[0001]

[0002]

[0003]

[0004]

DATATRANSM SSI ON W TH SPATI AL SPREADI NG | NAM MO

COVMUNI CATI ON SYSTEM I . Caimof Priority under 35
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clains priority to Provisional Application Serial No.

60/ 536, 307, entitled "Data Transmi ssion wth Spatia

Spreading in a M MO Conmmuni cati on System" filed
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rel ates generally to communication, and nore
specifically to techniques for transmtting data in a
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receiving entity for data transm ssion., channel
Comnpairaon Stistemy, Tiiked danuary 13n200mhandaassisnedit Seedsgignee hereof

' . spatial channel s,

mﬁﬂ%ﬁ@ﬂﬁ%mﬂﬁﬁxﬁ%Q§§?ﬁﬁﬁf§ggﬁﬁﬁkfgggg%tial channel s may

be used to transmt data in parallel to achieve higher

t hroughput and/or redundantly to achieve greater

reliability. [0004] Th@@@éﬁé | between the
I%ran ﬂ%iting entity and the receiving entity may

xperience various del eterious channel conditions such
as, Th@presédrddivestiomitldtédgnbralidng cofiingurdietdAchdembrRCpecifically
I n general, good performance may be achi eved for d

] s . ) at a
tor fleghaiauesfon WANSMitHBE M 1B han ABItDle-iEmE mvltinle-epight LMIMO)
F-TaleWia%e) ﬁ‘yﬁﬁ ved at the receiving entity are
cspatuﬁlglfn;f(g1 ?{'e", which is flat or constant
interference and noi se power across spatial dinension.
This may not be the case, however, if the interference
Ills fBaekgrauedfering sources located in specific
di regt{ he. | CR | . | "cal
(not SR shyiph pplBbe AR o) 2Rt Biihes 8, £liflmiting
enthg asd atulidple CNRrracdies agéinas aoh rédetvihg entifyeoedae tansission. A

| ace. beam nulls in the direction of the interferin
@g%n_neh-ffgmed %y the Nt transm?t antennas and Ng rece?ve antenn%s may be

decomposed into Ns 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.

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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receiving entity may al so provide the transmtting
entity with channel state information (CSlI). The
WO e@a®miss4 i Ng entity can then spatially procesBCHESZ05/000828
a manner to maxi m zesignal -tg-noi se-and-interference
ratio (SNR) at the receiving“entity. Good performance
can thus be achi eved when the transmtting and
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M MO syst errs.g]_[ 0036%_13Ther e i sﬁlig:}hgl?ef gll?e apneed rfg:] t he i
agpurate srerferennsi iglpamation pndyplannel dafe anfopmatinn Iepdeys spatiahmulling

| i RIS noi se. SUMVARY
Ofﬁ%%é%c%ng ergétﬁ lof Pttrrrtﬁe)rr#ﬁa n&sﬁeg%'for transmtting
dat aTherens thetef@n amietd imibe arttfort tgchndques tet@iswiindateit the presence
i.n a wreless [ tiple-input nmultiple-output (MM
OEmﬁiﬁﬁgfegweawgf%r@é 4 198€cribed in which data is
processed to obtain a plurality of streans of data

synbols for transm ssion on a plurality of
transm ssi on channel s i nSWMMMRYhannel between the

transmtti ntity and e.receiving eptit Spat. al .
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a Yedefiny BRAY $n Wivkifeléss %ﬁlﬁﬁﬂeﬁhﬁ‘ut%ulﬁﬁl@%g}ﬂﬁ (WBMO)CRtrhéhication
obtain a plurality of streams of spread synbol s,
sysitesn d¢ descrieedsivawvhigh dajsrie paogegsedite iobtaiie 2 plypkityi afistigams of data
steeri-ng matrices onm.ze ral,l f
ST el B o ATREN ST Bty i€ Mg channet
bétalean tertadbimittidp aiititglang rlecRediing ehtityp Sphoslnspttadingtifperformed

plurality of streaps of spread synbols to ohtain a .
op ﬂmﬁmah{y Qffstregpiahdate Fymbeln with 2 Myl of stesring matrices to obtain

SPEERT SOROBAASLOL SRRl
ofisteapamatrises randemvdes ¢heeplaratity of phreniisypart channels for the plurality

oPytlretaiIrglo%%%aps%bols. 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.

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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(M MD conmunication systemis described which

i ncl udes a data processor to process data to obtain a
w@bwsarissy of streams of data synbol s for tranBei/ES10051000828

on a plurality of transm ssign channels in a M MO

channel between a transmitting entity and a receiving

entity in the MMO system a spatial spreader to
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read s ere| t he_spati al .spreadi.ng wt
agﬁ of 39%%%11@5%@@3? orRcr BB e RAA R oessiRgan the plurality
| t S
oP Eﬁ‘éa%{s $spdad é}%{atbﬁ@a st?/) n%ﬂg?ig@gl%@ of Qﬁeérﬁkeof){r?ﬁsﬁh’c Epmbols for

of streans of ans for perform
tlawmlssadm powcaydsiatity ertrankmitphtenads 4t yheotfanstittiagentty.

spre ol s t tain l.urali.ty of _streans. of

DB R aRratm gt B eBod L8 Breivhgt 4851 ERERisSion sent by o
txhﬁsilﬁl&{ﬂgt ertfty @6 NAgeceivirg entity A SATwhifel 38 n@tﬂhbfe)ﬁnpt[tol%t%le ~output
I n another enbodi nent, a nethod for receivin

(VIDMEY epmisiusicaion sysgm és dasemland mtwhfu@l a;nlulralsty pg siaeams of received
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S5 1 SR ey SR o TP g vis a st
ofl@anshiibsh thibnwnbls Gh aaMIVIOY élahhel, Whesin g muafityr esticuas of data

synbols i s obtained for a pI urallty of streans _of data
suhvele pee smag?ﬁwﬁr@@hwvgaa Rlulity gf stegring mafriges gnd djugher spatially

péc{&?geégﬁﬁg? n@i?ﬁ&x%@ n%&?nﬁflthe A %in&{ﬁ%l Phid @Jfﬂeh%fln Ahe spatial

s are spatially spread wt
speatiag | with ofhes tphaniityg offaste¢rines naatrlcdsu rrurtt‘enmsqzsatthal Iblyrahty of

rocessed tr 1ssipon via.the M
e EnftmeRetot o PRRIE, ALSRPHES G CAe NP RRPRyH spada
pRicessiRelsi ptaifot@bd idache 'PNIHRI FefirdahR d¥l Mdbabéd ¥yMbols to obtain a
plurality of streams 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.

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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transm ssion channels for the plurality of streans of

data synbol s. Receiver spatial processing is perforned
weeooshzspd ural ity of streams of recei ved synmboP&T/US2005/000828

obtain a plurality of strea of detected synbols.

Spatial despreading is perfornmed on the plurality of

streans of detected synbols with the plurality of
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a MIMO system with a transmitting entity, a receiving entity, and

two interfering sources.
FIG. 2 shows a model for data transmission with spatial spreading.
FIG. 3 shows the processing performed by the transmitting entity.
FIG. 4 shows the processing performed by the receiving entity.

FIG. 5 shows a block diagram of the transmitting and receiving entities.



on the plurality of streans of received synbols to

obtain a plurality of streans of detected synbols; and
wore@n®7i8es perform ng spatial despreadi ng on tPEI/US2005/000828

plurality of streans of detegted synbols with the

plurality of steering matricés to obtain a plurality

of streans of recovered synbols, which are estimtes
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tranysiietingwntity.a transmtting entity, a receiving entity,
and two interfering sqgurces, [0014] FIG 2_shows a
[0019]  pdeflof shpyrss? F5e5ive SB#1ahPrasessgh and an 8a dala prryessor at the
G{CQQ,@ 5. 3 shows the processing performed by the
rtransrrelnflt_—lltslﬁng entity. [0016] FIG 4 shows the
[0020] pr oc EHS.i hshopesrdnoR Negatia) prdvessoeamd an RK data ptogesspOha7jmplement
FIG 5 sh a bl oc ia of the transmtting and
o BT I EF BEe PRI R ovs a1 ansmit (1)
data processor and a TX spatial processor at the
transmtting entity. [0019] FIG 7 shows a receive
(RX) spatial procedFAHMED DESOCRIEIEONr ocessor at the
recekyin ntit 0020 |G 8 shows an RX spatial .
o211 200 b e ey Babhe BrdinSaiR Rad e Bl instance,
oflikseSfn/e Anytifcdiratdesoriveg hbin &t ek&hflary es Ao Aéessarily to
DETAI LED DESCRI PTI ON [ 0021] The word "exenplary" is
b senstined a5 prefesredvnadvastageeispvasother enkadipeants nst ance,
or | : [ and i [ ' her gL v .85
00221 exe%@@@gi@ﬁrg{l Rec S%Eiﬁ@?%gﬁgag%%%%gﬁgu@dﬁgé\ otrrier and
nuitetariee MIMOashstanisa greodiscibelr hather Spatiddspreadig refers to the

USSP g Arid AP BSaticng B odition. Saicl dor Reioon multple
¢ h6d& &rs%aﬁﬁﬁﬁﬁﬁﬂé@?daﬁrﬁ;ea -be%dgai MINCP RAAARE §iffuRthSeously
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to the transmssion of a data s I (which is a
vhithda | séeciriog wagtdsol Thorspdaalajpreadingyraridohezesi gdramsiissionr channel

ati.al channel escri bed .bel ow) .of a MEvl Q channel
BRI B GHERS el SEoBe Y Gt Gply MEERS o Rapetmtied data
s%'ﬁl&cﬁ%&bzﬁﬁ ah@ BAOHFoFRIS varibsHEaBMitS 86 8ebcAPaIbwOobser ved

y a_stream of data synmbols, which effectively whitens

[0023] the Fendgit transmissiana wathnipetialsnreasing rd trepsmiging, prfily processes
(e\{ é‘[ Eﬁ)c%ﬁeg qﬂt%ﬁéa[\%s,aﬁﬂldqﬁg&lﬁﬁtgﬁdea% ldgt\ﬁl'packet to obtain a corresponding

block of data symbols and multiplexes data symbol blocks onto Ns data symbol streams

for transmission on Ng transmission channels in a MIMO channel. The transmitting
entity then spatially spreads the Ng data symbol streams with steering matrices to obtain
Ns spread symbol streams. The transmitting entity further spatially processes the Ng
spread symbol streams for either full-CSI transmission on Ns eigenmodes of the MIMO
channel or partial-CSI transmission on Ng 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 Ng detected symbol
streams with the same steering matrices used by the transmitting entity and obtains Ns

recovered symbol streams, which are estimates of the N5 data symbol streams. The



[0025]

[0026]

[0027]

[0028]

[0029]

[0023] For data transmission wth spatial spreading, a
transmtting entity processes (e.g., encodes,

w0 niosoewes, and nodul at es) each data packet POTI/Uk1085/000828
a correspondi ng bl ock of dat§ synbol s and nul ti pl exes
data synbol bl ocks onto Ns data synbol streans for
transm ssion on Ns transm' ssion channel s in a M MO

channel ... The transnit n .nen_s . .
rERRER g b B, BT ool AT it Britfgred joimty or
sépatdiél9.e STHeOreBE Vil fen N?,r &Bﬁ@asbegsea‘Q@F , SefnodilBies Tdi@nteﬂeaves and

transmtting entity further spatially processes the

¢acly bk ofrecevared fysrbody intibe Ni gedoversd symhelsyiiesss tmobtam
MEVI O channel or partial-CSl
a??%%%r%ﬁ%lggag&%&@ggsa& channel s of the
MEVI Dhb astebling asityl ﬁﬂg?railsbeﬂtﬂnefedhe sighfl2éInofseramdenter fognce ratio

Sk botrsehneunnasonrrp e"e'e%%%ql B ey Jelect a suitable rate
fd}rt% Sembifsion rchfaiﬁ{de‘l 1t§’ GNK. a"m@%’arrfer&rkﬁf?efeﬁt Plles! May be

obtain Ns detecte streanrs which are estimtes
seléctedn efoNsthcs ﬁﬂﬁandnsym]om @amms THé eramanﬁtnwg regueyntenztoﬁes and

il ol o e ethosiRB R EERPHSRRT o B STHRBHA ¢ he

tr ansmtibhd Pe@8 bhd dmBEHmERs JF Bt PerftiBA QYL REriSIRFhrther detail
streans, which are estinates of the Ns data synbol

begloweans. Therecei ver spatial processing and spatl al
desp di e nt p
The ?‘E@e;[\r/&g ﬂ‘ggénma h{é%ﬁnngg%@gtg]s esX?S%utﬁsn% e%l%? (¥ a receiving

Aot d, adrds twel dhtetferine sv@ses A0tk dadormd) Gaatntittdgkertity 110
recovered symhols in the Ns recovered synbgol streans

trapsgif %t%mareewmé@%tﬂdﬁﬁgwd@aeoafe%}glafa%a&ﬂsaa%ﬂ@m indggs]) and/or
réﬂé@teﬁe@?% ﬁﬂ)g sﬁg\';vh M 8y 1 Sﬁte?&hhg?sfoﬁrc%gﬁl%)a a]pd 198 transmit

si gnal O se-and-interference r
signaln st set o idbdierale at yeckiving edttyal S0 a’rﬂhmIEe‘.nfﬂen(&mbserved by

SN o 14 Bl e Tt o e

sel ected for the Ns transm ssi on channels. The
trﬁnsﬁ%ﬁi@&.ﬁgj\/f%%m% and nodul ates data for

eac ased on its selected rate.
[002 u e f .
[ nven%l %/gfngf% ¢ esc:r%f‘l%éols%]t gmf Wﬁg %gﬁ%ﬁq Iforﬁt}g%ob\kf. the Ny transmit

ahtefizhé] at hdStradsnsittingsensityViid shigNerecéD@ antdnhaBat the receiving entity
transm tting entity 110, a receiving entity 150, and

mayobe Kharpeterzadg by siir das< Wooehaanel mespense Thathia nik.t Whigh may be
ent i t%]allo transmits data to receiving entity 150 via

FRTHECHPS si ght paths (as shown in FIG 1) and/or
hl,l h1,2 hl,NT
h h -+ h
H=| O T Bq (1)
hNR,l hNR,Z hNR,NT
where entry &, for i=1.. Ny and j=1 .. N, denotes the coupling or complex

channel gain between transmit antenna j and receive antenna i.
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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refl ected paths (not shown in FIG 1). Interfering
sources 190a and 190b transmt signals that act as

WO niosnfsence at receiving entity 150. The i ntBCT/ES®NTE0828

observed by receiving entity,150 frominterfering
sources 190a and 190b maybe spatially col ored. 1.
Single-Carrier M MO System [0028] For a single-carrier

> O t i .
RS ric MR CT RN BR AT bl O Wb AR o spata
cleatinels od sheaN IV Dechame? (alsondeseribddibelovay be characteri zed
by an NR xNt channel response matrix H, which may be

expr ess X = Eq.(l) where entry hUyj , for = I
NR a “qh ng"_'Ia 15510 ot es t he coupling or conpl ex

chanpel .gai en _toransmi antenna/_.and receive

ant o 8" TS RRESAAS shofF SRR SehSGistfon, may e
pEBORRIdSN dcorditibh Mat®y 61 BMo §6¥in N diddnmodsd of H , as follows:
transm ssion schene, data is transmited on

"ei gennodes” of the M MO channel (descri bed bel ow). For

a pamg L@ * Gk g1t ssion schene, data is transmittedgq(2)
on spatial channel's of the M MO channel (also

descri bed below). A Full-CSI Transm ssion [0030] For

wheee fRIli$ ariCBI. XNNarsntlatomastie®, ei genval ue

deconposition may be perfornmed on a correlation matrix

of HE ds abNaixN Nenitiry eratid hossf coimnsare tigehwators 6 R ;H
-H=E-A-E, Eq (2) where Ris an Nx xNx correlation

mat r ik ipen N x ¥, idiaggnalipatsined eigeavalyes & & j spdwhose

col urmqs,,gre ei genvectors of R; L is an Nx XxNx

di agonal 95PRISE AFORPSUP aRPFYes of R; and " H n

denotes a conjugate transpose. A unitary matrix Uis
Actitaay tretrixz Bdiswhatabteripedoipetheypraperty B U= Iywehare [ isghe identity
the identity matrix. The columms of a unitary matrix
. o Flachesdigiag oftagmafaey masixase orthegynaltopre agethefsni t t i ng

o TR0 LR e et o
Ritgenmpei slatf orHthe N eigemgedvsnsdeH . NWiie bigemhed®Rdn@&Bbe viewed as

ort hogonal spatial channel s obtai ned through
ottbegmb spatinbehaniitle obtagnpdrthtoughtdecemmpaoritidn. alke diagonal entries of

bogumb Tec i _
Fgenuatee. o bR 0l S LERESSM: 02 RSN, Snohe!

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

follows:
x=E-s, Eq (3)

where s is an N;x1 vector with Ng non-zero entries for Ng data symbols to be
transmitted simultaneously on the Ng spatial channels; and
x isan N x1 vector with Ny transmit symbols to be sent from the Ny transmit

antennas.

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

r=H-x+j, Eq (4)



[0034]

[0035]

[0032] The transmtting entity perforns spati al
processing for full-CSI transm ssion as follows: X= E

WO 305/0B364 3) where s is an Nx x 1 vector w th IST/US2005/000828

non-zero entries for Ns datagsynbols to be transmtted
simul taneously on the Ns spatial channels; and x is an
Nx x1 vector vvith NT transmt syrrbols to be sent from

o8, T8 AT R0 O O PBl SRS B R recive

J ., Eq (4%&{2@ dnd S an NR x 1 vector with NR received
synbol s obt ai ned via the N R receive antennas; and j

i s arj idRnXN1xVeettor ofihterfotenct endmise ahsdrved asmemdmmn@ehtity.
at the receiving entity. [0034] The receiving entity

Prl ¢ dpesegiie frade °rif‘333i Fohif} %r‘ﬁc%?ép%"@ér RN PEN, spatil filter
! = " .EH- (H-ES
m_g]%%? égl—(gj) og gﬁ tté)o tralgmls%q_n as iol'ﬂ_ogls: | = +( j

where s is an Nt x 1 vector with Ns recovered synbols
or data nbol estimates, which are estimtes of the
Ns data 'r¥bo|s ins; and |~ 1 J-T-f J =AE-H -
j is the {) detection” interference and noise after
t he spatida Eprdies(ﬂ dgrsati)the receiving entity. An

ei gennode rmy be viewed as an effective channel Eq (5)
bet veen=an' -@"emn- B - B saw” aEEoHfegpondi ng el ement  of
with the transmttlng and receiving entities
perforniggjthe spatial processing shown in equations
(3) and (5)‘ respectively. The transmtting and
receiving entities typically only have estimtes of

whefe Ghanae IN I 2P RRERE Wit ‘Nsxrel?bveré@éﬁﬁbdl@%r Rta0 \d1€dtimates,
based on pilbt synbols. A'pilot syrbol is a nodulation

symbol f ofyhiidt ¢ estithdtédofithe N@latalsh@bols$n ke a priori
by both the transmitting and recel Vi ng

J —A'l EY -|H” -J 1is the “post- -detection” interference and noise after the

spatial processing at the receiving entity.

An eigenmode may be viewed as an effective channel between an element of s 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.

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 o =E[n- n”],

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



entities. For sinplicity, the description herein

assunes no channel estimation error. [0035] The vector
wW(Q 209697184 deconposed into an interference vectPCT/USHEANH000828

a noise vector n, as followg: j =i + n . Eq (6) The

noi se may be characterized by an NR xNR aut ocovari ance

matrix f =E[n nH , where E[ ] is the expected val ue

| f.the noise is addltlv \M}'te ussi
<§5§Y<§1§1 NGRS 280 § VAR utiaon: Uiahi i Beisp pulpcoveyifase marix
may negilp?eesse tsgncga ;?-{clg,fa?c%gxllalﬁrtl Xt‘fxga}%ﬁr? eeexpr 5 g %ha%gctenzed by

characterized by an NR x NR aut ocovarl ance rratrl x f ..
an NRix Ny i aifocovatimcaunasusvar Fditta” trat The agiocgvanagcepmatrix of j
expressed as f .. = EJ =<Pm +f .., assuni ng the
md S PERBERaAPd NBfjSE &I ¢ UNE QrakRinAhe the Mk@ﬁs@éncé'laﬁd noise are
i nterference amd noise are”caorisi dered to be spatially
uwgk&&e@ab&. their autocovariance matrices are of the form
cIue to the noise and interference being

[0036] uncofThel mteteredeer axbatoisel e whnsiderédtter berspagalyamwdite if their
noi se, each recei ve antenna qbserves t he same anount
agfocoyariapeematiices afedofibe dem snal wdve tp deepeise and aterfgence being

noi se observed at each.receive antenna are
ugeER ated-aFepsnatiphy whide itHerdsTense ARE &1015§ (o958 8 Fhaenpe @bserves

R shd aflbiiR of" ﬁ%ﬁ%ﬁéﬁc@ﬁ{cﬁémﬁ? and Me RRBEdr@ceYanl HoRe SWserved at
interfer ence and noil se, the autocovari ance matrices
chelv eeceivn -antmoa afd unioagttal witkrthe infedertucecand pdist bberved at all
etween th |nt\e,lgegeregqi]ﬁ{ P cﬂ fobser 'atth .
O FEFETY eé‘B%ﬁ I SRENY £9'0oreq infqpicrencs and nglseythp autgpQygriance
@R NAVE nbBYeRPSRId¥RoRal dbintediRio &iRMHonYetween the interference
interference and noise, which is equal to the sum of
and elONR obbarehekdifferanhecceivetantsnas. Iththisreasei gach recelve antenna i

terfer and noi.se.are, spat i
m P o dibfreph SR RSB FufAT SR to the sum of
tﬁéﬁﬁér&@ﬁtSinﬂmythl?@W@?fﬂe\iﬁﬁnﬁ%ﬁ Ropt = H-f t -H Eopt
-L -Efpt . Eq (7) The ei genvect”ors Eopt st eer the data
tran
00571 " A O etoled B0 ooy cpldf, P L QB ikdhvectors
fomﬂuﬁr(ﬁﬁrtmmsmssidnmyehe,detmed g:ransnmitting entity would
need to be provided with the autocovariance matrix f
.. in order to, derive the,ei genvectors Eopt. The
mat riBipf=H" e, tHsdoh Efe- i nterference and Eq (7)

The eigenvectors E,, steer the data transmission in the direction of the receiving entity

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

transmitting entity would need to be provided with the autocovariance matrix ¢ _ in

order to derive the eigenvectors E,,. The matrix 2, 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
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noi se observed at the receiving entity and can only be
determ ned by the receiving entity. To spatially nul

wao b@siomises f er ence, the receiving entity woul d PEEUS1005/000828

send this matrix, or its equjyalent, back to the
transmtting entity, which can represent a |l arge
anount of channel state information to send back.

R AL SHLS A A oL g matis

stichoiatthe goraplehdeyitadyshativlydesmbadinhg ai thy rédaivin/éntity spatially whitens

performance. Thetransmtting entity perforns spati al
theiptesigrange ad POiskh ensenbl e of steering matrices such

t hat s ' £ .

oo P RIFSPLESILAG N S BRI B Al b iy pertoms
peoedssing &follpwa39] For ful | -CSI transm ssion with

spatial spreading, the transmtting entity perforns

processin s follows; I (i") =K").V(Jfl) -S(W, Eq(8)
\Ahere‘if@fé’ﬂg"@”ﬁ'ﬁgflkﬂﬁr)mbol vector for transmssion £4(8)
span m; V(nm) is an N1. x Nl. steering matrix for

transmi ssi oagtspan n is a matrix of eigenvectors

E( 11}
whsre (Skzph 93 datp sSHmbIaisctor %ﬁran%n%@nmnms' a transmt
synb an m_.A transm ssion

f 1 SS,i.
span %e %Efgl(re]r\IT ?‘[I\Jf; g‘%%%ﬁggp% 3&%@@@9“%??%@? 8ns. For
S 8 PN DTt vor o,
Whi ChY | 88 8 k51 OBtb Ptk EdSAdio BRm TRl 2

synb A'transm ssi‘on span may al so cov mul tiple
AYIRGhisHEE 5PHSmaPon Uk bt/ GRSy (iflensBas N FaREBmple, in a
synmbol in s(m 1s spatially spread with a respective
singleueanrierf MINI) systsnp lattransmissidn spananaly syrndspors] toveie symbelyperiod,
hen. Jransmtted on all ei.,gennpde f, H
VG iRt egan PR aE ARy G
; : . — . - . .
CETRTIRPE ool plricdd) A5 dhfin H EQurioHE, b el Bt is(o) 3o
a1y epread FAEH 4 Adspddtive esIuMMLITI K(A) 18 obtamSNF §préa/mbols, which
e R A P o R ) (e | B0y St vhie
nizyadéenvbagarentiitéd/opal Eigenrsodeg o€ il @) .Spati al processi ng
and spatial despreading using Mcsi(m and Y (m ,
r es pddeireasived sambelsiaf thggeceiving entiixmayMeespieagedmscsi (m

72)

ot

“S/%r?"a"?[ sg;gﬁ"grlay also

I o () = H(m) - X i (m) + j(m) = H(m) - E(m) - V(m) - s(m) + j(m) . Eq (9)
The receiving entity derives a spatial filter matrix M ,.;(m) as follows:
M i (m)= A" (m)-E" (m)-B" (m) . Eq (10)

The receiving entity performs receiver spatial processing and spatial despreading

using M ,;(m) and V¥ (m) , respectively, as follows:

8 Sfesi (m) = XH (m)-M Sesi (m)-r Tfesi (m) ,
=V (m)- A" (m)-E" (m)-H” (m)-[H(m) - E(m)- V(m)-s(m) + j(m)], Eq (11)

=s(m)+i,,(m)
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=Y. 0") AL(m E(m H(m [HOW E(m V(/") s(m +
j(m] , Eq (11) = n)+\fcs.{m ,where j fcsi(fn) is the
w0 p@sh7des ection” interference and noi se aft erP@mES2005/000828
spatial processing and spatigl despreading at the
receiving entity, which is: Jm =Y H(rn)-AT1(m -

Hm -EHmM -i(m . Eq (12) [0042] As shown in

i . yee ', ed i f Y . . ‘
FHEEE ! 9oL P L PSS AR08 ccsin

o spiholtestyeddion 8 CRebreRbne MbRIRAR] y comput ed f or

spatially colored interference and noise if the

ot e el TR B R g Tecer vimg - BaG2)

entities may, by random chance, operate with a matrix

b e BBl B Sk SRS oL B 0 e
RS e EPDFLR BEIPOFSOR S WEVIBL R ARLM S - SEGE) i 2 matix
o GPrit IPESLLI Y, AROSSERHE, A ol Phfrtimertrene

aP A6isO &f fHRr e @ariahd€ nfdid 1¢R! (nJ €iS Ro€ &AGWHE, Which i§ Bfen the case.
steering matrix V(m spatia4y whitens the

THE B AR EERI-ANSG T Bl R FHANALIBR SIS yi  mati
E(hd rthattresiilstin eprointérfeeerch and abise bsipg observal byt the kae)ving entity.
and the interference \{m . If a high degree of

Thisr nelyabé dhe eebast ©or hexawpdn if e natwlsi o E@r)gnsicoamtadhavith the

.interference, then this limts the anount  of gain. . .

teréRFPRESy IB%M@@?@@WH@ stgiic, thgn TSHF@PW Repiving entities
[ . 4 i ' .

9N TP SRS S TR b Rbite. e
of . ) r

ol s, B0k 08 o SRR ertrncs

asPacise] The(dffectieneficofeihg enéabiefed aid edigeMmitehEing ididependent on
transm ssion span m which is the -th diagonal el ement

thgfchayagjeristiesy ofhe ehanpel responsgaatriaf H{mp and g pteglerence j(m). Ifa
interference and noise; and fisi e(m) is the SNR of

h cqryelation axists betwgen Herdosiresl sipagliang) thegyterference, then

oS BRI Pk PO B i PRt

The SNR of each eigenmode with full-CSI transmission may be expressed as:
¥ pg () = ZAAAT) o1 LN, Eq (13)

j

where P,(m) is the transmit power used for the transmit symbol sent on eigenmode ¢

in transmission span m;

A,(m) is the eigenvalue for eigenmode ¢ in transmission span m, which is the
£ -th diagonal element of A(m);
0'12. is the variance of the received interference and noise; and

7 susi, (M) is the SNR of eigenmode £ in transmission span m.



perfornms processing as follows: kPcA(tm) =y (.m
-s(m , Egq (14) where x pcs!(m is the transmt data

WO e@bor186or transm ssion span m As shown in ePCEUSING/000828

[0044]

[0045]

[0046]

[0047]

(14), each data synbol in s( is spatially spread
with a respective colum of V(n) to obtain Nx spread
synbol s, which may then be transmtted fromall Nx

trangm % The received synbols at the
rece%m@%%pressed as: r pcsi(m =U(m

\ (M Fof PartAll@8T FhigsntiBdiors (With spatfal) sprealithe( ke WSk RtiAg entity

osi-(m is the received synbol vector for transm ssion
psyersprogesding agf¢llawsy ef f ecti ve channel response
matrix, whichis: HC) HW VCn) . Eq (16) [0046] The

receiyi eng,}j t derive estimates of the
transgr/ﬁ’{t?lgd’rggflgg@ﬁyn’ool S in s using various receiver Eq (14)
processi ng techni ques. These techni ques include a

AR R 2P B o SRS VoY BT by o5 R cavation
hni 1. Ni . MVBE

(e A e of e R B MR B R BB TR S0 of Y(m) to

oﬁt%krf%l T tﬁ?{%@&‘ bﬁﬁﬁols,%}ﬂcﬁﬂ]ﬁ &enﬂ%%aﬁﬁﬁﬁfe&%%?ﬂg}tﬁnm antennas.

per ecel ver ‘spatl al” processing an
des prlbadesegvedsymbblg abtheseqaving ehtity ney tetexpresdeddcisbel ow.
In the foll owi ng description, one data synbol stream

[ t f h_el t he dat mhol . vect or :
o oS TR Mk B Py S " a9
may derive a spatial filter matrix MmO as foll ows:

. £.0),-H 0")],1- Hj J- =E - -H C) Eq(l7). Th
B ) dn G YRR YFEAT dPrROERRe P Ras ahd
G tHon) io B RRve ChaTgECiebyos it SR if (» ) - |
\(NLii)-_S( in) + J't(I\/D] ; E]9_|(t18) 3(md+dj ccm d-(ﬂ) :

ere_i iltered an esprea

inteﬁieﬂéﬁ%@iéﬁbgﬁwggg! which is: ccjm gR () H(w Eads6)
-J(IW=VHmM -R-\m HO0") K') Eq (19) As shown in

: e int : \ h
\iﬂiu? ﬁgge%%\%%geh{\]&rhgy gérfv%rees{]n%%teg% tl?eo%rz?nesmit{terg dallte? symbols in s

using various receiver processing techniques. These techniques include a channel
correlation matrix inversion (CCMI) technique (which is also commonly referred to as a
zero-forcing technique), a minimum mean square error (MMSE) technique, a successive
interference 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.

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

M., (m), as follows:
M., (1) = [H (m) - Hog (m)] ™ - Hgr (m) = R (m) - Hopp () - Eq (17)

The receiving entity may then perform CCMI spatial processing and despreading

jointly, as follows:



However, due to the structure of R(n), the CCM

technique may anplify the interference and noi se.
WO 0®48718¢he receiving entity nmay al so perfor m BOVIIS2005/000828

spatial processing and spati gk despreadi ng separately,

as follows: =V HmM -R"1(m (mM [HM V(w) s(w) +

j(w] , Eq (20) , where Mcm(m =R 1(m H(mM . In

any S a spatial, ¢h el may be viewed as an

effegﬁm&él)ch"agﬁ;i‘é‘f%efﬂ?g@ an elenment of s and a

correspondi ng_el enent, of s with the transmtting

entity perf ot Rin{g)sHat () By Gobs6rhg i@l h t he i dentity Eq(18)

matrix | and the receiving entity performng the

appropri ate:r%l?’éf*\!s%,ni(@bati al processing to estimate s

[0049] The SNR for the CCM technique may be

expressed as: where Pe(m is the power used for data
WGl $7 i fhe{GCMI filtered and despseadrinteplarencg andinofse) which is:

the -th diagonal element of R(m ; sj Zis the

vari ance of t;e recgi ved interference and noi se; and

Yeenij miing =g GBNRLOT R jom by M5 ) SRR HE0R) - i) . Eq (19

transm ssi on span m The quantity PE(IE)?]E ?}é) (!ﬁ%) SNR a(19)

of data synbol stream {se} at the receiving entity
ARTdhRW! 8 dMBtiGSER))Y Ble mRAek i i u

commonl y rdgferrgd )toegs%e&?%gé?&gggsﬂ&?q?’ﬂ@%ﬂ%%??’t-‘y’ ().
Howee s, duel B the dufiEmumiNRsO ! 3nS YRR s34 '

after the receiver spat Falii(gl?’o?éezy ng atﬁg{niﬁe@pafnsag ;mphfy the
imefeenedntiamois. t he post-detection SNR i the foll ow ng

desc&'hpti on,, "SNR' refers to post-detection SNR unless

not ed B TREF VNS SOUED OB alsy perfpan NS t spetid i praesssingend spatial
déSesiam ik Y erive a spatial filter matrix M

rrsg(n) ,gr%g&?o?}ll’o?/\s@% e(m = [H() -He () +.()]

- 1-H() . Eq (22) The spatial filter matrix

MB g ( My 1 giw(gg)sﬁhe?ﬁggﬁgﬁuare error between the

synbol " esti mates frofft idl filter and the data

cnown, whi iy SOOI DAL SH N Uehtiaml, " a0

filter mat ri=>é(”ll\§r_]_1}a(t()m)rn?ybe approxi mat ed as:

Zeemi

[0048]

where ﬂcmi(nz) =R"'(m)-H? (m). In any case, a spatial channel may be viewed as an
effective channel between an element of s 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:

£y (m)

}/ L Adm)=
ccml,f( ) r”(m) O'Jz >

for £=1 ... Ny, Eq (21)

where F,(m) is the power used for data symbol stream {s,} in transmission span m;
t, (m) is the £ -th diagonal element of _lg;];, (m);
0'12. 1s the variance of the received interference and noise; and

Y comie () is the SNR of data symbol stream {s,} in transmission span .



Mmle(m [H( ) -H(m + -1] - 1-H(m . Eg (23)

[ 0051] The receiving entity may perform MMVSE spati al
wEe@sesssyig and despreading jointly, as foll owsCT/LIS2005/000828

mse((tm) = .Qtn) -NmTBe(n)]ﬁ-r pcsi(m , = DQAM

-Mmse( ) - [H# (m - s( ) +j(m] , Eq (24) =0QAm

-Qm -s(m +_ i mmse(n) , where M = Mmse(n) He

R PR N L O
P]a%‘lsgll' a’%d’[e%ﬂq%‘]r %}@flgﬁgg)cjgﬁélg%ﬁdzgt pq?\‘ﬂp 5, rfgfeln%s ?%Ejﬂﬁatﬁg received
SN, T B ) L SN SRR (' B o rcsivr

slﬂ%l?aﬁgﬁég%gigsand-rﬁ ealéB-‘fe'fcifrFEstBaégi 188 pYitidetddn )15}1\2{ oY @RSfollowing

estimates of the data synbols.
desedption, f§NRtrefeys toppstdatection SINK missyBBtaimihéraise.
processj.n t.i al despr.eadi ng separately, simlar .
00501 P °¢ it igoB Rt BRI b BREFE R RE SRty e oD kS, matrix
he e MVSE technique may be expressed as: r
%@ﬁa’%m’?@ | =\ ... N8, Eq (26) where qu (nm is
the -th diagonal elenment of n) ; and gmse (M is
t he R atrgrs -1, g ansm ssi on span
m [%5’??%0#%%%%?&&?%%& tf‘lr?@(’yecei ving entity Bq (22)
processes the NR received synbol streans in Ns
C [ t r ver - 0
T SERRY HRF BABE 10, BFP R8s 1y kR HRRmor between the
RAER eIBmaRa Hotd tHe SRASISHIRG A0dhe asRISABORY Bhe bhifd8svariance
tthe N R received synbol streanms or NR nodified synbol
wiirxa s, (#7) amnoh dnpweg sdhiahgissaftenethé esasg, , thers thegspatiel filter matrix
CCM , "WMBE, or some ot her techni que) to obtain one
Mﬂgﬂg(ﬂ;@%y%&@g}o)@ma@a%{s } . The receiving entity
then processes (e.g., denodul ates, deinterleaves, and
decodes) this recovered synbol streamto obtain a
cor r gapong)RIHLCAPH, daj acdtrlead dn} . . The receivingEq (23)
entity next estinmates the interference this stream
causes to the other data synbol streans not yet
[0051] r ecoTdeadceiviag esntityraiag penformMVdMSE spatiad prddessinge amd despyeading

jointly, as follows:

-Smmse (m) = -1_)-Q (m) : _.M-mmse (m) ) !.pcsi (m) ?
=Dq(m)- M, (m) - [Hy (m)-s(m) + j(m)] , Eq (24)

=Do(m)-Q(m)-s(m)+j, (m) ,

Where _Q_(m) = Mmmse (m) 'I;I-qﬁ' (m) >
D, (m) is a diagonal matrix whose diagonal elements are the diagonal elements

of Q7' (m), or Do(m)=[diag [Q(m)]]™; and

i (m) is the MMSE filtered and despread interference and noise, which is:

j (’n) = .l_).Q (’n) . Mmmse (771) ' j(m) »

J
~—mmse Eq (25)
=Do(m) - [Heg(m)- Hop (m) + @ (m)] ™ - By (m) - J(m) .
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entity re-encodes, interleaves, and synbol maps the
decoded data streamin the sane manner perfornmed at

wWo b@soreasm tting entity for this stream and OPCHUSE0H000828
stream of "renodul ated" symhals {?,,}, which is an
estimate of the data synbol Stream just recovered. The
receiving entity then spatially spreads the

r enndul at ed I M th t [ tri .
i TR SRl SR Bl Mo S Ttttz
channel . response trix H for each _transm ssjon .
csEIFpt R B S -o g R fPn T e @PC Biedied fpwmatized
aused thi.s ' .
ARG e B g Wb BARL BARSS pEATRPRAILE st
provésbiak Hidrpatisl deprehdiag Geparaoly, sintige tb ahatbdsatibel MBove for the

nodi fi ed synbol streans for the next stage. The
CeMHdealmiBieent ity then repeats the same processing on

t he P4 DﬁNﬁ%ﬂ! -lﬁgﬂﬁ, .anot her data

strégﬁgﬁggg%ﬁﬁ%or t eegﬁﬁétec n?ﬁﬁé$&§ﬁ§&§NR of each

data synbol streamis dependent on (1) the spati al

processi ng. t eahfimu . 0., 0 E) used for

each’ st ?"QZ) Q@E?% cificcgggﬁé{rn ich the data P4(20)
synbol strean1ﬁ@fr covered, and (3) the anmount of
interference due to the data synbol streans not yet

wh&eOoY%e(A¥is th8 MeN@hgdnal iR QAGrA8si vel y inproves
for data synmbol streans recovered in |ater stages

becayse gm it tHeSINTFEbEARL syrhiBuNsHadnd {§,Y T AtansthissidfBpan m.

'3 . . "
recovéred in prior stages is canceled. This then

" ecobe e ST 1o (g SeNae eyl albisbus) iy Qs SR ool

stfeafBAWN LsudBEi8Hve fsPloe IR R Ve AFINS 84t@ RyMbbhstidalks] &For each stage
spreading. Transmtting entity 110 perforns spati al

{5 tlrecrediveng ity lpepRoRs spatiak processingpanst despreadineoen either the Ny

full -CSI, gr  partial-CSl..Lransm $sion I 2 .

reggled VBT SHERES O 5 b PP RENCL St R dfs fitodding stage (e
uih @ €es SI0MI, FIMSE!l dr- doBhe OtheP dichhighe)Rl obthiansds fsowied symbol
(bl ock 260) and spatial despreading (block 270). The

stokasT (5, pt i The toediving eatiyshere processees. g olantasdulases; deigterleaves, and
shown in FIG 2. | 0056%iﬁa FIG 3 shows a prgcess 308
desedenrthisaeenyeresyinbeh shpam ithgblai # egrrespording drpaded dpig stream

(4 TR G n B OBy RO ASBTElES the, TS BheR R S causes to the
interlea each t of i . .
o SEA SRR P18 SRR P, oo rcsiving
eﬁﬁ%')r néodesOmtddlcacds, afid syrabsladasiatha deacdedt ddtbbipedn in the same

31 Each code bl ock is encoded separately at the
mappgTsparformeg atthe dxpngmidting ewiE dos dys siean yAnd; obtajes 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 stream. The Ny interference components are then subtracted
from the N modified or received symbol streams for the current stage to obtain Nr

modified symbol streams for the next stage. The receiving entity then repeats the same

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



receiving entity. The transmtting entity further
synbol maps each code bl ock to obtain a correspondi ng

whb@sk7e64 dat a synbol s (al so bl ock 312). The PCT/US2005/000828

[0054]

[0055]

[0056]

transmtting entity nmultiplexes all data synbol bl ocks
generated for all data packets onto Ns data synbol
streans (denoted by vector s ) (block 314). Each data

synb i 8 - sni SsSi

chanier B SR AnSR0 e SNR BT Shls Kb RS By on 0
this spktiah pscm‘@sihg $dchBign® (vl ICCNE &F IMMSE;tlfsbd?%‘r &del stage, (2) the
obt.ai ns Ns spread synbol streans (denoted by a vector

SREgifc stage 12)W](Ul§h6b$‘< datee3ymbph stregatis apcoypicdadnd )i the amount of
|y

bRl AR SHBRP L bhachel & spaLall popend e s

progﬁssmefkys nmprowhalﬁmrediata) bpaboledirebys trb@vbileddl Jatéhstages because the

random z t|on of the transm ssion.channel results fr
la@rt%@ena? BY date sumbel SirgmAETGoVees 1 RHON YRR ey calefly fﬂ%s then

AToRRhi G %&et%%e'lﬁe& 04 dﬁﬂa%?ﬁlﬁbﬁstféfamfs E‘@co%r%@ i I&%r stages.
matrices. The transmtting entity further perforns

spatial processing on the Ns spread synbol streans for

ful | -@GsBystenmpMiodeh| - CSI transmi ssion, as descri bed

above, and obt ains NT transmt Sy nbol streans

(dendi¥&st By\ibewsr ax modeh) {98 kd @isyransméswrr awihi ﬁmtﬁb spreading.

néonh 1ﬁg‘%n 976! ﬂeh%ﬁﬁ %55@1_:1? Sdsaih ng?ol%k 53 AN

rea viat transnTt anten ast
fon il CSE or qrtidlyCYIblramsiniSRG) (bI§ROB). m@mvm§m 180 performs

BErRer /ol BEFen e Bl el o EipRel-GR SaPeRa A PRk 260) and

MhiMP Rt &lThg @16cK ERSI ThB de®Rptiby b@l@kﬁrhﬁl&s I}Eefe%@sl t¥ ¥k vectors
Synbol strearrs (denoted by vector r ) via the

shewaiivy ElGR.ennas (bl ock 412). The receiving ent i ty

iitAfl) é§f %‘roe ! es C%)egi?O(gp%to‘gglg%g% Ct?f‘n%ﬁﬁtm&gﬁﬂ%&o transmit data

Wighi sptlal Gileallih@ia thé MO hgstesh. OThé RandvhiliAgchaitn tocesses (e.g.,
estimate, and obtains Ns detected synbol streans

qugedsstand ipterigaves) eash nacked of idega tg)ob(fa@n acrrggpendimgdock of coded
C f.u t

GEESUTR 1 g s K8 BioRi 'y idel BEREEATBIOLRSIIY ach code

bledk lscamods@dqmtatelyeatt tha rsamkiitting eatityl ind éﬁtﬂ»dﬂbtsq)a[’eﬁely at the

Ns .recovered _synbol  streams (denot eg by vect or

TeRRiYER cat)  TheHEnsuiting eptty éétﬂ?eas eloaasisagh & Block to abtain
aseéitrés?bn&’iﬁé Ph18adigt Qda@@éyljﬁﬁolg e(rafsgrﬁ%& 139ht |Theofransm1t§1ng entity

separ y, as described above. The recelving entit
mh]eple[&m)absls‘@ssy(réwg blocke gontited & alledata padket,s\mﬁq I\hnﬂata symbol

Secoros) RS RIOEK Of crSLOUPeIRSNTROL S L of BE ¥ o cent on o

respective transmission channel. The transmitting entity spatially spreads the Ng data

attu}]I grocessmg

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 (Ny) steering matrices to randomize the
transmission channel observed by the block. The randomization of the transmission
channel 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 Ny spread symbol streams for full-CSI or partial-CSI

transmission, as described above, and obtains Nt transmit symbol streams (denoted by



[0057]

[0058]

[0059]

obtain a correspondi ng decoded data packet (bl ock

420). The receiving entity may al so estimate the SNR
w@Roosattses r ansmi ssi on channel used for data  PCT/US2005/000828

transm ssion and sel ect a sui §ab|e rate for the

transm ssi on channel based on its SNR (bl ock 422). The

sane or different rates nay be selected for the Ns

B0 RE TR Bl vl GELP L R S LGas e

thh &% By aHbP Br&pan Qf‘al el fnl%\% Mge‘ﬁﬁgsn Clre @@&gﬁn rentl‘gl (block

transnission channel is an effective c anne
3B§).a data synbol stream betvveen an el errent of the

vect at the transm n

Cor 1 HUGs Aoy S BiG et by ind Retefingcentity 9 prosiye data
t@Rdrhiktéd ¢RIt spatdal epﬂeachﬁg 1ﬂ ﬂmqm h;%fbn? hame ebceiving Bﬁnty obtains

ef fecti ve channel between the -th element of s and
Nrheceivéd syrelad rstreans ¢deno®ddysyeatarat ) wiprtiealik meceive antennas (block

random zes the Ns transm ssion channels. The Ns

d
A8 bhe seceivang ety estimptes therosprise 1o dhadIIMQ éh%'&g §>elg<fk 414),

slgg?lkéa%é%:%gﬁ &%Lm%? o %Hl(k%%?haﬁﬁanne %@ 9518{ ‘%Sg -@}e MIMO

char@lb B3tEsate,randbbt&Hp e Ngadetsopidesaiboy s&eﬂﬁ:@ﬁdeﬁaed Syeevdoie W in
matrices used for spatial spreading nay be generated
FiG. Ynchlocks4 honnEhss recaiyingeantity futheb spaiallylespmads the Ng detected

SERFLFEPl BB Shg s 5 e LA o R AL iy
oBR¥ns; ARYvdrBd 8PRboIHNRAMS (ddndRA W@ectopﬁs(%lo%k @4R). "Bhe receiver
matrices are unitary matrices having orthogonal
spatlall prscesstiie end spativhidesprelify may thiei perfoemed jeinthe be sépahtely, as
and ied for spatlal spreag} [ 006Q] The sgatlal,
ARV SR L ECRRFTEOTINEH theR Pyegestss ° g dAmpdulates, deinterleaves,
|
AT S
obtagtk cemwesphading ldecadetl drfagrackat éblackd 42@)i §lﬁleaf:®1vmg entity may also

CHABRE TS SR SR e SHOROS ShBHeL Baiator (R G RIS OF and Select
s@inmb1dNMté Foraths erah@hREBE @halﬁlelab‘asteh %ntikml (BISk hzz)(m?he same or

steering matrix in the set may be used for each
diffaergrites ol besalected fhier the Bs dansmissign elpgmelscei vi ng

enti \Y; i zed t hat, both entjties
knoth ﬁgslfa% ri n&c@a% éit us%gl Sg?nbg jjreams " are Sent on N

uﬁnmﬁbﬁ gshamebnENthe WIMO shaintl| Esvprieachigion chéhmel is an effective
receiving entity observes a distribution of

chapmel Pb%eévﬁslebsaﬁcﬂataom@mééﬁm belvdsn dat demgniied|theyverter s at the
even, i f the gD channel i s const (}éﬁ across the entire
%P%Ewmgrﬁnt&ygv aforiepRondingeeleRenitt the NPGPr F & diesteggiving entity

g ¢ file ff rtl?%%r?sn%@s‘%orrf 8l|1annel 1§ the' e%ﬁeg 1ve &annel between the £ -th element of

s and the /-th element of §). The spatial spreading randomizes the Ny transmission

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

channel for partial-CSI transmission.

D. Spatial Spreading
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



[0060]

because the transmtting and receiving entities
continually use a bad matrix of eigenvectors or the

WO e@siovisny entity continually observes col or edPCT/US2005/000828
interference. [0061] The L sﬁgering matrices in the
set may be selected for use in various manners. In one
enbodi ment, the steering matrices are selected from
thes ter |st nner exampl e, the L .
LR LR T R R -

el Al I I h f S '

S xﬂ@”ﬁ T 8E e hE bbbl iy shiefler™ B4 Shogonal
calthis0 Steering mabit i by ehis @ataresstemwdragd nmdd fox spétib) spredding.

anot her enhodi nent, the steering matrices are selected
{1 om eebagal soRead gAY er%ﬁ‘?{ﬂ’a‘ﬁ?% NEHOUSHRRINEIS n ) general, it is

gl r
L08R UG, T st SECh, I Ao NP 058 syt
bsuothat tidomterfes@ice cind ronee @t ramdontizet e@pssnire block. Each data

SbBkbIREh 5 TEREGrGar Nug RIS r%p% »gl'éq?eéiﬁa b RN is lso
réf?rreé ?é] ag Qn%abloEE rl% 58 C&%ﬁl{é}l rIP trix in $HE 1§%§( BQ %s%l for each

Fi cCes rou h™~an ect

tlfaﬁﬁmié;&enl spais.e qhe ﬁ:fanéﬂmtﬁﬁgi ahd rédeiveve éntltielﬁ enst Be Eyﬂégromzed such
steering. matrix for each cycle may be selected.in

thyt hoito entifieg dmetatihish steeHag Bairto mev@y §a¢3)eﬁrﬁ§m1w@n span. With
ﬁég{/a?tas S O&Eg i r@@éﬂhgé e}{ﬁ{ bsef%? 2 disthiGRIdnNSF ﬁ&&fefe‘ﬁ@é and noise

sel ecte her manners, and
aodos eacht dega smnbel tdbck b@nl 1|ﬁ WienMINIO c[le@ﬂG]Zﬂs cohgaistaesrss tige entire

B T P EPraeE b Vi b9k RECIS Of SHAEHS B goRe e eceived

te&RRE Nethe NMinsnliftinge ed qleceﬂ'ltﬂg &Hﬁfé@rc&lftmually use a bad matrix of
steeringmatri ces nay greater than, equal to, or

eigsnygedators or thearepdivioR en%tyg:tontln&llerexbs wgesn@tlme‘( mieﬂf@@ttqeo n

o0 L0 S R Y RS AR P e ypmer.

OBt drhSREm B, The Stebhiy DhBfides! 88 HelbctelNfrbii heCREen addeterministic
di fferent steerlng matri x may be sel ected for each of

npapaenVEoR %’fmlgﬁiheﬂf sieeiine Wabises @aé’éfr?d%@kﬁélﬁhth%gh and selected in
T .

sEHERGH %fé“ﬁ’f%%éﬁg“%% b Bt DR "y UG P ip spp steering

RERCVERLUAT o opP S B S SR MREL 1 ot

ehddRherit @B steBEngbhalRbes B seleBRH iffdeh MRtsEd 1ﬁ%§3sbﬁdotﬂ3ﬁ‘dom manner.
set. In this case, the steer] ng matrices are reused

H%rexaztaph, thet deasiatypainis| te dige forceash Jrapamisaips spamaway be selected

bg% Q %cﬁgg nﬁ n%)[ fap ggeuhg-r éi> P@%‘ég@ﬁ Blag?gﬁﬁg?/; n%%ﬁqng matrices,

eer I CesS" IS use
or steering matnx 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(1). 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 (Ny). In general, the number of steering
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[0067]
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bl ock. The sel ection of the specific subset to use for

each data synbol bl ock may be determnistic or
wes@adossandom For exanple, the first steeri nRCTEHS200%000828

to use for the current data gynbol bl ock may be the

steering matrix after the | ast one used for a prior

data synbol bl ock. [0066] As not ed above,

transm SENA I

rrbagi,l?eg duay b }gre%%ghrﬂhe O)réquaﬁ t?’i olrégs ﬁe déloa%_ger See%%g matrix
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full 1£91, gnd tH@l{ Et Is@bsefat tﬁ ?or ?]rgihtﬁ %srﬁstlsgtf§&réa@§‘€iata symbol

above. "Thi $’ma nprove

bERRNNEe é‘e‘lHéﬁbﬁ lof fﬁﬁe sﬂe@ﬁfb@ub&ﬁ&bhﬁb f6P¢RR diafaGs o] BlotR may be
be used to reduce outage probability under certain

defsenimistisprasenda-rasdomasFemexammle (the Tizst isiegdng sfatips fquse for the

AT 3ot 5885 O TR b R oo i

dbﬁs@@ﬂeﬂblaad modul at ed based on the SNR expect ed for
t he subbl ock. Each data synbol subbl ock nay
t r and¥fi Batechabayeon HapiraisEHAR SPAN RY CAVRr QN8 39ﬁBB’|1t1Rle gyrgpolgeriods

L t
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h rece ntit artlal
(gﬁ%rn%/@g‘ g1%§g (}é) §%? Py ewgng Ny G§ng alp His many
“Noﬁs’d&t tée MM@ |ch&ab h@ﬁé‘s@lblé 108 Ba @Al S 816k] The transmission

transmtted froma respective transnmt antenna. Each

spiart shosidhiiet be slisisten thanvibe Foherénsa tiokrsefithe MIMO shimnel, which is the
OGN S3F i BERIR BRORR Eon BT GRRER Helplirhhifly tatic

Siffarly, 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

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 channel conditions.

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 Nt data symbol subblocks. Each data symbol subblock may be coded
and modulated based on the SNR expected for the subblock. Each data symbol
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[0070]

[0071]

[0072]

SI SR of each spatial channel, select an appropriate
rate for each spatial channel based on its SNR and

w@e@siodwes he rates for all N T spatial channel BCT/0S100%000828

transmtting entity. The trag®n1tting entity can then
encode and nodul ate the N T data synbol subbl ocks
based on their selected rates. [0070] The M MO channel
Sl{l@g‘l{)&b %geoebtgns: m?(i1 asmgré gl\é'ﬁlgﬁte E)Pa &1[ cﬁh %}rmslg a%g:l?ﬁ %ts %gd the Ny
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has "'noved to a new | ocation, if anng
onharfgbs Nadate rsyntbah sulbidocfkge@ba@ﬂ(ber é(:@,de@remtos freerby thlageceiving
nﬁﬁgchannel response matrix HL at time n +t may have
same capacity as the prior channel response matrix
HO atIftpaﬁﬁuusMuI@ﬁnm ’@qtﬁoﬁxﬁfaﬁ&ls@ﬁe@ﬁn%] §20¢dd0for The N data
Cap g (27) where {n) is the SNR of
] %ubbbw M n %achtsuhlﬁoek Jaﬁ@nasr@g@m om grespeptive teansrmi antenna.
o E
E%%ﬂ A5 b S S0 AR e, el BB B4l e spatia

chﬁnﬂdh eoiraghovdiigat ispatmsatit afenmel Therscehave eﬁﬂit@rtgﬁ bstimate the
betmgen tlne nand tine n +t , so that

t
eagh sp aé chan,r{e} selefbgmprqmapﬁ)@fe fgb gqq(h;%patrirﬁ%hann%el based on
i SIS o35 1 R RoPAENR byl KdoEh R iR mlting entity. The
tI’IaBSIaltEEg anlntat%m sherbedcodalabd avddubtanthedsr dats pambal subblocks based

nnel & a lower SNRis less likely to be decoded
OB O sPpded 155y any data synbol subbl ock decoded in

er r OrTHeOVITMIZ Shanki6l BAY ichfhddalctwsahnial nblReknbRaes aleh@lected to

above assunption. [0072] IT partial-CSI transm ssion
tihe b 4s¢pav:health@ piesaati ragtualiy us@ti This mayebeNTie datea fayyaxpuple, if the

h sub spyead an

"R uR ET gia FRAT oS oraiiban, BH PN sHoriRl e aster than
{19 FRAbackUBR| ek sdvBH! A HehRY HRnhé1aBGhid RdrRNHA at tlme n+7 may

transm ssi on channel formed by a conbi nati on « of
hapé thedantehaipacitys apfhet fitor Mhifaet Rapogle milx V1 |adt1ﬁi@$ﬁ fadch may

an effective SNR that is a conbination of The SNRs for
bekapressdawsi al channel s. The transm ssion channel for

each data synbol subblock is determ ned by the

steering natrﬁces used for spatlal spreading. If a

2 g;{ : g?ﬁ}i"s? S“&Sé%(ﬁfé %”?’3’2@%@%} ugjg Gja%q“‘? hen Eqa (@7

the effective SNR observed by each data synbol

subbl ock wi Il be approxi mately equal to the average
waiare 7;(n) is the SNR of spatial channel i at time » and log, (1+ y,(n)) is the capacity

of spatial channel i 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 n and time

r +7, so that y,(n) may not be equal to y,(n+7).
Without spatial spreading, the outage probability increases if y,(n) <y,(n+7)

for any spatial channel i. 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.

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



for all of the spatial channels when a powerful error
correction code is enployed. Wth spatial spreading,

w0 b@sousege probability may then be dependent PCT/UR®05/000828
average SNR of the spatial channels instead of the
SNRs of the individual spatial channels. Thus, if the
average SNR at tine n+t is approximately equal to the
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axemBeaPNRert et i yis BEPIASENME cguel torhe averagr8NRaat time 7, then
tﬁwagﬁfsg@atﬁﬁe ggggbgé;g@fgggg&ggﬁﬂ da%géf%lpﬁmla e §ﬁ§s of the

on ea transm §si on
n[ndi@fdﬁail sﬁaﬁal&hhﬂﬂ\e@ 1By heva dlaaged betweehatiméHDMd 1 +e.., a
OFDM s sten), one data synpol vector s(k,n)

00731 pe f&pﬁﬁ'ﬂ sphRdigcHn SRiIEREOYe 1 oga@weépmeﬁ%mwhwhymacwrate
pRAL €91 1 aviRELIO Ty HelfrMmARL BhNG aliiof ety TRoingocurate
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e sent viat el gen or spatia
paftiab (Sbarag résultnir@RDiMdtstybimadgmaicdeedbackmte, andbo on.
vectors, s(k,n) for k =1 ... NF, may be transmtted

0020 rrfnt 3/ on subbands i n one OFDM synbol
i stem a transm ssion span

can cover both tinme and frequency di nensions. The
[0074] | ndeSpatislgiPreadingshry sise rbew%fmmhlwsca@n@r MIME $}tsmdMu1t1ple

Waegssirshja S‘I; 0 Oggc%ﬁagrgc’hh !Q%ﬁ ba l(s:llelﬁ L&%ﬁgﬁ%OFDM) o
seyblother memtﬁ;dt@rOEDIM bﬂb(&twﬂi@ﬂrﬁymaihe peeiatidgstandapdwidth into

[.tip bands. 0076 For the full-CSl
g r#ivé OgeRdng q‘teﬁ SHabARES: WL?BoﬁéeaIFFhf?fWedrl(“A:af tones,
sﬁl%’amers, 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 Ns data symbols to be sent via the Ng
eigenmodes or spatial channels of subband £ in OFDM symbol period #n. Up to Ng
vectors, s(k,n) for k=1 ... N, may be transmitted concurrently on the Ny 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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each subband k may be deconposed to obtain the Ns
ei gennodes of that subband. The ei genval ues in each

waele@gornmbs matri x A(A: ), for Jc=l ... NF , nay PEI/US2005/000828
ordered such that the first | um contains the
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next |argest eigenvalue, and so on, or li(k) | z (k)
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each data synbol block may be transmtted as one entry
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eigeiiichat i foP thé N Sitiahad. drheepsihdiplePiviebaad elpénmpad iidilthe one

spreadi ng. Each data synbol block may al so span one or
assodiated] withrbplarges sigepaalue ds cagln oretabat (k3 yafisoIth bstsking. Data

may thus span frequency and/or tine dinensions (by
n@yémﬁn@@&%&'ﬂnfaﬁ Vglsslfqn3|elgzﬁllﬁa4§$-on (with spatial
spre ) r [Prox=)

e} ?{EQI BRI ohsmRLeA éfcggmt&ﬁ{ék &&n%% gbfg?exﬁ]&y perform

sel ecte vari ous manners
sl_ﬂiel spreading gndrapatiat peockssing foe egctbhbbbdisd, mag threresevimgteptity may

in a determnisiic, pseudq-ran or.. per nut at e

DGR FooE 6" TRALE) PO RBgVE P RG] SEIPATIE f Fishsubband

st eelHabl dARL dynfRP bldtkihsy BEkraiBNitRe ik ¥atiewh hhkiRudih @8 dIMO-
sel ected in sequential orderfor subbands 1 through NF

OFRMOrsRtesy el exeeple ¢ach dath spmbobblackimay berragegitici@s jope entry
of the vector s(k,n) for each of the Nr 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).

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
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OFDM synbol period n +1, and so on. The nunber of
steering matrices in the set may be | ess than, equal

W0 2005071864 eat er t han the nunber of subbands. TPET/UR0e8000828
cases described above for L 53NM L < NM and L > NM
may al so be applied for the Subbands, w th NM bei ng
replaced with NF 3. MMO System [0080] FIG 5 shows a
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n
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PR Pobarisorufh Afem RRERRES i oRefillig) bbeonvens) a
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eer

es, respectively, fromcontroller 580
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proces 0 then processes

e e and gaoly SEIGARS P2 RSV S T do grpspective
re@&@c\!f aes (ﬂ@m 8g4d ga@h récggl%g InitB80Rel Rt ﬂrﬁ@ésﬁhﬁ %gﬁplementary

may derive ) is an estinmate of the channel
to that performed by transmltter umt 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 Ny received symbol
streams from N receiver units 554 with spatial filter matrices and steering matrices,
respectively, from controller 580 and provides Ng recovered symbol streams. An RX
data processor 570 then processes (e.g., demaps, deinterleaves, and decodes) the

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

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

Alternatively, channel estimator 584 may directly derive H (M), which is an estimate
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response matrix H(m) , based on pilot synbols
transmtted w thout spatial spreading. Alternatively,

W@ b@snelseest i mat or 584 may directly derive H -¥@i/PS2005/000828
which is an estimateof the e %ective channel response
matrix ~Ae (n), based on pilot synmbols transmtted
Wi th spatial spreading. In any case, H(m) or ELeff(m
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t hrou 532t atiall'y processed by an RX spati al

5 iﬁa:ﬂms&brS 594 4nd aent vﬁaualtthmas pb2z thesrgh {58r.gAf transmitting entity 110,
d dul at ed .and dec.od RX dat ces
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cdHdigsled By FRERPIREESIAN thEri@htIB2DIPERAE pldbesséDPby @RRXK spatial
transm ssi on channel based on the rate selected for

profassor S4hsdsBirbar pregpssed (e posBroddstadr #1d| dacedw) byandRX data
proc%so& 36 %8 %JOQJE: %}[éese?&?e{cfi{alte%n 1ggnt¥<%fek 349 Iﬁﬁ}p fifen 4i1lré?tyTX data

at transm Fecelvinng

prbeBssof GSOQ@broceésydatWEﬁ‘CHayh lﬂnanilﬁlsﬁéﬁ camtheb BRSeﬂtomrthe gt aelected
and/ or program code used by controllers 540 and 580,

for dadranspessipn ghaRes] FI G 6 shows a bl ock di agram of

an e@ﬁ%ﬂ&gg49fana_ %36131sB BhOGIRHS Bheratih Qf‘gan-ags ?R_ﬁgésﬁ{g units at

processor transmtting entity 110. For this
trendroidiimpe entity TXO0datlaeceiving entity 150, respectlvely Memory units 542 and
582 store data and/or program code used by controllers 540 and 580, respectively.

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 ... Ny, where in general N, >1.

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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processor 520 includes N D TX data stream processors
620a through 620nd for N D data streans {de} , for =1
WO 200580860mhere in general ND > 1. [0086] Wt hi PCEESI0T000828
data stream processor 620, apgencoder 622 receives and
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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 Ns
transmission channels of the MIMO channel. If N, = Ny, 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/demultiplexes the data symbols for the Np data streams into Ng data

symbol streams, one data symbol stream for each transmission channel. If N =1, then

Mux/Demux 628 demultiplexes the data symbols for one data stream into Ng data
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transm ssion channels of the M MO channel. If ND = Ns
then one data stream may be processed and

w0 ea@s®msss ed on each transm ssion channel. | n BEHUSASE)00828

the data to be sent on each b ansm ssi on channel may
be encoded and nodul at ed basé on the rate sel ected
for that transm SSI on channel
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ti MeFUGY 7$hews EW1SdkPdig%ash JrdHTRK) A I\I'Fat 15l p@b&%m%o&ﬂind an RX data
e

transm t synmbol streans for t ransmt antennas.
p{oa;@sm 5#a whick laesenaaegbeditnest afREnsratiahprorsssepagl apd RX data

PREB850 59, RS8R0, il BB0ERSRy 00 MkEig e
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rdckived Ipalon slymbelspamks Girthet ebtimaieyMhe B2 df eactt trensmission channel.
N E RO TR TR T R -
g PR e e R (O
pSJEﬁHQ etkler Séeg‘ﬂ&s CndtBE " _'\ffmw r')R&ngmg 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.

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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possi bly the steering matrix V(w) . Receiving entity
150 is synchronized with transmtting entity 110 so

wao bat/obissh entities use the sane steering nmatrPEI/USIUP5/000828
for each transm ssion span The matrix M ) may be
derived as shown in equation (10) for the full-CSI
transm ssion and as shown in equations (17) and (23)
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simplicity, N, =Ny and RX spatlal processor 560b and RX data processor 570b

implement Ns cascaded receiver processing stages for the Ng data symbol streams.

Each of stages 1 to Ng—1 includes a spatial processor 860, an interference 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 channel

deinterleaver, and a decoder, as shown in FIG. 7. Each TX data stream processor 880
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110. Decoder 776 provides a decoded data stream which

i ncl udes a decoded data packet for each data synbol
whb@sk718p0094] FIG 8 shows a bl ock di agram of PE@RURA05/000828

spatial processor 560b and RX data processor 570D,

whi ch inplenment the SIC technique for receiving entity
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subRanay haheHe NHTRRLIVEE 6PABdI steamb S 6btRI KR %dﬁﬁé@@lﬂlﬁﬂ streams,

862a spatial ly spreads” the renodul ated symbol stream (
whichwie provided &t stegé g matri x V(m) and furt her

ot gt 5526 2 Bate MR- ek PrBE dRCE oo RaREG algee 1 albei

t ta symhol stream (,S1 The NR interfer .
o B Rnti el R toh Rt s e R A S ROE T s R received
syihc@ 3tBarh® Qlhbalakt Stadd ﬁﬁ%ﬁﬂs%aﬁﬂ@@beﬁiﬂg%ded&ﬁn@hn the Ny

are provided to stage 2. [0096] Each of stages 2
motlifisd gsynieol - stteames fionmrsstegee Namd ppécdopsi nef asrfemy daterference

1, albeit on the NR nodified synbol streanms fromthe
eyiinptionapd cacaldatiothst ead of the NR recei ved synbol

stre : I i eﬁmgldagﬂ MMSE
and c%ﬂ%’gegg %%% %@a&ﬁ%u%g g?? lﬁf‘g‘azg ﬁ%ﬁoﬁhpslt&ﬁl eams from SE,
os bageoflisr teclinigned. dizeb spetial prodessan §abt mpitpliener input (received or

modified) symbol vector r’, (m) with a spatial filter matrix M, () and the steering
matrix V(m) to obtain a recovered symbol vector Sf,.c (m) and provides the recovered
symbol stream for that stage. The matrix M’ (m) is derived based on a reduced

channel response matrix ﬁl (m) for the stage. The matrix _IEI_z(m) is equal to H(m)

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

removed.



[0098]

[0099]

[00100]

estimati on and cancell ation. [0097] Spatial processors
860a t hrough 860ns nay each inplenent the CCM, MVSE,

woerosomsept her techni que. Each spatial processpCT/88805/000828

mul tiplies an input (receiveggor nodified) symbol
vector with a spatial filter matrix and the steering
matrix V(m) to obtain a recovered synbol vector

354 ck eggﬂc HVA Eotn ] recover ed synbol stream for
t hat ‘3— is derived based on a

d I H f th { . .
The- Fiit bty %ﬂ.ﬂ?ﬁ; é%aﬁﬁiﬁﬁi&railﬁxmsssw the £FRETYBS BRIIY G pstimate

thRl $NRf oft &Rh dBdnB8n St bhanbE aMhe aémﬁaé&ynﬂmylefse&pbﬁuem on (1)
wE“or sta es renoved. 4. Rate Sel ection and Contro

@tbgsfullFG I popartialdGSI csnsmisgiopas tused, (@Smheﬂwnemtsaéuspmadmg is

{ £ i mat
R G K RS Rer Bk TR o e B e COME
MMSE 1or I3 tfedrbyf ﬂie're(@ﬁhn? entfigfid thl cabeSbf parafISOSSSdreidsfon. For

used féF whet her spatial spreading is perforned, and

MIMO syistenn-athe SR fereqack ﬁabbaaﬁ of regele transmggssion channel may
r
b% gsgg%%gnd(e %ieg% ed aélj}/g%E%ngfofégﬂraﬁéﬁlﬁ%éw cﬁefﬁﬁel In any case,
%m Ny, CON, far édcwaﬁzfﬂ%@u&hﬁmel A g b&NEmbafed ®a&dd on the

band of eath transnission channel may be estimated

Sm%ﬁﬁ@ﬁﬁ&ﬁﬁssﬁ(ﬁl aindtl) 1 @) SR AfSNIR e fiséta 5}8 (®)s aé Rillows:

channel . In any case, afl operat| ng SNR, ) for

each transm ssion channel may be conput ed based on the

SNR of (¢ t (9ns ion channel, d , and an SNR Eq (28

ostf”()gm%’Jé’? W%Zfollows ) rg(.p)ir)r , Eq(28) 129

where the units are in decibels (dB). The SNR of fset

wiee the wndte chré dn adecibehyt (dB)r Thé ISR iodfisctemagrbe used to account for

variability in the channel, and other factors.
e 4ioR CEOR.Megability #) techannel and olerdaciarsnids §'1uable rate is selected

f&@@&{‘t@%ﬂs ?s':sog g Eleoag&?&‘?ﬁlb e QNH bt 'ﬁ%ﬂ&ﬂfsﬁ&? ?fci:‘annel.

channe e M MO system nmay support a speci
set ®he MIMO. syétmn ofaytsfuppertipppetifid sehv€satemy Olne dof dhe aupported

nul | h is . a.data,rate of zer t
e P TR B s i B 745 e g romaining rates s
adi0éinte8 Rﬁtlﬂ@%)&tl&ﬂaﬁ noA-zBR! dat LT SR AR RIS %9 d6de rate,

rate, a particular nmodul ation scheme, and a particul ar

arpamcnimm&dlalatleq (icheie; andag hartigelan minigiyne $NReveduited to achieve a

n 10/p ket, error ra
RS P REbrone il ot st EE R ki tefipe awon
clizmhél, Roh ead’tﬁmppbﬁéd iRz 68 Yate £the béqiind BN &€ tibbtained 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.

The operating SNR, 7,,(£), of each transmission channel may be provided to

the look-up table, which then returns the rate ¢(¢) for that transmission channel. This

rate is the highest supported rate with a required SNR, y,,,(£), that is less than or equal
to the operating SNR, or y,,({)<y,(£). The receiving entity can thus select the

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



the specific systemdesign (such as the particul ar

code rate, interleaving schene, and nodul ati on schene
wais@d/omges he system for that rate) and for an POVENS2005/000828

channel . The required SNR be obt ai ned by conputer

simul ation, enpirical neasurenents, and so on, as is

known in the art. The set of supported rates and their

rgqu' ed. S may-be stored in a | ook-up table.
[ OLS%?IﬂﬁgﬁzﬁEﬁéiﬂﬁgagﬁﬁ, gop {), of each
transm ssi on channel may be provided to the | ook-up. .
[00101] { gp| Ehe ghsprane malices apask spadial g@rgadﬂlg may; be iggperated in various
S : rat.e . e .
mpyRS RSt SRARNRY, schlints) AL Uoefrid P LALAT H st of I, stocring
mbeRss tlagbeqre-eaupited and Hercabpatrtht inagsioiifiig and grelyvingYapities and
{) The receiving entjty can thus | ect the_highest X
thﬁ’i?éé?‘b’feglq"’&@ 40T te BoALRY t"“ieaﬁgﬁ;{]eési Blierotavetel thesesgeerg matrices
mﬁ()ﬁe@ bl BoresNRnas REPE AGaMRL ri x Generati on
0101] " The steering natrices used for spatia
[00102] spr eHok stperipg rhatricesnshoaldetbei nnivay i maicanrandr safisinthe following
q}?i exenpl ary schenmes are descri bed below. A set of L
CUPB ng natrices may be pre-conputed and stored at
the transmtting and receiving entities and thereafter
retri d r_puse -bey are needed. Alternatively,
theselv'ez ee‘i@ngyhat ?il%gtésqrfﬁytbe conputed in real tine Eq (29)
as they are needed. [00102] The steering matrices
E§hiohd28) endidhitdsaihit BRhI doh@$masd VB@f ishbMdtieef @il e and the
condition: Y Hi) V(OC=1 , for i =1 ... L . Eq (29)
HEfibiéith dihef PE)ducinell 31 9 ddlaimmathvey)! shoaldobe ¥éra) This condition
shoul d have unit energy and the Hermtian inner
erpooed that the Nngatd epmbals wentssiofultdpedushhosihgl thxe steenimg matrix V(7)
This condition ensures that the Ns data synbols sent
hasierfhe saapreRayedrynd srepithpgenal fie ope ARPthernriox ta/ ransnyssien.t he
[00103] Saneg RAUGI: tﬁéqgc %%dgﬁthg&%? al%ﬁbg c&?&&l@& 'soRh4tYhe C8rrelation
transm ssi on. f one of e steering matrices
bétwgernhipptvae untoeelaled sidepitlg Inatrivas id eeo ophrlewatalen This condition
bet ween any two uncorrel ated steering matrices is zero
Mgy bg CKRJRPSyaRtie. This condition nmay be expressed as:
C(z/) =Vv'(0-YO0, for I ... L, = , and /

1... L
, Eq30) r 1f) ds.the correlatiogn torjx for
V(2) Qgﬁg‘m‘gﬁﬁbﬁ-i’sﬁ’%’ﬁa (Yoo bt T2 @PBd 2 Ane Eq (30)
condition in equation (30) nay inprove performnce for

whQTECAPPIs 1Al dRRioR Hhatti® for V(i) and V(j) 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;-Eg . Eq (31)



not necessary for nost applications. [00104] The set
of L steering matrices {V} may be generated using

wo anspuseschenes. I n a first schene, the L st eRCT/DHR005/000828
matrices are generated basedyjon matrices of random
variables. An Ns xN1. matrix Gwith elenents that are
i ndependent identically distributed conplex Gaussian

Tﬁeaﬂm ¥ark %Qédeés a g&%ﬁm’g i) Wﬁbd%%é‘ Qétt The process is

variance, I1s itnitra enera

repOdtéEhRl a1 ABdrTuigmAticés drs gemurmetied and decomoosed
usi ng ei genval ue deconposition as follows: R = -

E
[00105] - Do B 2 sepnd ehane thet |S$@CE(¥|I§at!}§@SdaT§sg%Ie@E‘°é’ebi‘ﬁ‘?é on a set of
trd dd Jh
P peneP R ROP il R USR8 &y fows
[00105] In a second schene, the L st eer| ng rmtrl ces
d d, f (I
ndegihdental s, B, cal g Siog?r. éu?% oy &q.ﬁ{g& Eq (32)

matrices, as foll ows: Y(2- .. VO,

e YadSamatit N?é%?%%?%ﬁﬂ ool %p&’ﬁgg;%ggedu
ot G fneds: o7 £ 8% Fabippringd alntaﬁﬁy i

Nt PD unltary matri Xx. The second schene i s descrl bed

by 797, f%dzét t-aets 3 1 Tl’?N’I‘ S yeitary @ptii t ary Space-
T(:anrsr%p £ %1del-rlg ;chlnséb y ’?ig?\ﬂmeﬂaLeEtEcgp sact] c? [P.Imtary Space-
T{IQQA%CO&B% TN NEEER ThenshotfdL6R In%nﬁwﬂ FTRSor{ Yol. 48,

generated DBy successively rotating an initial unitary
Net 4eAprdg@06&t ri x V(1) in an Nc-di nensi onal conpl ex

[00106] S pacﬁ’f %irdfs%hérfxo%gée %(éeegin%)qlagmg% a}{& g;/rg%{gz(te% bgééﬁdelss:ivélly rotating
at Hith A oMt sfeledingMrhii-€ W TE M sh N]P-@lméﬁsfonlal &dinl\}.:ﬂ@@ Eﬁac@f asdfollows

unity. The third scheie is descri bed

et al. in "Systematic Design of Unltary Space- Ti rre
Constyg} L atd @hsy (1) | EEE Tr gpsiact i om,.@n | nformati on Eq (33
Theotrvi/{, @ol_ ()No. 6, Septenber 2000. [00107] la a 163)

fourth scheme, the set of L steering matrices is

wHBRC LS dn WL RN Bia88ndTRinithy BaBB0withidl@h&MN 1€ 8t Sh roots of
The base matfix | may be a Wal'sh matrix, a Fourier

uiiey. r The thizd scheme is described by B.M. Hochwald ef 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 J. A
larger size Walsh matrix W,., may be formed from a smaller size Walsh matrix

Wi » as follows:

Wi Wi
L NxN NN:|. Eq(34)

ﬂszzN = l:
__W_NxN —V_VNxN



some other matrix. A 2 x2 Walsh matrix may be

expressed as Wx2 A larger size Wal sh matri x VV2Nx2N
woreapshozsbor med froma small er size WAl sh mat r i RCEABKRI05/000828

as follows:Walsh matrices haye dinmensions that are

powers of two. [00108] An Nt xNx Fourier matrix D has

element wn in the n-th row of the mth colum, which
WBME : = . Nx } and m =

{1 .. ?ﬁ%&’@é%ﬂna%?%%ﬁgamg ogfelrgs‘ogﬁ;?oow index and mis

[00108] a coAmmN ixMexoufietmiatix Dathad eletnatt @)y s dhaneh row of the m-th

dlnen5|on (e.g., 2, 3, 4, 5 and so on) may be forned.
ccﬁlﬁmmhichmd}bbe)expﬁessédﬁssh matrix W, Fourier matrix D

, or sonme other matrix may be used as the base matrix

B to formother §teer|ng matrices. Each of rows 2

throu h N>(126 be i dently
mul ti pir"l d with ome °5f”% ﬁé?ﬁ Bossi bﬁgn}s’cal ars, £4G5)
where M> 1. MNt 1 different steering matrices may be

W) B fohP MY end A1 L8 R HAP BlkioMuny square

Scal ars for I OWS. r exanpl e, eac
dmmamloa(é b1 o34, Waﬂﬁl&;ys dmmaycﬂemmﬂant l'y mul t| plied with
al ar of +1, - +] - , Where | V- | . For

[00109] Nl Am Nnef Ny Wash méqudME,f@Uélﬁt meates ) ngf wmertpthérsmﬁw may be
base matrix B with_the four

b GRepEeaeatia i © ATt DR SEsRR g e o s Mo
3 :
of ﬁn!}etFa% ?ﬁjatnx ‘inrﬁ q;e ﬁldFie%g Iﬁé’r P.ﬁl }f’ghWIt% 0%8 fof 1\4 K 1gf§r§8t possible

L and €Y
sdmirﬁ IwhefR W Bq . ”le”l pdhff%ﬂ:ni’\&tﬁéhr%n%a% zi‘i'iayhl?é’ bIS‘chE@ §rom MM

formeJQ where q may be any phase val ue.
dﬂ‘fee@n pﬂtgnutuians of ﬁlemi)sctiersg“enrthe alegd lamwWg, G?cfﬁekﬂmp(eoeach of rows
= Is the z-th matrix generated wth

2tthr@u&ba§1@ m@tbq mdspendqrﬁb/ wkipliedyviih Nﬁcaéﬁsqfrﬂs ~tlhak or —j, where

SEehe %%"&Ta%gérﬁ%hﬁé “?4 3@@%&% fangte %?fa& be gencrtd
SPRCER T . SERHER o ikl sl ARCREORE ewg Fratice

erat e eudo- r andom:ABANEE jz(4€. Gjms S the
Ry S X
eééﬂerﬁ/e&?p@lg babd hlaflix A1 g HeOMhkiBli&E hﬁﬂg%%y ﬁée{?&lﬂé’vln Tﬁ% form e’?,
spati al spreading techni ques descri erein na
wherel € mexyt bel aby phasel wise. MN8N, Foteeting muteicest g e generated as
techni ques may be inplenented in hardware,
V(@) =gy, -B(), where gy =1/,/N; and B(#) 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,
software, or a combination thereof. For a hardware implementation, the processing
units for spatial spreading at the transmitting 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



software, or a conbination thereof. For a hardware

i npl ementati on, the processing units for spati al
waprsadisng at the transmitting entity and spatP@l/UusS2005/000828

despreading at the receivingygntity nmay be inplenmented

within one or nore application specific integrated

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

el i Si .
CSBDY ealBlol AP pRdedr (PEBSL RRRY rofleGRBILIAN e
(HIRP&ASs procpssorse sentrallers; anicracbmralersyi micooprocdssask,| ether electronic

m croprocessors, other . electronig units designed t
B SRS Foper i REC U PR Gt Ao maron thereot.
[00112] COMbipAtd QPAKART BRMembRIIIR] O Tspatial Ofirvaifg techni%%eg may be

_inplenmentation, the spatial spreading technlques
irhplemanted veitht sxdwies {e.go quoesluges, dunctionsycediuseon) that perform the

fupctions,. d so that performthe functions .
s SRR nEat e SANE ROy DR aPthE it ifhuaay s (e,
I RHRY Mnit$425and6580 in FIGD) ahdeXebSte®BF adftbcrSn (6., Rofrollers 540

gil and executed by a processor (e.g., controllers 540
apth§8& go FlG. ) GThe ey umdtronay beningplemyntsd within dhe prasgssor or

e. pr ol € I r, i
effbrid o 1E oRicBRER S oot BERE (6 B0, B, S MBHEETY pubtla 1o e
prcoses siavardw® nékhs asil kie@msinake . known in the art.

[ 00113] ,.Headi ngs aeg an_l uded herein faor reference and

e

[00113] t o afigaqingy Gecath ¥einn I seleishse apdeloe 2Kk dRi lRgaiing certain
o ot L at s _
SS8ERLOMGEIEEE 16 gl Bhindt SER0REL oS BCAELR, duscrved
theepph iupddri hind thesa cartckpts msac hiavn sppilivabiligh au bthieh seations tleroughout
i ficatign. [00114] The previous description of the

tspeﬁ
lﬂa’leg FoPEd EMSBdi nent s i s provided to enabl e any person
[00114] SKi | ITegpieRidub BesfiptidiPo MK AiRlosd Bmbb&NRMBSIE Ptovided to enable any
i nvention, Various nodifications to these enbodi nents
pouson skglied b by taplokie enuse thetrhessat Biventied Variusenedifications to

and .gengerj. rineiples defined herei.n e .
o3 G RSB RAREP it & b A RN g7 pahfhe generic
ptihéiplep defitedtersis @ tefapblied ithvehet e@Bodiibiss witheut departing from

present invention is not intended to be limted to the

thentpdrdli resepRe Shthgrinyratienn Tous, the presayé inxcatien dgnethiatended to be

N o . ) ¢ Cinei _
P b B8 GREiBRal S W Mo P AR gPE dp R Res scope
cdnsisfentretithahble principlesamd dovehfpatiatsadifdloseddetaimnsm t t i ng

entity to a receiving entity in a wreless

mul tiple-input nmultiple-output (MM comrunication

system conpri sing:




[00115]

processing data to obtain a plurality of streans of
data synbols for transm ssion on a plurality of

WO eas®msssi on channels in a M MO channel bet weR@T/URZH05/000828

transmtting entity and the ggceiving entity;
per NOENPES ePAIMVAED 38 €adi ng on the plurality of

streans of data synbols with a plurality of steering

matrices to obtain a plurgyAypvRf streans of spread
synbol s, wherein the spatial spreading with the
plurality of steering matrices random zes the

plurality ,of transm ssion channgls for the plurality ..
of s? r e_amé\ E’Fﬁﬁat@%ﬁtﬂgﬁgg, Hﬁ'ﬁ‘dg‘bté‘r? BrRSIHEng,eRtity fo @ receiving
egii/tgbciﬁs§ IWigkl1@R AfRipR- Pﬁ‘ﬂ bfulti1b-ontgug AVBIVD) %Bﬁﬁﬁglsi’catiton system,

ol s to obtain"a plurality of 'streans of transm
compising for transm ssion froma plurality of transmt

antenpas at the transmtti enatity. 2., The hod of . .
ol o Meessfjedabfie GRER gy el FE tshis el Sodels Ry wansmission
o8 QI "plnt a3 oMhdriiklom GhdrelshihUs MIM® Handdl':8RBerPthe transmitting
spread synbols with matrices of eigenvectors to

epiityadihe reerdviBB R t y of streanms of spread synbols on

a pl | I | t nel ! .
. PLEEALt; S S5MREA nd B SHRINELC ot 7Bt v
pﬂl}[rﬂi:ty 98 ktﬁgﬁtgf]ﬁ’f@ﬁfic&@fg qbltainig h?ﬂm@li@&ﬁmu@?mh Ee sﬂllbad @lhi:ﬂiqls, wherein
of streanms of spread synbols as.one of the pluyraljty ]
thiy sretisleprradimg With Ferplptaliphefotteering meticergandsmiens the Rlugqlity of
j ' i Fng and
g oo O BEPEE A ISRy
of datorsyng spaiahpantessingaon tiepbedliy tofdtrbams phispietd spmbols to

. dat nmb . 5. The nethod.o | aim4, furfher .
oBgiros PR i Seenmin g e TRL Sepgls B diemtissia bommplyratity of
tEaMERRe hiftendal @t he@naR#: GRiLpCt ed based on a
signal -to-noi se-and-interference ratio (SNR) of a

transm ssion channel for the stream of data synbols.
6. The ne d laim 1l wherein the processing. data .
corrprai sestrggcrggtﬁlﬂ% O?nga%dlul %’hel‘r?&l J‘E% r&&@“&“’& 3}?3&1aftgyocessmg
compfiggket s of data to obtain a block of data synbols,
d
multiplying the plurality of streams of spread symbols with matrices of
eigenvectors to transmit the plurality of streams of spread symbols on a plurality of

eigenmodes of the MIMO channel.

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

providing each of the plurality of streams of spread symbols as one of the
plurality of streams of transmit symbols.

4, The method of claim 1, wherein the processing data comprises
encoding and modulating data for each of the plurality of streams of data

symbols based on a rate selected for the stream of data symbols.

5. The method of claim 4, further comprising:



mul tiplexing a plurality of blocks of data synbols

generated for the plurality of packets of data onto
wo b@sprssal ity of streans of data synbols. 7. A¢EUS2005/000828

nmet hod of claim6, wherein tfie encoding and nodul ating

conpri se encodi ng each packet of data based on a Turbo

code, a convol utional code, or a low density parity

chec ' oded .dat a

cymoaremhe S8 Tof ARk BloPuith Rty ds, BRIER 1P 11 20 basea
omdsigailitomoiehatdnterferhtatatioa(INRC b of tidasmissiviidlasnel for the

8. The nethaqod_ of claim6, wherein the nultiplexing the
steRamt off data syboly- ocks of data symbol s conpri ses

mul ti pl exi ng each bl ock of data synbols onto one of

the plurality of streans of data synbols. 9. The

met héd of Thé miethof,of whaem 4| wherkim theiptocekeng dgta chmprises

plurality of blocks.of data s ol s_conpris .

't Pispalhey e Bing.sedbo o BEEy 35 SPatest 5 dats fo ptein a block
of &iffa BB, iahy of streanms of data synbols. 10. The

nmet hod of ‘claim 6, wherein the perform ng spati al

spr eawitipdexdngrp pluelsty wd blasksphidata ganbals gamemtskfon ghaplurality of

eac l,ock of .data s ols in he plurality of streans
pfRE0 of 4G oS PRl AY S Sl B SBref ng e ces.

11. The nmethod of claim1l, wherein the performng

spatial spreading conprisesperformng spatial i )

pr océssi nghomethed ofclaim6; vhersm the prepding andmedulgiing egraprise

usin t ' [ e '

ot s sabh phoiRh GPAL BB o Rt AR bor Bl code, or a
Idwdém3ey partyphecd APPCatode wi dbitgn bivdock of evded datapmid i ces

as unitary matrice avi ng orthogonal colums. 13. The
met h&AA! TRERRIRg gac &8?‘% R Fo%fé‘n‘garg[‘i‘ dasgd oged gadvll?goa scheme to
%Blﬁ&%ﬁéé&rﬁl{ {n anong the L steering matrices for

0 . : .
each tine I nterva and wherein the spatial spreading
is perforned for each tinme interval with the

8. The method of claim 6, wherein the multiplexing the plurality of blocks
of data symbols comprises

multiplexing each block of data symbols onto one of the plurality of streams of
data symbols.

9. The method of claim 6, wherein the multiplexing the plurality of blocks
of data symbols comprises

multiplexing each block of data symbols onto all of the plurality of streams of
data symbols.

10.  The method of claim 6, wherein the performing spatial spreading
comprises
performing spatial processing on each block of data symbols in the plurality of

streams of data symbols with at least two steering matrices.

11.  The method of claim 1, wherein the performing spatial spreading

comprises



steering matrix selected for the tinme interval. 14.

The nmethod of claim 11, further conprising: selecting
w@:2@seEssfng matri x from anong the L steering nBCT/US®E5/000828

for each group of at |east gpe frequency subband, and

wherein the spatial spreading is perfornmed for each

group of at |east one frequency subband with the

ste i i 3 . .
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ort hogonal frequency division nmultiplexing (OFDM. 16.

The nethod of claim 1, wherein the perform ng spati al

sprepdi NOTEORRhOE 6ECIRRT | LIRIRG cORPlisRle; Processing with

at least two different steering nmatrices for a

pl urgenetagingf the ubbstertingi magdash &Sy mindthryp endtodesvheying aerhogonal

ransm ssion. 17. An apparatus in a wireless
$ple-input nultiple-output (M MO communication
system conprising: a data processor to process data
to obtain a plurality of streans of data synbols for

t rankvi ssTrmethod of¢lainmi 1,tfyrthsk commsisingssi on channel s
' h | . it 1 .
0 L SR SR M P9 s e

infepvA 28Rl whereinahé epatiabfatdding 8 peefotingd fencdchaind intakaltwith the

of streanms of data synbols leth a plurality of
stegringmnatgX seleste¢ &8 thedmeinteiala plurality of streanms of

spreadsynbol s, wherein the spatial spreading with the

plurality o f steering matrices random zes the

pl ur B.i t yTd methad sficlsim dh fotiserwehprisomg:t he plurality

of streanms of data ol s; and a,spatial processor,to
per { BB Aalest b RBEEo g SE R L AR R4 10y pisy goup of
atQ€ast BAS BE NP Albband) aR0 vdlertiRthR! spaBhll dpYeadingSik hedbEndd for each
transmt Synbols for transm ssion froma plurality of
gronp aé ati leash anefiegusnest subheand widlh thei stedring raaftrikisglected forthe group.
apparatus of claim 17, wherein the spatial processor
multiplies the plurality of streans of spread synbols

Wi t h1srat r Teemetbbd of ey Cfufther dodnprispipgni t t he _
plurality of streans of spread synbols on a plurality
of eprgécpﬁﬁ@geegclbpf theepajity efsirgeaps of transmit symbols for orthogonal

frequency division multiplexing (OFDM).

16. The method of claim 1, wherein the performing spatial spreading
comprises
performing spatial processing with at least two different steering matrices for a

plurality of subbands in each symbol period with data transmission.

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

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 a plurality of streams of spread



19. The apparatus of claim17, wherein the spati al
processor provides each of the plurality of streans of
waprsadissy nbol s as one of the plurality o f stPEHDS2005/000828
transmt synbols. 20. The a ratus of claim 17,
wherein the data processor encodes and nodul ates data
for each of the plurality of streanms of data synbols
c e 4 e QN . .
spbACT SSRAETE, b Phiae SHb° e HERRCT, ptegring matrices
retrrdammms ghe phuralitpfietansisBsion ehairdets fir teapluelit§adfostreams of data
Q‘o 21. The apparatus of claim 17, wherein the
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spatially spreads each bI ock of data synbol s in the
plurality of streams of data synbols with at |east two
st eeﬂ&ng whe appassius o8 claithd 7apperein the sphtid|puoressdr multiplies the

her roll er tos ect _a e
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wherein the spatial spreader per?orrrs spatial spreading

chamelach tine interval with the steering matrix

sel ected for the tinme interval. 24. The apparatus of
claim17, wherein the M MO systemutilizes orthogonal

f r equ@ncy THe eprmiraius ofidldiinpl B xiheceid (Hebptial proderdoe pedvides each of

for each nbol period with data transm ssion the
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g two different steering matrices for a plurality

of sdbbands used for data transm ssion. 25. The
apparatus of claim 17, wherein the spatial spreading
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21.  The apparatus of claim 17, wherein the data processor encodes and
modulates each of a plurality of packets of data to obtain a block of data symbols, and
multiplexes a plurality of blocks of data symbols generated for the plurality of packets
of data onto the plurality of streams of data symbols.

22.  The apparatus of claim 21, wherein the spatial spreader spatially spreads
each block of data symbols in the plurality of streams of data symbols with at least two

steering matrices.

23.  The apparatus of claim 17, further comprising:
a controller to select a steering matrix from among L steering matrices for each

time interval, where L is an integer greater than one, and wherein the spatial spreader



each of the plurality of transm ssion channels
achi eving a signal -to-noi se-andinterference ratio

w@ SNRp7iskat 1s an average of SNRs of the pl uraPCt/ySmwhs/000828
spatial channels. 27. An ap gratus in a wreless
mul ti pl e-i nput nultiple-out%ut (MPvI O comuni cation
system conprising: neans for processing data to
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the Binge ieMIaD channel bet ween a transm tting entity and a
receiving entity in the MEVI Gsystem neans for
perform ng spatial spreadi ng on the plurality of
stre S e
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1ot B4 CRifbrenf siiRfids SuaRRLS fomd pIRANS 0'suBBRIR IO for data
spatial processi ng on th lurafity of streans of
trapresibsynbol s to obtain a pI urality of streans of
transmt synbols for transm ssion froma plurality of
transmt antennas at the transmtting entity.28. The
appagsit USTRY afaddtiR 87 clath @l eWHel’éﬂlethﬁﬁﬁﬁﬁalfs@Eeadmg by the spatial
perform ng spatial processi n% nprises means for
sm@ﬁdpr pisylitnin Whitenod dntenferegcesin m@mero'@d bribarecsivingenfity for
[
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of ei gennodes of the M I\/D channel 29. The appar at us
of claim27, wherein the nmeans for performng sp
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of data synbols in accordance with a rate selected
based on a signal-to-n.oise-andinterference ratio
( SNR27 of Ant appagatis 90 on winelessemuitiple-inpyt smnkiple-otftput (MIMO)

comeumcatlon system, comprising:

means for processing 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;

means for performing spatial spreading 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; and

means for performing spatial processing 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.



31. The apparatus of claim 27, wherein the neans for

processi ng data conprises neans for encodi ng and
worpashzisssrg each of a plurality of packets o fPUHUS2005000828

obtain a block of data synbo_L9s, and nmeans for

mul tiplexing a plurality of blocks of data synbols

generated for the plurality of packets of data onto
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utilizes orthogonal frequency division multiplexing

(OFDM), and wherein neans for perform ng spati al

spreadi ngT&e rmgparst@s roFagnd 27, WREERI theNbefiBafor Performing spatial

spreading with at |east two different steeri ng
PHEFHIMEEPTBICH plurality of subbands in each synbol

peri gl : 1itod

receivi ngfog pgrg{lcgn% Ezgcﬁzt{rﬂt@e:]:ﬂ%h enii t@aﬁ@%? grg[ﬁés)c{rr? yn%blo%sg as one of
tletlutalityt of stresracef trdnamitesginbbls. i N a wi rel ess

mul ti pl e-input multiple-output (MM contmunication
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of rageiv r

Symbols | raePrray of GlefnEhhl Bkl Ble lebRf W Blockh¥ifle data
compnsesl s in a M MO cliannel, wherein the plurality of

s i L N
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ingerfereraerpiigy (SR of edmansmiirgionichennel fra the sireamm afdatsfsymbols.
transm ssion channels for the plurality of streans o f
data synbols; performng receiver spatial processing

on tBe. pl Thaldppyratk Sff cRANE2Nf whaedl HRAmSH @b1S pfoessing data
obtain a plurality of streans of detected syn‘ooFs and
COBPRYEN ng spatial despreading on the plurality of

St e fordGlo6GhE dnd YRR Sing each of a plurality of packets of data to
obtain a block of data symbols, and

means for multiplexing a plurality of blocks of data symbols generated for the
plurality of packets of data onto the plurality of streams of data symbols.

32.  The apparatus of claim 27, further comprising:

means for selecting a steering matrix from among L steering matrices for each
time interval, where L is an integer greater than one, and wherein the spatial spreading
for each time interval is performed with the steering matrix selected for the time

interval.

33.  The apparatus of claim 27, wherein the MIMO system utilizes
orthogonal frequency division multiplexing (OFDM), and wherein means for

performing spatial spreading comprises



with the plurality of steering matrices to obtain a
plurality of streans of recovered synbols, which are
wesisoeses of the plurality of streans of dat aPGHIRNF000828
35. The nethod of claim34, jyrther conprising:
obtai ning an effective MW Cchannel estimate that
i ncI udes a channel response estimate for the
O%#”é%ﬂ I eL ri .
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despreading jointly based on the effective M MO
channel estimate. 36. The nethod of claim 34, wherein
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bl oclebinisias BlusatiFh oF Strehfns offtecaiidn9thbefs 6t #bRralfty of streams of
wherein the performn Gpg gatl al despreadi ng conpri ses
e

dp*@rswmbﬁlSrfgen@pﬁtqdama @ Bonfrigansmissiva qmneéﬂ int 3 MJMO channel,
Wchte e%?ﬂE Spcflﬁr\lﬁlgzt o%cﬁ%rggrgg é{:gi&!ﬁ %bl@ %re S Sa%ll}? dzwgﬁ gﬂtg—ahty of

stbhﬂﬁ@ nratﬁd&e ahd Stuelesri spatiatht pﬂoﬁmedipﬁmuw tradsyhigsion vie@Be MIMO
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wher ei.n
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symbols, which are estimates of the plurality of streams of data symbols.

35.  The method of claim 34, further comprising;

obtaining 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

performing the receiver spatial processing and the spatial despreading jointly

based on the effective MIMO channel estimate.

36. The method of claim 34, 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.



40. The nethod of claim 34, wherein the perform ng
recei ver spatial processing conprises performng
WO e@siovss4 spati al processing on the plurality BET/US2005/000828
streanms of received synbols fased on a channel
correlation matrix inversion (CCM) technique. 41. The
nmet hod of claim 34, wherein the perform ng receiver
spat kal p i [ : ' [ : .
SpatThl pra Sdof A SENIREh AhE SRHRRGE Rl despreading
caméseved synbol s based on a m ni nrum nean square error
(MVBE) .techni que, .42. The net ho f claim 34, erein
the B%qufﬁ tpk A ePrRRrng iy tﬁimpﬂﬁgl&'égfs%ﬁﬁanw ptpgfed symbols
ufiBg b QENGMNY stecBffd HRkrickRakhab 1Pk A6 §RRb8%EMlerl A8n one, and wherein
plurality of streans o f received synbols based on a
thedcsiessingumatiipeseare unidary sagrigesel | ati on (Sl Q)
techni que. 43. The nmethod of claim 34, further
conprising: estimating a
si gnas.- t OTh®imethad dofl Blaghf 84 eRBereltth® HeMingf r@eRRr spatial
of the plurality of transm ssion channels for the
PISCeRsEIE cOPHFECSst r eans of data synbols; and selecting a
rate f | yral| f . f.d .
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plurality of streans of data synbols, wherein the
plurality of streans of data synbols are encoded and
nmoduB&t edThaseeahod ¢fhelaat Béawhemime thatperfodbingTheeeiver spatial

nmet hod of claim 34, further conprising: estimting a
POCERHIS. COPHSTSe- and-i nterference ratio (SNR) of each
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plurality of streans of data synbols; and selecting a

channgl, end ate for the plurality of streans of data

synbgl s. 0 NR Lmates far the plurali of
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the plurality of streans of recovered synbols based on

a rate selected for the streamto obtain decoded dat a.
40. The method of claim 34, wherein the performing receiver spatial

processing comprises
performing receiver spatial processing on the plurality of streams of received

symbols based on a channel correlation matrix inversion (CCMI) technique.

41.  The method of claim 34, wherein the performing receiver spatial
processing comprises
performing receiver spatial processing on the plurality of streams of received

symbols based on a minimum mean square error (MMSE) technique.

42.  The method of claim 34, wherein the performing receiver spatial
processing comprises
performing receiver spatial processing on the plurality of streams of received

symbols based on a successive interference cancellation (SIC) technique.



47. The nmethod of claim 34, wherein the perform ng

spati al despreadi ng conprises perform ng spati al
waele®poemed ng on the plurality of streanms of deP@DUSIH05/000828

synbols with at | east two st{zering matrices for a

plurality of subbands of each synbol period used for

data transm ssion. 48. An apparatus in a wireless

mul tipl e-input multiple-output (MM contmunication

system conprising: a plurality of receiver units to
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a plurality of streans of data synbols transmtted via
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spreading with the plurality of steering matrices

random zes the plurality of transm ssion channels for
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madalated hased ey therat leastonggatef det ect ed synbols with the
plurality of steering matrices to obtain a plurality

of streans of recovered synbols, which are estimtes

of tHé. pl dhemdlyodadf ctimednfirther catprissygybol s. 49. The
apparatus.of claima48, .further conprisi.ng: channel
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apparatus of claim48, wherein the spatial processor
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47.  The method of claim 34, wherein the performing spatial despreading
comprises

performing spatial despreading on the plurality of streams of detected symbols
with at least two steering matrices for a plurality of subbands of each symbol period

used for data transmission.

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

a plurality of receiver units to obtain 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



51. The apparatus of claim48, wherein the spati al
processor nultiplies the plurality of streans of

WO ewsiovsed synbols with a matched filter, deri vRdI/bsxes000828
on a channel response estimjge for the M MO channel,
to obtain the plurality of streans of detected
synbol s. 52. The apparatus of claim48, wherein the
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apparatus of claim48, further conprising: a data

processor to denodul ate and decode each of the
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51.  The apparatus of claim 48, 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.

52.  The apparatus of claim 48, wherein the spatial processor performs
receiver spatial processing based on a channel correlation matrix inversion (CCMI)
technique, a minimum mean square error (MMSE) technique, or a successive

interference cancellation (SIC) technique.

53.  The apparatus of claim 48, further comprising:



spatially processed prior to transm ssion via the M MO

channel, and wherein the spatial spreading with the
w@bwsarissd of steering matrices random zes thePCT/US2005/000828

plurality of transm ssion chgnnels for the plurality

of streans of data synbols; nmeans for perform ng

recei ver spatial processing on the plurality of

stre f
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communication system, 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.
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57.  The apparatus of claim 56, wherein the means for performing receiver
spatial processing comprises

means for 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.

58.  The apparatus of claim 56, wherein the means for performing receiver
spatial processing comprises

means for multiplying 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.

59.  The apparatus of claim 56, 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 channel 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.



