis  Mict any Witk ethengepming imesxv(W) (randused for that

V(1) . The matrices WL,(n) nay be pre-conputed and
SiFass@EFsion seathenory. [ 0053] For the MVBE techni que for

U RSN T

rmtrlces may be expressed as: M _nmmse (rr) [H e (m

H .
HE \M?f(m)sz—l "i) &ij({) ( : fg’égn 50) ’V( )y Eal9

[EH H-E+32-I] " 1-E| . Equatlon (20) IS

i S RO el Vel S Ml 0
hﬂ@%a lf'el? tc Iag/,t @pa}*aﬁﬁgr%%@%p Gsd(gas/*t?)r e%i{x transnpql_,éa?r%p%;nl_pa may be
een omtte

ccrbé%m?@by rretifiyise tor ol BBty Phog) dRransmitsion span 1
evgllfll?l( tha bo%?(nq? y Ttheergatlblgesew 09 n? > 2 ... M, are unitary matrices,
each of which is obtained by multiplying two unitary steering matrices V(m) and
V(). The matrices W,(m) may be pre-computed and stored in a memory.

[0053] For the MMSE technique for full-CSI transmission, the spatial filter matrix

M, ... (m) with fully correlated channel response matrices may be expressed as:

Mf_mmse(m) = [I—_I.?_eﬁ ("l) '_H_f_qﬂ" (m) + 0.2 '.I_] - 'H?_eﬂ (m) 2
=[V (@m)-E* -HY -H-E-V(m)+0o*-I]"-V7(m)-E" -BH” , Eq(20)

=V¥(m)-[E" -H" -H-E+0*-1]"-E7-H" .

Equation (20) is derived using the properties: (A-B)* =B A~ and V-V =1. The

term within bracket in the second equality in equation (20) may be expressed as:



[W (E* -H-HE+ 2 -1) -V]- 1 =[W(E* H -HE + cr2
-1) 1 -V] , WviCV =V 1 . [0054] The spatial filter

woreaosiosd7dd nmmse (m nay be conputed as: M MmBET/8)005/422840

[0054] _

[0055]

Hm-Mf _nmse base , for m=\ ... M, Eq (21) where
M nmmse base =[EH H E + s2 | ]161 EH. Smlar to the
full -CSI technique, the spatial filter matrix M nmse
(m for transm ssi on span m nmay be obt ai ned by
pr e- miM’i B VilG- HRB - Hase” dpat=i(X” (& - BT B +iox -V 1-V7)- V],
nmse_base with the steering matrix " {m . The
spatial filter matrix M meEV(HgEHW.Eﬁqurge.%.v],
conmputed as: M .(vv) , for = T M Eq (22)
where M _mse (1) V() -[E-H-HE+ 2 -1] 1 -FE*
~where [ @thﬁ]haf%eﬁ bﬁli&‘éawfoﬁ €latifyl qThe ihWeses pAtheterinl int e second
mat ri x cm (m with fully correl ated channel
reqsaplﬁylabowmwithesbﬁ@yprb@eémressed as: Mccm (m) =[H
() -H _(m]- 1-H*e(/n), [H(n) HHV(W)]lY
H(m H H rr}i(
becaud \(ﬁ' |§a‘l3th|ﬁt£)r¥]nﬁt[rXx(E 56¥ El’fé"sé 1%
fllter matrix Mccm (m may thus be corrputed as: ccm
YHH m-Mccm _base , for m=1 ... M5 Eq (24)
\M‘h??%_l\/bt base = R" 1 H. The spatial filter matrix

| so be nput e Mccmi —V\l(lfl)
M (|)T(he spaal fiftepmatrix ﬁmnEémg 783y W“&?@PS( 1) =V
() -R1 H. [0057] For the MVSE technique for
partial -CSI trangm ssion, the spatial filter matrix M
mee My il £0 1 @cMr plated chand@l mrekpolbe Eq 21)
matrices may be expressed as: [Y (i")-H -HV(w + s2
-1 1 -v (i") -H, Eg (26) Equatlon (26) may be
ddreres |,g,ses,,|mm=l[Er -HandkbE A’ el]ula@ oﬂi(ZO)Smbbweto the full-CSI
[ 0058] The spatial filter matrix Mmse (M) may be

(Iexrhpuple,d tizes spdfal i thatrix=MH(m (m)MIomimesibssion, sfanr mmmay be
M, Eq (27)

obtamed by pre-multiplying the base spatial filter matrix M with the steering

~——f_mmse_base

matrix V7 (m) . The spatial filter matrix M 7 _mmse () may also be computed as:
Mf_mmse(m) =.W1(m)'Mf_mmse(l) ? fOI' m=2..M ? Eq (22)

where M, ,..()=V*Q)-[E" -H" -H-E+c*-1]"-E" -H".

Z=f_mmse

For the CCMI technique, the spatial filter matrix M_,,;(m) with fully correlated
channel response matrices may be expressed as:
M, i(m) =[H; o (m)-H, 5 (m)]™ B, 5 (m) ,
=[V"(m)-H" -H-V(m)] " -V (m)-H" ,
=[V"(m)-R-V(m)] -V (m)-H" Bq (23)
=V (m)-R™-[V )] -V (m)-H" ,

=Vi(m)-R7-H" ,



where Mp_mse _base =s[HH + s2 1 ] 1 H. The spati al
filter matrix Mp mmse {n) nay al so be conputed as:

wobseodvps mse (1) V H(I) -[UH -H + s2 -1] 1 HCT/pSD59§22840

Tabl e 3 summari zes the conput ikl on for the spati al
filter matrices for full-CSl d partial-CSl

transm ssions with fully correl ated channel response
matriceg over transmssion spans m- \ ... M. Table 3
-wiggalYalmHi |+ ¥(mlkeeduee Y (i)t I8 apnithry@oatrisl at i on[ 0060]
In general, the spatial filter matrix for transm ssion

[0056] span rAheepatid fdishpatradMhs. (@ (mpy thus ke poppuisd 88 wher e

the subscript "x" denotes the receiver processing

techni que and ngpy be "fcsF, "fjnnse", "ccm", or

"o i (e ¥ab®) Mawisat > il ter nder e Bhse may  Eq(24)
be conputed as if steering transmt diversity was not

used. [0061] FIG ? shows a flow di agram of a process

agere Mg omput R 'sHEL i alhefsphtiad filtenmatrixeM wi (7 May klgo be computed as:
correl ated channel response matrices over transm ssion

spans m=1 ... M. Aninitial spatial filter matrix M

mis fM.simeMuledMplddk 412). Thifer mw2i.alMspatial  Eq(25)
filter matrix may be the base spatial filter matrix M

base that is derived based on (1) the channel response

ehare M, ne Y 20D the -Hegei ver processing techni que

onen S5h ™8 RRIEE LSl oo St b St e o

[0058]

[0059]

T al h £ : _ . .
¥y e R0 8y et TRl sD e B8 Bpresa as:
may be derived based on H and V(1) . [0062] The

LR TN o R AN

= M(l) (block 414)H. TheHspati al filter nptrix HM((Tn)

for transni ssi or[¥pdm) Ll sH-Nem) deripll tdVbéasrdon the Eq(26)
initial spatial filter matrix Mk init and the steering
matrix V(m used oy, f.rafdsp.sst gpsp@n m (bl ock 416).

In particular, I\/k‘(“ng maybe conput ed " based on either

Mk_base and V(m or M (I) and WL(Tw) , as descri bed

dmation @6) etagbridedtvedin similiremnenaeequhidhE0) abovil

(bl ock 420). 1f theanswer is 'yes, then the index ms

i ncr enistseatigl filtgemativoM , o pdmy) HaaYheramapitededsyr ns t o

bl ock 416 to conpute the spatial filter matrix for

anot her transm ssjon span. QG herwise, if m= Min block

420, tMgn,.t.te) spatal M, J.ier.mat ri cder m=1).. Miyough M Eq(27)
(M are used

where M, e puse =[H" -H+0”-I]7-H”. The spatial filter matrix M, ,,...(m)
may also be computed as:
Mp_mmse(’n) = .w.l (In) .Mp_mmse(l) 2 for m= 2 ot M > Eq (28)

where M, .. D=V ()-[H* -H+o*-1]"-H".

Table 3 summarizes the computation for the spatial filter matrices for full-CSI
and partial-CSI transmissions with fully correlated channel response matrices over

transmission spans m=1 ... M.

Table 3 — Spatial Filter Matrices with Full Correlation



for receiver spatial processing of received synbol
vectors rx( ) through r (M , respectively (bl ock

W@ 20b5/00440¢ hough not shown in FIG 4 for sinpliPRCT/Ys$2005/022840

[0060]

[0061]

[0062]

each spatial filter matrix ma¥ be used for receiver
spatial processing as soon as Both the spatial filter

matrix Mk(m) is generated and the received symbol
V-ector rv/ ! are nhf ﬂl norl rnnn'u For F|||| csli

A A A

 r alvBodessi pn, the spau&patpl Ed&sMagruat t he Technique

Fansm tTINg entity may,also be sinprified as: T (M
EE- V() - S (rrgifm Aserﬁa&rlﬁ EBV(r pndmy be conputed for

pach transp ssion span mbased on the steering matrj xFull-CSI
V( n) for thﬁéﬁs,(m)aﬂﬁn(is)slMﬂs, span and the matrix E |

; £
WhiFah-GH  npt—a—uret-on—ef—transm-Sssten—Sspan—fer—the

full corre| Mjon caseE"BHPatEalo*CayT e]E’étHBn, 51{1964]
W th partipl-corr el ation, the channel response MMSE

0
matrices fpprthe MEWP-Q‘%PGMGITG | ess than fully

mmse_ base

corr el at ed| act8%5™% range of Iransm €sion span jindi ces

pf 1 nterest Inth|§~c B, agspatlal filter matrix
conput ed f pr-—gt¥ansm ssi dn span may be used to

or - anot het MO Sotim Moppm “T0065) Li an |
S

CCMI

an

et 3 pase Sparyal TTTTEr HRTTIX WK Dase |
for transn] M on._sparil | ot a!hetﬂf rotda spati al
fFilter matfix Mk() conputed for transmission span | byMMSE
fenovi ng t hM st.edr)rgY nréw} M, Mse Jasdised f or

o Bnan

M Altorrl DDI II DlJ(J.II ] (J.D I UI 1 UVVD IVF\ IJ(J. - IVP\\ 1 ) . L
(29) The base spatial filter matrix Mbase () is then

used t/g gdBEhY ehAsphBREIRR Mdndt fdr tf&@ﬁns@ﬁhrsk/ﬁn M&nﬁ’ﬁﬁ@ computed as
(m for transm ssion span m(e.qg., base

Ry, (Rp=00NEYL M, , e, Gvherd!$hd)guiabript éﬁ’aﬁbﬂ(ﬁesp IHigC @éﬂdfv&r @frocessing
al gorlthmthat Tterativel y perforns a set of

aedhnituet andnaapbe NsBaseminse, 6'comi aion “A mmsndl Blod bdsk @patial filter
for Mk base (tn) . Iterative procedures for conputin
anatved . sl they ba coapyted agHsfrerins tnmEt dIVgisity trasgot use
gradient algorithm lattice_ algorithnms, and so on) are

known ¥I6- ko a flgvg disgranyele prosess 408rie compis spaisu filtgr matrices

ke i Rbodd HRTLAS0RR AR gl 121

Mﬁﬁﬁ:ﬁlsbalﬂ fef nfagix M S, ehedtompited®lodhUR)DeThid Meih] spatial

==x_mit

filter matrix may be the base spatial filter matrix M that is derived based on (1) the

M base
channel response matrix H and (2) the receiver processing technique selected for use
(e.g., full-CSI, MMSE for full-CSI, CCMI, or MMSE for partial-CSI). Alternatively,
the initial spatial filter matrix may be the spatial filter matrix M (1) for transmission
span m =1, which may be derived based on H and V(1).

The transmission span index m is then set to 1 if M, ,;, =M, 4, (as shown in

FIG. 4) or setto 2 if M, ,, =M (1) (block 414). The spatial filter matrix M, (m) for

transmission span m is then computed based on the initial spatial filter matrix M

==x_init

and the steering matrix V(m) used for transmission span m (block 416). In particular,

M., (m) may be computed based on either M and V(m) or M, (1) and W,(m), as

2¥=x_base

described above. A determination is then made whether m <M (block 420). If the



Mk () (r)M_base () =>Mk_base (m MW (m, where "-""
denotes a direct conputation and "= >" denotes
w@omsiobd7es i t erati ve conmputati on. The base spatP@I/US2005/022840
filter matrices Mk base () ang Mk base (tn) do not
contain steering matrices, Peas t he spatial filter
matrices Mk {) and Mk(m contain steering matrices V(

) _and V(. sed, for. transm ssi on .span d

Vst Ve YR on St v KRR RsR baBBAR 427 wnf e process retums to
SHadK 416 toi dobrfutd Mt kpatiaMiltérithathiQ for AR BAIRRsiSR §FhnMOtherwise,
is conputed using an iterative procedure that

i if err =tV vi Ibloclsei20othas the spatial dilter orapiea Mol ﬂumugln (M) are used
initial guess Mk (jn) . The initial guess may
dfer irgesdver r patielhprospsstngapt frﬁqeveeﬁ isimlbq xVegkors !;x(tbe ithropgh r. (M),

e TSk 206 Wppo Tl by i P SoSh0l et

?ﬂinl)@ Endctﬁ’i Iﬂa@b‘é REPRA IrERNer Bi?al’lapfro%s\éﬁﬂg @300V l(c)t%M& spatial filter

. The spatial filter matrices M
l\th@tn)c Mgtm) (S(gmanatedtdnd tht reegiverhsymettol vectdd( m)(m) seel olbtamed
ansm ssion span m [0067] For the above enbodi nents,
[0063] I\/k ba@r{f)l 14 thansToisploRg herspaal aipepssag oh e fnsmating entity may

SR PSR S YR 8 ek SO0 s o

ation bet
R 1 bl R of bk O b oS BRerAtt oyt haf Binsmission
) e

JBRE3EE HE AR ) 2 W B2 e ninPhon ohisinidion, poan for the ful
&{d,ﬁ-eidﬁbﬂ};ag‘eor transm ssion spans and m A higher

degree of correlation may result in faster convergence

to the final solution for Mk (J.) . [0068] EIG 5

shows B ParialGorxelationf g process 500 to conpute

spat i ilter matri.ces. w rtially carrel ated
cﬁanng‘}‘f tfﬂ@é&eﬂkg@ﬂﬁlatl?rr,éég c %mefreaﬂwégﬁﬁeﬁess 5tk MIMQ channel

-are 1d¥8 thah T811Y B8R4 hosd Q?arng IoF &3hsRR8 oR §dn 1nd10§s of interest. In

transm ssion spans are initialized as =1 and m =
(this cuake, S atialAfiBpramiatix ¢arhputed foata tmnsMass@n sganc 6 npay bd used to

TRy gt
[0065] Ani Ni trh 3l SRRfdiAdnt] 4 bAk's 9@51 rier Me?ﬁa}k Vit | Q%)n fotrht:(ceansmission span

transm ssion span mis t hen conput ed basét

spad bl?t%unga 6o 2 gﬁa‘t{a; ﬁg%%mﬁt)ﬂxa@ (N EoRpRPE forHAEhid®n span £ by

[0064]

matri x/ matri ces
removing the steering matrix V(#) used for transmission span £, as follows:

__x base(’e) V(e) M (z) Eq (29)

The base spatial filter matrix M (¢) is then used to derive a base spatial filter

M base
matrix M, ,,.(m) for transmission span m (e.g., m=£+1). M, ,..(m) may be
computed, e.g., using an iterative procedure or algorithm that iteratively performs a set
of computations on M, ,,.(£) to obtain a final solution for M, ,,.,(m). Iterative
procedures for computing an MMSE solution (e.g., adaptive MMSE algorithms,
gradient algorithm, lattice algorithms, and so on) are known in the art and not described

herein. The spatial filter matrix M_(m) for transmission span m may be computed as:



V(m , e.g., as shown in equation (29) or (31) (block
516). The spatial filter matrix for transm ssion span

wWOoreios/0041ehn conput ed based on the initial spatiBCT/UB1008022840

matrix MK init , e.g., using %Q iterative procedure
(bl ock 518). [0069] A determ rffdation is then nade

whet her m <M (bl ock 520). If the answer is 'yes', then

the indices _and mare updated, e.g., as = mand m=

m+1 ( bMoéw) 5I2)(m)THE_prOtkss then returns to bl ock 516 Eq(30)
to conpute a spatial filter matrix for another

transm ssi on span. O herwise, if all spatial _ filter

el | PESCIRRge 19BH cBiputhit, cmbodieeat mMaY itHupl dek siven  as:
t th i al £\l tri MEl)»th .
%(Qr%ﬂéééﬁ?{)}?} aMée”@T (\];/'Q r$ 2%%1 I“al %ﬁ%rg essi_%lg 0 e%%lg ‘i direct
r ” Dl , .
SEFLES 7oL B0 ol LM T b g e
maitiosss Mhe conphd avil on, @f) Wb sidtdoataid istebfhg MRdtfibdse Whereas the
for Mconsecutive transmssion spans m=1 ... M. The
tspatiel Miles inRiiriédaNE, (4P ah@IMNERN céaiBest &Rk MY W(2) and V(m)
ne

general, a spatial filter nmatrix derived for o
tusedh foritmesmissisp apansi & andsmgrespectibélgi n an initial guess

a spatial filter matrix for_another _transm ssion

f
(006] epan i1 SPBPeembAs AR il aIal fgier AU /(@ Slor fransmission span m

[0067]

Steeri Matrices [0071] A s of steering matric .
Cb FppIFa bk i Tras priseding P et BBip S ot Fgpomputations

eer i t iteQi v s s j [ .
S AOG AERAIL O e ik S0P B BRI G Sl i
LnFEY MIS(/3érived REYanShRALE EpdnhANasGBBewdzach st eering
matri x_fl%z) should be a unitary matrix. This condition
ensures that the NT data synbols transmtted
si nmul tﬁggﬁayslﬂl(m)i.l@(w;) have the sanme power and are Eq (31)
orthogonal to one another after the spatial spreading
with V(z) . [0072] The set of L steering matrices may
behege e, i pd ViTmyavi(Hus TRenpecsink odrdex &Fpihgs efnbedient may be
steering matrices may be generated based on a unitary
pecm ¥R () SN &5 MOf(nd) © all e spatidlfeltdp assetri et i, Kom)rayid. ML, (mn)
be used as one of the L steering matrices. The ot her
[both singen thegtavsing ntdsx W) hesed dordramsmibsion spad #2i pl yi ng
the rows of the base .

For the above embodiments, M, ,...(£) and M (m) may be viewed as the

initial spatial filter matrices used to derive the spatial filter matrix M_(m) for a new

~ transmission span m. In general, the amount of correlation between M, (¢) and M (m)

[0068]

is dependent on the amount of correlation between M, ,,.({) and M, .. (m), which

1s dependent on the amount of correlation between H(¢) and H(m) for transmission
spans £ and m. A higher degree of correlation may result in faster convergence to the

final solution for M, (4).

FIG. 5 shows a flow diagram of a process 500 to compute spatial filter matrices
with partially correlated channel response matrices for transmission spans m=1 ... M.
The indices for the current and next transmission spans are initialized as £=1 and
m =2 (block 512). A spatial filter matrix M_(¢) is computed for transmission span £

in accordance with the receiver processing technique selected for use (block 514). An



matrix with different conbinations of scalars. Each
scal ar may be any real or conpl exval ue. The scal ars
war@ened7ect ed to have unit magni tude so that SPEEDRI905/022840
matrices generated with these ﬁcalars are unitary
matrices. [0073] The base nat@ix may be a Wal sh
matrix. A 2 x 2 Wal sh matrix W2x2 and a | arger size
y e ex ressed as:

P Bl e R Mo e 1o A0 R O tieicpompupd based on
t@easp%%}rﬁﬁd v onﬁ s Oﬂﬁq I ROPaR PG I PSS, Y(4) and

nggmg a® §X pars & g\gg 11& fquaetjm? {?B Rr mn@ oc%rkl%?n ﬂfl&g espath?g?ﬂ\ler matrix
({ni for t.rfathﬁﬁgn an{n;‘ is thenNom pLE&i {)gs%é d:ngﬁlrel ﬁt@l spatial filter

es of any squ di mensi on

%QtrﬁtoMon) , BBY ubR aﬁﬁﬁ?ﬂwF%w?mg%lbaggﬁg)nay al so be

used as tTié bise Rutrix For an N’x N base

[0069] ma;r | XA Reghidtioh qy‘@he% ﬁgﬂ@%gthM G <N e@%?e%‘@a_t MeXhe answer is

be i ndependently nmultiplied with on
diyes’ ethen thepimgmieh Kearslcal aae spdakdd, &.gdi dsf &+ entnd treeri AY (block 522).

B PR O (P ¢O ISR L I FORPYEIS PAE] Tty matix for another
eti‘ﬁféﬁ'l@loneﬂﬁﬁ °®t}feﬂ3@§e 21t aﬁf 9[5%'31 'ﬂlt@?ha‘@ﬁce‘s r}gﬁ@q{b‘éﬁ %hﬂ%{)uted as

multiplied with a scal’ar of + 4+, or -

I‘dletermumddlnkblchSZO Ghendittfef spratialt ﬁ]stetrelaattmgs it @) cthmuglm)M (M) are
3enerated froma 4 x 4 base matrix wth four

dlsﬁ doratigeeiseraipatia processjos of adceived shimbolwestors g (Dabwugh r (M),

mat ri tiplied with any scal ar having the
f8§H‘FF€@Y%§9@ may be any phase val ue. Each el enent
[00701 °f & seRlsahniByt 1. £ehdM e @&ﬁﬁuﬁﬁ&{ bEM Spakitf £ifk& matrices for M

scaled by 17 VN°to obtain an N xN steering matrix
mswgtlvmtransmmn fpans gach .c Murthe tﬁﬂﬁﬁ‘ﬁe}smﬁt spens dgnot need to be

.ices derived, base | sh, mat a 4x4. .
F“(S’E} ng[Pr%e}%irah A2 g ﬁ]é‘?frim i JeZiyp f‘ﬁfr é}}?eﬁf%l}sggmqnf span £ is
tfaed E@&ﬁalﬁfantlﬁﬁlaVﬂe%B offﬁ"sﬁdti’él ltér Iﬁb!ﬂrfx' 8t bl?cghé?' tsmission span m,
scalars of 1 and | , then each el enent of

ﬂ@§m¢%amﬁlgn@@mﬁmgynukanmws + 1, - 1, 4, or - j . 1In
this case, the rrultiplication of an el enment (or

vvelfig ¢ f‘»atl filter matrix with an el enent

of hg—géé@g»ﬁg—ﬁ%?ﬁn X may be performed with just bit

[0071] A set of steering matrices (or transmit matrices) may be generated and used for
steering transmit diversity. These steering matrices may be denoted as {V}, or V(i) for
i=1.. L, where L may be any integer greater than one. Each steering matrix V(7)
should be a unitary matrix. This condition ensures that the Nt data symbols transmitted
simultaneously using V(i) have the same power and are orthogonal to one another after
the spatial spreading with V(7).

[0072] The set of L steering matrices may be generated in various manners. For
example, the L steering matrices may be generated based on a unitary base matrix and a
set of scalars. The base matrix may be used as one of the L steering matrices. The

other L—1 steering matrices may be generated by multiplying the rows of the base

matrix with different combinations of scalars. Each scalar may be any real or complex



mani pul ation. If the elements of the L steering
matrices belong in a set conposed of {+1, - 1, + | , -

WO 2006/00470@€n t he conputation to derive the spatP@El/US2005/022840

[0073]

[0074]

[0075]

~ [0076]

filter matrices for the full grrelation case can be
greatly sinplified. 5. MI\/DS%tem[OO??] FIG 6 shows
a bl ock di agram of an access point 610 and a user

m n 650 in a m 600. Acces oi nt IS .
Salpp Qe IR RI S SETRHIR o by ABE et (B Sekrige matrices
E&ﬁ&ﬁﬁh5@&9ﬂa@%@ﬂ&%%ﬁp&hﬁﬂynﬁﬂﬂmHser tern1na| 650 is
equi pped with Nut antennas, where Nap > 1 and Nut > 1.

[ 007 8]Therbasé enatidmuniayrite, 2 AV alsic cedrsx. pai 2tx 26 Walsla mexix Mg, and a
processor 620 receives and processes (encodes,

ilarger sizcaWaksh naatdx Wesael mesbs)expreaterliasy packet data and
control/ overhead data and provides data symbols. A TX
spatial processor 630 perforns S tlal proce sing on
the d sﬂjbol%kmnth Wicses ]and

ownlink, EaB2)

possi <€l lgenvect or tri Sx21E(=/& for tyﬂ
e.g., as shown I-n Tables 1 and 2 XNspat+&Nlpr ocessor
630 also multiplexes in pilot synbols, as appropriate,
0 0
R 5B Bueh5R et BRI S UIR0L S, 0uB o
unl t OER Base eianes nRiycalfy be asEmsien niadine For e Wixa siautier matrix
nbol stream and provi des a correspondi ng downl i nk
ﬁum, theederseny réa),. InNap-dovnyy prdmrib goluameef Bivgniipy be pnfessed as:
transmtter units 632a through 632ap are transmtted
from Nap antennas 634a through 634ap, respectively.

[0079] , At usef %P 650, Nut antenpas 652a thr 95
652ut recefve the tr gﬁ%% é)ed I\g}oﬁf”n f oﬁ?at ed Ertds)
signal s, and each antenna provi des a received signal

a.les ectl e receiv ahr |V [
dRnat FRBRERL oF Pk S8 SindiBlsh By o "5 MY be formea.

ﬂ@théﬂhﬂfﬁdeélﬁay gle€ by asedunithe ®ad2 nawhdk.pr ovi des recei ved
synbol s. An RX spatial processor 660 perforrrs receiver

s pat i dior g Ed% |bﬁ§e walrx, sachefapvad thipysl Nsof the hasy matrix may be

i epggq?eg@%i&gﬁ]@ o8 G308 o ek BBAb ot BBty il . diferent
e e 0oy e P TR e G goatars for

SI)In-‘dofosvsa ribr mxamptée gacarfaded th:tcmghdif ntayebe independently multiplied
with a scalar of +1, =1, +j, or —j. For N=4 and K =4, 64 different steering

matrices may be generated from a 4x4 base matrix with four different scalars. In

general, each row of the base matrix may be multiplied with any scalar having the form

7% where @may be any phase value. Each element of a scalar-multiplied N xN base

matrix is further scaled by 1/ JN to obtainan NxN steering matrix having unit power
for each columm.

Steering matrices derived based on a Walsh matrix (or a 4x4 Fourier matrix)
have certain desirable properties. If the rows of the Walsh matrix are multiplied with
scalars of +1 and =+ j, then each element of a resultant steering matrix is +1, -1, + j,
or —j. In this case, the multiplication of an element (or “weight”) of a spatial filter

matrix with an element of the steering matrix may be performed with just bit

manipulation. If the elements of the L steering matrices belong in a set composed of



downl i nk. [0080] The processing for the uplink may be

the sane or different fromthe processing for the
waelomnmiod4the Traffic and control data is processedr/82005/022840

encoded, interleaved, and synggl mapped) by a TX data

processor 688, spatially procéssed by a TX spatia

processor 690 with steering matrices \ _(m and

ERDRVGE R S
ORI YR ATl a1 UL 0542

streans to generate Nut uplink nodul ated signals,
whi §h MIMO'Systemmtt ed via Nut antennas 652a through
652ut. [0081] At access point 610, the uplink

[0077] Modul e 656N h HlkalidERERI0 A abdesdBinAST EAPS ufs 4Bminal 650 in
t hrough 634ap and processed by Nap receiver units 632a

tayl Y8BIRE00: cAesigsspaint @Odb eeeippsatiith Nuf artennas that may be used

3P PR At e AT B8]l b T i, SR v
RbfvhaesneRt RCter sf@tna symbol s, which are further

ul

processed by &n RX data processor 646 to obtain

[0078] decodesh @t dovislinkt RE astiRkd Phint 60082 TP ANE §56CsSortB RBEives and
678 perform channel estinmation and S5Jatl al filter

ipEeachses clenpndieat intmlepyns, wnd warhed sngns) ritafhefpadksdata and control/
Ve, cf!i%tﬁ 63 EFOQ'E %%la%'s A OALI%E §pag§10 rgggsgr%o erf{orms spatial
CONtro e operation of varfous proces%lng units a
tREceRGRE 6 tIRPIAM spABoINWEh dt€drifigNBhtricése VIRY tdndglogsibly eigenvector
Menory units 642 and 682 store data and program codes
usatcdyEGoniordhd dovenlimRDe.gnds &&Avn inckapisstli andl2y . TX P8R processor
FIG 7 shows an enbodi ment of processor 678, which

98P f alsarenwltiplees| inegilatraymbels, #8 dapppwriate, apd |nreyidemNe gtreams of

o

Gbivie| ah@SPRaesedTed Iiclpdctive eaamdntit adyibos S bitdans padd iptovides a
whi ch received pilot synbols are_available. Afilter
rerespapdivgr dovmink modalstedi pighall ¢ S lgweink HEO@HaRA efignals from
r e ¥

(FRRARSE I SLAER R DAY LA AOY AB6L Ry gricynas 63 trough
reedmmmespectiveiyt. X EL(mM) . A unit 716 then conputes an

initial spatial filter matrix 008 For ful | .
00791 ¢or r efAJﬂé%ar ﬁ(maﬁ 65, gg;%?a@“&‘lggfq%h"e’iec?fﬁ? g transmitted
Mo winlthk nfHa¥1aR%R sighhls?and each antenna provides a received signal to a respective

receiver unit 654. Each receiver unit 654 performs processing complementary to that

performed by receiver unit 632 and provides received symbols. An RX spatial
processor 660 performs receiver spatial processing on the received symbols from all Ny,
receiver units 654a through 654ut, e.g., as shown in Tables 1 and 2, and provides
detected data symbols. An RX data processor 670 processes (e.g., symbol demaps,
deinterleaves, and decodes) the detected data symbols and provides decoded data for the
downlink.

[0080] The processing for the uplink may be the same or different from the processing
for the downlink. Traffic and control data is processed (e.g., encoded, interleaved, and
symbol mapped) by a TX data processor 688, spatially processed by a TX spatial

processor 690 with steering matrices V(m) and possibly eigenvector matrices E(m) for



base spatial filter matrix M base conputed based on

H(/n) and the sel ected receiver processing techni que
wW@eoopA)4706 spatial filter matrix M (1) for tranBei/5S10051022840

span 1 conputed based on H(I) V(l) , and the

sel ected receiver processing ?%chnique For partially

correlated Hn) , the initial spatial filter matrix

e bl ebmblmaen i S5 avaboRs b e%mm%aﬁ{aw%m streams.

QMRS ttEOiniBNGI4aahrdulR &S BitSEndRiohPAE N, tré’nskkﬁt tynfd streams to
conputes the spatial firlter matrix M

tgenersiei Nai uplinkpaadylatod sighalsn wihikh p1gi @amnu%qdawaaNm antennas 652a
deﬁf’tg% %‘?H‘IX MXJnU and the steering matrix V(m used
g Yy ansmi ssi on span. For partially correl ated
[0os1] H( M At%b&ss]ﬂ;ﬁmmm ma|u@[iﬁlatnoﬂﬁlaltddaﬁgialyﬁenemﬂm;empmntennas
conmpute for Mk (n) based on the initial sgatl al

fil
rfate througihp34ep; andapogassed; byl Neresavesrunijs 0322 frooas) 632ap 'to obtain
f
PR SR TP B B, AN ShotRF ltBiSLOR AR 308 Kidlver spata
Rodesgihge mnmedeceivai syrhisols madpeovidss petected slata Gthols, Wthh are
[0086] The spatial_filter matrix caon
tfeew.paferﬁseé@w % JaiadrenessoRggo eoht %ﬁ m%aéatabfyr the uplink.
[0082] Var ' OUoLBRaNs - 635%&96(’}"8”8&1?01-& REffel BHAUMEMATRIAHRE filter matrix
| enented 1 n hardware, software, or a conbination
tdompetalhon For the ahaevsd\parre andplbmﬁennmal mspettth@lypr Conisallengy 640 and

tsfo atia l.ter. matri x co n may be .
0! SRt B Spelion oAt prosSssid o ob e st Beint and user
't&hﬁﬁﬂa{re@ﬁe&ﬂvéﬁﬂﬂ Mém()ﬁsbl%) 642041l 82 st&egﬁﬁi aM%‘ggﬁﬁQ E&des used
DSPs) |taI gnal” processi ng devices (DSP
d@nﬁﬁi}@b 80 W@ﬁbﬁ%o eesppdwsly PLDs), fiel d progr arrmabl e
[0083] gat € @Yy @%) reriDodhTeT 0f> o%gé%{ %17%56% }} Iperforms channel
m cro-controllers, mcrop 1L s her’ el'ec

Watiingticle ah@ npekidl oﬁmrm@uhm tdigputativgt foansseflegafindieb0. A channel
herein, or a conbinatiaon thereof. [0087] For a
sstimaier 412 ﬁbtaé‘ﬁéﬁ?%‘fqddﬂbt syebelp apd éPanS|at¢éaamthr?ﬁpsense matrix for

GAER 195”01?@6{3&& wAEH 1%[: é:h ¥ I%yﬁ@ﬂféla?é veflaBle: A glter 714 may

procedadur es, t1ons, so on & ‘software co
pryfotia tisieod @aih ifilteEng Df]thlﬂ rehammel eesponse meatmeey fontht subdaR and prior

and 682 in FIG 6) and executed by processors ‘@fh%!
CERENBRIoR ISPty %hmn@s@ghﬁ cma@ty el)annqihr@SRPélﬁ% (m). A unit

enent.ed. Wit hi ssor or external to
{tﬁg g ﬁ%?s anllﬂlq fhafa 12@ e conmuni cati vel y
| ed t
[0084] Icgu? h%oarfglbtf ggrrglarlt%g eIi(sn(fz))r tﬁe 1mt1aarslpgtlilaﬁ fer matrix | f ,,,l: nn%'? be (1) a

base spatial filter matrix M computed based on H(m) and the selected receiver

=I=x_base
processing technique or (2) a spatial filter matrix M, (1) for transmission span 1
computed based on H(1), V(1), and the selected receiver processing technique. For

may be an initial guess

init

partially correlated H(m) , the initial spatial filter matrix M

(£) or M_(m) that is obtained based on a spatial filter matrix M, (¢) computed

x base

for another transmission span £. A unit 718 computes the spatial filter matrix M, (m)

for transmission span 7 based on the initial spatial filter matrix M, ,,, and the steering

matrix V(m) used for that transmission span. For partially correlated H(m), unit 718



[ 0088] Headings are included herein for reference and
to aid in locating certain sections. These headi ngs

wae®@enot706 nt ended to |imt the scope of the coPCEPS®05/022840

[0085]

[0086]

descri bed therein under, and %gese concepts may have
applicability in other sectio t hroughout the entire
specification. [0089] The previous description of the
di scl osed enbodi nents is provided to enabl e any person . ..
SRy Trepjemngnt; pp itgFative Pragadarefo ag@wtﬁef%ﬁr&a;zrm Baskd"on the initial
i nvent.ion. Various .nodification o, these enbodi ments

ol Bl maie YRR S PR M) | od i n the art.

and t e, gene r6.?|§ IR Rlafisel A6l Rech DRY HabalBer Batrix computation
applied to ot e enbodi Nent s Wi t hout parting from

tftweacs gis point 61 0 andpray bk impleniented md sianlar Tanser asipeocessor 678.
prese inventiQn is not intended to be limted to the
rbod HEntRetEh SUIRt HBHER neasERon, &oPuidlet JFrmied rein may be
WnB feRden®RMvatB0S Inth &N L FOM etx@rngféetﬂéﬁé REMMLES ARALORYSEmented in
features di'sclosed herein. [0090] WHAT |I'S CLAI'MED

IhgrdBiasd, MBfitvare ares lvovhbuofatide therpoly Fpri kardwadet implementation, the
matri ces . W r.e S [.tipl e-ipput | t.i p] e- out.put, .

B SeEsS AT St R e BEBHaPL T Be B s fiihin one or

© 8hork &Fﬁlii@hoﬁ Rpédifd n{tégf-rmea cifBiitsl (ASTEE) deksfal Yighsl processors (DSPs),

[0087]

[0088]

[0089]

[0090]

plurality of spatial Tilter matrices for a plurali tié

oligital siznpl proressingplavicep 4DSBDsh presrampiableglogpdaviegs (PLDs), field
filter rix.an pl INERY; ri [ )
il o el (MEBAS] Y ptceBieh) ool ifyozcontolters
HRicipeboessots, ajther lelesttomice ufiitd esigmudt ioapersqat ittad fifrictidy described
matrix is determ ned based on a channel response

ragrein, or pgpmRmgfigtheredinel . 3. The nethod of claim 2,

wher eigh. t.he mPAL i; ' g ensdar :

pl ur aIFi%tr )71 go trgﬁ%m%%%ngﬁog%s@ég lgeri&sg% agé%ﬁ%tﬁuon may be
tpeeformed with nadvhrbese(e. 2. gupcaiseespfinctionsarod ao shpedhegofiware codes

matri x used for the .fransm ssion s 4 he et hod
SRS S I PR TP B el CapE e A P F et rang cxcouted
iy hroEdsBes (9L edomBReks aDeshdoms RS FRS! 619 THehémordyOnit may be
one of the plurality of transm ssion spans. 5. The )
repleotentsld within theg proshssprpnextemalstodthe arocessor.dn wiiel rpase it can be

fc%rrnm?u%:clglti\olglytcg&pled to the processor via various means as is known in the art.

o=

Headings are included herein for reference and to aid in locating certain
sections. These headings are not intended to limit the scope of the concepts described
therein under, and these concepts may have applicability in other sections throughout
the entire specification.

The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



plurality of transm ssion spans is derived based on

the initial channel response matrix, the steering
woraiosiosd7oced to determine the initial spatial PECT/US2005/022840

matri x, and a steering matrix_used for the

transm ssion span. 6. The rret%‘gd of claiml1, wherein

data is transmtted on orthogonal spatial channels of

a M MO channel, and wher ei @Rﬁﬂgm tial channel

response matrix is determ accordance with a

full channel state information (full-CSI) technique.

7. The method of claim1l, wherein data is transmtted

on or tthogodamethodtdfalerivingrapetial fdter anatixasdn ehaeless muligle-input

wherein the initial channel response nairjix is
EE‘ﬁéﬁﬁi%@ﬁMMb&S?'&'g CEAPY F?’Sg&}ﬁcﬁl% %?ﬁnﬁéan squar e
error detiyiming ACAMUsti81 filldtendtEthed of claim 1,
wherein data 1s transmtted on spatial channels of a

M MO draving e pluatityepatiad fltsematices r acMurebB of Eansession spans
I, S . er ni i b it : .

TBIh, b8 AT S S BRRF I o e cs g for

pRirhigst of frandnsibsivor spankler ei n data is transmitted on

spatial channels of a M MO channel, and wherein the

initial channel response matrix is determned in

accor dance t 1 o a I s ix i
fecnniaue. 15, MFheT S} KuihCFARERHriR: BLAL spipaiter matrix i
pletermined pasefl optasanmy responseqearinife aEM h¢haanel.
transmtting entity to spatially process data to
achieve transmt diversity. 11. The nethod of claiml,
wher eisn el gierhSh&d of Baind kU dbleld thefspafiA eTlich Sndthk ForC&sh of the
are nenbers of a set cor?rlsed of +1, -1, +j 5 and-j

tac

wherlityjofitemamisgionrspansoistdegyed basetion theinibal Jraneglgpsponse matrix
wherejn.the plurali-ty,o ' Lon spans correspond
tag&gs%f:lap%maﬁv %Fdé?/%g%ﬁa%sér%?% ssp%&’& Tﬁe nmet hod oP

claim1, wherein the plurality of transm ssion spans
correspond to a plurality of frequency subbands. 14.

The mét hod TéF restbecheticlainy 2 Whereohp inilplpatigldiites iy is further
P Rhtlop BAAATHY A0 U B onk RF BB o e¥pmisgion pans
spatial filter matrices. 15. An apparatus in a

el Iti s . ) .
wmre eb_?s mJl‘helrrEétﬁoA QP gltai l, Eﬁlhgrlelen &%ts%gttial(ﬁ\ﬂell\r/%amx for each of the

plurality of transmission spans is derived based on the initial channel response matrix,

the steering matrix used to determine the initial spatial filter matrix, and a steering

matrix used for the transmission span.

6. The method of claim 1, wherein data is transmitted on orthogonal spatial
channels of a MIMO channel, and wherein the initial channel response matrix is

determined in accordance with a full channel state information (full-CSI) technique.

7. The method of claim 1, wherein data is transmitted on orthogonal spatial
channels of a MIMO channel, and wherein the initial channel response matrix is

determined in accordance with a minimum mean square error (MMSE) technique.



conmuni cati on system conprising: a processor

operative to determine an initial spatial filter
woraiosiosd7eed to derive a plurality of spatial fPET/E82005/022840

matrices for a plurality of transm ssion spans based

on the initial spatial filter?matrix and a plurality

of steering matrices used for the plurality of

transm ssi on spans; and nory. operative to stor

Lne phura Ty memodios 6, HUFFILLRh Bt inpiied Spapauq ghannels of
é' Bahrel 9@@ veteReih e 11'ﬁ't151' BlandPefespdnst iththk iFRfefdrined in
term ned based on a channel response matrix for a

Mcwfdanh@wnh la,chammt1 wdfreaflmqn miteixgpearsion (FCMiletechmqus. x

for each of the plurality of transm ssion spans is

derived based on the initial channel response matrix

and agst eefhOgheMRkIdf ¥R ad wheteird dfa i tPamSHitERl cispafidlithannels of
17. The apparatus of claim 15, wherein the initial

e MMRVIOl chassplorané whereinxthe dnitiat ehanneletesponss dB#Fid s (dstermined in
th,a ful hnel state jonf |
ot it g AR R AR a4 PR Wty

techni que, or a channel correl ation matrix inversion
(CCM) techni que. 18. The apparatus of c| ai

15, . .
wher eilf el Shemnahest of Rup) lirvaherety the Plyraldly; HoSteriing; wakices are
mﬁegdr@ﬁ%&ég 216 %nﬁtgrtto g;ge{{ﬁﬁy f)?&:eg dafél'tohaé:ﬁraeg%' g?%{ﬁgg dngBI’SItY
clai m 15, further conprl Si ng a spatl al processor

operative t per at | proce 0 ol .
recei \éd fg?‘e R ?f[ BF & ‘le ‘?rF’é‘nél ‘%Féﬁ tg‘%gﬁga@\ﬁyt?f steering
&Rk YrAhbh¥erbr §Q@ctcbﬁ4pr1§éd $iel[1 Dl HRB-j, wHereA\s a square root of
apparatus in a wrel essnutlpelnput mul ti pl e- out put
M MO conmuni cation system conprising: nmeans for
determning an initial spatial filter matrix; and
means for deriving a plurality of spatial filter
mat ri qes f qheamethd afi dnPf1, twiRpEH1 the iphiraByaos taaseEsion spans
on the initial spatial filter matrix and a plurality
obrrespend fawpleality ebsymbobgeriess t he plural ity of

transm ssion spans. 21. The apparatus of claim 20,
wherein the initial spatial filter matrix is

13.  The method of claim 1, wherein the plurality of transmission spans

correspond to a plurality of frequency subbands.

14.  The method of claim 1, further comprising:
performing spatial processing on symbols received for the plurality of

transmission spans with the plurality of spatial filter matrices.

15.  An apparatus in a wireless multiple-input multiple-output (MIMO)
communication system, comprising:

a processor operative to determine an initial spatial filter matrix and to derive a
plurality of spatial filter matrices for a plurality of transmission spans based on the
initjal spatial filter matrix and a plurality of steering matrices used for the plurality of
transmission spans; and

a memory operative to store the plurality of steering matrices.



determ ned based on a channel response matrix for a
M MO channel, and wherein the spatial filter matrix
wo eneearhe of the plurality of transm ssion spaPGI/US2005/022840
derived based on the initial ghannel response matrix
and a steering matrix used f the transm ssion span.
22. The apparatus of claim 20, wherein the initial
channel response matrix_i.s term ned in.accord
h ﬁg’ow © an&ﬁﬁ

n .
wi th 8 ul The REPAHEPS SfAlEm 3 S@gﬁla}q fiffer matrix is
?ggﬁtgh&yﬁasea Y RAThETERG RS AR e ok A MINPSEannel, and wherein the

I que, or a channel "correlation matrix inversion
§790M Jilt¢rembtmixofoe each3of ik ehaplpiamttmgsmfsm@n@pmsg@,denved based on

where j is a square root of -1. 24. The apparatus of

clai m 20, further cog'tpri,si 8501: nmeans for perform ng ..
spati &7. pr dbespnangubel deifp hezeinthesigitiah chanmel response matrix s

lurali of nsnl: $si 4L B e ' :
Btk o0 oL AL 593, ML 5y bR o Blimiue o
shdiiudl thédnt efua@teriof QMNISER tedhnijues ©r nailchinpled-domelation matrix
mul ti pl e-out put (MEVI O) conmmuni cati on system
soepions(GidDdeshniqusg a first spatial filter matrix for
a first transm ssion span; determning a first initial
spatial filter matrix for a second transm ssion span )
based18n t Mae hppsatus phtlamh 16) Wheneimelements of tht plurality efsteering

a second spatial filter matyix [for t.he second ..

PR PSSP BOSR ahe Bk SEEPBREY He- e st T, 01 APeigd § aquare root of
filter matrix. 26. The method of claim25, wherein the
first spatial filter matrix is derived based on a

channel response matrix obtained for a M MO channel in

the fi st ansm ssi op .spa fur . |.Nn accordance

with ABT ecg%épp%%tgﬂ’g‘fla%fg%gﬁ;%ﬁleﬁéo%‘ggglﬁk’que. 27. The

et hod s@htidl |pRbd¥ksd® op¥aaveidpdrivemtpiatilprotdging loa siyinbsls received
initial spatial filter matrix conprises_ pr oce?si ng f he

fonthe plupality af transprissiongpens with she rdwislity of spatiad filtet mafricas

matri x used for

20. An apparatus in a wireless multiple-input multiple-output (MIMO)
communication system, comprising:

means for determining an initial spatial filter matrix; and

means for deriving a plurality of spatial filter matrices for a plurality of
transmission spans based on the initial spatial filter matrix and a plurality of steering

matrices used for the plurality of transmission spans.

21.  The apparatus of claim 20, wherein the initial spatial filter matrix is
determined based on a channel response matrix for a MIMO channel, and wherein the
spatial filter matrix for each of the plurality of transmission spans is derived based on

the initial channel response matrix and a steering matrix used for the transmission span.

22.  The apparatus of claim 20, wherein the initial channel response matrix is

determined in accordance with a full channel state information (full-CSI) technique, a



the first transm ssion span, and wherein the first
initial spatial filter matrix is equal to the first

wapabioad7od i | ter matrix with the first steeri ngP@EUS1005/022840

renoved. 28. The net hod of clzadmzs wherein the
determning the first initial“spatial filter matrix
conprises: processing the first spati al filter rratrix

to renove a first stee trix used for
EaEH SSsegns &t <t OIERE AR s 68 oh dhuhiL oG ation matrix

Hﬁ,gfsidﬁ(m@l)ft&hn}dﬁ@. second transm ssi on span, and
wherein the'first initial spatial filter matrix is

equal to the first spatial fiIter rratrix with the

B e

hagices eRlerfbat b4 sdticbinfisdipdii-1x -1 Stiferd - eethets i ikch stuare root of
iterative procedure that iteratively perfornms a set of

cbrmputations on the first initial spatial filter
matrix to obtain a final solution for the second
spatial filter matrix. 30. The nethod of claim 25,
furthes. cofpe bgpargus offxdlgirm20)ifinghea composidg:i ni ti al

spatial filter matrix for a thijrd transm ssi.o
bas ed MsAnS e DEEIHBE %&a[ Bocessingan %’chF C%ng foP the plurality of
ﬂ%ﬁéﬂlgﬁ& &ahlbinidl fﬁ‘lﬁfa"i’ilty 5 dphBK| TR biatide®r the third

transm ssion span on the second initial spatial
filter matrlx 31 The net hod of claim 25, wherein the

7 erine S5 RRBR AR B IO bR R0 hiote i
Wik BulpdeVIIVIOY canthufiREAMsyisteRt) Samﬁsmgbs pans

orrespond to two different frequenc ands. 33. An
ap par denirgng A fizstwpatisl 8Yer maftris fpr éﬁrSﬁ H@Bsnhlﬁffl?li #198; out put

(M VCke ST £ 56 SRPRELAKIB, AeRARE 33 lson o

dadedlontthd 0 §patiabAildt nedpeix; andet ermine a first initial
spatial filter matrix for a second transpi Ssi Qn.span
based derivinge seeqntspatizd filter mepy B thesseppnd trapsipinn span Rased on

RO RRRL )R fifed ffiBE rix for the second

26.  The method of claim 25, wherein the first spatial filter matrix is derived
based on a channel response matrix obtained for a MIMO channel in the first
transmission span and further in accordance with a receiver spatial processing

technique.

27.  The method of claim 25, wherein the determining the first initial spatial
filter matrix comprises

processing the first spatial filter matrix to remove a first steering matrix used for
the first transmission span, and wherein the first initial spatial filter matrix is equal to

the first spatial filter matrix with the first steering matrix removed.

28. The method of claim 25, wherein the determining the first initial spatial

filter matrix comprises:



transm ssi on span based on the first initial spatia
filter matrix. 34. The apparatus of claim 33, wherein

W@ b@epo4eessor i s operative to process the firBCT/US2005/022840
spatial filter matrix to re e a first steering
matrix used for the firsttra pnission span, and
wherein the first initial spatial filter matrix is

equal to the figst s Lal filter matrix.with the . .

fi 1 stPERESENS A ﬁ%ﬁ et tiffs e Ses ey S ?ts*in&% rggirix used for
Bk 3P BRsmERhpEn hAE tPIRRRAS $Wechrid StberinanhateiRarsad fotethe second
to determne a Second initial spatial filter natri

t
frarsmassidn spant anshwhersis e fsganitish seatiab fltenmatixcls r?au%)l(l to the first
tial fil tEi : i i i .
AP Pl P o SN hob L M 40 rcrms

tbgixsiasiaael. i nitial spatial filter matrix. 36. An
apparatus in a wireless multiple-input multiple-output
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32.  The method of claim 25, wherein the first and second transmission spans

correspond to two different frequency subbands.

33.  An apparatus in a wireless multiple-input multiple-output (MIMO)
communication system, comprising:

a processor operative to derive a first spatial filter matrix for a first transmission
span, determine a first initial spatial filter matrix for a second transmission span based
on the first spatial filter matrix, and derive a second spatial filter matrix for the second

transmission span based on the first initial spatial filter matrix.

34.  The apparatus of claim 33, wherein the processor is operative to process

the first spatial filter matrix to remove a first steering matrix used for the first
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transmission span, and wherein the first initial spatial filter matrix is equal to the first

spatial filter matrix with the first steering matrix removed.

35.  The apparatus of claim 33, wherein the processor is further operative to
determine a second initial spatial filter matrix for a third transmission span based on the
second spatial filter matrix, and to derive a third spatial filter matrix for the third

transmission span based on the second initial spatial filter matrix.

36. An apparatus in a wireless multiple-input multiple-output (MIMO)
communication system, comprising:

means for deriving a first spatial filter matrix for a first transmission span;

means for determining a first initial spatial filter matrix for a second
transmission span based on the first spatial filter matrix; and

means for deriving a second spatial filter matrix for the second transmission

span based on the first initial spatial filter matrix.

37.  The apparatus of claim 36, wherein the means for determining the first
initial spatial filter matrix comprises

means for processing the first spatial filter matrix to remove a first steering
matrix used for the first transmission span, and wherein the first initial spatial filter

matrix is equal to the first spatial filter matrix with the first steering matrix removed.

38.  The apparatus of claim 36, further comprising:

means for determining a second initial spatial filter matrix for a third
transmission span based on the second spatial filter matrix; and

means for deriving a third spatial filter matrix for the third transmission span

based on the second initial spatial filter matrix.



