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(FFT) is performed on_data_ for transm ssion to, .
syberarigte A subcarrier block is a basic scheduling unit for uplink

transmissions in an SC-FDMA system. Depending on a data rate or a buffer
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[0007] MIMO refers 1!:o the type of wireless transmission and reception
scheme where both a transmitter and a receiver employ more than one antenna. |
A MIMO system takes advantage of the spatial diversity or spatial multiplexing

to improve the signal-to-noise ratio (SNR) and increases throughput.
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[0014] When referred to hereafter, the terminology "WTRU" includes, but

is not limited to, a user equipment (UE), a mobile station, a fixed or mobile
subscriber unit, a pager, or any other type of device capable of operating ina
wireless environment. When referred to hereafter, the terminology "base station”
includes, but is not limited to, a Node-B, a site controller, an access point (AP)or
any other type of interfacing device in a wireless environment. The present

invention may be implemented in a WTRU or a base station.



i nterconnecting conponents. [0016] Figure 1 is a block
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112, which will be explained in detail hereinafter.

[0018] The subcarrier mapped data 111a-111n, (or data 113a-113n
processed by the beamformer 112), is then processed by the IFFT units 114a-
114n to be converted into time domain data 115a-115n, respectively. A CP is
then added to the time domain data 115a-115n by the CP insertion units 116a-

116n and transmitted via the antennas 118a-118n, respectively.



[0019] Figure 2 is a block diagramof a receiver 200
configured in accordance with the present invention.
wo toogloowBel be noted that Figure 2 is provi ded BST/EB2006/037391
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[0022] The extracted subcarrier data 209a-209n is then processed through

the pulse shaping filters 212a-212n, respectively. After processing by the pulse
shaping filters 212a-212n, the data 213a-213n is then sent to the channel
diagonalization and beamforming unit 218 and the channel estimator 214. The
channel estimator 214 generates a channel impulse response using a known pilot
signal 230 and generates a channel matrix H{ for each subcarrier. The channel
estimator 214 may be a joint channel estimator, as shown in Figure 2.

Alternatively, multiple channel estimators may be used for processing the
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estimator 214 nay be a joint channel estimator, as
shown in Figure 2. Alternatively, nultiple channel
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interferences between antennas are eliminated.

[0025] The received signal in frequency domain is expressed as follows:

R®=H®.§® L N® Equation (2)
where R® and S® are the received signal and the transmitted data in frequency
domain for the n-th subcarrier of the user k, respectively and N is a noise. The
channel diagonalization and beamforming unit 218 equalizes the channel
distortion and interference by applying the matrix U,(,")H and Vn(")D,S")_1 to the
frequency domain received signal R® . The resulting signal after diagonalization
RY is expressed as follows:

RY) = y@OpWT®TR® = §® 4 y@p®Ty®TN®,  Equation (3)
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frequency domain received signal Rf . The resulting
signal after diagonalization Rn is expressed as
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S® =p®p®TFE Equation (4)
[0029] The received signal is expressed as follows:

RO —G®.§® L §O. Equation (5)
[0030] At the receiver 200, a receive beamforming is performed by

multiplying a matrix U®" on the received signal R® by the channel

diagonalization and beamforming unit 218. The resulting signal after

beamforming is as follows:

R® =§® Ly® o, Equation (6)



[0030] At the receiver 200, a receive beanformng is
performed by nultiplying a matrix / on the received
wa@k@nalio by t he channel diagonalization and PCT/US2006/037391
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[088lar e ef ascopdavise)With pbrirg FryRodiaerf A1dng RhpReRL Lvgntion,
mir? né‘hletaﬁ%q%?m%ﬂ(msb%luﬁbﬁ iDeRAO EEDREsSs PAPR at the
ransmtter O 1n accordance with the third .
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[003BR 1S ° %@Qv@ési%ggm oxPrdsgstphs fMowh) - The

estl mate ata at_t recei ver 200 approaches the
transm ttﬁd zdgtka,gMngW(a_ signal -to-noise rati o Equation (8)

[0034] After the channel diagonlization and beamforming unit 218

performs a receive beamforming by multiplying a matrix U,Ek)H , the resulting

signal is expressed as follows:

R® = —————J DR S§® 4 y®TN® Equation (9)
Dy l D(k) |2 +O'2 n n n
[0035] The PAPR is reduced as shown in Equation (7). The estimated data

at the receiver 200 approaches the transmitted data when a signal-to-noise ratio
(SNR) is large as shown in Equation (9).

[0036] In accordance with a fourth embodiment, a beamforming is
performed only at the receiver 200 and no feedback is sent to the transmitter 100.

A received signal after receive beamforming and noise suppression by the
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(SNR) is large as shown in Equation (9). [0036] In
accordance with a fourth enbodi nent, a beanformng is
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An SC-F syst em wherei n ortion rality
Fh%EFB’EHPF 40 approa %%tgﬁ%%n&ttﬁ%aff F‘éﬁ%r]ﬁlg}f éﬁfgr@nals because
recei ver for B uni cation. [0040] 2. The system o%
thebuddlesetm 1 ri-shergmas MdeMity atreshigh SNB apdO4W V3 =1. At
The system 31Dnen‘d€d| ment 2 wherein the M MO
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EFEIn nsmitter

[%35" al i tyEﬁ{bogﬁg%rl er mappi ng units for mapping the
uency domain transmt data on subcarriers assigned

%39% he MMO tAmi$hFDMA syskenn ey eqmtrtlem of [aOQMJ@]allty of
The
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comprises a first set of FFT units for performing FFT on data for transmission to

generate frequency domain data.

[0042] 4. The system of embodiment 3 wherein the MIMO transmitter
comprises a plurality of subcarrier mapping units for mapping the frequency
domain transmit data on subcarriers assigned for the MIMO transmitter and a
MIMO receiver.

[0043] 5. The system of embodiment 4 wherein the MIMO transmitter
comprises a first set of IFFT units for performing IFF'T on transmit data mapped
to the assigned subcarriers to generate time domain transmit data.

[0044] 6. The system of embodiment 5 wherein the MIMO transmitter
comprises a plurality of transmit antennas for transmitting the time domain

transmit data.



[0044] 6. The system of enbodi nent 5 wherein the M MO
transmtter conprises a plurality of transmt antennas
wo eoo7ismeecm tting the tine domain transmt datBCT/DS2006/037391
Bl BRI DERS 3 e [0045] 7. The system as many of the
dinments 1-6, conprising a M MO receiver. [0046] 8.
[ syst efn of Stere 36 iy apk of Breembediments 18 epmprising a

MDY Jes&iSe Pl urality of receive antennas for
receiving the transmtted tine domain transmt data

[60dblgener &t i ndTheusystemefsimmsiiment 7rebeieire dhel MBVIO receiver
004.71 9. .The.systemof enbodi nent 8 .wherein, the }
chBibs B R B G s T reait oG fhectrhpsmittod time

doaiefin tramenif-Gdta0and fendratint vadtigRt Ardan JMNREEVEd data.
[ééfﬁuency domai n received data. [ Ooggjl 10. The Sl\iSt em

mbodi frent Kpamestenpfiemebodinent 8ceberein SompHiM@segeiver
cgﬁg?i’ﬁleé 5 ¥e@hndSiP SPFFT%niﬂqug%%ﬂg IREer I))? &ﬁéﬁcg%%& 4Bt to

a mapped on the assigne carrrers.
sPheraty Steaneney damainyrecdiveddatanbodi ments 7- 10, wherein

M MO yeceipyqer ¢ ri.se t | east one. chan .
[5()5(2 )t or{(ﬁor ’%'eer e e@ﬂﬁ’ﬁﬁ‘é‘?négt‘?’ﬁ‘ﬂﬂrbﬂ"? gﬂl\ﬂﬁ) Nfepetver
comprised & phabliBesr subeaiiricrdefppeig @itk fob exfraéidhy 84talRapped

gﬁgerat,e a.channel matrix. [0050] 12. The system of
oBtBe @sFigned IubGREERS: n the M MO recei ver conprises a

Gdypnel ri it i - :
[ channel % ri meéﬁs?gmg@ %Ié g%gﬂ%m#tﬁt%°d%§‘§%@ﬁ§?’tmg%ﬁﬁ the
MiMOireerivey camprised at loaet Gievhanselpstisertbpfor perfennirgshannel

Ltian t _[0p51] 13. Th _
cHrBhioh iy VMO BRinels REaeR e RBR ORI onat the degpiver to
geheraneh cHhagelmahirzat i on and beanforming unit for

lizing a annel distortion by applying at |east
[@ﬂ@?of t WU, Qr%eaﬁﬁ’ét%lof pedgdimenthld wheyeir the MIMO receiver

CHSSEUET R, B 5Lty LB ol BRE 091
mpdeigniaite @t diggonHFfatnix {3 ahd runiery anatrivgs [FRHdOVIEL Wherein a
sﬁﬂé’fgkxjiﬁteﬁ e%%?es a Hermitian transpose.

[0051] 13.  The system of embodiment 12 wherein the MIMO receiver
comprises a channel diagonalization and beamforming unit for equalizing a
channel distortion by applying at least one of the U, D and VH matrices to the
extracted frequency domain received data.

[0052] 14.  The system of embodiment 13 wherein the MIMO receiver
comprises a second set of IFFT units for performing IFFT on the equalized data
to generate time domain received data.

[0053] 15.  The system as in any of the embodiments 13-14, wherein the

channel diagonalization and beamforming unit equalizes the channel distortion

based on a zero forcing solution.



to generate tinme domain received data. [0053] 15. The
systemas in any of the enbodi nents 13-14, wherein the
W(ammmeiosdi agonal i zati on and beanform ng unit eCEF20p€E637391
e q;h }eqﬂ@nn@l ‘,,Qb@t@rtl on based on a zero forcing
sol'ution.U's™u"$"1:1 , ; : x [0054] 16. The system as
[0054hny of16 he Thetspstiemeartin ahg-of the ethleediinentsh3-¢hanirarein the

al i zat.i gn_and, beanf or mi n nit zes t
R Sfdsr Sl ot BESHo B it Bt B B Aol Histortion
baded dihen IYMSEBohstié) any of the enbodi ments 2-16,
wherein the MM O transmtter further conprises .
[MRhF or nek7 forTh;se,swf@mw 30y 9 r?mbos‘@aﬁzﬂf@r%ﬁ%valwem the

Ngﬁﬁ’b’h’?gff&;@? %}S GishIg b%ﬁ%ﬂoﬂ?é%ﬂmﬂg%ﬂhﬁmlt

tem of enbodi nent 17 whéreln
bemfdviiag ﬂoyarpplmng @Jne Yhuatirizstotthe fkequanesi dothaigrirahgmit data.

L L R e e

obt#ih e VondtrixSesmahs eesivbrchannel estimator for
erform ng channel estinmation to obtain the V

X
ba on Ehanite sysERpRORAny of fpaBpodimenthl A ey Berein the
i .
%@%%%%M SFHRAARRH ps b Cocod MRS Bk for performing
chgasme:l res‘amadmmddlobmm the Vivhetmx ha$dde0mdm11m gréeémooirty is
nvers trix. [0060 2 The, s em f';19 h th
di me STRTOR EHE egelPB%‘ 1o P10 whprsip the
bb@ﬁl@&n&ﬁi d@ﬁe@a@ﬁilﬁmg(fa@mi a n0| se vari ance. [0061] 23.
The systemas in ae/ of the enbodi nents, 1-22, wherein,

[90p0] subcad ki erlhesysiegnelismodimentdOvehrainghy spalipedagior is an

lm&gquglaJﬂ%?m i zed subcarriers. [0062] 24. The system
as 1n any of the enbodiments 1-22, wherein the

[gaafdar r | e225 asBiegysteny of embodimdbt29cehenein thescalingtfagor is

di strl 3] 25.. The systemas in
eEheurd PR e Rk SBA e 11 hD
[0oeIsm t t23. f rHBkted0 8P in 883 oftHeRmiwkthehtyl - raﬁj whéein the

inserting a CP into_the ti donai ran
subcarriers gsmgned to the MIMO recr:Te%ver are anblock ofS lmcahz % subcarriers.

[0062] 24. The system as in any of the embodiments 1-22, wherein the

ﬁ_

subcarriers assigned to the MIMO receiver are a set of distributed subcarriers.
[0063] 25. The system as in any of the embodiments 2-24, wherein the
MIMO transmitter further comprises a CP insertion unit for inserting a CP into

the time domain transm1t data.

[0064] 26. The system of embodiment 25 wherein the MIMO receiver
further comprises a CP removal unit for removing the CP from the received data.
[0065] 27. The system as in any of the embodiments 10-26, wherein the

MIMO receiver further comprises a controller for generating a control signal
indicating the subcarriers which are assigned to the receiver, whereby the
subcarrier demapping units extract the particular data mapped on the

subcarriers based on the control signal.

-10-



[0064] 26. The system of enbodi nent 25 wherein the
M MO recei ver further conprises a CP renoval unit for
wo eovowirnge t he CP fromthe received data. [ 0065PCRUS20061@37391
e IS LR 8% i agny of the enbodi ments 10-26, wherein the
i M receirver further conprises a controller for
[0066kr at | B8. a Thasysbémsisgmahy bfiliecatbiodiments 18:R5% sherendhe

whi ch are assignhed.to the recgjyer, whereby the
C@E‘@Eﬁait’é?‘%ﬁ%’gbﬁﬂﬁl Hht t1§a8§°h¥a8flitt he particul ar data
ooBPpPed ongt heTRABFAEM RS aRP L he@MbddemeMRt12027, wherein the

signal.J Ii_ s us o" j 3 * [0066] 28. The system as
channahyaagnxﬁneommﬂomﬁmtgs 2p BVD uifer ei n t he channel

i X onp : j Gy :

OFRE! st 861 not e suAbmiY e A nekRibFrhengs SO/ bthein the
MINO chasngtterizta WCREconposition unit is an EVD unit.

3% s T e S b b SRR A g e

VIO FhRiveY 34 §PadSsiatioany of the enbodi ments 7-30,
wherein the M MO receiver is a base stati on.zé 7hO]

) i 00 :
[0970] The S¢st eWhasystamaaringiny ofdhe apberirasnts 2:2% grherein the
wher el itter is a base station. [0071] 33.
tn?ﬁgmgtyygli%%e%%sreﬁ%% of the enbodi nents 7-30, wherein
[Q0T@] r ecei38er TheayMWERLAhs n00324f tBd emhodinérdd 7:3f}, wlevein the
beant or HWL‘ERU” an SC-FDVA system wherein a portion of
TR IaT | f subcarriers is assigned to a
[doFapsm t tsar  andmatHeAceE WM O Yeab@oibinicGatdrd8C-FIOMA3 ystem
35. The nethod of enbodi ment 34 conprising the step of
whiezeineaostipn pfa Phapliby of swljcrieprs s asigier §9 a transmitter and a
transm ssion erate frequency donain data. [0074]
r%“&%"e”r@er%?e ”%%ggﬁgg'nbodi nment 35 conprising the step of
[0078] t r ans3si t t henmpiliodgoftevebddimqui Bd ycotmrising thastap of the
tl?a%té%l't@g% i)g%glanrllrl‘{ge %%Tagﬁ Idg.'[]ae gorf &%nglgl% S}Orna{]os gtlartlérg{e ﬁ%guency
domain data.

[0074] 36. The method of embodiment 35 comprising the step of the

transmitter mapping the frequency domain transmit data to subcarriers assigned
for the transmitter and the receiver.

[0075] 37. The method of embodiment 36 comprising the step of the
transmitter performing IFFT on the transmit data mapped to the assigned
subcarriers to generate time domain transmit data.

[0076] 38. The method of embodiment 37 comprising the step of the
transmitter transmitting the time domain transmit data via multiple antennas.
[0077] 39. The method of embodiment 38 comprising the step of the
receiver receiving the transmitted time domain transmit data and generating

multiple streams of received data.

-11-



[0075] 37. The nethod of enbodi ment 36 conprising the
step of the transmtter performng | FFT on the
Wo e@nemioss dat a mapped to the assigned subcarri BECEUSIH06/037391
o geRen & kg omai n transnmit data. [0076] 38. The
met hod ‘of " embodi ment 37 conprising the step of the
[@o78hsmi t 46r t Thasnethbd rf epiledimest 39 waprisiegtd stegatfdhe

via multiple a na 0077 9. Jhe nethod- of .
e Beireing BT Thegoeied dals Br it toiefimey domain
rdcBRRH\abs the transmitted tine donmain transmt data

and generatin&hnultiple streans of received

[0k [ 007d] 40he Thethediof canhadimanbdD remPrEwe: tipFiep; afghe
ol U B P A e

feceive onmal n recei ved
[0D80h. [ 0QR9] The nmbdhodetfemtbadfimentddlicompirisiify the step of the

conpri Si t.he st of. the receiy racti dat a
rerADEPBIPHEHES 4 chgned extafivs ofithhrnng? fefien the
trREh e Pin® OROFicEBR L tdlderk@aiV 4 Shdithel Bfatsikep of the

recei ver Z%grform ng a channel_ estimation of M MO

[@8dhnel s 48et wdbe metdod of raphadimentdd coFPrising the ptepgof the
r%%—g%% I%tre}gor{ﬁp%gx?%g}% cm{ai fﬁa#lg Qﬁbua %ﬁ%goxgﬁ%gﬁ'ﬁm%ngfunitary

nmprising the step the recelver
noigrioepUsimigVE, ehereana stperatriptxHidenotes adilegoiten transpose.

QBinor e YR e of oot UG eopibaibivd REC b e
r&eiRiFRQEANRNL a4BafRsTI¥idtoitich B SpsiiRig tak at ast @cndftls UE, D

eguallztng a channel distortion by_applying t he at
apd dsmagrieesdp the exigpctod drpauenpspdomaimsreceived 8atdt r act ed

[(%qs%guencﬁs‘?'o”ﬁ}% &Eﬁl%h%%ﬁ%d%meh%ﬁ%%nﬁsi é“%’h@%%égf&’f the

nbodi nment conprising the step o e Teceiv
reeeivfen petfopmingAF Rihot the equalitddaiadia thegemetaig bimay domeainireeeived
d?nain recei ved data. [0084] 46. The nmethod as in any
dgfa-t he embodi ments 44-45, wherein the channe

(ot or ti ofB.i S TeRYAEHh3E ds hasefofthe ambofindifts ¢4AG, wherein the
solution. [0085] 47. The nethod as, in an¥ of the
chayer]idpatartionsis-eqnaligptbbased onrzenAMNEE e -tion i s

[@6&5}" i ze d4'P as Gﬁle‘?ﬂetﬁﬂd Mﬁaﬁ‘ﬂ)ﬁhb @thbodiments 44-45, wherein the

channel distortion is equalized based on an MMSE solution.

[0086] 48. The method as in any of the embodiments 35-47, further

comprising the step of the transmitter performing a transmit beamforming by

applying the V matrix to the frequency domain transmit data.

[0087] 49. The method of embodiment 48 wherein the transmitter
obtains the V matrix from the receiver.
[0088] 50. The method as in any of the embodiments 48-49, further

comprising the step of the transmitter performing channel estimation to obtain

the V matrix based on channel reciprocity.

-12-
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[0086] 48. The nmethod as in any of the enbodi nents
35-47, further conprising the step of the transmtter
W(pe(mhmmmg a transrri t beanform ng by appl yi ngpeh&S3806/037391

q@kr -------- APog tha gquency domain transmt data. [0087]
é nethod ‘ot enbodi ment 48 wherein the
[oosgnsni t 6&r OPhaindethbées\innady ok thie embb&nnemets S6vl, .further

[0088] 50. The thod as,in a of t
coppRrAYng £he §tRR Of s tyrnep &rtamﬁ)é{l%ﬁs n%fgo c{oF aﬁ%‘ﬁm Feqgjency
@ﬁgﬁpﬁgﬁgﬁmqg@@nel estimation to obtaln the V matrix
ased on channel reciprocity

NI A
[0090] [ 0089R. 51Thamet. qf@mbadlmentéﬂyvlwemﬁbe &a&i@aif%?nigan
%rther conprising the step of the transmtter

f
“gﬁﬁfg?ﬁ% Pscaling factor tothe frequency donain
[goeansmi t 58at aThé d08Rdd bPemBbodinment Hd dvivfremnthedicaking fastor is

wherein th n actor is.an inverse D matri X.
EERBORE RSO PR AR EL R ARG AT vher o1 1 ¢ he
(0992} i Ny f53Ct O hb snARGES PnathyRFSESe@BodiifenBs 3868, whetih the

a noi se variance. [0092] 54. The nethod as in any of

smMmMrsmd $o ghie BReivigharesr hlackof dagplized suhcgrriers.
gned
@Rl o e T pe.  EBe B A i, @ o §hboRimeE L 8 Phorcin the
sﬁ?‘}d&@ﬂéﬁ&%@n@dt& Bhe vdreiver ard heetsefllisiribivded sessirgeasd t o
t he. receiver of . di stri,but ed s bcarn
G0 a] S T IhE aReRaLE iRt Ohe S OORE U Lo further
cothpriging| et s&% of QAP th S skt feh AnSdridg0d G entor thidStiink tdmain
|nsert|ng a into the tinme domain transnt data.

tﬁ@@@ﬁﬁ?@ﬁ The net hod of enbodi nent 56 conprising the -
of t i e 3 '
D 1o A5 AR 58 R0 s e
régbed irmbtrmgéthe.'ﬁl’ frbnr theereceiverbdatsi ng the step of the
recei ver gene trol | i t

Q0HEarr eHEBIEs i Ao 3B e B Ry sy 157 further
cHhpriehY% tthlaesteiﬁ\bﬁ tHBPRRE P BchBRtARSH SoEHE si@ﬁar fridedasingSthe

extracted based on the control signa
subcarriers which are assigned to the receiver, whereby the data mapped on the

o)

4

assigned subcarriers is extracted based on the control signal.

[0097] 59. The method as in any of the embodiments 43-58, wherein the
channel matrix is decomposed by performing SVD.
[0098] 60. The method as in any of the embodiments 43-58, wherein the

channel matrix is decomposed by performing EVD.

[0099] Although the features and elements of the present invention are
described in the preferred embodiments in particular combinations, 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.

® & *
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[0097] 59. The nmethod as in any of the enbodi nents
43-58, wherein the channel matrix is deconposed by
ween7osrwsng SVD. [ 0098] 60. The method as in apgT/o5200é1e37391
ey # hrent. sy 4308, wherein the channel matrix is
BT gggg% 6sed'%y bé ‘f or mi ng ¢ 0099] Although the
features and el enents of the present invention are
Wiesds clagded is:t he preferred enbodi nents in particular
combj nati ons, _each feature or . el enent

DL o i Birels Rarity Bt ey IS anlriglh AtedS {SeEPMA)

P e H & 8in P4 llﬁﬁlltf‘of\é%bb%rﬁé%é@ﬁéd Nstrivhdrhitter
or wi t hout ot her fea ures and el ements of the present

andvaemcelmr for commymiication, thexsystem KEUPRSINg s cl ai ned is:
S ess
(s R ERAbE BBLE hiflup LARHERE AN Sailafitph Lo friBEs
subcarri erfirst setas fisy ﬁ‘edrlbna*ahsﬁnmrfﬁ‘ﬁ‘mé unis &raperﬁacmm@FFT
for comuni cati.on, the s em conpri si.n
b9 F mSPES iR LR ERNEB AR SR TCRRRER R AaFar ¢ er

co rr‘p ri si ngplualkiy’of Tsuﬁ&irn@f n{agqiﬁné: Qhiits Bir Iﬁaﬁﬂﬂﬁé @hdfrequency
(FFT) unit's for “performng data_f

domairstressindrdate ogembeanriers peyjgretipr @MMIMQ sxapsmitter and a

1\&}\;[gallt‘y of subcarrier mapping units for mapping the
receiver,
equency domain transmt data on subcarriers assigned

for th e M fift setaofinvdrteFoarier tratvin (BLET warits far perfetming

nvers ourier nsform (JFET) units for .
I%@&f%’r FﬁaﬁémF aowapp%{}]% e gsgign B%%r{lgrst ﬁ)egenerate time
desRidNedsHibERR! 484 S to generate tinme domain transmt
data; and a pl urallty of transmt antennas for

t ransni t ta plyrelity oftransmikanienmeg ferrengaitting éih%i tippdomain

oML 86R1 wgl comprising: a plurality of receive
ennas receiving the transmtted time domain

t r angid MINED pecaivdr g@nprigingng nul ti pl e streans of
received da{urahty of receive antennas for receiving the transmitted t1me
domain transmit data and generating multiple streams of received data;
a second set of FF'T units for performing FFT on the received data to
generate frequency domain received data;
a plurality of subcarrier demapping units for extracting data
mapped on the assigned subcarriers;
at least one channel estimator for performing a channel estimation
for MIMO channels between the transmitter and the receiver to generate a
channel matrix; ‘
a channel matrix decomposition unit for decomposing the channel
matrix into a diagonal matrix D and unitary matrices U and VH, wherein a

superscript H denotes a Hermitian transpose;
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a second set of FFT units for performng FFT on the

recei ved data to generate frequency domain received
W(aladoa/04ms¢)l urality of subcarrier demapping uni I’GT/ﬁIIO06/037391
1@(1;‘{@%7@;19 wlat-g tpEpped on the assigned subcarriers;

eg ? |S mat | on&@?ﬂr/ﬁ\%%hhanne &g({e?@v\%g%&%% ?Pgnfg?naﬁl{ffhmg a

chahdl idstoettmi byeapplyingeaicleatteors afhtrend) Draatd VX magrices to the
chann mat ri x.deconpositiagn unit for deconposing the

R HARAGIT RS ATRED Soav e ORE SRt 1 x D and uni tary
matrices dhsadfd ¥ed of IHET initsFos p@ﬁ'ﬁﬁ:ﬁiﬁgpltFET o b eguaized
Hermitian transpose;"i i,/ u u / 331 :i a channel
dataa@weaneraztattmﬁdawalrbé%eﬁmflﬂaﬁ@ unit for equalizing a
channel distortion by applying at |east one of the U,

D and -matrices to the extracted frequency donain
rece2ved Tad aystemdofalsiar dnwtherein dhe bﬁﬁﬂ'nelrdiagoﬁadization and

RS b B R AR, S0P i e

sbln@ioghannel di agonal | zatl on and beanform ng unit
equal i zes the channel distortion based on a zero
forcing solution. 3. The syst emof claim1 wherein the

changel dn?@ g;f@bfnzat b Qx%%‘ﬁtﬂé ThagndNibgStHBhEERE Sind

t he chann tortion ase on a mnimm nmean square
beamborn{iMyBE)it eplalizeothe chanfiebdisyatiombwised bajaminimum mean

wherein t nsmtter further conprises: a
SB@%W%&W&@ glnl’f Phing a transmit beanforning by
applying the V rratrlx to the frequency domain transmt
data. 5. The systemof claim4 wherein the transmtter

obt aftns tHee syebemniok claimnh Wherein the trapsmgiterryathey comprises:
of ¢ L%’egﬁ%ﬁmj f?f gextf gaﬂ?gﬁéﬂlﬁrbefaﬂffféﬁﬁfng%%ﬂlﬁﬁé the V

a secon anne st rmt performng chan
resitrixntatthe firdqmendyt domain transmit data.

5. The system of claim 4 wherein the transmitter obtains the V matrix

from. the receiver.

6. The system of claim 4 wherein the transmitter further comprises:
a second channel estimator for performing channel estimation to obtain

the V matrix based on channel reciprocity.

7. The system of claim 4 wherein the beamformer applies a scaling
factor.

8. The system of claim 7 wherein the scaling factor is an inverse D
matrix.
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the V matrix based on channel reciprocity. 7. The

systemof claim4 wherein the beanforner applies a
wae@biommsd act or. 8. The system of claim7 wheretTUs1v66/037391
0 o sc@m@@rgﬂaaﬁﬁr wg, an inverse Dmatrix.Ub "' ' - 9. The

syst gm of g sga Mlg{rﬁwvﬁé}@m%@'sbmlgﬁesoeas kéherated based

generat ed based on e Dmatrix and a hoi se vari ance.
ohGthe Theadyistagh aphoise marmdcesher ei n t he subcarriers
assigned to the receiver are a block of |ocalized
subearriers. 11. The systemof claim1 wherein the

subcaor i eThe a§sted 6fl clafmt havliceeinl tes s@liRrHefiLhsdned to the
di stributed subcarriers._ 12. The systemof claiml

TepRIY R aretaialoels afleralized subgarriss. conprises a cyclic
prefix (CP) insertion unit for inserting a CP into the
time domain transmt data and the receiver further

c onpiilsesThe Gpstesrrof/ alaimnl twliereinr Grovulbgrries @Rignaito the

r eeVr ecei ve ?a}s? t?’ sgem of claim1l wherein
Fﬁé?‘ EEE © 1?118? eél& F?r €53 controller for
generating a control signal indicating the subcarri ers
whi ch _are_assigned to.the receiver, whereby

subca?r i eFheisyaeniohglaim, ; whesein Qafgaxlwtbegrfw@@r ggmprises a
e P i S A A SR
da&a land thew:m@s faitbher comiprises asCRB iremav@runibforeemoving the CP
OSI ti &SVD) unit. 15. The systemof claiml
ﬁ The cq‘? finel matrix deconposition unit is an
ei genval ue deconposition (EVD) unit. 16. The syst em of
claiml wherein the transmtter is a wrel

t randhi t / FBe sveremypf elappyirupersin thedrepeives fatherscomprises a
deaseust frl ééﬂera]tyngog REnf¥B §1E'thi‘nd‘§(!a%iﬂ§’ t:hm%éﬁlérg %vhlch are

transmtter 1s a base station and the recelver
agsigpled 46 the eveivier/ wheneby éhe mithcaryiFRIpmapping lmlj:s extsms the

%1% {:&1&[‘ gag%glggge(? g&t’ﬁ%ﬁ}&scarﬁg{srﬁaesgd f05 $HE G050 Sllé'lllla Lon

14. The system of claim 1 wherein the channel matrix decomposition

unit is a singular value decomposition (SVD) unit.

15. The system of claim 1 wherein the channel matrix decomposition

unit is an eigenvalue decomposition (EVD) unit.

16. The system of claim 1 wherein the transmitter is a wireless

transmit/receive unit (WTRU) and the receiver is a base station.

17.  The system of claim 1 wherein the fransmitter is a base station and

the receiver is a wireless transmit/receive unit (WTRU).
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system wherein a portion of a plurality of subcarriers
is assigned to a transmtter and a receiver for
wa@ eowmomios@t i on, a nethod for nultiple-input PCT/US2006/037391

1T UL Dl ig- ot U M MO) beanf ormi ng, the met hod

CONPNBSi NBi alshifylé caRsdd fhd(@lenBr Bfva4ioh Mt adcllY (RI.FDMA)
transform (FFT) on data for transm ssion'to aener ate
syslemwhesein s partioniefiapluraliby of sthearriersis agsigveddo & ransmitter
r | . | t t I 1qn
LEHRIRY: 0B PO AR, AR BLE AR 5o
(MEM Q) damgfoimirey, $khe freshod@miprésing:r ansf orm (|1 FFT) on

the transmt .data ed to,the assjgned su riers

o gEi EisaiaE TaoaRIAg Pt o iR A (I o data for
th4rensiBkibh 86 gbh@asdirbihditydBalih ARtHOMai n transm t data
via nmultiple antennas; the receiver receiving the

trandh tiresmitiar geanping tthen Sreanenen slommin gbnaseit mpta to
. : cei ver
SR SR or B LEGSNNFS 40 Be AIBVERTC! e
f r eqtisntpnsmithenperforeiiug dowbkaseafast Reurier triaveform (IFFT) on the

extractj ng data pped on the assigned subcaryiers; .
ARG a0 PR B e Ao TG, b oelsr e fmain
tedIRAIe et ehween the transmtter and the receiver to
generate a channel matrix; the receiver deconposing

t he ErpiABsmitertransmiting the dmerniemaintranenibhdatawia nayliiple
alplddges U and V, wherein a superscript H denotes a
Hermtian transpose; the receiver equalizing a channel

di st tre rezeiviey raggivipgndetthensahittedaiimeodwmaih tragsifitldat® and
and Vmatrigces tothe extracted frequency domain

EFREA \Péomaﬁfpj? S%ﬁamlsr? r?cébvtgﬁ\f]é‘rta’perf orming | FFT on the
equatheRsdeidat PetOrBRIBEFET OntthEBePFEl dathas Yk

19. ' The et hog of claim 18 wherein the cha?ne?ﬂtg%ﬁuemy
dﬂF@#’@aF@qeﬁfﬁd{@téQUal i zed based on a zero forcing

sol u%ﬂe"fécei%epeﬁr:%ti& data Iﬁapped on the assigned subcarriers;

the receiver performing a channel estimation of MIMO channels between

the transmitter and the receiver to generate a channel matrix;
the receiver decomposing the channel matrix into a diagonal matrix D and
unitary matrices U and VH, wherein a superscript H denotes a Hermitian
transpose;
the receiver equalizing a channel distortion by applying the at least one of
the UH, D and V matrices to the extracted frequency domain received data; and
the receiver performing IFFT on the equalized data to generate time

domain received data.

19. The method of claim 18 wherein the channel distortion is equalized

based on a zero forcing solution.
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20. The nethod of claim 18 wherein the channel
distortion is equalized based on a m ni nrum nean square
wW@e0ooa040RVEE) sol ution. 21. The method of cl ai PCW8S2006/037391

trangoi t Mieameeiod ofglai 18RPhateiHhblBavh dT@kistbidiPisklalized
frequency, domain transmt data. 22. The net hod of

baped on 2 Mipitape) mepn squaterrren VEYISEY selupient he V matri x
fromthe receiver. 23. The nmethod of claim 21 further
conprising: the transmtter perform ng channel
est i ¥kt i dFfha metimdafwldiel 8 further conparisil:on channel
recipgrogcity..24. The nethod of c¢claimp21 furfher _ .
conpHecFRBHnitfRY PoERTE AofraRypry PR Bg PR GPPiEapFhe V

nigitiReo fthe GeqaesycydviRdin tramnsitidatgat a. 25. The met hod
of claim24 wherein the scaling factor is an inverse D
matri x. 26. The nethod of claim 24 wherein the scaling

f i d | |
et SRR P P i

magbizdromh éhe rerebiegned to the receiver are a bl ock of

| ocal i zed subcarriers. 28. The nmet hod of claim 18
wherein the subcarriers assigned to the receiver are a
set 2§. diTHd btHoAISLIMAZT fulitlfer compylsing:Li n& -1/
Ji":&i;;iL 29. The nmet hod of claim18 further .
conpiiestragsmither perfraping (channpelsestimatdon te pbidin the 8f matrix
bhsdd) o e FecipIBigfloMai n transm t data; and the
receiver renoving the CP fromthe received data. 30.

The nmethod of claim 18 further conprising: the

rec er .generati.n .control. signal. indicating the

subg%ir/'ri e%ﬁ’éﬂ Ggrcgalré‘g@i éﬁﬁg@rt"gmﬁi’é’u’rgécei ver,

wheridyrimenititl apPBRREss@link ft@std tBEREquency domain transmit
data.

25.  The method of claim 24 wherein the scaling factor is an inverse D

matrix.

26.  The method of claim 24 wherein the scaling factor is generated

based on the D matrix and a noise variance.

27.  The method of claim 18 wherein the subcarriers assigned to the

receiver are a block of localized subcarriers.

28.  The method of claim 18 wherein the subcarriers assigned to the

receiver are a set of distributed subcarriers.
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subcarriers is extracted based on the control signal.
31. The nethod of claim 18 wherein the channel matrix
wo soodeewsposed by perform ng singular value  PCT/US2006/037391
e deigompogid izo JfEVIR) . 32. The nmethod of claim 18
wher @0n tRe eA3RGEHS dIEit 18 finhéelesopmesiag. by perform ng
ei genval ue deconposition (EVD . 33. A multiple-input _
mul t the drasmyitier (ivsamng pasrehr trrefixt §iP)ulndo | the atimendomain
tednhi'dafd.e@dency division multiple access (SC FDVA)
systemwherein a portion of a plurality of subcarriers
i s atlé rgreiver vemovingiberCPt feomahd receivededatar f or
comuni cation, the transmtter conprising: a first set
of fast Fourier transform (FFT) units for performng
FFT 60. daThe hidthéd efddins $8 airthér @anfiahe frequency
domain data; a plurality of subcarrier mapping units
for HpFACAlyet Benqrpting afoptigbaignal tndaq@ém&t%@cﬂlgcmiers which
Qr [ t rangnit X | rst {.
el o 308 U0l Dpbioty (B IR Kflupe bh e 38igned
spbedrviens isgextretedbased andik tcontablbsigagped to t he
assi gned subcarriers to generate time domain transmt
data; and a plurality of transmt antennas for
transm t t Thgmietieod dfERigOTEWReleiR fiid iHant@l Madix is decomposed
Amul {iple-input nmultiple-output (MMO) receiver for
by ferfogming singplar valyq Ompééfﬁl@ﬁd§va)vi sion nultiple
access (SC-FDWVA) system wherein a portion of a
plurality of subcarriers is assigned to a transmtter
and 82 ecBhemetholof chimildl whesetmthe dbannebmiatrgx is decomposed
cQ ising:. a pl.urality of.receiye antennas for
byé)%gtiro\l}]in%f’g 153’?1‘2%‘?38‘5’4‘?%1% }transnit data and
generating nultiple streans of received data; a second
set % FFT unjts for performng FET on the received
‘0

dat a%%0 gRrepkiRlefnrtdanitiplerowtmit (MEMGOeansmitter for useina

B R AL PRI (BCHEDMED S Ghefn a
petizomedla Muralitmiobsulicarrigrsiis assigneg ta adhanmeittee ahd arbdeiver for
cgrginunication, the transmitter comprising:

a first set of fast Fourier transform (FFT) units for performing FFT on data
for transmission to generate frequency domain data;

a plurality of subcarrier mapping units for mapping the frequency domain
transmit data on subcarriers assigned for the transmitter;

a first set of inverse Fourier transform (IFFT) units for performing IFFT
on transmit data mapped to the assigned subcarriers to generate time domain
transmit data; and

a plurality of transmit antennas for transmitting the time domain

transmit data.
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M MO channel s between the transmitter and the receiver
to generate a channel matrix; a channel matrix
waole@ompss tion unit for deconposing the channePCTEBI00&037391
B e ¥ LIS B oL gORt it ri X D and unitary matrices U and V
: wWarei A ﬁuﬁiﬂﬁ@-iﬁﬁ:}t lng_lltibled(ﬁftpﬁﬁ(MH/[@B?felﬁéibéﬁﬁr use in a single
ranspose; a_channel di agonalj ' and beanform ng ..
carpier fiegperey visionrguliinie a¢ees Jsﬁﬁﬁ bg/ﬂ%} FHteRy whsEpiaRprtion
of?h ﬂlﬁxia?iét&o Btadriles g’s absighed Y4 b eBhkhfifer bAdt dSeceiver for

extra requency donmi n received data; and a second
cammunfcatieh;thenietaivéoeongeiding:ni ng | FFT on t he equal i zed

dat aa %Pur%ﬁ%]}? E)F trgcegx;engntcelggaaé or’ xee%gflv\llr?éj tlda%tsfa]iitted time domain
transmit data and generating multiple streams of received data;

a second set of FFT units for performing FFT on the received data to
generate frequency domain received data;

a plurality of subcarrier demapping units for extracting data mapped on
the assigned subcarriers;

at least one channel estimator for performing a channel estimation for
MIMO channels between the transmitter and the receiver to generate a channel
matrix;

a channel matrix decomposition unit for decomposing the channel matrix
into a diagonal matrix D and unitary matrices U and VH, wherein a superscript
H denotes a Hermitian transpose;

a channel diagonalization and beamforming unit for equalizing a channel
distortion by applying at least one of the U, D and V¥ matrices to the extracted
frequency domain received data; and

a second set of IFFT units for performing IFFT on the equalized data to

generate time domain received data.
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