[ 0001] METHOD AND APPARATUSFOR | MPLEMENTI NG SPACE TI ME
PROCESSI NG W TH UNEQUAL MODULATI ONAND CODI NG SCHEMES
w0QOWwAR1Fr ELD OF | NVENTI ON [ 0003] The present POYAIS2I00/00579

is related tow rel ess conmuni cati on systens. Mre
particularly, the present invention is related to a
nmet hod and apparatus for inplenenting spati al
processi ng with unequal nodul ati on and codi ng schenes
(MCSs). [0004] BACKGROUND [0005] The | EEE 802.H n
joint proposal group currently proposes using a hybrid
space-tine block code (STBC) and spatial division
[oooL) METHOD ANDBRARPABASHES FOR IMPLEMENENG HEAGEFIME
PROGESSIN GONVTEHCONE QUAEsM ORURMNTHON AN B CHDING SCHEMES
STBC/ SDM schene results in unbal anced quality of

rvice for data str B ' es into | ower
[°°$?§si dual signal -to- ng?gél)\r/g?l&m@bg t he out put of
[0o@s]r Ie_C e :j e pz’leﬁerftﬁﬁvaiﬁdxﬂﬁ aélasadtioarizel eegicrahmiBstmneystems.
applied to al] spatial streans. ver, this result '
Mgeh parPgularh the RO BT B LER L) AR fabratus
for SikfleRlen$inct aphtial fprecksbingSHEh armegedl NgodtRAdG] and coding
Therefore, it would be desirable to provide a nethod

SChSWSéWSSt us for applying unequal MCSs or
stream dependent MCSs while perform ng spati al

rocessi ng, such as STBC. 7 RY [0008] The
[Ooﬁﬂes_ent invention is re%ﬁé‘g&%g thod and appar at us
[oobsr It mo|'HE%MEEasmhl/ic%hnﬂf@pe@aggiguykhheun@wbommg a
or stream dependent S... | nput data.nmay be parsed
hylid spaciE Plack cofe (ATBC eRd-aRe el Aelon Pafitpiexing (SDM)
schhRC f5¥StHWnext generation of high performance wireless networks. This
hybrid STBC/SDM scheme results in unbalanced quality of service for data

streams which translates into lower residual signal-to-noise ratio (SNR) at the
output of a receiver. In conventional systems, equal MCSs are applied to all
spatial streams. However, this results in a loss of benefits of the diversity gain
for the spatial stream carried by STBC precoding.

[0006] Therefore, it would be desirable to provide a method and apparatus
for applying unequal MCSs or stream-dependent MCSs while performing spatial

processing, such as STBC.

[0007] SUMMARY

[0008] The present invention is related to a method and apparatus for
implementing spatial processing with unequal MCSs or stream-dependent MCSs.
Input data may be parsed into a plurality of data streams, and spatial processing
is performed on the data streams to generate a plurality of spatial streams. An
MCS for each data stream is selected independently. The spatial streams are
then transmitted via multiple transmit antennas. At least one of the techniques
of STBC, space frequency block coding (SFBC), quasi-orthogonal Alamouti

coding, time reversed space time block coding, linear spatial processing and cyclic
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is perfornmed on the data streans to generate a

plurality of spatial streanms. An MCS for each data
wennwas1973 sel ect ed i ndependently. The spati al PETUS2008/000579

are then transmtted via nultiple transmt antennas.

At | east one of the techniques of STBC, space

frequency bl ock codi ng (SFBC), quasi-orthogona

Al amouti coding, tine reversed space tine bl ock

codi ng, linear spatial processing and cyclicdel ay

di versit na e r t pat.d
oty Bkeit S OTED TR BE RFLLARATEh M MR aRlAAARkodihe  An
anteAnhheapphig slatsix emysthebhbe rapplietiet thraspatiakstreams. The
are.t he ransmtted,via multiple tr ]
restlfed pesipbABRRS 5 ko Freahn R O AR A Sl Mennas.
ThOMES foNBacl dats stepat nady b deternmsined haeddbnanSNReof each
data, stream 0Q9]. EE CRI PTI ON OF THE DRAW NGS
SpﬁtﬁéfﬁﬁeaﬁrﬁF%’CE%ng"%%ﬁ%ﬁgg%f AR hg of the invention
may behad fronthe foll owi ng description of a preferred
enpodi nent, gj
00fbier st ood | R BRSCERCRE TR AT Hnh ik
[ood]paawi NgsA whee abfﬁile[dG.QiHbf_ Ysthh@itigeof the Bmg&nbiloﬂﬂi_(aﬂb@%ad&fromthe
of a transnmitter configured i.n accordance with the
follgwing AeserRFgR ¢ Pfﬂ"l%%;fm%f’eﬂf‘%n*z BFETPYL YA QP‘a’faéaPla%ﬁnd to
be QhdarstEsEin/ 9njGAN6Y Wittltlid aeaRatgitediwihgseherein:

resent inventiopn; 1 ., Figure 3 js a h],ock .
[00dithgr am BBUER %x’érrﬁl[ g?‘i?ﬁ]sﬁ%ﬁarﬁ ﬁ?oﬁeﬁ'??‘ﬁﬁn §F tconfigured in

acdoP@in@UFRE the gresdirimv&lién;and/ or | inear spati al

mappi ng;_and gg_gm Figures 4 and 5_show sinul ation
[Oorlgg ul t s ¥igure 205 agblpc %l%ﬂ?éﬁh & TRCeYRY ‘Bngilﬁ“ﬁﬁ‘?gl ggeprdance
Wiﬁpﬁfermsggm{ﬂvgﬁgﬁhion and a linear m ninmum nean square

error (LVMMSE) recel’ver.‘ [ 0015] DETAI L{ED DESCRHPTIC]\I,C]: }
003k . PREFERRED 3EnBOEpolrdizgram of an exemplary spatial processing unit

configured to perform STBC and/or linear spatial mapping; and

[0014] Figures 4 and 5 show simulation results for IEEE 802.11n channels
E and B using a 3x2 antenna configuration and a linear minimum mean square
error (LMMSE) receiver. .

[0015] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016]) In accordance with the present invention, unequal MCSs or stream-
dependent MCSs are applied to different spafial streams. The present invention
may be applied in an orthogonal frequency division multiplexing (OFDM)-
multiple-input multiple-output (MIMO) system, a multi-carrier code division
multiple access (MC-CDMA) system, a CDMA system, or the like. Unequal
MCSs are applied in different data streams to take advantage of unequal SNRs
for different data streams. For example, a higher order MCS may be applied to a
spatial stream which has diversity coding and a lower order MCS to a spatial
stream that does not have diversity coding to reduce the total self induced

interference. With unequal MCSs, or stream-dependent MCSs, a simpler



[0016] In accordance with the present invention,

unequal MCSs or streandependent MCSs are applied to
wdizbd7@msertt spatial streanms. The present i nvent POWUSB7/000579

be applied in an orthogonal frequency division

mul tiplexing (OFDM - nul tiple-input multiple-out put

(MM) system a nulti-carrier code division nmultiple

access (MC-CDVA) system a CDVA system or the |ike.

Unequal MCSs are applied in different data streans to

t.ake ;advant age of. unegual [ f.f
rocqif CalRRTORG, (o pint At M e d b el FFETLMBISE)), may be
useam(;zieitﬂlcthé@eauquase]ﬁntethWMi ch has diversity coding

a wer order tQ. a at i al .

[Ooﬁglt hav g‘%’i"i?e Sty lgggcgl ﬁlgag{ %I%r Eé%%ctég{‘%rgﬁ?%{ gl%s‘%?sgured w
acchridbice Eizéﬂ'nt}&gﬁmeﬂb'ﬂwemibh. (Theduahsivitssr, 1¢f} includes a channel

stre ependent S, a, Sixapl [ I it .
encole, 10 Tedp SRR ok Cap dapes i Mot vy Bllzatiey of
intdl;:ﬁeas@esi 11@;88-1I0851|EJ3& phitatieyl of ebhstielibtiohemappers L00L110ns, a

i.gur iS.a i,agram of..a transm tt 0 .

luzi Gl plorett S pack Bt P R bRER g LRk 120 pluwatity of
invsz? fakf {E%Eik’ieﬁ' %aﬁﬁﬁrﬂgzﬂﬁ‘m urdts Flzzm-&izznﬂpachlnrélﬁl& ofacyclic
© rate matching unit , spati.a 6 .
profim (G yorion et Lotel Sirsbgad i gheraiity qf gpafgt enjennas
1zetep|n§¢:ﬁ%¢.l at isaalirlagae e}flogea tPat {HObRETigdrapions shdvy infFigure 1 is -

mul ti pl exer - i ' '
TR S I A I e
conhpdifehts witiyf Be HARRrde@ied by Mopé bf Mssicpnifonentd and phebider of

(CP), insertiaon units 124a-124ntx and a plurality of
procesfaagimaybe ehapgedi 26a- 126ntc. It shoul d be noted t hat

WOE?E n; onfrgu Itrcﬁhhﬁel l%ﬁ’a@mtlbﬂt nogi Qﬂﬂd’ogeﬂ hiin%ulﬂr@a/tiad ad1as Aabuptive
€, not_as a limitat]on an ne rocessin .

mogulatenmin eading (AMEIB et andayy Ef@g{‘ﬁﬁgfé* y ‘%‘Hﬁfﬁ eme

ma?;:] be 1529, FOFBLAGRIS tREEudiNg rafiahy B 1H193,695) Ao thy k. The

anged. [0018] The channel encoder 102 enco [
coding @%hgpp[mggﬂgq Farbo coding, convolutional codelng, gles '

density parity check (LDPC) coding, or the like. The encoded data 103 may be
punctured by the rate matching unit 104.

t
ock coﬁlung, low

[0019] The encoded data after rate matching 105 is parsed into a blurality
of (N'ss) spatial streams 107a-107ns; by the spatial parser 106. Data bits on each
data stream 107a-107ng are preferably interleaved by the interleaver 108a-
108ngs. The data bits after interleaving 109a-109nss are then mapped to symbols
111a-111ng by the constellation mappers 110a-110nss in accordance with a
selected modulation scheme. The inodulation scheme may be Quadrature phase
shift keying (QPSK), 8PSK, 16 Quadrature amplitude modulation (QAM), 64
QAM, or the like. Control data 112a-112nss and/or pilots 114a-114ng are
multiplexed with symbols 111a-111ns by the multiplexer 116a-116nss. The
symbols 117a-117ns; (including the multiplexed control data 112a-112nss and/or
pilots 114a-114n;;) are processed by the spatial processing unit 120.

[0020] Alternatively, the input data 101 may be split prior to channel

encoding and the split multiple .input data may be encoded by two or more
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nodul ati on and coding (AMC) is used and any codi ng

rate and any coding schene may be used. For exanple,
woher7wedirng rate may be , 1/3, 1/5, 3A or thePCTAS2007/000579

The coding scheme may be Turbo coding, convol utiona

codi ng, block coding, |ow density parity check (LDPC)

coding, or the like. The encoded data 103 may be

punctured by the rate matching unit 104. [0019] The

encoded data after rate matching 105 is parsed into a

lurality of, (Nss). spat.i t e .53~
Sep%ﬁg‘f F’&?od\éﬁ‘s@&e Vea ela? soﬂo%a%ﬁ@glg%gzgg%?ré e data
streARYartd Guisipl@detapsteéanadeyeraltiophbdatdstsgamp ghat may belong

interl eaver 108a- ,108iiss. dat ' :
to opa Pas e B0 HosRee b U e Eagbided shfkpvoral spatial

sme&ﬁkﬁ-dllln by Lhe constellation mappers HOa-11On 3 in
accordapce with a sel ected [ h . .
(00501 =t A5 SEHOHE FRASPBERQIF At} oo B eserer ot FRatial
proc%e@ﬁmmé) 0:(23 %4 ¥ Béls Qlﬁd¥m7w££bﬁﬁ| drt clibmed dtdtatinfrmation 118
or t [ Co | data 112a-
anclgidpbls Ny dhie stprme s Elpe Rr Spadi@atcelie BoRag apaee
timglggdih Il(gTCy, sb_aﬁamhl dm_ tiipieﬁiﬁg'(swllﬁﬁnééﬁqmsial Teppiygyvobsnsmit
a-117nss (i ncluding t tipl d ty.

beamapgmE NS SN 6PV Sritaet STLAEAPA e S bidiPp sEHG srae,
qualY.ofthRgSRA! AR RPFRFEuA 01 Uphhsrhitantleffidd)|time reversed STBC

Alternatively, the input data 101 may be split prior
(TT%ﬁTgﬁanﬁgﬁhéﬁéﬁﬂpgﬁ'and the split multiple input data

[00%?1%/ be t@ﬂﬁ&ﬁ%ﬁnbvstthwiéﬂ&%ﬂmieﬁ Qma&%ﬁbeeﬂdedﬁrcme of a V matrix
ernatively, instead of, or .in ition to ar,si -
for @veryiguR-corFighni? MBEmA FRRel RA (gt Chaligl gotitition
nuthBOHdeBRf Sredd, 2R Bhotthalid/oElonpebAAGhhAnélReatdstidsD Mhe V matrix
~users may be processed to be transmitted via.sev

is anpmitay Betrinshainetrep thesagnlar wlus d5eaRResiHoR ﬁﬁ%) of the

est%é%% 2 ehSGhbVElayriR e The KB ns B¢ dnditioh 86afrigrélatsd® the rank

s 117a-117ns. based on. channel state info '
of theghannel matrix. An ill-conditioned channel may be rank deftlggltllz.oﬂ low

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. The channel
state information 118 may be obtained using conventional techniques, such as
direct channel feedback (DCFB).

[0023] The data streams 121a-121n¢ from the spatial processing unit 120
are processed by the IFFT units 122a-122n4 which output time domain data
123a-123n;x. A CP is added to each of the time domain data 123a-123n« by the
CP insertion unit 124a-124nix. The time domain data with CP 125a-125ni is
then transmitted via the transmit antennas 126a-126n;x.

[0024] Figure 2 is a block diagram of a receiver 200 configured in
accordance with the present invention. The receiver 200 comprises a plurality of
receive antennas 202a-202nr, a channel estimator 204, a noise estimator 206, a

channel correlation matrix calculator 208, an SNR norm constant calculator 210,
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and outputs NTX data streanms 121a-121ntc. The spati al

processi ng may be space tinme coding (STC, spatial
waoubdziogiexi ng (SM, |inear spatial mapping, or PCTAIS3WITN00579

beanforning. For STC, any form of STC may be used

i ncludi ng STBC, SFBC, quasi-orthogonal Al anouti for

four (4) transmt antennas, tine reversed STBC

(TR-STBC), CDD, or the like. [0022] The channel state

information 118 may be at | east one of a Vmatrix for

o oS R Sheenlg S n 12p SRS, BEREY ghlllr e, o

pludiliiy Olof | eaigstbRative hdemedprirat Qiﬁa{%ﬁna'h eanlhmaﬂ»tyl of afNR

unitary btaiLned_from.the sin
noriabiR e A 2 R0 o B e A Beall Br0a 200 o
spai}EE ddﬁﬁ@fb@k mdirtd @n devsdrar 224. rdltaslﬁﬂﬂdobe hmtedntaaatf the
e channel

di t d
o s i S S0 e o
and¥dielpFogosBiny ﬂerﬂﬁiﬂﬁrbyf ﬂhb%&irﬁﬁﬁénts&hﬁg bairfpleesesitéd by more or

schene such as. STB ce the chan woul not h
AL AR N Y P Lt T A

[oo%lslaﬂs m fg”‘ tpﬁ@afutc:y dHirdgeivéd gﬁﬂfa §tRBkme m:sa@toammd inpppirto the
| er ala rates u3|n W t ra

channg] GFHEMALT 0n Ehe PAEBERERIAN 206oR0 A0 DRI units
212459 1%h . £ OPNE Bl 413122 bstiRe by W@ﬁﬁ&ﬁﬁnﬂl detidbatehapasdrate a

feedback ( DCEB 0023] The dat 12 1
chopmgh e s BB 1 ing P cO LTI, rhethod. o TBe Jiids Sagalyr 206

caléJiStésFaF RoitBivh$iahde 807 28He dMANGBI BetrPlatiohi MRt1Eo oaElcalator 208
data 123a-123ntc. A CP_is added ch of, i‘ln%
gengunigsia eprrelatipn matrin 208 framh shephanea pagis %Hgtw 1ch will be
exp}gﬁi%dlgﬁ%eﬁl héﬁ@na{ﬁé}e TH.FN R nbAhdoiéthhit tdlcdldber210atonlates
Is then transmtted V|athetrans t ant en

SNR2erm peprtenty D243 1 imsghipe the corge 18’6 R’l%ﬁ'ggf%‘?ﬁﬁ‘? the noise
variaide 277, vAREh %ﬁfﬁegé;l{p@éjin'ea in detail hereinafter.

[0026] Each of the OFDM processing unit 212a-212n. removes a CP from

each received data stream 203a-203n,x and performs a fast Fourier transform
(FFT) to output frequency domain data 213a-213nn. The outputs 213a-213nrx
from the OFDM processing units 212a-212n,x are processed by the spatial
decoder 214. The spatial decoder 214 may be a minimum mean square error
(MMSE) decoder, an MMSE-successive interference cancellation (SIC) decoder or
a maximum likelihood (ML) decoder.

[0027] After spatial decoding, the decoded data 215a-215nss is processed by
the constellation de-mappers 216a-216ns; to generate bit streams 217a-217nss.
The bit streams 217a-217nss are nprmalized by the SNR normalizatioﬁ units
218a-218ns; based on the SNR norm constants 211a-211nss. The normalized bits
streams 219a-219n,, are then processed by the de-interleavers 220a-220nss. The '
de-interleaved bits 221a-221nss are merged into one bit stream 223 by the spatial
de-parser 222. The bit stream 223 is then processed by the decoder 224 to
recover the input data 225. ‘



accordance with the present invention. The receiver

200 conprises a plurality of receive antennas
waQem/R02nr X, a channel estimator 204, a noi SePCT/US2007/000579

estimator 206, a channel correlation matrix cal cul ator

208, an SNRnorm constant cal cul ator 210,a plurality of

OFDM processing units 212a-212nrx, a spatial decoder

214, a plurality of constellation de-mappers 216a-216n

ss, a plurality of SNR normalization units 218a-218n

00881, "ol Hiudyiatel sp5el IySLeRRITRE 60 fadiitepbod qua e

rec8i@be R00hatillt be expliinediwith aefearroom th STBGuae a2répresentative

pravi ged an_exappl.e. not. as Amtation, and the
exa egﬁ?e’i‘l%ﬁﬁgr‘?%?ﬁﬁgltb@nst%%l _f’g%ﬁ'%%drient s may be

|?pl errerNﬁdthynlmﬂ?rmfﬁfmmampmﬁ;] s alnd tlhe or der

of procegsing ma e anged.. [0025] A plurality of

ecei vodV e tie SHmbaReT 5B "-"gfﬁ{?\?’?sare input into the

channel gsis Bd AGmPR4 of bfreameiafereSTBORt or 206 and the

OFDM processing units 212a-212nr . The channel

esti mat 06,204 daes VEEE a€ Bjabel tiasd hymat e to generate a
channel matrix 205 using a conventional nethod. The

noi se es¥A,npf QbctdP Gred STH@ALESyRbEPtaR »ari ance 207.
The channel correlation matri x cal cul ator 208

gener at e3k.a. g QlebRrif2NP "RbEriX iR #9ohfedhi BEmBbREAR n; and
matrix 205, which will be explained in detail

her ei naf Y&k , TEeiPNRvEQbIhE Sabaltinkat cul ator 210
cal cul ates SNR norm constants 2l1la-211n as fromthe,

(00281 r el atFigwradtis pblodoliagrnm pEan sreeplayispatial prppessing unit
12%@@%{1@@ A PhAsTRE éﬁﬂlgletlﬂielnz' %gﬁﬁhp dhding[ OeSkpatial

] ] DM processi n%;unl t 212a-212nrx renoves a
pragessingmmih d20r weyi inekndgam STBE anib 882 203APxunii$04 and an

an aoédr{ig)&?%%glg:?% Eg@.r i85 cH bARSd YAbIET174-197RYtP Y stream of

requ ata 213a-213n" c. The outputs i
corBpBex- BdBexs.f Ao nomplexCHmbelr reasmittgd om a spatiah strean: % of a
LGk O 5 35 SR & §PBE Ghit 302
Sulgcea%% g(r%' Qﬁﬁndnggbb%rg m zi mij4 md%%t%ﬁgﬁ q‘ﬁ a&%'é ) erFngr
processes two sequential OFDM symbols in each subcarrier. The output symbols

from the STBC unit 302 on an outpit space-time stream isrs on a subcarrier & on

OFDM symbols 2m and 2m+1 are given by:

Skisrs2m = Joisss (dk,i_,_, .2m’dlc,is,,2m+l)

Sk isrs 2m+1 =f;,im (dk,fss,Zm’dk,is,,ZmH)
2

Equation (1)

where f,, and f,, aredefined in Table 1.

N, STS N, sS Lsrs f;)-"m f;-’.svs
1 dk,l.2m dk.|,2m+l

2 ! 2 _dl:,l,2m+l dl:,l,Zm
1 riom fp—

3 2 2 —d I:.1.2m+1 dl:,l.Zm
3 dy22m A 22mn




(MVSE) decoder, an MVBE-successive interference
cancellation (SIC) decoder or a maximum | i kel i hood
woOy/decoder. [ 0027] After spatial decodi ng, PO®US2007/000579
decoded data 215a-215n_s is processed by the
constel l ati on de-mappers 216a-216n Ss to generate bit
streanms 217a-217nsS. The bit streans 217a-217n ss are
normal i zed by the SNR normalization units 218a-218nss
based on the SNR norm constants 21la-211nss. The
nor mal-zed—bits—sireanrp—219a=219nsaTare t;"j.cu ptocessed
by the d¥si nt eNisehvirs| 220a/920n ss| The
de-intlerl eaved bi{s R22[la- 22dp,,Ss are nerded.4qnto pne
bit sfream 223 by ([T Spat gk de- parjser 2. The pit
stream 223 i s tngn %n : g"W“*Eﬂ ﬂeccﬁ?z”"?’” t
recover the iinput da'?ta 225, fIOzOQS] Her ei ngftz&n, sppti al
procegsi ng at] the tr4an>mtt_g[“1()0 and thazrgmcei ver 200
will be 64(p| at-redrw-hrref cndcnt..c toSTBECas—=a
repregentati ye exam e The®f@t| owi ng def'k¥rti ons) wil |
be used: NTX| the|n#Brber of-dfransm t| ant efipas; Nsk:

Visrs

v)

the nynber off shatfi yrTeags, NSTS. The nunber o
streans aften STBC—k— a K= vedior b &bl ti me
N s H.n. dvecltd after 6EBC at |synbéiesine n|: k

n : a vector after P neT4ble 1in Figure 3 at syrrbol

time n; and y k,n. a received vector at synbol tine n

. [0029] Figure 3 is a block diagramof an exenplary
[003pat i al Pineaesphtigl picessing nmnbe purforimied hyctHeoCDDSIRE 304

anc% rt],ﬂé g;teltlughe ?nrapspri)gé Iu%!lt Q&P gn nﬂe ou Ppeu y%tlll)oqs from the STBC unit
302. If STBC is not performed, stir» = drin and Nsrs=Nss. Linear spatial
processing is defined as a sequence of rotations of the vector of symbols that is to
be transmitted in a given subcarrier. The processing by the CDD unit 304 and

the antenna mapping unit 306 are expressed as follows:

=P _(k Cop(k)s '
Xen = [Pun®)],,,, Coon®)Sen g0 iom @)
n T
where “* —[s""'" s"'"ﬂ"'] is an Nsrs-vector of modulation symbols to be
transmitted
on a subcarrier k of an OFDM symbol n. Ccpp(k) is an NssxNss diagonal cyclic

delay matrix which represents the cyclic delay in the frequency domain. The

[CCDD (k)],',i =exXp ("'jzﬂkAFTcis ) . [Pmap (k)]

diagonal values are given by Nsts is an

Ny XNors matrix comprising the first Nsrs columns of the NzxxN1x unitary
antenna mapping matrix Pmap(%). This may be an identity matrix for direct-
mapped operation, a mapping matrix for .spatial spreading operation, or a
channel-specific steering matrix such as a set of channel eigenvectors. X is an
Nr1x-vector of transmitted symbols in a subcarrier 2 of an OFDM symbol n.

[0031] A channel matrix Hefgris an effective channel seen by the vector sg,»

so that:



processing unit 120 may include an STBC unit 302, a

CDD unit 304 and an antenna mapping unit 306. Each of
woheo79gminl s 117a-117nss is a stream of conpl eRCT/US2007/000579

nunbers. A conplex synbol transmitted on a spati al

streami of a subcarrier k of an OFDM synbol n is

denoted by dk,i, . The STBC unit 302 processes two

sequenti al OFDM synbol s in each subcarrier. The out put

synbols fromthe STBC unit 302-on an output space-tine

streamisrs Z’F? a subcarrier k on OFDM synbol s 2m and

2mrl  ar kgi VEreikn EMen SIS ,2mJ o, ,/ss ,2 " Egquatipn (3)

,2mH j S k,i STs, 2mtl = fusrs , ss,2m' , ss , 2ra+l
[00E2Zjuat | ofin (e raveires, piamsavd i W psate comleined drfojasinglevector

1. -Q 0030] Linear spatial processing may be perforned
as fpllowke CDD unit 304 and the antenna mapping unit 306

on the outppt, s ols fromthe STBC unit 302. |If STBC

is not pgri :)ryff‘&vﬂ" k,i,n = dk,i.,n and N st s=NssEquation (4)

Li near spat | 3t.2prigcessing is defined a s a sequence of

rotations.of fhe vectgr'o nbols that is t o be
[Oo?é’)]ansm E‘fséﬂg “&t’é’f"\?éaf%%é Prier. The processing by

the CDD unit g04sand nalt emna mapping unit 306 are

expr esseyg, 4 fﬁ‘?L%pm%:]fthg’g i%n (2) where js 1Equation (5)

sts-vector offefS#aratl o kmibol s t o be transnmitted on

a subcarrier h of an OFDM synbol n . CCDD(&) is an )
[00B4k x Ns s Idithgorestorsys) 1.« 28d| snerat PPX dgtp elue fhat appears in

. the cyclic delay in_the frequen opai n. The. di na
eithyan of Ehem B0 ARGIRoE,PHAE cnfEACa L BONREF pCCBIHEALeY ff both:
ThishB1dWs wHitMETBqatibANs) &f a shapNIXKNDX forrhf & fllustrated by the

following specific example.

[0035] Consider the case of N = 3 and Nss = 2, (i.e., two (2) spatial streams

are generated from input data by the spatial parser 106 and three data streams
are generated from the spatial processing unit 120 at the transmitter 100). One
of the three data streams is created from the modified replica of one data stream
of the spatial parser 106 for transmit diversity as shown below.

[0036] From Table 1, for the case of N = 3 and Nss = 2, the following can be

seen:

Sg2m = dk,1,2m;

d*
Sk22m =~ k,1,2m+1; and

Sk3,2m = k2,2m

so that
dri2m
E 3
Skom =| —dk,1,2m+1
dr22m | Equation (6)
[0037] Also,

Sk1,2m+l = dk,1,2m+l;



antenna mapping matrix Pmap(&) . This may be an
identity matrix for directmapped operation, a mappi ng
woabo7iag1970r spati al spreadi ng operation, or a PCT/US2007/000579
channel -specific steering matrix such a s a set of
channel eigenvectors. Xk,n is an NTX- vector of
transmtted synbols in a subcarrier k of an OFDM
synmbol n . [0031] A channel matrix Heff is an
effecti ve channel seen by the vector sk,n so that:y k
,n=-=ef "k.n + n_k,n Equation (3) [0032] In the
r ecei Versg2ymyiZEas: Yand M- are conbined into a single
vector as follows: Equation (4) [0033] Using Equations
(3) ands{4Im+1Egdabpan (5) [0034] In the vectors s i m
and 2m+t\ "anv data value that appears in either of
sothakm wi || appear either-conjugated in both or
unconj ugated i Rp both. qThis allows witing Equation (5)
as a sinple ma{rf%**rp as illustrated by the
f ol | owi fg2epeti f¢kL,@xappl e. [0035] Consider the case
of Ntx = 3 andi¥gg.7%|.(1.e., two (2) spatial
are generated frominput data by the spati al pz}?é%?éi@n(ﬂ
andl06 and three data streans are generated fromthe
spatial processing unii 120 at the transmtter 100).
One of the thredigaya streams is created fromthe
nodi fi ed*rep| L¢a one data stream of the spati al
" parser %ﬁém?Lr t‘t‘.{g{izsmm “diversity as shown bel ow.
[0036] From Ta Idé,2»2{n+f r the case of Ntx = 3 angqhbtior(8)

2, the follow ng can be seen:. s k|, 2rp = k,L, 2m . .
[0038] Using Equations (6) and (8), Equation (5) can be re-written as a

standard matrix equation involving the four data values dg; 2., dz’l’zm_*_],

di2om> Ar22m+1 as follows (the asterisks mean conjugation, not Hermitian

conjugation).
di1,2m
| Heg () —Hgy(02) Hey 3) 0 d1,2m+1 L | Meam
YT HIp () HipGD 0 HeH|| drzam 7Y ame1
“ d;c',z,zm_arl
Equation (9)
[0039] This is now in a standard MIMO form, but with a channel matrix

which is a composite of the various columns of H o - The receiver 200

demodulates the data vector d:

di,1,2m
d= di1,2m+1
di2,2m
i22m1 ], Equation (10)
[0040] An MMSE demodulator may be used for the data vector in Equation

(10). Let the channel matrix in Equation (9) be denoted as follows:

9-



k,2,2m= - d k,|I,2ml . and s k,3,2m ~ k,2,2m so that
Equation (6) [0037] Also, s k,\,2mH = k,I y2mH .s
w@200728177= d k,I,2m; ajx s k, T> 2mtl = d k, 2PemuS2@a/000579

that Equation (7) and Equation (8) [0038] Using

Equations (6) and (8), Equation (5) can be re-witten

as a standard matri x equation involving the four data
values d k ,i,2m> kc mt\>d k 2 2n> k 2 2m+ a s

follows (the asterisks mean conjugation, not Hep

nitian conjugation). Fquatiopn (9),,[0039] is 1s now
in a st%gf’gwm’lﬂ@'fdéﬁnk{?zéutﬂﬁfgﬁ)a channe] matrix
which i§ a o8 t eHPFChe vard ous HGFrGans of , He .
The receiver 200 denpdul ates the data vector Fauation (11)
roodaquat i OAn(M®ISE solution is as follows (dropping the index k and using the

symbol '+' for Hermitian conjugate):

2T 2

-1
a{ Lre FI*I?} By
%a On n Equation (12)

or, equivalently,

-1
- 0'2 =+ Iy ry+
d=|—2I+H'H| H'y

Cd Equation (13)
[0042] Equation (9) can be written as follows:
y=Hd+n Equation (14)
Substituting Equation (14) into Equation (12) yifelds:
-1 -1
- o2 S+ o =4 3 o2 ~ 4~ ~ 4
=|=ZI1+H*H| H*Hd+ |- I+H'H| H"n
Ga %4
Equation (15)
[0043] Using Equation (11), the cofrglation matrix H* H becomes as
follows:
[ H (D) Higp(2)
. T .. B . _ . .
ﬁ-*— E _ —I?-ﬁ"(’z) Heﬁ"(wl) Hiﬁ'(.:l) f_ﬂ"(.-’z) He_ﬁ‘o(-a3) H* 0 . :|
H;(:3) 0 |[Hep(2) Hep(h) e 3)
0 H . (:3)]
g Juegca’ 0 B (D) HDHg:2)
i 0 g gl B DD DD
= 2
Hi(DH ()  -Hp(Hg(D  |Hp3) 0
2
| HDH (D) HY (D Hop (D) 0 1z #co

Equation (16)

-10-



[ 0040] An MVSE denodul ator may be used for the data
vector in Equation (10). Let the channel matrix in
wéaqouetasm17(9) be denoted as foll ows: Equat i on( 12&T[U801000579
An MMVSE solution is as follows (dropping the index k
and using the synbol '+ for Hepnitian conjugate):
Equation (12) or, equivalently, Equation (13) [0042]
Equation (9) can be witten as follows: y =H d +n
Equation (14) Substituting Equation (14) into Equation
(12) yields: Equation (15) [0043] Using Equation (11),
[0044e cor MhleatffestivesSNRxfor the Pet slta siredrg|indiguation (9), after
at | 44]. f tive SNR for the k th
M@%@%@a‘?&%&%ﬁﬁ ?;gﬁwggt)g%éft er MMBE receiver

processig\%MRi:s knoln to pg: Equation (17) where [0045]

For high : (Fqu%ml(l ) becones: Equation (18)

[0046] The mattri® Has ihe form Equation (E§qafibe (17)
definitions of the paraneters in Equation (19) are

Whgr%s'iol_yg_ound fromthe expression for H# H. Using the

gener—aj,gforrmla for the inverse of a matrix as

[0045] For high SNR, Equation (17) becomes:
SNRy, m—F—
(H TH Equation (18)
[0046] The matrix A+ # has the form:
x 0 a b
gt i = 0‘ x =b* a'
a -b :z 0
p* a 0z Equation (19)

The definitions of the parameters in Equation (19) are easily found from the
expression for g+ #. Using the general formula for the inverse of a matrix as
follows:
a1 _cof ()
det(4) . Equation (20)

it can be shown that the diagonal elements of (17 tH )‘1 are given by:

(ﬁ*’ jj)_l _ z():z—-|b|2 -|a|2)

det(H* H) . . Equation (21)
z| xz—|b 2 _|a? |
e L)
det(H* H) | Equation (22)
o w(xa-lel 1)
(H+ H)33 = —~ L o
det(H™* H)

; and Equation (23)

. x(xz-[pf ~|a*)

g = T
det(H* H) . Equation (24)

-11-



follows: Equation (20) it can be shown that the

di agonal elenents of [H+ H) are given by: . Equation
wO02097/080paat i on (22) and Equation (23) Equati onPCT/US2007/000579

(24)[0047] Using Equation (;i8),,SNRs follows:

Equation (25) Equation (26) and Equation (27) Equation

(28) [0048] For any above channel realization, the

first two conponents of d (the ones which have the

STBC code applied to them) have the sane SNR, and the

“of her two. haye al.so .egu T ' .
mo‘%&ner al W“&%Eﬁr%i;m?ﬁiﬁ” ?Illﬂeé? 17 st %rﬁ% .%g %Elgear aﬁe?%)es%l?ta%eed as
followdRs for the coded to the uncoded conmponents of d is

as follows: . Egua,t,iqn (29) Assunming that the three

col ums ¢k, H,e det@hvEsimi | ar properties, the SNR will

be about 3 d%zF}gqg?_p|ﬁlaverage for the STBC cqded .
synbol s. [0049} In inplehenting STBC, a pair ofiquation (25)
subsequent synb lti{' be transmtted via a sane

f r equencyroE pdi krequenci es. For eval uation,

t he sinpl est czése*bl ~M¢=2 and N Ss=I is consi %?({uea(Eion(ZG)
herei n supposing that thére is only

det(I? | )
M=o #(ez-lef —IaP)
; and Equation (27)
det(H ™ 0
SNR, = S
4= x(xz—|b|2 —lalz)
. Equation (28)
{0048] For any above channel realization, the first two components of d

(the ones which have the STBC code applied to them) have the same SNR, and
the other two have also equal SNR. The second one is generally smaller than the
first one. The ratio of the SNRs for the coded to the uncoded components of d is

as follows:

g gy 2
[ o)

SNR3 4

=X
z
Equation (29)
Assuming that the three columns of H, 4 have similar properties, the SNR will
be about 3 dB higher on average for the STBC coded symbols.
[0049] In implementing STBC, a pair of subsequent symbols may be
transmitted via a same frequency or different frequencies. For evaluation, the
simplest case of Nix=2 and Nss=1 is considered herein supposing that there is only

one receive antenna at the receiver. The effective channel matrix is represented

as a 1x2 matrix as follows:

Hey =l h] : Equation (30)

and the data vector becomes as follows:

d __|: k,1,2m ]
- *
dr12m+1 Equation (31)

-12-



one receive antenna at the receiver. The effective

channel matrix is represented as a 1x2 matri x as
woabdimsm77Hef f [h\ h2 } Equation (30) and the #aras2007/000579

vect or becones as follows: Equation (31)[0050] Wen

the sane frequency i s used for the successive

synbols, Heff - i s the sane for both synbols and

Equation (5) becones a s follows: Equation (32) [0051]

| f a zero forcing receiver i s used, the first step i

st omltiply k by the Hermti.an conjugate of the H
[OOBan nel Whet ke sdime figeiehejtiatisod fr3By sh@esdye Fhmbols, ¥ is

al tri n t S|gnal part
the %’?‘%E"é ﬁonﬁﬁémg"’gseﬂn“?%u 1°8r(gzei?ecfn$eﬁaats ﬁ‘)ﬁg W§ai ned by
t he STBC co%gI [ dw@gﬂ%glfgi j}requen0|es are
used foryg b poucge ffective
channel s for"% he™ éﬁﬁﬁé! "kém§1 ol | ows: difuation (32)

[/*! h2 ] for the firgt synmbol; and H eff = L-TI 2J
[oobar the Ifa&@ﬁdfcﬁ'ynigdecew[ef){ﬁ@edl thé fitst ste s tohmultiply Y* by

di fied Equat foll . Equat
nd Baimifin GUSEB YiPRSESaRE BSChRned: Equation (35)
anquuatth[&36;h2]

lr oA
to get
~ * - d " n
H+yk _ h]* hy lihl ’:‘2:' . *k,l,Zm + hl,, Ay |: *k,Zm
- k2 hl hz hl dk,],2m+] - h2 h] nyg am+1
2 2 d x n
|| + |22 0 { k,1,2m ] h Ry k,2m
- 2 2 * + * *
Y |hﬂ 4ﬂh2| Ak, 2m+1 —hy M || Pk2m+1
Equation (33)
PP .
[0052] The diagonal matrix elements ! 2 in the signal part

represent the diversity of order 2 that is gained by the STBC code.
[0053] When different frequencies are used for the successive symbols, the

effective channels for the two symbols are as follows:

Hepy = It h2] for the first symbol; and

Hey =g g2] for the second symbol .

[0054] | In this case the modified Equation (5) becomes as follows:
m k|| 9ki2m B om
Y = * * d* + n*
g2 1 k1,2m+1 k,2m+1 : Equation (34)

and the followings are obtained:

~ [ hl - h2j|
- * *
g & J, Equation (35)

and

-13-



[ 0055] The diagonal matrix elenments in the signal part

represent the diversity of order 2 that is gained by
woOher788BC7code. In this case, the diagonal el erents2007/000579

still represent diversity of order 2. However, the

of f di agonal el enents contribute interference (i.e.,

non-orthogonality). [0056] For the 2x1 case of Table

1, Equation (5) becones as follows: Equation (37)

wher ei n Equation (38) and Equation (39) [ 0057] The

MVBE esti mato of inqthis case-i,s as oys: Eguation

(40) Equpt }on (H1) g20 818] “éqg idé’h2'('4 ) de onmee: ”k2m}

Equati on (42 ) oL 25 Eogy ghn g )cuggagj AI enhatgv by 2m+1

the MVBE estirmates o d2n1and 2mt\ may e found using

just 2m @angl 2 2 +l .= | m
Applylngf ﬁﬂ Q@ﬂL ‘EE }Ed41992¥ [] u§?|o;k2 }
(44) and thshlmlesﬂr”ﬂaﬁag T B adens!d
first synmbol is: Equation (45).or, .
Equation (36)

' 2 2
[0055] The diagonal matrix elements [al” +e2] in the signal part
represent the diversity of order 2 that is gained by the STBC code. In this case,
the diagonal elements still represent diversity of order 2. However, the off-

diagonal elements contribute interference (i.e., non-orthogonality).

[0056] For the 2x1 case of Table 1, Equation (5) becomes as follows:
B =k drizm npom
Y = w pr dar + nt
2 1 k1,2m+1 k,2m+1 ; Equation 37
wherein )

~ [ —h
H=
[h; h{‘].

; Equation (38)
and
d= l: *k 1,2m :l
A1, 2m+1 . Equation (39)
[0057] The MMSE estimator of 4 in this case is as follows:
-~ — Lvvadiiieanyd l
d=PH+(PHH++I)_ Yk Equation (40)
~ o hl —}12 hi' k2 lhllz +|h2|2 0
HH™ =| . w = 5 5
h2 hl - h2 h] 0 Ihll + |h2l
Equation (41)
[0058] Equation (40) becomes:
-1
2 2
A B hy p(lhll +|, | )+1 0
d= Vi
-0k 0 AP +paf? )41
Equation (42)
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Equation (46) [0060] Applying this schenme for the
second synbol : Equation (47) and the MVBE estinmate of
woOher7daig7vect or fromthe second synbol is: , BqQUaSRmm000579
(48) or, Equation (49) [0061] Using Equations (47) and
(49), the two estimates of 2m are added up as
foll ows: Equati on (50) [0062] The result is sane to the
result obtained in Equation (43). Doing the sumfor
the estimate of 2ra+l will also result in the sane as
that from Equation (43). Thus, in the sinple 2x1
Al anouti schene, the two decodi ng techni ques are
identic ver, i oﬁ b t he 3x2 case
in Tabl%‘i”’[ Ehow%mulatlon
resul t s Lfem+idn p YErdlad B usi ng.
3x2 antenna conflguratio and a Ilnear M\/ISE (%}011(43)

oo S AR
B
ol B, R L B Sl e

for SENBAR Yimpdk: QAM and 16 QAM for channel E (channel B).
[0064] The transni a:er and the receiver may be a

or,

wirel ess tra[hsm ﬁ_I/] eéeinve| unit (WIRU) or a base
station.”?helt eldogy; ['WI i ncl udes but |§qggglon(44)
I|mtedtoauser equi pnent (UE), a nobile statron,
and iheeMM® Ershint ste 9 bse datzevedaior fronatlpafjeat symhodlis:ul ar

tel ephonre a personal digital assisjant (PDA), a

d i bt
33'" =p hl,. plhy ko hl* +1} Yom
LT S 2mr 1 2 2 Equation (45)
or,
[ dop | p [
L 2m+1]) P |h1| +|h2| +1 21 .
. Equation (46)
[0060] Applying this scheme for the second symbol:
dym
yome1 =l h2] [ dm+ ] + N2m+l
2m , Equation (47)

and the MMSE estimate of the data vector ﬁom the second symbol is:

-1
d Iy
[ §?+1]=P[h :ILP[ 1 hz{,}]‘”} Y2m+1
2m 2 2 , Equation (48)

|:‘§2m+1:|= Vad . |:hl*i| Yol
~ *
3 p(lh1|2+|h2|2)+1 n

[0061] Using Equations (47) and (49), the two estimates of d2m are added

up as follows:

or,

Equation (49)
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conmputer, or any other type of user device capable of

operating in a wreless environnent. The term nol ogy
wOhewasst7at i on" i ncludes but is not limted toPaT/US2007/000579

Node-B, a site controller, an access point (AP), or

any other type of interfacing device capable of

operating in a wreless environnent. [0065]

Enbodi nents. [0066] 1. A method for inplenenting

spatial data processing with unequal MCSs in a

wi rel ess communi cati on syTten1|ncIud|ng atransmtter

and a rabgj¥ il'bemethod,ef | embodi nent 1
conprising t |1§ eqdhéj jgbneratl ng a plurality of data
streans fron1a ‘least one input data. [0068] 3Eqwnon (50)

[oog%tt hod Q#@t&@f&%'sﬁlt%tsﬁﬁed%eﬂ tion (43), Doing
perform ng a spatl processing on at |east one of

thed%t:rﬁ F r’cﬁ@@tﬁ&aiﬂe&edﬂ%ﬁ iRl s kbdit @h PR IR as that from
rea for each data stream bei ng sel ect ed

Eqmatdrepéé@enﬂ?h}m{ go@bt} mplen 2 heh RGOV ShaiB thentwa decoding

AN §i‘@ﬂ1e§1@ﬁ Pw@(felI {t‘?iﬁﬁfht){: bE8ataén SRSk Rkase in Table 1.
A V1 a mul transmt antennas. [0

[00631 hod e&gumSaﬂyal@i 5 hbo‘érﬁamﬂl?@m gegulis fm@an]eHﬁEEh%w 11n
oRe g, i

Bl & pRLCBSEGY0) 0 SHQUTE ol AP LD W v

(LMMSEJ)I neeeiver.3TBe swh‘elraémn raaulm:shmlt at theogss usimgaHRNequal

mo\éhia%ﬂ)n sc%%@&% 8t e fegglgﬁéﬁm HESK 6L V&qgo%ﬁdl b %Bdgd‘é QS Wetter in

a stream on Spa i al
termsaxfpasketg:rr&' Me (PER) timeﬂxe dagensingRquphmadadafien seheme of

w, @0 q}ﬁ% igm rein the spati al
16 eSS|ng 8Hper orne 5. | east one of the

[006&1 a st rBsereransH0M7e} asd tlecmBhMYdfe aevrirelfisatnansmit/receive
un%’ﬁifh) palbase sta%%rll;o O'![‘ﬁe q:&[mlnology "WTRU" includes but is not
limited to a user equipment (UE), a mobile station, a fixed or mobile subscriber
unit, a pager, a cellular telephone, a personal digital assistant (PDA), a
computer, or any other type of user device capable of operating in a wireless
environment. 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 capable of operating in a wireless environment.

[0065] Embodiments.

[0066] 1. A method for implementing spatial data processing with
unequal MCSs in a wireless communication system including a transmitter and a
receiver.

[0067] 2. The method of embodiment 1 comprising the step of
generating a plurality of data streams from at least one input data.

[0068] 3. The method of embodiment 2 comprising the step of
performing a spatial processing on at least one of the data streams to generate a
plurality of spatial streams, an MCS for . each data stream being selected

independently.
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the STBC on the data stream are nmapped to a sane

frequency. [0074] 9. The nethod of enbodi nent 7,
woeher@sm7a pair of synbols for the STBC on t hePdatua2007/000579

stream are mapped to different frequencies. [0075] 10.

The nethod as in any of the enbodi nents 3-9, wherein

the spatial processing is at |east one of STBC, SFBC

qguasi - ort hogonal Al anouti coding and tinme reversed

space tine block coding is perforned on at | east one

t he dat 0
[00%] t he rrbgdi rrs%k & QF\A%%r elrn ‘*F‘?nggﬁmg"?&ﬁ thdMtep of
traf$ateing the s'p&tm streamedviamtlviple tansmit @atenngds0077]

008 SR FEBbe b BB R i, ersin

spaftiil Im&:easmgris Qi@yfo@ﬁnetlhﬁﬂﬁ ﬁtmdtmn of thd dlaﬂaZstmbmsel n an
t ennal r X Ls mul ti,al

0038} e 6 [ oo A b & 1R ey et ihe hthsiiimshfs 337 Wiktrein an
MOS el 8ata)etrasminCom avHietp auspgtmpmoessmgas pedﬁmtneﬁyls different

mat r | 008 15. The
frofpyrn MG (4 S AT TA SPPAA] BROEETetR 1 poj performed.
[ooalﬁ]r eadi r'v?h [ Gfblinetkod Z4tn BBY b Chotmbatindenaa-61&herein the
erein e a t
S PR L G eSS 71 oas( o, 5] thp Aatfgreams.
[00ms} hod of. enixyh ARGk od 6 edbedigientt?) vttt ing patregiyntols for

matrix incl des a set of channel eigenvectors.[0083
theiuTB s that de SiEesh oI POEIE Va8 CHEREReR. 1

[007Er ei n g.he M3 ifdthedeterdBbdiniinten Wherellch paid ¢fagmbols for
e T BRSO okt o fipesiih reddenadd

[0075] 10. The method as in any of the embodiments 3-9, wherein the
spatial processing is at least one of STBC, SFBC, quasi-orthogonal Alamouti
coding and time reversed space time block coding is performed on at least one of

the data streams.

[0076] 11. The method as in any of the embodiments 3-10, wherein
linear spatial processing is performed on the data streams. ,

[0077] 12. The method of embodiment 11, wherein CDD is performed on
the spatial streams.

[0078] 13. The method as in any of the embodiments 11-12, wherein an
antennal mapping matrix is multiplied to the spatial streams. ,
[0079] 14. The method of embodiment 13, wherein the antenna mapping
matrix is an identity matrix.

[0080] 15. The method of embodiment 13, wherein the antenna mapping

matrix is for spatial spreading.

[0081] 16. The method of embodiment 13, wherein the antenna mapping
matrix is a channel-specific steering matrix.

[0082] 17. The method of éembodiment 16, wherein the antenna mapping

matrix includes a set of channel éigenvectors.
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[0084] 19. The nmethod as in any of the enbodi nents
4-18, further conprising the step of receiving the
wepeairiaio7st reans with at | east one recei ve ant eamais2007/000579
[0085] 20. The nethod of enbodi ment 19 conprising the
step of perform ng channel estimation to generate a
channel matrix. [0086] 21. The nethod of enbodi nent 20
conprising the step of decoding the received spatia
streans using the channel matrix to recover the input

[00%?}5;' d[ QL%87] ’ﬁ‘?e m-gbﬁ gﬁlofgnésg ngi?] n%g'B— Wﬁaeirgin the

ecodi ng Is use e recelve
MGS forzash dpt08igkam lzsletéihmnnétbhe%ﬁ erﬂ a@lm@)‘drﬁ?eimmilatlo of each

codi ng the received
sPa&éatqggretreasrr%%?%%gg‘g']thgﬂgﬁgﬁa ét%mﬂlod as in any of the
[008dbodi nekft.s TFIRS methed eisnin kaywf the smbodiments dt1&nfurther

coriSHER 5 B D e RO R B

antmmiﬁunl cation systemis one of a M5-CDVA system and a

oo, SYUET, HRSSHARR, of RS 15 b BRI e o

peﬁbﬁnﬁfg&iﬁﬁﬂeﬂ estmfatmmﬁmcgemrate%clmnq:al msatrix.a spati al

RS A RN e —

théembwddtspaﬁhl eta-ﬁahslmgﬂie&ﬂdama nohepistd ead:dvyer theOgait data.

008 L al | 150f "LPeHAD A RRER T 2L EReie MNEE fgsoding is

usétbio d%t:didiilg&he received data streams.

[0088] ° 23. The method of embodiment 21, wherein ZF decoding is used
for decoding the received data streams.

[0089] 24. The method as in any of the embodiments 1-23, wherein the
wireless communication system is an OFDM system.

[0090] 25. The method as in any of the embodiments 1-23, wherein the
wireless communication system is one of a MS-CDMA system and a CDMA
system.

[0091] 26. A transmitter for implementing spatial data processing with
unequal MCSs.

[0092] 27. The transmitter of embodiment 26 comprising a spatial

processor for performing spatial processing on at least one of a plurality of data
streams, an MCS for each data stream being selected independently.

[0093] 28. The transmitter of embodiment 27 comprising a plurality of
transmit antennas for transmitting the data streams.

[0094] 29. The transmitter as in any of the embodiments 27-28, wherein
the spatial processor is configured to perform spatial processing only a portion of
the data streams. '

[0095] 30. The transmitter as in any of the embodiments 27-29, wherein
an MCS for a data stream on which a spatial processiﬁg is performed is different

from an MCS for a data stream on which a spatial processing is not performed.
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[0094] 29. The transmitter as in any of the
enbodi ments 27-28, wherein the spatial processor is
woanf7iogared t operform spatial processing only BCPaISE0GM00579

of the data streans. [0095] 30. The transmtter as in

any of the enbodi nents 27-29, wherein an MCS for a

data stream on which a spatial processing is perfornmed

is different froman MCS for a data streamon which a
spatial processing is not perforned.[0096] 31. The

ansm ter in any. of the [ 27 .
[00% erein E{lh e ?Eﬁttfad}s‘%l?t(? c88 %?ﬁfg&éﬁg %oﬁirlég n? %276 30y "gnerein
the SpBGaDpraebsdords configuretl tbrerftataSTBCeomet 1646097k o 2he data

The transmtter of enbodi nent 31, wherein the spatial

stregMf-essor is configured tomap a pair of synbols for
[009Ne STBE20n trhe tlahamsitera dmbadisans 81eogltemein the spatial

[0098] 33, The transmtt f di '
probgsl R et S R B o M biroam
to afggm@r@qﬁ@ﬁcg,hgoggﬁcszn grﬂe data streamto different

requenci es. t ' ' .
oo S B BB A i Yug pnia
probe%s&ﬂ%fdoﬁﬁgﬁged 8 hD alpAisdf syaitsols forehe STHBBMH tisP@ita stream

quasi ort hogonal Al anouti coding and tine reversed
to differentfropuiemcitdk coding on at |east one of the data

[00§9y eg_ﬁb‘ -34{ 00 ggmstz&ﬁsmnﬁﬁb&_ atsﬁﬂﬁl&&iofﬂ% erlabodlilméiﬂy 284331 Wherein
enbodi nents 27- 34, erein the spati r 0Ll .

thesBARRLBTASESICS i EAHIEFITFY FRBSFTORR 3F loaet BROCESL Phig SR s

ortAGdcRal A LRABHL do@fHddd fifhe réhérsbd BpadBitithebldk coding on at least
enbodi ment 35, wherein the spatial processor is

onec@friheglata gttegopr f orm CDD on the spatial streans.
[00100] 35. The transmitter as in any of the embodiments 27-34, wherein

the spatial processor is configured to perform linear spatial processing on the
data streams.

[00101] 36. The transmitter of embodiment 35, wherein the spatial
processor is configured to perform CDD on the spatial streams.

[00102] 37. The transmitter as in any of the embodi\ments 35-36, wherein
the spatial processor is configured to apply an antennal mapping matrix to the
spatial streams.

[00103] 38. The transmitter of embodiment 37, wherein the antenna
mapping matrix is an identity matrix.

[00104] 39. The transmitter of embodiment 37, wherein the antenna
mapping matrix is for spatial spreading.

[00105] 40. The transmitter of embodiment 37, wherein the antenna
mapping matrix is a channel-specific steering matrix.

[00106] 41. The transmitter of embodiment 40, wherein the antenna
mapping matrix includes a set of channel eigenvectors.

[00107] 42. The transmitter as in any of the embodiments 27-41, wherein
the MCS for each data stream is determined based on a signal-to-noise ratio of

each spatial stream associated with the data stream.
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[00102] 37. The transmitter as in any of the
enbodi ments 35-36, wherein the spatial processor is
woanf7iogurred to apply an antennal mappi ng natri RCTWSLIV/000579

spatial streams. [00103] 38. The transnitter of

enbodi ment 37, wherein the antenna mapping matrix is

an identity matrix. [00104] 39. The transmtter of

enbodi ment 37, wherein the antenna mapping matrix is

for 3pat|al 3spreadi ng. [00105] 40. The transmitter of

odi t : [ ' b oo ;

1001388 el Fpe i ref TP & HABIEARINE pHRARL i Prbockirty Fich
unequalMdSst er of enbodi nent 40, wherein the antenna

pi ng trix includ . ej )
00 RE o744, et RS i b inet 48U i SERUEIRIEceive
ant&OBE feditng &-pliralityasfapatisharddtss, faoy MESdhr dathedata stream

stream i s determ ned .based .Si ' i -
B
00 Fa!({] eam §850108he 4ﬁ’e_acef]\reﬁ‘e ofi arebodiorenit T4 e pemprising patdbamnnel
.data processin t equal . . 10 T .
estimgtier PPl rENAE APREREL o WY R FRY AL PLepgh ttrix.
[Oojslteﬂel ve4gnt e'ml\}ggr?wivéﬂﬁ‘@mb' d'daj;manpktﬂ caiprising aspatiabflecoder
reanms, an or  eac ata stream dto.th
for esmeiag the TRERITE BRG] SEFERE PGB ENHERE 2B o
[oo%%zqnsm yer. Th@@ééb@s}l er’tb embbéini @ctef6y ethepéindhb spatialtecdder is
nprising.a c J mat f f i
confgu P A Sl e P g .
[OOi—ie]% [jecﬂ'foer g‘hfa rgdfﬂi’@éii dﬁ'@ﬁibodﬁnémgﬁﬁ, wdiengindhepaatial decoderis
oder for decadin [ '
confse o B o S 58 bk Lo peegs.
foofidodi Mithatah MefRitirdshend BRImélts dfthderesent 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. The methods or flow charts 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 Iz;u.rpose computer or a processor. Examples of computer-
readable storage 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).

[00115] Suitable processors include, by way of example, a general purpose
processor, a special purpose processor, a con\‘rentional processor, a digital signal
processor (DSP), a plurality of miéroprocessors, one oOr more Microprocessors in
association with a DSP core, a controller, a microcontroller, Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs) circuits,
any other type of integrated circuit (IC), and/or a state machine.
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configured to perform MVBE decodi ngf or decodi ng the
recei ved spatial streans. [00113] 48. The receiver
wohemwsdirment 46, wherein the spatial decoder PET/US2007/000579
configured to perform ZF decodi ng for decoding the
recei ved spatial streans. [00114] Although the
features and el enents of the present invention are
described in the preferred enbodi nents in particul ar
conbi nati ons, each feature or elenment can be used
ne wi,t hoyt th
00F}ed o r &P St T AEdfareRT A En fafs MR SN0 ibfMoment
a radio fubdhendy todeeivies o usesnantirel esgbransngt redgivepmit GNITRU),
nventi on

usexb?%%lgmeqtrgyﬁt tleget' hgld %)Bgé sJalt%\H Ebcﬁg %1%1:‘951%/ éoquolicﬂ' (hli\fb) or

anyphegr armpmi-.t ViEhe W@‘RU |mawvabeeu$elhgl bbmlmmgnl mﬂu modules,
r-r bl e st nedi um fo LO

mRSRERAY (B SO e IPE Forage sk ks B {RHHr 0 e camera

modlep i efideptoht.e astspe:algaphbﬂeu ms viraltiote davicead spkgker, a

R, (ot SR REECHORIP A Rl g, o

BlubB@iB®i ®od6lé 2a ﬁéﬂmeaﬁy inbdailasdd (FEVIY rddﬁ)ksnﬂmd 11qu1d crystal

BT O T e T ) e

a digitsH &ﬁdﬂlﬁh)yer,[ao&bﬂl’fd pRiyet aebhelep ganesslayer inodliliden Toyernet

| |
bropabp e BBk ket doca sk HeHaT LY bAT0SBPaul- oG o

signal processaer (DSP), a pkurallty of *

i Cr opr ocessors, one OfF NDre ni Croprocessors in
association wwth a DSP core, a controller, a

m crocontrol l er, Application Specific Int egrat ed
Crcuits (ASICs), Field Programmabl e Gate Arrays
(FPGAs) circuits, any other type of integrated circuit
(10, and/or a state machine.[00116] Aprocessor in
association wth software may be used to inplenent a
radi o frequency transceiver for use in a wirel ess
transmt receive unit (WRU),
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user equi pnent (UE), term nal, base station, radio

network controller (RNC), or any host conputer. The
WORRJ/asey7 be used in conjunction wth nodul es, PCT/US2007/000579

i mpl emented in hardware and/ or software, such as a

canera, a video canera nodul e, a videophone, a

speaker phone, a vibration device, a speaker, a

m crophone, a television transceiver, a hands free

headset, a keyboard, a Bluetooth(r) nodule, a

frequency nodul at ed (FMCEFAEMS unit, a liquid crystal

Wh#ﬁgﬁgi D) display unit, an organic light-emtting
I 'ode display unit, a digital music player, a
nmedi a phagevirelass¢aemugication sysdemipeluding afransmitieaand a
br owser / | : ual
recetlh i oo APl etlebires Spp AP updl iRo0R0HY, il
modidatiun ianat dodings yahenras (MCTsh blye meathed semprisingind a

receiver., a f i ' j .
pr 5e3EAR %ﬁ%ﬁgﬁg 8€§?£nnég?§§F%ﬁgéﬁgé%% 'ng g@h%ﬁ%@

( MpSefprmiihe ansdatizd mroressing og: atgleast ane of the slaga streams to
of data,streans fr at.least_ o ' t ta,; :
gengrate o ﬁhﬁrgahgy g’g atra™ pr Ibe@é]gs;i i) ﬂgﬁba"@ iJleél g@tdadgﬁ Stegam being

seledtddbimriepeadentlyy aygherate a plurality of spatial

streans,. an f or. ch_data [ . GhE

i n&m&ﬁfl?%g gﬁagl?f%ﬁganllntstvil%é&ﬁlﬁ%% pa% :gngég Fearr% T

via nultiple transmt antennas. 2. The nethod of claim

1 erein the.spati al. ocessing i s _perf

otk on 10 PRATY SpT LaHEror thesbabR REMAEHnE: beftyrmed
onlpBgiRtiondf thEBatpetraamtat a stream on which a spati al

processing is perfornmed is different froman MCS for a

data streamon which a spatial processing is not
perd,or Nethe method of claim 2 wherein an MCS for a data stream on which

a spatial processing is performed is different from an MCS for a data stream on

which a spatial processing is‘ not performed.

4, The method of claim 1 wherein the spatial processing is space time

block coding (STBC) performed on at least one of the data streams.

5. The method of claim 4 wherein a pair of symbols for the STBC on

the data stream are mapped to a same frequency.

6. The method of claim 4 wherein a pair of symbols for the STBC on

the data stream are mapped to different frequencies.

7. The method of claim 1 wherein the spatial processing is at least one
of space time block coding (STBC), space frequency block coding (SFBC), quasi-
orthogonal Alamouti coding and time reversed space time block coding is

performed on at least one of the data streams.
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4. The method of claim lwherein the spatial processing
is space tinme bl ock coding (STBC) perforned on at
woeawtosote of the data streams. 5. The net hod e€TaiS20mM000579

4 wherein a pair of synbols for the STBC on the data

stream are mapped to a sanme frequency. 6. The nethod

of claim4 wherein a pair of synbols for the STBC on

the data stream are mapped to di fferent frequencies.

7. The nmethod of claim lwherein the spatial processing

i sgat | Thstmetiodfofsgiaira i whelpéinc lincadi sppti8TBO)cessing is

pace fr ncy, bl ock codi ng (SFBC), quasi orthogonal
perf%’ﬁ?(gﬁflitgg%itﬁﬁtrﬁﬁamﬁ nme reversed space tinme bl qck
coding is perforned on at | east one of the data

streans, 8. Th t .of _claiml1l wherein |inear. .

Spdt |l T geetth bt FEoRLBruRHER sYoih deli SRy (oD 18
perferméf @nrtblchpdtiafl stleahi® 8 wherein cyclic del ay

diversity (CDD) is perforned on the spatial streans.

10. The nmethod of claim8 wherein an antennal mapping

matpi X TheMbtidd beelai 8 Reéherpht aal arstehaalnafping Thetrix is

net hqd of cl ai,mhéo wherei n the antenna mappi ng natrix
multiplie to$bREPREALENPRIES: 12, The nethod of claim 10

wherein the antenna mapping matrix is for spati al
spreading. 13. The nethod of ¢la m 10 wherein . the . .
antdnnaTheppethed e claim 1Q;W§e££ﬁg %% F‘ng"ﬁ’é{ﬂ PARPINEJRAtYY s an
ided®y toXtrik4. The method of claim 13 wherein the antenna
mappi ng matri x i ncludes a set of channel eigenvectors.

t

12. The method of claim 10 wherein the antenna mapping matrix is for

spatial spreading.

13. The method of claim 10 wherein the antenna mapping matrix is a

channel-specific steering matrix.

14. The method of claim 13 wherein the antenna mapping matrix

includes a set of channel eigenvectors.

15. The method of claim 1 wherein the MCS for each data stream is
determined based on a signal-to-noise ratio of each spatial stream associated

with the data stream.

16. The method of claim 1 further comprising:

receiving the spatial streams with at least one receive antenna;
performing channel estimation to generate a channel matrix; and
decoding the received spatial streams using the channel matrix to recover

the input data.
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15. The nmethod of claim 1 wherein the MCS for each

data streamis determ ned based on a signal -to-noise
woavi7msof77each spatial stream associ ated wi th PO®USa0a/000579

stream 16. The nmethod of claim 1 further conprising:

receiving the spatial streans with at |east one

recei ve antenna; perform ng channel estimation to

generate a channel matrix; and decodi ng the received

spatial streans using the channel nmatrix torecover the

i Nag! d@The. héthdd of redino d 6ofvherainnmisinuimer eieansquangnerror

o aacheine i el e dsnine 18 ot fa kRl g o 16°

wherein zero forcing (ZF) decodlng is used for

decadi ng_t he r.eceived daja streans
cl d8m 1 DB o o b ST i U e rg Yy peed
for QE4JADGO 1ed rédbmedum sdiasrsd.on nul t| pl exi ng (G:Dl\/p

system 20. The method of claimlwherein the wreless
comuni cation systemis one of a multi-carrier code

di \a'tgsi Omzlilﬂih%ﬂ%ﬂd%fémtﬁfﬁwﬁ#ﬁ&ﬁMMm%ﬂmmﬁn?aﬁbM%ystem
system ransim, er spatl a
is agprihogonal hwalﬁe&aaﬁ R}Bﬁ@rglﬂgﬁn M%&S@w ng

schenes (NCSS) the transn1tter conprising: a spatia
processor for performn E'S{ eSSIQEHI t "
ordregnethqst efclaim § v SRR CORIm SR tiogy system

is o%@%b a%ﬁﬁpé&frﬁ‘é&"ﬁo@.@diﬁsﬁﬁ ﬁﬁlt@ﬂeld%dﬁQE{ME‘—QIDMA) apstem and a
8@gra ity of transmt antennas for transmtting the
CDAMA systepeans. 22. The transmitter of claim 21 wherein

the spatial processor is

21. A transmitter for implementing spatial data processing with
unequal modulation and coding schemes (MCSs), the transmitter comprising:

a spatial processor for performing spatial processing on at least one of a
plurality of data streams, an MCS for each data stream being selected
independently; and

a plurality. of transmit antennas for transmitting the data streams.

22. The transmitter of claim 21 wherein the spatial processor is

configured to perform spatial processing only a portion of the data streams.

23. The transmitter of claim 22 wherein an MCS for a data stream on
which a spatial processing is performed is different from an MCS for a data

stream on which a spatial processing is not performed.
24. The transmitter of claim 21 wherein the spatial processor is

configured to perform space time block coding (STBC) on at least one of the data

streams.
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configured to perform spatial processing only a
portion of the data streans. 23. The transmtter of
wohei7os227wherein an MCS for a data stream on ROTAIS2@7/000579
spatial processing is perforned is different from an
MCS for a data streamon which a spatial processing is
not perforned. 24. The transmtter of claim2l wherein
the spatial processor is configured to perform space
time block coding (STBC) on at |east one of the data
st pRaNETRS. trihemittanifi ¢loian 22 whetiein ZThewspatéal, propgssor is
patial processor.is nf.i gur [
conSrasaite PR S oRe Bl (Hets o8 e chrdim to @ samo
frequeggiency. 26. The transmitter of claim 22 wherein the
spatial processor is configured to map a pair of
synbols for the STBC on the data streamto different
f r gguenThesStrad@mittee ofr dasmi 22 ewhefein | ienrspdtiah @re¢essor is

the spatial processor i's.confi d 1.0 f .
configiatl 1R PRSI T Gb% Stors iy et ot bp aifforent
freeB@idgnNcy bl ock codi ng (SFBC), quasi-orthogonal

Al anobuti coding and tine reversed space tine bl ock

coding on at | east one of the data streans. 28. The

transm trher teisalitie ¥l cla@r 8l nwhbreiapiid apatinbgesemsor is
i s configured to performljnear spat.i.al, processi .
configercdnia PETPBER: 1Rt Ofeot FHAE AREHORT SRy a5 bpace
freqUiRIcfi Blodlh @o&iRial (SHBEO)Y,0gessi drthdgonahilgimoati tedipgrdmd rime
cycli1c delay diver s&,ty %}CDE}?‘?Fon t he tzfaé ital 4oL eans.
reverped pRacY HEihiork spdige on af Tepsisongof thie data STESEIEs- o
processor is configured to apply an antennal mappi ng
matrix to the spatial streans. 31. The transmtter of . .
Cl i 30 hen TR S D Do pieRG RS Spapig] Brocisor is

configured to perform linear spatial processing on the data streams.

99. The transmitter of claim 28 wherein the spatial processor is

configured to perform cyclic delay diversity (CDD) on the spatial streams.

30. The transmitter of claim 28 wherein the spatial processor is

configured to apply an antennal mapping matrix to the spatial streams.

31. Thetransmitter of cléim 30 wherein the antenna mapping matrix is

an identity matrix.

32. The transmitter of claim 30 wherein the antenna mapping matrix is

for spatial spreading.

38. The transmitter of claim 30 Whe_:rein the antenna mapping matrix is

a channel-specific steering matrix.
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an identity matrix. 32. The transmtter of claim 30

wherein the antenna mapping matrix is for spatia
woepowadiarg. 33. The transmitter of claim 30 wheCgius2a0he00579

antenna mapping matrix is a channel -specific steering

matri x. 34. The transmtter of claim33 wherein the

antenna mapping matri x includes a set of channe

ei genvectors. 35. The transmitter of claim 31 wherein

the MCS for each data streamis determ ned based on a

si gaal -'me aeinsmitiat iof cfime3® iwhepeini the antersamapping matrix

OCI Wi th the ga%a stream 36. A receiver for
md‘tl‘i‘iﬁ %ngﬁla?llgﬁfl YaPH processing with unequal

nodul at| on and codi ng schenes (I\/CSs) the receiver

conpri sj ast ner cejve.a
n‘gur a gg)*f"ad\sn%‘ fﬁfloggl ereént o?&;eaa‘g %%ltg cfidam
is déﬂe{ﬁ@ﬁrédmm%d 8 siéﬁiﬁl&baiohsﬂ radio efamh lsphtigl stekant asgociated
i ndependently at a transmtter; a channel estimator

with ghe gata $r#8Mg channel estination to generate a

channel matrix; and a spatial decoder for decodi ng the

recei ved spati aI st r arrs usi n h annel nat rj
Thé6r ec i RpEPIVEF Qﬂ‘g? %13% a? ﬁé‘ 85?‘365?m§ec01c} yHequal

mod(x%ia\m/%@ﬂfa'éﬁlﬁogihé ét:fm%sxu\mgsm ntltwhmm copipaisngy r or
ecodi ng or ecC | ere
St FE st oBBreCTHe FEEBPRST BRe P hPBEREP g o ghroams, an
MCSP?JIJ ahcl €104l eftréam CAIpPpedr & the spatiadrstreane Heing i sedected
(ZF) decodi ng for .decoding the received spati al

independently at a fransmitter;

a channel estimator for performing ‘channel estimation to generate a
channel matrix; and

a spatial decoder for decoding the received spatial streams using the

channel matrix.
37. The receiver of claim 36 wherein the spatial decoder is configured to
perform minimum mean square error (MMSE) decoding for decoding the received

spatial streams.

38. The receiver of claim 36 wherein the spatial decoder is configured to

perform zero forcing (ZF) decoding for decoding the received spatial streams.
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