[0001] METHOD AND APPARATUS FOR PERFORM NG UPLI NK
TRANSM SSI ON I N A MULTI PLE- | NPUT MULTI PLE- QUTPUT
WERLNGIESICARRI ER FREQUENCY DI VI SI ON MULTI PLE ACEES$S2007/003526
SYSTEM [ 0002] FI ELD OF | NVENTI ON [ 0003] The present
invention is related tow rel ess comruni cati on systens.
More particularly, the present invention is related to
a met hod and apparatus for perform ng uplink
transmssion in a nmultiple-input nultiple-output
(MMO) single carrier frequency division nmultiple
access (SC FDVA) system [0004] BACKGROUND [ 0005]
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transm ssion with a cyclic prefix (CP) to achieve

[Oo%ﬂf‘?' ink inter-user ort hogg@éﬁplﬁg to enabl e

ficient frequencydomal n equaliZation at the receiver
[00G5]1de. Bbiewelopew of tlwidd gemlerition(BGYwirkléss zpsmhsstatiomsygtems

t f e - ptive and
are Pndl3EtabdoBE PR o B Do (LA WSSl R aevelgp e
radia ecresenpebvak fubproddingta ddghrdathantgeldwiatengy, packet-
upl | nm §Si osed in LTE The sub-fr

; k t ran 0 r
optifier B ol rllg by SRale fradipartel aptpeti aNbres. 1n order
to abhievk sheSBgpals, mntead ofiingkedd dividion miudtipleestcbey (CDMA),
.ref.erence ,si gnal s i .£+, Ppjlots coher ent .
whibfS 18 EPEn YR 8 the s paPlest. cap P P S phGitsRd apren air
intelrBee foSparformibgduflink temsndksiandhdiTElat a t ransm ssi on.
[00(%] The basic uplink transmission scheme in LTE is based on a low

peak—-to-average power ratio (PAPR) SC-FDMA transmission with a cyclic prefix
(CP) to achieve uplink inter-user orthogonality and to enable efficient frequency-
domain equalization at the receiver side. Both localized and distributed
transmission may be used to support both frequency-adaptive and frequency-
diversity transmission. .

[0007] Figure 1 shows a conventional sub-frame structure for performing
uplink transmission as proposed in LTE. The sub-frame includes six long blocks
(LBs) 1-6 and two short blocks (SBs) 1 and 2. The SBs 1 and 2 are used for
reference signals, (i.e., pilots), for coherent demodulation and/or control or data
transmission. The LBs 1-6 are used for control and/or data transmission. A

minimum uplink transmission time interval »(T'I"I) is equal to the duration of the
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m ni mum uplink transmssion tinme interval (TTlI) is

equal to the duration of thesub-frane. It is possible
woaoons@ enate nul ti pl e sub-franes or tinesl oPETIUSL®7/003526

| onger uplink TTI. MMOrefers to the type of wireless

transm ssion and reception schene where both a

transmtter and a receiver enploy nore than one

antenna. A M MO system takes advantage of the spati al

diversity or spatial nmultiplexing (SM to inprove the

sub:hr/l}%%@.l Tt 95 BBisiBld @ dodchtNBte 2RALIDIS LE6BFESMbY 6P YRR ts into

has nmany benefits including inproved spectrum
longer apdindnEYI- i nproved bit rate and robustness at the
MIM@' xlef%%%’th%eﬁ}?ig Q¢ wifd188s ﬁ'ﬁhgmm%ﬂ %ﬁqfegg}%tkon sc(:}:eme where
Interterence, "I nprovement |1 n system capacity an
both adirengmitter agd 2 reesivén empploor moze khaw rmaret sntenjn@) 08| MIMO

T ' i ' ' . A
oy SLAAERE LOROHLeT el GR601 B el BBt v o
impreeenths sighehto-noise vahiD (SSHHRVA Incseames throwghpute IMEMO has

3t/ Ve -uni N . data. 1s encgqded

mady ARG RERRILE Hilrbyed Tty iitbic B Smpdro R 1aF Fage ana
robusidessatat othea edllFedgd, ereduced sihberedlls antp iwtrardelid interference,
. f transmit beanformn pre- codi n space tine cadin
imp s 5 ol SR PRy P PR P8BS s Bfwer
requeiramentanf ormati on. Synbol s are then mapped to

subcarriers and transmtted via a plurality of

antennas. The STC nmay be space frequency bl ock codi ng
[00Q®FBC) or space tinme bl ocKUMBMARY (STBC). Per antenna

te comptrol nmay, be rforned on each data stream
00ggf &, ol redels Ao Eon s Telp G £ F apS 2 3REkpptus for
peribiidih gl expiohkntranmamnissdonp i dMIMD ISGEFDMA istéml MAtTRaMireless
square error.,( decodi.ng,. MVBE; successi ve . .
tranBirpecitt, Bhed RERID GEPRREPE e RS ERE Paraetlipins pluratity
of dhidkstrédmod Afddr)a edaliition, arel Feuries Gransfivanicathpl@aehtsd] one
es for M MO ce tinme decodin

techniq S na )
of thERTTI BRATFOHE PrpaPRORAP e iR OTHDE [HHbpnd SM is
seleBRVEy PE$6HET Halle Don T DRAM NS HOAhAtioATBfhbols are then

detaj | ed under st aHdi ng of the invention nmay behad from

mamhaél to subcarriers and transmitted via a plurality of antennas. The STC
may be space frequency block coding (SFBC) or space time block coding (STBC).
Per antenna rate control may be performed on each data stream based on the
channel state information. At a Node-B, MIMO decoding may be performed
based on minimum mean square error (MMSE) decoding, MMSE-successive
interference cancellation (SIC) decoding, maximum likelihood (ML) decoding, or
similar advanced receiver techniques for MIMO. Space time decoding may be
performed if STC is performed at the WTRU.

[0010] BRIEF DESCRIPTION OF THE DRAWINGS
[0011] A more detailed understanding of the invention may be had from the
following description of a preferred embodiment, given by way of example and to

be understood in conjunction with the accompanying drawings wherein:

-2



foll owi ng description of a preferred enbodi nent, given
by way of exanple and to be understood in conjunction
Wai2047/00k@2 acconpanyi ng drawi ngs wher ei n: [ 0012] PETqIS2@®7/403526

shows a conventional sub-frame format proposed for

SCFDVA in LTE; [0013] Figure 2 is a block diagramof a

W'RU configured in accordance with the present

i nvention; [0014] Figure 3 shows transmt processing

| abel s in accordance with the present invention;

015] i ' . di 1 - .

10019807 P B HE § sholed £eck BBl PHE Rulihe ot Bpored for SO
FDM&@d6{THi gure 5 is a bl ock diagramof a WIRU

o015 935585 8SCRRTEB D S SEREHL P e

withdibegresergfingeniide; B configured in accordance with

ot herg:; [ h 3V ' 8]
00180 R B et BRI BR o iy the
presésf inkkationef erred tohereafter, the term nol ogy "WRU
[OOl!SPCl Udeﬁ bué 4'i8 angfoc#!dﬁe%%gn BPa (#f’e@ﬁ %%J%TEJ‘ED gy%)rdance

a’ nobi I'e®stat’ion, a TiX ot “hbbl 1€ SUBScP ber unl(i, a

withpdgaresentcieiventian; t el ephone, a personal data

si stance_ ( RDA) oflput er, orWalxmjoth r type of
wm%ier dzlslfgg’éé dj a%PEOC%f o%re"’lr@]'%ltolfr‘51l g ina cv?/lnr%gfué%ds)m accordance
withemvothen amibdidetof Biecpresehtt imvhatienf 4wd , t he

rm nol.o "Node; B". i ucl udes.b fsgnot dimted to
ootgfee! o hiamtn 635 Epioek PR pER NodEBPobe R ft apRpfonce
withodndthyr eidbetirhgtobthd preetdtaiRivegtidryvi ce in a wrel ess
envi ronnent. [0020] The features of the present
i nvention may be incorporated into an integrated
[0018] "EETAILED DEISCRIRTIUN @F §HE PREEERBED EMBODIMENTS
mul titude of interconngcti CO ent, P21] Th .
10013) ¢t oy WG ARITERE T SOPREE R I BERPSEY BT SRV, Gyl Butis
not ilipitedast 4 ngseSTéquibient r(UEX s mhdbitee atdttonyi & fidedr or mobile
sub e BT S LR S et SMhishloe ),

computer, or any other type of user device capable of operating in a wireless

environment. When referred to hereafter, the terminology "Node-B" includes but
is not limited to a base station, a site controller, an access point (AP) or any other
type of interfacing device in a wireless environment.

[0020] The features of the present invention may be incorporated into an
integrated circuit (IC) or be configured in a circuit comprising a multitude of
interconnecting components.

(0021} The present invention provides methods for selectively
implementing STC, SM, or transmit beamforming for uplink transmission in a
MIMO SC-FDMA system. For STC, any form of STC may be used including
STBC, SFBC, quasi-orthogonal Alamouti fo_r four (4) transmit antennas, time
reversed STBC (TR-STBC), cyclic delay diversity (CDD), or the like. Hereinafter,
the present invention will be explainéd with reference to STBC and SFBC as

representative examples for STC schemes. SFBC has a higher resilience to
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STBC, SFBC, quasi-orthogonal Al anouti for four (4)

transmt antennas, tine reversed STBC (TR- STBC),
woyailrioeswel ay diversity (CDD), or the I|ike. PCT/US2007/003526

Herei nafter, the present invention will be explained

with reference to STBC and SFBC as representative

exanpl es for STC schenes. SFBC has a higher resilience

t ochannels that have high tinme selectivity and | ow

frequency sel ectivi ty, whi | e STBC may be used if t he

chahhdIB tA&L RGé Wikl tixﬁe Y&ctlmcf P& Rl o f%ﬂe

versus transm ormng are epen ent on ann
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rateumllat@nﬁg 2@112 ZQ‘lh,, a apptlat phisey 206, m.pltlraplﬁiwxdrlsterleavers 208a-
f ran 2 carkl er

2093 BB of SBeudhich RAPHRE Yi R18F 2017, BPRE G fast

Fourrea hsfnsfonng (FHD) unibs Elsza-%znzﬁﬁmraht)pbﬁmaltmlyxa% 2CBa-218n,

i nsertion.units.,2 228 and a rall ant
 sialol ugiiohh WSicEe §EUsRaioT niieoik el ARaL PabTigRey of
inverke tfast \%RhiérZﬁﬁnsﬂﬁﬁl e(hEF’EBJdﬁnﬂs 226822600 4 mplataityesf CP
ol ovi,d

imscefigf (il AR RR R REATH SLERUH, oF R s il 1 phoutd be

notédtleatahel @afigasaiion eflthe AWHRUBE20D, 300 £id PodeBs 100, 600 in

it o Y BES b2 el sSaRE!SnO0of 20810 e
prodefding naiyUse evfoefrRdaBy 166l bf) 168 CompitbrABYariD §hé @rder of

schene may be .usedq. For exanple, the coding rate may
Pm‘ﬁ’ésw,glﬁ?%?éeff"%tc%g' 5/6, 89 or the |like. The coding

[oozmhelr(re Thy @eankiel bencoadt 'Zn2 @aaud)ésﬁtmﬁﬁ?tlggéé;hmd Adaptive

ock codin nsity parity chec codi ng, di

‘gﬁa bpR alfﬁ%k‘é’%l% leyffg)o’c?e‘bs e%%“&‘rﬁ? B8 TRRciRd dgYipding

schddie n{a’:ytlﬁe lﬁ@dc rﬂdwxuﬁiﬁle,&% co&idgqralﬁahiawaié% m3), !Uﬂolw 5/6, 8/9
' ags may be encoded _and pu cture

|
or t}ﬁ%lf#? p'&l eg ﬁép eme ke Turbo coding, convolution cod\;ng, block
coding, low density parity check (LDPC) coding, or the like. The encoded data

203 may be punctured by the rate matching unit 204. Alternatively, multiple
input data streams may be encoded and punctured by multiple channel encoders
and rate matching units.

[0024] The encoded data after rate matching 205 is parsed into a plurality
of data streams 207a-207n by the spatial parser 206. Data bits on each data
stream 207a-207n are preferably interleaved by the interleavers 208a-208n. The
data bits after interleaving 209a-209n are then mapped to symbols 211a-211n by
the constellation mapping units 210a-210n in accordance with a selected

modulation scheme. The modulation scheme may be binary phase shift keying
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and rate matching units. [0024] The encoded data after
rate matching 205 is parsed into a plurality of data
wernwansl0207a- 207n by the spatial parser 206. ParaSkiors03s26
on each data stream 207a-207n are preferably
interl eaved by the interl eavers 208a-208n. The data
bits after interleaving 209a-209n are then mapped
tosynbols 21la-2 1lln by the constellation mapping
units 210a-210n in accordance with a sel ected
BPORE AR IEeE S?E‘ES%?%@@%‘%E?%Q%A A A
Quadrgtiung grepiSigde v atdon <t r@A@\gpgKf}m.ﬂgr modulation
dr | podihagdan %M AN,
sc}leé%‘%n’ I %%ﬂkgl&?%% %%Iﬂgg henes 3&5815%”%% S Z?fg)ﬁ.glln %g{yegﬁwFFT
unitg 81 8a-21Puarhigh cutpuds éxpsgnpy domeirgata il das2 PAp Contagl data

216404841435 TG N0% ATyl OBt B A
dataf13a-213n by thpmmoitipkksenl h8at2i8n 2Thea fizgBendyydanhain data 219a-

2108 pthR e AR R Bontl S p B o 8L 216

are prvtes2dly thedipatiapittaissodd Gmil282) are processed by

e spalkd al_transforgnunift. , 02 The spati .
10025 2 ofbE tpe 355 A B et 275 sttt et B Bho B ransruit
bearhfansing] prlecadxig) SBECHEM poramychmlina&ibG, th8iof on thafrequency

comii pation e f the freguen [ t
aom§ L0021 521 B8 EREa Al crifnl] SHE TR rIRLAS Bhe hamnel
state Haforelatédm 2801 mbgr craitaion cB2fnelnimpolse atespasen nelpre-coding

iapul se response or -cadin trix and nmay al.so
matpEhihd fndy S80S Rln B eAACHR o R, SiiaPRCo Y BB dq ™ o
WTRU\SDEER recidhnre] alxtnixalanka b channeldopditioieummbler, delay spread,
read, O

condi t.ion nupber .. del gy, s Ol short and/.or .l o
or shoxf angex Ipg e Phannel StARRECS, ST pqniiiting A erds Pefited to
the Falloéfdtle chahhel. Aanidl-ednditiencdaiineiel nddy bé tardodetidieny edlow
ranif oy Gom R e R STt e foPsimegs using « diversity
schdi@@,tgiicﬁﬁ@éismm @ﬁﬁc&fl}éééﬁéﬁﬂﬂ&%\ﬁﬂ&ﬁtshm gl QETIGIEET, degfree of
Ince the ¢ nel_. wou not ve Su I Cc] ent eqgr ee
froedpBaa STPPR I JOR PR e RE TR D dubER TP phaeLfrould
suppod hi%kwmﬁh ria€ushhise BRO it @RS mitBd amforhfifig U Mew WTRU
SMu th. transm t., bea orrrir}g At | owWWRU Sﬁﬁeed .
speed %}g%e-loea@rﬁrcedeb‘apﬁgrww bremfermmg gy Rerplegiod gebile at
higlSWERUEsheHi dpendbop SM or transmit diversity scheme, (such as STC),

may be chosen. When an SNR is high, close-loop transmit beamforming may be

selected while at a low SNR transmit diversity scheme may be preferred. The
channel state information 220 may be obtained from a Node-B using conventional
techniques, such as direct channel feedback (DCFB).

[0026] The transmit beamforming méy be performed using a channel
matrix decomposition method, (e.g., singular value decomposition (SVD)), a
codebook and index-based precoding method, an SM method, or the like. For
example, in pre-coding or transmit beamforming using SVD, a channel matrix is

estimated and decomposed using SVD and the resulting right singular vectors or
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hi gh WIRU speed open-loop SMor transmt diversity
schenme, (such as STC), may be chosen. When an SNR i s
wai2gir/098l0pse- | oop transnmit beanfornm ng may be perast@®d003526
while at a low SNR transmt diversity schenme nmay be
preferred. The channel state information 220 nmay be
obt ai ned from a Node-B usi ng conventional techniques,
such as direct channel feedback (DCFB). [0026] The
transmt beanform ng may be performed using a channel

[« it . ' I .al .
e JBABHEeA SAOPUSN D0y . BN i or
beampforpddg mgctres.hdd, prarcodivgret treaisogt behmforinking Eeing codebook
e I e
SNRUsisalpc®damhthe index s this pnercodigigtm ginrgisifed badc tMetrics other

s SRV S0t AU SRR el B8 ovs
champred capaiciby kit etroamats (BIERA Modkneémrgr vsien®LdRe bhodaghpait, or

the R 80 e SR cp AR 00l PR e P s e s
actublly hicsprer @dingliveightetpriliedite drtanhactor SW).r SMEischipported by

han SNR may. be. used.a el ection criteri.on.such, a
the {paRiingh bedBirapRisie pikatectre fraarpRiant (SR podepgpack of
precoding xﬁnﬁﬁci):,orbieaﬂifoﬁhhiyh dvé@tn& HdBdER)., Thé It:fﬁ.wd itt beafiforming

the like, .In SM_.the identity nmatrixJ e S a .
scheljie AP eR4BF | ShArorg bound apck ety SNRITFE 5 Complexity.
MMsE&}eae&bgglgwlﬁ;bbfmlshﬁdpﬁ&ear#ihgm tise MR?MOO, M Fransmit

syppart ed, .the. transm t. bea rraing chi t ectur
bear{Or R g BRI QA e eSO B P BT T RS FRERRRPT f gmall
additionht feddbapkng vectors needed). The transmt

ani f i n chene appr.pa s.the Shann bound, at a

loozﬁfgh SNER? af’mi"fwseaﬁ%?g% SRS SRER By e SPaBaLTagstorm
unitgmz mgw siért w@@a%imcﬁfﬁé&%wm&%arﬁ@ nhAFpi8Ednit 224.

e ormng mnimzes the requjred transpit power at,
The ca%sﬁs‘gaaf*mg TRy Peaeithey ﬁﬁ%ﬂ%ﬂé@@ b%'gsan[l%fompmﬁs or
locaEyét ehbédriR2 TiapFag: 2B3) sWhQeeies @happed dtaSPEHd-285n is then

transform re then mapped to subcarriers by

nit 222 a p
proceheiohn £he 1FET ik RGEIHIR WoID oBfelt HFEspRein data 227a-

227THBRICIS: diedis tBb xS dsthaid el aSePaAR Y 1R CPRRRIrESn unit
or localized subcarrier m,a%pl ngz. The subcarrier mapped
2281g28no dhe timedemaimdata with CP229a-229n is then transmitted via

antennas 230a-230n.
[0028] The WTRU 200 supports both a single stream with a single

codeword, (e.g., for SFBC), and one or more streams or codewords with transmit

beamforming. Codewords can be seen as data streams that are independently
channel-coded with independent cyclic reciundancy check (CRC). Different
codewords may use the same time-frequency-code resource.

.10029] Figure 3 shows transmit processing labels in accordance with the
present invention. For transmit beamforming, a channel matrix is decomposed

using a singular value decomposition (SVD) or equivalent method as follows:

H=UDV" ' Equation (1)
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processed by the I FFT units 226a-226n whi ch out put
time domain data 227a- 227n. ACP is added tothe tine
wdan@imsat a 227a-227n by the CP insertion uni PCT/US2007/003526

228a-228n. The tinme domain data with CP 229a-229n is

then transmtted via antennas 230a-230n. [0028] The

W'RU 200 supports both a single streamwith a single

codeword, (e.g., for SFBC), and one or nore streans or

codewords with transmt beanform ng. Codewords can be

en a § %%m%(; [ ndan

[Oogﬁﬁannesl-‘lg%gg% al fd‘q‘ggﬁ@% og&g%lgc reg% ancy %h’“é‘%?é be
eXPer@)aS@K)W@rent codewords may use the sane

ti me-freguency-code resource. .[0029] Figure 3

transm? ggocessi ng label's i n accordance with t‘;“gﬂé‘a ion (2)
whefd ﬂﬁﬁﬁlhtﬂua Teietal gumerfl@iedtﬂi'aﬂﬁmﬁl' hegiaf ﬂ:idi dage tﬁ:itt transmit

channel .matrix ]s dec 0 n si ngul.ar va
bearg{orgiipg 45 (s (‘f%‘%‘/ a“tf? r%i‘q %ﬁhtlgrfg{%%%‘c’@ef%\{ﬂeﬁwg”%ng
matFRIWWHEEH 88 dlstaindd freRBtte S'Vbbc&ié@&hah abbgasd 8/, 11} £an. SM

tra ea n e expresse 0

o3l | B RRG.dhee Y et er e TRt R abrh s SPbodSatan Gy Bl or
STBO @Ayt dipresdddxas follotide case that transmt

beanformng is usid, the transformmatrix T is chosen

to be a Wanfdfaimg matrix V which is obtai ned from

t he SvO -e@grat ddn|above, (i.e., T = V). [0031] IfSTC,

(i.e., SFBC or STBC), is used, the encoded data for
wheﬁFEI@. firstaidGavand rewad phe abed: matfigirbpresentihidrecrichded data

for i T nd 2o RTbeF YR REER 5 0 ool B BB amons

scheaid. WhShEXFBC iS”¥edsa; 0dha s §Irlé§ré3de&mthblda$§ iggmbols of the
Wien SFBC i s used, d2n and or n-represent the data

subcynierd 8n caﬁldt2m+15£dxcaapaiir of suldarsieds. 2Whenf JFB€ ipaised,of,, and
subcarriers. Wien STBC is used, d2n and ? 2n+1

do,r BRFTEETHL b BdaePRE OFD Mrpmbn)srBa andPn-tho Beth pechegagshhave

the sarpLe tl}gé/goéehleatsarre effective code rate.
[0032] Figure 4 is a block diagram of a Node-B 400 configured in

accordance with the present invention. The Node-B 400 comprises a plurality of
antennas 402a-402n, 'a plurality of CP removal units 404a-404n, a plurality of
FFT units 406a-406n, a channel estimator 408, a subcarrier de-mapping unit
410, a MIMO decoder 412, a spatial time decoder (STD) 414, a plurality of IFFT
units 416a-416n, a plurality of demodulators 418a-418n, a plurality of de-
interleavers 420a-420n, a spatial de-parser 422, a de-rate matching unit 424, and
a decoder 426.

[0033] The CP removal units 404a-404n remove a CP from each of the
received data streams 403a-403n from each of the receive antennas 402a-402n.
The received data streams after CP removal 405a-405n are converted to
frequency domain data 407a-407n by the FFT units 406a-406n. The channel
estimator 408 generates a channel estimate 409 from the frequency domain data

407a-407n using conventional methods. The channel estimation is performed on
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[0032] Figure 4 is a block diagram of a Node-B 400
configured in accordance with the present invention.
woheo7Nosi®2 B 400 conprises a plurality of antenras/usS2007/003526

402a-402n, a plurality of CP renoval units 404a-404n,
a plurality of FFT units 406a-406n, a channel
estimator 408, a subcarrier de-mapping unit 410, a
M MO decoder 412, a spatial tine decoder (STD) 414, a
plurality of IFFT units 416a-416n, a plurality of

a pdSHRALLAAT BaddSaTd Bl balrhd Zypﬁg HRIENARS RS the

420n, a spati al - par ser -rate match |ngrh
e

0ppc1§rﬁet omatloanwhwbda:@aébrmzé at[ﬁ%ﬁ‘]’TRHe 2@9 ofehigpae 2
subddPtibs ad948s néé&‘ga{a?gggﬁ 4? 15%s Eﬂ&ﬂbﬁfb‘é%ﬁ by Bfe WEBEDRoder

ata strea rom eac e r'ecelve
412.ant ennas 402a-402n. The recei ved data streans after CP

r,enovalmé CORVES n
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mayqﬁ dz‘%) QV%I gure 2. The subcarrier de-mpped
dat a 41ka- R1A (iR 1HER grocessed by the M MO dm%ﬁ{éo%(s)

412. [0034] The M ‘MO decodér 412 may be a m ni

wheB€|RAE @ retdios prdddsEingdaatider? = andM/blars veeekiiotematrices and
interference cancell ation (SI C) decoder, a maxi num
Hisd aﬁdlfedhmobh@hb)al thedoicerhich indludectitesffact ofitheVymatrheon the
ed techni s for MMO M MO decodi ng using a
eStlﬁna¥ea§hW\7§E% ﬂﬂ%ﬁn%) decoder may be expressed a s
[003501 | oWsTh&SHHY 414 Mecédes. the@RE ifBTC Waskeenaisedizd the WIRU

Si nat i and are correlation

200, SFFI 5 BIRAE AR Rg Wit KrvSpa0ey B Shteisii s Ghpeh

i ncl udeg < (re“ af frectr 0 rHg ™V matri x on the estipat ed
channel regonse [('5—8)‘3:5] The STD 414 decodes t Hetugfen (4)

whekdé HSEGhkasteaedusdnal datgxWRU

hn - hnz
H = .hztx ~hy

Py hl. 1

h;2 h;l

The channel coefficients #; in the channel matrix H is the channel response

corresponding to transmit antenna j and receiving antenna i.

[0036] STC is advantageous over transmit beamforming at a low SNR. In
particular, the simulation results demonstrate the advantage of using STC at a
low SNR over transmit beamforming. STC does not require channel state
information feedback, and is simple to implement. STBC is robust against
channels that have high frequency selectivity while SFBC is robust against
channels that have high time selectivity. SFBC may be decodable in a single
symbol and may be advantageous when low latency is required, (e.g., voice over

-8-



200. SFBC or STBC decoding with MVSE may be expressed
as follows: R=(VvH'Rw - H+R Z 1 J 1H Rm; Equat i.on
w0 2da7jo9soere H is the estimted channel matri XPCThiS2007/003526
channel coefficients h in the channel matrix His the
channel response corresponding to transmt antenna |
and receiving antenna i. [0036] STC is advant ageous
over transmt beanform ng at a low SNR In particular,
the sinulation results denonstrate the advantage of

IP (V 51, Eldef hafsil SWieNbn @ Rns ot SFHC Red @I‘ﬁ(‘f‘bi’&ndg's—ﬁmlar

does not require channel state information feedback
perfgpgapee.simple t o i npl enent. STBC i s robust agai nst

[oos#;annel ArlePAUTIRY Qebb B f(ﬁﬁ@tﬁﬂ Y n%@'ﬁ%‘éhb \Urt ééft&‘lﬂ 'sggce time

SFBC i s robust agai nst C annel s that have hi
decaghing gif S1Q ip-usegptherdgcasdeddiaga ¢aBa«¢18n o 4915?49491&1@; Evotessed

by t?@ PR G @fk\aa@i@gﬁ)?%nv%})@fbdﬂaﬂlehs&% usied &ﬁ#ﬁ 5. The

., voice overlP ausi
time dnmatmci&tatfbk%—ﬁiscmmom@@ by dhe di:;emd‘nlam’rs “118a-418n to

R
de-interletyens d80dd28nd vWdeck 18 muospphiHa-opbBatios oftbe datadeavers
208%320%51 f'éﬁFTNﬁw Sod P AL f’fﬁe on;igerf'e %Ba'it Lil€ams 421a-
421narpnoresd byl the spdtealdhqp@hsbaém sTHéﬂmrgéHmt tstregm@fiais ¢hen
procesgedc' {)r %ﬁeam %c%lln ! tgﬁi 3?%‘60@%%%%0 n artﬁe data

proce & TRPert eavefs
427an opp05|te operatlon of the interl eavers 208a 208n of

0037 e aova S Rting 08, s ' WHBRITBHEC plilires, Q3 o
compingehpravedipetnbitix 3t r‘EamNbﬂ@-B 400,660 ipchdies gathalmyel state
fee(ingg%glgl;i{ ?nthog sglg)%vgnlg I&g ge e é‘:ﬁ st.'sxjteeC ()erbét%gn 5:0 the WTRU.
The feedback requirements for multiple antennas grow with the product of the
number of transmit antennas and receive antennas as well as the delay spread,
while capacity only grows linearly. Therefore, in order to reduce feedback
requirements, a limited feedback may be used. The most straight forward
method for limited feedback is channel vector quantization (VQ). A vectorized
codebook may be constructed using an interpolation method. The computation of
the V matrix requires eigen-decomposition. In a matrix-based precoding method,
feedback or quantization may be used. In the matrix-based precoding method,
the best precoding matrix in a codebook is selected and an index to the selected
precoding matrix is fed back. The best precoding matrix is determined based on
predetermined selection criteria such as the largest SNR, the highest correlation
or any other appropriate metrics. In order to reduce computational requirements
of the WTRU, a quantized precoding may be used.

[0039] Whether the eigen-decomposition required for obtaining the V
matrix is performed either at the WTRU 200, Node-B 400, or both, information
regarding the CSI is still needed at the WTRU 200. Ifthe eigen-decomposition is

9.



[0038] Transmt beanform ng at the WIRU 200 requires
CSI for conputing a precoding matrix V. The Node-B
waQm7/06002i ncl udes a channel state feedback unPCT(US2107/003526

shown) to send the channel state information to the

WRU. The feedback requirenents for nultiple antennas
grow with the product of the nunber of transmt

antennas and receive antennas as well as the del ay

spread, while capacity only grows l'inearly. Therefore

in ord t S
verfouinh 8 ko NoaEH i, (B8 1R L BULATE Ehe vy Rt 200 B rurter
improve tlhjerﬁ'shmhtb@e tha tlanismit bammdling/mattnx amhetWZ‘RU @no0.
[004@1/ | ntA veel Of gﬁg{ﬂ& %da‘b%%raa ‘.%Ee cons ruct g{auqed by
averdghig Ia)érdssqﬁ'qu@l g s enetiypds irtayois rdafenaad to as statistical
tri net.hod,,.f eedback. o .
teedfiatth (SREREAD A RahRay e, CihST THBFY fefihagk or covariance
feedbs €l 08intg cb‘eiﬂi@ﬂce infiernhetdén jy 2eadgiig aorbss thel subgarriers, the
ebook is s te and an index to t selec
feedgegﬁga{q{ﬁeﬂe or %cgﬁifﬁa{et 83‘]518SYV %ﬁgback must
be déié foreach udtﬁtvﬁi’dﬁl s@bch@iedr ghoyws eﬁﬁibeammd Coakeniendly, the

criteria such .as ar. N hi
latter fengiines; ppreFienp %Pﬁ%’ihge pr%ﬁf"? Bﬁ“‘ec %'1 Exhilifs gagispical
recipdcit§doE Covdigitedbédbtitk, fraglitit ds@i¥agk @hay be WAERELr Bransmit

antj zed precqodi e used. [0039] Wiet her the
beargffga@gefwﬁﬁ g?’ﬂ‘gﬁ’ 5@%@?\@@%@ %B‘?boﬂ“}lﬁ lﬁ@?ic’ﬁesa/sensmve to
feedg%%lﬁ Héldygaspﬁﬁﬁt A pdx;éadoqiewsebc@hn&gmemt?éémek Nodet BI
(0] I NT.Or Na n.regardi ng | S SUI
[0043deded EisurreS\and Bose Lf kidiagrargs i a&@?%té??e&ﬁ a Node-B
GOth RUergg{caerhh@e Nﬂdﬁazﬁ:tﬁ@@e?ﬁb&r@lt tcmtaue Bfﬁeétéﬁeﬁw%htmn
e I nprove e estimte O he
The WaRL 2002 gmléﬁgé] RO iyplgment PeprRlenRD rafoeuirolPARC)
witH ebuﬁfhd‘lﬁew&z@sﬂmqfeah?&xﬁﬁeé 'p@écdﬁ&@@ﬁﬁb%\ﬂaé be obt ai ned
aver agl n 0SS eguency 1S Nng (0] my
fooﬁziferre gteé}g?a% §00) ing qd&ma %P@é@laekserépgtmm@éntyofchmel
encd 26 BOGK 508Y, B PLEaliBE bf FREBMARBADAGKILE 506R6B6haA pBurality of
f eedback. Since covarjance information i s averaging

integleagers 20fa-398 & plusplity efirensieliatiopunappingamits ¥Qﬁ -601n, a
p1u1<ah1ty SEPea ity emr @12&1 (}ﬁ%tywﬂhhﬁtlﬁﬁa%@rg @ﬁ;ﬁbspé&l JAlphtial

done for each indivi subcarrier or gr.oup

trarss@mmme P32, Toubeymian wAPPingeunit 84, a Bhupkss O%FET units
5262{&23&\;{ %é%ft{? eFICPSidNe?tibh Cukit@ H28h-526H BldSa plurality of
antennas 530a-530n. It should be noted that the configuration of the WIT'RU 500
is provided as an example, not as a limitation, and the processing may be
performed by more or less components and the order of processing may be
switched.

[0043] Transmit data 501 is first demultiplexed into a plurality of data
streams 503a-503n by the spatial parser 502. Adaptive modulation and coding
(:AMC) may be used for each of the data streams 503a-503n. Bits on each of the
data streams 503a-503n are then encoded by each of the channel encoders 504a-

504n and punctured for rate matching by each of the rate matching units 506a-
-10-.



reciprocity for covariance feedback, inplicit feedback

may be used for transmt beaniforniing fromthe
WORRIAON2 Covar i ance feedback is al so | ess senBCTiUS2000003526

f eedback del ay as conpared to per-subcarrier nean

feedback. [0041] Figures 5 and 6 are bl ock di agrans of

a WIRU 500 and a Node-B 600 configured in accordance

wi t h anot her enbodi nent of the present invention. The

WRU 500 and Node-B 600 i npl enment per antenna rate

5061t OAﬂtéPAatﬂxPe‘}B% 1%1@ ﬂéuﬁ’\&att‘a%{ea%@ﬂr%%teeﬁ& @J@‘d%{ﬁ ﬂﬂlctlfu'ed
recodin The WIRU500 i ncludes a spatia
by t ar@@mn@g zencadﬁnsm irate siatchinghupitsncatherstlsouaasgng one
units 506a-506n, a
trané?ﬁir g{;ﬁit i;k)é fu‘}élt ﬁa@ét‘%@ém@

erleavers 8a-508n, a plurality of
[004éb nst el The iemeoderh diabay affert sats Datding, 5QVapbifmlis tprefefrably
. ' I i
ool AR BB DB 1 bl BB B Epung pose
509mappthen mapped Edlsymquls & dhi50indfy ﬂh@l%ﬁnsml]hﬁoﬁaﬁapﬁﬁ@mnits

5108 pR0H I Al TR W3, B683:R080. 3 Bodulation
schentmmaahbe Bd?ﬁK,gQPSKL, (&5’ S, IM%QQMSOWMMOdulatmn
sche%gesexggﬂlb% s g?ia %213 on 'Qc%aé+t%”str991% gr.lée orcggs%gs't% Nthe FFT

€ss €O
unite 5d8a—5df2np|vhmbsmrtpgtsrfeqmieac§; dbinealine datai 5D3128-]513na6}9ntm1 data

5144 IR Saeh B R R R R RE p R i Feyhtnd domain
dataAl 24-51 8nnhoyd mhamnmmlﬂexbrs (5d|8ag5 ](Séxl\/C)I‘hna{yedpmmseﬁbxﬁ?m data
503 Bl

194 Ri0p SinseFr e T mSnLRRE RoaPar dRbi o Bt RS adhie groa-
516ﬁ}m@mnés§edd:ydﬂué€sp&tﬁ0ﬂnmsﬁﬁm uafids2finct ured for rate

(00487} o naP PO BPS A iaPstarE i Es Hlpeh ety BAHE ARG 8t transmit
beaﬁﬁﬁ@ﬁa@ préleqiling! STEBSMY ok ity cdrabiieitiodthedesfonahd ﬁfeqhency
dommpfy Gats B piod Sadiezed choanel Sital LB o RLY The ghannel

stataflhﬁfrxﬁﬁﬁ&l 'BFR0C RayJcftdin 2BdAnels ippale fd¥p¥nse or pre-coding
I nter eave

matii g SR PR PG 5094 51 80TV Er & WABY Aeted chgmael
matsixHaelks a thdandilcbAdijord Member dekly firbad) oFRROIHBGAHESS term
channel statistics. The channel state information 520 may be obtained from a
Node-B using conventional techniques, such as DCFB.

[0046] The transmit beamforming may be performed using a channel
matrix decomposition method, (e.g., SVD), a codebook and index-based precoding
method, an SM method, or the like. For example, in pre-coding or transmit
beamforming using SVD, a channel matrix is estimated and decomposed using
SVD and the resulting right singular vectors or the quantized right singular
vectors are used for the pre-coding matrix or beamforming vectors. In pre-coding
or transmit beamforming using codebook and index-based method, a pre-coding
matrix in a codebook that has the highest SNR is selected and the index to this

pre-coding matrix is fed back. Metrics other than SNR may be used as selection

-11-



510a-510n in accordance wth a sel ected nodul ati on

schene. The nodul ati on schenme may be BPSK, QPSK, 8PSK,
waases®2 QAM or simlar nodul ati on schenes. PEyms2103/003526

511a-511n on each data stream are processed by the FFT

units 512a-512n whi ch out puts frequency donain data

513a-513n. Control data 514a-514n and/or pilots

516a-516n are nultiplexed with the frequency domain

dat a 513a 513n by the nultiplexers 518a-518n. The

critet ?% exe gcontroaglga a 1§ﬁgf§}“ﬁﬁlgﬁ Qh#legort ar In

SM, ﬂi@@en&xtx matgteisouddag a m eqdamg matmafwef oﬁhem ke actaany no

e G GAITs SRR S RGPS s

beanglorming arghimmmwmaremtéy @@hpbnnﬂi@dbadq q&neyocanmatnx

or be%%%i%r%&%%\'?c]tg%h %)%%I%g gi;hn%{}lg-g%&é may co n?al n C%%?Q%Q(:hes

the Shmmmﬂ)qmdmmhlghrstéemthmgomplemby MMSErdyteatcs'oBecause
contain at | east

or trifiin ot AL &} Ul R Ry B0 O wlntivit biRRRmiRe mipimees

the mgna&d transmhop(iwamﬂ iﬂue elxxpegsé ef msni’aéhm@dltmhal feetlbadk.

I S AR T T W LR

umt[mA&]e ﬂ[lfmx tdaqipﬁm;b shbaaifrimmbygt}rmmﬁrﬁef horpritg uSitn§24.
t {

The SypeBEAE NAPT NG Eobe L p e Bitthenet iifetirieSiuidl or

loca]timdﬂﬂﬁ?caﬁfgei' hﬁ%ﬂr)plhﬁ ’IH? subcaﬁﬁs Dbﬁ malfpeidl’ @ta(ﬂﬁt????ﬁin is then

procgiBANR b TRR TSR 28R 128 SR cu St hRE e, SRbkir ppfa 527

527d. hChishgiled tveathrof the thhe dl{ilﬂﬁlhl dech 52D062%h ngutiny CP

el 3, e G549 A P52 s then

tranBfattba via ACHluBAUNG dfedﬁbmﬁﬁs wﬂh bB0ex- based nethod, a

e- codj rix.i deboo as the hi_ghest
oodBlR 9 Eh? altaBatd iRaties avnla iRy of Fnterae ﬁgga-fiozns
plurf Bty bXCPSrehaflad aghts ddabrérs, @tﬂlﬁialliﬁ&ﬁf ENRiRYtsB064S606n, a

charg%kseg och 19 gﬁé,%gl%?ngg gﬁ%g@g élnlf' ne M?ﬁg?gecoder 612,

an s'm Bl ¥ ;smmxesr HSIRIBEAn#s aa&t&&pca ﬁmr&m;y bK dexhbdalators

here 1s actually no, pre codi n t applied
618aaﬁil%anasp¥lbr@1®</p°f dfrsteleppenst 520 W’%Pﬁe & Pémhty “of de-rate

matching units 622a-622n, a plurality of decoders 624a-624n and a spatial de-

parser 626.

[0049] The CP removal units 604a-604n remove a CP from each of the
received data streams 603a-603n from each of the receive antennas 602a-602n.
The received data streams after CP removal 605a-605n are converted to
frequency domain data 607a-607n by the FFT units 606a-606n. The channel
estimator 608 generates a channel estimate 609 from the frequency domain data
607a-607n using conventional methods. The channel estimation is performed on
a per sub-carrier basis. The subcarrier de-mapping unit 610 performs the

opposite operation which is performed at the WITRU 500 of Figure 5. The
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beai ruOrm ng architecture transparently (sinply
no- f eedback of precoding matrix or beanform ng vectors
waeed@djlo2 The transmt beanf orm ng schene appr eathss007/003526

t he Shannon bound at a high SNRfor a | ow conpl exity

MVSE detector. Because of transmt processing at the

WRU500, the transmt beanform ng m nimzes the

required transmt power at the expense of a small

additional f eedback. [0047] The synbol streans
subcggﬁérﬁ éacme@lfﬁl iheisand %J'octe SEPERR NTMO Heloder

are t ppe 0 su carriers e subcarrier
612.mappi ng unit 524 The subcarrier mappi ng nmay be elther

o0 411 PH AR R, 8 s ubons
decoplclo cﬁ@sbﬁd despdeheon @ﬁﬁcaﬂwwlmeay@zm MY@FedlﬁeplemqueS for

MIN%? ”‘i‘th@%ﬁb 5198 R0@G" 2@% "ﬁc%%s g%,%ﬁ tAnRAFPRY 500.

me donmai n data I nsertion
[0053hi t s Fefter MBVMO dheodmgrélfdsml m dat alswil lor Gifter space time

oAb TR oGl rogered

by thed IRET units 6 6arflémifas c@dRasi60 20 tinge gdmpain data GH7ac17n. The
tm%gg”x%‘é% awr:]a %37% 604@1{% s{%dubjayéé ¥1e8Io u'fatogg I6t1§a-618n to

anne a S U carri
genei'etefﬂmp ptnegmﬁrﬁ 1t9aeawn AThA msﬁeenﬂaeﬁl%ifilﬁm@"fb):esiéd bythe
L1.s.616a- 6160 |,ur al
e seblAbiy 60 0. WRH i AR rblete Befaithf ok bl Raepiepyers

-5082620813 o2 the V\a‘R)ULﬂﬂﬂ dftBigafe GleEnel of th:lidd’-untgrlaavé(kblt streams

o21 8505 S Br VS8 Y o sEPEAEE R BB A e o

The @42:té& Qzﬂa[tchedrbiltestae@s memrim%ﬁfamfddcbéed be eha ddcatlrira 624a-
t t
62433 S HRRTRSRICE S, U208 AR Ao ToCET b e e APERERe BARGR 426 to

reco%8baata0Bizy.ar e converted to frequency dommin data
607a-607n by the FFT units 606a-606n. The channel
estimator 608 generates a channhel estimte 609 from
[o052he fr eBumedyment®mi N data 607a-607n usi ng conventi onal
t hods, The, ch estimation i rfornmed, on, a per
10023 - car b or AaSF DO BTBERITE BPURE TSP i 2 Fitpless
compRidiedtidn bftem.

[0054] 2. The method of embodiment 1 comprising the step of
generating a plurality of encoded data streams.
[0055] 3. The method of embodiment 2 comprising the step of

generating a symbol sequence from each encoded data stream in accordance with
a selected modulation scheme. :

[0056] 4. The method of embodiment 3 comprising the step of
performing a Fourier transform on each symbol sequence to generate frequency
domain data.

[0057] 5. The method of embodiment 4 comprising the step of
selectively performing one of transmit beamforming, precoding, STC and spatial

multiplexing on the frequency domain data based on channel state information.
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opposite operation which is perforned at the WIRU 500
of Figure 5. Thesubcarrier de-mapped data 6l1la-611n is
woheet/psloezessed by the M MO decoder 612. [ 0050PCThis2007/003526
M MO decoder 612 nay be an MVSE decoder, an MVSE-SIC
decoder, an M. decoder, or a decoder using any ot her
advanced techni ques for M MO. The STD 614 decodes the
STC if STC has been used at the WIRU 500. [0051] After
M MO decoding (if STCis not used) or after space tine
codi (if ' - .
[ooﬁ 8150 '615n’ﬁi;resqﬂ§ thatts fséeiﬂb%%éﬁ%l%% rﬁ%’? gﬁ%%%gﬁg,% AP
symbols appenchrsyingrolisequenge Wombicardetsa 617a-617n. The time
mai n dat a - [ d t
00 o 616 © o onEr B T, UERARAGH, Y fpa QiR Mgl BB of
perfermsmninvergaleudnar frangfeug ensthe snbcahder mdnpypedr datavar each
- L.CR b Sy ' operation of the
symBeP et o Pbhal e e ARRAR BEGROSE00 of Hi gure s
[006ach of 8t he Thae | metidd anfe éndlioliment dfrscod®irsi62l whe sstep of

. d of the de-rate matching units
tran%ggg@%gl?ﬁe iﬁed%é?rﬁgggtaﬁatched bit streans 623a-623n
[006dle decdded Dye nisdhdd eedaranycsithe eddbiodiniEngs Gt odeetein the

its 6 e tial de- 6
TGN SatBhRFBE TG, AR GE el SRR (i8S RIETHE na
CDDet hod for performng uplink transm ssion in a

jrel essyCO ni.cation stem. [ 005 . The t hod of
008 oo i - 10 R pot s WS e e ments p v ibret the
chaphelr afaté yinfdroeatiaddd alatleastt omand. cHa@0@b | inYoulsé eresponse, a

t hod of. enbaditent, 2 ¢ rjsing,the,step, of ,.,.
prodiatii i I SIHT Gt eyl Amate B A S bRBL ngtitiap gumber,
dels=st sprasd, NWAEERUrspead end dHanmed siagistied. nodul ati on

heme. , [ 00 4. The net.hod of odi t 3
00§ sHho o fhe St B R g o dbe SpirTets A0y fther
comPRisagrthesstep of paagtiaine oh@agk R thé enéddequing \stekanps for rate
matg:ﬁxtnag'.

[0064] 12. The method as in any of the embodiments 2-11, further

comprising the step of interleaving bits on each of the encoded data streams.
[0065] 13. The method as in any of the embodiments 5-12, wherein a per
antenna rate control is performed on the encoded data streams based on the
channel state information.

[0066] 14. The method as in any of the embodiments 5-13, wherein the

transmit beamforming is a transmit eigen-beamforming using channel matrix

decomposition.

[0067] 15. The method as in any of the embodiments 5-13, wherein the
transmit beamforming is performed using codebook and index-based precoding.
[0068] 16. The method as in any of the embodiments 5-13, wherein the

transmit beamforming is performed using steering vector-based beamforming.
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[0057] 5. The nethod of enbodi nent 4 conprising the

step of selectively perform ng one of transmt
woeenTiobsioni i ng, precedi ng, STC and spatial nul PCplusxiongo3s26

on the frequency domai n data based on channel state

i nformation.[0058] 6. The nethod of enbodi nent 5

conprising the step of mappi ng synbols on each synbol

sequence to subcarriers. [0059] 7. The nethod of

enbodi ment 6 conprising the step of perform ng inverse

[0oeRPur i er 111 anphoHRARA! A8 ;8 URGALE ItBE JTRBRAhERL A-96, further
each synbol sequence to generate tine donai n _data.

comprigy] iy steh of yepliipdespecrpbiol data and wilpbe Mt ghe frequency

d Raff transmitting the tinme domain data. [0061] 9.
om%'g method as in any of the enbodiments 5-8, wherein_
[0070he STCL8.s CHee pfetlBrbas SEBY of theeinbodinhenfsdal 7, wherein the

. ' ' o . The
eréri%% Eoﬁgn? c%qg)%% ygﬂ%ﬁ%ﬁéﬁ/[n‘glg@? neﬁktigﬁ@gg,glte érein the
[007Tdhannel 18t at Ehé mhethodt apnni anatof tha sembedinents [ahBefurther
i npul sg res . r ' L an SNR, a
com@ﬁ%hn ﬁ“errsteatfagi%g%%gﬁ ) gﬁgﬁgrhggll(’%&#ﬁ(ﬁ%t?bn nunber, del ay
[00&)r ead, 2. W'Fhk spetitbdand ednbodihersit 491 sompsisifg)@b8] step of

1. .The, net hqd_as. in any, of the odi pent.s 2-.10
verfpiinie Fobien, o 3t ¥p sebVad Rne, APRES, ikl gpmerate
receivgl fraqodey ditabainsdateans for rate matching. [0064] 12.

e met hod in_a f the,.egbodi ts 2-11. fuyrthe
00T sPhg « Re® opBitesd of CEPPEIGFRE ) Fodphbing iibb{ Sep of
perfohmirg sobiedridatda-mapeiaugs. [ 0065] 13. The nethod as in

y of e odi ngnt -12 erei n.a per_antenna
10074]; e CO%?T oleﬁg% xﬁgﬁ%‘fﬁgdemoﬁﬁﬂe %?&d@gmgﬁsén%trlﬂgaﬁ%ep of
genbag ety cibrire? estimatel state i nformation. [0066] 14. The

t hod [ ny of. the enbodi.nents 5-13, wherein th
[OOﬁansm ?§bea %r?ﬁehbm{]s‘)fae{n?’gﬁgﬂﬂt &aggﬁ’{ngglﬁm%rt%ena%p of
perfosiming cdeestiag ombthd recddednguirhitionde-mapped data based on the
channel estimate.

[0076] 24. The method of embodiment 23 comprising the step of

performing an inverse Fourier transform on the decoded received subcarrier de-

mapped data. ,

{00771 25. The method of embodiment 24 comprising the step of
performing demodulation and decoding.

[0078] 26. Themethod as in any of the embodiments 23-25, wherein the

decoding is performed based on one of MMSE decoding, MMSE-SIC decoding and
ML decoding.

[0079] 27. The method as in any of the embodiments 23-26, further
comprising the step of performing space time decoding if space time coding is
performed for transmission.

[0080] 28. Themethod as in any of the embodiments 22-27, wherein the

channel state information is fed back from a communication peer.
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[0067] 15. The nmethod as in any of the enbodi nents
5-13, wherein the transmt beanformng is perforned
wagbergesiwelebook and i ndex-based precodi ng. [ 0088T/U88007/003526

The nethod as i any of the enbodi nents 5-13, wherein

the transmt beanform ng is performed using steering

vect or - based beanxform ng.[0069] 17. The nethod as in

any of the enbodi ments 4-16, farther conprising the

step of nultiplexing control data and pilots with the
[008“1][ equengy dopRl ﬂae@ﬁ‘éé‘o%e{xﬁﬂv\icﬂlne}ﬁ-zs%eﬁ% P‘i&nﬁéd FddBl ¥k is

ol the enbodi nents 1-17, ereln the wreless
usedcfomehanpsl stote informptips feedlaw SC- FDVA system [0071]
[od? Theggret hfﬂeﬁl%tﬁc{%cﬁ*%%fdiﬁlpﬁt Em&é{ﬁ%hﬁnﬁéﬁﬁisused for

urther conprising the step of receiving the ti

chanjwlstatedafermdtdgygedback.-The net hod of enbodi ment 19
[oosﬁﬁ”pr | S4119 thg, ﬁfeﬁgoé’cffeﬂ%aafd%ﬁh{‘% whUkdi Big’eﬁﬂl%é&ﬂg@iﬁﬂn of

the received t1ne domain data to generate recelve
a chanwejunnatrix toperformis at. theGogBhuRitatith peertofertlbatk a V matrix.

di - : .
008 car Ty dEnS RS b b SRe el B feedbackis
usedfipchanpel state infppmationdeedtmckt ep of generati ng

I ' . . T . '
o0l o8t 53 e kil LA Pl SR Rl
and cecaiianck feeldback isarseddoralpprael dhate indowahtdon fdedback.

annel ,esti 7 24. The,. hod_of .enhodi
005} 00° 3821 | BRPERU 3 PRlofisnd UELAR A BLaBHER iR so-
FDMAuwireless camsfiwrication shetedecoded recei ved subcarri er

mappeg. dat [ 5._.Th of emhodi nent 24
o P r Pt e VR o 2SR Y e BonPRRR R Cpoter for
encaing inmat d4t@078] 26. The nmethod as in any of the

oosfbod 581> 75 SnstEaE S IS LA N fshasion
mapping unit for generating a symbol sequence from each encoded data stream
in accordance with a selected modulation scheme.

[0089] 37. The WTRU of embodiment 36 comprising a Fourier transform
unit for performing a Fourier transform on each symbol sequence to generate
frequency domain data.

{0090] 38. The WTRU of embodiment 37 comprising a spatial transform
unit for selectively performing one of transmit beamforming, precoding, STC and

spatial multiplexing on the frequency domain data based on channel state

information.

{0091] 39. The WTRU of embodiment 38 comprising a subcarrier
mapping unit for mapping output of the spatial transform unit to subcarriers.
[0092] 40. The WTRU of embodiment 39 comprising an inverse Fourier

transform unit for performing inverse Fourier transform on the subcarrier
mapped data to generate time domain data.
[0093] 41. The WTRU of embodiment 40 comprising a plurality of

antennas for transmitting the time domain data.
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M. decodi ng. [0079] 27. The nethod as in any of the

enbodi nents 23-26, further conprising the step of
woeodioomiong space tinme decoding if space tine eowiusguor®803526

performed for transm ssion. [0080] 28. The nethod as

in any of the enbodi nents 22-27, wherein the channe

state information is fed back froma comruni cation

peer.[0081] 29. The net hod of enbodi nent 28 wherein a

limted feedback is used for channel state information

[009fNﬁed backs | Oﬂg%k(;%gg asif gﬁ?g)?@ﬂ%%bggﬂggxg{g?gAﬁavhemin the

erei n" chann use channe
Spatﬁaifbanmuhéeﬁbmﬁguﬁr@ﬂ)ge]pesfprmm’e lepstt ot of SFBC, STBC,

n;{ggjgl' on of a channel

quas?‘ré Héf’l [ %iéégwﬂl (flau?é?lﬁfg conmuni cal?iljon peer

[00960f eedbtz k AN TRY. agif@3v]of 8Re efﬁlbednaemwsmz wherein the
odi nt 28 erelns tlstlca feedb | used for

cha negn%e rémitvwn oriet |:1)%SF et ack g %ése THePomse a

precﬁéidg)dabﬁx,em)SNR;mthaiﬁleI\hatmmwﬂ:ea&hanna}wﬁﬂemmnkmber,

and co ar K.i r channel state
dela’?’rﬁ)g??rﬁtl on gg%n%[%@#f‘%%t WARUF or perform ng
[00968D] | nk 44. ans'ﬂhséW&‘iRU msanNhh@ﬁ@lﬁBmmwadhﬂmﬁ:s 35-43, further
connuni cat .l 35, Th
comBi s SReaT PRI F eiFTafiog, A BIEATAY P ERSA dpte shipems
frontlthetenddd@88hpBbdatthe WIRU of embodi rrent 35 conpri sing
constell at ing unit f enefa 0
[oogi@quenc‘gé ?ﬁ%mc‘%&é‘d%& ?tgg FM& %%tgo‘%g?télﬁher
comptrisihga spdtm}t;misenfdm gaheratingehphealify0ff8ApuBdata streams, each
odi ne a Fourier transform
mp‘ﬁrffattafsgo eaﬁ’é?%b‘?‘%?’ﬁcé’dﬁgggf}% @Pc?‘#ﬁsf orm on each synbol
[oomquenc%t 0 'Tha eWIRY fasei anwad%aembdaiment[samas Bfrther
WIRUof .enbodi nent 37 co sin fi ransfo
compRRIng § rotE BRISRIRS R R P Bao Fogh o dhf eecasd dhta
streBBRTbP pate@at¢liagedi ng, STC and
[0099] 47. The WTRU as in any of the embodiments 35-46, further

comprising an interleaver for interleaving bits on each of the encoded data

streams.

{00100] 48. The WTRU as in any of the embodiments 42-47, wherein the
spatial transform unit is configured to perform a per antenna rate control on the
encoded data streams based on the channel state information.

[00101] 49. The WTRU as in any of the embodiments 42-48, wherein the
spatial transform unit is configured to perform the transmit beamforming using
channel matrix decomposition.

[00102] 50. The WTRU as in any of the embodiments 42-49, wherein the
spatial transform unit is configured to perform the transmit beamforming using
codebook and index based precoding.

[00103] 51. The WTRU as in any of the embodiments 42-50, wherein the
spatial transform unit is configured to perfofm the transmit beamforming using

steering vector based beamforming.
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spatial nultiplexing on the frequency donmai n data
based on channel state information. [0091] 39. The
woRR/ef10enbodi ment 38 conprising a subcarri er POBRS200Q/003526

unit for mapping output of the spatial transformunit

to subcarriers. [0092] 40. The WIRUof enbodi nent 39

conprising an inverse Fourier transformunit for

perform ng inverse Fourier transformon the subcarrier

mapped data to generate tinme domain data. [0093]- 41.
[00108p WSS of End wirarntasdd W'tﬁb%ﬁoﬁh&’éxﬁk'éﬂsﬁf further

antennas for transmtting the tine donain data,| ]h
comprisinghg ppfipleger fop muliiplerps «opsealndafios ang- miots “with the

freqﬁ@ﬂfyeddhg_ﬂﬁd%atl al transformunit is configured to
orm at | east one of  SFBC, STBC, guasi -orthogonal

[001,Q|5hrm ut 33-c odrgy WHRU i amy o Sopempgdinagnis $8-Ghavherein the
char &Q@éte iBfeFMYat?dn I Gha IR0 GRY Rod8-gt2, wherein the

annel state information Is at | east one of channel
[00 1|0ﬁb ul seb4-espdhtnsle-B forr sappeitipg nplink trangmigsjen in 2a MIMO SC-

grgémsf“{ nel condition nunber, del ay
FD@?giggies le%anaﬁ%aaﬂannel statistics. [0096]
IOOM)Z] ThebBATR Tl NM%ByOﬁembhéinemaémmma,pluralit.v of
antJrHa%'l‘ﬁfr&%f(?Lgﬁa@g a spatial parser for generating a

e

ura ncoded data streans fromthe encoded
{00 lloﬁibut -a. TooolKpdad3 athemipdiingst | 5 apgmpfising: a Fourier
[ 17 2 t r
rarf A0 IBEIG: pordliitl 4 REC-EPREATORY o W 1l 380 w0
gené¢nape eaaeacssdmamdetmg encoded by the encoder. [0098]
TheWR Y, ggp;? 4 N
00 @rthersﬂnp%ﬁ%%%aegﬁrd% inﬁola?n ﬁgﬁg uni org u%% c&rrfqﬁléde
mapping aoit ffr pdrforamngdsatedmtier ée-nmwngom theet ﬁreqaemtyi domain
da1;430099] 47. The WIRU as in any of the enbodi nents
5-46, further conprising an interleaver for
[001191 er | e88.i ngThe NoderB asinanyfof theemboditeehtd 1575 tompnising a

channel estimator for generating channel estimate.
[00111] 59. The Node-B of embodiment 58 comprising a MIMO decoder
for performing MIMO decoding on the frequency domain data after subcarrier de-

mapping based on the channel estimate.

[00112] 60. The Node-B of embodiment 59 comprising an inverse Fourier
transform unit for performing an inverse Fourier transform on an output from
the MIMO decoder to generate time domain 'data.

[001 13] 61. TheNode-B of embodiment 60 comprising a de-modulator for
performing demodulation on the time domain data to generate demodulated data.
[00114] 62. The Node-B of embodiment 61 comprising a decoder for
decoding the demodulated data.

[00115] 63. The Node-B as in any of the embodiments 59-62, wherein the
MIMO decoder is configured to perform the MIMO decoding based on one of
MMSE decoding, MMSE-SIC decoding and ML decoding.
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[00100] 48. The WIRUas in any of the enbodi nents
42-47, wherein the spatial transformunit is

woanf7iogsmed to perform a per antenna rate cont POI/USZ007/003526
the encoded data streans based on the channel state
information. [00101] 49. The WIRUas in any of the
enbodi nents 42-48, wherein the spatial transformunit
is configured toperformthe transmt beanform ng using
channel matrix deconposition. [00102] 50. The WIRUas

[0011%%\&”3’ &L the, eRPRALABI §, ég\yto% th‘@h %@ﬁfsﬁ%babﬁhﬂ

nsformunit I's configur 0 per nsni
compreiainigor spacetinei degOd@d@b eekfoamdng ﬁpl@oe ﬂm@ecbbcpdmg;dl ng.

[0012}%9103] vﬁér efﬁneg%g&% spatl gpaﬁ? or m unl ?:8?%@3%%4’ further

comprisirigiaiclethnal spatef foediba dkeunit M@Mm&hsngtaigfa@ation

to £ tﬁﬁfﬁﬁg vect or based beanform ng.[00104] 52. The WRU
asi'n"any of the enbodi ments 37-51, further conprising

[001a8hul t i ¢s. ex éI‘hé DiodmB bf @inbadm@pncb(ﬁiﬁtwhéredntadlmltddﬁeédﬁwk is

the ata. [00105] 53. The WIRU

use(ggor cllilagﬁﬁ ?h% é%ﬁg fge‘?b %8 52, wherein the

[001d®hnnel 6Bt atEhe Nfodeﬂaabﬂ embddmeht 85 mddréinehnantlodq-iBused for

6 supporting uplink

Chal{"i‘éré Js‘???)‘ﬁmiﬁﬁ ?W%O%CFDMA wi rel ess communi cati on

(00203t em 68.0010H¢ Node-B behbodintdrmi65evibadinsatistidal feedback is
ising a plurality o nt ennas for receiving data.

use<§§g}f%@]‘mgg.sta%€éﬂﬁﬁ8@@%%¢e§?ﬂf§di ment 55 conprising a

[oo¥2ur i er 69.r anFhe Noder bf émbodieidri68 wilerilr ohié bfihean feedback

t ransf or erec ed, dat ner at.e f.r e

and goRARASEE R bn e e naahd hafe APEhah S i raftieRs

[Oom]'pr [ sAhgmaghuﬂhe%atmres dmalaapmaa@w Bf thé preqeatfinventign are
(ri mappi ng, on the f.requ dorm

desigh g 158 SIHEE RL Rtk Bienle dhop bt and for

partidulay frefiﬁ@,lﬁﬂbftﬂ@e ar timeslot format, each feature or element can be

used alone without the other features and elements of the preferred embodiments

or in various combinations with or without other features and elements of the
present invention and can be used for other frame, subframe and timeslot
formats. The methods provided in the present invention may be implemented in
a computer program, software, or firmware tangibly embodied in a computer-
readable storage medium for execution by a general purpose computer or a
processor. Examples of computer-readable sforage mediums include a read only
memory (ROM), a random access memory (RAM), a register, cache memory,
semiconductor memory devices, magnetic media such as internal hard disks and
removable disks, magneto-optical media, and optical media such as CD-ROM
disks, and digital versatile disks (DVDs).

[00123] Suitable processors include, by way of example, a general purpose
processor, a special purpose processor, a conventional processor, a digital signal
processor (DSP), a plurality of microprocessors, one or more microprocessors in

association with a DSP core, a controller, a microcontroller, Application Specific
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channel estimator for generating channel estimate.
[00111] 59. The Node-B of enbodi nent 58 conprising a
woRMYodeiooder for perform ng M MO decodi ng on PO®US2007/003526

frequency donmai n data after subcarrier demappi ng based

on the channel estimate. [001 12] 60. The Node-B of

enbodi nent 59 conprising an inverse Fourier transform
unit for performng an inverse Fourier transformon an
out put fromthe M MO decoder to generate tinme domain

Integ@tdd d1pcgﬁé§(]AS§és) ﬁ&dmgrﬁnﬁfaﬁé'@%@é SQﬁPGAs) circuits,

conprising a_de-nodul ator for performng denodul ation

any griegrrtedicrcuilo anlfer gettate Braghing-at e denodul at ed dat a.
114
mmgggode]rA e gecog&l ggogﬁﬁ&éermdg‘?fg;tgg{de %11?7 %q?%gﬂig%p geén ent

a rad’lhé"r%mcmmspﬂvan rafseina VWEB Hiuseneguipnade, tewmanal, hase

e (0)
saa MRS P LG R ABEL ) IR b
in coméu@qimwafﬂmmmubeomln@mmaﬂmawmdmﬂsfm $wch as
a ca@%%ggfat \}@gog@&g{e hfe @v@o&ﬁ%é 2%% éa%fe h?ﬁaé‘ Ya %:tbratmn
devif@Gusprinkes. amh@opbchee afabewmoamym@fcexvlee, aehmdhfmh@dset a
4 I
ke R ML pA TG 300 BB NGl S50 AURIEE o i
cryst§IRLispl)0 1118}3) GﬁspliheuMd anBOIg‘amrﬂ:@lwtmttiﬁS dihde OLED)

d1spfla lllnrlqt % g g&@afel 81<a e? t%f Ch %l%y e‘nﬁﬁ dé&@e gilayer module,

an Ialmmbt herows&S amldénrmny mmiemi 10v4) sreasmetivork (NARARN) module.
state information feedback. [00120] 68. The Node- B of
enbodi nent 65 wherein statistical feedback is used for
channel state E¥nformation ffeedback. [00121] 69. The
Node- B of enbodi nent 68wherein one of nean feedback and
covari ance feedback is used for channel state
i nformati on feedback. [00122] Although the features
and el enments of the present invention are
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described in the preferred enbodi ments in particul ar
conbi nations and for particular frane, subfranme or
woizowgbst2f or mat, each feature or el enment can BeTwS2@®7/003526

al one without the other features and el enents of the
preferred enbodi nents or in various conbinations wth
or without other features and el enents of the present
i nvention and can be used for other frane, subfrane
and tinmeslot formats. é;g t hods provided in the
present invention may b Q@;Srrent ed in a conputer

Whi¥ R e ftware, or firmvare tangi bly enbodied in a
comput err eadabl e stora e nedi um for execution by a
geher al Apuneided & FmiRe Mphinl creprmissiepied gfireless

“comTARARbA s %ﬂb'tﬁe%&h@&%ﬁﬂéﬂﬁé include a read only
nmenory , random access nenory (RAM, a

regﬁg% m&ﬁ@ﬁ@%ﬁﬁf?nc@éﬁqd@éﬁémsmemry devi ces,
xlbal‘%u{?di & eﬁk@rﬁgh héybgl & an aﬁg.ta stream in

e di sk magn e 0- opt | optica
accqrddnae wittha sslecdromivlation schamey| gital versatile

%@5?&’%@% FLQQ%;%I‘ar@ﬁ:JMan eREP $GRib0l %ell-;ﬁ?&ﬁc‘édﬁy erate

_ a general purposé pfocesso
freqp@nmoden:}mo@@sis;or a conventional processor, a d| gi taI

S ' g@l@t:tigé %&Q of t?aﬂéﬂft%e'aiﬁfo%mé&‘ 8recod1ng, space time

mcroproc SOrs, e or nore mcCroproce
codings(EaICHt arsh spitidl mubiplexingeon the freguehtedomain data based on

r Application Specificlntegrated
Cha@lgl &3@@&;&%}1&1? Field Progranmabl e Gate Arrays

( meg isyoiolson aash symbgk seqeence te subicarsiedd;or a
%Ffo% erLQ g‘oégxél' t%s?&%& rt;he %33§§I$‘fér%5ﬁ§ed\ﬁ£& on

war e y e used tol enent a ra reque
each sanrh(oia sequerfcerto geperate airkd Ruinatis datgguidonent |

tern1na| f ati,0 1O net wor k controller or
an 0S uter. nay e used in conjunctlon
traH1 nilfthg%%ﬁ{e%uﬁe Hmaw.a% b d
mnth nodul es, inplenented in hardware and/ or software,
sugh as Cangr a, v.i deocaner a eoph
SUE oo Thsr RIS oS TOGAURAS hR 1o oo o S0 Hiiucncy
blodk @ﬂn@mca spatechimeibdéckt dod s ETIC), qﬁahaﬁdség"oaal Alamouti

codiga e EERERg STh (PRIEO A Y gk pRerre fr D

(LCD) di splay unit, an organl c light-emtting diode
ED) qll Spl Lég(gﬁklmg Slhcan%efgtate u%'ormatlon is at

least one of channel impulse response, a precodmg matrix, a signal-to-noise ratio

(SNR)}, a channel matrix rank, a channel condition number, delay spread, a

wireless transmit/receive unit (WTRU) speed and channel statistics.

4. The method of claim 1 further éomprising:

puncturing on each of the encoded data streams for rate matching.

5. The method of claim 1 further comprising:

interleaving bits on each of the encoded data streams.
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an Internet browser, and/or any wireless |local area
network (WLAN) nodul e. CLAIMS What is clained is: 1. A
warbitwdsior perform ng uplink transm ssion in BCT/US2007/003526
wi rel ess comruni cati on system the nethod conpri sing:
generating a plurality of encoded data streans;
generating a synbol sequence from each encoded data
streamin accordance with a sel ected nodul ati on
schene; perform ng a Fourier transform on each synbol
seﬁquené@lq mefbedr of elajmed shexeinghgtes gRfeana rate control is
perfo¥M&Ed CF[ on ¥ed Xnélﬁrefi(?fa% Strelitfs H&fs?a Bﬁ'%ﬁg‘chagﬁ@f‘gtg.ﬁéqﬂ}&matmn
precodi ng, space tinme coding (STC) and spati al
mul ti pl exi ng on the frequency donaln dat a based on
ChﬁnnelTﬁé A& hbaf @ B OlanQQﬂl! e %%m&%ﬁ %n@ﬁ?ﬂung is a
mbol sequence to subearriers; performng Inverse
transmu,llr ¢igentheamfboningpnsingchenpehmattix dasppmesition on
each synbol sequence to generate tinme donain data; and
transmtting the tinme domain data. 2. The nethod of
cl&i m T aneihod: he cEI@ ils wihezeinf the dransmitgbeamforming is
codi ng (STBO),
perf@ﬁlg%(‘-lg h{)&%&iﬁ?&\g%ﬁ%ﬁaé em(ﬁﬁﬁe reversed STBC
(TR— STBC) and cyclic del ay di ver3|ty (CDD). 3. The

meg hod -, Gl ééﬂndl}w %L '&ﬁa ‘%Qﬁ BEL SLALS %Qﬁa?a&ﬁj%% is
|s ‘at | €3St one o se response,
perfpmeed dising staerihg,veattmbgaadl bewmmlrmmgf atio (SNR) , a
channel matrix rank, a channel condition nunber, del ay

spread, a wireless transmt/receive unit (WRU) speed
anto. chacnhebaethaﬂioﬁt]aml ArtHérecamepisishgof cl aim 1

1o bordlr b B et g 2 RE Rk cRlep kD Bof R eSS,

1 further corrpr|3| ng: |nterleaV| ng bits on each of the

an %t}}ﬁ lg q%gn{,lr Ol'lxere ﬁ]eovcslnr% es%lcgrlnmumcaﬁon Listem

is a multlple-mput multiple output (MIMO) single carrier frequency division -
multiple access (SC-FDMA) system.

12. The method of claim 1 further comprising:

receiving the time domain data;

performing Fourier transform on the received time domain data to
generate received frequency domain data;

performing subcarrier de-mapping;

generating channel estimate;

performing decoding on the received subcarrier de-mapped data based on
the channel estimate;

performing an inverse Fourier transform on the decoded received
subcarrier de-mapped data; and

performing demodulation and decoding.
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performed on the encoded data streans based on the

channel state information. 7. The nethod of claim1l
woher@omiothe transmt beanforming is a transm PCT/US2007/003526

ei gen-beanform ng usi ng channel matrix deconposition.

8. The nethod of claim1l wherein the transmt

beanform ng i s perforned using codebook and

i ndex- based preceding. 9. The method of claiml1

wherein the transmt beanfornin q%gls perfqrmed usin

st Bbr i rgpemethed sledaim 4& sriegein the deppdingis Paptpraed brsed on

one Wfaiithibnhit Hhéin GRMRES Sdrfsk (MNISED! docolhe ONIMSE sﬁ‘@&@sswe
and pilots with the frequency_domain data,

interferense cancellation (G163 desodingzadymeginegm %%?#hﬂﬁ%%@@ﬁcodmg
systemis a nultiple-input multiple output (M MO
single carrier frequency division nmultiple access

( SEL.FDVPye myethednof elaimTifefurthérpraprisingt m 1 furt her

CopBB ST TR AT, Gl AL

trangenisgione recei ved frequency donmmin data; perform ng
subcarrier de-mapping; generating channel estimate;

perform ng decoding on the received subcarrier
delpmppEhie tethodafeldinrl wherebmthmehannel statednformation is fed

bac]PﬁroBPE hﬂxﬁlp%gelzourl er transformon the decoded

recel ved subcarrie mapped data; and perform ng
denodul ati on and decodi ng. 13. The net hod of claim 12

m%e' Nh, 060 8856295 Aakni P@%@d aﬁggggfeeaﬂscﬂs used for

I'mum néan square error

chamﬁﬁtm&maﬂeom feestbbelk.ence cancel |l ati on (SI Q)
decodi ng and maxi mum | i kel i hood (M.) decoding. 14. The
met hod of claim 12 further conprising: performng
spaZe tThemigbodiofigaih 1§pararein dmnpetivergor gupdifationd¥ Q) is

use& gorr channel state information feedback.

18. The method of claim 15 wherein eigen-decomposition of a channel

matrix is performed at the communication peer to feedback a V matrix.

19. The method of claim 15 wherein statistical feedback is used for

channel state information feedback.

20. The method of claim 19 wherein one of mean feedback and

covariance feedback is used for channel state information feedback.

21. Inamultiple-input multiple output (MIMO) single carrier frequency
division multiple access (SC-FDMA) wireless communication system, a wireless
transmit/receive unit (WTRU) for performing uplink transmission, the WTRU
comprising:

an encoder for encoding input data;
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transm ssion. 15. The nethod of claim lwherein the
channel state information is fed back froma

woammmsioat i on peer. 16. The nmethod of clai m 1BCWuse®izn03526
alimted feedback is used for channel state
information feedback. 17. The nethod of claim 16
wherei n channel vector quantization (VQ is used for
channel state information feedback. 18. The net hod of
claim 15 _wherein ei gen-, deconposi tion of channel
nef FPRSteUatien MARAIRS Rnik 1oz seBeRALRFYHRO epge from each

encdRAUBE Ktr@aMIBL Aécbrddifee Wit I18E186Ed Rhodidlatith kehyhey ei n

statistical feedback_ is used for channel, state
i n? dratsrotrapstoaphirit o5, Pefermingna ' grriey krapsfgm on each

symPOPiiuBn8dto SdndFatdfeqaERa doRAth gansar i ance feedback
is used for channel state information feedback. 21. In

a Auiratiletrapgfornmynit doe sslpgsively memforming gone ©ofrppsmit
beahfGMBBCHredbdibg! QhcBtinhd &J_cﬁn?%ﬁaﬂd%%a’f@@ul%[e%ﬁé&l the

conmmuni cation system a wreless transmt/receive unit
frequowrjorpain gatierRpsermp ehnrmel statarisfirmation; the WIRU
co ; s >0 di s
coneibfiaf: SAApBREPURL: fof mBHAR NplEPEIne SR fransform
unitsfecﬁyrbn@@'i@som each encoded data streamin accordance
W L %&@é&%eﬁﬂi&@%&&%ﬂﬂ. BHRE oy Sgerf&%hgf- ‘L&Qé‘%&ﬂﬂﬁer
unit for performng a Fourier transtormon-each synbo
transéquens ¢he suberrzieatreappatidatacty ghoenite tdmealonaisptataaind
{1 8RRLONR, W bhtdfasiB Sl kaB ThE Ol AOARE ddta.
trarismt Deantorm ng, precodi ng; space tinme codl ng
(STC) and spatial nultiplexing on the frequency donain
daba bagpd WEEHadGhim! 3 Gyhdledl TRE! sgﬂx;tiaq ﬁ%&ﬁ%{ Ghit is
mappi ng unit for mappi nhg output of the spatia
configunedfto parformtatileastidreat spacesireqmenanhdedecdding (SIBC), space

timd B SdMIVSTHS REEE BB KR GufiOWdiEE, time reversed
STBC (TR-STBC) and cyclic delay diversity (CDD).

23. The WTRU of claim 21 wherein the channel state information is at
least one of channel impulse response, a precoding matrix, a signal-to-noise ratio
(SNR), a channel matrix rank, a channel condition number, delay spread, a

wireless transmit/receive unit (WTRU) speed and channel statistics.

24. The WTRU of claim 21 further comprising:
a spatial parser for generating a plurality of encoded data streams from

the encoded input data.
25. The WTRU of claim 21 further comprising:

a spatial parser for generating a plurality of input data streams, each

input data stream being encoded by the encoder.
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transformon the subcarrier mapped data to generate
time domain data; and a plurality of antennas for
wonrenTgesmei ng the time donmain data. 22. The WIRUTmK2007/003526

claim 21 wherein the spatial transformunit is

configured to performat |east one of space frequency

bl ock codi ng (SFBC), space tinme bl ock coding (STBC),

quasi - ort hogonal Al anmouti coding, tine reversed STBC

(TR- STE’;& and é:]ycl ic delay diversity (CDD). 23. The

Wizgof EheWABU G claiph 21 furthgs sp@Prisiage i nf or mati on

| Sp @bt 5' £a6hiRE Enf fof PARRALrihSBHe36h LEMROARded data streams

precodi ng matrix, a Signal-to-hoise ratio (SNR), a
forr@t%lmﬁéthmnl X rank a channel condition nunber, del ay

spread, a wireless transrri t/receive unit (WRU) speed

and channel st atistics. 24. The WIRU of claim 21

f UBT-herThoNPFRY| efglaizn 3p furtdier sempsisingr generating a

Pl g ?1'11! [ ¥aQbe &7 %ﬁ‘ﬂemﬁf bls RACRh JFAk eRBo I @Mt reams.

I nput ata 25. The WIRU of claim 21 further

corrprl sing: a spatial parser for generating a

gal i 4 t b
st ream rgel ng enct)bge% g@ %ﬁ%&grﬁg%ga@ e ﬂr?‘ unit is
conffuredt pefrforicha pec ampensa mgte @mml@mﬁ!%mq@ed data fsereams

]ggi %ﬁ £ncoded data streans or rate
bas&y@x&:%l ng ?%%q{?\%ﬁso? claim 21 further conprising:
an interleaver for interleaving bits on each of the
ensy! ded'tl‘ﬂgtmlﬁ naang821 merwléhgf gﬁﬂnﬂraﬁs G is
the spatial trans ormunlt I's confl to performa
co rednte nperforat e thwo niraokmdh hdfamfenmm@dusiagacmme@lnsnatﬁx
decobasgqu on t he channel state information. 29. The WIRU
g 51% I'Mm 21 wherein the spatial transformunit is
confi gur ed to performthe transmt beanform ng using

chaAel rEROGieideOMRES! o] Wnerfly ARCIRY BhoshBhid: i

vvhereln rans ormunit
configured to perform the transmlt beamforming using codebook and index based

precoding.

31. The WTRU of claim 21 wherein the spatial transform unit is
configured to perform the transmit beamforming using steering vector based

beamforming.

32. The WTRU of claim 21 further comprising:
a multiplexer for multiplexing control data and pilots with the frequency

domain data.

33. The WTRU of claim 21 wherein the channel state information is
obtained from the Node-B. '

-25-



configured toperformthe transmt beanform ng using

codebook and i ndex based precodi ng. 31. The WIRU of
wobheirrmo2ib2 wher ei n t he spatial transform unit i BCT/US2007/003526

configured to performthe transmt beanform ng using

steering vector based beanform ng. 32. The WRUof

claim2l1l further conprising: a nultiplexer for

mul ti pl exi ng control data and pilots with the

freguency donmmin data. 33.. The W f.claim 21,
whihor i Al PElerBP UL b le P RN O) STl e rerfney
dividiBR thOHEH1B addbss (BCFDMA)i wireldss Roionfitith b€ sitefijla Node-B
(MM, single carrler,freﬂu ncy division nultiple
for syppacting ve nsfpissiors & %i‘{ﬂ#}rﬁ SAPHFE st em  a
Nogl @181y of URBGHdsHer viddivikgldatasm ssion, the Node-B
conprising: a plurality of antennas for receiving
da® aFourien transform it dpmagafarnsisg dioqugier frgngform on the
recel A dita th'eAREEALTOMA0 doithafadata o generate
requency domain data; a subcarrier de-mapping unit
f or spbedraieridegnappimgrunibforgerioamingephrartipeds-mappipg gn the
freqlONB)} BoPal@dath; channel estimator for generating
charinel estimate; a M MO decoder for perforning MM
dee shrngelestithetor fepgentrptingrabiannghestimptesr subcarri er
de; R0 E:cH88:560P pefdnBihgd MAMD ?@E}ﬁiigg f§h 'tﬁ_éh%'qgﬁﬁcy domain

inverse Fourier transformunit for p orm ng
datd afjer sebq@avier de-mappinectatndinsed opthp whanpehestireata; MO
degadlvel s FERALR EabdrIFmRAR for (ilrforafing ol Gl AL Rourier
for pertormng denodul ation on'the tinme domain data to
trangéorer gnandeutput frome dhel MM Ogngodentiogeseratedimgatopaingdata;

the demmdu i ) - .

ung SRR it LRGP E kT idthatn data to
gendlalHddewddilatgdsiasadamh one of ni ni num nean square

€I [ Yecoder for decoding the demodulated data.

35. The Node-B of claim 34 wherein the MIMO decoder is configured to
perform the MIMO decoding based on one of minimum mean square error
(MMSE) decoding, MMSE-successive interference cancellation (SIC) decoding and
maximum likelihood (ML) decoding.

36. The Node-B of claim 35 further comprising:

a space time decoder for performing space time decoding.

37." The Node-B of claim 34 further comprising:
a channel state feedback unit for sending channel state information to the
" WTRU.

38. The Node-B of claim 37 wherein a limited feedback is used for

channel state information feedback.
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(MVBE) decodi ng, MVBE-successive interference
cancel lation (SIC) decodi ng and maxi num | i kel i hood
woO Ry /deioodi ng. 36. The Node-B of claim 35 fur POemUS2007/003526

conprising: a space tinme decoder for perform ng space
ti me decoding. 37. The Node-B of claim 34 further
conprising: a channel state feedback unit for sending
channel state information tothe WIRU. 38. The Node-B
of claim37 wherein a |limted feedback is used for
chd®nel The ModerB pislain 88 hesemrhepnshvectoramasdizagiop(VQ) is

use@f&'c@aﬁ%e%@@%@&ﬂo?ﬁ%ﬂi@ﬁlfe&ﬁﬁcﬁr quantization (VQ is
used for channel state information feedback. 40. The
I\Iode B of claim37 wherein statistical feedback is

usggl fopLghapgel &ft%ﬁn'ﬁ %@ém%aﬁfgﬁ@gge ggéﬁk g%- gsed for

Node-B of cl aim 40 erei n one mean
channe] stateniadormaatdorafdedbaclkised for channel state
i nformati on feedback.

47. The Node-B of claim 40 wherein one of mean feedback and

covariance feedback is used for channel state information feedback.
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