[ 0001] METHOD AND APPARATUS FOR PERFORM NG UPLI NK
TRANSM SSI ON I N A MULTI PLE- 1| NPUT MULTI PLE- QUTPUT

SI NGLE CARRI ER FREQUENCY DI VI SI ON MULTI PLE ACCESS
SYSTEM [ 0002] FI ELD OF | NVENTI ON 10003] The present
invention is related to wireless conmuni cation
systens. More particularly, the present invention is
related to a nethod and apparatus for performnm ng
uplink transmssion in a nultiple-input

mul ti pl e-output (MM single carrier frequency
division multiple access (SC FDVA) system
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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
(I.Bs) 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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sub-frame. It is possible to concatenate nultiple
sub-frames or tinmeslots into |onger uplink TTI. M MO
refers to the type of wireless fransm ssion and
reception schene where both a transmtter and a

recei ver enploy nore than one antenna. A M MO system

t akes advantage of the spatial diversity or spatial

mul tiplexing (SM to inprove the signal-to-noise ratio
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[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:
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present invention; [0015]Figure 4 is a block diagram
of a Node-B configured in accordance with the present
i nvention; 100161Figure 5 is a block diagramof a WIRU
configured in accordance w th another enbodi nent of
the present invention; and [0017]Figure 6 is a bl ock
di agram of a Node-B configured in accordance with
anot her enbodi nent of the present invention. [0018]
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
[0019] V\hen referred to hereafter, the term nol ogy
[00 WS ShBWE ol ®dnb@itiddaTshb: qlfraS:Qe RrHEE pr&SUsb P IR HC-
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prgé‘e%%iﬁxt&{t#] a site controller, an access point (AP)
or an Ter t

ype of interfacing device in a wreless
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Witﬂ\fﬁgi,fég@nmegﬁohncorporat ed into an integrated
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[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 for four (4) transmit antennas, time
reversed STBC (TR-STBCQ), cyclic delay diversity (CDD), or the like. Hereinafter,
the present invention will be explainéd with. reference to STBC anﬂ SFBC as

representative examples for STC schemes. SFBC has a higher resilience to
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[0022] Figure 2 is a block diagramof a WIRU 200
configured in accordance with the present invention.
The WIRU 200 i ncludes a channel encoder 202, a rate
mat ching unit 204, a spatial parser 206, a plurality
of interleavers 208a-208n, a plurality of
constell ati on mappi ng units 210a-201n, a plurality of
fast Fourier transform (FFT) units 212a-212n, a
plurality of multiplexers 218a-218n, a spatia
transformunit 222, a subcarrier. mapping unit 224, a
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[0027] The synbol streans 223a-22311 processed by the

spatial transformunit 222 are then mapped to

subcarriers by the subcarrier mapping unit 224. The

subcarrier mapping may be either distributed

subcarrier mapping or loral zed subcarrier mapping.

The subcarrier mapped data 225a-225n is then processed

by the I FFT units 226a-226n whi ch output time donain

data 227a-227n. A OP is added to the tine domain

dat a. 227a-227n by the CP insertion unit 228a-228n. The
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0 f u td 1L necy- .
AR T BB B e IR, THERELS B088in dag 210w
21%9@duding tbemultiplereddoniirdl deta? Heddtniandén pilots. 218a1216n)

r39sd8ksL, Baf an@fi:‘iﬁfﬁﬂﬁlz gatrix is deconposed
attﬁﬁgé% %?’ﬁg{lﬁ%rg vaPrue ecpn‘p03|2t| on (SVD) or .
[0888i val eifhegratildransioron roie22spled RE R of pransmit
béhQQl%b mt%ﬂ&, prd , ST SM, W %@Qﬁmfmla@fontth&réﬁf&%_ the frequency

eal rm e e ressed .a Ql LOWs;. X =
B AR 517 9 PP SRESd i ChampelEtate ottt 230 yihp channel
sthte iisfbanatiom 220 xmay reohtincétsmnieh dimptilsanespdnse or pre-coding

beanf or,mi ng LS US t t ransf Qr m.mat.r.i i

mpGAESLBRD i SRS hhTecst AR IR holed Roff fER),
WIRU spedop chanriebmadiizrenk (4 chanpelicondifjon 1110084y felagFpread,
m‘séglggt %?cﬁgﬁgng 'i:erﬁ;-xr agnnél §té{§s%ﬂ:s. ‘l‘ﬁ@ e 5’@ guﬂﬁ%?mf #lated to
the rank of the channel. An ill-conditioned channel may be rank deficient. Alow
rank or ill-conditioned channel would exhibit better robustness using a diversity
scheme, such as STBC, since the channel would not have sufficient degree of
freedom to support SM with transmit beamforming. A high rank channel would

support higher data rates using SM with transmit beamforming. At low WITRU

speed close-loop pre-coding or transmit beamforming may be selected while at
high WTRU speed open-loop 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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STBC may be expressed as follows: cl,"d2n+l V 4+1
where the first and second row of the above nmatrix
represents the encoded data for antennas 1 and 2,
respectively, after SFBC or STBC encodi ng using

Al araouti schenme. When SFBC is used, du and d2,1
represent the data synbols of the subcarriers 2n and
2n+l for a pair of subcarriers. Wien STBC is used, du
and dui 4 represent two adj acent OFDM synbol s 2n and
2n+1 Both schenes have the sane effective code rate.
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adtfibty 36 by BinRvHTAS AbLIER adHdl IS SATPKBported by
thezfransmitcbeaminpainsachiteetyme drartspefentlye(sinplyl pefeedback of
prRBSBHP 3a &%ﬁ%{fmﬁh@ VeEioBd M@éheﬁ?t Pn L0308t @éah%ng?ng

renoval 405a-405n_are convert ed fr 8uency donai n

scheme appraaches the Shapgondpugd; zﬁsam for Few emplenty .
MOSSE dBtcetord Q%c:ﬁﬁ@@f&hﬁ&nﬂ: PrO@RBRIy o4 $he WAFEU 406), the einsmit

t he fre uenc, in data,407a-407n usi conventi.onal
R S IH pe TR S A BTLT ROV AH AR EabtRe of gl
achi:hen@lrﬂ:ee«ﬁrackam S. The subcarrier de-mapping unit 410
forns [ 4 ' |
0BBTY P TR SRR R B LA bER ) RELL Ay formn
unf}i 222 40¢ 4hen mapped e subeastiess byl thy sthearnpvDappingtionit 224,
THd Subcarrier mapping may be either distributed subcarrier mapping or

localized subcarrier mapping. The subcarrier mapped data 225a-225n is then
processed by the IFFT units 226a-226n which output time domain data 227a-~
227n. A CP is added to the time domain data.227a-227n by the CP insertion unit
228a-228n. The time domain data with CP 229a-229n is then transmitted via
antennas 230a-230n.

{0028] The WIRU 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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100341The M MO decoder 412 may be a m ni num nean

square error (MVBE) decode; an MVBE-successive

interference cancellation (SIC) decoder, a maxi mum

i kel i hood (M.) decoder, or a decoder using any other

advanced techni ques for M MO, 1VII MO decodi ng using a

i near MMSE (LMVBE) decoder nmay be expressed as

follows: R = RsjimR)-1Equation (3) where It is a

recei ve processing matrix, lc and R,,, are correlation

matrices and ft is an effective channel matrix which

ba6l udes : N { A S Sih %t
mgﬁgnnel ?253%%%%?9%%%%%%% §¥%TD i%%n%ggbdes t he f%gygm
expresspdas flloWsised at the WIRU 200. SPEC or SPEC

decodi ngxw tsh MMSE may be expressed as fol | owsg :

ReU- | HR ,: H 1-12;; | | HNIC Equati on (4) where Hpquatien (2)
wherejthemadrizTismatengealized trapsformanatrinnlal the seyerthat wapgmit
béhm fohﬂirlghi%d_ &Aiﬁ?'ﬂﬁ% t%&fo_h;ﬁ Hait;ﬁx g &J&@&[‘d € bé ASRARFBrming

cor.respondi_n Q ns enna, j anpd receiyi
mafiE § aen 1&%’@*@6@%1?%&3’%%@%@ shoes st
[0b8HNT Or r HSTLC Ai.e3 SFBE dISTBC)Nispaed, thieleatodetlldata for SFBC or

LRUL-ati on lis nstrate the advantage of using
S@ﬁ@&%ﬁggﬁ‘%éﬁ%%@%%ﬁ%ﬁgg%ansnit besnf orm ng. STC does

not requiré,champnel state information feedback, and is
sinple to_uppl ewgny. SPEC is robust against channels
that haveé high freqgquency selectivity while SFBC i s

whéralthé fiagiodith tecod p6ve bStHeldbbvd ek rikirghresemie the encoded data

2ok RafERaYS b5 o RS SRR PO SN By 0 i g

schemg. Whemi SEBGVRrused, d,, and d,,,, represent the data symbols of the

subcarriers 2n and 2n+1 for a pair of subcarriers. When STBC is used, d,, and
d,,., represent two adjacent OFDM symbols 2n and 2n+1. Both schemes have

the same 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

-7-



P (Vol P)). Under qausi-static conditions both SFBC
and STBC provide simlar performance. [0037]After M MO
decoding (if STCis not used) or after space tine
decoding (if STC is used), the decoded data 413a-413n
or 415a-416n is processed by the | FFT units 416a-416n
for conversion to tinme domain data 417a-417n. The tine
domai n data 417a-417n i s processed by the denodul ators
418a-418n to generate bit streanms 419a-419n. The bit
streams 419a-419n are processed by the de-interleavers

a $ePauf 22 brieBhEl. | PhARuBERLRY t&-ﬁ?ﬁ%ﬁg' it Y10t B@rforms the
interl eavers 208a-208n of the WR

of Fiqure
oppRsite) ePeTAtion Wiy iy periampeda p the YRTHY1 209, roég%wg—e & pipe
sibeeredald-Rapged AatS£11:420m EiBeDiaRes By fid MaMOidetoder
s then processed by the de-rate matching unit 424 and
coder 426 to recover the data 427. [0038] Transmit
{0osenf or niThg MIMOhdeddliBL)420 Gnaye e iar #dniahimf meax Gapade exgor

edi,n B 400 60 i,nc
OB SR A NS F e ey R P AR (R 5 acfoder, o
meRbmvre| likelited (MDY datdden ¢matdeeod@iRusing enyf eBuyaakvanced
{
e EERRANEMO0 MO Bl 1o QUSRS NN EAASE) decoder
mapitberewpressed aefallows: t he del ay spread, while capacity

only grows_ IyH&I'hgr fiore, in order to reduce
feedbackwfeqﬁlre;e Ta"limited feedback may BEURER(3

whbk RRsd re%tafv@;ﬂbéessﬁgwmt hatll ROMarb bdbrbRtioh deabReKand
i s channel vector quantization (VQ. A vectorized

ﬁﬂsdﬁbﬂb&wnﬂyuhﬂminnshxmﬂﬁdﬁumhxhgﬁbmdﬁnmefﬂmﬁ@humnxonthe

Qt%ﬂghlﬂﬁ 1S0pitation of the V matrix requires

elgen econposition. In a matri x-based precedi ng
[0§8bhod, ThedRRRK¥16 deeﬂsﬂan the STCHSHahasdegn aged Iahtheﬁé’TRU
t
A0 SO OUEEALLE R e D R T
sel ect ed Bor €BERHG+AEDME RS, fed back. The beSgquation (4)
grecedlng matrix i s determ ned based on predeterm ned
erecilis the estimatedchapepl mattihe || argest SNR, the
hi ghest cor atlp or any other appropriate netrics.
In order to|réducg® ¢onputational requirenents of the
WRU, a qa {Eze Ppteceding may be used. 100397Wet her
the ei gen-dé&enpdsi{ion required for obtaining the V
matrix i s pefhordad]either at the WIRU 200, Node- B
400, or both, information regarding the CSI is stil
The ehierneltcopffiiciamrd, Ziothe) cfhapnel mag@ﬁ -l de $he sbannpe resppnse
(gﬁrfor d .at _the hbdﬁ B 400 qp¥%€e used at
BIB8THE T APRERA AR 8elf’ﬁ‘§ PRt e of the
[a08ehsm t SiiGisedivagtagebus oveatransmifiddh®oting AR SNR. In
5edhas %Eag Qéqg
%Qﬁgg;at&g i ng a%fflgé gé%%%%éﬂrﬁ% Bira Vaﬁg%ge%%ug s a
lotWeS&Rc euelt srapsmt éxeaquampgf e%’aﬁaiqes lsttaxqqmecfehannel state
IFGE ARG fémaas &hd RekiniRaNolipgAbRskt. O'STHY 3 rHNGR against

f eedback. Since covariance information j s averagi ng

channglss thatchays kighy frepuency relqckigiy awhile SEBR e rebysyagainst
mﬂnewﬁhagaﬁve%gh &fxﬁ% tsaectsﬁasﬁ SwiC %amefce@aha@ﬂ a single
on r each i subcarrier o rou
SR AR PRY Bp 23 eRERORRrR foV It of Eo Rl e ity aver
signaling overhead. Since theschannel exhibits
statistical reciprocity for covariance feedback,
inmplicit feedback may be used for transmt
bearnform ng fromthe WIRU 200. Covari ance feedback is
al so | ess sensitive to feedback del ay as conpared to

per-subcarrier nmean feedback. [0041]Figures 5 and 6
are bl ock diagrans of a WIRU 500 and a Node-B




600 configured in accordance with another enbodi nent
of the present invention. The WIRU 500 and Node-B 600
i mpl enment per antenna rate control (PARC) with or
wi thout transmt bearnform ng, preceding or SM
[0042] The WIRU 600 i ncludes a spatial parser 502, a
plurality of channel encoders 504a-504n, a plurality
of rate matching units 506a-506n, a plurality of
interl eavers 508a-508n, a plurality of constellation
mappi ng units 510a-501n, a plurality of FYI? units
1B PPl AMded gRbsahtib Yorofitibhi btRlSPERY SnPEOBPIARidedimilar
spati al trang%orn1un|t 522, a subcarrier nmapping unit
PeOFmancs yral ity of | FFT units 526a-526n, a plurality
[0B37CF | ndtdri mmm idbm‘ﬂﬂ@am iangt ahs[éBlJ baldfter Gface time
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29%29%11! af ther WARY 203af é{%ﬁe BTbé dgrinteslerved b%trﬁrm%?a la-
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chann er n r rate
PREEUTL g TG deahie BRAIRE Paitd oA APORHELer 4250 SRASr the data

4206n. Alternatlvely nultlple i‘nput data streans nmay

d |
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féi;%écl@ﬁﬁﬁ rcn&agh%“%w Eéﬁwt%ﬁ&maﬁnmﬂa&mpwme WTRU.

i nterl eaved the I nter]| eavers 508a-508n.

prtfgedé»ﬁﬁlereqweéwrttawr@uMaasmaag@Wm-,l %B@ﬂluﬁfo"f the
n8#Hae bftradddituhioniie 4MiPreeems hetdndhk a8 vmm' the deliytspread,

a-510n i n_accordanc el ect ed. nodul a |o
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q#?%g%i%‘%%ﬁ%ﬁ%%‘ K SBBa Corr ARERE BRI Antegionied

calEBaslbidyy beComttrudted aBmg&MateEﬂdlaﬁmmdieﬂnod: iThet cemputation of

D B i ol Ueds B Et oot 1h Db S AERE r il Brcthod,
feedbaclerrcyuaidivationdasy bs toed. 5&9@9(%@%@?%@1 prjgeoding method,
R hdsk %k@esaﬂagcﬁaéﬁmn 53bdebadk & 2ldhbePidtt 2h iRd:Ofothe selected

516 16n [oce t he s ati al .transform.uni
é@i aﬁ‘i‘r iq%%dhea m%z%d%far@m%@syﬁ on
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o) conblnat he t he frequen
ofty e Bte bRk Bkl H iR by Rt GRS e8I
oflthe Wﬁ‘iﬂhd qetrdizedipréonding oy beiGedany cont a| n channel

l's r
OB SFDRARE i BEE AR fudy B (P YRS the v
mgtbrirrie berfenrméedceithenat the ANERRER00; Hede B 400, m;rrh@éh , infraogfion
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e channel state Information 520 may be obtal ned from

a Node- B using conventional t©chni ques, such as DCFB.

[ 0046] The transmit beanform ng nay be perforned using

a channel matrix deconposition nmethod, (e.g., SVD), a
codebook and i ndex-based precodi ng net hod, an SM

nmet hod, or the like. For exanple, in pre-coding or
transmt beanform ng using SVD, a channel matrix is

esti mated and deconposed using SVD and the resulting

ri ght singular vectors or the quantized right singular
vectors are used for the pre-coding matrix or
bear af ornai ng vectors. In pre-coding or transmt
beanf or m ng usi ng codebook and i ndex-based net hod, a




criterion such as MSE, channel capacity, BER, BLEB
t hroughput, or the like, In SM the identity matrix is
used as a pre-coding matrix, (i.e., there is actually
no pre-coding weight applied to antennas for SM. SM
IS supported by the transmt beanfornaing architecture
transparently (sinply no-feedback of precoding matrix
or beanform ng vectors needed). The transmt
beanf or m ng schene approaches the Shannon bound at a
high SNR for a | ow conplexity M SR detector. Because
pegrffor#ge%&%g NYa2F 260 Qﬁ Q1 &1'? §r dSaQ Qhe w{f’R{fqug'ﬂﬁrther
ganformtg mnim zes fhe fequiTed tranem
lnmheve%b%ﬁsgmvbQﬁﬂmmmmnﬂadﬁwmm@hagnﬁ@edbﬂ@heVTDBW?EWhe
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n tlon e.c a tion.is
sSAIYER & Wihrelley 13 Cp, gl 55780 83 A plyugfity of
antenmappstey530m. tIt Sh.@ﬂgéxefmtmisthahﬁlmpﬁgut&hompﬁlthé WEEIRU 500

! Fi:qu
“ﬁ*g&%@éﬁfg%’%é ol AL spbittat, Sd ik pockerdg oy be
peyjormpasd Ry l\@@e@lo s cONPonpEGESDAritke rdad efeprngessing 2nay be
sWwaYhd®e an 1VI MSE decode; an MVBE- SI C decoder, an M.
decoder, or a decoder usi ng any ot her advanced
[0048hni quds2rIpitidaie D0Fs fsvhepultplemicnte AeplsTaifyrofdata
sthésmb sesa~aemﬁi bﬁithé b@tvmaidxéé(sozl AaptivAheliulMiddand coding

ANED et pd Frpach ot She 55 UredmeidrRiar i Giet B Batyof e
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618a-618n to generate bit strgans 619a-619n. The bit
streans 619a-619n are processed by the de-interl eavers
620a- 620n, which is an opposite operation of the
interl eavers 508a-508n of the WIRU 500 of Figure 5.
Each of the tie-interleaved bit streans 62la-621n is
then processed by each of the tie-rate matching units
624a-624n. The de-rate matched bit streans 623a-623n
ate decoded by the decoders 624a-624n. The decoded
bits 625a-625n are nmerged by the spatial de-parser 626
to recover data 627. [00521Enmbodi nents. [0053]1. A
met hod for performng uplink transmssion in a




1005412. The net hod of enbodi ment 1 conprising the step
of generating a plurality of encoded data streans.
1005513. The net hod of enbodi ment 2 conprising the step
of generating a synbol sequence from each encoded data
streamin accordance with a sel ected nodul ati on
schene. [0056] 4. The net hod of enbodi nent 3 conpri sing
the step of performing a Fourier transformon each
synbol sequence to generate frequency domai n dat a.

[ 0057) 5. The net hod of enbodi ment 4 conprising the step

508n. &ﬁt&sahv YmB&E 1@mp1maa &Imgmpﬁabﬁcda@@gﬁ%&aared
precodlng, C an gatlal mul.ti pl exing_on th

% e, Gharael (trafiers icing: Raitie FAbeR than parsing one
nwéﬁtMawmﬁE&wa&aﬂﬂ@m hod of enbodinent 5

oBSRE Ll Bt Bl PSP Bl SHARRL i Ay
nﬁnﬁhE&nﬂb&&h&uﬂ@ﬂp&mwm5@ﬁdmﬁEmsﬂmﬂéE&aEMﬂéﬂnﬂﬁnmmeHWMgmmea-
st S FABILALIN AR ABERON By TRARER 3y B
510a-5 10n in accordance with a selected modulation scheme. The modulation
scheme may be BPSK, QPSK, 8PSK, 16QAM, 64 QAM, or similar modulation
schemes. Symbols 511a-511n on each data stream are processed by the FFT
units 512a-512n which outputs frequency domain data 513a-513n. Control data
514a-514n and/or pilots 516a-516n are multiplexed with the frequency domain
data 513a-513n by the multiplexers 518a-518n. The frequency domain data
519a-519n (including the multiplexed control data 514a-514n and/or pilots 516a-
516n) are processed by the spatial transform unit 522.

[0045] The spatial transform unit 522 selectively performs one of transmit
beamforming, pre-coding, STC, SM, or any c(;mbination thereof on the frequency
domain data 513a-513n based on channel state information 620. The channel
state information 520 may contain channel impulse response or pre-coding
matrix and may also contain at least one of an SNR, a WTRU speed, a channel
matrix rank, a channel condition number, delay spread, or short and/or long 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-



[ 0060] 8. The net hod of enbodi ment 7 conprising the step
of transmtting the tine domain data. [0061]9. The

net hod as in any of the enbodi ments 5-8, wherein the
STC i s one of SFBC, STBC, quasi-orthogonal Al anouti
codi ng, TR-STBC and ODD. [0062] 10. The nmethod as in
any of the enbodi nents 5-9, wherein the ;Leonel state
information is at | east one of channel inpulse
response, a precoding matrix, an SNR,, a channe

mat ri x rank a channel condition nunber, del ay spread,

t
crﬁexgo St e an a‘i:?x "’BER BEER 3 %or];—llﬂbehke,

yodj ments 2-10 t her
SMothsriflentily mﬂmxséﬁe% o5 B @ﬁ%ﬂ#ma FafExeden tB‘P"etlﬁ gctually no

pr@QtG ; g%&éﬁ%ﬁhﬁﬁ%ﬂﬁnﬁeﬁhaé ﬁfr‘SM!ﬁtSMisﬁﬁk pm@@ﬂ}wetrzﬁmt
nme 0

ags Ln,an f the e nts_f ; f%rth abrix
beagtorming A5k arent 'f Y R @ e pregedingm
orﬁ)benﬂ}’iﬁfiﬂgdedﬂi‘ﬁl@ﬂéﬁa The tfaﬁﬁ;ﬁﬁ}. H)é’amﬁhﬁ:ﬂﬁchade appioaches
0 e enbo nt enn
th?§¥an3%% & P E%ﬁi aéﬁwf 3@%@E%%ﬁ%&%:?2%ﬁﬁfse
of bmdmbprctchamﬁ ahthel WERAL 500, the tmhﬁhbeaﬁmwxmnﬁﬁmézes
th@%ﬂ&%?n @&ah ovidr ot e &?&Qb SRR SFhalr J&&mﬁ\&kﬂ lhafne

t bea rm ng transmt el ge ormn
[0047Ing chZhe eymhakatrqanese&?@nﬁntmppss?cb&ﬁel@awh@ans orm

ulE 589 Grathi nitippe@to bieaBARNL B SubeakIer MAH Bt 624.

The subcarrier mapping may be either distributed subcarrier mapping or

localized subcarrier mapping. The subcarrier mapped data 525a-525n is then
processed by the IFFT units 526a-526n which output time domain data 527a-
527n. A CP is added to each of the time domain data 527a-527n by the CP
insertion units 528a-528n. The time domain data with CP 529a-529n is then
transmitted via a plurality of antennas 530a-530n.

[0048] The Node-B 600 includes a plurality of antennas 602a-602n, a
plurality of CP removal units 604a-604n, a plurality of FFT units 606a-606n, a
channel estimator 608, a subcarrier de-mapping unit 610, a MIMO decoder 612,
an STD 614, a plurality of IFFT units 616a-616n, a plurality of demodulators
618a-618n, a plurality of de-interleavers é20a—620n, a plurality of de-rate
matching units 622a-622n, a plurality of decoders 624a-624n and a spatial de-
parser 626.

[004.9] 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 WIRU 500 of Figure 5. The
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transmt beanformng is perforned using cQdebook and
i ndex- based precodi ng. 10068] 16. The nethod as in any
of the enbodi nents 5-13, wherein the transmt
beanaform ng is perforated using steering veCor-based
beanform n,g. [0069]17. The nethod as in any of the
enbodi nents 4-16, farther conprising the step of
mul ti pl exing control data and pilots with the
frequency domai n data. [0070]18. The nethod as in any
of the enbodi ments 1-17, wherein the wreless
ubRAFRMH dc3inia@Ped &%%‘Ilasﬁﬁnms b brddebR d4SHIRMIMO decoder
0071] 19. ng nmet hod as in any o?ithe enbodi nment s
+18, further conprising the step of receiving the
[0050E donahs MIMO.debstef %]1@ QnayTiihEalliIMMSE @Eom@ﬂ MMSE-SIC

acgpacn an Ak ey i s RSk o Gllot faphe

MEMEY UEhe §TOB decodescthe BILYBSID halesempisedat ohe WTRU 500,

osg‘gjgdu e Rl %ﬁﬁ@’ ﬁé@d[ﬁ)&?%‘ﬁi &9 -ﬁ% u%@&f 91‘ '&h%g space time
cf

arrier de-
desndingi GRSHC rﬂlse@nthq d dataSl3p-638n Qéﬁﬁ%rﬁil%ls processed

bFHRIRST BStd 68886160 for conversion to time domain data 617a-617n. The
time domain data 617a-617n is processed by the demodulators 618a-618n to
generate bit streams 619a-619n. The bit streams 619a-619n are processed by the

D-D

1

de-interleavers 620a-620n, which is an opposite operation of the interleavers
508a-508n of the WT'RU 500 of Figure 5. Each of the de-interleaved bit streams
621a-621n is then processed by each of the de-rate ﬁlatching units 624a-624n.
The de-rate matched bit streams 623a-623n aire decoded by the decoders 624a-
624n. The decoded bits 625a-625n are merged by the spatial de-parser 626 to

recover data 627.

[0052] Embodiments.
[0053] 1. A method for performing uplink transmission in a wireless

communication system.

[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.

-13-



10075123. The nethod of enbodi nent 22 conprising the
step of perform ng decoding on the received subcarrier
de- mapped data based on the channel estinate.
[0076] 24. The nethod of enbodi nent 23 conprising the
step of performng an inverse Fourier tron gforra on

t he decoded recei ved subcani er de-nmapped dat a.

[0077] 25. The nethod of enbodi ment 24 conprising the
step of perform ng denodul ati on and decodi ng.
[0078] 26. The nethod as in any of the enbodi nents

5, er el WG ' OB
u%%BﬁNBEmgécod?%égﬁkwsE-Sn%g ec%_iﬁ%ggng ﬁ%aggg%ﬁ?hg. e
syrobais pp pachrsenbelispagenss tp subearrigrs-t he enbodi nent s

[0089R6, f gl therhé OBl BY dribodiinRAt O JdARIriMing Nhe S BRBE of
tlne_decodlngFJf,s ace %IHE coding is. erforqgg for h

renforming JuygRe Foprgh oams onythe, gEpcgerier, manped, fata,on eac

syphbéldieqidtics te geefatatitiealomdif@aeiannel state

BB 50 & TheThe REAORT of SR 26 GRbPEE IR step of
trianminitdisgftbe divae fommgin data.
[0061) 9. The method as in any of the embodiments 5-8, wherein the
STC is one of SFBC, STBC, quasi-orthogonal Alamouti coding, TR-STBC and
" CDD. :
[0062] 10. The method as in any of the embodiments 5-9, wherein the

channel state information is at least one of channel impulse response, a

precoding matrix, an SNR, a channel matrix rank, a channel condition number,
delay spread, a WI'RU speed and channel statistics.

[0063] 11. The method as in any of the embodiments 2-10, further
comprising the step of puncturing on each of the encoded data streams for rate
matching.

[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. Themethod 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.
{o068] 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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used for channel state information feedback. [0082] 30.
The net hod of enbodi ment 28 wherein channel VQ is used
for channel state information feedback. [0083]31. The
nmet hod of enbodi nent 28 wherein ei gen-deconposition of
a channel matrix is perfornmed at the comruni cation
peer to feedback a V matrix. [0084] 32. The nethod of
enbodi ment 28 wherein statistical feedback is used for
channel state information feedback. [0085]33. The

nmet hod of enbodi nent 32 wherein one of nean feedback

[08Bg) COvaRzanognd eedRag ks & aﬁyed,fftga SRSk 6t 2116, further
information feedback, [0086]34. A WIRU for perforn1ng

compisine theypleRiof srghiviering santrs! data pediRilpts withdbe frequency
d&@gﬂmnﬁgatlon systen1 [0087] 35. The WIRU of enbodi ment

conpri n er f or od| t ta .
["?’é fkg) 361 Thgl‘%r G Fl ke SBbpd; H%%Fﬂg Yherein the
wiehEh edrhaiunddhtiohystean i5H MIMm ngsEBMA syxgemd. synbol

ence ach oded data rea
7 h A sdPoct A ABUPACTOT Eohata e SopuiigRRbh a8 hiher
cmﬁpmmhg cﬂhtmmp o Geceivipg tlwe hgleaioﬁmmdeta transform
[0072] 20. ‘The method of embodiment 19 comprising the step of

performing Fourier transform on the received time domain data to generate

received frequency domain data.

[0073] 21. The method of embodiment 20 comprising the step of
performing subcarrier de-mapping.

{0074] 22. The method of embodiment 21 comprising the step of
generating channel estimate.

[0075] 23. The method of embodiment 22 comprising the step of
performing decoding on the received subcarrier de-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. .

{00773 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

compﬁsing the step of performing space time decoding if space time coding is
performed for transmission.
{0080] 28. 'The method as in any of the embodiments 22-27, wherein the

channel state information is fed back from a communication peer.
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unit for performng a Fourier transformon each synbol
sequence to generate frequency domai n data. [0090] 38.
The WIRU of enbodi nent 37 conprising a spatia
transformunit for selectively perform ng one of
transmt beanform ng, preceding, STC and spatia

mul ti pl exi ng on the frequency domai n data based on
channel state information. [0091] 39. The WTRU of
enbodi mnent 38 conprising a subcarrier mapping unit for
mappi ng output of the spatial transformunit to

[oéﬁﬂc arrigys. hOfAHaterm B&M%sﬁh&m@hﬂﬁ&h feciback is

gprl Si ng_an 1 nverse Fourier transtorm unit

oehanmgl siape inferqutien fedbadknst or m on the subcarri er

[o%mp \3\% R(LjJ ab? t%@%@ﬁfo&bﬁi%bmaﬁﬁ& thﬁ@fha{:ﬁlgwma?sedfor
e of  enbodi { conprising a plurality o
hanpelsiate mfprmation, alf‘?" y the time domain dat a.

[0p88194] 4231 TheTNd#Retind of embodimekit Z&Whmhodgeredécom’jﬁm&&m of
at.i al sf orm.ufi

= SOSHEH habi® 01 Ried s S Rl B NS Y lhgoss

IOAB‘élm) ut i 38odi Bhe meth@rEembadinGaD, 28[%5}14@121571%1 ﬂmck is

u&ﬁ fb{‘clﬁﬂa)he‘i’fstétb ﬁxﬁfﬂi&ﬂbﬁ'ﬁéﬁﬁa&s 42, wherein the

channel state infornmation iIs at Ieast one of channel

[00&¥ul se 535 poRBenmeghadof embpdimenitd2 whergin ogeqrf mean feedback
aﬁ]maﬁlanaardeuxammseaf&Maﬁﬁa seadintdrfatidabadbacle! ay

ea WI'R and .channel atisti.cs. 0 4
@ﬁ@ WRUs | #Viﬁ%ﬁij&r T S Jﬂﬁ ’?‘S}!"r% SC-
FDMDwirldrg cantpadicalionp@issan. f or gener at | ng a plurality
[085716 ncod gg d a’i‘ﬁe %’i‘ﬁmf gr&lgn’c]h.m teglf gorﬁgnémgm gg&o%er for
encoding input data.

[0088] 36. The WTRU of embodiment 35 comprising a constellation

mapping unit for generating a symbol sequence from each encoded data stream

in accordance with a selected modulation scheme,

{00891 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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[0097]45. The WIRU as in any of the enbodi nents 35-44,
further conprising a spatial parser for generating a
plurality of input data streans, each input data
stream bei ng encoded by the encoder. [0098]46. The
WRU as in any of the enbodi nents 35-45, further
conprising a rate matching unit for puncturing on each
of the encoded data streans for rate matching.
[0099]47. The WIRU as in any of the enbodi nents 35-46,
further conprising an interleaver for interleaving
S on ch Wi ﬁplgg, [ggd'g;]
o %14] V\TRUE%S |Tr?;ean c}? E% nﬁqﬁéeﬁ% * éé)Q\%7(10‘;(;5)%ée]jl:%mr?1 the
spefiel gxamsfoam %ﬁf%Pﬁthtol rerfospy afglsaaéﬂ ope of SFBSH ATBC,
qRRL-ocARLEME Al hBuf RB&ine! Tmmtrk@ aBACYIed data streans

based on the channel state i orrm 14
0%y as a@h%maéw iz%ﬁ@ %g’i} é% {91?1‘8 e
chapakl atatte geticy s Tl tatilsastoa:ﬁe @ﬁ rehenhél paphReMdshénse, a

sm t_ heanf n u3| M channel tr|
PR REP R SO0 LT B0 AP 3 e sgpdifiop gysmber,
dedapbsphead, v m¢9¢em dnannehstfmsacs aI transformunit

conf|
[Oggl ng co ebog£ arﬁﬁgg% ﬁ;ﬁgcméﬁdbmgag%%%]gﬁmm

comm"lsmmw spstiphpapser fir aeneraém&m ph@ﬁli@ afmedematwams
ﬁ-&ﬁﬂ;h@l@ﬁ&d&hlﬁ aned@rmunit is confi gured to perfor m

transpit bea ng.usi ng steerin bas
[Oggﬁmc or m4ﬁ'g %'BR{? §q in anygof the embadi 43 ?urthe
comprising a spatial parser for generating a plurality of input data streams, each

input data stream being encoded by the encoder.

[0098] 46. The WTRU as in any of the embodiments 35-45, further
comprising a rate matching unit for puncturing on each of the encoded data
streams for rate matching.

[00991 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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[00104]52. The WIRU as in, any of the enbodi nents
37-51, further conprising a nultiplexer for

mul ti pl exi ng- control data and pilots with the
frequency domai n data. [00105]53. The WIRU as in any
of the enbodi nents 38-52, wherein the channel state
information is obtained froma Node-B. [00106]54. A
Node-B for supporting uplink transm ssion in a MM
SC- FDVA wirel ess communi cation system [00107]55. The
Node- B of enbodi ment 54 conprising a plurality of

[o@?rgﬁnnasm O TIRC VFRUTadi %&%m@%od{%ﬁnwgﬁﬁﬁ Sirther
RO RGBS 61 FROHSIBA U e i, B0y, the
frg@i@fcﬁﬂemfaﬁeqmncy donai n data. 100109157. The Node- B
A8 or Sfher 1T b Py SRR RS B PoRnorin the
cﬁamhstaogunﬂmmtmndmt@ta@@mﬁﬂ)ﬁ:] &HBlodd® Node-B as in any
[0%f10élh e e EE 0 di m&g—ééﬁé&)po%gg qlk)ﬁhﬂ grahsmission in a MIMO SC-
FDMA wireless communication system. ‘
{001071 55. The Node-B of embodiment 54 comprising a plurality of
antennas for receiving data.

f001081 56. The Node-B of embodiment 55 comprising a Fourier

transform unit for performing a Fourier transform on the received data to

generate frequency domain data.

[00109] 57. The Node-B of embodiment 56 comprising a subcarrier de-

mapping unit for performing subcarrier de-mapping on the frequency domain

data.

[00110] 58. TheNode-B as in any of the embodiments 54-57, comprising 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.

[OOi 13] 61. The Node-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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channel estimator for generating channel estimate.
[00111]159. The Node-B of enbodi nent 58 conprising a
M MO decoder for perform ng M MO decoding on the
frequency domain data after subcarrier de-mapping
based on the channel estimate. [00112] 60. The Node-B
of enbodi nent 59 conprising an inverse Fourier
transformunit for performng an inverse Fourier
transformon an output fromthe M MO decoder to
generate tune domain data. [00113]61. The Node-B of

di 6 i sing.: - | . f.Qr @i
R BB Bbon 5 TG A0 85 JPGU 8Pl 858, o
cogeprising atspacedame. depoier fa pgforniihg sieetctimBe decasdipddi nent

[0031190Pr B§I NOTRe ARRIGALGs i diCEOH EmbIRniaIP 8Hlaal Sather
data. [00115]63. The Node-B,as in any o

f the | .
compriRing @ shanne sgate fogahagk yoitfer sandingichasmet state information
toCRivrgrted to performthe MEMO decodi ng based on one

Bl etk i 555G ol o 00, bt
used- 63 chdnirel biaite bfbpnatiomGedbsggace tine decoder for
RIE 2877 PTRENGED R EEROAor o8 WALt e VIR or
chamieh stabe irdoranatidrefegBbadk. unit f or sendi ng channel

['O%tlﬁble | niggr Mo ORoHO-H HerifibBbhent 65 wherein statistical feedback is
used for channel state information feedback.

[00121] 69. The Node-B of embodiment 68 wherein one of mean feedback
and covariance feedback is used for channel state information feedback.
[00122] Although the features and elements of the present invention are
described in the preferred embodiments in particular combinations and for
particular frame, subframe or 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).

(001231 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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[00118] 66. The Node-B of enbodi nent 65 wherein a
limted feedback is used for channel state information
f eedback. [00119]67. The Node-B of enbodi nent 65
wherei n channel VQis -used for channel state

i nformati on feedback. [00120] 68. The Node-B of

enbodi nent 65 wherein statistical feedback is used for
channel state information feedback. [00121] 69. The
Node- B of enbodi nent 68 wherei n one of nean feedback
and covari ance feedback is used for channel state

xn'cégfrgﬁémt;ir&ﬁté %@@@Ff‘xeﬂ Phbedinthdloeate ARGyl GHGASTIRAMES,

el enents of resent invention are described in the
aﬁﬁ%ﬁ@ﬁﬁﬁﬁﬂ?ﬂﬂ&ﬁd?ﬁ@@f%SFﬁeﬁﬁ?#F%%lar conbi nati ons and

[0bpz41par t AGtbédsséria@BsocRiidh AR sOftwhid WaY Bé uéed tdhinplement

ch_ feature or ele nt can ed al one hout e
o R g Tes o s e WU, S6f eipmetts tertiinal, Bse
_ statibmdadibretwork ¢controdler, ou sny bkl coatpuders ThietWITBL may beused
ool BAAAES Ot Sh BRI Rl S P86l LAVGRY B o
a fRypars. A vimaecammgdtplpov/ivcﬂwphnnem spraketphonen ¢ arbragipn
de@%é he éd%%%r@?ndﬂé ét&@ﬁ@iéh%&aﬂc@ﬁ&@@hai@é&@@ﬁ@ads@ﬁ a

firmvare_tangibly ed in a conputer-reada
keybpardy 2 Rltetenih Wﬂu&x écf&?‘lltﬂ‘imb}mé“&gﬁ@ F%M)bﬁﬂ’bsg’é? a liquid
cr§aD dislap r(Ler RSASH RUnit, Eﬁﬂﬁﬁéﬁﬁc Qight-efithfy dioda otahLED)

st.ora i ncl.ude a r
BRI G S PR B PARI PP e en SR hespgrg el
zushﬁnnaﬁdnoﬁsmgmaﬂnwyumkﬁﬁmﬂe&5knaganﬁunnhmmdtaﬁkamhxamhﬂa
i nternal hard di sks and renovabl e di sks,
magnet o-opti cal nedia, and optical nedia such as
CD- ROM di sks, and digital versatile disks (DVDs).
(00123) Sui t abl e processors include, by way of exanple,
a general purpose processor, a special purpose
processor, a conventional processor, a digital signa
processor (DSP), a plurality of mcroprocessors, one
or nore m croprocessors in association wth a DSP
core, a controller, a raicrocontroller, Application
Specific
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Integrated Crcuits (ASICs), Field Progranmable Gate
Arrays (FPGAs) circuits, any integrated circuit,
and/or a state machine. 1001241A processor in
association with software may be used to inplenent a
radi o frequency transceiver for use in a WIRU, user
equi pnent, termnal, base station, radio network
controller, or any host conmputer. The WIRU may be used
in conjunction with nodul es, inplenmented in hardware
and/ or software, such as a MS a vi deocanera

wWHagiy cRimed iyl deophone, a speakerphone, a vibration
devi ce, a speaker, a nicrophone, .a tel evision

tr an]scel \fepiethgd,h]éqqfagpqdeléy héla{!’%% mpélt Rré,\yﬂ)(])eaplgputéMﬂ\/IO) wireless

rBlshatreRive uma @warRU) For UpBEK BAEMisITHE Uha tiReholl Edprisafdt O
unit, aliq crystal display LCD dlsplgy unit, an

or gaﬁ'fpirawggﬁtplvéww of ﬁ@coé%&%ta (S@E@B} using Anasfaptiver modylation and

codlin@ (AMC)BdBdnte; Pl ayer, a nedia player, a video gane
player nobdule, an Internet browser, and/or an

Wi 1 eBeing R imbil ssieatenErR ceRmRCoREHdite Stream g opyflg AMC

schém&! ai med is: 1. A nethod, perforned by a
nultlple I nput nultlple out put (NlND Wi rel ess
t r arPEHPIMipg Ao Fousier) faps ?rwrm»eaclf SYmbeJ| seArence 4n Lanegds drpauency

ddnidén 8R4 hod conpri si ng: generating a plurality of
encoded data streans, usi ng an adaptive nodul ati on and

c odls[s'l@ct{vg}\yﬂ)erfggwggrgansnut beam&gwg}gaqq ﬁli‘@ frgqléey%gqmam data based on

chaRRY RELinkSRMiGRAGhi@NReNEd #atacaidemmiRam@th QPndi-fenoise ratio
AMC schene; performng a Fourier transformon

(Sd%eh synbol sequence to generate frequency domain

dat zifmappm,g symB&1 S Lacl SYrYbdP bk ghbbAARSM t
‘beanform ng_on the frequency domain data based on

chamsEprypginversFejirientransformygs; the sybsariggenapaedydaia eefich gymbol

seﬂi?etnﬁé?é Ritad tlﬁiegleﬁ‘llamtdgt'anaﬁidse ratio (SNR); mapping
sSynbol s on each synbol sequence to subcarriers;

per flepsmiFiethe e donpyudateyia pt lagss Pry FRtRIRAL he
subcarri Whére{mg@&%sﬁgﬂ arﬁf(l)ngﬂl Bs ﬁéﬂgﬂﬂl&d W&)‘a@o&f? or an index-

gener ate tine onal n at a;
based scheme.

2. The method of claim 1 wherein space time coding (STC) is performed on the

frequency domain data.

3. The method of claim 1 wherein the channel state information is at least one of
channe] impulse response, the 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.

4. The method of claim 1 further comprising:

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

21 °



transmtting the tine domain data via at |east one

ant enna, wherein the transmt beanformng is
performed using a codebook or an index-based schene.
2. The nethod of claim 1l wherein space tine coding
(STC) is performed on the frequency domai n dat a.

3. The nmethod of claim1 wherein the channel state
information is at | east one of channel inpulse
response, the precoding matrix, a signal-to-noise
ratio (SNR), a channel matrix rank, a channe

conds t | O R WEARK of BRinRY fuRECRthpridini T €l ess
transmt/receive unit (WRU) speed and channe

st at intgrlpaving bitg onvach offhersaepded daia sredms: f ur t her
conprising: puncturing on each of the encoded data
streans for rate matching. . 5. The nethod of claim1
furtber cdprathadnd claimd eyhierin s per atenaa B watpl ipperfasmed on the
effRAQAEEh RhAs BdsELGHBe channel sta-infbfiRadRE hod of claim 1
wherein a per antenna rate control is perfornmed on the
encoded data streans based on the channel state

i nf o Mat i98-method of claim {WheP®BH (48 Frafdmif b&inTorniNg 18 a&talsmit eigen-
the transmt beanformng is a transmt
beamfamyamysireshamelmagix decoEpepitier: matri x deconposi ti on.
8. The nethod of claim1 wherein the transmt
beanform ng i s perfornmed using}steering vect or - based

bean$-or miThg metlwd ofjelaime i wiseein fhedranpmit beampfgping fs performed using
SEIRVe &b Mksed Bakkbdthnngl N9 control data and pilots with
t he frequency donmai n dat a. 10. A wreless

transmt/receive unit (WTRU) for performng uplink

trangm Sspeheod &f GRARE bothSHbing: an encoder

configured to encode 1nput data, using an adaptive
nod uiraltiplering pentrobditmand pANts)withdhe frequency domagp data.
constel l ati on mapping unit configured to generate a

synbol sequence from each encoded data based on the o
AMC H:herfewireless transmit/receive unit (WTRU) for performing uplink transmission,

the WTRU comprising:

an encoder configured to encode input data, using an adaptive modulation and coding
(AMC) scheme;

a constellation mapping unit configured to generate a symbol sequence from each
encoded data based on the AMC scheme;

a Fourier transform unit configured to perform a Fourier transform on each symbol
sequence to generate frequency domain data;

a spatial transform unit configured to perform transmit beamforming on the frequency
domain data based on channel state information, which includes a pre-coding matrix and a
signal-to-noise ratio (SNR);

a subcarrier mapping unit configured to map output of the spatial transform unit to

subcarriers;
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a Fourier transformunit configured to performa
Fourier transform on each synbol sequence to generate

frequency donmi n dat a; a spatial transformunit
configured to performtransnmt beanform ng on the

frequency domai n data based on channel state

i nformati on, which includes a pre-coding matri x and a
signal -to-noise ratio (SNR); a subcarrier

mappi ng unit configured to map out put of the spatial

t r ansfiovemseUFoutiert wansiolye anit cenfigured to performrinyensedfoyger transform on

I er f [ fl ed. t erforminverse

gﬁ‘?cﬁlglre ' [E"%@r%g fi %%% %ér?f e{aﬁg&{sku og%nr%tear’ Qlﬁd;pped data to
genex plrelity iofrentekovan configared (o transimig thel timezdontain dgfa, ant ennas

confi gur l; ' ggf{gi : Kk index-
wherein t glte r%’%gﬁ?nés{%{)beeanfogﬁﬂr?gﬁsg 'S pgehr,?sgﬁlgrar‘é(a)dﬁbsoiongrgnm o

coddissmllsclmmean | ndex- based schene. 11. The WIRU
of claim 10 wherein space linme coding (STC) is
performed on the frequency domai n dat a. 12. The

WIRU lof dhaiWTRO ofibleine i 1 whérein sheea tisle cotiag €STEX i perfaringé on the
' t. one of channel inpul se response, the
ﬁ% g@%ﬁ#ﬁé%ﬁg'fix, the signal-to-noise ratio (SNR), a
channel matrix rank, a channel condition nunber, del ay

and Chandb YRy BEhRE ek B Shifiet Mg b ln SRERGyone o

cannd] lapulseoregpanse, e pacaiat matkix pée signalftomoiye maioafSINK), & channel

o L, B e GO T 8 v

(WORD) speedand channel statistigrat | al parser for generating a
plurality of input data streans, each input data
stream bei ng encoded by the encoder. 15. The
W'RU30f G@haWTHRO of clainhHY futtharpompiisigg:

a spatial parser for generating a plurality of encoded data streams from the encoded input

X

data.

14.  The WTRU of claim 10 further comprising:
a spatial parser for generating a plurality of input data streams, each input data stream

being encoded by the encoder.

15.  The WTRU of claim 10 further comprising:
a rate matching unit for puncturing on each of the encoded data streams for rate

matching.

16. The WTRU of claim 10 further comprising:

an interleaver for interleaving bits on each of the encoded data streams.
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a rate matching unit for puncturing on each of the

encoded data streans for rate matching. 16. The WRU

of claim 10 further conprising: an interleaver for

interleaving bits on each of the encoded data streans.

17. The WIRU of claim 10 wherein the spatial transform

unit is configured to performa per antenna rate

control on the encoded data streamnms based on the

channel state information. 18. The WRU of clai m

10 wHer eiThetWEREpeft ¢laim 1¢ whertiorthe apatiel franstosmfyngfuis cgnfigyred to

gﬁf g@ rlaiRnhd ?d?esmnttrop 8@ Meoern%dgg 4! s'ﬂ‘garﬁg]%&? bn MR &rlasénel state
composi tion. U of claim10 wherein :

inforenatipmat i al transforn1un|t |s conflgured to perform

the transmt beanform ng using steering vector based

bearnform ng. 20. The WIRU of claim 10 further

conpld si e WTRYI of qda@x& wh@nemntm: shasipkseansépraontt ig|configured to

gﬁgg Whfie b ta. 21. A

PRode- B g%hgg%%grtln aﬁ&yﬁgﬁgﬁg83|éﬁng?he Node- B

conprising: a plurallty of antennas configured to

recejye agf aW"‘ERU of QailiOW | Ereitnrtﬂ9§{nﬁ M R rmC AR Is Héhglred to

to perfor ourier transtormon received data to
peyéome e teankmis eamioymine neingisteraing vector based bsuploaminger

de- mappi ng unit configured to perform subcarrier

de- mappi ng on the frequency domain data; a channe

est i #at oThe JYiTRYwf eldim B) yshacampriskgannel estimate; a

spag - i figy R Bmain da

ti meaeraﬁllu f(%g&?xgﬁlgyﬁeﬁIElon%gp%jP#{dg)ﬁg{s?\ﬁ%ﬁ?@rm main data.

out put (M MO decoder configured to perform M MO

decaogi ng O By Gher

do- rtop A5 NakeE o SOUFAACRRFRMRAAGIR, & Mol BUBRBRSHET

[ nvsnderaﬁtymﬂamemtasammtmnp@va:w| gur ed t o perf orm

an S e

I\/[§1 Lol é’lgg gF & 'fcl;llm {e‘uﬁl{er %@L{éd% % LF%HI?&I’ Ja&n&g}rh I%ﬁ the received

data to generate frequency domam data;

a subcarrier de-mapping unit configured to perform subcarrier de-mapping on the
frequency domain data;

a channel estimator configured to generate channel estimate;

a space time decoder (STD) configured to decode space time decoding (STC);

a multiple input multiple output (MIMO) decoder configured to perform MIMO
decoding on the frequency domain data after subcarrier de-mapping data based on the channel
estimate;

an inverse Fourier transform unit configured to perform an inverse Fourier transform
on an output from the MIMO decoder to generate time domain data;

a de-modulator configured to perform demodulation on the time domain data to
generate demodulated data;

a decoder configured to decode the demodulated data; and
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a de-nodul ator configured to perform denodul ati on on

the tine donain data to generate denpdul ated data; a
decoder configured to decode the denodul ated data; and

a channel state feedback unit configured to transmt
channel state information, which includes a pre-coding
matrix and a signal-to-noise ratio (SNR). 22.

The Node-B of claim 21 wherein the M MO decoder is
configured to performthe M MO decodi ng based on one

of m etiamahstateepedbenkamés configired TIVBEYIH elpowr! iiigte information, which
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23 The hbde B of claim?21 wherein a limted feedback
U’fﬁid f@é I\%E@ BN aﬁk@tl \/\}1 Q'MIMW déc%&gl?@édﬁﬁgured to perform

of c erei n channel vector
thunxﬁt/IDz decoding (badd o1 oucse)ﬁ mlonmt:m anpae | squarg tegror (MMSE) decoding,

V{%é@ LIRLLR Quﬁt@féigﬁ? lﬁ?nce%zglon (§ R dEBs d&? atid” i ufn| 1feiRodd (ML)

erern s atistica ack use nnel state
decofliog.nat i on f eedback. 26. The Node-B of claim 25
wherei n one of nean feedback and covari ance feedback

is used for channel state infornation feedback.
23. The Node-B of claim 21 wherein a limited feedback is used for channel state

information feedback.

24, The Node-B of claim 23 wherein channel vector quantization (VQ) is used for

channel state information feedback.

25. The Node-B of claim 21 wherein statistical feedback is used for channel state

information feedback.

26. The Node-B of claim 25 wherein one of mean feedback and covariance

feedback is used for channel state information feedback.
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