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[ 0001] The present Application for Patent cl ai ns priority to Provisional
Application Serial No. 60/536,307, entitled "Data Transm ssion with Spati al

Spreading in a M filed January 13, 2004, and
assigned to the ﬁgﬁm&@ﬁsﬁﬁw Med by
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redundant |y to achi eve igr eater reliability. [0004] M MO channel between
t he t r ansnpad hergby axpresplysineorppratedvaeferensedsrainy may experi ence various

del et eri ous channel conditions such as, e.g., fading, multipath, and
interference effects. In general, good performance may be achi eved for data
transm ssion via the MEMO channel BACKGRU[DNDf erence and noi se observed at

the receiving entity are spatially "white", which is flat or constant
i nterferendb ancFleldl se power across spatlal di nmensi on. This nmay not be the
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III. Background

[0003] A MIMO system employs multiple (N1) transmit antennas at a transmitting
entity and multiple (Ng) receive antennas at a receiving entity for data transmission. A
MIMO channel formed by the Ny transmit antenmas and Ny receive antennas may be
decomposed into Ng spatial channels, where Ng <min{N,;, N;}. The Ng spatial

channels may be used to transmit data in parallel to achieve higher throughput and/or
redundantly to achieve greater reliability.

[0004] The MIMO channel between the transmitting entity and the receiving entity may
experience various deleterious channel conditions such as, e.g., fading, multipath, and
interference effects. In general, good performance may be achieved for data
transmission via the MIMO channel if the interference and noise observed at the
receiving entity are spatially “white”, which is flat or constant interference and noise
power across spatial dimension. This may not be the case, however, if the interference
is from interfering sources located in specific directions. If the interference is spatially
“colored” (not white), then the receiving entity can ascertain the spatial characteristics
of the interference and place beam nulls in the direction of the interfering sources. The
receiving entity may also provide the transmitting entity with channel state information
(CSI). The transmitting entity can then spatially process data in a manner to maximize
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signal -to-noi se-and-interference ratio (BNR) at the receiving entity. Good
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symbols for transmission on a plurality of transmission channels in a MIMO channel
between the transmitting entity and the receiving entity. Spatial spreading is performed
on the plurality of streams of data symbols with a plurality of steering matrices to obtain
a plurality of streams of spread symbols, wherein the spatial spreading with the plurality
of steering matrices randomizes the plurality of transmission channels for the plurality
of streams of data symbols. Spatial processing is performed on the plurality of streams
of spread symbols to obtain a plurality of streams of transmit symbols for transmission
from a plurality of transmit antennas at the transmitting entity.

[0008] In another embodiment, an apparatus in a wireless multiple-input multiple-
output (MIMO) communication system is described which includes a data processor to
process data to obtain a plurality of streams of data symbols for transmission on a
plurality of transmission channels in a MIMO channel between a transmitting entity and
a receiving entity in the MIMO system; a spatial spreader to perform spatial spreading
on the plurality of streams of data symbols with a plurality of steering matrices to obtain
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symbols is obtained for a plurality of streams of data symbols transmitted via a plurality
of transmission channels in a MIMO channel, wherein the plurality of streams of data
symbols are spatially spread with a plurality of steering matrices and further spatially

processed prior to transmission via the MIMO channel, and wherein the spatial
spreading with the plurality of steering matrices randomizes the plurality of
transmission channels for the plurality of streams of data symbols. Receiver spatial
processing is performed on the plurality of streams of received symbols to obtain a
plurality of sireams of detected symbols. Spatial despreading is performed on the
plurality of streams of detected symbols with the plurality of steering matrices to obtain
a plurality of streams of recovered symbols, which are estimates of the plurality of
streams of data symbols.

[0011] In another embodiment, an apparatus in a wireless multiple-input multiple-
output (MIMO) communication system is described which includes a plurality of
receiver units to obtain a plurality of streams of received symbols for a plurality of
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plurality of steering matrices randomizes the plurality of transmission channels for the

plurality of streams of data symbols; means for performing receiver spatial processing
on the plurality of streams of received symbols to obtain a plurality of streams of
detected symbols; and means for performing spatial despreading on the plurality of
streams of detected symbols with the plurality of steering matrices to obtain a plurality
of streams of recovered symbols, which are estimates of the plurality of streams of data

symbols.
BRIEF DESCRIPTION OF THE DRAWINGS
[0013}] FIG. 1 shows a MIMO system with a transmitting entity, a receiving entity, and
two interfering sources.
[0014] FIG. 2 shows a model for data transmission with spatial spreading.
[0015) FIG. 3 shows the processing performed by the transmitting entity.
[0016] FIG. 4 shows the processing performed by the receiving entity.

[0017] FIG. 5 shows a block diagram of the transmitting and receiving entities.
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plurality o reans of detected synbols with the plurality I ng
matrices to obtain a plurality of streafs of recovered synbols, which are
estimates of the plurality of streanms of data synbols. BRI EF DESCRI PTI ON OF
THE DRAW NGS [0013] FIG | shows a MMO systemwi th a transmtting entity, a
recei vioAtglent i t yFlGarfdshawsoa tramsmif EFXhdata ptocessor aid@ 12X spatial pfocstsonat thenodel
for data tr@arlsfﬁsu\%i on.with spatial spreading. [0015] FIG 3 shows the
processi ng PAFFSFHEEBY the transnitting entity. [00161 FIG 4 shows the

pr ocespmmf; per f OFRRG fhowshereceive (RKN gpial plokessbPRd dn RbGdath Ps&vemr at fleock
diagramof the transmtting and receiving entities. W 2005/071864

PCT/ US2005/150&8mg enlty. 0018] no. 6 shows a transmit (TX) data processor and a

TX spaj,l pr oc r rgﬂg!ﬂ; }t' n | t 019] FI 7. Shows a
recei v@b?dé%X) spa |a‘1l8 %&’3‘@%@5&@*8 n nchgig{j%ataarb C B'ip]cgsfm&gt @@%Wi ng
entity. [0028icctssive ifteEoRmbe amcRlitiBRISIC)ledibR@ESSOr and an RX data processor
that inplenent a successive interference cancellation (SIC) technique.

DETAI LED DESCRI PTI ON [ 0021] The word "exenplary" is used herein to nean
"serving as an exanple, instan [ ' " Any enbodi nent

descri bed herein as "exenpl aryﬁ%%&ﬁygg@@qto be construed as

pref erperijor advEss weaDteMpliry Dislused Baroado fesahS'serl @23 lan krampliel HB&ntQr
transmtting data with spatial spreading in single-carrier and

mul ti - car ri @rillNstiationy’s Aeprsmihodingay described hereis a9 cxpaplaal” 18 pelarsengrivdper s to
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Wi th spatia ng, a transm ty process
eigenmodes or spatial channels (described below) of a MIMO channel simultaneously

with a steering vector. The spatial spreading randomizes a transmission channel
observed by a stream of data symbols, which effectively whitens the transmitted data
symbol stream and can provide various benefits as described below.

[0023] For data transmission with spatial spreading, a transmitting entity processes
(e.g., encodes, interleaves, and modulates) each data packet to obtain a corresponding
block of data symbols and multiplexes data symbol blocks onto Ns data symbol streams
for transmission on Ns transmission channels in a MIMO channel. The transmitting
entity then spatially spreads the Ng data symbol streams with steering matrices to obtain
N;s spread symbol streams. The transmitting entity further spatially processes the Ng
spread symbol streams for either full-CSI transmission on Ng eigenmodes of the MIMO
channel or partial-CSI transmission on Ny spatial channels of the MIMO channel, as
described below.

[0024] A receiving entity obtains Ny received symbol streams via Ny receive antennas
and performs receiver spatial processing for full-CSI or partial-CSI transmission to
obtain Ng detected symbol streams, which are estimates of the Ng spread symbol
streams. The receiving entity further spatially despreads the Ns detected symbol
streams with the same steering matrices used by the transmitting entity and obtains Ng

recovered symbol streams, which are estimates of the Ny data symbol streams. The
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may begoozg! ect edri@r 1 Ehewda NMIMOSssteal D00 GAARhEmittihg dntie $10,t febdviapt i ty
encodes and nodul ates data for each transm ssion channel based on its
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receiving entity 150 from interfering sources 190a and 190b may be spatially colored.
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1. Single-Carrier MIMO System
[0028] For a single-carrier MIMO system, a MIMO channel formed by the N transmit
antenmas at the transmitting entity and the Ny receive antennas at the receiving entity
may be characterized by an N, xN, channel response matrix H, which may be

expressed as:

h‘l,l h1,2 e hl,N.,

g=| " e 7 P Eq (1)

hNR.l hN,.z hNk,NT

where entry A, for i=1.. Ny and j=1.. N, denotes the coupling or complex

channel gain between transmit antenna j and receive antenna i,
[0029] Data may be transmitted in various manners in the MIMO system. For a full-
CSI transmission scheme, data is transmitted on “eigenmodes™ of the MIMO channel
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observed ying entity 150 frominterfering sources_190a and 190b may
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single-carrier MMO system a M MO channgl fornmed by the NT transmt
antennas at the transmtting entity and the NR receive antennas at the
receiving entity mnay be characterized by an NR x NT channel response matrix
H, whi ch nededseibedkelowd.s Bar mpartitliGSkiransmissidn schieme) daa it thafisitted onlsgatial Eq (1)
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receive antenna i. [00291 Data may be transmtted in various manners in the
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(descripésayl bel ovfor Ry fisll-OSI t frgdsnfision rsalsie, SSigenyathieh ds®omptRition aay be
transmtted on spatial channels of the M MO channel (also described bel ow).
A. Ful | - CSIperioansedps 8 iconelpiopupirizef Hhe obtain NesigenmadesafsHi, anfollowene,
ei genval ue deconposition nay be perfornmed on a correlation matrix of Hto
obtain Ns eigennpodes of H as follows: R=H']I=EAE" Eq(2) where Ris an NT X
NT correlation nBtsHX -B=B-A-Eis an NT x NT unitary matrix whose Bp(2rms
are eigenvectors of R; A is an NT x NT diagonal matrix of eigenvalues of R
; and """ denotes a conjugate transpose. A unitary matrix U is characterized
by the propekary Rrisag N, xNypprredationmattigef Hientity matrix. The col ums of a
unitary matrix are, ort og&;al .1o one, another, [0031], The transmtting entity
T

may perform spat EaS 2B i%%%ﬂ%@h%ﬁeﬁéh%&%? sepvectRrs of Reansnit data
on"the N ef genmpgs, of by The, ol Pemoes, JaY e, ¥ B

“H» denotes a conjugate transpose.

A unitary matrix U is characterized by the property U” . U=], where I is the identity
matrix. The columns of a unitary matrix are orthogonal to one another.

[0031] The transmitting entity may perform spatial processing with the eigenvectors of
R to transmit data on the Ny eigenmodes of H. The eigenmodes may be viewed as
orthogonal spatial channels obtained through decomposition. The diagonal entries of
A are eigenvalues of R, which represent the power gains for the N eigenmodes.

[0032] The transmitting entity performs spatial processing for full-CSI transmission as

follows:
X= E ‘5, Eq. (3)

where s is an N;x1 vector with Ng non-zero enfries for Ns data symbols to be

transmitted simultaneously on the Ny spatial channels; and
x isan N x1 vector with Ny transmit symbols to be sent from the Nt transmit

antennas.

[0033] The received symbols at the receiving entity may be expressed as:

I=E';+j > Eq(4)



or t hogonal W?ﬂtﬂk@ gefannel s obtained through deconpositi Oﬁs\y@@g?/h@gﬁgfl e

entries of A are elgenvalues of R which represent the p

Ns ei gennpdes. [0032] The transmitting eBtity perforns spatial processing
for full-CSI transm ssion as follows: x=Es , Eq(3) where s is an NT x 1
vector wwth Ns non-zero entries for Ns data synbols to be transmtted

si mul t aneouwhgreom isham N, shaectar withalNpabmived mymbolssotstainbd via fheVNgtredeive t h NT
transmt synbols to be sent fromthe NT transmt antennas. [0033] The

recei ved synbol s at t ARtCRIES g0 ng entity may be expressed as: r=Hx+ 3 Eq(4)

WD 2005/ 071864 P /US 05 0 vect or, wit
recei ved synbol s %\9\‘@)& ch E%&nﬁﬁe@egg%ﬂﬂenm.?nq é?ﬁYﬁéa the geqerving epityy
vect or of |nterference and noi se observed at the receiving entity. [0034)

The ree34ji ng enThé yecpivirgoentity ppefbintd satislcmbedstigg Witta@ N NENg &ﬁu&pﬂtté@

filter mtrix M= A-'. E* H' for full-CSI transm ssion, as foll ows:

=A E' H' (ibiid M EQTR" . gA-for Fill-E8Frakentissfon, afdollos: A ]  =S+j where S i's
an NT x 1 vector with Ns recovered synbols or data synbol estimates, which
are estimates of the Ns data synbols ins; and j = A" E' H | is the
"post-detection"gi iigy.ference and noise after the spatial processing at the
receiving entity. An eigennode nay be viewed as an effective channel between
an element of s and ga @(@r. Qg}inggl ement of ss with the transmtting and
receiving entities 'pg Fhg ti al processing shown in equ%tlgsns (3)

and (5), respecti velx1 Tme trang,mEttl r;\g_]an,pl
s+ 'j

=_S_+

(e

where § is an N, x1 vector with Ng recovered symbols or data symbol estimates,

which are estimates of the Ng data symbols in §; and

=A"-E¥ -H?.j is the “post-detection” interference and noise after the

[semel

spatial processing at the receiving entity.

An eigenmode may be viewed as an effective channel between an element of § and a
corresponding element of § with the transmitting and receiving entities performing the
spatial processing shown in equations (3) and (5), respectively. The transmitting and
receiving entities typically only have estimates of the channel response matrix H,
which may be obtained based on pilot symbols. A pilot symbol is a modulation symbol
for pilot, which is data that is known a priori by both the transmitting and receiving
entities. For simplicity, the description herein assumes no channel estimation error.

[0035) The vector j may be decomposed into an interference vector i and a noise

vector n, as follows:

j=i+n. Eq (6)

The noise may be characterized by an N x N, autocovariance matrix @, = E[n-n"],

where E[x] is the expected value of x. If the noise is additive white Gaussian noise



recei ving %%Jg'hﬁ%swpi cally only have estimates of the cgegﬁsgqogﬁmlsei . 4

matri x H, nmay be obtai ned based on pil ot synbols.

modul ati on synmbol for pilot, which is d&a that is known a priori by both
the transmtting and receiving entities. For sinplicity, the description
herei n assunes no channel estimation error. [0035] The vector j may be
deconposed (AWGN)withtzté eicanand weirance ofabfl, thefithé Roise GtdRbviiandSmbiid Ows:
j=i+n . Eq(6) The noise may be characterized by an NR x NR autocovari ance

mat ri x rpm faglbe exgi;dssed agher e 2.1] Sifililg, mémﬁeﬁf@émy@hﬁg befchiractefizdd®y, noi se
Is additive ite ussi an i se WO 2005/ 071864 PCTI US2005/ 000828 9 (AWGN)

wth zero andga ' f_ .2, theh. th | se_autocovariance Fatrix
may be exppggglgﬂ *Qek a\r{%én‘%o i’&g%rcglm&%i % r?lf é jE't @? ﬁP@P?‘éafn@H‘éee Bﬁ
characterized by an NR x N,, autggovariance matrix , = E[i 1iH] ., The
aut ocovar i aHty beexpressest a§ ¢ reblink lex@y, ¢t e asuuning the interforenceiapd gpiss-ere, |
assum ng the interference and noise are wuncorrelated. 100361 The

i nt er f er encencomtlated.se are considered to be spatially white if their

ot o URBKE el ke EGRTBe e bkt =, Scrsitarst T be' PRtSH SRuRcd ek
noi S€, - each ECs) en AN ERNRs QRS ME ol 12 . FHTE (3T Rhis? o HBHLGLE R AN

noi se, and la e l1nter ence and nol se eacn rece nten ar e

uncorrel ate | el %EF" . ' r . ceive
ant ennas. Fglrlmsr{o%tl&gl Féf/ln 0 %%ﬁ@%@g&%@dgﬁ%ﬁ%@&@?ﬁ%@%ﬂ %Q@éevrg“ ance
mat ri ces hate sanr- smount eiffintdifagnooind foises and ¢he Mta foredeaindanissatbasresd ahe
interference _and ,noi se observed at djfferent recei ve ant e,nnagi?.ﬁe In this

case, each Fbeieseive 3ntsana are upgorrelatedo il the mterteencn andhBoise obtervediaraller ence
and noi se, ' ' | ?er}\égen‘% i he 1-th row of
the matrix pﬁie{:tbct;%%i}tfﬁn?i ﬁ%%?\%@%&%@:@ an nclg:i%gg%g%g’ @Sg?@g W@Q%‘ir)el ored,
t hen t he opimatrides diage nuratrr off-diagonilitbimsChle tor amehitioni ketwesnythb éntefereneed as:

H1HRe, =H spy, H=Ep, A Ens,. Eq(7) The eigenvectors Ens, _steer the data
transni ssi oAnd AV QEE‘?TY%‘E # @#E@Fﬂ forsive %gﬁbﬂw ggse, each receive antenna
may observe a different amount of interference and noise, which is equal to the sum of

the Ng elements in the i-th row of the matrix ¢ e

[0037] If the interference and noise are spatially colored, then the optimal eigenvectors
for full-CSI transmission may be derived as:

Ry =H" .9  -H=E, A-Eg,. Eq (7)

The eigenveciors E_, steer the data transmission in the direction of the receiving entity

—opt
. and further place beam nulls in the direction of the interference. However, the

transmitting entity would need to be provided with the autocovariance matrix @ i in
order to derive the eigenvectors E,. The matrix ¢ P is based on the interference and

noise observed at the receiving entity and can only be determined by the receiving
entity. To spatially null the interference, the receiving entity would need to send this
matrix, or its equivalent, back to the transmitting entity, which can represent a large
amount of channel state information to send back.

[0038] Spatial spreading may be used to spatially whiten the interference and noise
observed by the receiving entity and may potentially improve performance. The



and further_pl @ mnulls in the direction of the interference. However,
t he transrw{;lz?ur%@? ﬁ‘?l ty would need to be provided with t RETARHEHI%2S ance
matrix 9p in order to derive the eigenvédtors E.,. The matrix rpl is based
on the interference and noise observed at the receiving entity and can only
be determ ned by the receiving entity. To spatially null the interference,
the recei vi ngnanitfiig euthtyl erfoemd spatial espebatiiigswithainm énsermBle bf Ste@iny watrves .
back to the transmtting, entity ich can represent a |large anount of

i . ‘ge__amount

channel st af#ch theidhsgomplementary ﬁEF%&%PwP@GEQ the, 78eqivips spiisoetipllyyehitene used
to spatiall trfberlc i ference and noi se observed by the receiving
entity and %%,/mt)otent ?gﬁlgalgéfprove performance. The WO 2005/ 071864

PCTI USE®3%) 00082 For fidl-CSh tramsnhissiong with tspatial gereddingahes paispdttingrnindiesorms t h an
ensenbl e of steerin trices such that the conplenentary spati al

despr eadi ngpé‘{cef%gsefggp\yﬁhg entity spatially whitens the interference and
noi se. [00391 For full-CSI transm ssion with spatial spreading, the

transmitting entigyperf S ( sing as foll ows: gf.r(r’r):E(rr)'\ﬁr[reg's(n)
. Egq (8) where éf%/'f)(p’?s 7‘:1U ga}j{s’p‘g&ﬁ%&’ vector for transm ssion span ,)V(n)
is an NT x NT steering matrix for transm ssion span m E(m is a matrix of

ei genvector%ﬂe&[ ﬁ%@ﬁmisﬁ%ﬁp%%ﬁ%%ﬂg?&dﬂ Hamls a transmt synbol

vector for trans ion spa on ‘span may cover time and/or

frequency di mensi, Jﬂwx@ﬁﬁﬁ%ﬁ%ﬁmﬁﬁ gn?s'rﬁii’s‘iéﬁgﬂan MO system a

transmi ssi on spamrm hey corrés peri od, ichis the time

duration to transgnl) RASnatRkdIeRActordor tANEHIsSiIdh ParsMashd @Y al so  cover
mul ti pl e synbol p_eri)ods. As shown inoequati on (S8), each’ data synbol in s(m

is spatially Sp;%g,@m\zﬂiéBu@nﬁlﬁﬁﬁﬁﬁbél\%cﬁﬁfdﬁmnﬁﬁisﬁﬁﬁkp&pmpbt ain NT spread
, I I .
synbol s, which y then be transmtted on all eigennbdes of H(n). [0040]
The recei veQ\ aifdsibsion bpdnfiay @6SErviig agdibs fr¥quday demensings Serl erample, in a
rf.i(m=H(m' xxf.r(m+ (rB:Hir’r)E(r’r)'V(r’r).s( +j(m Eq (9) The recejving
entity deri ﬁ@gl%c%qthdhfl systea, afEANSTISSIOREpan JAY carrespend tnyene symbol period,

M. T (M =A" GB& fsBhe BilcBurafiH thBansmit one data symbol. A transmission span may also
cover multiple symbol periods. As shown in equation (8), each data symbol in s(m) is

spatially spread with a respective column of V(m) to obtain N spread symbols, which
may then be transmitted on all eigenmodes of H(m) .
[0040] The received symbols at the receiving entity may be expressed as:

I i (m) = H(m) - X 4, (m) + j(m} = H(m) - E(m) - V(m) - 8(m) + j(m) . Eq (9)

The receiving entity derives a spatial filter matrix M ;,(m) as follows:

M o (m) = A™ (m)-E¥ (m)-H (m) . Bq (10)

[0041] The receiving entity performs receiver spatial processing and spatial despreading
using M ;,,(m) and V¥ (m), respectively, as follows:

Sﬁ:i (m) = XH (m) ) Mfctl’ (m) ' !fc.ri(m) ’
= V" (m)- A7 (m)-E" (m)- H" (m)-[H(m) - E(m) - Y (m) -3(m) + j(m)], B (11)

=s(m)+j. . (m) ,



10041] The.r e ng en | y perforns receiver spatial progessing and spati al
despr eadi n&ro @5%’%%8‘%] fr and V' (m), respectively, as fB?T’W%‘ﬂ "?:903?8( m
=VH(m ' Mat (m'rja:(m ‘V (MA(ME (MBH(M [HME(M.V(Ms(m+ (M], Eq
(11) =s(m +j f=;(m WD 2005/071864 PCTI US20051000828 11 where (m is t he
"post-detection” interference and noise after the spatial processing and

spati al deswn&aql NOnRis theepoeiietection” Rfirfekshce Whd fibisé fter the spatial processing
jf-r(mM=vH(m "' A m*  EH(m "HH(mj (m Eq (12) 10042] As shown in equation

(12), the rgg gnﬁg)éﬁey are transfornmed by the
conj ugat e tra%gﬁgﬁ@é%éﬁg(m hd 11(m 1ﬁg?E(rr) is a matrix of

ei genvectors that may not be opti nal I y conputed for spatially colored
interference r(m)&evf’tn#]lye“@u).@’qmrﬂéoﬁp jeRfrix 2! 1(m is nogglpmn,
which is often t B case e transmitfing ané receiving entities may, by
random chance, operate with a mtrix E(n) that results in nore interference

a9V " B SEPUE el (AT BOCRRN hifeferchlh 3 erie%?é*t ?@C?%E’ M WD

channel is st ‘?(?H I, | ti

continually o' =raeg%\5heiﬁ?1w}ﬁu at[t &%QE%‘%S%? pv@%dé&]g@g E b %1:( The
spatial desgy ﬁé&ixﬁé&oﬂ tHat hﬁ? ﬁﬂ%rdﬁ%dﬂl?tcbhfﬁutéﬁ%r %a!ll 'doYorZM‘ hﬂt&g@r
interference and noise. Thé effectivenéss of the interference and noi se
whi t eni ng | mddegsnifahe aotocovdriance aratnix mﬂl(mbussmbkndim whizh e bftere shpocese.
matrix 11(n) and the interference j(m. If a high degree of correlation

exi sts bet wegntrafeniftitfyl dridrebéiging! entitids tag, bytRdbRr dhafies, opbefe withiaSmbtd¥ t s
the anount of gain provided by the whitening of the interference and noi se.

[ 0043] The EfR) thateestlts & morsnmérafenénch andmmsmmg phsesvndslwﬂmrmm enipfyessed
as:  Yf i,l1(k)=P,(n)A (m for 1=1 ... Eq( (Y where Pl(n') |sthe
transmit polkip ma¥dd die tcﬁie,tfoar@iﬁmpl%)ﬂﬁtﬂ)m nof (ﬂ(nal g%mmtatezl

transm ssi on. span 1 s .t he,ei env | ue, for ei,
t ransmni ssi Olﬁt@p m Ifmﬁ(l\ggh\{b cl{ap[%el?s en the fransmi g an% recemng entities

may contmually operate with a matrix E(m) that provides poor performance. The

spatial despreading with the steering matrix V(m) spatially whitens the interference
and noise. The effectiveness of the interference and noise whitening is dependent on

the characteristics of the channel response matrix H(m) and the interference j(m). Ifa

high degree of correlation exists between the desired signal and the interference, then
this limits the amount of gain provided by the whitening of the interference and noise.

[0043] The SNR of each eigenmode with full-CSI transmission may be expressed as:
m,e(k)“P'—(m%@’ for £=1... Ny, Eq (13)

J

where P,(m) is the transmit power used for the transmit symbol sent on eigenmode £
in transmission span »z; |
A,(m) is the eigenvalue for eigenmode £ in transmission span m, which is the
£ -th diagonal element of A(m);
O'f. is the variance of the received interference and noise; and

¥ s (m) is the SNR of eigenmode £ in transmission span m.



P -th diagonal elenment of A(M; vj is the variance of the received
interference and noise; and y f~ 1(n) is the SNR of eigennode P in

transm ssi 99 ZPHW1RE WO 2005/ 071864 PCT/ US2005/ 000828  12PCHUSIHR3/P10838. CS|
Transm ssion [0044] For partial-CSI trangmm ssion with spatial spreading, the
transmtting entity perfornms processing as follows: x,.r(m=V(nms(m ,
Eq(14) where x; (n) is the transmt data vector for transm ssion span m As
shown in equati oB. gﬂg%-(}ﬁcl?radﬁhﬁsi%!nbol ins(m is spatially spread with a
respective colum of V( to obtain NT spread synbols, which may then be

t ransnio0s4d fr onFeit Ipattial4CHnsaistmissivte withs spatjaD Gpbdadifige the deinmeittisy rdatitys at
the receiving.entity may be ressed as: r~,r(m =HmM 7(m s(mM +j(m =
H- (m) s(@&qur,cﬁéﬂggfgf(ﬁfé’s)ﬁere r.,,(m is the received synbol vector
for transm ssion span m and H (n) is an effective channel response matri X,
which is: He (m gH( C ) 16) [0046] The receiving entity ma | ve
esti mates of thext""r’ig;n’Zm@rgme)d‘mt’a synbols in s using various recelé\(}g?&j
processi ng techni ques. These techni ques include a channel correlation

oo o ) L OECAR YA AT B g,
t . L

e v MG SBBSAIRR A Pl R GhdSol e iR B VEHD 1o

despr eadi ngohiginG} r@éd?ﬁﬂ%l@,%ﬂﬁéhmﬁ?tﬁiﬁ%@"tﬂm 'ﬁeﬁ?{gﬁ%ﬂﬁrﬁaﬂgﬁ%ﬂ ng

description, one data synbol 'streamis sent for eac he dat a

synbol [0045lt or s. Thétetgivesymbble atibkirededigendify mayive expresdediasy entity may
derive a spatial filter matrix Mni (m , as follows: MM ,,a(m=[H (MHT

=R~ H~ 7 ff.T I Vi tit th f
E:gv} ]sgag irr)al p§ ?éwgg%gﬂ’fgqﬁ’?é?ﬁm gfggje— ;tc(%vgl(g‘g_l_%gml oa/s ma%//\D 28%9/%35)1825?
PCT/ US2005/ 000828

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

H,;(m) is an effective channel response matrix, which is:

H ;7 (m)=H(m)-¥(m) . Eq (16)

[0046] The receiving entity may derive estimates of the transmitted data symbols in §
using various receiver processing techmiques. These techniques include a channel
correlation matrix inversion (CCMI) technique (which is also commonly referredto as a
zero-forcing technique), 2 minimum mean square error (MMSE) technique, a successive
intefference cancellation (SIC) technique, and so on. The receiving entity may perform
receiver spatial processing and spatial despreading jointly or separately, as described
below. In the following description, one data symbol stream is sent for each element of
the data symbol vector s.

[00471 For the CCMI technique, the receiving entity may derive a spatial filter matrix

M“mi (m), as follows:

M....(m) = [Hiy (m)- B, (m)] ™ - Hy7. (m) = Ry (m)- Hip (m) Eq (17)

The receiving entity may then perform CCMI spatial processing and despreading

jointly, as follows:



13 3; M , =R "R H. +
:s(n)+,((1rﬁ"9ré’5?’°7\’\?fére Li (rr)(ln)s t he C(CIT/I) ][I ggez(zg\dl ((:I(r;r)sllpcrrreaéga lgorztaerence

and noise, whichis: i ;(M=RA(M"'H(M' M BFM=="(M'RI (M'H(M'I(mM Eq
(19) As shown in equatlon (19), the |nterference and noise j(m is whitened
by V'(in) . However, due to the structure of R(m, the CCM technique may

anplify the intgLf enpneaummmpggm)[ Q048] The receiving entity may al so
perform CCM spati al processing and spatial despreading separately, as
follows: V'(m. R'(rr) A . it g (20) = s(m i(m
where Mr (m) = R’ R [(}ﬁg)fﬁ Y{nmmﬁé@:)ag Jj(gnp))gtl al channel E?(%%ﬂ

vi ewed as an effectlvezt(él?ﬁg Er {;;;)tween an el ement of s and a correspondi ng
el enent of S with the #t1’'nd entity perforning spatial processing
with the identity matrix | and the receivi ng entity perform ng the

P com -t cXRE Qe ra) 2Ee TN BEERS RS of iyl B Eps e st whith 2" 1)

where P (m |s the power used for dat a syrtbol stream{s } |n transm ssi on
span m r;, is the_t, di agonal is the variance
of the recei ved Em@?)e&m@@ -Eha (Rhilew) = X’uﬁm) Bt, (r )(Ej ("P)s.lft"ﬁe SNR & (42 a
synbol stream{s,) in transm ssion span m WD 2005/071864 PCT/ US2005/ 000828
14 The quantity Pt (m/o0j is the SNR of data synbol stream {st} at the

recei vi ng eAsishgwniniegnatien (189, thedaterferenspatd abispr j{ed 5s iwigteaat by sVE gryonl y
referred to as the received SNR The quantity yeemt(n) is the SNR of data
synbol streHowgedr} ikt ty théastrueines ofr R(apathal CENVDcedsiq@ ey usphfys the
referred to as the post-detection SNR In the followi ng description, "SNR'
refers to patarfegaceandaniseNR unl ess noted ot herwi se.

[0048] The receiving entity may also perform CCMI spatial processing and spatial

despreading separately, as follows:

Scmi (m) = _YH (m) . ﬁm:‘(m) . !pc:i(m) »
=V (m)-R” (m)-BH" (m)-[H(m) - Y(m)-s(m)+ j(m)] , Eq (20)

=8(m+j,,,,(m) ,

where M__,(m)=R"(m)-H” (m). In any case, a spatial channel may be viewed as an
effective channel between an element of § and a corresponding element of § with the
transmitting entity performing spatial processing with the identity matrix I and the

receiving entity performing the appropriate receiver spatial processing to estimate s .

[0049] The SNR for the CCMI technique may be expressed as:
Fy(m)
Veemis(M)y=—2""=, for £=1 .. Ny, Eq (21)
* ) un (m) 5

where P,(m) is the power used for data symbol stream {s,} in transmission span m;
t,,(m) is the £ -th diagonal element of _li,} (m);
o? is the variance of the received interference and noise; and

¥ ccmi o () 1s the SNR of data symbol stream {s,} in transmission span m.



10050] For&&g{m%&} echni que, the receiving entity may %?iﬁf@flﬁ%%%l al

filter matrix as follows: Mme(m=L~(mHf (
Eq (22) The spati al fllter matrix Mm,,1€(n) mnimzes the nmean square
error between the synbol estimates fromthe spatial filter and the data
synbols. If the autocovariance matrix 9JJ(n) is not known, which is often
the case, UPEOqhdi Th a’fislﬂaersmbfﬂatas olt stfefin Ri€ tiRPf as: M
.e(mML~-(m"' L(ﬁ)+6| g?{ ﬁd Eq( 23) 1005?Lﬂbehe rec{eglazl ﬁg en??ﬁ%ﬁg
per f or m ap@tthalremo&emangaw siifps pideRdedMmonly fefdried @Sas’ el 1@¥EivedS
,e(m =DM’ Mme(m'r~r(m m NHTTﬂE(nilH*-(niS(n)[ﬁ(}niaAer Eq (24) PQ
i

( m Qqm qHeBLhY ereischePNR afi dagy sypbial trpam ithe E@G@lwa'gonal
mat ri x whose di agonal el ements are the diagonal elenents égl")a
DQ( m) =[ di agsua@hpqopessmgaaml is aéqofqefmedtmeas postidetestion SAYRY a@%ﬁ

I nterferenc Ole » ‘J(m Eq (25)
—qu[m(nﬁﬁﬂ?‘?g?ﬁ} gﬁR(’ﬁﬁ t°|l?°(s"h$1e{"“j %“%3"6%@% /U82005/000828
15 Theropsoybol esForak WSE)féchﬂgu§ B¢ teabiving dntity ARY deivd/h Bpatial fitematrix
unnormallzed estimates of the data symbols. The multiplication with DQm
provi des noMplKmydas felowsat es of the data synbols. The receiving entity may
al so perform MVBE spatial processing and spatial despreadi ng separately,
simlar to that described above for the CCI_\{I t echni que. [00521 The SNR for
the MVBE t echni qi,afy) bdBEx(meEptnisg (l; eHpfmE. qn (m) p (m) , Bad2)P =1
... Ns' Eq (26) 1- qu(m where q,, (n) is the I -th diagonal elenent of
Qm; and

The spatial filter matrix M,,,,.(m) minimizes the mean square error between the
symbol estimates from the spatial filter and the data symbols. If the autocovariance
matrix @ 1,(”‘) is not known, which is often the case, then the spatial filter matrix

M,...(m) may be approximated as:

M0 (m) =B (m) - H p (m)+ o -1 - B (m) . Bq (23)

[0051] The receiving entity may perform MMSE spatial processing and despreading

jointly, as follows:

Smg(m) =.QQ(m)'Mmme(m) .l:.pmi(m) »
=D (1) - M s () - [H oy () -3(m) + j(m)] , Eq (24)
= Do (m)-Q(m)-sm)+j__(m) ,

where Q(m) =M, ,..(m)-H ;(m);

D, (m) is a diagonal matrix whose diagonal elements are the diagonal elements

of Q™' (m), or Do(m)=[diag [Q(m)]]™'; and
i, (m) isthe MMSE filtered and despread interference and noise, which is:

(m) "DQ(m) ._..mmu(m) J(m) »

=Do(m) [Heoy (m)- Hg (m) + @ (m)] ™ - By (m)- j(m) .

_mm.re

Eq (25)



y.,, (m i f data synbol stream {s,} in transm ssion _span m

[ 0053] Forﬁ‘%g&éﬁ%ﬁfgchni que, the receiving entity procesé’gg’qsﬁ@%mﬂ’sﬁ%cei ved
synbol streans in Ns successive stages 1% recover the Ns data synbol
streans. For each stage , the receiving entity perforns spatial processing
and despreading on either the NR received synbol streans or NR nodified
synmbol st r €bnes sjmbol ebtmptes cioinnthes bigial @ted matriisM g, (A8 weMmndiMiizedor
sone ot her technique) to obtain one recovered synbol  stiream {st} . The
recei vi ng edtiialestdfethe Riate epaB6ls.( €THe mullplivdlionawiE  DJ6H ) pR6vi@AMRImaBRd
decodes) this recovered synbol streamto obtain a corfrespondi ng decoded data
stream {dlgstimites ofctheidatangynsbuls.t Tha eedeivimg emtity @sayt hlgo ipetforrh MMISEespatials
stream causes to the  other data_ symnbol s{rea_ not yet recovered. TqQ
estimate t HEOPGHIBE a0 matial despreading; sppargtelye & tphaidesgabed ahove fpithges,

and synbol @@Nﬁt&éﬁ‘ﬁicﬁﬁ?we‘j data streamin the sane nmanner perforned at the
transmtting entity Tor this stream and obtains a streamof "renodul at ed"
synbol[#052§t }, WHTehSINR fantheMMBHR techrdiqudmaylibée expayssbdbs:st r eam j ust

recovered. The receiving entity then spatially spreads the renodul at ed
synbol stream wth the steering matrix V(m and further nmultiplies the
result with the ghan = trix ~foraeach transm ssi o n of
interest to obt afi'ﬁ""rilgﬁ? nﬂefcj,g(m—)zjg(e”ma'conpo%&ém s‘I (':'élljfse’d by this stregﬂ\mhe NR
i nterference conponents are then subtracted fromthe NR nodified or

recei ved synbol streans for the current stage to obtain NR nodified synbol
streans forwhére ggeln) ixthgd -tiitiegonat elemenicpfcQrir);ymdhen repeats the sane
processing on the NR nodified synbol streans to recover another data stream
WD 2005/ 071864 PEGLLWS2D i5the DR ef dats s{oles stredfo s § He t@n@nissichspapra, t he SNR
of each data synbol streamis dependent on (1) the spatial processing

t echni (e. 9. . r&rL St MR virg : t\hhe kid 1St age
in vvhllg??%l] he dat% syrrbsgC st reglrl#i%ggrréec%%v g%bﬁgng (%%szt%]ﬁe Palrﬂ%éiﬁ%%érhﬁd
i nt er f er encetreame it Ngtsuecadsiva stagedtal resdvee dreeN§ dita yeinbobsttvaase For bachgeaper al |

the SNR progressively inproves for data synpol streans [ecovered in_later
st ages beca :sg‘ctll%elvﬁnﬁt@:@iérpé g prosessingymd despeeading areither &ke Na pri or

syrol st r debg et chelide P N Med WA s @il BF piaind Qled B,
shows a nodsing the GEMI, IMMSH) arsionre vihehteshwitiue)l tosebteimdomgrecovered symbol

stream {§,}. The receiving entity then processes (e.g., demodulates, deinterleaves, and

decodes) this recovered symbol stream to obtain a corresponding decoded data stream
{3 .. The receiving entity next estimates the interference this stream causes to the

other data symbol streams not yet recovered. To estimate the interference, the receiving
entity re-encodes, interleaves, and symbol maps the decoded data stream in the same
manner performed at the transmitting entity for this siream and obtains a stream of
“remodulated” symbols {5,}, which is an estimate of the data symbol stream just
recovered. The receiving entity then spatially spreads the remodulated symbol stream
with the steering matrix V(m) and further multiplies the result with the channel
response matrix H(m) for each transmission span of interest to obtain Ny interference
| components caused by this siream. The Ny interference components are then subtracted
from the Ny modified or received symbol streams for the current stage to obtain Ny
modified symbol streams for the next stage, The receiving entity then repeats the same

processing on the N modified symbol streams to recover another data stream.



Transmtti%®5§/#ﬁ¥?4llo perforns spatial spreading (block ﬁ%@égﬁsr}gqg atial

processi ng -CSlI or partial-CSI transm ssion (bl ob ei vi ng
entity 150 perfornms receiver spatial prdéessing for full-CSI or partial-CSl
transm ssion (block 260) and spatial despreading (block 270). The
description bel ow makes references to the vectors shown in FIG 2. [0056]
FIG 3[{m8eMs a piFortmsSEDRceqhq theSNByoftiéach atasgmbol stregmeis dependest oo @psmi t

dat i th tial ding in the M t The t ti tit
o7 ocesses (ERgatal MOGRREIRRALE (7-Ba O o5 MMSE sed 3 s aiss ithe
cor r espondi @&cm&ﬁdagefin%ﬁeﬂ' m&%@hsygdggg Qﬁ%&?g?i?&o‘%@ﬂeh,eg%% (@%ﬂ@ ali&id?:ﬁ{‘ off 2

coded data packet (block 312). I'S enco eparately at the
transmi tti niptenfiirenge dmedl tal dheodatel symbal stteaims mit yeh eecoveredi Vinngeneral,i thy SNRbe

t 1 tti tity, furth I h de bl t bt ai
cor r sspond| HPESSSRSLIRERYes EYrHAG STHRun S5 SHRe SEoREsg 1o HHEr FPBmQICEEe e
entity mul {iiplrgxss %ﬁ&h’@é@yr?ﬂ&%’emﬂ' %@ﬂ&%ﬁ@@%@ﬁgieﬂce 8! ThRARKS! S

onto Ns data synbol streans (denoted by vector™s 314)." Each data
synbol st r eallewshigbet rates ta be nesfoc tlate symbelretncimms resnverhd imizter stpes.
transmtting entity spatially spreads the Ns data synbol streans with

steering matri Ceg—‘cié]d obtﬁi Ns spread synbol streans (denoted by a vector
win FIG 2) (bl M spatial spreading is such that each data
synbol hl.gck is Liagll rea L p]@*ﬂ%{% t [ nat [ to
randon‘i@gﬂt he t?gﬁémisg{%‘ﬁpcgag]r?\gﬂ L}.ng %tléed y or}il\g{é{}_ gl%??r@ﬁ%@%gzat I on
of the tranTwmsmitting chbanDed pedsims spatinlogpretsiingg(blodkl 2209 nind speied] ipReees®hg | ces
and not necessarily from_ randomess in the elenents of the steerin

d%eﬁ‘%ﬁés on

matri ces. THE MllaRhpr paripl&l i trapsmissiop(plock 330)r Recsiving entity 150
; ' \ ot _ Mol a3t
Goscr by aloet shidl pre0tingfor il odt dr GBS Buidmviol (BRIEVES) s o

2005/ 071864 sifibl 85posaaii0O®Bovk 2707. The tescripfion bélow knake referbeestto tisvdctdrs ng

entity then condti ans d sends the NT transmt synbol streanms via the NT
transmit antRWBE KIS Zhe receiving entity (block 320). [0057] FIG 4 shows

a proc 00 pe r Q&VF | ' el Ve edgsn tt ed
Wi !toh sg@?l al sBrgﬁa F%Ig%ﬂ?ﬁgfl?e Wg@gﬁ@%gﬁéﬁe@ﬁﬁ%ﬁ‘?ﬁ%f& ns NR
ngei \léed sy wiithl spatialespreadinie mo tlec MIVQ ggstam. r The ransnfittingRentity processan(egnas

oc

-

encodes and interleaves) each packet of data to obtain a corresponding block of coded
data, which is also called a code block or a coded data packet (block 312). Each code
block is encoded separately at the transmitting entity and decoded separately at the
receiving entity. The transmitting entity further symbol maps each code block to obtain
a corresponding block of data symbols (also block 312). The transmitting entity
multiplexes all data symbol blocks generated for all data packets onto Ng data symbol
streams (denoted by vector s) (block 314). Each data symbol stream is sent on a
respective transmission channel. The transmitting entity spatially spreads the Ng data
symbol streams with steering matrices and obtains Ng spread symbol streams (denoted
by a vector w in FIG. 2) (block 316). The spatial spreading is such that each data
symbol block is spatially spread with multiple (N») steering matrices to randomize the
transmission channel observed by the block. The randomization of the transmission
channe! results from using different steering matrices and not necessarily from
randomness in the elements of the steering matrices. The transmitting entity further
performs spatial processing on the Ns spread symbol streams for full-CSI or partial-CSI
transmission, as described above, and obtains Nt transmit symbol streams (denoted by



412). The lving entity estimates the response of the nel (bl ock
414) , per@@?ﬁ%s\/dgb%f‘i al processing for full-CSI or parti a‘}%’%ﬁ&?@ﬂ@ I SSi on
based on the M MO channel estinmate, andldbtains Ns detected synbol streans
(denoted by a vector win FIG 2) (block 416). The receiving entity further
spatially despreads the Ns detected synbol streans with the sane steering

mat ri ces usiedtobyx ) Hblockadis)i t Thedraambittiye @ntity tHehadonditivgs randoseade dhe Wbol
streans (denoted by vector s) (block 418). The receiver spatial processing

and spat i altransmpr ssanbol streagns ida the Nor transmitoantesnasdo the pegeining wntitys(block
descri bed ??@ye. The receiving entity then processes (e.g., denodul ates
deinterl ea 7" and decodes) each bl ock of recovered synbols in the Ns

r ecovqpesy] Sy ol FIG. £8hows @ predds 400 pedoimashp it fReeidRgantty totedeinaak@t
(block 420). The receiving entity nay also estimate the SNR of each
transm ssi drangmittadewith spatidlopresding inrthe MIMOQ| systenmn dThe reseiving enfify ohtains r at e

for the transm ssign channel based on.its SNR.(blgck.422). The sa 0

Tt eront | nk BBV BB BEcAuRp (ESRothbY NESIPF A0 S3A L1k FEhixR Aalennay G

Referring FLG:.. .

transm ssi gﬂgihgﬁﬁeﬂ@%’?‘g@w&ﬁ%‘%@%ﬁ# @?M%‘?ﬂ%ﬁ&%@%ﬁ ENZM?’S an

ef fective pehfennebpatiadproceshidyyfon il aC8I sypdatidl-CST earmiaiontasedon VB0 of

the vector s at the transmtti nﬁ entity and a correspondi ng el ement of the
s

vector ss ahapnsd esimatey apg obtaing detéctg@X symhel streams (denpiechby, 9ivsatorHininel i s
the effecti e nthe, -th. el nt of, ..s and the - | enrent of
LS ettt 2 Wk 418 P8 hekiving ShRLORGS: sraaly SeTErnds the Na it Rne N
spread s : ] [ : :

chamaol *F olopRiR) SG8HRs St BN lal oiridiC alees We bR Mg BRiey VBT
channel f orobteind NglreddSkrddr synshul steamis (denot&d by ivettoS81) €bldclng18)0 Ol reddieer

steering matrices used for spatial spreading may be generated in various
manners, aspadalrperssingaindvepatipl despreadibs anayebe perfomead jointly ent sepafately,mst ri ces

is WO 2005/ 07186 CT1 US2005/ 000828 . ener at eg. and denoted, as or
V(i) for i @@%e_ﬁ_a% YOWHEr dTTHES eB‘é‘Yi‘ﬁ??P‘f?P%‘géﬁ Ele'%j’r Gt EPRe tﬁ‘gég‘%ese
steering mangi deesded) eachblodk of Fedovied Syhbylsiif the NiGssveted syaibelBFeantattger i Ng
matrices fromthis set are selected and used for spatial_ spreading. [0060]
The spat i alobtgin esermepondingiecpded dataparken(blacki 4203 Fherrselying entifemayalso it is

estimate the SNR of each transmission channel used for data transmission and select a

suitable rate for the transmission channel based on its SNR (block 422). The same or

different rates may be selected for the Ns transmission channels.

[0058] Referring back to FIG. 2, the Ng data symbol streams are sent on Ng

transmission channels of the MIMO channel. Each transmission channel is an effective

channel observed by a data symbol stream between an element of the vector s at the
transmitting entity and a corresponding element of the vector § at the receiving entity
(e.g., the £ -th transmission channel is the effective channel between the £-th element of
s and the £-th element of §). The spatial spreading randomizes the N5 transmission

channels. The Ng spread symbol streams are sent on either the Ns eigenmodes of the
MIMO channel for full-CSI transmission or the Ng spatial channels of the MIMO
channel for partial-CSI transmission.

D. Spatial Spreadin
[0059) The steering matrices used for spatial spreading may be generated in various

manners, as described below. In one embodiment, a set of L. steering matrices is



desirabl e use as many different steering matrices as possible for each
dat a synbo{V%%'P%@Ils@o that the interference and noi se ar P¢HHPIATYPERESacr oss
the bl ock. Each data synbol block is tragsnmtted in NMtransm ssion spans,
where NM > 1, and NMis also referred to as the block I ength. One steering
matrix in the set may be used for each transm ssion span. The transmtting
and receivi | bh® HeAGtéd r Y2z uch 1t t | gl w
whi ch steerlgdglgmﬁéa%?jilxafo us?f@n?&cgi)r%sﬁgﬁ %ﬁtﬂ%ﬁi %’a?ﬁ;e sBat fégPP
spreadi ng, glester ah@i Vhog Théde! steabRe mabsces dib Similaby maficesl hividge bftRégmae and
noi se acrosg each_data synbol bl ock even if the M M) channel 1s constant

acr osfs t he ’t“'lngﬁr StﬁF’é’éﬂ-’(maiFl*ﬁ%% et ais Sélégfédiaﬁdmdcﬁ? Fﬁagﬁl PEAdIS: of
I nter @g&fggﬁt ?Eu'g{f?g'?ﬁﬁiai‘rsgre%%@% “bitﬁ@ﬁﬂﬂﬁe% N Cardu@ HiMnkels "9 SHALaE SE§d Vi NO

entiti use of el genvectors or the Tecei’ving
entity contdesirableytoaiss easvmanyc differend steetiag mestdosseas pddeiblel foffvach dath @gmbol

matrices in the se .be selected for use in var, ous npers. In one
enbodi nent nbl@&% 5Q t@ﬁ%d@?ﬁ%‘@ﬁ%@ PQ1se &re Mndgmazed 3orens qﬁ%tblqck- cHach data

det erm ni st . s Dl ' e C e. cycl ed

t hr ough andéyse,ne]?dgg)?ée%rllsn sequen ilg’f‘ %%%#S%éﬁgﬁs{:%bh%\% tliﬂsﬂég?‘ﬁ\&lss Ber | ng

matrix V(I) t r | t he
| ast steeri Iﬁgérrnbg?troi %et\l}(%ﬁ?.e&lj}leigﬁlgt 929 Stegﬁ%%g?%ﬁ%%t%% t%‘ﬁigg@e?{lﬁsgﬁ%{%?ggs are

sel ect ed friansthissigespann The Sravstoittingatohreceivingy entities mayxzangnehronized suder i ng
trix t ch ted. based .

funct 1 on 1 () ot SRH G kY ML NPY L RBELodite 157 SR SR nd0 M ces,

or steeri NgspaBbY dpfeadild, the redefVingbntit) ¥bbivesLaBREIUIRIBH of iFRrfEreRQY Adindi® 1 i Ces

are selected fromthe set in a "pernutated” manner. For exanple, the L

st eeri ng maaarpsseaach datp symnbo) black ever ofithe MPMOsdiannelds corstang geropntheentiont i al
order. Howeyer e startin steer.i,ng. matri.x for each cvel e. may be .sel ect ed
e s buaote S ARls e Rasetn St Hieltefei of MlerfiRiite S plis BieaBioiy

mat ri x V( 1)becaﬂ'§hetl’;e Sf:ﬂﬁmitﬂﬁg NEdr ir@d%ﬁviﬁ%aknﬁﬁss) cbﬁtin@&lbreﬁéd?(i b Ghateik of _
manners, and this is wthin the scope of the invention. [0062] The steering

matrix sel edigewisciossorths seastvingprtity continvally pbservasiselored indarfecanicng nmtri ces

L) i t he. bl l.enat b (NM., |1 nb f i
W6 2008P8:560 it bisGsBaRatrnSRth b dshiuey b sARREE Rurvsp BV RiamStra ST ¢ o°
or | ess thagnd bRbbdiatdat, tHhaditberinp! RRAtricay afdkélbted TRIR Ghe @Bt Pk deb@mtnisthy ee

cases may be performed as_described bel ow.
manner. For example, the L steering matrices may be cycled through and selected in

sequential order, starting with the first steering matrix V(1), then the second steering
matrix V(2), and so on, and then the last steering matrix V(L). In another
embodiment, the steering matrices are selected from the set in a pseudo-random manner.

For example, the steering matrix to use for each transmission span m may be selected
based on a function f(m) that pseudo-randomly selects one of the L steering matrices,
or steering matrix V(f(m)). In yet another embodiment, the steering matrices are
selected from the set in a “permutated” manner. For example, the L steering matrices
may be cycled through and selected for use in sequential order. However, the starting
steering matrix for each cycle may be selected in a pseudo-random manner, instead of
always being the first steering matrix V(I). The L steering matrices may also be
selected in other manners, and this is within the scope of the invention.

[0062] The steering matrix selection may also be dependent on the number of steering
matrices (L) in the set and the block length (Nyy). In general, the number of steering



|
[0063] If L = NM, then the nunber of steering matrices matches the bl ock

| engt h. :\/I“‘votz%s?oﬁ%ﬁe’ a different steering matrix may b%ﬁﬁﬁﬁi‘gogﬁgr each

of the NMtransm ssion spans used to send each data symnbo 0C e NM
steering matrices for the NM transni ssith spans may be selected in a
determ ni stic, pseudo-random or pernutated manner, as described above.
[0064] If L ¢c NM, then the block length is | onger than the nunber of

st eeri ng nuhatricessmaj rbet greateethan) equahic or dess, tharth thetledk lengthne$teéri

rpSmattix
reused for each data s ol bl ock and e sel ect.ed, as descri bed above.
[0065] |f Lseiec ?ort%heeqﬁ egﬁﬁsgéplag]%etpﬁgfgg%{ ?q‘iFﬁc‘ﬁEfir ¥ is used for each
dat a I bl . _Npe ' I £ ch
dat a Zlg(?% o] o%&nﬁﬁ%’eﬁﬁggﬁ&erﬁﬁ?%ﬁ é(;:t@or %sgﬁggﬁ ?iaéﬁgénﬂi olpag&%l fgl?ll t he

first steerthisgcad@itd ddffebent 4ERrihg mdthe m&be sélbcted ot cayi @ thd NpCitandBysshm t he
steering matrix after the |ast one used for a prior data synbol bl ock.

[0066] As rippayusasotresend eachndate symbal blesk. nBle dow seering matries |for fleeNsy ol

periods a . I ' Se.. FOE .1 hpr formance, . it, is
Gosi rabl o 1SmiERE Hraf s B FBURE RN E Scosl PR RRo FoBER el
that (1) nohenfeteeidestgibedlaboers can be used for each data synbol block and
(2) each receiving entity can obtain as nmany "l ooks" of the M MO channel as
possi HPes4} or eadﬁgldaﬂ‘&dsﬂlnbé]lle block kengtthis lomgen $hrnstbe onmbenefrsteduinglmoateiteso be

shorter than the cgherence tinme of the M MO channel, which is the tine

dur ati on overthmtcﬁn thHe cagentbesteerning matkees see sryserhion epch data gyypbelblorkiandy
static. Sip @ﬂ?ﬁa} % Lon span should be smaller than the
coherence b@%ﬁﬁﬁ%@t%& %gﬁ'annel for a wi deband system (e.g., an
OFDM gqpmasgm) . E.IfADRING athieanssibest siae is&briﬁ?mﬁﬁeﬁes L¥A60F eSbaddtakyabsleadi ng
may be used to random ze and whiten spatially colored interference and

noi se for Bdotk. f The¢ selSttionnof tharspecific ©@Pset teansenfos sacindata syntbekchlotiethay disove.

This may inprove .performance for certain chapnel conditions. 1006 atial
apr oadi g HRPPAVRBTGEF BEEHORE AR Fer SRHRE PPJUSLAPINE TAGE: PPl He
operating S&eRAf 448 syMiBolblo8X A1) 1R thé stebPed matridate Ry 1RO sed fé LR bl ock
may be partitioned 1nto NT data synbol subbl ocks. Each data synbol™ subbl ock
may be codetita symbokblhgkat ed based on the SNR expected for the subbl ock. Each
data S[X&H%? o 2280 151</)th ]éggée, Ea; | gl%%gl%?l/ s%(é)g %128% cover one or multiple symbol periods

and/or one or multiple subbands. For improved performance, it is desirable to select the

transmission span to be as small as possible so that (1) more steering matrices can be

used for each data symbol block and (2) each receiving entity can obtain as many

“looks” of the MIMO channel as possible for each data symbol block. The transmission

span should also be shorter than the coherence time of the MIMO channel, which is the

time duration over which the MIMO channel can be assumed to be approximately static.

Similarly, the transmission span should be smaller than the coherence bandwidth of the

MIMO channel for a wideband system {e.g., an OFDM system).

E. Applications for Spatial Spreading

[0067] Spatial spreading may be used to randomize and whiten spatially colored
interference and noise for both full-CSI and partial-CSI transmission, as described
above. This may improve performance for certain channe] conditions.

[0068] Spatial spreading may also be used to reduce outage probability under certain
operating scenarios. As an example, a block of data symbols for a code block may be
partitioned into N1 data symbol subblocks. Each data symbol subblock may be coded
and modulated based on the SNR expected for the subblock. Each data symbol



20 subbl o ransmtted as one elenent of the dat or s,
and the l\l%bog@gg)g&? ol subbl ocks may be transmtted in %ﬁﬁ@@s’"}{@% out age
may then occur if any one of the NT dat20 symbol subbl ocks cannot be decoded
error free by the receiving entity. [0069] If partial-CSlI transm ssion

wi t hout spatial spreading is used for the NT data synbol subbl ocks, then

each subbl eakblogk mizyniserirhheaittbd 8 che rebehinat off e datargHibbl PétieN$and Ay} dat a
synmbol subbl ock woul d then observe the SNR achi eved for the spatial channel
cor r espondidatp sysnbal subblecksmay be trengmaitted ineparailedi Vinntagetmay themocastif amt e t he

SNR of each_spatjalyC nel el n.a riate rate for, each _spati al
channel bagél% ?a)fr#h%ilg"é ﬁ%ﬁ%’n&]ﬁ’ sblﬁgt?f: eci'ﬁlg{ ggtdggo‘%grerﬁqu éﬁ]'b% it FSF%annel s
to the trappfigting entity. The transmitting entity can then encode and
modul ate the NT data_ synbol subbl ocks based on their selected rates. [0070]

The MMk hannel If maptiad Kz gansmiszien witheut spatiab spreading dis aisedufer thel Betdett t o

tine n +r whe re ac ly.used. .This may be the case, for
exarl e, 1 $9ipe! SRAGKE A EocbliBlosk id B Bmide! SR RhemBet AR aniiient no
channel ch@wgnsddtasiyibol Rabblotk ewhide dhar lobsave the SIS Gchidved B&t fRVEpaiannel
response matrix H, at tinme n +r y _have the sanme capacity as the prior

ma
channel resheneal cpmesnonding tex its jtrppsmit aniganah Theyrecqiving gntits sandesiisnate the

Cap( Ho) =2I I =¥l +yhk(D+ = 27 h--1, where
y.(n) is tﬁg‘%%ﬁﬁ%%‘%hn%‘%%éi SRt el &h prOfiart Hd 5%&5%6512’@1+§}‘,%P%‘31;""?°8%e
capacity s SINR] arid pro¥ide ke ratestfor kil N spatidi\cianrels foliRe GraRdGttngeatinf The and
H, are the sanme, the _capacities of the individual spatial channels may have
changed betspasmittingentitygan themencede.and medplaty ghe Pr d@% syl sehblosks bgeedi t o

y, (n +r), . ' spatial spreading, the outage probability

I ncr eases P#@?%%%leéﬁééll é\girr) for any spatial channel i. This is because a

data $007bp! subbllecMINVED chaheb negadhiafige betwaa tineVs whel tHeOjas abNRlédted 0SS
i kely to be decoded error free, and any _data synbol subbl ock decoded in

error corr pae n-he vean; the refss aresiatedly usedc Fhisfaay be the easefer examplenf then .

[0072] 11 B8kl Bl ehifly s AVEAD' Aodl H0 3 3 MO A hitde ke Bt N NT

the feedback rate, and so on. The new channel response matrix H, at time »+7 may

have the same capacity as the prior chamel response matrix H, at time #, which may

be expressed as:

N N
Cap(H,) = 21032 (1+yi(n))= 21032 (I+y(n+7)=Cap(H,) , Eq (27)

(] i=1

where y,(n) is the SNR of spatial channel i at time # and log, (1 + y;(n)) is the capacity

of spatial channel ; at time n. Even if the capacities of H, and H, are the same, the
capacities of the individual spatial channels may have changed between time » and time
n +7, so that y,(n) may not be equal to y,(n+7).

[0071] Without spatial spreading, the outage probability increases if y,(r)<y,(n+7)
for any spatial channel /. This is because a data symbol subblock sent on a spatial
channel with a lower SNR is less likely to be decoded error free, and any data symbol
subblock decoded in error corrupts the entire data symbol block under the above
assumption.

[0072] If partial-CSI transmission with spatial spreading is used for the Ny data symbol
subblocks, then each subblock is spatially spread and transmitted from all Nt transmit



subbl ocks, then each subblock is spatially spread and transmtted from al |
NT transmB% g )6\()) §$051071864 PCT/ US20051000828 21 antennas. Each

synbol PR d then be transmitted on a transni SSIPSHNSE?PQWH(@FSforned
by a conbination of NT spatial channels 2if the M MO channel and would
observe an effective SNR that is a conbination of the SNRs for these spatial
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2. Multi-Carrier MIMO System

[0074] Spatial spreading may also be used for a multi-carrier MIMO system. Multiple
carriers may be provided by orthogonal frequency division multiplexing (OFDM) or
some other constructs. OFDM effectively partitions the overall system bandwidth into
multiple (Nr) orthogonal frequency 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. For an OFDM-based
system, spatial spreading may be performed on each of the subbands used for data
transmission.

[0075] For a MIMO system that utilizes OFDM (i.e., a MIMO-OFDM system), one
data symbol vector s(k,n) may be formed for each subband % in each OFDM symbol
period n. Vector s(k,n) contains up to Ng data symbols to be sent via the Ng
eigenmodes or spatial channels of subband k¥ in OFDM symbol period n. Up to Np
vectors, s(k,n) for k=1 ... Ny, may be transmitted concurrently on the Nr subbands in

one OFDM symbol period. For the MIMO-OFDM system, a transmission span can

cover both time and frequency dimensions, The index m for transmission span may
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associated with the largest eigenvalue in each matrix A(k) after the ordering. Data

may be transmitted on the Ng wideband eigenmodes.

[0077] For the partial-CSI transmission scheme, the transmitting entity may perform
spatial spreading and spatial processing for each subband, and the receiving entity may
perform receiver spatial processing and spatial despreading for each subband.

[0078] Each data symbol block may be transmitted in various manners in the MIMO-
OFDM system. For example, each data symbol block may be transmitted as one entry
of the vector s(k,n) for each of the Ny subbands. In this case, each data symbol block
is sent on all Ny subbands and achieves frequency diversity in combination with spatial
diversity provided by spatial spreading. Each data symbol block may also span one or
multiple OFDM symbol periods. Each data symbol block may thus span frequency
and/or time dimensions (by system design) plus spatial dimension (with spatial
spreading).

[0079) The steering matrices may also be selected in various manners for the MIMO-
OFDM system. The steering matrices for the subbands may be selected in a
deterministic, pseudo-random, or permutated manner, as described above. For example,

the L steering matrices in the set may be cycled through and selected in sequential order



diversity | y spatial spreading. Each data synbol_hbl ock may al so
o b g eps e
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subbands, with NM being replaced with NF. 3. M MO System [0080] FIG 5 shows

a bl ock di agrgnW’g}tﬂtTi ng entity 110 and receiving entity 150. At
transmtting €n 4 X data processor 520 receives and processes
(e.g., encodes, inter|eaves, and nodul ates) data and provi des data synbols.
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transmi t t eencviies S intdébRes, Hhdambhitlateg) daﬁ&audplﬁaﬂbs dengmitolsr AUTK sfafial

perfornms OFDM nodulation (if applicable) and further conditions (e.qg.,
converts t HreeAsasgS3Q ieedves thaslaty isymbolsn perforns spatjalyprreading tasyl spa

respective ) ), I 1 a ., ' NT,
{ranon t§ oPrefeitl SaS KIRCR S caRB R IEREh A onl MRl BlofMubolf jand
transm ssi @iovide N Tirarkin spabobadsnishiooNg trdnsriitternadRe@MTR) $324 @28dgh At
receiving entity 150, NR antennas 552a through 552r receive the NT
transnitted3dk g%%ﬂhsﬁfa%ﬁﬁ“@'dgﬁt eXb] B?T%Kﬂ%mpé%ﬁ@l 1f applipable) angl frthery o
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(i ncl udi ng réspedvivietrmdniitsymbbol stiearaptp|genabiecd modulated signal. Nt transmitter units
532a through 532t provide Nt modulated signals for transmission from Nt antennas
534a through 534t, respectively.
[0081} At receiving entity 150, Ny antennas 552a through 552r receive the Nt

transmitted signals, and each antenna 552 provides a received signal to a respective
receiver unit (RCVR) 554. Each receiver unit 554 performs processing complementary
to that performed by transmitter unit 532 (including OFDM demodulation, if applicable)
and provides (1) received data symbols to an RX spatial processor 560 and (2) received
pilot symbols to a channel estimator 584 within a controller 580. RX spatial processor
560 performs receiver spatial processing and spatial despreading on N received symbol
streams from Ng receiver units 554 with spatial filter matrices and steering matrices,
respectively, from controller 580 and provides Ns recovered symbol streams. An RX
data processor 570 then processes (e.g., demaps, deinterleaves, and decodes) the

recovered symbols and provides decoded data.
[0082] Channel estimator 584 may derive B(m) , which is an estimate of the channel

response matrix H{m), based on pilot symbols transmitted without spatial spreading.

Altemnatively, channel estimator 584 may directly derive i o (m), which is an estimate
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for all transm ssion channels, other information, and traffic data are
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conditioned by receiver umits 532a through 532t, spatially processed by an RX spatial
processor 544, and further processed (e.g., demodulated and decoded) by an RX data
processor 546 to recover the selected rates. Controller 540 may then direct TX data
processor 520 to process data for each transmission channel based on the rate selected
for that transmission channel.
[0084] Controllers 540 and 580 also control the operation of various processing units at
transmitting entity 110 and receiving entity 150, respectively. Memory units 542 and
582 store data and/or program code used by controllers 540 and 580, respectively.
[0085] FIG. 6 shows a block diagram of an embodiment of TX data processor 520 and
TX spatial processor 530 at transmitting entity 110. For this embodiment, TX data
processor 520 includes Np TX data stream processors 620a through 620nd for Np data

streams {d,}, for £{=1 ... N, where in general N, =

[0086] Within each TX data stream processor 620, an encoder 622 receives and encodes
its data stream {d,} based on a coding scheme and provides code bits. Each data

packet in the data stream is encoded separately to obtain a corresponding code block or
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interleavi ?lﬁgmréy%b(fegope Toéirrsgﬁi bgg%aggg{g%%ggf%%eﬁgﬁeaﬁ%%%#%q E@%Bgeglo&i,

nul tiple C%@dulﬁﬂdﬁ%ﬁemé%d%ﬁoﬁﬂes £\stoanb of dAfBRPMBEIsUBL X £46 6¥8Rsolpi®ach

i nterl eaved bits based on a  nodul ati on schene” and provi des a stream of data

synbol s { slse} of B itéslcabE8 bits @' BsinEaBIbit $llie, GhdPe BT 8] hikPfuetlebinkss dach Bt a
B-bit value, where B ? 1, and further nmaps each B-bit
value to a specific modulation symbol based on the modulation scheme (e.g., QPSK, M-

PSK, or M-QAM, where M =2"). Unit 626 provides a block of data symbols for each
code block.

{0088] In FIG. 6, Np TX data stream processors 620 process Np data streams. One TX
data stream processor 620 may also process the Np data streams, e.g., in a time division
multiplex (TDM) manner.

[0089] Data may be transmitted in various manners in the MIMO system. For example,

if N, =1, then one data stream is processed, demultiplexed, and transmitted on all Ng
transmission chanmels of the MIMO channel. If N;, =N, then one data stream may be
processed and transmitted on each transmission channel. In any case, the data to be sent
on each transmission channel may be encoded and modulated based on the rate selected
for that transmission channel. A multiplexer/demultiplexer (Mux/Demux) 628 receives
and multiplexes/demuitiplexes the data symbols for the Np data streams into N data
symbol streams, one data symbol stream for each transmission channel. If Ny =1, then

Mux/Demux 628 demultiplexes the data symbols for one data stream into Ng data
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processor 570a, which are one embodiment of RX spatial processor 560 and RX data
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processor 570, respectively, at receiving entity 150. Ny receiver units 554a through
554r provide received pilot symbols, {r”} for i=1 ... N, to channel estimator 584.
Channel estimator 584 estimates the channel response matrix H(m) based on the
received pilot symbols and further estimates the SNR of each transmission channel.
Controller 580 derives a spatial filter matrix M(m) and possibly a diagonal matrix
D(m) for each transmission span m based oﬁ the channel response matrix H(m) and
possibly the steering matrix V(m). Receiving entity 150 is synchronized with
transmitting entity 110 so that both entities use the same steering matrix V(m) for each
transmission span m. The matrix M(m) may be derived as shown in equation (10) for
the full-CSI transmission and as shown in equations (17) and (23) for the partial-CSI
transmission with the CCMI and MMSE techniques, respectively. The matrix M(m)
may or may not include the steering matrix V(m) depending on whether the receiver
spatial processing and spatial despreading are performed jointly or separately.

[0092] FIG. 7 shows receiver spatial spreading and spatial despreading being performed
separately. RX spatial processor 560 obtains received data symbols, {r’} for
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derives a dpme cetirolier 680. Within RX/sp3tiah prbepsses 560, \n spatialasroceskon MR pexforn m)
f h t | SSi .mb d t h | t.rix H d
boss! bly { MECELYRS BT PTHRPRSIE OF R roRehved (AR YR £GF CRB CrOStOpROR R AU i ¢ h

t ! t t | . i . ] . C H
VE ?r)nsP or Ieac ﬁﬁﬁ%ﬁs@h@g?g}ﬁ@ﬁ%ﬁeﬁ%wﬁgﬁ?ﬁﬁ%{% n%a@e&%fgﬁ%g vg@{ ; Ih )(;wn
I( 27)e q;ﬁd' ?rzﬂcg,e% %Qa)mf Or;E %%m{)*;:rﬁgiﬂg{;{dgsé;é reﬁ%’ég?dgﬂ t@‘mﬁg)ﬁatﬁt% @%gog rﬁgkﬁ&@ns

t echni ques redefvep epitial ptocessiipean@ bpdtial Nespreadfiymay al¥Bibepiformed jiialy fieng
steering matrix V( dependi ng on whet her the receiver spatial processing
and spatialmﬂﬁmﬁwa’h@ﬂﬁ estimptedas deserihed abpvesepar atel y. [00921 FIG 7

k ! o . ' . ! . ’
epar JERP VR IAE b8 entRURAEN InGR PRC. T, RRCBLENRel’ S BRI T )
for WO 2009iliipRed/demhrtiend SNGQOB nxY 768 ahd Np RINRdathrsbrigbinqocedsirs Indd S

554a t hrough 554r and the matrices M and V( fromcontroller 580.
W thin RX gl 7ponsk ofos o thes s ip adatp asiregmssr oc emwy F68 f gcayes r arshi ver

spatial pr 839 N cls Y o S, SSI:QR _span
wth tho AaaapleRS@iiicte ala R £8ray Bnba) SRnRTRE b AR Bddify

despr eadi nghairiels intddlpfetovieredVymhbeldrepms fordthe N damatedmsy riithia dach RX dat a
processor 570. The receiver spatial processing and spatial despreading may

al so be perdais $H59m Brogessor ¢140.ng symbel demapning A M3 derpditlates dhe reapveredys
d i bed ] . '
cescr oed 29tBl P88 el Biedhh SR b ARG sl ot | o

RX dat a st rseaim @ind peswdessdernddulatel rdateg hA chamek] fdeintérieaviiD7 Ph Heintetlesesthe
Mux/ Demux 768 receives and multiplexes/denultiplexes the Ns recqvered

symbol st r Slgmednlgted: dafa kR 2(PERBER SYPRRMERRBh e frierieanme RerETEed Prsibol
streams forgthg anﬁ’mﬁk eh@F 1 1Y ' 3B:o8E F76%8ecodes the deinterleaved data in a

manner complementary to the encoding performed by transmitting entity 110 on that

-

stream. For example, a Turbo decoder or a Viterbi decoder may be used for decoder
776 if Turbo or convolutional coding, respectively, is performed by transmitting entity
110. Decoder 776 provides a decoded data stream, which includes a decoded data
packet for each data symbol block.
[0094) FIG. 8 shows a block diagram of an RX spatial processor 560b and an RX data
. processor 570b, which implement the SIC technique for receiving entity 150. For
simplicity, N, =N and RX spatial processor 560b and RX data processor 570b
implement Ng cascaded receiver processing stages for the Ng data symbol streams.
Each of stages 1 to Ng—~1 includes a spatial processor 860, an interferenc-e canceller
862, an RX data stream processor 870, and a TX data stream processor 880. The last
stage includes only a spatial processor 860ns and an RX data stream processor 870ns.
Each RX data stream processor 870 includes a symbol demapping unit, a chamnel
deinterleaver, and a decoder, as shown in FIG. 7. Each TX data stream processor 880



dat a stream rocessor 770, a synmbol demapping unit 772 denodul ates the
recovered WAHIHPEB¢4r jts data streamin accordance wit hPERESHIOH000828 on
schenme used for that stream and provi deg denodul ated data. A channel

dei nterl eaver 774 deinterl eaves the denodul ated data in a manner

conpl ementary to the interleaving perforned on that stream by transmtting

entity 110.indludtse@0icoddrd o Ehamieb inttfeader, Aha'd % ad"SIVAL in
conpl enent aré(to the encodi ng perforned f)y transm tt| ng entity 110 on that

stream ForFl rrpl e, a Turbo decoder or a Viterbi decoder may be used for

ransl9sT o oot 8q T <D A B es 88008 K ittes LEHRAS shdfiaphrodeSsf i o
i ncl udes a eeti ol sﬁ%ﬁiﬁﬁtantt%oﬁaedb@%eoﬁt‘é&)%}mﬁ&t%%am[ @94&;@& 8

shows a blo di agram of an RX spatial processor 560b and an dat a
processor ﬁtﬁﬁm préiessor i870h edemrddutdies, eintdrabes, gué decsddsahe irsdovered iinbyl 150.
For sinplicity, ND=Ns and RX spatial processor 560b and_RX data processor
570b i npl etream (S aukpravixdesrecuresponding decosled glatt strpam f{dy} .t BX dssa stedam
symbol streans. Each of stages 1 to N -1 includes a spatial processor 860,
an i nt er f erprosessoc 88¢=etiicodes,dbrleaves Riiddabdulasies drendepodaidato str&nD {d@tnﬂﬂae TX
data stream processor 880. The last stage_includes only a spatial processor

T e e e e e
o SRR R oo i i Ml Ll e
i nterl eaveﬁ I %&1 &?r%gnpr{gg ‘ﬁ%ﬂﬂ% %‘gﬂg%o%xn%r(w %ﬁﬂﬁﬁ@gﬁﬂpkﬁ ]
R rece veﬁﬁ“a 8 955RR %Grﬁnﬂfﬁrrfpﬁé%s B ﬁrra R L
fﬁcﬁite?edi;%%gt%’?ﬁéiﬁﬁg G RPS 50 Y NE AT e?rm?%%a%@%ﬂ%gf%t e
stream {d, }euhifaltedtfdin he ﬂﬁ%cé?t’r&f lsﬁ@&ﬁ’s RNORBNR M&Hﬁéd o1 slﬁ’ﬂﬂrg,y

nodul at es the decoded data stream In the sanme manner pértorned
t ransnmi tt| n@:uelnarcmovidﬁ(dtbcatager‘iht st ream and provides a renodul at ed synbol

st ream S.}. erfe ence 862a spat lally spreads the dyl at ed
synbol 086} eam { é ﬁgqs ﬁsg 3 AbG)SAmG PTPGFEFIAG S PFGS? i r"ﬂR

on the Nr modified symbol streams from the preceding stage instead of the Ny received

U..

symbol streams. The last stage performs spatial processing and decoding on the Ny
modified symbo! sireams from stage Ng~1 and does not perform interference

estimation and cancellation.
[0097] Spatial processors 860a through 860ns may each implement the CCMI, MMSE,
or some other technique. Each spatial processor 860 multiplies an input (received or

modified) symbol vector r’, (m) with a spatial filter matrix M%,(m) and the steering

matrix V(m) to obtain a recovered symbol vector §', (m) and provides the recovered

—.m:

symbol stream for that stage. The matrix M (m) is derived based on a reduced

channel response matrix _IEI,t (m) for the stage. The matrix _I_-I':_z(m) is equal to H(m)

with the columns for all of the data symbol streams already recovered in prior stages

removed.



the resultg with the channel response matrix H* (m to obtain NR

i nterferent® 228Mi¥ent s due to data symbol stream {s,}. PERUSROV0RS8: er ence
conponents are subtracted fromthe NR r2itei ved synbol streans to obtain NR
nodi fied synbol streanms, which are provided to stage 2. [0096] Each of
stages 2 through Ns -1 perfornms the sanme processing as stage 1, albeit on
the NR nodi fi 4d RateiSslectiorcand Control he precedi ng stage instead of the NR
recei ved synbol streans. The |ast stage perforns spatial processing and

decodiagyspn t he BYRbofORIILCSH arky/ pRAkI-CST @MBnibHNRE f%giw g %%ngpgq el

performinterference estimation and cancellation. processors

8602 t hr oughe §E@19fl¢a§lfll &anssmissioncchannelt h'léhﬁislﬁﬂR chivBEtationris stependsnhien (1)
[ . ' 860 . L pl i ' ' .
odt 1 oy Sy RG] o PoGRECS] manniton i el (B wholhet vl oty i ¢ e

steering ipaffohedy/(dil (3) RO Rirfloudar’ REAVE GFALEY Mesaﬁg&mﬁﬁe@ c@%ﬂ% -

provi des the recovered iénbol streamfor that "stage.” T M

derived bad¥MS¥H;onSKoawedby the receivingratity wthenase ofgertial-SManymissiont Fer

tage. Th X ' to ft ith.th | f Il of th
ot 5 sy mbold MEAGE QDN etted. H6 SR, B it bbb of b St ctongst msy "
2005/ 07186%%&%&%&{&%@% éBtain‘the BAIRE o SHleQfdnsRiksRIMCCHERASI Gh 2hPERR] For

both full-CSI and partial - transm ssion, the receiving entity can
estimate tanepSing SNEy g, () afes radsirmsmissiomelanndlhmayhiRcampyted hased onitlse
dependent on (1) whether full-CSI or partial-CSlI transm ssion is used, (2)
whet her sp&NRibf the teasinisgion chameslf pf, (HJ andian SNR) offiet, poff) | sxlolowsecei ver
spatial processing technique (e.g., CCM, MVE, or SIC) used by the
receiving entity in the case of partial-CSI transm ssion. For a MEMO OFDM
system the SNR #ai)eag/({pubhdad, of each transnission channel may Hag28)
estimated and averaged to obtain the SNR of the transm ssion channel. In any
case, an operating SNR, yOp (t), for each transm ssion channel may be
conput ed badede the tdits ai8NRR décibéle ({BanSthesSNRnoffkeimay be wbed tt) ,acemoht dor SNR

ff " i foll vy =r, +Y. ,  E . .
offset. y egé&huc%lserro% vgnv\ﬁnh%(%(tﬂg cl;anggi), and Oﬁ]g factorg.( iegmtable rate is selected
for each transmission chammel based on the operating SNR of the transmission channel,
[0099] The MIMO system may support a specific set of rates. One of the supported

rates may be for a null rate, which is a data rate of zero. Each of the remaining rates is
associated with a particular non-zero data rate, a particular coding scheme or code rate,
a particular modulation scheme, and a particular minimum SNR required to achieve a
desired level of performance, e.g., 1% packet error rate (PER) for a non-fading AWGN
channel. For each supported non-zero rate, the required SNR may be obtained based on
the specific system design (such as the particular code rate, interleaving scheme, and
modulation scheme used by the system for that rate) and for an AWGN channel. The
required SNR may be obtained by computer simulation, empirical measurements, and
so on, as is known in the art. The set of supported rates and their required SNRs may be
stored in a look-up table.

[00100] The operating SNR, y,,(£), of each transmission channel may be provided to

the look-up table, which then returns the rate g(#) for that transmission channe]. This
rate is the highest supported rate with a required SNR, ,,,(£), that is less than or equal
to the operating SNR, or 7,,(f)<y, (). The receiving entity can thus select the

highest possible rate for each transmission channel based on its operating SNR.



where the | I n decibels (dB). The SNR of fset may ed to account
for esti ngff[q%)ﬁﬂg’{l?%tr, variability in the channel, and otﬁ‘gT’%g%?S?’qu’%%s A
suitable rate is selected for each trargm ssion channel based on the
operating SNR of the transm ssion channel. [0099] The M MO system rmay
support a specific set of rates. One of the supported rates may be for a

nul | rate, whfclSteerineMhtrix Cenephtiger 00 Each of the remmining rates is
associated with a particular non-zero data rate, a particular coding schene

or co e, | t4 | -m ni-nym SNR

requi ﬁgoc} htﬂg ac h?f;@i&%&ﬁ;ﬁ@?yﬁﬁ%&@?#ﬁ %@?W@% ygg%%k"ﬁ%fgﬁ Iy(albmgsr ror

rate (PER) nimmess, and-soati exprpl@N schemesdlre deseritmdcbelowppaX tsetdof @nsteering r at e,

t he required SNR may, be obtai ned based on . the specific, systemdesign (such

25t he  par (TSRS THED e DRSTAPYIE B Sotnd 7 b, REwRAICipe ek G SRt

used by t the?L‘ﬁleg PetridVed Ritusk 3k ?ﬁ‘ﬁ'@ H&dedn zﬁ%]ﬁt’fﬂy] Nkse s gle‘i“ingrlﬁgﬁ‘i'céf d SNR
al ne t meas and = So on,

may be obt y conputer sinuldtion, enpirica urenments,
as i s knowmaybe dompated inTead tiomt asdheysarppmedad] rates and their required SNRs

may b ored i.n a | ook-up, table. [.00100],, The operating SNR . y" , .of each
transﬁ?@i’#’on chamfePlerRAg H@&Eﬁeﬁb E‘h 88 “‘%?Wéyl% CeH %bﬁaﬁﬁmc?ﬁm
returns thegp&tignd(t) for that transm ssion channel. This rate is the

hi ghest supported rate with a required SNR, y,. (1) , that is |less than or
equal to the operating SNR, or y,~ (2) Svy,, (Q . The receiving entity can
t hus sel ect the vﬁ'( gy =gossi ifhe; £ate X or each transm ssi on chann Qgped
on its operating SNR™ WD 2005/ 071864 PCT/ US2005/ 000828 30 5. Steering
Matri x Generation [00101] The steering matrices used for spatial spreading
may be gendqahtiah (Z8)vindicaws thatesaok csluran bfs¥i(H shandllavy witharegy and the
described below. A set of L steering matrices nmay be pre-conputed and
stored at (Heemitismnianer pioductafdiny dweicelwnne of i V(i shauld be pero.c e condition eved
for use as they are needed. Alternatively, these steering matrices may be
conput ed i ensuses that ithe Ns datsesynzhols srab ddmultigously) using thet geeringgmatir M(ds
shoul d be Ennit&%y matrices and satisfy the follow ng condition:

VX(i) V(i) =Mave the same power gnd gre o Bon%%?nwom?npm &ansEEssIft each col umm

of V( i[ﬁﬂlﬁﬂom d @.ﬁﬁf‘e Sk s%ﬁﬁgha%@&s tlﬂﬁy also be uncorrelated so that the correlation

between any two uncorrelated steering matrices is zero or a low value. This condition

may be expressed as:
CEH=V@)-V()=0, fori=1..L, j=1..L,and i#J, Eq (30)

where C(if) is the correlation matrix for V(i) and V() and 0 is a matrix of all zeros.
The condition in equation (30) may improve performance for some applications but is
not necessary for most applications.

[00104] The set of L steering matrices {V} may be generated using various schemes. In
a first scheme, the L steering matrices are generated based on matrices of random
variables, An NgxN,; matrix G with elements that are independent identically
distributed complex Gaussian random variables, each having zero mean and unit

variance, is initially generated. An N; x N, correlation matrix of G is computed and

decomposed using eigenvalue decomposition as follows:

R, =G” .G=E;-D;-Ef . Eq (31)



Herm tian jnner product of any two columms of V(i) should be zero. This
condi ti on WQn’QQﬁ’@%“(‘hat the Ns data synbols sent simultarREE$209P8§ t he
steering matrix V(i) have the same powdd and are orthogonal to one anot her
prior to transm ssion. [001031 Sone of the steering matrices may al so be
uncorrelated so that the correlation between any two uncorrel ated steering
mat ri ces i TheatatrioEAid wsed a8 laseceriiiy Mmattian¥h) i id added b theexdd Ths QoSS is
C(y)=VX(i)V(j)Z0, fori=1... L, j=1... L,andi#j, Eq(30) where Y) is the
corr el at i onepeated untikall L vicetingmeatriges pregmietitéds a matrix of all zeros. The

condi t| in eqyation 0) _may 4 mprgve. performance for applications but
i's nmﬁﬁigcessa afsgf;or%ggt%hegzﬁpﬁ% %Sﬁg.Pg ??ﬁfrﬁ'ﬁgnir&%agl?easﬁ&)ﬁleaeﬁ‘?trf&n
matrices { PendbBBEdeRt RetroBicRTy SRfHRLS FENAIREry mBtricRs,'ds hene, the
L steeri ng_dr‘r%gfg?%es are generat edﬂ%%segl on r@)i ces ‘o ran%iodﬁnf&gloﬁabl es. An
Ns XNT matrix Gwith elenents that are independent identically distributed
conpl ex Gaussi anygandom vahs 2€S,. (pa havi n r op Mean, a it hance,
isinitially gene gﬁgeg.@ ATTINT % NT’“(?OS‘?%I’ati o%oﬁgf’r{& o’ffﬁegg’qg’onpﬁgg%’band
deconposed usi ng ei genval ue deconposition as follows: X X Ra=G G=Ea DaEa

Eq(31) WO 1 é&gﬁﬁ -’fmﬁ&y'- d
s'?((aeri)ng m@%%ﬁ?ﬂaﬁﬁﬁggﬁo t egég?ﬁwgﬁ%dr{g{é%gs 'S @%ﬁgggt egsuﬁtil
all L steering natgjces %lfereggg-@%%‘idan& @019 j—l)tfé'bﬁ()?%i%&%éﬁpene’ the L

steering matrices ar€ @énerat aged on" 4 se + 1 i ndependent
AL Sy RSP BN RS il O .1y s
wh V ai Ns i dent i i.cally .di i but it

where Vs el o WSROI NS S AL Bl

and ', fQimk ﬁﬁﬁocodinﬁéboﬁs‘ielﬁﬂohﬂ? AENE Tiabsdéfbh dnYmfHrativn TH8rE afNgg scheme

is described by T.L. rzetta et al. in "Structured Unitary Space- Tine

Aut ocodi ng NooAsAptil 2002ons, " | EEE Transaction on I nformation Theory, Vol. 48,
[00106] In a third scheme, the L steering matrices are generated by successively rotating

an initial unitary steering matrix V(1) in an Ny-dimensional complex space, as follows:
Vi+) =8 -V, fori=1..L-1, Eq (33)

where @' is an N x N, diagonal unitary matrix with elements that are L-th roots of

unity. The third scheme is described by B.M. Hochwald et al. in “Systematic Design of
Unitary Space-Time Constellations,” IEEE Transaction on Information Theory, Vol. 46,
No. 6, September 2000.

[00107] In a fourth scheme, the set of L steering matrices is generated with a base matrix
B and different scalars. The base matrix may be a Walsh matrix, a Fourier matrix, or

1 1
some other matrix. A 2x2 Walsh matrix may be expressed as W,,, =L I:I. A

larger size Walsh matrix W,,,,, may be formed from a smaller size Walsh matrix

Wi » as follows:

Eq (34)



No. 4, Aprjl 2002 [00106) In a third schene, the L steering matrices are
gener at ed @92&?2@&% vely rotating an initial unitary st WQ[’WPWX V(1)

i n an NT-di nensi onal conplex space, as B3l lows: V(i+1)=0tV(1), for i=1 ...
L-1, Eg(33) where 0" is an NT x NT diagonal unitary matrix with el enents
that are L-th roots of wunity. The third schene is described by B.M

Hochwal d etWalsh mafriceShevedintensiofehiatiare powergnefitsoy Space- Ti me

Const j ons, ", | EEE saction .on I nformati on Theory, Vol. 46 No. 6,
Sept eﬁ}a@ﬁzooo. %%ﬂ’?ﬁ??ﬂm&‘?dﬂﬂ’ﬁbﬁ@nﬁ?ﬂ%ﬁ% Wet hilie 7tk aowi ofgheanh ces
is generated.with.a base matrix B and different scalars. The base matrix
may be a WEPLF iR maybeexpressed A% (i x, or some other natrix. A 2 x 2

Wal sh matrix may be expressed as Wex2 =1 1 -1J A larger size Walsh matrix
V2N. xN may be forned framxaasmal l er size Walsh matrix WWN, as follows:
WAXN WAXN WZNX2Ny= £g (34 Wiy 72 24X N Q71 864y RCTI US2005/ 32
Wal sh matrices haVe di mensions 1yﬁat:vv[z;br(e %?M@Q%f 7{t wojﬂﬁadOlOS] An %@g)ﬁﬂ'
Fourier matrix D has element wn.min the n-th row of the mth colum, which
maybe expr agges nol: a kdw (ifidek Bhd Jn W Aol indb0" Foufitr matrid¥E}ofostfl Stade - - -
NT}, Eq(35).. where nis a rowindex and mis a colum index. Fourier

matri ces ofdimAMSION S <2, Jaf b spopkmay be formgd. 4, 5 and so on) nmay be

mat ri be H$eh SRR O cF‘(r%' ri tq?gpgﬁ( i%@ﬁo s.er
o1 T ol B e
mul 1 pl i oo A SR DAl B 6 0P A PRl e AR EREN R by

di fferent <freRs bAQ MRk ﬁ?g;:g‘i%%%ﬁ%?ﬁéeﬂﬁ IRAH plied Wit\one of“l\flfd?%&@féta cl‘g]ssi(l))}e

pernutations of the M sca -1"rows. For exanple, r ows
2 through Ngalamywherei Ritepe e |dyfferentt stqeting dnwirichs may ! ¢btaiféd fibm MY™'+j, or
-], where

different permutations of the M scalars for the N, —1 rows. For example, each of rows
2 through Nt may be independently multiplied with a scalar of +1, -1, +/, or —, where
J =+/-1. For N; =4 and M =4, 64 different steering matrices may be generated

from the base matrix B with the four different scalars. Additional steering matrices

tfdnla  _tjnlé kjmis
?

may be generated with other scalars, e.g., e e , € , and so on. In general,
each row of the base matrix may be multiplied with any scalar having the form e’

where & may be any phase value. N, xN, steering matrices may be generated as
¥Y()) =gy, -B(i), where gy = 1/\/NT and B(Z) is the i-th matrix generated with the
base matrix B. The scaling by g, ensures that each column of V(7) has unit power.

[00110] Other schemes may also be used to generate the set of L steering matrices, and
this is within the scope of the invention. In general, the steering matrices may be
generated in a pseudo-random manner {e.g., such as the first scheme) or a deterministic
manner (e.g., such as the second, third, and fourth schemes).

[00111] The spatial spreading techniques described herein may be implemented by
various means. For example, these techniques may be implemented in hardware,
sofiware, or a combination thereof. For a hardware implementation, the processing
units for spatial spreading at the fransmitting entity and spatial despreading at the
receiving entity may be implemented within one or more application specific integrated

circuits (ASICs), digital signal processors (DSPs), digital signal processing devices



] =fl. Fo = 4 and M= 4, 64 different steering matri

gener at ed w(glg%s‘lpygggase matrix B with the four different ﬁgi/&r{gg%g}a&)szs
Additional steering matrices may be gend3ated with other scalars, e.g.,
e*|3Ai4 , et'Rl4, e}" 1'8 , and so on. In general, each row of the base
matrix may be nmultiplied with any scalar having the formeJ , where B may

be any phas@SRDs)e. programmigbles tlegici devices r(PEDs).ndigpld eprggraemaitdel gae Affdys =

NT B(i , NT =1 / NT. d B(i) is t i-th tri ted with th
Dase mt 11 G, Hibarsorm, cBjirdfets dhickpainiilirs SHrORbr oo PG CIFIREE uni &
power . [ 001fs desipabd RFALMRS (e HmeHeR BRcHBEThdréinIQNEER Binktith S8leofl L

steering nmatrices, and this is within the scope of the invention. In
gener af0012he st eBer Mg selwarec buplemyntgiong dherspeidal spreadipg etedbnimuesd smayndaner

e secon B AT o S T O 4 el
techni ques fgsfiond@dciitddehdteiByTH o WRAre ¥B8ésCaP be st@ded i n Sunits qE.g.,

exanpl e, these techni ques may be ig)l enented in hardware, soffware, or a
conbi nat i onmemeryunits F4Z-angd 5828 WEEe0) ansl eresnted by drproe¢ssomieds ceontaljers Sl t s

for spati al ' ag, t ransm tt.1 {] i.al . des ing at
the rece vRESERM Fiorsy BHe MERITL B plsRenis e wp SRAEER 8
speci fi ¢ i ngaemal ﬁﬂtherfo@bHsbﬁ_iﬁA‘ﬁhi@ﬁ)caséiigichﬁﬂbeSbmhnﬁhﬂﬁﬁ?%ﬁ led RSP,
digital signal processing devices WO 2005/071864 PCTI US2005/ 000328 33
(DSPDs), pr Btpeessfmyip yarieisiaeans ¢s isddropm indhe aiti el d programabl e gate arrays
( PPGAs ocess : , LGl LS, +M.¢ r r .0t her
el ectr 0R|1ic¥] uni tg’e%dé‘ggsgr%{e%%%%ﬁ%éryor m ﬁfg(}%@k Ié 02{1}1? Bénsag(; ﬁgegﬁﬁ%ﬁicﬁtmﬁr a
conbi nat i onsdckiefiss 0Thesk Meddings 4re mod iteridedatodirhinidhecs60pt @i it coridapts Sesdriball
spreadi ng techni ques may be inplenented with, npdules (e.g., . procedures,
functions, HheEayndsr) andthess,goncspl M haye, applicghility &r oo sactinms dhsou
software co SnbRY; Q&ﬁﬁﬁ ed in menory units (e.g., nenory units 542 and
582 in FIG 'b) andrexecut ed by a processor (e.g., controllers 540 and 580
in Fl Goo%)4] The Thepreyiousdéscriptiomef tholisiesed embodintents ispeovidetsaableany
external to the processor, in which case it cap be conyjunicatively coupled
to the propeEsbskilledinthe adtQ maks 9% use thepresentnviention o Varipus Peélﬁfsqwqaéadi ngs

are include bodifhts" Fe%gﬁl o ' j :LONs.
These headi ﬁlgggé@g no?ﬁtlsrffﬁjelﬁg e tf?ébrr%?nﬁghg%o%g?% htn%gcag%%%%g%esg eIs-lEri bed
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.



therein under, and these concepts nmay have applicability in other sections
t hroughout the entire specification. [00114] The previous description of
t he di scl osed enbodi nents is provided td4enable any person skilled in the
art to make or use the present invention. Various nodifications to these
enbodi nents will be readily apparent to those skilled in the art, and the
gener i c Whatis flaigsdds defined herein may be applied to other embodi ment s

wi t hout departing from the spirit or scope of the invention. Thus, the
present invention is not intended to be limted to the enbodlnents shown
herei n but i4 Pehyleofgecctringetidath Hanimifsiop ot bpa trapyniingteaiity toiatrpreiving entity in a

princi pbvﬁéle@m@lnmétﬁlbmf:ﬁﬂwé %&p&’t‘(ﬁﬁb@ﬁ%&mﬂ%@dﬂﬁn sy’éfém WiRlristog; cl aimed is: 1. A

met hod of receiving a data transm ssion sent by a ransnlttlng entity to a
recei ving enpbiiping @ pluralify rof |sereamsnef] reqepied symprls Tona plpplit- Suttpams ¢fdawgjymbols

comuni gatshARaS %St ;ﬁﬁpah@ gm?ﬁdsﬁﬁs@ign cﬂﬁﬂé@ B arl\gll\@(f) Efldﬁﬁé\l évflél" if? fthespth[rﬁﬁ_ﬂg Peams of

recei ved synbols f a plurality of streans %1tted Vi a
a pl ur adata mﬁols‘tar@mmﬂwp@nd Uﬁhﬁmélr%llt:f pf %@emwmattmﬁmélﬁlnhm ematially préwgssed prior

pl ural i oy BkmRlibEITEMOM Ngﬁtﬂ%ﬁﬁé{ mal @he?e]f Ltia?‘ls;Lr¥ dﬁr%’ SR iy &llﬂalﬁg%k‘ %‘{e?ringt y
of steeri ng matri ces an urther spatla OCESSE rior nsm ssion
vi a t hemuriveD retrdeningh the phdalinhefrtensmisdien @gmelsém thgarleratity o stwaimbhof daea spinbelsl ity

of steering 9§g>ﬁing§§cefv@ﬁ%§{%§fo%e§sﬂgbR'ﬂlr!er ;ﬁwﬁﬂaﬁt% oP birdahR12P Péc%%écpé}m%ﬁfé’?g?ﬁéinfaor

the pluralit streans ol's;" performng recerver-s
pr ocessbhgilibfrpftsmnpIOGdeid:qtetd)symbolstan@arrs of received synbol s to obt ain a

plurality of ) X ] spat e ng
on the plur af fnﬁﬁg‘% g@? lean%rgad%neg}élt e{@?&ﬁ‘zy"ﬁ%%r@géf feﬁégteﬁgy B oﬁsrg% Ehg Fah%’ CP
steeri ngeermgnnwe:ss tooboiit aplnratityplf mrahistoijreo(ﬁvewrsglahfﬂs,whiqhmmetds sﬁﬁh&)pih&lity
whi ch ar estlgﬁ%m5¥ é?the plurality of streams of data symbols. 2. The

met hod OF SU&F&i ¢ Her conprising: obtaining an effective M MO channel
estimate that includes a channel response estimate for the M MO channel and

the plurality, of st i n ices used for spatial spreading; and
perforntng t ewgﬁgfgéﬁmgﬂgﬁpércﬂ?@@@@%lng and the spatial despreading
jointly basedbteiningfae eftdtive MO chdnhEd csfvane @lat @studeed chanigel rdshenseeithentt fof the
claim1l erein, t rnln ati al readi.ng canpri ses performng
cpat i ai MISRE Rl EoraBl B st Rk R bEL B GRL s A o b ur al 1 1y of
streans of dp&rﬁﬁﬁx&@ tisyrededles sp&hil praxtssing@and the spatialsde§réaing jotRty basQiSonUbedtebyvet he

transnlttln ent on a correspondi ng bl ock of data synbol s.
Oq channeﬁ estimate. P 9 y

3. The method of claim 1, wherein the performing spatial despreading comprises performing spatial
despreading on each block of detected symbols in the plurality of streams of detected symbols with at least

two steering matrices used by the transmitting entity on a corresponding block of data symbols.

4, The method of claim 1, wherein the performing spatial despreading comprises performing spatial
despreading on the plurality of streams of detected symbols using a set of L steering matrices, where L is

an integer greater than one, and wherein the L steering matrices are unitary matrices.

5. The method of claim 1, wherein the performing receiver spatial processing comprises
multiplying the plurality of streams of received symbols with matrices of eigenvectors for a

plurality of eigenmodes of the MIMO channel to obtain the plurality of streams of detected symbols.

6. The method of claim 1, wherein the performing receiver spatial processing comprises

deriving a matched filter based on a channel response estimate for the MIMO channel, and



4. The nmethod of claim 1, wherein the perform ng spatial despreading
conprises performng spatial despreading on the plurality of streans of
detected synbols using a set of L steerBhg matrices, where L is an integer
greater than one, and wherein the L steering nmatrices are unitary matrices.
5. The nmethod of claim1l, wherein the perform ng receiver spatl al processing
conpri ses nultitiphyigye Phizalisy of asamp Q§f’e"s°f"teéafﬁ’§b § with the yatrhed, flser) 19 qffaim the

mat ri ceglumltyejfmm@f@m&ta‘d@ymaols plurality of eigennodes of the M MO channel
to obtain the plurality of streans of detected synbols. 6. The method of
claim1l1, wherein the perform ng receiver spatial processing conprises

deriving a mphEmafod dficlaih 10RISRsIn 88 pafsihdizneleiveLHRI PRCESHE B Ristor the M MO
channel, and 35 nultlplyln t he pIurallt of streans of received synbols

with the nat RHRIMME recspes %B’a%tpéﬂcPFS’é’E@“ ﬂrﬂalwallltvﬁswn@tof sspirebyhals daged gn a

Symbol Schafinel L6t HaHixQhvesdicH (CMI) ¥BSAgLN the perform ng receiver spatial
processi ng conprises performng receiver spatial processing on the plurality

of streans of received synbols based on a channel correlation matrix

inversi gn ( CpM heth&LTUIMHE; wikreid B8 pgi%rﬂx@r% reivel $hifl hroc¥BRE Cbprfshe perform ng

receiver Spatl al pr ocessi ng corrprl ses per orm ng receiver Spatl al pr ocessi ng
on the pl ur apérfoymig receiveraspgtiad pracessise wa dheslvrplily oF breesmy ob receivedriymibalarbryse an

squar e gfiQhm MYPRuateeRB ng 2chnile Method of claim 1, wherein the
performng receiver spatl al pr OCGSSI ng conprises performing receiver spatial

processing on the plurality of streams of received synbols based on a

SuCCeSShYE | M ERLRFICSf ANRLR Y0l Shhedo RN Procdine LTt hod of

claim1, fur conpri si ng t o-nol se- -1 nterference
rati o (SNR) pérfoeming reseivehwatil prabdsing oofthet rrlembtmo§ streams of rrapivesd symfbols baged on a

pl urali E%c&%wgﬁ]{emce%fn%ﬂ%tpon?§@9%c§nl%and selecting a rate for each of the

plurality of streans o S sed on an SNR estimate for the
transm ssion channel for the stream of data synbols. 11. The nethod of claim

1, furth@r Cgﬁ@:ﬁ-‘etﬁoc? ca%rqufugg?r gméjg?n%t‘ransmni ng entity at |east one rate

for the plur reahs 0 nbols, wherein the plurality of
streans of de&tlalasg/gmdgsalam—emsmmddmdrfamermttiuﬂsalﬂ?e)@f bacbad tionplbtabtyatfl tagaisssiaone

rate. 0 fu e onprising: estimating a
si gnal - F%anﬂ%sg’é{ﬁgﬁhra tgefrS %a?']les'nogéat?@flﬁbol& gHCR) of each of the plurality of
t ransm ssi onselehagnedts fof eachtof ¢heppilwrality iof ;treatfns sf datmasysnbofs besetl n sy SR @fimata dor

the transmission channel for the stream of data symbols.

L1. The method of claim 1, further comprising:
sending to the transmitting entity at least one rate for the plurality of streams of data symbols,

wherein the plurality of streams of data symbols are encoded and modulated based on the at least one rate.

12, The method of claim 1, further comprising:

estimating a signal-to-noise-and-interference ratio (SNR) of each of the plurality of transmission
channels for the plurality of streams of data symbols; and

selecting a single rate for the plurality of streams of data symbols based on SNR estimates for the

plurality of transmission channels.

13. The method of claim 1, further comprising:
demodulating and decoding each of the plurality of streams of recovered symbols based on a rate

selected for the stream to obtain decoded data.



selecting a single rate for the plurality of streans of data synbols based
on SNR estimates for the plurality of transm ssion channels. 13. The net hod
of claim1, further conprising: denodul 3 ing and decodi ng each of the
plurality of streans of recovered synbols based on a rate selected for the
streamto obtain decoded data. 36 14. The nethod of claim1, wherein the
perform ng spatial despreading conprises perform ng spatial despreading on

the plurgl i t pheQhetfidd &Faldmaf wﬂ&’éﬁ%@?er@)’xﬂﬁ@'s&tiﬂl dcBpréddid ce@pdprit b PeSrafind ﬂcii&gual
matrices for,a plurality of subbands of each synbol period used for

t r ansmi dspreadingron theplurgliy of istreamsyofadgfgeted) %@QOIW‘E}H %fl lgas; ApRistorring: PiTiessdat put

(M MO) 16Ny RF §dbards oShsl §/Mbol SePiaW idcd ifd}Fata Fraiinidsitnl ty Oof receiver units to
obtain a plurality of streans of received synbols for a plurality of

streans of data synbols transmtted via a plurality of transm ssion channel s

ina M{MO chgp ”h?barﬁtﬁ@r{h &% \Jnre&E‘sS Muitpld@p R NhbiiplelRipdt r(ﬁﬁlﬁbV | ehnfiMchdioh S)Vi'ﬁ:‘ﬁ{ ein
the plurality of streans of data synbofs are spatially Spread with &

pl ural i ®YPHFNEt eering matrices and further spatially processed prior to

transmi ssi on, MiAlity redvMUH{ 35 B6thin aemalw SF &thddmb IEPre%H%d %b%ﬁrf&aéj 1R deh

the plurality of steering matrices randoni zes the plurality of transm ssion
channel srefay of ¢ata pimbols| rapymiged Kiaracpiprslityof grarsmissiprisbannelsan 9@\éw(a|chq@ndcfm@r

to perf o ghf %n\ﬁﬁf toSP ckitng R e?vﬁ{:r@ig thd) Fb%typlyth'{tféla#& éf Qlta %%ﬁﬁ@gﬁnngos%anally

received sy S’to obtain a plura Iai%: st reans et ect and
a spat i sread @sthrepldetityt of strering mairispraand rt@l:wmﬂeﬁjdpwgesm prive tpkramsalissiop vaf the

st reamsy g d&%ﬁ%E &l ?ME{@B' the s O%lhsp;egtﬁn v g‘ézﬁle y[; n%rallqltg of V\ﬁ%rﬁr}gatﬂpeg i85Sk Lthe

obtain a plurality of strea eco are estinmates of
t he pl uplatalityyf tsinsmission plganodls fathe phyatigodfsirean@. ofilt#tesmdpm atus of claim 15,

further co Pl E;ﬁahﬁqu%p%ssgp ﬁ)nll[g;b?ilonﬁ %cefr&l bidi %ro%Qstsﬁl Ahe glma ﬁ/t 6%&%@@ r‘é&%@e'

estimate that nel response SSti ma nnel  and
the pl usyaibolsyo oiiftalsapharaht}gafrmeamscoééetMCkymbafls sap‘atl aI spreadi ng, and wherein

the spat | al DL zﬁ ?sprqaﬁergegg‘?on%p tla?des zt\scf ! eaase ral O ra?r?sec}f\c/igtg Cte c% twhg]ls

processi ng ands rea
channel wigls thermmrehty b steddirg mplpeﬂsa“b wbtamf a pluaaihm df‘:]sﬁeamgbéteno‘tei‘ad ssphols,abhich are

a1 ocogpea R ERs PR B ilrefy o oi genmodes of the M MO channel
to obtain the plurality of s_t reans of detected synbols. 18. The apparatus
of ol al b 15, el el (iSRS bl BL9SRSRT M tiplTes the plurality of
a channel estimator to obtain an effective MIMO channel estimate that includes a channel response
estimate for the MIMO channel and the plurality of steering matrices used for spatial spreading, and
wherein the spatial processor and the spatial despreader perform receiver spatial processing and spatial

despreading jointly based on the effective MIMO channel estimate.

17. The apparatus of claim 15, wherein the spatial processor multiplies the plurality of streams of
received symbols with matrices of eigenvectors for a plurality of eigenmodes of the MIMO channel to

obtain the plurality of streams of detected symbols.
18. The apparatus of claim 15, wherein the spatial processor multiplies the plurality of streams of
received symbols with a matched filter, derived based on a channel response estimate for the MIMO

channel, to obtain the plurality of streams of detected symbols.

19. The apparatus of claim 15, wherein the spatial processor performs receiver spatial processing based



recei ved synbols with a matched filter, derived based on a channel response
estimate for the MMO channel, to obtain the plurality of streans of

det ected synmbols. 19. The apparatus of dFaim 15, wherein the spatial
processor perforns receiver spatial processing based 37 on a channel
correlation matrix inversion (CCM) technique, a mninumnean square error

( MVBE) % @cipinglieorredption, mafrix by ersion (CRM) feshnigieea aninianim mepn favas) eyor (MMSE)

t echni qiehnigd; or AREccBRRBIASESenef canbdlafnlSIC)thhiges. conprising: a channel
estimator to estimate a signal -to-noise-and-interference ratio (SNR) of each
of the plurality of transm ssion channels for the plurality of streans of

dat a sypgpol STh@dbGarﬁmQQFE]z{in'S?ﬁlrtﬁé?c&ﬁg%ﬁ{g;a rate for each of the plurality of
streans of data synbols based on an SNR™ estinmate for a transm ssion channel

for the stretfhdmelesimasy ipsrinate acsigmabioaioneapdintesiercaemratic GHIRA of wpeibel dei s
enCOdEdpﬁﬁﬂty’m%sﬂﬁﬁﬂmQuanhaggcfrglﬁe%ﬁt%_bMeﬁﬁgdftd)(talgﬁﬁﬁﬂs;Qﬁh the rate sel ected

for the stréamof data synb i he apparatus” of claim 15, further
conpri si ng: acemrolerdp selet gaate ey edemeldhe pluaalityrad stteamsad detaskimbdls based pi ar SNRt y

f st 2 f | eqt : t
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obtain decoded data. 2 apparatus of clai , ereint system
uti | i zesymbholshpgenadid dndaepdalated botithe tsansmittingdntityhassd ength¢ GROglectedrfor thi etreaimrpft he
spati al ydesprgader perforns spatial despreading with at least two different
steering trices for a plurality of subbands in each synbol period with
data transm ssion. 23. An apparatus in a wireless nultiple-input

mul ti pl g; out uaﬁg%‘t@’%@m%%%?‘g?@c tem conprising: neans for

obtaining a p stfeans O ived synbols for a plurality of
streans of datata pepedsarite demaddate artdedbcadezach ¢l the plurality dfstreansnfme®séredhsymbols

channel g inh a hannel fr ma‘%ra S ﬁEiing entity to a receiving
entity, Ea\lﬁ/ﬁ&;?ne?llr\]ﬂel\é%}gc% arari “S‘/a 0 og 'rnedg%)?e% MYyat a synbol s are spatially

spread with a plurality of steering matrices and further spatially
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symbol s; and means for performng spatial despreading on the plurality of
SN S BE RN ITE AR AN e
comprising:
means for obtaining a plurality of streams of received symbols for a plurality of streams of data
symbols transmitted via a plurality of transmission channels in a MIMO channel from a transmitting entity
to a receiving entity, wherein the plurality of streams of data symbols are spatially spread with a plurality of
steering matrices and further spatially processed prior to transmission via the MIMO channel, and wherein
the spatial spreading with the plurality of steering matrices randomizes the plurality of transmission
channels for the plurality of streams of data symbols;
means for performing receiver spatial processing on the plurality of streams of received symbols to
obtain a plurality of streams of detected symbols; and
means for performing spatial despreading on the plurality of streams of detected symbols with the
plurality of steering matrices to obtain a plurality of streams of recovered symbols, which are estimates of

the plurality of streams of data symbols.

24, The apparatus of claim 23, wherein the means for performing receiver spatial processing comprises



the plurality of streans of data synbols. 24. The apparatus of claim 23,
wherein the neans for performng receiver spatial processing conprises 38
means for multiplying the plurality of ®reans of received synbols with
matri ces of eigenvectors for a plurality of eigennodes of the M MO channel
to obtain the plurality of streans of detected synmbols. 25. The apparatus
of cl ai m 23, meaheioeimyltiphdngrtha pirdlity ofpstredros of naepived spinbads with anatrides pf gaseriang

Cynbol 253 PFEAORE b @nafplhd Qb Gaf T 1 R bR LB SRl o o

for the M MO channel, to obtain the plurality of streans of detected

synbol 26. i . I.S1Ng. f .
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plurality ofmeahs fonsmitidyingthe phmaliy of stwamg bicreqlived ajmbols oith stmached fitiér, daived
synbol 5;._and ns, for sel ecti or _each. of .th lural it {reans
of "dat SoeSiB o ERNRLIsop SRkt RIS s Bt Ml inh R e
st reamsgibaat a synbol s, and wherein each stream of data synbols is encoded
and nodul ated by the transmitting entity based on the rate selected for the
stream of data synbol s.

26. The apparatus of claim 23, further comprising:

means for estimating a signal-to-noise-and-interference ratio (SNR) of each of the plurality of
transmission channels for the plurality of streams of data symbols; and

means for selecting a rate for each of the plurality of streams of data symbols based on an SNR
estimate for a transmission channe! for the stream of data symbols, and wherein each stream of data
symbols is encoded and modulated by the transmitting entity based on the rate selected for the stream of

data symbols.



