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~~ {57) Abstract: Data is transferred in a wireless communication system, such as a wireless spread spectrum communication system,
g Data is encoded to produce a plurality of data streams (Fig. 2). For each of a plurality of transmitting antennas (34}, the data streams

are used to produce a vector for transmission. Each transmission vector is transmitted by its transmitting antenna through a wireless

O air interface experiencing multipath. Multipath components from each transmitted transmission vector are received by a plurality of

receiving antennas (36). The received mult:plath components are equalized to recover the transmission vectors. The data is recovered
from the recovered tra.nsuuss;on vectors.
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comuni cation system Data is encoded to produce a plurality of data
streans (Fig. 2). For each of a plurality of transmtting antennas (34),
the data streans areused to produce a vector for transm ssion. Each
transm ssion vector is transmtted by its transmtting antenna through a
wireless O air interface experiencing nultipath. Miltipath conponents from
each transmtted transm ssion vector are received by a plurality of
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~algorithms address a single-

26 May 2006 EFFI Cl ENT MULTI PLE | NPUT. MULTI PLE OUTPUT SYSTE LTI - PATH
- FADI NG CHANNELS FI ELD OF I NVENTION This invention rel ates ggén]g?&

Wi rel ess .comuni cation systens. In particular, the invention relat es to
transferring signals using antenna arrays. BACKGROUND A nultiple input

mul tiple. output (MMD systemis described in Figure 1. Miultiple

transm ssion and/or reception antennasl 2l to 12M (12), 16i to 16N (16) are

used to t Iﬁﬂm ! spatially
separ at ed romtﬁﬁhgﬂt er a%gﬁﬁw%@??ﬁ% transm %’?E using its
antenna array 12 tFQRMIHSTePATHRADENG OHANNELSecei ver 18 t hrough a
wireless air interface 18. The receiver 18 receives the conmuni cation
using its antenna array 16. Using both mul tiple transm ssion and reception
antennas 12, 16 is ref empeds orFEsiyH h\e i nput nul tiple output (MM
processing. Typically, M MO processing enploys nultiple antennas at both
the base st dihipanvandivnrmelatey genvatalls éo vaz:p]eqsrmmmueiceﬁimesystmm e the

depl f ase s atl nna arrays al.ready commonly used in
i F e EoE e e IR oS PR R e Bt AR A ot base

station and user equi prrent arrays enabl e significant increases in capacity

and data rates by opening u%&m& gnal i ng di nensi ons. Avail able M MO

channel s. However, wirel ess

‘communi cati ony s SkRIS iap@ ehanse! Sitpae dMIMIOLLTdpat K tiaglifbgd ishannel s.

Al gorithns_ that are designed for single-path fading channel s, typically

- exh| Biigureel, Maultindg tansmission gngios sesepsiosfantemnasidi ko 1AM by H@u y, it is
desi rtébi6?‘: 4®) Ry &Rl her o ¥h 0 %Métc&%ﬁlu M\M%Rﬁach d&%ﬁﬂﬁ @“gl% with a first
aspect the present i nvention ere i s provi a net for recovering
dat a spatiaknienasdtedr ﬁ'nmatlpl ethet hnipnohs 28, MyA2DOEmitiensifi esinpdtsant ennas and

receiy rali LY recei vi nt ennas ]éé; t hod conpri sing:
T ecorvrimy el A2l bR EBitb Rl B G ier e 08
air interface 18. The receiver 18 receives the communication using its antenna

array 16. Using both multiple transmission and reception antennas 12, 16 is
referred to as multiple input multiple output (MIMO) processing.

Typically, MIMO processing employs multiple antennas at both the
base station transmitter and user equipment receiver. While the deployment of
‘base station antenna arrays is already commonly used in wireless communication
systems, the simultaneous deployment of base station and user equipment arrays
enable significant increases in capacity and data rates by opening up multiple
signaling dimensions.

Available MIMO algorithms address a single-path fading channels.
However, wireless communication systems are characterized by multipath fading
éhannels. Algorithms that are designed for single-path fading channels, typically

exhibit severe degradation in presence of multipath.

Accordingly, it is desirable to have other MIMO systems.

SUMMARY
In accordance with a first aspect of the pi‘esent invention, there is

provided a method for recovering data transmitted from a plurality of -

o




sanpling each received antenna signal to produce a conbi ned receiyﬁg

'signal; estimating a overall channel response conprising 2ManAed

response for each - transmtting and receiving antenna conbi nati on;

- processing a bl ock-colum of the overall channel response to produce a

di agonal matrix; processing the conbined received signal to effectively

take a bl ock-Fourier transformof the conbined received signal; using the

diragonal matrix and the effective block- Fourier transform of the conbined

r eceityeusmitingl antenmmsoaut ee@iveguby er pluralityf off receying aspemeas, thet a vector;

processﬁga the Fourier transformof the spread data _vector to produce the
a

spr edge CIBRYIZNE’ ARCPIHBS pr ctignalg at rrachpple dhe dueeelvipgc BBfenDES r ecover t he
transgjtted da%a. [.n ccgrdance ith a secondgggggft of the present
i nventrInme fPeieceived Anlanna signat fonprpdpes arqQ H5eOat S %ansmitted from

a pl .| 1, b L ¥ IV u ity of

r ece;%’?lnﬁgétglng? énogggép?%ge&n%%%}%?gggegg&ngﬁ@lﬂ g% %ff}%%nee?% F%nge g‘%rg%]a at each of
the reg@invitig AMICRBEASIng SRERhA REMBALNIINE peINEInAR! BBAAALMHAbf t 0 produce a
conbi ned recelved signal; estimating a overall channel response conprising
a chahaebvareld pdrasecf eespeash tot pradaed ta idivgoanld nigeR] \Hrogsant ethea

conbi nati on; producing a cross channel correlation matrix using the

over &embinath pegeived sgnrleto plfestivelyi treaa BledkFawtarntrangbrmhef Breoss channel
correlation. matrix t. roduce a cross correlation diggo_nal mat ri x;

ol
pr oc SEWPRP TeeHER - Eetdinisine thee dingaral magrs e thesHetve Batkix to
prod se._dihagonal, mat ri x; processin he conbi ned
receilf\c})glél% rgf%{r%%%}%ﬁggf? Japingd yefvaelﬁleSl%{l%lt%B&O%ﬁS%?i%z’Wl% %ﬁgf%’f‘% of the
conbigped o RaA1 $:RY vesiddNBloce SOP iR | dipagonal matri x
and the g?fecti ve VbI ockgoouchi er t%%ﬁ%??ntg%ﬁ%g ggﬁg?%g%gﬂe%%%ved signal to
- pr odweetoa t6 prddiude the §@ead Hataliddeit; ARE dedReSIiSLEhELsAbADAath @l matri x and
‘the conbined result to produce a Fourier transformof a spread data vector;
pr oc és séqeyer He tFanantitted 26ty 2006 transform of the spread data vector to
produce the spread data vector; and despreading the spread data vector to
recover the tlPAseoRlapevihiasecpnd aepest @heerydsent mvention theyseist of t he
present .i.nyenti o there is rovj ded, a user equi pnent conprisjng: nmeans
for PAXAE nd Qegﬁ?oélnggr alftec%‘%ﬁ’_goffag? HPB’F’E’FF%‘K/Q%‘T r 8c 8RR aft ennas, each
~of t Iﬂﬁaﬂsﬁﬁ@iﬂge(Zn%ngﬁgla%d' {%%LHQH% ﬁ'[ﬁﬂ?ﬁh&y of receiving antennas, the

method comprising: receiving a signal at each of the receiving antennas;

.sampling each received antenna signal to produce a combined received signal;
estimating a overall channel response comprising a channel response for each
transmitting and receiving antenna combination; producing a cross channel
correlation matrix using the overall channel response; proéessing a block-column
of the cross channel correlation matrix to produce a cross correlation diagonal

matrix; processing a block-column of the overall channel response matrix to

- produce a channel response diagonal matrix; processing the combined received
signal to effectively take a block-Fourier transform of the combined received
.signal_;‘ combining the channel response diagonal matrix and the effective
blockFourier transform of the combined received signal to produce a combined
“result; using the cross correlation diagonal matrix and the combined result to

‘produce a Fourier transform of a spread data vector; processing the Fourier




. transmtted froma plurality of antennas at a single site; ans_f or

. sanmpling each received antenna signal to produce a conbiné%ﬁM§E%W¥%d

signal; neans for estimating a overall channel response. conprising a

channel response for each transnitting and receiving antenna conbi nation;

means for processing a block- colum of the overall channel response to

produce a diagonal matrix; means for processing the conbined received

signal to effectively take a bl ock-Fourier transform of the conbined

r eceityeedfogingnfilthe wpemad dain vsitory ta peodlicagihradpremt diaxa vacdrit ed ef f ecti ve

bl ock- Fourier transformof the conbined received signal to produce a

Four Hesprerding thy sarend dategiestod tesecaverdde sransmitipd da:  processi ng t he

Fourier transformef the. spread,data, v or to produce the spread data

vect or; andi?rlgi1 cr%&‘?’%’le ‘Eﬂggpﬁ' gfélﬁ‘? r?ﬁp?"ﬁé’?gé‘? é’ﬁ‘?ﬁfeﬂgt‘%ve\?g’é’flo &% ¥ ecover the

tr angpiideOa nddd Suide ACCAM NS Bbdilh Br bOURALL FSBEGH aPEadiDgE LT eSEN

invention, there 1s provided a user equl pnent conprising: neans for

r ecepliraljtyaok rgppling bnemnhs,0éach ofpther sdckivgd aligmade tndhidige asigrednas, each of

the received signals including signals transmtted froma plurality of

ant efiragmaited; from g| Rlueglity - of anderngsort 8 sipgle sifer exwens fecsamelngint enna si gnal

- to produce a conbined.regei ved.signal ;,neans for, estinmating a overal
chanbai FeeRef SRR BT SO b R Rt e PR B R dREm ¢ 1 g and

I eCebtimgtiAR e Rall QRRARA LieSfbnsFRAAD risHe RIAIREANSsForkb OBS calpannel

correlation matrix using the overall channel response; neans for

pr oc tswsmiftiagdnsicieceivingnmmiefing kembiredmnt heane forcporedsitgl ablarkt ri x to

produce a cross correlation diagonal matrix; nmeans for processing a

bl octkleBmphthsrvesrd chapaelrespensgrindrodusspohivgoraltmatrin gugpnsdote a channel

resp I | ri %, -neans for. processing.the ined received

Si gngll%%?sgﬂegfa fq gé;'?clo\ime yedt 5?(%31‘53 P& I:ZIP 8u?f?eé3rﬁv§lyan o?nﬁ %PP tﬁﬁgm%nbi ned

r ecetpdasfobdfahe comBRSd frofeitNBLRANthdall® foxclti@ﬂ%%e Bﬁ%@ﬁﬂsﬁaﬁ‘iﬁgonal mat rix

and the effective bl ock-Fourier transformof 26 May 2006 the conbi ned

r eceanedhsidfeative blgokdtucier drawfirinned the seohthinete aoifedr sigaalngp t he cross

correl ati on di agonal gatrix and the conbined result to produce a Fourier

t r anBfodPeT gl opriey teanpiorm af gerend datarretqr mesng deks Brocgssipg thour i er

tr anf&%)‘gép o nszxt}& og RLE @?ﬁe%at ity Q%Ei%% th %rgci cg &ﬁ? Cé{):rt]eeads Eét%a\?eﬁgo%t a vector; and

means for espreadi ng the sprea ta‘vec recovef transmtted
dat aand means for despreading the spread data vector to recover the transmitted

data.
In accordance with a fourth aspect of the present invention, there is

provided a user equipment comprising: means for receiving a signal at each of a
plurality of receiving antennas, each of the received signals including signals
transmitted from a plurality of antennas at a single site; means for sampling
_each received antenna signal to produce a combined received signal; means for
~ estimating a overall channel response comprising a channel response for each
_transmitting and receiving antenna combination; means for producing a cross
channel correlation matrix using the overall channel response; means for
‘processing a block-column of the cross channel correlation matrix to produce a
cross correlation diagonal matrix; means for processing a block-column of the
overall channel response matrix to préduce a channel response diagonal matrix;
. means for processing the combined received signal to effectively take a block-
Fourier transform of the combined received signal; means for combining the

" chanpel response diagonal matrix and the effective 'block-F_ourier transform of

: -2a-




In accordance with a fifth aspect of. the present invention, ere.
. provided a user equi pnent conprising: a plurality of recei A aﬁﬁ@kﬁnas for
receiving signals froma plurality of transmtting antennas at a single
site; a plurality of sanpling devices for sanpling a received version of
the received signals as received by each of the plurality of receiving
antennas to produce a conbined received signal; a channel estimation

devi e QmidslErdTb LA gig?a)af 'E'@be%lhce ggﬁﬁ%ﬁ%a feQh1tLAENL £F ev'.{s?ﬂéclﬁlaeand

transmtting antenna conbination and producing an overa nnel
T espotrees crrdlhiim dirmanel matnia laind dhe opmbieei gestloto prabes si Fauridrhe conbi ned

recei j | .and overall channel response,using a block- Fourier

t ransﬁ‘égg?rf? Igs% g ngeg‘éi r‘%‘t%ﬁ r‘ﬁe(?t i %adﬁ%gr %r"g%sﬁb*g@a‘ﬂq‘&;tp%‘f{%g%}ﬁ?“ a
despréedsmgadeditaevdovsr degpoéadi e spragpdead véaba ¥edtméadsofgrecover data
of th recei ved signals. In accordance with a sjxth aspect of the present
i nven‘??sgﬁ‘?a%ﬁgeﬁ’ﬁ S’P’éega%pf*aé@ivﬁ‘gar @%ﬁ%é@%%ﬁnﬁmﬁﬁ@ﬁ ng data in a wreless
spread spectrum conmuni cation system the nethod conprising: providing a
plurality of I peAEdAnce ivigh antilthiggecteaftbai nrgsendtiavention: dhereeisa plurality

of d e r..each of -the plurality of codes: spreadi t he

pl urgllgll%%’lidte gfaagg‘fqg%g?llpénf% W # S?%f?jﬂ t°§ IS?EI?B?e%fﬁFﬂ@ascgoges; for each
t 1 ansi¥edivingOsighd1e Tidn L BIRARISE B8BsAittihPentepifask datifssthigags of each
code together to produce a spread data vector; each transmtting antenna

t r anspiaralitn oofi sasnpdipgedevickat for vvaotpding & eeadivddngeitsivm of tlansedetviedd spread data
vectors Qy each , of g plurality of receiving antennas as a _ received
ver si B%Ral3 A8 Teedvrreby fach AbthfapBuralityf neprvingcantoreps, i BIOgHEE 21 n accor dance

Wi th c%nﬁ)?};{eq{'xteﬁelg&gg%%afl?% cglggnﬁrq%l?]?nna%iohndé%%igg{] cli%ttﬁzhrglgngltl%%chgﬁoéil ded a met hod

‘for transferrin W rel"ess comrurni -2b 26 May

2006 reefdied f6-QEBR rsdeRGng RAOVashkMiktieRintd sl dooRhadidPRspiddubggant ennas;
encoding data to produce a plurality of data streanms; for each

t r ansam oveiraly chanreh mesponsd: mgMIMGkchiatnal equadiantion depreo fxgerosesviegt or f or

transm ssion; transmtting eac transm ssion vector by its transmtting
anteﬁﬁ] PRPHfghresee él‘@?g aéﬁﬁrH\en?vé’ﬁlzééan%lﬁ'@ﬂ‘éﬁéi‘%n%rﬂl blpgdst h: recei vi ng

R R e
despreading device for despreading the spread data vector to recover data of the
received signals. |

In accordance with a sixth aspect of the present invention, there is
provided a method for transferring data in a wireless spread spectrum
communication system, the method comprising: providing a plurality of
transmitting antennas; encoding data to produce a plurality of data streams for
each of the plurality of codes; spreading the plurality of data streams with the
plurality of spreading codes; for each transmitting antenna, combining one of the
spread data streams of each code together to produce a spread data vector; each
transmitting antenna transmitting its spread data vector; receiving the

- transmitted spread data vectors by each of a plurality of receiving antennas as a
received version; and recovering the data using the received versions.

In accordance with a seventh aspect of the present invention, there 1s

provided a method for transferring data_'in a wireless cor’n_municatidn system, the




mul tiplath conponents to recover the transni ssion vectors; agd rS overing
.data fromthe recovered transm ssion vectors. BRI EF DESCRI THE
DRAWNG S) Figure 1 is an illustration of a transmtter and a receiver
using nultiple antennas. Figure 2 is a sinplified bl ock diagramof a
preferred MMO transmtter and receiver. Figure 3A is an enbodi nent of a
M MO channel equali zati on devi ce Fi gure 3Bis a flowchart of a M MO
channel ﬂual i zat.i on odi e re 4A is an alternate_enbodi nent of a

M MO BRERA ORI IR BINIBPE o ‘% tYFP Grepsmifting antengap canePdingt 2 M MO
channglia @6 ¥addued bl Pir it} 6f o ON OF THE
 PREFERED ERD Néq t% ?%tﬁ%‘gegtﬁgs%%?ﬁnﬁag o 4 o%&? 255 mof a

mul thhleedatapatreﬂmlst tq)lpeodlwbpaltve(cbdrlv@)r ﬂ:raaiaﬁmsmrertramimtanglmh system The
transmtter %’% e.used in.a user e nt, .a base station or both and

the r é%lési”?fé?m’? e Bdts Lagsmpiting aptenga 5‘?‘} L wirelpsg prgiateTiafent or Dbot h.
The MNRisngheRBLBhar QQ&eXVlHé %?ulﬁpﬁﬂpgomﬂdn\é & ﬂBm”&Hch ﬁé&nﬁ%ﬁss (CDVA) air

interface as shown in Figure 2, such as a requency i vision dupl ex
( FDD)t+ @niission vectdr by si moralitploé xede by Afikhagrequtlineg dhe raiedbredsynchr onous

code di rrultl e access (TD- SCDMA) air rfa al t hough other air
i nt errf“é]g’é’i tﬁa‘i? oto YEWV%@%%BS%SWYF&W%?W 24 [0020] A

datafy(gﬁrtpérééo{,eg,eggmtg@mtlgmcggrgd through the wireless air interface by
the transmtter 20. The transmtter 20 has M antennas 341 to 34M (34) in

the antenna array. If transm ssion spatial diversity is not used, Ms one,
(a single antennﬁRIEEBF@ﬁlPdHWé@N@Fa‘EEE DEAWENGB) separ at ed so that a | ow
correlation %e ei Ihelr cel ved,.Si gnal s .l.)s obtai ned.. For use at a base
station transrrtt &risha%iH 63 Thgf & Lismsautter, apfea TaeRiveToRsing o 10

degr egsltipldgntaphgnna

Figure 2 is a simplified block diagram of a preferred MIMO

transmitter and receiver.
Figure 3A is an embodiment of a MIMO channel equalization device.
Figure 3B is a flow chart of a MIMO channel equalization
 embodiment.
Figure 4A is an alternate embodiment of a MIMO channel
equalization device.
Figure 4B is a flow chart of a MIMO channel equalization alternate

embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Figure 2 is a simplified block diagram of a multiple input multiple

output (MIMO) transmitter and receiver system. The transmitter 20 can be used

' in a user equipment, a base station or both and the receiver 22 may be used in a
base station, a user equipment or both. The MIMO system preferably uses a code
division multiple access (CDMA) air interface as shown in Figﬁre 2, such as a
frequency rdivision-d_uplex {FDD)/CDMA, time division duplex (TDD)/CDMA or
time division synchronous code division multiple access (T'D-SCDMA} air

int&_arfa_ce, although other air interfaces may be used.

- 2 C:_




separation is preferably several wavel engths, such as four wavel engths. For
~use at a UE receiver, since the angle spread tends to be I%?rl\ﬂ@,’z' mal | er
separation nay be used, such as half a wavel ength. Based on the

i npl emeptation, the spatial separations may have ot her val ues. [0021] For
a prefelPd% A enent ation of transferring a nulti coBETUBRERH4 ssion as
illustrated in Figure 2, the data vector d to be transmtted by the M
antennas 34 is encoded by a nmulticode vector encoder 26. For each of the Q
Spr eggh code o © L g tikenad | Bt ta streans
di, rmﬂqdm, p%t%r‘%fg@s%rlggtgi ﬁ%ﬁré%gﬁ%{iéh&%%%@?ﬁ%%%ﬁﬁd dat a

st r eamterface by the trinsmittén20.r Bhe tifamsmifter 2hhas € aanpasiB4: {o 34 dm 1 are

pr od d. ,Fach of the M.streans (s associated with a tenna 34. [0022]
For Z%@Hnég%lél}tepﬁé AP | ET?BWSWP@B?—Q%GW’W%P{] HSPRg a

corres %?Er{%b %téﬂfagadfﬂg g.ﬂ\%ﬂ(lﬁd%t %glaré %gg@é@l}( %g%argﬁéif Bo 3Raf aMower - The spread

dat a ans associ at e sa anten 4 are 1nput into a conbiner
301 torreBion(I2fyeersthelr veseiznd aifnhals isabtdnédat Bat usetalt atase statiomnna 34 of the

M ant ennas,,, 34, produci ng Mspread data v ors, Sito Each conbi ned

spr edEpusEgitey bayige an ansle %Pr@wﬁmghweg? 116 1§ degrars Pé&?ﬁ@ﬁ@y by a

nodu ; | ' Lt e enna 34

t hr o%%&{ tfeé%é\? é%{%é@dygaﬁféﬁa%%y ? %%gt A%ﬁ%&é@ﬁﬁ}ﬁe@@%@%é?‘?ﬁwl ti code

" 1 eceiavarUEirepsienesined thenamgle shroad tends 6 iplaege? aisudldar separabiven al | of the

mul ticode transm ssi o experi.ence the nme .. chanpel response with respect
T L oiaRafe Heed Dl e galt GepeTURRER: e fhs tapiameti SRR RS hecurs i b the
dovvng{')glﬁal@pgﬂtﬁrs%gyhgvémeygmlﬁ,g; the receiver 22 of Figure 2 can be

used to process a single user's transmi ssions, when nultiple users are
t ran§0821]i ng. Hdre aopheferrad eimplearataion ofs trameferringt edmadticalese. -3 26 May

2006, WD 03/ Q47032 PCT/ 38344 [10Q24 f t ' h
1 an TARSBBHOL A Dhele R TgRE L. 4pg fate vector Adg bf BREHYRIRRE (he N
oY L AR N8 TR AANIARIAR A RS RO N Ach FORRG, 1T Teception

spati a versity I's not “used, I's one, (a single antenna). N is
pr ef eprdaldingcndak O do Olg, theeddiaristspihitd Maegaratrdabacstreamednatos signal is

dmqprior to spreading. The total number of produced data streamsis M -Q. To

illustrate for Cy, data streams d1,z to dm,z are produced. Each of the M streams is
associated with an antenna 34.
[0022] For each code, the data streams are spread by their code using a
corresponding spreading device 281 to 28q (28), such as a mixer. The spread data
streams associated with the same antenna 34 are input into a combiner 30; to
30m (30), such as an adder, associated with that antenna 34 of the M antennas
34, producing M spread data vectors, sr to su. Each combined spread data vector,
s1 to sm, is modulated to radio frequency by a modulator 32; to 32y (32) and
radiated by its associated antenna 34 through the wireless air interface 24.
[0023] The preferred multicode receiver. implementation as shown in
Figure 2 is for use when all of the multicode transmissions experience the same
channel response with respect to a transmission and reception antenna pair.
ThlS typically occurs in the downlink. Alternately in the uplink, the receiver 22
of Figure 2 can be used to process a single user’s transmissions, when multiple

~ users are transmitting. The other user transmissions are ireated as noise.
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denodul ated to baseband by a denodulator 381 to 38N (38). Each denpdul at ed
~signal is sanpled, such as at the chip rate or a nultiple of6 VRe %Qﬁp rate,
by a sanpling device 401 to ON (40), to produce a received vector for each
ant enna 36‘j ri_to rN. The conbi ned received vector s conprises rr to .LW
[0025] YWEOSWH ned received vector r is input into &S /B¥4nnel

~equal i zation device 44. A training sequence signal r' is input into a
channel estimation device 44. The channel estination device 42 estimtes
the el LSRRG 22 200 LACRRELAM aRtahbANAMIS QimAlisenna
conbirnatron. For an It réceiving antenna 36 and a Jth transmitting

ant epseivdd, byt diehoff din A recapdipnragemsas 361k6 B6i restaacrmbined reneived hti (k). The
overal | channel response for all antenng , conmbi nati.ons, at the kth instant
of t Figpal-sliyecentignspabal dirersibyiis pot used, &h",s gue(R sipelg ant_enelaﬁ-b& I (k)

tauatd Bletttty papl SofkRayc Al IE | BechTebe;faP BREeoRRATRS 1 POL ) 6
0 00dembdtlated yo bideband b¥ h-d3modulator 38y )38 (38). Adxh denvfduladed . H(O0) 0 0 O

0 H(L-1)_ H(1 _
( sign)al is éar?:pled, such as at the chip rate or a multiple of the chip rate, by a

_ 'sampling device 401 to 40w (40), to produce a received vector for each antenna 36,
r1torn. The combined received vector r comprises rz to .
[0025] The combined received vector r is input into a MIMO channel
equalization device 44. A training sequence signal 7’ is input into a channel
estimation device 44. The channel estimation device 42 estimates the channel
response for each reception and transmission antenna combination. For an i*
receiving antenna 36 and a ji* transmitting antenna 34, the channel response as
a kit instant in time is hij(k). The overall channel response for all antenna

combinations at the ktk instant of time is per Equation 1A.

Pak) - By (k)

H(k)= :
hN,l (k) e hN,M (k)
Equation 1A
[0026] The overall channel response is per Equation 1B.
[ H(0) 0 0 0 0 0 0 0 0
H1)  H(0) 0 0 0 0 0 0 0
H® HOH HO® o 0 0o o0 0 0
oo |HE-D HE-2) HE-3) - HO) 0 —~ 0
0 0 w0 HEI-D e e oo H(0)
0 0 0 0 HE-D - - H(l)
| o 0 o 0 0 0 0 HEZ-1)
Equation 1B




000000 ...0 HL-1) 1B Equation 26 May 2006 WO 03/047032 PCT/US02/ 38344 -
. [0027] The overall channel response His passed to the M M30Han AEPO

equal i zati on device 44. The M MO channel equalization device 44 uses the
channel _re nse matri x Hand equal i zes the received vector r to conpensate
for thgocﬂﬁﬁ%rqa di stortion experienced through the WCTEPLEE44i jnterface
24, producing a spread data vectors. The spread data vectors is reordered
by a spread vector reordering device 46 so that. each transmtting

ant enppag) SPr e e SRIEN\RRhAL Rhpdre! Mk DakSSOMPIRAMINES Bhddsm tting
antenha' s’ spread data vector si to gmiS despread by a despreadi ng device
48 usequplizhtion plevimhi 44 AeMIMO channelb@qunbizaiEon daviee ddtuset dheeach of the M

encoded data streans, for_each aptenna, dijfo &Q. A despread data stream
decodé%‘m@@iE"@HBWF‘e@aF%I%Pa‘ta‘faeqélﬁ-ﬂéﬁgﬁg‘ea?‘fqlvé‘i)vecgqr,r FYIPERE “the origi nal
dat a é’h%%ﬂém?el 8008 on FRLLEA0TR ] Ophd IeRelss 8M i¥rBepald, i cul ar
transm ssi on/reception antenna conbl nati on experiences a di fferent

mul t i pyedubingenypreadnditn veotor st HEheosprend tdadm veetes isds rearderedilpnaant enna

conbi nati gns, due to  the spatial. diversity. By. processing the received

rul t i SHFaRet VedHh seradesingrdexice 450 thﬁ%eaf@c@apﬁ Jéeﬁtaé’fﬁﬁ%%a% €8% 36rr, the
capacj i ra i Eﬁé%&gﬁh b0 fia y increased.
[0029‘#%%%5%%%%&2 egarﬂﬁgl%’%ra%n?ﬁ é“"@?' C a%ﬁg Igg%g%ﬁyzégi{oi on device 44
and Fguiss i8 Bespread blyovdaspasadingf devidd 4801sihgthe bpmadiig odes, €h tenbodi nent .

O her _enbodi ments for a M channel ual i zati on devi ce,  such as Chol esky

h
or abprigeshmate dadar ngpch et P’Z“F%lg& dakm sgeamsier epeh dntenna. r ocei ved

e N L e B e i R S TR

ant endiidq td rdcbvérnthel driihaledigaivbétond. antenna. k is the kth sanple of the
| npul se response of length L. The channel inpulse response
[0028] Fach  communication transferred by a  particular

{ransmission/reception antenna combination experiences a different multi-path
environment than the other transmission/reception antenna combinations, due to
the spatial diversity. By processing the received multi-path components of all of
the reception antennas 361 to 36y, the capacity and maximum data rate of the
system is significantly increased.
[0029] Figure 3A is an embodiment of a MIMO channel equalization device
44 and Figure 3B is a flow chart of a MIMO channel equalization embodiment.
Other embodiments for a MIMO channel equalization device, such as Cholesky or
approximate Cholesky decomposition, can also be used. The received samples of
the channel impulse responses for each antenna pair are per Equation 2.
h;;(k), where k =0,-+-,L -1

Equation 2
[0030] i is the it receiving antenna. jis the j* transmitting antenna. kis
the k" sample of the impulse response of length L. The channel impulse response
of all reception and fransmission antenna pairings for the & sample is per

Equation 3.




of all reception and transm ssion antenna pairings for the Kt SS‘{B’A e |s
. per Equation 3. 26 May 2006 WO 03/ 047032 [0031] H(k) l\l’]@}
(k)rrb th (k) th:\/I(k) s(k). Ns is the nunber of transmtted dat a
synbol s vera received vector r has Ns + L -2 received vectors of
di rrensﬁé’ﬁ’"ﬂﬁ?fﬁﬁ is per Equation 4. 0 Equation 3 ThePFFEA¥H#¥ed spread
data vectors has N, Mdinension vectors HO 0 0 0 0 H(1) HO 000 H(2)
E&;Ugggh&o g(L 1) H(L-2) HL-3) 00 00000O0O0OMHL-21 o0

44 0 0 O0OO0OHO O O ... ... ... HO) H(L-1
H1) 00 .. OH(I(_ 1)hHX/‘)OEquat"1m1(k (0) Rk

N,1 (k) " N,M (k)
Equation 3
- [0031] The transmitted spread data vector shas N, -M dimension vectors

s(k). Nsisthe number of transmitted data symbols. The overall received vector

has N: + L -2 received vectors of dimension N and is per Equation 4.

[ H(©O) 0 0 0 0 0o 0 0 0

HU)  HO 0 0 0 0 3
B R
r(1) : : : : : : Pl : o
@ = H(L:"l) H(L:‘ZJ H(L:—3) H:(O) (:J ? .
E 0 0 ‘ 0 H(L:-—l) ...... H(O) s(L-1)
KN, +1-2) 0 0 0 0 H(L=1) - - H() \_s(N:q)
L 0 0 0 0 0 0 w0 H(Z-D]
Equation 4
[0032] w is the noise vector, Alternately, Equation 4 can be written as
Equation 5.
r=Hs+w
Equation 5

The r and w vectors have a Jength of (N, +L~1)-N . The g vector has a length of
NM and Hisa (N,+L-1)-N by N, -M matrix.

[0033] As shown in Equation 4, the H matrix is approximately block
circulant. To make the H matrix more block circulant, Z-1 block columns are
added to the H matrix, to produce an extended H matrix, and a corresponding
number of zeros added to the s vector, to produce an extended s veci:or. The L-1

column blocks are added in accordance with the H matrice’s block circulant

structure. After the extending of the H matrix and the s vector, the extended H
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[0032] wis the noise vector. Alternately, Equation 4 can be witten as
_Equation 5. r=Hs+w Equation 5 The r and w vectors have a IZMfeh2696 (N, + L
-1) N The s vector has a length of N Mand Hs a (N +L-1)Nby N M
matri x. H{OO%‘E?J“ As shown in Equation 4, the Hmatrix is a%iarom mat el y bl ock
circul a Fake the H matrix nmore bl ock circul ant PFCEU323YeK col umms are
added to the Hmatrix, to produce an extended H matrix, and a correspondi ng
nunber of zeros added to the s vector, to produce an extended s vector. The
L-1 e JmBhEicsf S bl ock
circu %#%%%%ﬁ% ér th g ext egqlapg %))M Egag%rfdaétrl xétand the s vector,
t he el?]‘?‘ -6 26 I\/ay 2006 WO 03/ 047032 PCTI US02/ 38344 matri x has a
di me S|ono N, +L -1) N by (N, +L-1) .M ands has a length of (N,
+L- 'Eo@ézx][ 0034fFepbrthaan! Nopd, -INS répﬂesexﬂtea ByEEFQb@B@EWDedNb’yLDl so that D =

© The extended H matrix of size DIVIW|th blocks of size N by
M i s Theeextendaskd pertrigqofsizenDd] b}LI(M/yVItthNFﬁ;( oE g B bEMaision 6 F( N a
bl och@Fourler transformwith a bl ock size of Nby Nand F is a block
Four AgForpposed ogF Rﬂ‘ Q bI ock size of Moy M F(Aq is per Equation 7. F(N)

- =F(r)I'N Equati gn £ he Kronecker product operation and INis an N
by Nidentity rrﬂ‘t*"f’lx(”’ (6'6 50 F is per Equation 8. F(M =F(r)IM Equation 8
~Inris an Moy Mdentity matri x. Equation 6

| Fuy is a block Fourier transform with a block size of N by N and Fag is a block
Fourier transform with a block size of M by M. Fuv is per Equation 7.
Py =F®I
Equation 7
®is the Kronecker product operation and Iy is an N by NN identity matrix.

[0035] Fpg is per Equation 8.
Fup =F®I,
Equation 8
Iyris an M by M identity matrix.
[0036] The block-diagonal matrix A ,,is, preferably, a block-Fourier

transform of the first block-column of H, although another column may be used,
(after being permuted), step 84. A block-Fourier transform device 62 produces
A by takinga block-transform of a column of H. Ay, is preferably derived

from Equation 9.
diag (A awan) = FanH wan (11 M)
" Equation 9
diag y »r) (A vu,) is the block diagonal of Ay 4, . (,1: M) represents the first block
column of width M. By using a single block column of H to derive Ay, the H

matrix is approximated as being a block circulant matrix.




[0036] The bl ock-diagonal matrix A(N,M is, preferably, a bl ock-Fourier
.transformof the first block-colum of H, although anot her %M@W%G%y be
used, (after being pernuted), step 84. A block-Fourier transform device 62
produces A&N I\QI by taking a bl ock-transformof a colum of H A(NM is
pref er aBiQW&0%% ed” from Equation 9. diag(N, M (A(N, BF/USOEEMIH(N, M) (:, 1:
M Equation 9 diag(NNM (A(NM) is the block diagonal of A(,,,,). (:,1:

M represents the first block colum of width M By using a single block

colu H t opderj ve N, . . H JX o ' gl as being a

bl oc E&gﬁ]cul an?y ﬁﬁt’ﬁlg?%’f ‘*“}5105‘5%’6“39\5{@%; Bﬁ%?ﬂagﬁﬁﬁqégg%@gsBM [ 0037] By
substituting Eggﬂni}%‘ s&aFnFo Equation 2, Equation 10 results. A(NMF(M s
= F(N) r Equati 10°°7[0038] To solve for s, initially, a vector x is
determ ned per Equation 11, step 86. x=F(N)r Equati dquetiondC preferably
determ ned by an Nnon-bl ock discrete Fourier transformof length D. A

bl ocHOORIr i er Te spkyedemns, daifiadly, 8 yephos s setermyped aRY h@uﬁﬁ@ll}ﬂock-t ransform
of r.&{q(zg?Q] Subsequently, a vector y is determ ned per Equation 12, step
8g. S 'y=x Equation 12 Ay determ ning device 66 produces y. [0040]
Since A(N M i§___anI,.ock di agonal matrix, y is preferably determ ned on a
bl ock- by- bl ock“badl’s by solving D systens of equations of smaller size,
such as per Equation 13. A+(N,M.y. =xr i=1,...D EquaquationlBl

xis preferably determined by an N non-block discrete Fourier transform of length

- D. Ablock-Fourier transform device 64 produces x by taking the block-transform

of r.
[0039] Subsequently, a vector y is determined per Equation 12, step 88.
Awanyy =%
Equation 12
A y determining device 66 produces y.
[0040] Since Ay, is a block diagonal matrix, y is preferably determined on

a block-by-block basis by solving D systems of equations of smaller size, such as
per Equation 13.
A"(N,M‘)Zi =x, i=L-D
Equation 13
Ny 1pyis the i block of Ay . ¥:is the ith Mby 1 sub-vector of y. xis the #* N
by 1 sub-vector of x.

[0041]  Since Ay, 18 unstructured, one approach to solve Equation 13is to

~use Cholesky decomposition of Equation. 14 and forward and backward

substitution, although other approaches may be used.
(Af(N,M) )H AE(N,M]
Equation 14
[0042] If the number of receiving antennas N is equal to the number of

{transmitting antennas, Ay, is a square matrix and y can be determined by

-




A (NM is the iah block of A ,,,,,). yi is theith Mby 1 -\ r of vy.
- Xi is the ieh N by 1 sub-vector of x. [0041] Since A (N, quu@ay%ég

unstructured, one approach to solve Equation 13 is to use Chol esky
decorrpOﬁjOtiﬁn,}, gf Equation 14 and forward and backward substitution,

al t hougl Y%oP&®*%appr oaches may be used. (A NAL (N, M PENUMZ384dati on 14
[0042] If the nunber of receiving antennas N is equal to the nunber of
transmtting antennas, A(NM is a square matrix and y can be determ ned by

26 M 2000 MO OSKRAZ030 RTLLN2L F04 NSl gy bl ot Sl | val ues

of N'a version nay be hore I clen an performng a Chol esky

decoﬁ?@‘?Egiﬁﬁ@i(#ﬁo%%}fggfggﬁ?ﬁ%ﬁfﬂS determ ned per Equation 15, step 90.

S=Fj qua I'nverse Fourier transformdevice 68 is used to
prodygeds]. OneThppweaelis detedeined FenHqoationdibpgief@iat i on 15 is by

perform ng Mion-bl ock inverse discrete Fourier transfornms of dinension D,
al t hough ot hergad’@})qaches may be used. [0044] Figure 4A is an alternate
enbodi ment of a M MO channel equalization device 44B and Figure 4B is a
flow chart of the M MO channel equalization alter nat@%@dﬂi‘mnt. To

determne s, both si.des of. Equat.i op,2 ar mul &1 pl | b er Equation
16. rﬁ’loaﬁgir‘ﬁrwzgg‘iﬂeﬁaﬁ%fp% H?L ce ?8 }ﬁ—ﬁl%e%tﬁ?é’rg%%%usgghee P gﬁ%cﬁh'(;se operati on.
N i s th ReteSmiRine2 R iNPEGRatIRLITE by Potforhing Mebamlek itvepssdisaete! ati on matrix
and is determned by an R determ nation device 70 using the H matrix, step
92. ' Rofuier drarsfarnisoofslimgnsion 0, ialthongh pthermppapiades may bepasgedH Equati on 17

[0044] Figure 4A is an alternate embodiment of a MIMO channel

equalization device 44B and Figure 4B is a flow chart of the MIMO channel

equalization alternate embodiment. To determine s, both sides of Equation 2 are

muliiplied by HE, per Equation 16.

HYr=Rs+H"w=Rs+n
Equation 16
()¥ is the conjugate transpose operation. n is the equalized noise vector. Ris the

channel cross correlation matrix and is determined by an R determination device

70 using the H matrix, step 92. R for a zero forcing solution is per Equation 17.

R=H"H
' Equation 17
[0045] For a minimum mean square errors (MMSE) solution, B is per
Equation 18.
R=H"H+c*I

Equation 18
o?is the variance of the noise vector w and I is an identity matrix.
[0046] The channel cross correlation matrix R has a structure per Equation

19.




[ 0045] For a minimum nmean square errors (1VIMSE) sol ution, %is er

. Equation 18. R = H'H+621 Equation 18 62 is the variance of 24 May A& e
vector wand | is an identity matrix. [0046] The channel cross correlation
matri x R has a structure per Equation 19. 26 May 2006 WO 03/047032

RoRI RRRYOPB¥0 R f RDR R2R3. .. RL_I 00 R2RI f RORIR2R3. PCRUSAX383Htf

R2Ri f RORIR2R3 RL_1 R3R2RI f RDRI R2R3... RLH R3HR2Ri f RORIR2R3 | R=-

RLH RHR3Ri f RoORI R2 0 OORt HLR3R2Ri f RoR1 000Ri 1R3R2Ri f Ro 0000RL 1R3R2RI f
OO0OOORL | RBRz 000000ORL 1R3H PCT/US02/38344 0 00 000 000 00O R
00

R R R R - R, 0 0 0 0 0 O
R Ry R R R -+ R, O 0 O 0 0
R Rf R R R R - Ry, 0 0 0 0
R R Rf R R R R - R, 0 0 O
i R RT RY R R R R - R, O 0
R= R, \ R B R R R R R - R, O
Tl o Rf—l : RE R R R R R R Ry
0o o R, ¢ R KM AR R R R R -
0 0 0 Rﬁl S RE R R R R R R
6 o0 o0 o0 R, ! R R R R R R
0 0 0 0 0 Rf—l : R pf R R R
0o 0 0 o0 o0 O RE, ¢ R R R R
Equation 19
[0047] After the adding of L-1 columns to the H matrix as previously

described, a close to block circulant approximation of the B matrix can be

derived, referred to as the extended R matrix. The dimensions of the extended R

matrix are DM by DM.
[0048] Using the extended R matrix, Equation 20 is used to determine s.
" HYr=Rs
Fiquation 20
[0049] By approximating R and HE as block circulant matrices, R is
decomposed per Equation 21. '
R = FonNoranFan
HEquation 21

A%y yis preferably derived from a first block column of R per Equation 22,

although another column may be used, (after being permutated), step 94.
&iag iy 10 (Moo an) = FonyRaspn G1: M)

Equation 22




... R.10 RBR... R-1 R RBR" R.R2R3 RORLR Rf 3%% 3 Rif Ro

~Equation 19 [0047] After the adding of L-1 colums to the #4490 as

previously described, a close to block circulant approximation of the R

matrix can be derived, referred to as the extended R matrix. The

di mensi Y9381 ¥Phe extended R matrix are DM by DM [ B6EEP2FE{ g t he

extended R matrix, Equation 20 is used to determne s. HH =Rs Equation 20

[ 0049] By approximating R and H' as block circulant matrices, Ris

deconposed Equat | R = A(MM { ' (MM is

pr ef g@ﬁ%‘w) Qg“f VX diasf drh%nmblﬁaf .d%f%‘m%r éﬁ%%ﬁ’l'u #n%ic\)é%k ggire%%%%t}?ron 22,

al t hough t her .colu na used, . (aft L N step 94.

dr ag Ctj*g’al‘f\%wﬁ(‘fxﬁ@?%" éieg(’]ﬁlﬁ% rﬁm@ oY, %.ﬂkkﬂg %ﬁ@&?%’r@?@e‘i’%@gg@ﬁ 047032

PCT/ US02/ 38344 di.ag(M M (AR(M M) is the block diagonal of AOMM. A

bl ocﬂiﬁ%f’ﬁ@mﬁ%&ﬁsform device 72 is used to determine AOMM by taking a

bl ockpbger | er AR detsihSedBer Mod@tioa@urm of R [0050] FI" is deconposed
2008 o R AR R

per Equafion 23. M N)F(N) Equation 23
H = F(;})A?M,N)Fw)
Equation 23
[0051] A‘:’M’ x is preferably determined using the first block column of HE

per Equation 24, although another block column may be used, (after being
permuted), step 96.

diag (M) =Fan o GLN)

Equation 24
diag v, (Al ) is the block diagonal of A%, .
[0052] A block-Fourier transform device 74 is used to deter_mine A’{M, w by
taking a block-Fourier transform of a block-column of HZ,
- [0053] By substituting 21 and 23 into 20, Equation 25 results.
. N Fon T = Kswpn Fons
Equation 25
[0054] Solving for s, Equation 26 results.
5= Foty W)™ K Fan®
Equation 26
[0055] Determining s is preferably performed in a four step process.
Initially, x is determined per Equation 27, step 98.
| x=Fpyt
Equation 27

The block-Fourier transform is preferably performed by an N non-block Fourier
transform of length D. A block-Fourier transform device 76 takes a block-Fouzrier.

- transform of r fo determine x.

-11-




[0051] AMN) is preferably determ ned using the first block colum of 13$
per Equation 24, although another block col um may be used,26MpY &¢0%ei ng

pernmuted), step 96. diag(MN) (A(MN) =FM HMN) (:,1:11 Equation 24
di ag(l\/ll\;p( ,,,1,)) is the block diagonal of A(MN). [0052] A bl ock-Fourier
transf oVR%&¥ P2 74 is used to determine AMN by PEKUNG3EMI ock- Fouri er
transform of a bl ock-colum of HR [0053] By substituting 21 and 23 into

20, Equation 25 results. AOMNYF(N r _ AOMMF(M S [0054] Solving for s,

Equatiqn. 26 results. .l R F( ion 25 Equati
20 TOBR] oot Bt heRiong 1ok pbePbp e Balldpd R 2 O procese.

Initially, x izg@terfﬁ ned per Equation 27, step 98. x=F(N)r Equation 27
The bl ock- Fourfer t"4hsformis preferably performed by an N non-bl ock
Fourier transformof |length D. A bl ock-Fourier tranSquabiode38 ce 76 takes a
bl ock- Fourier. transformof r to determne X. -11 WO 03/047032 [0056] In a
secondy déiepmiyingsdevideciSnisesdyipqs akdudbideter28pegt ep 100. H A y deternining
device 78 uses AAOMMand x to determne y. [0057] In a third step, z is

. det goBmed pen kit istep, 2% detbrpinkdoer BR@idom)29 step0&. z det er m ni ng
device 80 determines z using AOMM and y. [0058] Preferably, since ACMM
is a block di aé&nﬁjzwtri X, Equation 29 is solved using D systens of

smal | er size per Equation 30.

Equation 29
A z determining device 80 determinesg using Afy, ,, and y.
[0058] Preferably, since A’EM, wy i82 block diagonal matrix, Equation 29 is
solved using D systems of smaller size per Equation 30.
(Abean) 2=y, i=L-D

| Equation 30
[0059] (A%, 1) isthe i block of A%, . z isthe it Mby 1 sub-vector ofz.
| y, is the it M by 1 sub-vector of y.
[0060] Since (A%, ) is unstructured, one approach to determine Aan)

is to use Cholesky decomposition of ((Afy.))" (Af.) and forward and
backward substitution, although other approaches may be used.
- [0061] In the fourth step, s is determined per Equation 31 by performing an
M non-block inverse discrete Fourier transform of dimension D, step 104.
s=Fonz
Equation 31
A block-inverse Fourier transform device 82 is used to take an inverse block
" transform of z to produce s.
[0062] To recover data from the estimated spread data vector s using either
embodiment, the spread data vector s is separated into its M transmitted data

. gtreams, s» where m = 1, ..., M, by the spread vector reordering device. The

T




(AcMxn)'z. =y. i=1,... D Equation 30 [0059] (ACMM)" is the ith block of
(mm). z1 is the ith Moy 1 sub-vector ' of z. y. is the ith MiMay24¥ vect or
of y. [0060] Since (A(MM)' is unstructured, one approach to determ ne
(/4M M is to use Chol esky deconposition of ((A~NM A(M))' and
forwar d&’gr’?&’ “Bckwar d substitution, although ot her aBﬁ%@)ﬁQgﬁ?&’s‘“rmy be used.
[0061] In the fourth step, s is determ ned per Equation 31 by perform ng an
M non- bl ock inverse discrete Fourier transform of dinmension D, step 104. s
i . e 82 is used to
t ake’\%n %I%r&g g&nféﬁfﬁe? %%ﬁ*s( fc? ?]\F(ng%gﬁa&?%me Jaé u gtgiagmf[eg?@g% recover data
f r omrebelcelig iyagroUphiy the Gadrtchiy adteprads t@eﬂ@reaé parEqmthnﬁBEme nt, the spread
data vectors is separated intoits Mransmtted data streanms, gmwhere m =
1, ..., M by the &prlead vector reordering device. The -12 26 May 2006 WO
03/ 047032 PCT/ US(2/:359344 spread data vectors is the result of concatenating
the data stream \ect rs gmand reordering by grouping the sanme chip
interval s togetherM1 s per Equation 32. SMI1 S= Si N 1 Equation 32 smi
denotes the jth=ghiip [interval of the nmh data stream [0063] To recover
each spread datajvectlor streamgm the chips of the estimated spread data
vectors are reorcle?"&I per Equation 33, producing SREORDERED. Sl1

[ Sa.,
Equation 32
sm,j demotes the j* chip interval of the m* data stream.
[0063] To recover each spread data vector stream sm, the chips of the

estimated spread data vector s are reordered per Hquation 33, producing

SREORDERED.
i, 5, -
SiNe 5
Sreoperes =| - |T
Sy Sy
| Sa.w,
Equation 33
[0064] Each of these data stream spread data vectors sm is despread by the

corresponding spreading codes, Cz to Cg, to estimate the symbols of that data
stream by the despreading device 48. The estimated symbols for each data
stream are decoded by the despread data stream decoder 50 to recover the

‘original data d.
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S1.Nc ' SRECDERED = SM |1 SM N Equation 33 [0064] Each of these data stream
. spread data vectors smis despread by the corresponding sp?@&fé}’ﬁ%o@odes,

C to CQ to estimate the synbols of that data stream by the despreading
device 48. The estimted synbols for each data stream are decoded by the
despr eaVHR®%47%8% r eam decoder 50 to recover the ori giR¢AIUSBRAI3#4d. - 13 26 May
2006 WD 03/ 047032 PCTI US02/ 38344 CLAIMS What is clainmed is: 1. A nethod for
recovering data transmtted froma plurality of transmtting antennas and
received by a plurality of reddiMMf) antennas, the nethod conprising:

recei ving signal at each of the receiving antennas; sanpling each
recemlﬁg]@é‘ﬁg 1%j gnal to produce a conbined received signal; estimating
a overal |1 channehoth63PBASSARARIE BAt0tanshansd framsaglanmlitprof each
transmtting and receiving antenna conbi nation; processing a bl ock-colum
of t hemeustthly anteanaehndeepened by @ plsaliiyeofaeceivingdpaiennas iR processi ng
the conpi ped received signal to effectively take a bl ock-Fourier transform
of t MetBhBAIESIPB el ved si gnal ; using the diagonal matrix and the
effeCtiverep_Li%igEQighaFat&é&betﬁé R@fvihd antenoab) ned received signal to

produce a Fourier transformof a spread data vector;, é[E)roces i ng the
Fouri er tsamsling cadf rachived prdennal sigaal tcproduee apfogehined ¢
ve'ctor;afnd

signal;

$€e€pr ead data

estimating a overall channel resiaonse comprising a channel response for
each transmitting and receiving antenna combination;
processing a block-column of the overall channel response to produce a

diagonal matrix;

processing the combined received signal to effectively take a block-Fourier
transform of the combined received signal;

using the diagonal matrix and the effective block-Fourier transform of the
_combined received signal to produce a Fourier transform of a gpread data vector;

processing the Fourier transform of the spread data vector to produce the

spread data vector; and

despreading the spread data vector to recover the transmitted data.

2. The method of claim 1 wherein the processing of the block-column of
the overall channel response matrix comprises taking a block-Fourier transform

of the block-column.

3. The method of claim 1 wherein the processing the combined regeived

signal comprises taking a plurality of non-block discrete Fourier transforms.

4, The method of claim 1 wherein the using the diagonal matrix and
the effective block-Fourier transform of the combined received signal uses

Cholesky decomposition.

-14-




despreadi ng the spread data vector to recover the transmtted data. 2. The
~nethod of claim1 wherein the processing of the bl ock-col urk® Mey 2¢

overall channel response nmatrix conprises taking a bl ock-Fourier transform
of the bl ock-colum. 3. The nethod of claim 1 wherein the processing the
conbi neWOY¥¥PPed signal conprises taking a plurali PQT’HWZES‘I‘H bl ock

di screte Fourier transforns. 4. The nethod of claim 1l wherein the using the

di agonal matrix and the effective bl ock-Fourier transform of, the conbined

recei ved Bi gndlhamethodwislainky wheeeimtbs using the diagonal marize®d Wo 03/ 047032
PCT/ US02 83 . lhe. l.ai i,.0: s LIS] di I
mat r i*¥° gﬁjaa“feﬁéhgf fFé’c 'lle\ggg%ﬁ?o%]%‘ glﬁﬁ% gzﬁlﬁpﬁz}%gfdg?ln‘# gﬁs I#E%r{%g%v‘%?neha?gggi ved

Si gNghat¥EaversidPdiHldckisvf ehé didgoedl mhiiks of the diagonal matrix. 6. The
met hod of claim 1 wherein the processing of the Fourier transformof the
spread data vector conprises taking a block inverse Fourier transform of

Lhe Four | gr LrAiSLOLINS ol AP SALAA! o' BedBleing of AITRARse or recover i no

data transmtt f9rm’a pl UF transSmtting antennas and received by
a pl yrplsfdom of tHeegaedil datRvreeon acmpiibes takbndacblocojmiessenBouni@cei vi ng a
signal at each _ of the receiving, antennas; sanpling each received antenna
si gnaranséorpr ofthe Fouriespanedors efibespreaddayaalectiast i mting a overal | channel
response conprising a channel response for each transmtting and receiving
ant enna conbi nati on; producing a cross channel correlation matrix using the
overal | channed meg®dofigerecpvarirgs datry tennshmitied cirbrma pliaralily of oss channel
correlation matrix to produce.a cross gorrelation diagonal ,matrix;

Aby el

pr oc éxansEytiEng petaanas | andreseiveR by B t3e AL FREETVIRE &5, Spifteri x to
method comprising:
receiving a signal at each of the receiving antennas;
sampling each received antenna signal to produce a combined received
signal;
estimating a overall channel response comprising a channel response for
each transmitting and receiving antenna combination;
producing a cross channel correlation matrix using the overall channel
response;
processing a block-column of the cross channel correlation matrix to
produce a cross correlation diagonal matrix;
processing a block-column of the overall channel response matrix to
produce a channel response diagonal matrix;
processing the combined received signal to effectively take a block-Fourier
- transform of the combined received signal;
conibining the channel response diagonal matrix and the effective block-
Fourier transform of the combined received signal to produce a combined result;
| using the cross correlation diagonal matrix and the combined result to
- produce a Fourier transform of a spread data vector;
| processing the Fourier transform of the spread data vector to produce the
spread data vector; and

despreading the spread data vector to recover the transmitted data.

-15-




produce a channel response di agonal .matrix; processing the caqnbined

. received signal to effectively take a bl ock-Fourier t r ansor¥nEtihe
conbi ned recei ved signal; conbining the channel response diagonal matriXx
and the_effective block- Fourier transformof the conbined received signal
to prodf&¥A¥nbi ned result; using the cross correPaFU8R3#4gonal matrix
and the conbined result to produce a Fourier transform of a spread data
vect or; processing the_ Fourier transformof the spread daéa_vector to

produce tife sphemethed of claim §whegpm the pyeduicimethe gras #Pat a vector to
: ] - 6]&@% 1 /[ US02/ 38344
géc$\r%£%}?%%%b§$§§n§%2%%9ﬁaﬁec pr ogﬁg%%a}{%ﬁ}{r)éscgﬁﬁlgra ?%-I gt i on

mat r itxanspops bbtie oveidll ghanned rédpensaer al | channel response with a conjugate
transpose of the overall channel response. 9. The nethod of claim7 wherein
t he processing the bl ock-colum of the cross channel correlation matrix

conpri ses ¢t aki [ &p@f S el ,
correl ati (?th na?g? %1 e@k@%ﬁf&é&éﬁ%'ﬁm}% egfrﬁnaeets%gttgg bgcgi%%l@ﬂ%agr ein the

pr oc &hs icrgs chemeod ohrireladion acstirisadmiaigs édking apblockeSouradeitransiorpd ural ity of
non- bl ock di screte Fouriae,r transfolrnﬁ. 11. The method of claim7 wherein
t he Pfshe gspghannel spgeladion maRipblockgelugifer al | channel response conpri ses
taki ng a bl ock-Fourier transformof the over channel response bl ock
colum. 12. The nethod of claim7 wherein the conbining of the channel
response didagoThé methad of claivd 7tvkereirf ihe procesdihpthe-dembineskreteisertf or m of t he
conbi ned .recei ved, si.gnal _is_by ltiplying. 1 The nethod of claim?7
wher &ignal cempzispsta & nbuality of Rpublosk &%f%}ﬁ&meﬁ&f MY the conbi ned
result uses Chol esky deconposition. 14. The nmethod of claim7 wherein the
processing of the Fourier transformof the spread data vector conprises
t aki ng a AlockThewetkel sfnlaine wherein the processing the block-column of

the overall channel response comprises taking a block-Fourier transform of the

over channel response block column.

12. The method of claim 7 wherein the combining of the channel
response diagonal matrix and the effective block-Fourier transform of the

combined received signal is by multiplying.

13. The method of claim 7 wherein the using the cross correlation

diagonal matrix and the combined result uses Cholesky decomposition.

14. The method of claim 7 wherein the processing of the Fourier
transform of the spread data vector comprises taking a block inverse Fourier

transform of the Fourier transform of the spread data vector.

15. A user equipment comprising;
means for receiving a signal at each of a plurality of receiving antennas,
each of the received signals including signals transmitted from. a plurality of

antennas at a single site;
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transformof the Fourier transformof the spread data vector. 15 A user
_equi pnent conprising: neans for receiving a signal at each 2fMay3¢¢rality
of receiving antennas, each of the received signals including signals

transmtted froma plurality of antennas at a single site; -16 26 May 2006

WD 03/ OWPP3H47B2T| US02/ 38344 neans for sanpling each PEEFREP44nt enna si gnal
to produce a conbined received signal; neans for estimating a overall
channel response conprising a channel response for each transnmtting and
recei vi ng neane fosanapltbignenchaeceivedantenan sianad e pradyea aoEbined| um of the
overal | .channel, response to produce a diagonal matrix; means for

pr oc £8&5i¥Rf #1882k o i ned recei ved signal to effectively take a

bl ock- Fourj&msthrpaiRsanefa éeall elahnedrespntie wothsigingla; clumank for using
the diagonal matrix and the effective bl ock-Fouyrier transformof the

conbirespbnse dai acst teingnubting apd seeeidng aptantecombinade®r m of a  spread data

vector; neans for processi the -Four | t f ad data
vect or tom%f%gp%?%%ﬁggackd%@%m\%%ﬁé? ;0(’%{1%1 érry%éazlr%if %éri)%agés)gfeadi ng the
spr eafogadetn UREhRAl thatri:gcover the transmtted data. 16. The user equi pment

of cl'aim 15 wherein the neans for processing of the bl fc -col um of the
overal | cusamel|for pegessirs hea combingldagcaived sigraltoelieqtivety Wdr m of t he

bl ock-cqlym. 17. The usgr equ.: .2l 15 wherein the neans for
pr oc@%‘%ﬁﬁo"l‘t‘?{etr%%%ﬁnﬁé’g%ee%omlggggfécgggld%{lﬁag’]s a plurality of non-bl ock
di screte Hiymsefor s $hediBgonkd madtiex uadrtheceffqubivet blotk-Foatiar 15 wher ei n

the means for using the diagonal matrix_and t{he effective bJ ock-Fourier
t r andtamsformh of bee coomiinad geceived signal to produce a Fourier transiorm or &

spread data vector;

means for processing the Fourier transform of the spread data vector to

produce the spread data vector; and

- means for despreading the spread data vector to recover the transmitted

~ data.

16. The user equipment of claim 15 wherein the means for processing of
the block-column of the overall channel response matrix takes a block-Fourier

transform of the block-column.

17.  The user equipment of claim 15 wherein the means for processing
the combined received signal takes a plurality of non-block discrete Fourier

transforms.

18. The user equipment of claim 15 wherein the means for using the
diagonal matrix and the effective block-Fourier transform of the combined

- received signal uses Cholesky decomposition.

19. The user equipment of claim 15 wherein the means for using the
diagonal matrix and the effective block Fourier transform of the combined

received signal uses a matrix inversion of blocks of the diagonal matrix.
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recei ved signal uses Chol esky deconposition. 19. The user equi pnent of
~claim 15 wherein the neans for using the diagonal matrix MeheC¥r f ecti ve
bl ock Fourier transform of the conmbined received signal uses a nmatrix

i nversion of bl ocks of the diagonal matrix. -17 26 May 2006 WO 03/ 047032
20. TheW@HBM%8Rui prent of claim 15 wherein the neans PEBUSEA8MAssing of the
Fourier transform of the spread data vector takes a bl ock inverse Fourier
transform of the Fourier transform of the sgread data vector._ 21. A user
equi pment 28onpThe hsay-eaminapentiod elajn dbiwhereinthe mpsas formrecesHnget o plurality
of regeiwin nt epnas each e | ' - Sorel Lng signals

Cr andhF EOSEoF EOeg: of U fyoBh chbfySRRCLIEE SHRRERR A FYEkR] B 0T

sanpli4ssfeas bf RCRINRS tRME6nR of iipsredddataodiutor. a conbi ned recei ved
signal; neans for estimating a overall channel response conprising a

channel response for each transmtting and receiving antenna conbi nati on;

means for oprodycjn . | .correlation matrix using the overall
pithge S OB

channel ré&spon ng a bl ock-col um of the cross channel

correl ati eiean@Hby teseivingdd eidnatabeshafa plaralityaf reeivinggabainaspt ri x; neans
for processing a bl ock-colum of the overall, chapnel res se, matrix to
pr od@eeh #f the pecsivedcsigasls dnelndignsignplg transm ORI} P 8 ng the
conbi_n ceiyv ignal to effectively take a bl ock-Fourier transform of
t he @ﬁ%%%&%raeglggve Signal; neans for conbining.the channel response

di agonal mRdamnisfoidinplng: ehirecsivedahienak skgnal te praduen sfmbindd t he conbi ned
recei ved signal_ to produce a conbined result; nmeans for using the cross
cor r dpegiveshsigpalgonal natrix and the conbined result to produce a Fourier

transfor mrt?écang 5P Eﬁ;ﬁgaﬂﬁéaa bR channel response comprising a channel
response for each transmitting and receiving antenna combination;
means for producing a cross channel correlation matrix using the overall
channel response;
means for processing a block-column of the cross channel correlation
. matrix to produce a cross correlation diagonal matrix;
means for processing a block-column of the overall channel response
matrix to produce a channel response diagonal mairix; ‘
means for prbcessing the combined received signal to effectively take a
block-Fourier transform of the combined received signal;
means for combining the channel response diagonal matrix and the
effective block-Fourier transform of the combined received signal to produce a
combined result;
" means for using the cross correlation diagonal matrix and the combined
result to produce a Fourier transform of a spread data vector;
means for processing the Fourier transform of the spread data vector to
| produce the spread data vector; and
means for despreading the spread data vector to recover the transmitted

data.
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means for processing the Fourier transformof the spread da#@\’fée?é@% to
- produce the spread data vector; and neans for despreading t ) dat a
vector to recover the transmtted data. -18 26 May 2006 WD 03/ 047032

PCT/ USO%/O%{%#E&ZZZ. The user equi pment of claim?21 wherein the nmeans for

pr oduci ng cross correlation matrix multiplies tRETEFEE4 channel
response wth a conjugate transpose of the overall channel response. 23.

The user i prent _of claim?21 er el he, ns for .processing the

bl ock- col of H@eEP‘é’él?"ﬁﬁ‘gHﬁ\éf”@oéf@}hﬁ’f% "rr_ﬁ‘cer"lp§f ra?é@g“%}ngl ock- Fouri er
transgar Mo8$ cbRR1R{oRSmhatia IREHipHE BbadvePal PRhAhS RisPeHscCORN. 24. The
user equi pment of claim 21 wherein the processing the neans for conbined
r ecei cpapugsitg iednspesecof the prerallldhppnelk respondsl ock di screte Fouri er

transforns. 25. The user equi pnent of claim 21 wherein the neans for
processing the bl ock-colum of the overall channel response takes a

bl ock- Fourgger VPI@H:%BPé&ﬂigﬁfenﬁ BECIAUR 2 1GHRARR] tHeSREAS R Br&teksingl um. 26. The
user equi prent of claim?21 wherein the nmeans for conbining of ~ the channel

r es pdmeclatlagmnmin ofdhe icyosachianne cofrfedation malin tikdsou blogk-Kouaiesf orm  of the
conbined recei.yed signal i erf or med l.tiglying. 27. The user
equi greRsionR O(f?éﬁ? Fﬁ%%%?é’ﬁi? Telg, Oﬂéﬁﬁg}sﬁ‘@ﬁ(’]ﬁg@ %he cross correlation

di agonal matrix and the conbined result uses Chol esky deconposition. 28.
The user equipnent of claim21 wherein the neans for processing of the
Fouri er t 2dnsf dhmuser ecvdpmpnieficlaim 21 wdierein the precessib bk ricaner se Fouri er

el ARPRRiR FeeeRn Senl BB & hitapbr B SPREREH BfeelS Hebienci ving

Si gnaksndfpaAza plurality of transmtting antennas at a single site;

. 25.  The user equipment of claim 21 wherein the means for processing
the block-column of the overall channel response takes a block-Fourier transform

of the over channel response block column.

26.  The user equipment of claim 21 wherein the means for combining of
the channel response diagonal matrix and the effective block-Fourier transform

of the combined received signal is performed by multiplying.

27.  The user equipment of claim 21 wherein the means for using the
cross correlation diagonal matrix and the combined result uses Cholesky

decomposition.

28.  The user equipment of claim 21 wherein the means for processing of
the Fourier transform of the spread data vector takes a block inverse Fourier

transform of the Fourier transform of the spread data vector.

29. A user equipment comprising:
a plurality of receiving antennas for receiving signals from a plurality of

transmitting antennas at a single site;
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-19 26 May 2006 WO 03/047032 PCTI USQ2/ 38344 a plurality of sanpling devices

. for sanpling a received version of the received signals agorMee?l by

each of the plurality of receiving antennas to produce a conbined received
signal;_a channel estimation device for determining a channel response for
each r@®OPY#UE and transnitting antenna conbi nati on P&R¥SHHEHAci ng an
overall channel response; a M MO channel equalization device for

processi ng the conbined recejved signal_and the oyerall channel response
usi ng a bl ekupbty pbpamphng idsvives faesempling 2 tespAved YSrHaB® t8espread data
vect qr.; =Wl b ' . ' fv!ﬂ&‘% HREsdgt a vector to
reCO\C/)lé?Fe1 gta 0 E‘}Bﬁ?@&éﬁ% \ﬂ;}ggh{g}:‘?aﬁa esﬂﬁégi.l T eﬁgger g’gf'prreﬁﬁaef claim 29

f ur t heodaceprcombigdaesqivahdiguel;t or  reordering device for reordering the
spread data vectgor so that chips of transmitted. by each transmtting

ant enna ar%c}&rﬁfiéﬂlﬁéﬁﬁﬁﬁwpe&.fewwa% Poaﬁeéqraﬁﬂgﬁzg further
conpri Sk S : a s fQr |NAndgdatiecover ed by
t he g%?&%o?r?%%%ﬁ%@#@%, Eeﬁlﬁser e%ﬁﬁgﬁnearﬁqg C gji% 29 vvh%rei n the M MO
channdiannetivespoasd; i on devi ce conprises: a bl ock-Fourier transform device

for processj] a bl ock-colum of the, overall channel. response to produce a
di agonal r?aiﬁ&p CIBmE‘F WGPPBﬁeW%@PS?W%EEE%Cq@mﬁSB‘%@’é’g ng the
Comlagugalféfﬁqée&gﬁagl Siained 9%%0%69 gsﬂg%ﬁ?(ﬁamﬁ& {rapBfkA PAsel the conbi ned

receiv st gnal; a processing device for using the diagonal matrix and
t he hdlgekitlmuo ipesduck napséat datafvectve; awdrbi ned recei ved signal to produce a

- Fouri er traasfor .of the spread dat
i

a vector: d an, i nverse bl ock-Fouri er
t r ansf or madegaPeeadipg dewiep for despr gé"ﬁ?)ISB’Eﬁ@d rﬁagar\qeg?orﬁ‘?oﬁgqvg}'m of the
Four i&itato&‘%ﬂé{-é%{%gfsigtﬂéfs.sm ead data vector. -20

30. The user equipment of claim 29 further comprising a spread vector
‘reordering device for reordering the spread data vector so that chips of

transmitied by each transmitting antenna are grouped together.

31.  The user equipment of claim 29 further comprising a despread data

stream decoder for decoding data recovered by the depreading device.

32. The user equipment of claim 29 wherein the MIMO channel
equalization device comprises:

a block-Fourier transform device for procesé.ing a block-column of the
overall channel response to produce a diagonal matrix;

 a block Fourier transform device for processing the combined received

signal to take a block-Fourier transform of the combined received signal; and

a processing device for using the diagonal matrix and the block-Fourier
transform of the combined received signal to produce a Fourier transform of the
spread data vector; and

an inverse block-Fourier transform device for taking an inverse block

Fourier transform of the Fourier transform of the spread data vector.
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26 May 2006 WO 03/047032 PCT/ US02/ 38344 33. The user equi pr%% 05 ‘((}:#aai m 29
. wherein the M MO channel equalization device conprises: a Q52000 hnel
correlation determ ning device for producing a cross channel correl ation
mat ri x @ ionlg 3hze overall channel response; a bl ock-Fourier transform device
for prol@d¥PH§*a bl ock-col um of the cross channel ESFUEYZEBHAn matrix to
produce a cross correlation diagonal matrix; a block-Fourier transform

device for, processing a.bl ock-¢colum of the. over hannel , r esponse

matrix toSprod g‘@ ‘éSGEh%ﬂ%ﬁ%‘ineP€§g(ﬁ|]1%‘é‘l (%%aﬁ%ﬁ‘ﬁ‘fmné%er sﬁMéa&cﬂnﬁ'@k Fouri er

tra”%q%%ﬂhﬁﬁ&ﬂﬂ@viﬁ@?oxﬂéﬁ%%?“ ng the conbined received signal to take a
orm o

bl ock-Fouri er trans t he conbi ned received signal; a conbining device
for conbi i omss whaohanenrrelatisp deserntinag davicedor producink @herobs ock- Fouri er

transtormof the .conbined received signal to produce a conbined result; a
procéi’épﬂﬁl@éﬁqﬁgoﬁmatﬂé‘i%ﬁlﬁﬁ’@ WFB@LW@F%@PBﬁe;di agonal matrix and the
conmbi ned LMK Rb@rid 128MFErrR AEALE % bracbﬁggﬁéebmcﬁfcorm Sftheadsglat a vector;

and a block-inverse Fourier transtformdevice for processing the Fourier
t r ansthanneldortdlatiep medrix dapaoduese tacrossccopredahicrediaigenslpnetaik;dat a vect or. 34.

A met hod f t f. ' data i. i rel t i cati
CyStom -t RePRERRBRH b ERALERY 7P JohPHEOSHLNE & AP Ry OB PLRS (11 ng

- ant enRasill RGRRI RpdAiAmhRiPIANEa8cA SldHl tdsyode diabmalifainp for each of
the plurality of codes; spreading the plurality of data streams with the

pl ur al i t y aobloglpFerrien dransfies; dévice faxcprocesshnnthe combimedameeived onbi ni ng one
of the spre da treans  of ,each,code to her. t rogduce a spread data
vect 578" ﬁeﬁglfer %h&?f‘ﬂh"ﬁﬁ%’ﬁﬂ‘@ﬁﬂﬁl Pﬁtglﬁ§ﬂﬂtbﬂl?%e|c?’§e§6 data vector;
recei vi ng ot e HihAHRSdBvideSor §&ﬁ6ﬁa@n§%@¢n@@ﬁfeph§spbﬁs@aﬁ@oﬂél dafhiral ity of

an

receiving antennas as a received version; ( _ .
and the block-Fourier transform of the combined received signal to produce a

combined resuli;
a processing device for using the cross correlation diagonal matrix and the
combined result to produce a Fourier transform of the spread data vector; and
a block-inverse Fourier transform device for processing the Fourier

transform of the spread data vector to produce the spread data vector.

34. A method for transferring data in a wireless spread spectrum
‘communication system, the method comprising:
providing a plurality of transmitting antennas;
encoding data to produce a plurality of data streams for each of the
- plurality of codes;
' spreading the plurality of data streams with the plurality of spreading
codes:
for each transmitting antenna, combining one of the spread data streams
of each code together to produce a spread data vector;
each transmitting antenna transmitting its spread data vector;
receiving the transmitted spread data vectors by each of a plurality of
receiving antennas as a received version; and

recovering the data using the received versions.
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. 03/ 047032 PCTI US02 /38344 35. The method of claim 34 wherei%d

the data uses a fast Fourier transform based al ogorithm 36. The nethod of
claim 34 wherein the recovering the data uses a Chol esky deconposition.
37. TheWPePHE8*%f clai m 34 wherein the recovering th@cygg%?’%%“és an

approxi mat e Chol esky deconposition. 38. A nethod for transferring data in
a wireless comunication system the nmethod conprisjng: proyiding a
plurality38f tdassmethed eliylaim ehwhereindhe seoveriegihe %aﬂﬁ%ﬂjééta plurality
of daﬁ’oﬁnﬂﬂt@éﬁ'&(}n{lgﬁs&?ﬁg JE@psmtting antenna, using the data streams to
produce a vector SF t Tansm ssi on; transmtting each transm ssion vector
by its transmtting antenna through a wireless air interface experiencing

mul ti pat h;_ recej ving | tipath _components fromeach transmtted
transni ssiSén :E‘ét%?thgy of clnpy 3¢ whergin FIE‘C%‘?"QY%&‘%HF‘E %‘és’;me@q%al i zing the

receim&ﬂewd%%cgﬁbgtﬁgnponents to recover the transm ssion vectors; and

recoveri ng romthe recovered transni ssion vectors. -22

recovering the data using the received versions. -21 26 My %&%gzggi _
overing

87. The method of claim 34 wherein the recovering the data uses an

approximate Cholesky decomposition.

38. A method for transferring data in a wireless communication system,‘
the method comprising:

providing a plurality of transmitting antennas;

encoding data to produce a plurality of data streams;

for each transmitting antenna, using the data streams to produce a vector
for transmission; .

transmitting each transmission vector by its transmitting antenna through

" a wireless air interface experiencing multipath;

receiving multipath componenis from each transmitted transmission
vector by a plurality of receiving antennas;

equalizing the received multiplath components to recover the transmission
vectors; and

recovering data from the recovered transmission vectors.
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