[ 0001] EFFI ClI ENT MULTI PLE | NPUT MULTI PLE OUTPUT SYSTEM
FOR MULTI - PATH FADI NG CHANNELS [ 0002] FI ELD OF

I NVENTI ON [ 0003] This invention relates generally to

wi rel ess comruni cation systens. |In particular, the
invention relates to transferring signals using
antenna arrays. [0004] BACKGROUND [0005] A multiple

i nput multiple output (MM) systemis described in
Figure 1. Multiple transm ssion and/ or reception
antennas 12, to 12M (12), 161 to 16N (16) are used to
transfer the communication. Each antenna 12, 16 is
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systems, the simultaneous deployment of base station and user equipment arrays
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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 chanmels, typlca]ly
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




data streans are used to produce a vector for
transm ssion. Each transm ssion vector is transmtted
by its transmtting antenna through a wireless air
interface experiencing nultipath. Miltipath
conponents fromeach transmtted transm ssion vector
are received by a plurality of receiving antennas. The
received nultiplath conponents are equalized to
recover the transm ssion vectors. The data is
recovered fromthe recovered transm ssion vectors.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT( S)
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[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)YCDMA or
time division synchronous code division multiple access (TD-SCDMA) air
interface, although other air interfaces may be used.




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 antenna). The antennas 34 are
spatially separated so that a low correlation between
their received signals is obtained. For use at a base
station transmtter having an angle spread in the
range of 1 to 10 degrees, the antenna separation is
preferably several wavel engths, such as four
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[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 [0024] At the receiver 22, each transm ssion
antennas radi ated signal is received by each of the
Nreception antennas 36, to 36N, as a conbi ned received
signal. If reception spatial diversity is not used, N
is one, (a single antenna). N is preferably equal to
or greater than M Each received antennas signal is
denodul ated to baseband by a denodul ator 38, to 38N
(38). Each denodul ated signal is sanpled, such as at
the chip rate or a nultiple of the chip rate, by a
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a kth instant in time is hij(k). The overall channel response for all antenna

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

'1’1.1(") hl.M(k)

H{k)= :
hy, &) -- Ty 20 ()
Equation 1A
[0026]} The overall channel response is per Equation 1B.
[ H(0) (] 0 0 0 0 0 0 0
H{y  HQO 0 0 0 0 0o 0 0
H® HI) HO® 0 0 0 o0 0 0
u<|HE-D H@-2) HEL-3) - - HO) 0 - 0
0 0 ¢ H{L-1) = e e H(0)
0 0 0 0 H(L-1) - H(D)
| o 0 0 0 ] ] <« 0 H({-D]
Equation 1B -




1B Equation -4 [0027] The overall channel response H
is passed to the M MO channel equalization device 44.
The M MO channel equalization device 44 uses the
channel response matrix Hand equalizes the received
vector r to conpensate for the channel distortion
experienced through the wireless air interface 24,
produci ng a spread data vector s. The spread data
vectors is reordered by a spread vector reordering
device 46 so that each transmtting antenna's spread
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[DOB9lI| se Faspods B 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.

b (%), where k =0,---,L—1
Equation 2

[0030] iis the i receiving antenna. jis the j* transmitting antenna. kis
the k* sample of the impulse response oflength L. The channel impulse response
of all reception and transmission antenna pairings for the k* sample is per

Equation 3.




of all reception and transm ssion antenna pairings for
the kth sanple is per Equation 3. -5 H(k) h, (k)
h,.,s (k) k 1(k) ... hNH(k) [0031] Equation 3 The
transmtted spread data vectors has N. -M di nension
vectors s(k). Ns is the nunber of transmtted data
synbol s. The overall received vector r has Ns + L -2
recei ved vectors of dinension N and is per Equation 4.
00 0 HL-1) HO O0O0O0... O HL-1 ... ... H1
H(o) O H(I) HO) H(2) H1) HL-1) HL-2) 00000
0 .. 0 HL-1) 000000, 000000O0HDO OO0OO
000 HL-3) j5® =~ Hugf9 ... 0 +w Equation 4
[0032] w ik )ihe noise vectod. Alternately, Equation 4
can be witten }gﬁ(k)Equa{miqu) 5. r=Hs+w Equation 5 The
r and w vectors have a length of (N, +L-1)-N. The s
vector has a | ength of Equation 3

[0031] The transmitted spread data vector s has N, - M dimension vectors

s(k). Nsisthe number of transmitted data symbols. The overall received vector r
has N; + L -2 received vectors of dimension N and is per Equation 4.

[ #O o o o0 o 0 060 0 ]
HY H® 0 0 0 o o0 o | o
r0) A L 0 090 0 P
L2 8)) . ; : : ; : o : 52)
wy |o[FETD HE-D HE-H - - HO 0 - 0 .
: i : : : : : Pl : L)
KN, +L-2) ¢ Y 0 H{L-1) RO [()] :
0 0 -0 0 HEL-1) -~ - HD s 1)
0 0 0 0 0 0 w0 H(L-1)
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 (¥, + L-1)-N. The g vector has a length of
N.M and Hisa (N, +L—-1)-N by N,-M matrix.

[0033] As showm 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 Vec-tor. 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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N, M andHi sa (N, +L-1)N by N,-M matri x. [0033] As shown
in Equation 4, the Hmatrix is approxi mately bl ock
circulant. To make the H matri x npre bl ock circul ant,
L-1 block colunmms 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 colum bl ocks are added in
accordance with the Hnmatrice's bl ock circul ant
structure. After the extending of the Hmtrix and the
S vector t he extended -6 matri x has a di nensi on of
gty hag § digmeggion of (Mtffi*;l)r\w Brd4. hbsDaM| aghpsgrlengthyof
Kb-%lwi.&0034] For shorthand, NS + L -1 is represented
go that D= Ns +L -1. The extended H matri x of

s0022] DN Wor@%ﬂﬁhéﬂa Mezkil ?dséﬁ;e(N))pE thétp Ns+L -1

deco er Equatlon —F< exk. N%I
ﬂeda Ps of siBp JAN by M@rt tblmkngémaﬁ thy & is
mc@ﬁ@@u@rmmﬂgx ghand F(AD is a block Fourier
transformw th a bl ock size of Mby M Fa,9 is per
Equat i on Houad € mAkehN Equation 7 (r) is the
Kronecker product operation and INis an Noy N
identity matrix. [0035] Fa is per Equation SEWF@WFG

Ee(i6 1 Iblbck Poatiéra dbidriSwith adloclstiy oMVISINV bk Fiagdsal Block
matri x A(NM i s, preferably,

0036] The bl ock- gona

0“6}9653 nplgH ﬁ?ﬁﬁ%redrw by M W@fﬁ IregtEqu%q( -col unn

of H al thpughegnot her col um may be used, (after
bei ng pernuted), step 84. A bl ock-Fourier transform
devrce 62 produces A(N M by taklng a bl ock-Equabieh Gr m
s the ?Q‘Lﬁegyer%frodﬁct c/?}(ell\'le!lt}ég andS'INp gn o by% Ydegr;e 3} h&fix f rom

quati

{0035] . Fag is per Equation 8.
Fuy=F®I,
Equation 8
Irris an M by Midentity 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 taking a block-transform of a column of H. A, ,,, is preferably derived
| from Equation 9.
diagewan (A w0) = FonyHowan (G1: M)
" Equation 9
diagy ,) (A i) is the block diagonal of A, ,,, . (,1: M) represents the first block
column of width M. By using a single block column of H to derive Ay, , the &

matrix is approximated as being a block circulant matrix.




diag(N.,,) (ACINM) = F(NHNM (:,1 : M Equation 9
diag(N,,f) (A(Nx)) is the block diagonal of A(N M.
(:,1: M represents the first block colum of w dth
M By using a single block colum of H o derive
A(NM, the H matrix is approxi mated as being a bl ock
circulant matrix. -7 [0037] By substituting Equation 6
into Equation 2, Equation 10 results. Equation 10
[0038] To solve for s, initially, a vector x is
determ ned per Equation 11, step 86. x=F(N)r Equation

T L CER R —

bl ock- FourA g, /.4 ﬁﬂﬁ%@fﬁ]deVICG 64 produces x by taking

t he bl ock- transforn1 of r. [0039] Subsequently, a

vector y is deternined per Equation 12, step Bpration 10
ryy i :

A s oSl et § ObeL L AR e Rlition 1,

Fhft , Yy is preferably determ ned on

bl ock- by- QLqﬁk basis by solving D systenB of equations

of smaller S|2e such as per Equation 13. Equation 13

A(N,,,) |s the Ph bl ock of A(N I\/p y; 1s the BghBtdpyrl
b- the Ph N b- t f
Roartferadieerniedby an 3 anoni diesrdle Besvis Hansiph edeneth

0| AKlodkPRiried fradsdoribddvive 64 Fodub 13T ¥ NG AEE0 BROS Lhh Gher® |
uation 14 and forward and backward substitution,

*hough ot her approaches may be used.
(086N, M ) SilisBlydvhtly, a vector Y is determined per Equation 12, step 88.

AwanY =z
Equation 12
A y determining device 66 produces v.
{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.
Nwiyd, =% i=l--D
Equation 13
Al sy 18 the i block of Ay, - i is the i Mby 1 sub-vector of v, x is the itk N
by 1 sub-vector of x.
[0041] ' Since Ay 4 is 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.
(A"(M,))”A"(N.M)
Equation 14
[0042] If the number of receiving antennas N is equal to the number of

transmitting antennas, Ajy,, is a square matrix and y can be determined by
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Equation 14 [0042] If the nunber of receiving
antennas Nis equal to the nunber of transmtting
antennas, A(,,.,,) iIs a square matrix and y can be
determined by -8 inverting ANN,,,) . For small val ues
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.
s=F(M Y Equation 15 A block inverse Fourier transform
device 68 is used to produce s. One approach to
detern1n|ng using Equation 15 is by performng
Tomeming | Aack - Fey emalbvalnesof ¥ ematuix inversiop ey bf moreeiligent

ﬁ’@ﬁ i on D, gi\llt ough ot her approaches may be used.
pavorging a Chalesky decompasiopn 2t e enbodi ment of a M MO

pogg)nel  The e FbitaAs doRnaRed p6r BaARtRAASHep9® 4B is a
flow chart of the M MO channel equalization alternate

enbodi medt=Ffui¢ deternine s, both sides of Equation 2

are multiplied by HH, per Equation 16. HR r = gsﬁk
w=Rs+n Equation 16 (.)H is the conjugate tr%cwg 0%
fAohleclainivene Fouries ttdmefoe:q devitez@Sdis meddsie pmte)sf .Orle apprdahle

tgﬁatg_}gl .Cr oss r rtei&lé zg&pefé“ X n?:h eter mdgsed by

© BrieRr famsrformsm Himdnaionl ID',] glﬂiﬁlghtdtbeﬁ- dpproacties mopydieivused. 1 7
—HHH Equation 17 004 For nlrru sguar e
AT ey o, e ofterhoce comfodimgay b Rfho” R3H%
eRmHHthaﬂ fleviepuedB and F&ure)éB ita ﬂolwechaat ofaihe MIMO thannel
or _w dent | The
R ar Qleea e pumert IR el sdorng Lrntpiteor
nhfltipliédby HY, per Equation 16.
H?r=Rs+H*w=Rs+n
Equation 16
()” is the conjugate transpose operation. z 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

Hguation 18
o?is the variance of the noise vector w and ! is an identity matrix.
[0046] The channel cross correlation matrix R has a structure per Equation
19, '




19. | -9 ReR R2R3RR-1000000 RI' ReR, R2R3. .. RL_, 00000
RzR ' ReR, RRR3RL_, 0000 RIR RI' ReR, R2R3. .. RL_I 000

IR2Ri ' ReR, RZR3RL_, 00 R=CR3RzRi fReR, R2R3... Rl _, 0

ORf. RBRXRi ReR. R2ZR3RL-1 OORi 1R3Ri R ReR R2R3' .
O00RLH , RBHR2R ReR, RzR3 0000Ro-, R3I RNRi f ReR, Rz
00000Ro- 1R3RzRi ReR, 000000ORLRd' RNRi ' Ro Equation 19
[0047] After the adding of L-1 colums to the H matrix
as previously described, a close to block circul ant
approxi mation of the R matrix can be derived,
referred to as the extended R matri x. The di nensi ons
of the extended R matrix are DNI by DM [0048] Using
t he|d%t eRdedRR nat rirx, Rgquali o 206 s @sed0t o 0
det ewifi ng, s. &, gﬂffgaeﬁﬁquat iﬁzp a0 _[000|48]th o0 .
app [ in n s bl ock circul gn rq ges,

i s %gcg?jﬁ)osg,'h p@r g&ua on le.s“R L F( A(ﬁ) Ig(/\t)
Equatt onf21 RIA(My) i & pr&f erfabl v delzivel from & i r st
bl opki coklimRiof RR p@ ERuati:onR22, - alk.hou@h angt her

col ey may b’ uggd, gf af per hei pg pgy nutatgd) , ¢step 94.

0 R, ¢ R R R R R R R R,
0 0 Rf—l : Bl RE RF R R R B

¢ o0 o0 R, : R R R R R R R
0 0 o o R, ! R B R R R R
0 o 0 0o 0 R, ! RE RY R R R
0 0 o0 0 o0 o0 R : RY 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 R and H¥ as block circulant matrices, R is
decomposed per Equation 21.
R=F (;:)Afu.me)
Equation 21

Al 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 iy (Afu,}ff)) = FonRospn Gl M)
Equation 22
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dlagtMM (n(AA.M) = F(MR(HM (., : M Equation 22
-10 diag(MVW (AR(M M) is the block diagonal of AAMM.
A bl ock-Fourier transform device 72 is used to
determine ARM,) by taking a block-Fourier transform
of a block colum of R [0050] R is deconposed per
Equation 23. HX -F(M(,w. N F(,v) Equation 23 [0051]
ABM N) is preferably determ ned using the first block
colum of HH per Equation 24, although another bl ock
colum may be used, (after bei ng per mut ed) step 96

%g%'% 1'2)1/1(&8%'&%*% I)olsoaf ﬁ&%&{%%'}% g0 ﬁa‘?l"’\%‘f | on 24

[&Qﬁ MARL T &

det egynz%emi'g%d Akfﬁbﬂgfa%ﬁ%gcﬁﬁ%]ﬁrl er trans“rgro{r"n"9
Gllock chuatkof@&| um of H'. [0053] By substituting 21 and
(i? to 2 uation 25 results. A( NMEN F(N) L - AR
i 319? %fﬂ%‘??% fi pesEqusmn £350| ving for , Equation
26resu|t Ojg FFM(AMM) AX(MNF(N)

Equat i on rt‘y B Beternmining s is preferably

per f or ned |n a four step process. Initially,ggfhon 23

term ned Lher. Equation 27, step 98. x=F(N)r Equation
A% v, 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.

diﬂg(um(f\'("y,m) FonyHou A m LN

Equation 24
diag,, »,(A%, v,) is the black diagonal of A‘Z’M.N).
[0052] A block-Fourier transform device 74 is used to determine AfM' w DY
taking a block-Fourier transform of a block-column of HE.
- [0058] By substituting 21 and 23 into 20, Equation 25 results.
| A Font = Myoan Fonys
Equation 25
[0054] Solving for s, Equation 26 results.
5= Faty W) A Font
Equation 26
[0055] Determining s is preferably performed in a four step process.
Initially, x is determined per Equation 27, step 98.
x=Fo,r
Eguation 27

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

transform of r to determine x.
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The bl ock-Fourier transformis preferably perforned by
an N non-bl ock Fourier transformof length D. A
bl ock- Fourier transform device 76 takes a
bl ock- Fourier transformof r to determne x. -11
[0056] In a second step, y is determ ned per Equation
28, step 100. Y = AX(M N x Equation 28 Ay
- determ ning device 78 uses A(,.x) and x to determ ne
Y. [0057] In a third step, z is determ ned per
Equation 29, step 102. R A(MM z =Y Equation 29 A z
} i ni Itga sreondcself ) idlddtemuinad ger, Ryuatiomgs, ARp.100, ) and
y. [0058] Preferably, since ARM,) is a block diagonal
matri X, é’1 G4tdsd 29 is sol ved usi ng D systens of
smal | er size per Equation 30. (A(MR M) ~Zi g
i=b... D Equation 30 [0059] ((M"))' is the q¥at10n28
élwiﬁkeraﬂmgﬂbme T8ses A7} erridh toldgteimiily: vect or of z.
the j " 1 sub-vector of y. [0060] Since
%)ﬂﬁﬁ f Mha}@m@ﬁg@riﬂétﬂ?@@m@d@rﬂa}aﬁw step d62-er ni ne
l\/pY AL S use Chol esky deconposition of
((A~x|\/p) )S’&’(“A(lvﬁ/p)t and forward and backward
substitution, although other approaches nay hgudtimthe
% §611‘ In the fourth step, s is determ ned per
& dster iy deyjce $2detsrmines 2 asineMiam, Bk i nver se

diseret e r tra §form mension D, step 104, s
[ﬂb% u) z I‘gpffgﬁb nSIE‘ie A DHR q"ﬂ %"éﬁ%ﬁfﬁ'@}quﬁ 1<% Br m
n |nver bl ock transform
Egﬁ,\ég%tglgég)r% ﬁ(@%ﬁsﬁ%&%&%@ léag;ovz"?’ data fromthe
- esti mat edAfppEad-gatialyed ors using either

Equation 30

[0059] (Absrany) is the it block of Afran+ 2z isthe i Mby 1 sub-vector of z.
¥, is the it M by 1 sub-vector of y.

[0060] Since (Ag,,,,)" is unstructured, one approach to determine (A%, )

is to use Cholesky decomposition of ((Afy,,))*(A%,,,) and forward and

backward substitution, although other approaches may be used.
[0061) In the fourth step, g is determined per Equation 31 by performing an
M non-block inverse discrete Fourier transform of dimension D, step 104.
5= Fanz

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 susing either
embodiment, the spread data vector s is separated into its M transmitted data

streams, sm where m = .» M, by the spread vector reordering device. The
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enbodi ment, the spread data vectors is separated into
its Mtransmtted data streans, An where in =1, ...,
M by the spread vector reorderlng device. The -12
spread data vector s is the result of concatenating
the data streamvectors SM and reordering by grouping
the sane chip intervals together, as per Equation 32.
S=5,,1 SMI LSMJ J Equation 32 s" |j denotes the j"
chip interval of the rnth data stream [0063) To
recover each spread data vector streamsm, the chips

ect,ors, are reordered
et P Bl e R 2l R R i Vo pap n
SPOTan&bmupmsuhﬁqmtch@nn&ﬁvalﬁ O6ehbr, ha pér Bfuatibe 3.
dat a strean1§prﬁad data vectors gn is despread by the
correspondl{g ‘spreadi ng codes, Cl to CQ to estimate
the synbol s|of {hat data strean1by t he despreadi ng
devi ce 48. Thg, ¢sti mted synbols for each data stream
are decodgdjby the despread data stream decoder 50 to
recover the or ginal data d. -13 CLAIMS 1. A base
station conprls ng: a plurality of receiving antennas
for receivipg sjgnals froma plurality of

., |
Equation 32
snjdemotes the jt 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.
] S |
St Ne 5
Speoperep = ¢ |=]
Sma S
| Su, J
Equation 33
[0064] Each of these data stream spread data vectors s is despread by the

corresponding spreading codes, Cr 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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transmtting antennas at a single site, wherein the
signals are encoded by a multi- code vector encoder; a
plurality of denodul ati ng devi ces, respectively
coupled to the plurality of receiving antennas, for
denodul ating the received signals; a plurality of
sanpling devices, respectively coupled to the
plurality of denodul ating devices, each of the

CLAMMSp! i ng devices for sanpling a received version of
the received signals as received by one of the

piuraIAq)gséagta&%eéo\fﬁ siggt ennas to produce a conbi ned
.a channé&l estimation device, coupled

r ec
‘i elﬁqyu? r¢qeywag antepnan doraeraEing signaly deom A wlweplity of

transmltthegﬂaﬁtenms RS Binfsld sRACKhERGR itHe RTINS até 8RS P8 multi-
enna corrbl nati on and produ0| ng an overall channel

COdevecéor eﬁggd a multiple input multiple output (M MO
ch @ﬂ:mahtm qiademerdulotingedaviees, respeptieelyt auphed po thalpluyality of

rece1v?1f1% %E@Jﬂa@gfo‘;%ﬂ(ﬁﬁﬂﬁﬁﬂg%ﬁg rg&mélglgéltsl mation device,

roceSS|ng i ned recejv gnal s and the

oy RIBralityn gh fampling, seyiceso reppastively &ogpleéaao ddeaplurality of

demo&@l@tﬁh@ deibspe @S pf fadsfidpHay 'd%%cfe@ E‘oﬂ@eﬁﬁf}ﬁﬁé'&nﬂacbﬂ%d version
dat a vect or to.r.ecover

recei ve
of thelfsElibd Sifait 2’ Bieelya 5 pif of the PRIy il geEriNing, gntennas to
produkg N[Oomhamﬂbreoemmdl sigeal; on device conprising: a

el lérshﬁ{at SPRSHRE MASYd L f h?er iy ﬁf Qegm ling devices, for
i 1o A Bt ey B Sl

-colum o e overa
etenaﬂu&ac@ ehanned o?@POﬁﬁQ ripx; eaghp rrmﬁmlngu ﬁlldr tltarnan:gf:f@nm antenna

comblﬁﬁﬁibﬁ %.nﬁlqj’rogﬁééﬁ%%ﬁi 6@1{111%995’@1 f@.ﬁo%@é;e' ved sh gnal to

L2 Epinle ot muftont Sugrety Railechl SpeaneL magatisgtion device
couplall tgtieapluratity »f amhpling dﬁvﬁ)ccels aﬁﬁllth@bhaﬂﬂdn&f:@ﬁm@{ device, for
L S R T
produpg é@[@rwa’f@rvqcﬁtahgﬁdr m devi ce for taking an inverse

el Qééj)rEQ&i'hgedewéé ﬁﬁsff[éé'b'i‘éﬁmgrfﬁe WEAPWatd 38 9rtH‘1‘é£over data

t he.Spyead data vect or e station of claims
- ofthe recgived §ignglser conmprising a spread vector

2. The base station of claim 1 wherein the MIMO channel equalization
device comprising:

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;

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.

3. The base station of claims 1 or 2 further comprising a spread vector
reordering device for reordering the spread data vector so that chips transmitted by

-14 -




reordering device for reordering the spread data
vector so that chips transmtted by -14 each
transmtting antenna are grouped together. 4. The base
station of any one of the preceding clains further
conprising a despread data stream decoder for
decodi ng data recovered by the despreading device. 5.
The base station of any one of the preceeding clains
each Wwhesmittinganteunkare proupdd agethdrzat i on devi ce
conprising: a cross channel correlation determ ning
device _for producing a cross channel correlation
it r i xTResbage stesiopvalrans onshefhthe presedigsdaines further comprising

a desEf@ﬁk dhgd istRiant [dRESdAT for dRdtb8m gl ARtPTOEREPdd Bythe despreading
| ock-col um of the cross channel correlatlon matri X

dewc‘?o produce a cross correlation diagonal matrix; a
bl ock- Fouri er transform device for pr ocessing a

by ock-rgpl Ogtaflgﬁ & Sﬁgl (&n %P Efﬂn eprec?é(? %nsgla s wherein the

(Sroduce a channel” respon
MIM chékﬂﬁcﬁﬂqa@ﬂatlpawwmwegfor processi ng t he

: C@gﬁjs]? ;Q:?ag}h%f@l%d&@é’laﬁoﬁr@terﬂrngufel %gﬁ:ebﬂoggfo&gdﬂé% %rcrﬁssn channel
S rved sig mbi ni ng
00”8181[;‘9? dRatrx “ﬁ‘&ﬁgﬁﬁ |°N6r"‘llﬂ&‘i‘w§i AefPHEe€ponse di agonal
- rabtdck-Boadriert henkforak dEmélfef procRsing Miléck-bslumn of the cross
chann%? Wr?ﬁ%o'h%ﬁﬁﬁg gtl) %k&ﬂﬁe a cro g?cgrlf*% aﬁlanf ﬁgg@?%g:gatrix
| c&:bb@kﬁqwroﬁrag@ﬁoam dﬁame foralmca%mg ednibilnedumesef the overall

channﬁeprﬁp@ﬁﬁé:ﬁ) ﬁrd:(ﬁiéé'aeéhatnﬁﬁp%s%'bﬁbgﬁlé Baf BlEAY: data
]glt j{'{ Fé-l Vers Fourier” transform device
% J&%@éﬁ%ﬁ? for mraeessing thi cqrrbingg regefved signal

to takd atllosleoariet traashstuc of theccﬁﬂme@a rdadited eign@l;. - 15

a combining device for combining 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.
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