Recei ver. ﬂ%d and apparatus for space-tinme coded CDVA signals- Field of

t he invention The present |n Q qpde- di vi si
- access (CDVA) wireless comuni catloqegﬁ'ﬁr% C& whi ch a wwmmmmm I,
-transmts a 5 respective CDVA signal t@ &am,h{ rru tiple receiyes
. particular, the present invention relates to rret hods and receiVers fc vers for
“recovering data from the CDVA signal transmtted by the base e statjon.
Background of Invention WCDMA is a crucidl technol ogy for mﬂwmmw,"mm
third-generation (3G wreless 10 conmuni cati on systens.
downl i nk system shown generally in Fig. 1(a), a base stat | on *doo®ends
downlink signals (indicated as 3) to nultiple receivers 5 a termwhich is
used here to inclRdgeivErineMid 88d hpPFhiRds fdt spaRbitinge coeNEDMAagdhdlgcei ver
5 is associated wih a respective user. Note that usually there are
mul tiple base stations 1 in the entire comunications 15 system Each base
station defimnield of thedpeentione cel|. The downlink signals for the multiple
nobi | e phones 5 are spread by respective orthogonal spreading codes. The
spread sign | [ &g%@w @\y. The sum
I S scranbl ng”Eebpé it mJéi‘@ég r@lageosl @g&ﬁ(@gg@qgﬁ tra sm tt The t)ransm' tted
signal s fronwmelesse;erammcﬁﬂomsystegmnm whicheabasestation tidmsevisra due to

mul tipath propagation ih prac wronnents t he orthogonality of the
recei ved i o chfé\feﬁ I'Qé‘qt] h%@?%P gultjple F%\é%ﬁ E%PPBL%‘ us, the
desired userp@sahOpdbniicn P&at%%ftérrﬁ&hbds ahBgeceiveR Br réddlBAhg data from

Mul tipl e- access Interference (MAI) is caused. MAI degrades the receiving

per f or mance thecG@MA signaSsarsmittedupibedmasesiatign.hods have

Background of Invention

WCDMA is a crucial technology for the third-generation (3G) wireless

10  communication systems. In a WCDMA downlink system shown generally in
Fig. 1(a), a base station 1 sends downlink signals (indicated as 3) to multiple
receivers 5, a term which is used here to include, but not be limited to, mobile
phones. Each receiver 5 is assoc}ated with a respective user. Note that
usually there are multiple base stations 1 in the entire communications

15  system. Each base station defines a respective cell.

The downlink signals for the multiple mobile phones 5 are spread by
respective orthogonal spreading codes. The spread signals for all users are
combined together synchronously. The sum is scrambled by a long pseudo-
noise code and transmitted. The transmitted signals from one cell are

20  orthogonal to each other. However, due to multipath propagation in practical
environments, the orthogonality of the received signals at a mobile receiver 5
is reduced seriously. Thus, the desired user’s signal is interfered by other
users’ signals. Multiple-access interference (MAI) is caused. MAI degrades
the receiving performance dreadfully. Some MAI suppression methods have

25 been proposed in the literature [6-10]. These methods are based on known

channel information, which can be obtained by channel estimation techniques.



25 been proposed in the literature [6-10]. These nethods are based on known
channel information, which can be obtained by channel estimation

- techniques. 2 In Singapore patent application no. 200006535-9, the

di scl osure of which is incorporated herein by reference although the
application had not been published by the effective filing date of the
“present application, the present inventor proposed a receiver for CDVA
signals in which data intended for 5 trardsm ssion to nmultiple intended
receivers is spread by respective orthogonal spreading codes and scranbl ed
by an aperiodi c random scranbling code. The receiver includes a processing
branch for each of one or nore base stations fromwhich the receiver nmay

pi ck up COVAssmeabsre Faeht abgm@h%. 2008065350 {HY diBclBSLfe SMaRieRlis
equal i sati on baséd on a set of weights for that 10 branch, and a decodi ng

oper ati on. Tieomarptadsherein by refeansiecitheughdaegpabentiondast aefieeem conbi ned
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receiver is inwkhtRipgopysst & ReddieerfoeCOMA sidnail!id whizhhidtachitegdedebr duri ng
soft handover, and does not require channel estimation as such. 15 The
systemi notrangipigsiagy to myltipkgingendad reseiviels W%ﬁ@%&b’ﬁ&@%%’&i%&‘%@“a'
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termused here to be synonynous to transm ssion versity cod . Such
codi ng schentke acecibarsiedludes tar prosessisg bramtih/fer eatly of onempmoare hdse si gnal
qual ity [1-3]. ,.Space-tine coding can obtain great .di.versity-gain in both
dace %0 andUiHiAgs HomMAEN 85 'PheV PLRB AU CYARIEES, Chef Bistesingo  be
better than pifgh Rifdn tth @hbhABISEH etk fiorf BASEH8n PSR -of ¢ gbedtat scheme
of a space- tinme coding transmtter is showm in Fig. 1(b), ere the
si gnal s t®@ beranch, and a decoding operation. The outputs of the branches are combined

to produce a combined signal which is used both for determining the data

intended for the receiver and in a feedback loop to improve the sets of

weights. The receiver is reliable even in the presence of multipath fading and

during soft handover, and does not require channel estimation as such.

15 The system is not, however, suitable for receiving signals according to
another recently proposed coding technique: space-time coded signals (a
term used here to be synonymous to transmission diversity coding). Such
coding schemes are based on transmission diversity to improve the signal
quality [1-3]. Space-time coding can obtain great diversity-gain in both space

20 and time domains, so the receiving performance is expected to be better than
that of a single transmission antenna case. The overall scheme of a space-
time coding transmitter is shown in Fig. 1(b), where the signals to be
transmitted to multiple users are input (within the base station) from the left of
Fig. 1(b) to a space-time coding unit 7, and used to generate M signals to be

25 transmitted simultaneously by M antennas. Each antenna has a respective
channel (generally a multipath channel) to a given mobile receiver 5
associated with a given one of the users. The receiver 5 receives all M signals

and attempts to reconstruct the data for the corresponding user.



transmtted to nultiple users are input (wthin the base station) fromthe
|left of Fig. 1(b) to a space-tinme coding unit 7, and used to generate M

- signals to be 25 transmtted simultaneously by M antennas. Each antenna has
a respective channel (generally a multipath channel) to a given nobile
receiver 5 associated with a given one of the users. The receiver 5
*receives all Msignals and attenpts to reconstruct the data for the
correspondi ng user. 3 Summary of the inwention The present invention ains
to provide a new and useful receiver for COMA signals, and a new net hod
for receiving CDVA signals. 5 In general terns, the present invention
proposes that the receiver includes a processing branch for each of the
mul tiple traggimdbishddlentiohoduced by a base station enpl oying
space-tine coding. Each branch includes a correspondi ng adaptive filter
and a decoder which receives the spreading codes for the user associated
with the recEheereserfiinvantipntadmsito grovigea ney ppanselY regeiverfah&MAed to a
space-tinme d r r . i fon to obtain an
estimate of ﬁﬁ@gﬁa?ﬁg?H?gﬁﬂﬁﬁhﬁéﬁﬂﬂﬁgggL %?g@gggﬁ%kguser. A receiver
according to the invention nmay be suitable for receiving 15 transm ssion
diversity nultiple access, code division (COVA) si |s in.thir eneration
cel Tut ar ‘i 1oy et icrin, W pgReuy BYeion Propgaet I R8s redRivehinphgPe 2
adaptive filberas&an RhRM 8 dBthidfRhE GRS Srdndhftié L5RAGR A¥BlitedBRRY essi on
by each functioning as an adaptive nulti-branch channel equalizer ' for a
mul ti path fhasengtathaemeploviogrspaperitne godingohachbranah incladesiat t er aeri al s.
20

corresponding adaptive filter and a decoder which receives the spreading
codes for the user associated with the receiver. The outputs of all the

10  branches are transmitted to a space-time decoder where they are used in
combination to obtain an estimate of the data intended for the corresponding

user.

A receiver according to the invention may be suitable for receiving

15 transmission diversity multiple access code division (CDMA) signals in third
generation cellular wireless communication systems. In particular the multiple
adaptive filters can provide multiple access interference (MAI) suppression by
each functioning as an adaptive multi-branch channel equalizer for a multipath
fading channel corresponding to one of the transmitter aerials.

20
The adaptive filters are preferably modified during a learning phase using a
feedback based on a comparison of the output of the space-time decoder with
known training data. This avoids the need for a channel estimator to be
provided for each of the chénnels. Note that the equalizer branches

25  preferably do not include channel estimation.

Thus the present invention makes it possible to suppress MAI in transmission

diversity CDMA downlink signals without any channel estimation, and thus



The adaptive filters are preferably nodified during a | earning phase using
a feedback based on a conparison of the output of the space-tine decoder
-with known training data. This avoids the need for a channel estimator to
be provided for each of the channels. Note that the equalizer branches 25
preferably do not include channel estimation. Thus the present invention
“makes it possible to suppress MAI in transm ssion diversity CDVA downl i nk
signal s without any channel estimation, a@nd thus 4 may provide inproved
receiving performance as conpared with existing downlink MAI suppression
met hods. Specifically, in a first aspect the present invention proposes a
receiver for a 5 comunications systemincluding a base station and a

plurality of maggabvileSmpréel RRERiSG BEHOMARISs BbmpRERAWItA Sittipde the data
intended for each of the receivers using a respective spreadi ng code for

t hat recei vedowabmbMe superessiivanéthafist a for the receivers and re-encode it
usi ng space-tinme coding, and transmt the re-encoded signal through
mul tiple antennas; 10 the receiver including: reception nmeans for receiving

the transmi tSpdcnﬂcgll}ahrsa fasttaspechther preeest ingemidnsroposes adkceolvet i ant ennas
and arranged to recejve the output of the rec@gtlon neans, gach br anch

processi n%%t’ﬁ@“rﬁ‘%ﬁ%mssﬁyﬁaam 1’53“6(?'5‘9@ pgestal and & PlgEalibyo iPCeMEESpect i ve
filter enpl Oyien(ﬂasae Q'el%ﬁ"b'efrfb Qrfran%\?d Wéﬁ%od%ntﬂe(ddté iteNGSP i edcAlofdREg Odi N9
I Ing t h

the output o data equali ser spreadi ng code associ ated wt
t he recei verrecanrs using a respective spreading code for that receiver, combine the
encoded data for the receivers and re-encode it using space-time coding, and

transmit the re-encoded signal through multiple antennas;
10 the receiver including:
reception means for receiving the transmitted signals;

a branch processing means for each of the antennas and arranged to
receive the output of the reception means, each branch processing means

comprising:

15 (i) a data equaliser based on a respective filter employing a plurality of

weights; and

(i) a decoder for decoding the output of the data equaliser using the

spreading code associated with the receiver; and

decision means for subjecting the outputs of the branch processing
20 means to space-time decoding to obtain an estimate of the data intended for

transmission to the user associated with the receiver.

In a second aspect the invention proposes a method of extracting data
intended for a first user from signals transmitted by multiple antennas, the
transmitted signals being derived by encoding data to be transmitted to each

25  of a plurality of users using a respective spreading code and re-encoding a



deci sion nmeans for subjecting the outputs of the branch processing 20
means to space-tinme decoding to obtain an estimate of the data intended for
-transmi ssion to the user associated with the receiver. In a second aspect
t he invention proposes a nmethod of extracting data intended for a first
user fromsignals transmtted by nultiple antennas, the transmtted
signals being derived by encoding data to be transmtted to each 25 of a
plurality of users using a respective sprieading code and re-encoding a 5
conbi nati on of the encoded data using space-tine coding, the nethod
including: receiving the transmtted signals; transmtting the received
signal to each of a plurality of branch 5 processing neans, each branch
processi Ng NegmbirABRdfIhé 8hcdddd dadAifingdpate-Sifle BRHRG, tAE Metheapect i ve
filter enploying a plurality of weights; and (ii) a decoder for decoding
t he out put ofctusén@ata equal i ser using the spreading code for the first
user; and 10 subjecting the outputs of the branch processing neans to
space-tinme decodj Nt i Sdil e of the data intended for the
first user. Briefh%%?%$$p |gﬁﬁ%?n¥%é£gﬂ%%Tes Preferred features of the
invention will now be described, for the sake of 15 illustration only,

wi t h reference totrahemftihg twe regehvieglsigsalito ealchatfia Hualitylof lsracohposed of

Fig. 1(a)_ showi ng a known downlink syste and Fig. 1(b) showing a
nown ¢ - AhnbOSPRNGy BeRs- SR HIANG" RTOCSSRNE. TPHRS EORPFENGni 11 and
(i) a data equaliser based on a respective filter employing a plurality of

weights; and

(ii) a decoder for decoding the output of the data equaliser using the
spreading code for the first user; and

10 subjecting the outputs of the branch processing means to space-time

decoding to derive an estimate of the data intended for the first user.

Brief Description of The Figures

Preferred features of the invention will now be described, for the sake of
15  illustration only, with reference to the following figures in which:
Fig. 1 is composed of Fig. 1(a) showing a known CDMA downlink
system, and Fig. 1(b) showing a known transmission system including a
space-time coding unit; and
Fig. 2 shows the structure of a receiver according to the present

20 invention.

Detailed Description of the embodiments

To define the present invention, we firstly define the terminology which is to
25 be used. In this notation the known transmission diversity CDMA system (as

shown in Fig. 1) is defined such that:



Fig. 2 shows the structure of a receiver according to the present 20
invention. Detailed Description of the enbodinments To define the present
-invention, we firstly define the term nology which is to 25 be used. In
this notation the known transm ssion diversity CDVA system (as shown in
Fig. 1) is defined such that: 6 1) The downlink of a cellular

“conmuni cation systemis the signal transport fromthe base station 1 to
mobi | e phone 5; 2) The transnitter on thé base station side has M

transm ssion antennas, M >- 2 |abelled by an integer index min the range
1 to M The receiver in the 5 nobile phone 5 has just one antenna. 3) The
mul ti pat h-fadi ng channel fromthe transm ssion antenna min the base
station to the reTrkYondliakotarilafarichmmbhichorpbpsiem is thkesifnattrasspory, |
where H,, is a matrix containing the unknown channel paraneters. 4) The sum
of transnitt&amsinghase stationl |to mRebile PhaNeny receivers 5 in the 10 base
station can de - i : ; th
ol ement, 8,2 of T ST R S R R D
+ in, where iy dengitesietity an mtegaréndednsiprthelrandd 1TodM sThymedceiartiothes i s
coded using a space-tinme coder 7 and the coding output consists of M
sub-vect ¥ s ®objlg pjone Fhas just oRg@NeN ki tted 15 signals for all users

transmtted By e?“?ﬂeﬁﬁ@ﬂéﬂhsf%%iml%rﬁm’éﬂﬁoﬁfﬁe%érﬁ@ﬁ@ﬁ@h arﬁ&rﬂ?‘ﬁﬂnﬁh@er- 6)

Mul tiple access interference enotes undesired users' signals
interfering pasdstdtiendeshe esbangeg anteringnafl théimebilet leonesisrdenpdedas kL,
receiver 5).

where H,, is a matrix containing the unknown channel parameters.

4) The sum of transmitted signals for all users having receivers 5 in the
10  base station can be denoted as a series of column vectors S e ¢ . The m-th

element, S.., of S denotes the signal waveform at symbol duration
(i —1)M + m , where i denotes the ith received symbol.
5) The signal vector S is coded using a space-time coder 7 and the
coding output consists of M sub-vectors S, to S,, e c"*. The transmitted

15  signals for all users transmitted by each transmission antenna are orthogonal
to each other.
6) Multiple access interference (MAIl) denotes undesired users’ s_ignals

interfering with the desired user's signal (i.e. the user operating receiver 5).

20 The received signal vector at the desired user’s receiver 5 can be
represented as follows,

M

y()=> H,S, () (1)

m=|
where

h (L)---h (1)00---0

Oh, (L)---h,(1)0-0

m

Hm z[hm’h ]’ hm = (2)
%(__J

m
M

0--00h,(L)--h, (1)

m

25 and where, &, (/) is the channel parameter of path /in channel m. There are L



20 The received signal vector at the desired user's receiver 5 can be
represented as follows, Y(i) _ H,,S(i) (1) where h (L)h,,,(1)000 H= h h
-h,, G (L)...h (1)0...0 (2) 0...00h,,,(L)...h,,,(1) 25 and where, h,, (1)
is the channel parameter of path 1 in channel m There are L 7 paths in
each channel. For exanple, when M= 2, S (2(i-1)+1) S2(2(i-1)+2) (3 S, =[
) S (2(1 -1) +1) - S2 (2(i -1) + 2) 5 where

S, (2(i-1)+1)=yspm(2(i-1)+1).*bk(2(i-1)+1).*ck (4) k S 2 (2(1- 1) +2) _ I
spln(2(i -1) + 2). * bk. (2(i -1) + 2). * Ck (5 k and where spin(i)
denotes the scranbling code with N chips of the base station at synbol
duration i, ck (i) is the spreading code with N chips for the 10 user Kk,
bk (i) denotgsthhe elath chwAkel. of the user k, and ".*" denotes dot

mul tiplication. The receiver structure according to the enbodi nent of the

i nvention is shofAr EXaMPlE. vherhd! =eoei ved signal, containing the data for

mul tiple users, .SZ'I | S (26— 1) e 2
S‘_F( "‘)”]sz{ 2 (2i=1)+2) } )
S1QUI-1)+1) -5:02i-1)+2)

5 where

SIQU=D+1) =Y spm(2i =) +1).*b, (2( - 1)+ D). *ci  (4)
k

S22 —1)+2)= > spm(2(i 1) +2).*b (i = 1)+ 2).*ci  (5)

k
and where spm(i) denotes the scrambling code with N chips of the base

station at symbol duration i/, a(i) is the spreading code with N chips for the
10  user k, b, (i) denotes the ith symbol of the user k, and “.*" denotes dot

multiplication.

The receiver structure according to the embodiment of the invention is
shown in Fig.2. The received signal, containing the data for multiple users, is
15 input from the left of Fig. 2, and is firstly organized as a signal matrix by an

input data matrix unit 11.

This signal matrix is simultaneously fed to each of M equalizer branches,
labeled by integer index m in the range 1 to M. Each m-th branch comprises a

20 channel equalizer 13m controlled by a corresponding adaptive algorithm 15m,
and a corresponding descrambling/despreading unit 17m. Each
descrambling/despreading unit 17m receives the same despreading and
descrambling codes (the codes for the user associated with this receiver
device 5) in each branch from a unit 19. The despread and descrambled

25 results for each branch are space-time decoded together by a space-time

decoding unit 21.



15 input fromthe left of Fig. 2, and is firstly organized as a signal
matrix by an input data matrix unit 11. This signal matrix is

- sinmul taneously fed to each of Mequalizer branches, |abeled by integer
index min the range 1 to M Each mth branch conprises a 20 channel
equal i zer 13mcontrolled by a correspondi ng adaptive algorithm 15m and a
“correspondi ng descranbl i ng/ despreading unit 17m Each
descranbl i ng/ despreading unit 17mrecei vés the sane despreadi ng and
descranbl i ng codes (the codes for the user associated with this receiver
device 5) in each branch froma unit 19. The despread and descranbl ed 25
results for each branch are space-tine decoded together by a space-tine

decodi ng uni budhg Bleakhing peiade) tﬁ@rdétékﬂe@fﬁ?ﬁfbol (Mgl syatboky abahy Ohe

paral |l el synbols at any one tinme) fromthe space-tinme decoding unit 21 are
conpar ed wi t imefrepetieesrraeatimedespdinggribdliarr e9mpareshvith referensedatd gnal s
associ ated w ; i a{@}% : N } w il be
used by the%@%‘f‘g\%qg 8%2 Wn@témﬁé%r@ (11 cégﬁggﬁﬁ%tgi%n\gmgﬁé&gpg ranches to
adj ust the t apitipstglehanoélst Bach eaor signahdilnoe eged by 2lee ad3ptiveaBglgohithrabove

rocess, each _equalizer brapch mwll lize e of the Mnultipath
(F:)han_nel s Shi &ﬁn"(t:] & 9?%%@@%9“6&%@%ﬁ%ﬁesaém?%%g%\gew%%ﬁ?? gi nce the
mul tipath ef E@ﬁésboﬁwdiﬁ@@&@gliziérh%m.wﬁg tqgaﬁ/g?@gmg; eath é&@él;ﬂérrfb,rar%rﬁ to

the diversity gain, the equalizer anc uppr essi on performance wl |
be nuch bet t gy willegqualine smeadf the M muligpatd ehannels viirch sy yresmissiPmet hods.

The mat hemati,cal .representatiagn of the ahove pr. SS 1 S: lows: First,
the recei veddg’?éﬁﬁ%{l |g%%tp@rssp§%wrough. glncet?ﬁ)e mtﬂﬂﬁé:tﬁ e?fec&sq%n(oq}ed, e
MAI is suppressed. Furthermore, due to the diversity gain, the equalizer and
10  MAI suppression performance will be much better than those of existing

downlink MAI suppression methods.

 The mathematical representation of the above process is as follows:
First, the received signal vector is
15 y(@)=[y,((-)N+1)--y,N+L-1]"  (6)
where []" denotes transpose.
Using three neighboring receiver signal vectors one can form the following
received signal matrix:

(Wi =DN=G+1)--y((i—1)N =G + N)

Y(@)=| y((i=DN +1) o YE-DN+N) | (7)

W —DN+G+1)-y,((—)N+G+N) |

20 Here G is a constant, and 2G+1 is equal to the length of the equaliser.

We construct the descrambling/depreading vector of user & as

C, (i) =[spm(2(i = 1)+ 1), s pm(2(i = 1)+ 2)" . *[er, e ] . (8)

25



15 y(i) =[y, ((i ~-)N+1) . . vy, (iN+L-1)] 1(6) where []' denotes
transpose. Using three neighboring receiver signal vectors one can formthe
-following received signal matrix: y((i-1)NGL)y((i-2)NGN) Y(i) = y((i
SN+ 1) oo y(( SN+ N L (7)) y((i-1)NGHL) yGE((i-1) N+GHN) 20 Here G
is a constant, and 2G+t1 is equal to the length of the equaliser. W
“construct the descranbling/depreadi ng vector of user k as Ck(i)
=[spm(2(i-1)+1),spm(2(i-1)+2]T.*[Ck,Ck]T¥(8) 259 Let w,,, (i) be the

wei ght vector for mh equalizer branch at ith synbol duration. Wen M2,
the adaptive algorithmis as follows: J
Fl\({g_zgi-\l{%fr)li:vxui))f'[Y(i),Y(i)]Ck(l) (9) bk (2(i -1) +2) =w, (i)"

i), -Y(i ) (A8l Sig| ) ) e, (1
k(2{ 1 1) bR DkeS 2o ey Pgh e ARE Ik th e B A Y Vel .
Updati ng thedywmitisRt WHan B1=st erPasdptivdesgithraisgy follbwsgi ves an update of:
Wf'(I[YZ')l) ;W)|h (1) )Jlrft‘EY(i), Y(i)]Ck (n)el (n) (1) w, (i + 1) =w (i)
+ fi i),-Y(p Z W ) A akd’ysly, if all the weights are updated
by an RLS al %g(i ﬂinl]wtﬁe% '@1 B&?EYM]OX? Y (9) J P

b, (2 -1 +2)=w, ()" [Y()~-YD]C; ()

) (10)
e, () =d, (2(i-1)+2)—b, (2(i-1)+2)

{qU)=dA20—D+D—5AZU—U+D
The weights are now updated iteratively. Updating the weights by a steepest
descent algorithm gives an update of:
{w. (+D=w, )+ YO YOIC e )y
w,(i+1)=w, @)+ u[Y(E),-Y()HIC, (n)e,(n)
Alternatively, if all the weights are updated by an RLS algorithm, then in each

10 iteration:

W, + 1) =w, () + R, (DY), YO)IC; (n)e; (n)
w, (i +1) = w, (i) + R, () Y(i),-Y()]C; (n)e; (n)

N P _R,"(i—l)[Y(i—I).\’(i-l]C;(i—l)([Y(i—l).Y(i—l]CZ(i—]))”R,"(i—l) 12
R, (=R (-1 1Y G-D.YG=NCE G=1) R G=DIY G=1).Y (=1)C (-1) ( )

R-'(iY=R>'(i RS (=D ¥ (i-1).= Y (i-1]C; G-I Y (i-1).- Y (i-1]1C; G=1)" R3' (i-1)
3(1)_ 2(1_])_ s i -f_ -l (s .-
(Y (=1 =Y (i=1C =10 RS (=D Y (i=1).= Y (i=1]C (i=1)

R (0)=R;'(0)= 6T

where u is the step-size of the adaptive algorithm, 7 is the identity matrix, &
is a small value constant, d, (i) is the training data, Bk (n) is the estimated

15 symbol and ( )" means the Hermitian transpose.

This method can efficiently suppress MAI in transmission diversity COMA
downlink signals. Its BER performance is much better than that of existing
downlink MAI suppression methods.

20



10 iteration: W (i + 1) =w (i) +R (i)[Y(i), Y(i)]Ck (n)e, (n) w (i +
1) =w (1) +R-" (i)[Y(i),-Y(i)]C (n)e2 (n) R(i)=R"(i-1)-"t" (i I)[y(i
) YU IO (F 1)QvU 1) Y(i TTCA(T 1))"Rii (i 1) (12)  1=([Y(;
D) YC-TTCA(i-1)) "R (G- IY(i-1) . Y(i-1]G . (;-1) R® (() - R" (i 1)
(=) LYCi-1) . -Y(i-1T]CACI-1) ([Y(i-1).-Y(i-1]C .(G-1))" R"(i-1) 22 I+([Y(;
Tel)-Y(i-1]C L (i-)) "t R LY -T) - Y(i -] CA (P -1)  R2N(0) =& where fi
is the step-size of the adaptive algorith® | is the identity matrix, S is
1

~Q

a smal |l value constant, d ) is the training data, Lk (n) is the
estimated 15 symbol and ( )" neans the Hernmitian transpose. This method can
efficiently suppress MAI in transm ssion diversity COMA downlink signals.
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1. Areceiver for a conmunications systemincluding a base station and a
plurality of receivers, the base station being arranged to encode the data
“intended for each of the receivers using a respective spreadi ng code for
that 5 receiver, conbine the encoded data for the receivers and re-encode
it using space-tine coding, and transmt the re-encoded signal through
"multiple antennas; the receiver including: reception neans for receiving
the transmitted signals; 10 a branch prod¢2ssi ng neans for each of the
antennas and arranged to receive the output of the reception neans, each
branch processing neans conprising: (i) a data equaliser based on a
respective filter enploying a plurality of weights; and 15 (ii) a decoder
for decodi ngcidimsout put of the data equaliser using the spreading code
associated wih the receiver; and decision neans for subjecting the outputs
of the branch processing neans to space-tine decoding to obtain an
estimate of fhe détfﬁcﬁ'r\(?éfﬂiédccffﬁmu”ﬂcraé'ﬁé‘ms%ie@h'qumal%e datirpReed with

Lhe recei ver g or fldfigiovle BREUSIAILbAGCARIMEY BUlEE TR ! nO

error signal "generation neahs , génerating
error si gnal ;témded fdn@achtqmmrnes redeivdre uderg esrerrpemha@sm@mhgadaqbe &ritbat neans

for adapting the sets ghts u he error. nal s A
recei ver accliEivg ngm\'ﬁ? d@ééﬁ?ﬁ %)r tp%'re(i%\éerﬁr@ r@o‘?ﬁﬁ%ec'g’t’?'ﬁ‘ﬁs
space-time coding, and transmit the re-encoded signal through multiple

antennas;
the receiver including:
reception means for receiving the transmitted signals;

10 a branch processing means for each of the antennas and arranged to

receive the output of the reception means, each branch processing means

comprising:

(i) a data equaliser based on a respective filter employing a plurality of

weights; and

15 (ii) a decoder for decoding the output of the data equaliser using the

spreading code associated with the receiver; and

decision means for subjecting the outputs of the branch processing
means to space-time decoding to obtain an estimate of the data intended for

transmission to the user associated with the receiver.
20 2. A receiver according to claim 1 further comprising:

error signal generation means for, during a learning phase, generating

error signals from the outputs of the decision means; and

adaptation means for adapting the sets of weights using the error

signals.



systemin which the CDVA signal transmtted by the base station is encoded
using a scranbling code, said decoders being supplied with the scranbling
“code. 5 4. A nethod of extracting data intended for a first user from
signals transmitted by nmultiple antennas, the transmtted signals being
~derived by encoding data to be transmitted to each of a plurality of users
using a respective spreading code and re-encoding a conbi nation of the
encoded data using space-tine coding, th& nethod including: 10 receiving
the transmitted signals; transmtting the received.signal to each of a
plurality of branch processing neans, each branch processing neans
conprising: (i) a data equaliser based on a respective filter enploying a

plurality of3z wei ghtseivapdcddtd gltb daifte ¢ O laih®Z, feGsling chbhtn@veatignof the
data equal i ser using the spreading code for the first user; and subjecting

the outputs @ystemnmmnhﬁw@ﬁéﬁ\ééﬂgr@l trearmittes! By tebaserstationdvansede
derive an e“%ﬂg Gt ‘ﬁg%%td% sahendedef ﬁoté%{bgi néb%%&a\gﬁﬁqé%sérarﬁbl hod

accordi ng t o" I'nc I'ng; urlng a generat ng
error signal sodég.om a conparison of the outputs of the space-tinme decoding
with training signals, and adapting the sets of weights based on the error
si gnal s.
g 4. A method of extracting data intended for a first user from signals
transmitted by multiple antennas, the transmitted signals being derived by
encoding data to be transmitted to each of a plurality of users using a
respective spreading code and re-encoding a combination of the encoded

data using space-time coding, the method including:
10 receiving the transmitted signals;

transmitting the received signal to each of a plurality of branch

processing means, each branch processing means comprising:

(i) a data equaliser based on a respective filter employing a plurality of

weights; and

15 (ii) a decoder for decoding the output of the data equaliser using the

spreading code for the first user; and

subjecting the outputs of the branch processing means to space-time

decoding to derive an estimate of the data intended for the first user.

5. A method according to claim 4 including, during a learning phase,
20 generating error signals from a comparison of the outputs of the space-time
decoding with training signals, and adapting the sets of weights based on the

error signals.



