WO 03/ 047032 PCT/ US02/ 38344 [0001] EFFI CI ENT MULTI PLE | NPUT MJULTI PLE
OUTPUT SYSTEM FOR MULTI - PATH FADI NG CHANNELS [0002] FI ELD OF | NVENTI ON

[ 0003] Thwe o3fwmnii on rel ates generally to wirel ess comuRCTAISODBB38Y St ens.
In particular, the invention relates to transferring signals using antenna
arrays. [0004] BACKGROUND [0005] A nultiple input multiple output (MM
systemis described in Figure 1. Miltiple transm ssion and/or reception
antennas 121 to 12M (12), 161 to 16N (16) are used to transfer the
conmmuni cfuioah. EEERCEBNANMEULZIPLE INPUSMUIETTRLE«PETRET S¥SVhe ot her

antennas 12, 16. A trapoR MELTLPABHEADING @M ANNERBEray 12 transnmits a
comuni cation to a receiver 18 through a wireless air interface 18. The

receiver 18 receives the comrunication using its antenna array 16. Using
bot h nul {0002¢ transni ssion arEIBlED&F INVENTEOMN S 12, 16 is referred to as
multiple input multiple output (M MO pr]&gessi, ng. [0006151 T [Bj cally, M MO
processi P0B8IpI oysThiA iveREoRAekakerageneralip twitedessicoupm P&%i ORSYPEHSi tter

and user ui pnent ceiver. ; f i t enna
arraye 1 SAAFBIR0M, BREBES pneiie foip o SRR sy Enb b BT 2
si mul t aneous depl oynent of base station and user equi pnent arrays enable

significant increases in capacity and data rates by opening up nmultiple
si gnal i nf)adrensi ons. [0007] AvaBASKHGEROURSDal gorithns address a

i | e- di h . Ho i | i i ]
oharne: oHdeh 0, "I BB RGeS R BT A s RaBAE R or G
for singlespath ﬁvggittﬁﬂe ‘[%%'ﬂsﬁﬁis%ioﬂ YRA/BALSdbptR i chnB@VIE: @0 degr@gptiieen in

presence of nulti 0008] Accordingly, "it is desirable to have other
M MO systeilsy (160808 usstMidREnks @ 1tble dommvirscatians fachednienmem Wy #6ass

ystem SoaalE Yohuiied TomgheGbEr AADTSS) D 10323 PR UBIAFSBa NI 115
antenna array 12 transmits a communication to a receiver 18 through a wireless
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.

[0006] 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.

[0007] Available MIMO algorithms address a single-path fading channels.
However, wireless communication systems are characterized by multipath fading
channels. Algorithms that are designed for single-path fading channels, typically

exhibit severe degradation in presence of multipath.

[0008] Accordingly, it is desirable to have other MIMO systems.
[0009] SUMMARY
[0010] Data is transferred in a wireless communication system, such as a

wireless spread spectrum communication system. Data is encoded to produce a



plurality of data streans. For each of a plurality of transmtting
antennas, the data streans are used to produce a vector for transm ssion.
Each tramepios®ims2 vector is transmitted by its transm ttiPag/zn/asina
through a wireless air interface experiencing nmultipath. Miltipath
conponents fromeach transmtted transm ssion vector are received by a
plurality of receiving antepnas. _Th ecejved multiplath conponents are
equal i Péaraliy of date stiegens., %W@SP@%I’{%&%P tragm Ef"éeggﬁ%& ed from
the regovered. fransnssi aSvack @O SRR, BT M s GFisJidR

DRAW Né?%‘? Sﬁga%ﬁ %r%%eﬁe%%?q{acg als‘felcl[ilst r%hﬂegggn?fzssg&fsr ansm tteSr 1gmld a

r ecei Vectos ideran@dliticdl 1 Reteniasittihg Ahtdnitd huoagh aiwiraless ajrlintdréakebl ock
diagramof a preferred MMO transmtter and receiver. [0014] Figure 3Ais
an enbespexienciol anmtigmidhanddultépatdl companendeyiom epdly1BpnsMyited 3B is a
flow chart of a M channel e i zat i on ...enbodi . Figyre 4A is
an al t SFHATRISEINEL §PFHOR 21St Teeery Xl‘fjalli’:k]é]fahtéfqﬁgg?czeng?ﬁgn ngg%r?lcaes X 17]

Fi gur e 48] [l aghaEdmBonénid M channatd aguabiokatl i e atdmitiation

enbodi ﬁé%ﬂ’é? 8}818@&TAI Lné% DESCR PTI %N OF THE PREFERRED EMBODI MENT( S)

[ 0019] vietigws.e Theidnta isirepdvdreédrdih dh& reGoagredixsnsamission yecgodsnput nul tipl e
output (MM) transmtter and receiver system The transmtter 20 can be
used in a user equipnment, a base station or both and the receiver 22 may
be usedyhiy@ base i ' e PRARINGE)E M MO system

pr ef eri%ﬁ)gl]uses a c?ﬁmggb\/}}@%ﬁ?%?ﬁjgmaccess (CDIVA@ai r interface as
shown i[pof2jgure Figareh @sam illusegtiencyf alitvasimitteitiphdxa eDydICDMAZ ti me
di vi si on duplex (TDD)/CDVA or tine division synchronous code division

mul ti plreubtdesatemmsCDMA) air interface, although other air interfaces

may be [Uﬁfﬁ -2 \ﬁ‘%ggxsé wa1(s)3§ sﬁ%ﬁ%ﬁ%%z'lbfb%%lﬁiagram of a preferred MIMO

transmitter and receiver.

[0014] Figure 3A is an embodiment of a MIMO channel equalization device.
[0015] Figure 3B is a flow chart of a MIMO channel equalization
embodiment.

[0016] Figure 4A is an alternate embodiment of a MIMO channel
equalization device.

[0017] Figure 4B is a flow chart of a MIMO channel equalization alternate
embodiment.

[0018] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[0019] 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 Figure 2, such as a
frequency division duplex (FDD)/CDMA, time division duplex (TDD)/CDMA or
time division synchronous code division multiple access (TD-SCDMA) air

interface, although other air interfaces may be used.



[0020] A data vector d is to be transmtted through the wireless air
interface by the transmtter 20. The transmtter 20 has M antennas 341 to
34M (34)wpnspim3ant enna array. |f transm ssion spatial diPeeEnsoy/§ssis not
used, Ms one, (a single antenna). The antennas 34 are spatially separated
so that a low correlation between their received signals is obtained. For

use at a base station transmitter having an angle spread in t@gsg range of 1
to 10 H¥Rles, tHAedatn awgtor ée@a?%th%ﬁﬁ@%?@%e%é‘&‘&g%ség%r%re et®ngt hs,
such as four vel engt hs., . FOr~u X i S e spread
Fends. TeEtie i goe i iter 200 e Fhaftiiel F ot pERERe 21 A0AL2

wavel e(BJ%) hin tﬁéﬁ‘ﬁ@eﬁ{h Lhey. TPheRM RbioApatiA® diveRaity 44 neeResBIM dendray have
ot her val'ues. [0021] For "a preferred inplenmentation of transferring a

nul ti c@deingleamstenas).orfllas anténsas ddedre spaiigllyeseparated satthaberdow d to be

26. " FopoalHi beteee Uheby a1 v1dl 080 Bo0rget TRESHALE TRGBRP™ nto M
separate t | | ' t unber of
or oduc Bariap R AR af gl Bprf £ fild BlndeIANGPAN Aftoo, Whe AR T 0

dm z ag&p RHICEPrefoaghlydevele Wwhedleagiis, sach asfonivasedengtis. dforaseenna 34.
[ 0022] For each code, the data streans are spread by thejr code using a

cor r espbadiBgrespivendiinge the poglexsorepd tonds toby laxge: B syaalerseparativhe " spr ead

data streanms associated w.th the;s a 3 \ ' conbi ner
301"t oMORF 307 Suth okl stpl AR BRI ER RIS B5°0 R
M ant egpag a1 $éparBbidHE @hake hive RtBaslvaliRied. vectors, si to sm Each conbined

spread data vector, si to siw, is nodulated to radio frequency by a
modul a{@021321 t o Fa2Ma( ppofearndl impleateadabigni of tyensfersingd sarmuHieodss

hrough the wireless air interf 023] T f eesa
[ coel vransReioLRB St s BiEi the darbra oL B BN BB L e
mul {1 cqge LERNsmhaSL 0ns, BPRr LSAGRILNR AT ofhARRS TSPORREONINGY espect

ssion and reception antenna pair Is typically occurs in the

downl i BfresAliherecpas£Ly tb T, e Wptthrik splibéntoelleiepara®2dataf stregused 2 toan be
used to process a single user's transm ssions, when nultiple use|;I§ are
t r ansmidviq prjor Theprendnrg. UEke tatad numberiof psodireedidatarstepagns Hofs«? - To

illustrate for Cz, data streams dz,1 to dm,1 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 28; to 28q (28), such as a mixer. The spread data
streams associated with the same antenna 34 are input into a combiner 301 to
30u (30), such as an adder, associated with that antenna 34 of the M antennas
34, producing M spread data vectors, s1to su. Each combined spread data vector,
s1 to sy, is modulated to radio frequency by a modulator 32; to 32m (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.
This 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 treated as noise.
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-3 WD 03/047032 PCT/ US02/ 38344 [0024] At the receiver 22, each

transm ssion antenna's radiated signal is received by each of the N
recepti orvanse#mas 361 to 36N, as a conbined received si @oalusor/s83necepti on
spatial diversity is not used, Nis one, (a single antenna). N is
preferably equal to or greater than M Each received antenna's signal is
denodul ated to baseband by a denodul ator ;381 to 38N,(38). Each d(im)dul at ed
si gnal[0Dg4kanpl e} theeereivera2, eaehdrapsmigston AnteRA § Fatiated stigmdldhip rate,

b pling deyice.404 t 40) 1 i orq f h
ant onacaped i Sxafl et ot B el 30 E5, G hRORINER ¥ochota O (RC
[ 002513155({??16%?35&41%%& ety ¥ REEPTs HotiseldNNAs dridf (a sinMldBnehan)elN

equal iz vicce 44. A training sequence Si gn_af r' is input into a
channak piegéiabiy icomallevi cregebhiei hbax HhnElack steceiwel antg¢aviasesignabds i mat es

th h I f h ti d 1 §Si t

conbi riamoAulaoR taRanthand Bt SiATGT AL AR SooHn ) T AHEMLELRY ant enna
34, th I Kb i t, ' | hi |
channerenaoporeepfe R Ao i oo sRUE cf Snpihip Fre, ooV T

i's persaﬁﬁﬁiﬁh%‘ﬂ@vic@-tld]'té@bﬂr (40); tdbFidike aHelsdived Mictdr for eacthditienfle)3G-quat i on
1A [0026] The overall channel response is per Equation 1B. HO 0 0 0 0 O

0 0 0 riHoTy. FI1 combiedrageived vadt®) T BYmpriseeyI 0 ov0 0 0 0 H H(L-1) H(L-2)
EE I|:- ?%{POZE}] o %g}g)gogn}gn@ﬁorgﬁgﬁfedov%(tg I_:g) i nput into' a' MIM® %harth O - O
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 it
receiving antenna 36 and a j* transmitting antenna 34, the channel response as
a kth instant in time is hij(k). The overall channel response for all antenna
combinations at the kth instant of time is per Equation 1A.
bRy - By (k)
Hk)=| : : :
By (k) o Py ()

Equation 1A

[0026] The overall channel response is per Equation 1B.
[ H(0) 0 0 0 0 0 0 0 0
H®O) H(0) 0 0 0 0 0 O 0
HQ2)  HQ H@©O) 0 0 0 0 0 0
o HE-D H(L-2) H(L-=3) - - HO 0 - 0
0 0 0 H(L-1) e e e H(0)
0 0 0 0  H(L-1) - - H()
| o 0 o 0 0 0 0 H(L-1)

Equation 1B



Equation 1B -4 WD 03/047032 PCT/ US02/ 38344 [0027] The overall channel
response His passed to the M MO channel equalization device 44. The M MO
channel ewo0aBiozas: on devi ce 44 uses the channel responsePratusox3d4and
equal i zes the received vector r to conpensate for the channel distortion
experienced through the wireless air interface 24, producing a spread data
vector s. The spread data vectors is reordered by a spread vector

r eor delP@7ldevi c &'l oxeralh ghavnehrespanseilf is mgsapd én ke MIMQ gshanget o

ector si t.o sMis r.ecovered. t Btiing. ant '
xect or e%fé’iai]tzaaé’ﬁi ?%Vlﬁees%' eiﬁleb@mecg’%l%ie e ez\%?lg glr'@%\ug% %%ggg%eag%?eadi ng
codes, cﬁlmh%l re%?on%@ @R a'?ncpé%?a { Rk tRabccdted hEctht 886 esinfeiiita foi r eans

for each antenna, dl1,1 to d vt,Q A despread data stream decoder 50

conbi nebet Heahadla distoedon eperidmeed dthiQuich the owrelesse avr iglemfaceddda vect or
d. [0028] Each communi cation transfgqred bg particul ar

t r ansmirreilagingea spreah It SREEIcH b NEAPTER @%ﬁér‘feé is, rearlpredh by 2

Conbi naprod Yeias R b Bl S Plat R S pAMEETRERR, SPLENNT

1"al” di versi processi ng ecel ved

mul ti - RBkh veerReRea ks iffecdvbred, EddhetrafS@RitLoNaAtdBRGSp13ad dhta B&dtbr t he
capacity and maxi numdata rate of the systemis significantly increased.

[ 0029] dritgunesaspreahby abipneatingideaioel 4duehnerihel snegadingcedesnCati ce 44
d Fi 3B j | h f MO ch | lizat nbodi nent .
O her dibdaiantmster Siamomenen A dhn el SRsaPT IRt SLIYP 68 B el esky
. nel . e
or appCLo?b %@Z %ﬁg%ﬁ%{&ﬂl (fln.%g]%m%% Hb@dﬁer%@rbo%ﬁ?leﬁghé‘ a8th sttéemieG sty e

sanpl es*’d se responses for each antenna pair are per

Equat i qfj;dto Bedovir thk origin#hédta Yectordd. ., L-1 Equation 2 [0030] i is the
ith recetving antenna. j is the jth transmtting antenna. k is _C:Lﬁe kt h
sanpl e [0028he i npGiace r espronumigitionngt ransferped chabnel 2 mpuPaEIG%Edponse

gfer all t&gﬁggﬁés?gnﬁggex}tgoanngn enna cons NheRea x%'eHte%gs L(&'ifféﬂ%t %lﬁt?ﬁ% erls

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.
hij(lc), wherek =0,---,L—1

Equation 2
[0030] i is the ith receiving antenna. j is the ji" transmitting antenna. kis
the k» sample of the impulse response of length L. The channel impulse response
of all reception and transmission antenna pairings for the k# sample is per

Equation 3.



Equation 3. -5 WO 03/047032 PCT/ US02/38344 h1,1 (k) ... hl,M (k) H(k)

i (k) ... hN M (k) Equation 3 [0031] The transmtted spread data vect or s
has NS Mvoiodes®snn vectors s(k). NS is the nunber of tr&a3rse2/asi4dat a
symbol s. The overall received vector r has Ns + L -2 received vectors of
dimension N and is per Equation 4. HHO 0 00 0O0O0OOMHU1L HO OO0OO0OO0CO
0 0s(0 H(2) H1 HO 000000 ':(0) s(1) r(1) HL -1) HL - 2) HL

- 3) WG HEE)) 0 .. hg(sxz) r(hz){(lg)t\iv s(L'-1) 00 ... 0 HL -1) ...
o il 1) e O 4535 K 0 H(L-1) .. H1) s(N, -1) 00000O ..

WIS t he njoi se vector. Alternately, Equation 4
can be witten as Equ b,{,cgrk) rﬁhlsf(fﬁb Equation 5 The r and w vectors have
a length of (N5 + L -1) N The s vector has a length of NS Mand Hs a

(N6 +L-1) N by NS Mmatrix. [0033] As shown in Equation 4Equaomi3matrix

I's approxi mately block circul ant make the H
circul 40031]L-1 %{I&@Ktrg@pmﬁtf@dép@ead ;[ata Vec%orsﬁas ]\/Lm %Iaimrreor{s?on vec cl><rs

s(k). Nsis the number of transmitted data symbols. The overall received vector r

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

[ H(0) 0 0 0 0 0 0 0 0
H(1) H(0) 0 0 0 0 0 0 0 |- 0
O T R A R O S I
) : : : : : : P : @
y [oTETD HETR AES e D0
: 0 0 0 Bl e e e EHE || D
L(NS+L_2) ( — ) ses eme ses ( )
0 0 S0 e 0 HE-1) e e HQ) 5,1
0 0 o 0 0 0 - 0 HEZ-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 length of (N, + L—1)-N . The s vector has a length of
N,M and His a (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, L-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 vecfor. 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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added to the H matrix, 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 col uwo obloowks are added in accordance with the H nat PCTAISe2/Bi3eck
circulant structure. After the extending of the Hmatrix and the s vector,
the extended H -6 WD 03/047032 PCT/ US02/ 38344 matrix has a dinension of
(NS +L-1) Nby (NS+L-1) Mands has a |l ength of (NS+L-RI\/L &0034]
For shmathiariths ASimension dfs(¥,epFedbdl &3 6V, DL —db M hard phasyslengt The
extended H matrix of size DN by DMwi th bl ocks of size Nby Mis
deconp@Ned Ipeh)-Hquation 6. HN M = F(NANNMF (M Equation 6 F(N) is a

bl ock Fourier transformw th a bl ock size of N by N and Fbg_' ﬁlock
Four i ef00343nsf or Fonshorthapodi +slz lfélzfepnﬁelghedli{yi\p: ?%glb@f qfl}gt""ﬁO' 7. F(N)
=F(DIN_E i i . K i i N b
N | dentheyoxtaned. H T ORGiE 1LV per R SeE P GAE B A\ M Ral T on 6

IMis i i trix. [0036] The bl ock-diagonal matrix A(N, M
is, prg cg%ﬁ(%@f%%&ﬁl?@%iﬂ ourier transformof the first bl ock-colum of H,

al t hough anot her gol umytay berysed, (after being pernuted), step 84. A
bl ock- Fourier tranSt rm(ﬁ/)evﬁN’(?’g @ produces A(N M by taking a

bl ock-transformof a colum of H A(N M is preferably de_riEtgthtidir_t 6m
CACR: Mits atbladb Foukicd temosfapmet it mbiaek iz phA 1 N apddienise blgkss &1
ol ock Fourier transform with a block size of M by M. Fu)is per Equation 7.
Foy=F®Iy
Equation 7

®is the Kronecker product operation and Inis an N by N identity matrix.

[0035] Fau is per Equation 8.
F,,=F®I,
Equation 8
Iy is an M by M identity matrix.
[0036] The block-diagonal matrix A y,,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 (v 1y by taking a block-transform of a column of H. Ay ,,, is preferably derived

from Equation 9.
diag v ury (A wan) = FonH Gl: M)
" Equation 9
diag y 1) (A war)) is the block diagonal of Ay, . (:,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.



colum of width M By using a single block colum of Hto derive A(NM
J)the H matrix is approximated as being a block circulant matrix. -7 WD
03/ 047032WB@3huUsB2/ 38344 [0037] By substituting Equati onPETiusbm3Bauat i on
2, Equation 10 results. A(NMF(M! =F(Nr Equation 10 [0038] To solve for
s, initially, a vector x is determ ned per Equation 11, step 86. F(N)r
Equation 11 xis preferably determ ned by_an Nnon-bl ock discrete Fourier
transf @087 | enBytsubBtitatingdidudtion bante Fapetionn?, deanatéondOgesalites x by
taki ng the bl ock-transform_of r. [0039] Subsequently, a vector y is

det er mi ned per Ed\u&m@mﬂifosﬁep 88. A(NM y = x Equation 12 Ay
determ ning device 66 produces y. [0040] Since A(NM is ibla&‘;k g'gagonal
matrix, y is preferably determ ned on a bl ock-by-block b ‘if‘ | ving D

syste equat ipns of (SBl| of 18] 216 {BRAiREAVAL PRubBon TN M Y1
=x: Eq é{oﬁ%én 13 ‘I%W‘ivfos”{g 1{’%?%5‘1?5?’?&6%?“%%%1%@%?@‘%?““@‘% Fuapon Moy 1
sub-ve rg@f Y. xi is the ith N Dby 1 sub-vector of x. [0041] Since
A (N, i's unstructured, one approach to solve Equation 13 is to use
Chol esky deconposi# Fgprof Equation 14 and forward and backward
substitution, although other approaches may be used. 'A HA ( (N.M)
(NM Equation 11

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.

Awpn Y =%
Equation 12
A y determining device 66 produces y.

[0040] Since A y,nisa 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.

N, =% i=1D

Equation 13

Ny is the i#h block of Ay, . yiis the ith M by 1 sub-vector of y. xiis the it N

by 1 sub-vector of x.
[0041] ~ Since Ai( vy 18 unstructured, one approach to solve Equation 13 is to

use Cholesky decomposition of Equation 14 and forward and backward

substitution, although other approaches may be used.

(Ai(N,M) )H Ai(N,M)
Equation 14
[0042] If the number of receiving antennas N is equal to the number of

transmitting antennas, Al,,, is a square matrix and y can be determined by
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Equation 14 [0042] If the nunmber of receiving antennas Nis equal to the
nunber of transmitting antennas, A'(N,M is a square matrix and y can be
det er m newoOlwyg/047082 WO 03/ 047032 PCT/ US02/ 38344 inverting ARCTNSW/383440r

smal | values of N, a matrix inversion may be nore efficient than

perform ng a Chol esky deconposition. [0043] The s vector is determ ned per
Equation 15, step 90. F(MY Equation 15 A block inverse Fourier transform
devi ceirﬁ&rtiagu&‘ﬁgv,)t Fqroall & aduesofdV, sppadeis invexsier maymhamate effigiantg
Equation 15 is by perform ng Mion-bl ock inverse discrete Fourier

t r ansf g4 peffotinieg ai Choloskpldebampbsitibher approaches nmay be used. [0044]
Figure 4A 1s an alternate enbodi nent, of ﬁ M%%Dgﬁﬂinnel 9 equal i zati on devi ce
44B anfUE3jur e 4Bbes veatrnis datarmingd peEgPRBO &P 9qual i zati on

al ternate enbodi nent,., To determ ne s, both sides of Equation 2 are

mul tiplied by HHE peenEquation 16. HH =Rs+HHw=Rs+n Equation 16 |IH is the
conj ugate transpose operation. n is the equalized noise V?@?{{ﬂoﬁlbs t he
channel cross correlation matrix and is determ ned by an eterm nation

device p 13718(:19 %ﬂi";&sé E%é{g'ﬁf?téﬁhﬁorﬁlt (fé?fi&z?S B 8 fo RIducE Y ViWapPiddichon i s

per Equation quation 17 0045] For™ a m ni mum nmean square

errorstg %@Eﬁaiﬁﬁi%]@ 16ihg Byhistipe 15 iSoppéiformiiRy MRz-blddR inFepsatissnete8 62 is

the variance of the noise vector wand |I_is an identjty matrix. é0046] The

channelFouries srausfosnataf shmeasiankDralthaugh othei: anproasdes Babs yie
[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
multiplied by HE, per Equation 16.
HY?r=Rs+H”w=Rs+n
Equation 16
(-)H is the conjugate transpose operation. n is the equalized noise vector. Risthe
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, R is per
Equation 18.
R=HYH+o’I
Equation 18
o2is 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.



1000000RGgRo
0 0 RBRR Ri RoRL
0 RL 1 R3 RETRISORB3RL R2 R3
RO -1 0OORL1R3SER2RHR R1 RR R3
R3B OO0 RRIRBRRRHOOOOR.1RRRRIi RORLRR 00000
R RIRORL 00000O0OR.L1R R RIHRo Equation 19 [0047]
After the adding of L-1 colums to the Hmatrix as previously described, a
close to plock circulant approxipation of the R matrix canda derived,
referred { doas Rhe 8xtered R nmeftmi x.0 Theldi méhsi ohs of the ext ended R
matrix are by DMp [ 0048] ing.thg extended R natri ¥, Edudtion 20 is
used to dat]é?MmRO S.Rl H%?:Rsk'%quationLgo [OOA(;J] Bﬁap@roxi ting Rand IF

-9 WO 03/047032 PCT/US02/38344 Ro R1 R2 R3 ... RL-
RBR.-1 00000 R Ri RORL R R3RL-1 00
RL-WO®304M3R3 R2 Ri' Ro RL R2 R3 RL-1 O
RL1RER R HR Rl R R3R

2BIREG

Legrmng , .
as bl ock tiReculBint Ratriles, RR i & déConpesed per Equation 21 R =
F(IMA(MM BN Bhuagfon 1 A-M B, i sRipreferably derivéd frbma first bl ock
colum of | R. per_Jgquati on 22, , al thou angt her, .copum may bg used, (after
bei ng per nut at &%) , gf ep94. Ro IQ % R i
2 REL. ¢ RE RY R R R R R - Ry 0
1o Rf_l RE RY RY R R R, R Ry
o o R, ¢ R R R R R R R
o o0 o RE ¢ RY RY R' R R R R
o o o o RE i+ RY R R' R R R
o o o o o RYL i R R{Y R R R
o o o0 o o o0 R, i 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 R 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.
! H"r=Rs
Equation 20
[0049] By approximating B and H¥ as block circulant matrices, R is
decomposed per Equation 21.
R = Fy Nt ony Fan
Equation 21

A’(‘M i is preferably derived from a first block column of R per Equation 22,
although another column may be used, (after being permutated), step 94.
diag gy 4y (Narany) = Fany R GL: M)

Equation 22

.10-



diagtMM (ACM) = F(MR(MM (:J: M Equation 22 -10 WO 03/047032

PCT/ US02/ 38344 diag (MM (AR (MM) is the block diagonal of -Mn. BA

bl ock- Fouwpas/osansf orm device 72 is used to determ ne APKIN)Sobgs3saki ng a
bl ock- Fourier transformof a block colum of R [0050] HH is deconposed
per Equation 23. HH=F-"AHF (M (MN) (N) Equation 23 [0051] AHN) is
preferably determ ned using the first block colum of HH per Equation 24,
al t hougtiagypqp bt acah pdk thel hioek thgetmalusfed, (af thblpdi-Hgurisartransleym st ep

96. diag (MN (A (MN) =FKM HMN (:,1: N) Equation 24 diag(MN (A
(MN)) degideh®2 i asdd ¢ agiemalinef ARy , ( By Kakind A05@ik-Pottier kr#mafoimroftar ansf or m
device 74 is used to determ ne A l\b by taking a block-Fourier transform

of a blosdk saAluidoPR. HH [0053] By substituting 21 and 23 into 20, Equation
25 results. HRAHN.17(N) L = Aéa/l F(M_ S Equation 25 [0054] Solving
for s, [@50} i on 28¥ iededansposedier Engatiof@®) (A(M M) A(MN) F(N) Equation
26 [0055] Determ r}{i ng s iHs preferably perfornmed in a four step process.
H" = FonNomFon
Equation 23

[0051] A‘E’M, w, is preferably determined using the first block column of HH

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

diag 4 vy (A?M,N)) = F(M)Hgm G1:N)

Equation 24
diag g v, (A%, 4,) is the block diagonal of Aty y,-
[0052] A block-Fourier transform device 74 is used to determine AfM’ x by
taking a block-Fourier transform of a block-column of HE.
[0053] By substituting 21 and 23 into 20, Equation 25 results.
| AI({M,N)F(N) r= AIEM,M)F(M) s
Equation 25
[0054] Solving for s, Equation 26 results.
s=F (;}) (AIEM,M) )" AIEIM,N)F’(N) r
Equation 26
[0055] Determining s is preferably performed in a four step process.
Initially, x is determined per Equation 27, step 98.
xX= F’(N)Z-
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-Fourier

transform of r to determine x.

-11-



Initially, x is determ ned per Equation 27, step 98. F(N)r Equation 27 The
bl ock- Fourier transformis preferably perfornmed by an N non-bl ock Fouri er

t ransf or nwofo3fogmgt h D. A bl ock- Fourier transform devi ce 7®Craisey3sid4

bl ock-Fourier transformof r to determne x. -11 WO 03/047032

PCT/ US02/ 38344 [0056] In a second step, y is determ ned per Equation 28,
step 100. H y = ACMN X Equation 28 Ay determ ning devi 78 uses ABM
N) and[0056d det elmiarecynd poa5 7)is|determinaddpes Bguation 2 dé?‘é’rfw‘?%ed per
Equation 29, step 102. AR (MW z=y Equation 29 A z determ ning device 80
det ermi nes z usi rJ_’g=ABMW>2'(M ,,) and y. [0058] Preferably, since AAOMM is a
bl ock di agonal matrix, Equation 29 is solved using D systgns of gal | er
si ze per Equation 30. (ACMM) zl1 y. Equation 30 [0059] ( th % is the
ith blg‘%dof ABM IS the jth or of z. is theith

. .zl Vb sub- Yy,
Moy 1 ?7*@&"?81“1% dgvicg %fsdﬁ@@]j\eiyﬁc%n%gm%%ﬁﬁﬁse Yinstructured, one
approach to determne (ACMM).t , is to use ol esk eco jtion of ((A(N
M) ) HOREH M )~ AR Tt wia debmster Qi ?gn?tengh ot her
approaches may be aused. [0061] In the fourth step, s is determ ned per
Equation 31 by pé}(ﬂ@f)ﬁi_ an M non-bl ock inverse discrete Fourier

transform of dinmension D, step 104. (M Equation 29
A z determining device 80 determines z using A’fM,M) and y.
[0058] Preferably, since A"EM, ay 18 a block diagonal matrix, Equation 29 is
solved using D systems of smaller size per Equation 30.
(M) 'zi=y, i=L-+,D
| Equation 30
[0059] (A, ) is the ##4 block of Ao+ 2iistheh Mby 1 sub-vector of z.
y, is the it M by 1 sub-vector of y.
[0060] Since (A% ) is unstructured, one approach to determine (A’(‘M, )

is to use Cholesky decomposition of ((Afy,))" (Afy ) 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.

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

streams, sm where m = 1, ..., M, by the spread vector reordering device. The

-12-



Equation 31 A Dbl ock-inverse Fourier transformdevice 82 is used to take an
i nverse block transformof z to produce s. [0062] To recover data fromthe
esti mat edwopseam3ziat a vectors using either enbodi nent, tReT4AS0BEI44at a
vectors is separated into its Mtransmtted data streanms, smwhere rn = 1,
..., M by the spread vector reordering device. The -12 WO 03/047032

PCT/ US02/ 38344 spread data vector s is the result of concatenating the

dat a stpzead datetwesossisdhe reseld ofieonioagensting bhplatp stheamgrasteiRisy erval s

toget her, as.per Equation.32. S1 1 .S S, = Nc [ - i on 32
smj dé& ﬁ‘iﬁdg§ “{)31@’ fg? PURSheRams 8]i11p01p|¥%1f]vglﬁ;?]ge§§fz HES! ]?Sé(\a{la%qu?ﬁg]g ?? To
recover each spreadrdatg vector streamsm the chips of the estinated
spread data vector § ‘ate reordered per Equation 33, producing SREORDERED.
Si,1 S1,Nc S1 REODERED SML SM SM N Equation 33 [0064] Each of these
data stream spread Jlg,}vq vectors Smis despread by the corresponding
spreadi ng codes, Cz|tQ ' dQ to estimate the synbols of that data stream by
t he despreadi ng d&v|ce 48. The estimated synbols for each data streamare
decoded by the desp‘e@,g dat a stream decoder 50 to recover the

[ Sax,
Equation 32

sm,jdemotes 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 Equation 33, producing

SREORDERED.
[ sy |
S1,N¢ 8y
S rEODERED = =
S S
| Sum,N,
Equation 33
[0064] Each of these data stream spread data vectors sm is despread by the

corresponding spreading codes, C1 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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original data d. -13 WD 03/047032 PCT/US02/ 38344 CLAIMS Wiat is clained
is: 1. Anmethod for recovering data transmtted froma plurality of
transm t twogsamoannas and received by a plurality of receiPeirigoasssennas,
the method conprising: receiving a signal at each of the receiving

ant ennas; sanpling each received antenna signal to produce a conbined
received signal; estimating a ovgra{irschannel response conprising a
channel response for each transmtting and receiving antenna conbi nati on;
pr ocesyhaeifclalmel-isol um of the overall channel response to produce a

di agonal matrix; processi ng the conbined received,.si.gnal_t crively
take a bl ock- Fouk imethad dpe freeonestng ﬁ@%%o%pﬁ@d&ﬁgcg%%oa 5’:38]?1%1&9 hgl ng the

di agonal matrix and the effecti: i r fanbBetheonbi ned
r ecei VEANSNYHLHSE ?Bgerﬂrbac?u%]édar%}f%l\grgﬁi?f % &%ﬁ{s)#%ﬂr}ﬁ? fo%écg%?%%e%@dgt a vector;

proce gﬂﬂxf&ﬁn ﬂgﬁkgr transform of the spread data vector to produce the
sprea ata vector; and despreading the spread data vector to recover the
transnitt ecdredeiving a.sigihel ateedddoliheciegeiving aREIWBIAS:t he processing of the

bl ock-colum of = the overal |l .channel respons [ hh$8Scdifdd Ng a

bl ock- Four i S¥mpHRg £P§ HWC%W99HE%8P88ﬁﬂg%ﬁhﬁ%grgﬁk%ﬁéCﬁg?ﬁod of claim 1l
wher ei n tQF processi ng the conbi ned received signal conprises taking a
pIuraI??? of non-bl ock discrete Fourier transforns. 4. The met hod, of claim

1 wherein tdRinsting 4 beerdlbgonaiel ragpdnse @nthprisivgef ¢hannslaespPERIBur i er

transform of the conbined recei ved signal, uses Chol esky deconposition.
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 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.

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 ret;eived

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.
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-14 WO 03/047032 PCT/US02/ 38344 5. The method of claim 1l wherein the using
the diagonal matrix and the effective block Fourier transform of the

conbi ned wemgioyma2 si gnal uses a matrix inversion of bl ocksTafSoysss44di agonal
matrix. 6. The nethod of claim 1l wherein the processing of the Fourier
transform of the spread data vector conprises taking a block inverse

Fourier trgnsfomgyQhefHd SfAUAIRL %@f@h&hmmn% hke sipgachldad@ivantor. 7. A
nmet hod for recovering data transmtted froma plurality of transmtting

ant enntise affdctiee dlackd Foyrier piransformy obthe sembined ragrizafsignalusesidt hod

conprising; receivin [ . each of the receiving antennas; sanpling
each rEE@FV%H“@HF@HHgbZF%ﬁgE%bﬁ%%?%Hﬁgénﬁmg%nbined recei ved signal
estimating a overall channel response conprising a channel response for
each transmtting and receiving antenna conbi nation; producing a cross
channel corgel at The Arthod ofsclagmt Aewdeesial the:nann@ssingetﬁpﬂwsg?‘;ouple@cessi ng
a bl ock-colum of the cross channel correl ation na&@%ﬂito Er%puce a Ccross
corr el ttansifor of shalspiread idata JrestelseMBriseh FAERECR | VAR TRV |

channel response Jymatyix. t C e di agonal matri x;

pr oces%a}ﬁﬂ) 0?81}1&,Fﬂ&ﬁwﬂfgﬁ%ﬁé@g&s‘ﬁgﬁgﬁl&?gﬁP?Eeag??%?y take a bl ock- Fourier
transform of the conbined received signal; conbining the channel response
di agonal matrix and the effective block- Fourier transform ﬁf Ej&le ctprrbi ned

recei ved si gnal o methddcrarewverimgd dats ransmifded frere acp Brtel ati on
@ apr o SEERREUECTUERTRE GRRLEFS (BT Fb Al Rt R PR B I " 2
vect or xﬁé)chBHQ:‘aﬂﬁ?riﬁﬁg: spread data vector; and
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;
combining 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-



despreadi ng the spread data vector to recover the transmtted data. -15 WO
03/ 047032 PCT/ US02/ 38344 8. The nethod of claim7 wherein the producing

t he crosswomsneloat i on matri x conprises nultiplying the ovecalusovssamnhel
response with a conjugate transpose of the overall channel response. 9.
The nethod of claim7 wherein the processing the bl ock-colum of the cross

channel cor el at i MethdXKoLdahhi Behet ¢k the prothoidle-thewrosy cdrialasionr m  of
t he cross channel correlation matrix bl ock-columm. 10. The nmethod of claim

7 wher enatritheompoises shnlfiplying ¢hoi ovettallcehainpel respepragl Wabhpr ¢adugateki ng a
plurality of non.block discrete Fourier transforns. 11. The nethod of
claim fr%’ﬂ‘ﬁi’toé? H?Pﬁ%o}ﬁ?lﬁijeé&wﬁtrﬁgp%?%ck- col um of the overall channel
response conprises taking a bl ock-Fourier transformof the over channel

response bl ock colum. 12. The nmethod of claim7 wherein the conbining of
t he channel 9.r esTirsmethedjofidbimel wiheramdtheheroeédstng ithe bbdake¢olmour ofer

f f th nbi ned i ved si | is. b lfiplying. 13. Th
et hod (56 CESsioRARAHERER | HoRGR LT R GoRmE <eP S8k Plock AT aTSRER mat r i x
and th$f\%\§£?{é?%§ ra%%gi Eoﬂ%ﬁ%io@%a%?ﬁﬁblﬂ@ﬁ-@m%ﬁh.t' on. 14. The net hod of

claim € processing ourrer transformof the spread data
vector conprises taking a block inverse Fourier transform of the Fourier
transformof the spread data vector. 15. A user equiprment  conprising: neans

for receivii®.a Jhpmethod efatainof whespin tdeiprgcassinaidecoptjnadreseied  each
f th ived si i ncl,udi 1 i f it f
ant ennawiat so e A DIV G SLAT PR PReFteci A BE" Y °

sanpling each received antenna signal to produce a conbined received
si gnal ;
11. The method of claim 7 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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means for estimating a overall channel response conprising a channel
response for each transmtting and receiving antenna conbi nati on; neans for
processi yoasohmak- col uimm of the overall channel responsePCo/USp2/a8Iwce a

di agonal matrix; nmeans for processing the conbi ned received signal to
effectively take a bl ock-Fourier transform of the conbined received

signal; ”eagf%a%ﬁrfoy%?%éf re&@lﬁ%@ﬁ}ed%ﬁehhaasﬁ!@nél% eifodees iavenbbiael- Four i er

transformo e co ecei ved signal to produce a Fourier transform of
a spreasidal gignatt or; nmeans for processing the Fourier transformof the

spread data vector to , prqQduce the ead data vector: and ne r
despr eadi ng D%Q?élss@?&&@%‘ilagv?eﬂ%‘?alfgfl?’é’&wpf’ﬂ%e F?@ﬁ’gfﬁl?geada?%%%% 16.
The user__equi of...cl.aj.m: b PHANS i9&essi ng of the
bl ock- LR eg&e%%h %r\?glrsg*lpe%ggnne e%l?{e%% %ge mat ?(if)lgb% akes a bl ock-Fourier
transform ofnddifs flrqsilscssringa. blbék-cohemuserthe pviepaB rvhapmed lraspors® toher ei n

the neans for processing the conbined received signal takes a plurality of
non- bl préduiesz deagonpdmaterx; transforns. 18. The user equi pnent of claim 15

wherein the neans.for using the di.a I [ t j

bl ock- Four i é‘?ea}l}saf?gfgﬂfloﬁ‘?ﬁgg ﬁge @8%1%@%?‘%{2&&\? sidcg?na ecﬁisvfé%f%h%‘fegs Ky

deco”ppaééﬂ-gé?urié%fam?oﬂﬁ%Pftﬁaubﬂﬂméd picegted diphbl;wher ei n the means for
e

usi ng ragonal matrix and the effective block Fourier transformof the
conmbi ned r exeinedorsiugine theediagonal madrizmeadstle effechivechlocki'quEeyi agonal

matrix. -17 WO 03/047032 PCT/ US02/,3834 20. ,The er_.eguj claim 15
wher ei fransdormgidhego 18@&5%?‘?@9%81@?@ tediFerupe ?ﬁ%%?%fﬁ%@%%g& ead
data vect ordf &?ﬁae%&opl ock inverse Fourier transformof the Fourier

e

transf PHD Spréad 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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21. A user equi pnent conprising: nmeans for receiving a signal at each of a
plurality of receiving antennas, each of the received signals including
signal s twengmitsed froma plurality of antennas at a si RgraSe?/ssi4 neans
for sanpling each received antenna signal to produce a conbined received
signal; neans for estimating a overall channel response conprising a

channel  r esgons qLkQlsefaghigrhémssl dl4ind a5avikreaciompgnafirgoeessimnfnat i on;
means for producing a cross channel correlation matrix using the overall

channethe Fopoiesaransams ¢fothepsnreadsdaig vedipbbakasor ieclomyenge doggerchannel
correlatio mat.,rj x_to produce, a crQoss correl,afion diagonal matrix; neans
for pr@@é@g‘?%o tia? #@RI’SBEW%B]Fmt %\?@F%ﬁ“ﬁdéﬁﬁaﬂﬁ%@‘r esponse matrix to
produce a channel response diagonal matrix; neans for processing the

conbi ned received signal to effectively take a bl ock-Fourier transform of
t he conbi neglr ecey uest |juipaientweansiding: conbi ni ng the channel response

di agonal matrix and the  effective bl olclk- Fou]{rui er.. transform of the conbi ned

recei ved si gReAns ior FLesdvine @ sl of & pfuralify AKTeCSTVIRG AR PRS ¢ r 0ss

| at | ' | matr] : _ :
R N e

transf?h@é&flaggﬁaassmgig@ﬁ@gﬂa vector to produce the spread data vector; and
means for despreading the spread data vector to recover_the trapsmtted

data. -18 Woh@BiOTGampay esdrresivel apenmpkgnakio Bydysaeneombnedaj m 21
wherein the ans _for producing the cross correlation matrix nmultiplies the
over al Fe¢HY é’rgnraé’sponse with a conjugate transpose of the overall channel

response.  eans 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 produce 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 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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23. The user equi pnent of claim 21 wherein the nmeans for processing the
bl ock-col um of the cross channel correlation matrix takes a bl ock-Fourier
t ransf or nwofos3m3zr oss channel correlation matrix bl ock- c@iConis02/28844 The
user equi prent of claim 21 wherein the processing the neans for conbined
received signal takes a plurality of non-block discrete Fourier

transforms. &26. Tiige USE e AUPNINIRNT Qhirk 1281 whedeinttheahbahd fomnprytticiog
processi ng the bl ock-colum of the overall channel response takes a

bl ock- Ebaréress tcoareddidom matrix oubliphies hha reierald sphannel glespRngo Wik .2 26. The
user equi ﬁ}rre t of claim %é Wneﬁrﬂ@ gl_flt he jeans for conbining of the channel
r espon$8n: ﬁﬁﬁﬁ?nWPioﬁ have PR \PEPRP S e k- Fourier transform of the
conbi ned received signal is perforned by nultiplying. 27. The user

equi pnent of claim 21 wherein the neans for using the cross correlation
di agonal mat23.x dhige tiber epnipired ofedaint 20 sekerEinths yeanteformroséssing. 28.

The user equipment of claim 21 wherein the neans fo rocessi of. the
Four i erthehipel-6plnnan of fle s¥rssrhagaes coreigdion %%1}%1{#%&%f9?3‘2§%‘émﬁburi er

transf %%1%{8%?& t'i_i%ucrrio%r c}faL il {c?%fgcl)%zioﬁ hea SR sRdLdRi@myect or. 29. A user

equi p i'sing: p recerving antennas for receiving
signals froma plurality of transmtting antennas at a single site; -19 WO
03/ 047032 PCT/ US02/ 38344 a plurality of sanpling devices for sanpling a
recei ved verZt.on Blie uber ecaopmesd oficdian 3lé&herretreg%§rwsmb@rmﬁw

I i for i Vi n t. t d nbj ' i | ;
Channel b SORHHRF SR OB P ACEBRL Qe St A PTG aianioy e bs pEEEasr B ol
recei vifng, gadnlsr ansm tti ng antenna conbi nation and produci ng an overall

channel response; a M MO channel equalization device for processing the
conbi ned recei ved

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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signal and the overall channel response using a bl ock-Fourier transform
based algorithmto produce a spread data vector; and a despreadi ng device
for desprweadBhgroshe spread data vector to recover data offCThisor/a83ed ved
signals. 30. The user equi pnent of claim?29 further conprising a spread
vector reordering device for reordering the spread data vector so that
chips of trapsdlit§dofoyaBphiigtdevieds fdri mplihgnnaeediteedveupiod shtled her .

31. The user equipnent of clarm 29 further conprising a despread data

st r eamrdeiveid rsigoalsdec tateingddby £achcfvidecplupplity of deenising agtepiact 32.
The user ui prent, .of .cl aim 29. wherein the M MO channel equalization

devi cep(?B‘srﬁ?‘? gégmlé}nﬁﬁlé%%-l P18t r ansf or m devi ce for processing a

bl ock- col umy gt esPi¥Aiabh dehRBI8E dbRIRARSE: hQhRNBAY eEspRnde 3aO8A¢h MRt i X;
a bl ock Fourier transtform device for processing the conbined received

si gnal rbeeivike amd ltomienittinige antaerares fcomhinftibheand mivioduding: eai veeradl gnal ;
and a processing device for using the diagonal matrix and the bl ock-Fourier
t r ansf 6hansel tePARsAbI ned recei ved si gnal to produce a Fourier transform of
the spread ; Al 5 J ddu I jce for
taking an i #\?@#I%&%ﬁggéel %I?iért io@r%%@?%@%%g&%ﬁg{%zofn er t§l %grllng%egférﬁ of the
spread gt Mt ths overtd]l A G4 PSP SORI0dB Fhiri@Strafisforns basatjui pnent
of claim 29 wherein the M MO channel equalization device conprises: a
cross chgemthmcorpredace erspterddatavagogednde for producing a cross channel

correl ation trix using the overall annel r ; ocK- . er
transf orm dé'\/naﬁtqeplfe i g(%]é:gifﬁﬁ SB]fec?gq{hg%gﬁﬁr?ﬁ%?)&?{a%gag% Sgdsr &Eﬁ%%gé
correl it fHRE rbXeily8d RIABUEEe a cross correlation diagonal matrix; a
bl ock- Fourier transformdevice for processing a bl ock-colum of the

overal | channel response matrix to produce a channel response di agonal
matri x;

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

transmitted 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 processing 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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a bl ock-Fourier transform device for processing the conbined received
signal to take a bl ock-Fourier transform of the conbined received signal; a
conbi ni ngwoesioem3f or conbi ni ng the channel response di agomalr/usat/s83x4 and

t he bl ock-Fourier transform of the conbined received signal to produce a
conbined result; a processing device for using the cross correlation

di agonal maBgi x arKb tRer LRAPNRSY ¢fesldiin 129 winduie the FOIIMOr chammnealf or m of
the spread data vector; and a block-inverse Fourier transformdevice for
pr oces sijnglizhdoRoigvieercomprasest or m of the spread data vector to produce the

d dat tor. 34. A hod f ferring - . \ ;
R e e Lt o

bl ur al bhinAk] LA:RBEMd maeriA 808 8¢ oPBRANERIALBshendy Oduce a plural ity of
data streans for each of the plurality of codes; spreading the plurality

of data st r edischviRduridreratsforhideyimffos premdiing a Wodesolumm ofideteross
transmtting antenna, comhi ning gne of the s regg ﬂ{ita streans of each
code tsbapnelrsqréelgﬁtmp@@tw%rwa UeFaf £ elafigp 1?3%%]11‘?”?%?159 ant enna
transm tt n% E#]oscksf&fxq dal A GG Mvice F6F ?i‘éfde@gingqg B1baR3fhth R hSiHeead data
vectors by each of a plurality of Trtecerving antennas as a received

versi OBVeﬁdlﬂchﬁﬁﬁMQVeisgméé}ﬁaﬂﬁk&o w8 dgeet nehaenediregsbnserdiagmsal maix W0
03/ 047032 PCT/ US02/ 38344 35. The nethod of claim 34 whe % t he. recovering

the data usesblockaBeourigwnimansionm geyies fmpEEEsHNEddei ¢ambingg regsevadet hod of

claim 34 rein the r Ver | t he data.use posi tion.
S Thetamiliodae & plork i it ahror AR U iy Pne FRRLEREN SHBRATP O
approxi mat e a%ﬁﬁﬁﬁg%m§ icbiMining the channel response diagonal matrix

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

combined result;
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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38. A nethod for transferring data in a wireless communi cati on system the
met hod conprising: providing a plurality of transmtting antennas;

encodi ng wetoa/osm3pr oduce a plurality of data streans; for Peaaisoyssamsm tting
antenna, using the data streans to produce a vector for transm ssion;
transmtting each transm ssion vector by its transmtting antenna through

a wreless asl | Mg haclkoEREAIE 32 villerBith the séddvefitgahsida@a Mgk hFasth
conponents fromeach transnitted transmssion vector by a plurality of

r ecei vifogramtteansfdrmebaseld dpgerithm. r ecei ved nul ti pl ath conmponents to
recover the transmssion vectors; and recovering data fromthe recovered
transm ssion vectors. -22

36. The method of claim 34 wherein the recovering the data uses a

Cholesky decomposition.

387. 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 components 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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