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recei vers such as nobil e phones and | aptgp conputers in CDVA systens such
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signal containing the wanted signal 15 by the wanted signal's uni que code.
This will provide the wanted signal and other conmponents which are easily
renoved. This assunes that each of the codes enployed in a cell are
orthogonal to the other codes used by the base station for other users in
that cell. |Rield pfthednvertion r onnent where this orthogonality is

mai ntained, it is possible to retrieve a wanted signal w thout 20 any
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propagati on exists
propagation environments. The invention is particularly, although not

exclusively, related to mobile receivers such as mobile phones and laptop
computers in CDMA systems such as the new third generation cellular
communication systems.

10  Background of the Invention

Code division multiple access signals overlap in time and frequency, and are
distinguished from each other by a unique spreading code such as a Walsh-
Hadamard code, for example. In principle, it is possibie to recover a wanted
signal by multiplying a received composite signal containing the wanted signal
156 by the wanted signal's unique code. This will provide the wanted signal and
other components which are easily removed. This assumes that each of the
codes employed in a cell are orthogonal to the other codes used by the base
station for other users in that cell. In a perfect environment where this
orthogonality is maintained, it is possible to retrieve a wanted signal without
20 any interference from other signals used within the cell. The signals used in a
cell have a further code superimposed on them to distinguish them from

signals from other cells.

In practical environments where multi-path propagation exists, the
orthogonality of received signals is seriously compromised. This results in the
25 wanted signal comprising interference components from the other signals

employed in the cell, as well as signals from other cells. This is known as



orthogonality of received signals is seriously conprom sed. This results in
the 25 wanted signal conprising interference conponents fromthe her
signals enployed in the cell, as well as signals from ot h&g uel 2W0 This is
known as 0 2 MAY 2006 2 nultiple access interference (MAI), conprising
intra-cell MAI (fromsignals wused within the cell) and inter-cell MNA
(fromsignals fromother cells). RAKE regeivers are typically used to

i ncrease the signal-to-noise ratio of the wanted signal, however this does
not specifically target MAI. RAKE receivers 5 have a nunber of inputs and
are arranged to nmultiply a nunber of sanples of an incom ng conposite
~signal (containing the wanted signal) by the wanted i gnal 's spreadi ng
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inter-cell NAt. ndis@nelceivedf by hdifferdvfl arftepna esleéh@nts are not correlated and
hence some spatial diversity can be applied to the system. Alternatively, or
additionally, the inputs to the RAKE receiver may be time delayed to
compensate for operating a communication system in a muilti-path
16 environment in which copies of the wanted signal arrive at the receiver at
different times. The outputs of the RAKE receiver are coherently combined to
produce a higher strength wanted signal. Examples of RAKE receivers are
shown in US Patent Nos. 5,305,349 and 6,026,115. By increasing the signal
to noise ratio of the received wanted signal, bit error rate is to some extent
20 mitigated, however the existence of MAl is still a significant degrading factor in
these types of CDMA receivers.

Various intra-cell MAI suppression methods have been proposed in the
literature, however these methods only suppress part of the MAI; in particular
they do not target inter-cell MAI. Examples of these MAI suppression
25 methods which are largely based on adaptive equalisation are described in:
Markku J. Heikkila, “Interference Suppression in CDMA Downlink through
adaptive channel equalisation”, IEEE Vehicular Technology Conference,
1999; Stefan Werner, Jorma Lilleberg, “Downlink channel decorrelation in

CDMA systems with long codes”, IEEE Vehicular Technology Conference,



25 net hods which are largely based on adaptive equalisation are described
in:  Mrkku J. Heikkila, "Interference Suppression in CDVA [pynyiyngis hr ough
adapti ve channel equalisation”, |EEE Vehicul ar Technol ogy Conference,

1999; Stefan Werner, Jorma Lilleberg, "Downlink channel decorrelation in
CDVA systens with | ong codes", | EEE Vehicul ar Technol ogy Conference, 0 2
MAY 2006 3 1999; Irfan Ghauri, Dirk T.M ,slock, "Linear Receivers for the
DS- CDVA  Downl i nk Expl oiting O thogonal i?y of Spreadi ng Sequences", |EEE
Vehi cul ar Technol ogy Conference, 1998; Hooli, K, Latva-aho, Mand Juntti,
M "Multiple access interference Suppression with linear clip equaliser in
WCDVA 5 downl i nk receivers", G obecom 99; Hooli, K, Latva-aho, M and
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access signals. In general termns the present invention proposes recovering
a predet er ni3fEgss niMlederenre s SappressiPn i with alingare flivoggualisas #1 gWEDMANDI es
each contzai rj ik fdiserk” ] I b N t S{H r. i

enabl es Fherardtmg?i on o rgj,glﬁﬁ{ﬂefchﬁf%é,cgﬁoﬂa% ?hﬁgré@él llg11 bh? Hﬁﬂ-@éj\é’i ved
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mul ti path pr at,i .envi cronent a in the presence of signals fromthe
ot herpbaseps'fogﬁg@nv \?&aﬁg'ﬁfﬁ?e‘?%&%@%mggte signal sanples are
recovered by receiving a nunber of signal sanples containing conposite
signal s fronsgmmdrp et td Ik@Afost ati ons and applying a mat hemati cal
operation whrch separates ou he recei ved 20 conposite signal conponents
from each base station. Each of the conposite signal conponents are

spati al | y anbhe @rgseni| inyeationyseekss to tpavidetam imaraiedpoe at neastealtarnative ri eve
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In general terms the present invention proposes recovering a predetermined
number of space and time aligned composite signal samples each containing
signals transmitted from a single transmitter. This enables the reduction of
joint intra-cell and inter-cell MAI in received signals from the transmitter of one

15  of a number of base stations in a multipath propagation environment and in
the presence of signals from the other base station transmitters. The
composite signal samples are recovered by receiving a number of signal
samples containing composite signals from a number of base stations and
applying a mathematical operation which separates out the received

20 composite signal components from each base station. Each of the composite
signal components are spatially and temporally aligned so that it is a simple
matter to retrieve a wanted signal by multiplying the composite signal
component from the base station of the wanted signal by the wanted éignal’s
code.

25 This has a number of advantages including reducing or eliminating both inter-
cell and intra-cell MAI. The inter-cell MAI is removed by separating out the
received composite signals from each base station. The intra-cell MAI is

removed as the composite signals separated out are comprised of a number



conponent fromthe base station of the wanted signal by the wanted signal's
code. 25 This has a nunber of advantages including reducinggQrygf i2i06nati ng
both inter- cell and intra-cell MAI. The inter-cell MAl is renoved by
separating out the received conposite signals fromeach base station. The
intra-cell MAI is renoved as the conposite signals separated out are
conprised of a nunmber 0 2 MAY 2006 4 of finme aligned or orthogonal signals
froma single base station so that despreading this conposite signal
results in only the wanted signal being retrieved. This nmethod can
suppress inter-cell and intra-cell MAlI even wi thout soft hand 5 over. In
one aspect the present invention provides a method of receiving a wanted
"CDMA si gnal ofrWmeaaligngs o4t erdheasmal gignals gifiem ansinglen dasemsimtien ggmitbatf r om

a plurality t,at. d : 0, I S1INGs I BN nunber
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define a reaqetriex@dsi gnal vector; estinmating nulti-path fading channel s
bet ween sai d base stations and said antenna arrangenent to determne a

channel matryx; tiplying said received signal vector by a matrix
operator whi cHS{ ieth Q;‘}é\ﬁ ress wigreelanth iitranerll MA! ievep vijthout softdnder a
composite sigpl from 15 each said base station; detecting the wanted
signal fromone of said conposite signals. The received signal sanples are
space and/or tinme diverse. The space diverse sanples are received fromM
di fferent arnaneaaspectdhe presant imventionr proyisesra metined of Kedeivingd Wanted: he
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a plurality of base stations, the method comprising:

determining a number of received signal samples from a receiving

10  antenna arrangement to define a received signal vector;

estimating multi-path fading channels between said base stations and
said antenna arrangement to determine a channel matrix;

multiplying said received signal vector by a matrix operator which is

dependent on said channel matrix in order to recover a composite signal from
15 each said base station;

detecting the wanted signal from one of said composite signals.

The received signal samples are space and/or time diverse. The space
diverse samples are received from M different antennas of said antenna

arrangement, where M>N, and N is the number of transmitters. The sampling
20 rateis 1 chip.

In one alternative, M=N+1. However the greater the number M of antenna
elements, the better the recovery performance.

An alternative, or addition, to multiple spaced apart antenna elements is to

use a single or reduced number of antenna elements and to sample at a



el enments, the better the recovery performance. An alternative, or addition,
to multiple spaced apart antenna elenents is to use a single or reduced
nunber of antenna el enents and to sanple at a 0 2 MAY 2006025MhngmR rate.
In order to replace Mantennas with 1 antenna, the tinme diverse sanples
are taken every t = (chip duration)/M An advantage of this alternative is
that it requires | ess antenna el enents apd hence uses a smaller vol une of
a nobile termnal for the antenna 5 arrangenent. This is particularly

i mportant for handheld terminals in which mniaturisation is an inportant
techni cal and commerci al consideration. Estimating the channel matrix is
done usi ng esébn&tors I N known nmanner where the anplitude and phase

‘transfer fundghehrate: \Re@iden to raplase tViantennas withal anterma; she timendiveraeenna

is estimte ' | L ) . cting the wanted signal is
achi eved bydsﬁt*ﬁéliggla&?%nﬁélds itg(rjl(gﬁ%%/&lgyéﬁﬂﬂi que code, for exanple a

Wal sh- Hadamard code. This process is well known in the art and is known
inter alia aAncadypntagdiofghishaltsrpatile is, thahit reauires lesgeantenna ieterhésts narid i x
conj ugat e transpose of the ?Iiet}arillniel matyix nultiplied by the inverse of the
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required by the termnal, the matri operator is preferably calcula
i terativel y. mmatgrigaiiamis amsivapartant technical and donveeatdiallcomsieration.a r ecei ver
for receiving a wanted CDVA signal froma conbination of said signal and

ot her CDVA . Sl s, T .al.jt f base stations, the receiver
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for estimating nulti-path fading channels between said base stations and

sai d ant enna@HENRA GBAEfecelyinganiennads gstimalesdeusingknpwn pilot tones.
10  Detecting the wanted signal is achieved by multiplying this signal by its unique
code, for example a Walsh-Hadamard code. This process is well known in the
art and is known inter alia as despreading.

Preferably, the matrix operator is the matrix conjugate transpose of the
channel matrix multiplied by the inverse of the product of the channel matrix
15 multiplied by the matrix conjugate transpose of the channel matrix.

In order to reduce the processing power required by the terminal, the matrix
operator is preferably calculated iteratively.

In a second aspect, the present invention provides a receiver for receiving a
wanted CDMA signal from a combination of said signal and other CDMA
20 signals from a plurality of base stations, the receiver comprising:

means for determining a number of received signal samples from a
receiving antenna arrangement to define a received signal vector;

means for estimating multi-path fading channels between said base

stations and said antenna arrangement to determine a channel matrix;



0 2 MAY 2008. 6 neans for nmultiplying said received signal vector by a
matri x operator which is dependent on said channel matrix in order to
recover a conposite signal fromeach said base station; ngangAyo2005,
detecting the wanted signal fromone of said conposite 5 signals. Brief
Description of the Drawi ngs The present invention is described with
reference to the follow ng drawi ngs, bygway of exanple only and wi t hout
intending to be limting, in which: Figure 1 illustrates schematically a
nmobi | e comruni cati ons systemoperating 10 in a mnulti-path propagation
environment; Figure 2 shows schematically a prior art receiver architecture
incorporating a RAKE receiyver. Figure 3. shows schenmatically. a prior art
‘recei ver archite¢AY irHU'\/'B[Yéﬂﬂ Fg@ fe&alY&Bi ?3’9?‘0Yﬁ°t‘ir5g“#iag'ﬂég'x488?fm a
cel Ful ar WClyihels Y6 4RBeAd¥nt SN Bald cRaBndIanatrid M bRIET tofrelbiér 2% ed

cel lul ar WCDVA system according to the present 1nvention; Figure 5b shows
a recei ver ignalfrom each saiddrasiersfation;t he present invention; Figure 6 shows
a graph of BER versus Eb/NO for the receiver architecture of 20 Figure 5b
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propagat son gigndig.onnent. Mil tipath effects are particularly prevalent in
city centres and simlar |ocations where the termnal 7 is surrounded by

signal 5 scattering ohjects such as buil dings and vehicles. Such scatterin
0 bjgect s ar eaBrtlef Des%ripplé)n o% the Drawings J J

The present invention is described with reference to the following drawings,

by way of example only and without intending to be limiting, in which:

Figure 1 illustrates schematically a mobile communications system operating
10  in a multi-path propagation environment;

Figure 2 shows schematically a prior art receiver architecture incorporating a
RAKE receiver,;

Figure 3 shows schematically a prior art receiver architecture using adaptive
equalisation;

15  Figure 4 shows a cellular WCDMA system having multiple base stations;

Figure 5a shows a cellular WCDMA system according to the present
invention;

Figure 5b shows a receiver architecture according to the present invention;

Figure 6 shows a graph of BER versus Eb/NO for the receiver architecture of
20 Figure 5b compared with that of Figure 2.



referenced "X"-in figure 1. The characteristics of these paths will change
over tine as the termnal 7 and objects around the term nal nove about.
This "fading" is countered to sonme extent by enpl oying two_or )
antennas at one or both of the base station 1 and ternind 2 MAYT
provi des at |east spatial 10 diversity, and may al so be used for advanced
W rel ess communi cations techni ques such,as space tinme coding. Two signal
propagation paths Plla and P1lb are shown between transmtting antenna T1
of the base station 1 and receiving antenna RL of the termnal 7. 1In
practice there may be many nore paths between any pair of transmtting 15
and receiving antennas. |t can be seen that path Plla is shorter than P11lb
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Two signal propagation paths P11; and P44, are shown between transmitting
antenna T1 of the base station 1 and receiving antenna R1 of the terminal 7.
In practice there may be many more paths between any pair of transmitting
15  and receiving antennas. It can be seen that path P44, is shorter than P44, SO
that two copies displaced in time of a wanted signal from transmitting antenna
T1 will be received by receiving antenna R1. P42, indicates a path between
transmitting antenna T1 of the base station 1 and receiving antenna R2 of the
terminal 7. The second antenna R2 of the terminal provides receiver spatial
20 diversity which further increases the received signal power of a wanted signal.
However some mechanism is required for coherently combining these time

displaced wanted signal copies.

Figure 2 shows a prior art wireless communications system in which the
receiving terminal 7 utilises a RAKE receiver 8. As previously described, in a
25 CDMA system each data or voice channel in a cell is multiplexed with a higher
frequency code, each code used in a cell being orthogonal to the others. In
the terminal 7 the RAKE receiver 8 comprises a number of Rake fingers each

having a multiplier 9 which multiplies the incoming composite signals received



5 copies of the wanted signal, which are displaced in tine due to the

mul tipath nature of the propagation environnent. The outputs from each
Rake finger are then coherently conbined (11), taking acc LG of@hgeir
del ays, to generate the wanted signal. Because a nunber o '

sanpl es of the wanted signal have been used 10 in generating the final
signal, the signal to noise ratio of thig final signal is higher than would
ot herwi se be the case. However because of the multipath environnment, chip
al i gnnment between copi es of the wanted signal and sone copies of other
signals fromthe base station will not be maintained. This will result in
conponents of other channels overlapping with sanples of the 15 wanted
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equal isatio jintra-cell MAI. The systemuses pilot tones 3
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7' of the system The termnals use a channel estimation function 6 which
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envnronment chip alignment between copies of the wanted signal and some

copies of other signals from the base station will not be maintained. This will

result in components of other channels overlapping with samples of the

15 wanted signal such that there is no longer complete orthogonality between the

channels. This results in intra-cell multiple access interference (MAI), which is

indicated in the figures as Ic. The multipath propagation environment also

results in multiple time-displaced copies of signals from other base stations,

some of which overlap with the wanted signal to reduce orthogonality between

20 these signals. This results in inter-cell multiple access interference (MAI),

which is indicated Ib. Inter-cell MAI is caused by different multipath

propagation than inter-cell MAI and whilst the use of RAKE receivers 8

increases signal to noise ratio of the wanted signal, it does not address MAI.

Figure 3 shows another type of prior art wireless communications system
25 which uses adaptive equalisation to minimise intra-cell MAI. The system uses
pilot tones 3 transmitted by the base station 1, and known by the receiving
terminals 7' of the system. The terminals use a channel estimation function 6
which determines the composite channel characteristics between any pair of

transmitting and receiving antennas, using the received pilot tones. The



channel matrix H can then be estimated, the elements Hr of the matrix
defining a transfer function for signals travelling between a transmtting
5 antenna (T1l) and receiving antennas (Rl, R2). Once this @Hhﬁﬁ%lmm%trlx H
has been estinmated by the channel estimation function 6, its inverse H'1l is
determ ned. This function (H'1) is inplemented using an equaliser 12 such
that received sanples (r1, r2) of incon%ng signal s sanpl ed by the .
receiving antennas Rl and R2 are nmultipfied by the inverse channel nmatrix
H''. This 10 process retrieves a conbined and tine aligned sanple (r3) of
the original signals (s) transmtted fromthe base station antenna Tl. As
the channel signals are nom/orthogonal it is asinple matter to extract
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signals are now orthogonal it is a simple matter to extract the wanted channel
(4) by multiplying the composite signal sample (r3) by the wanted channel's
unique code as shown. It can be seen therefore that intra-cell MAI (Ic) can be
15  substantially reduced. However inter-cell MAI (Ib) remains, and this can

account for 1/3 of all MAIl and is therefore a significant source of interference

and hence performance degradation in such systems.

A schematic representation of a cellular CDMA system downlink is shown in
figure 4. It can be seen that in this case, signals (s) from 3 base stations 20
20 may be received strongly by the terminal 27. Signals from more distant base
stations (not shown) may also be received by the terminal 27. The inter-cell

signals (s2-sN) contribute to MAI, and are not addressed adequately by
known systems.

A schematic representation of a cellular CDMA system according to the
25 present invention is shown in figure 5a. A preferred embodiment receiver
according to the present invention is shown in figure 5b. Signals (s1 — sN)
from a number of base stations or transmitters (204 — 20y) are received by the
terminal 27. Signals (s) from each base station are coded with a pseudo-
random code unique to each base station. Typically the number of base



stations which-strongly effect a receiver is small, normally 2-3 other base
stations. If a base station is too far froma receiver, its signal wll be
too weak to contribute significantly to MAI. The term nal (7 MaYTR00§ses a
nunber (M of antenna elenents, and a signal 5 processing function which
I ncorporates a nunmber (N) of channel estimation functions 26, one for each
base station (20, - 20N), and a matrix %I culation function 25. The

term nal 27 also conprises a descranbl er "or despreader for obtaining a
want ed signal. The antenna elenments (R1-RM are spatially separated to
obtain spatially 10 diverse sanples (ri-rM of the incom ng conbi ned
signal (sl+s2+. ..+sN). The sanpling rate is 1 chip, or every synbol in the
"spreadi ng ccdationshwhigh strongly effecteatreceiveuisi %lgmmwcﬁ-ﬁyoﬁ‘@f&aMn or

Taat 1 east SeMRIFa BRE Stion IGaIE FOF o relvel TR RlorE BB TR e ©
strongly i nftowentibutisignificantlyyeidal cel lular 15 systemtherefore, the
nunber of antennas will be 4. Alternatively a single antenna (R) coul d be

used i n whi different_sanples are tak at different tinmes. Wiere tine
di verse sanp t%fF’E"%Jsizjcp L %Fumg’ﬁ Z@ﬁ of pntenna, plements o AR #haigBRk rent

sanpl es, gt h i WHidhli | ' RIS indtigint enna
el enent s 5t hgqré\;\egﬁlﬂ&@ggﬁgm @lﬁmfgmogéfﬁyr SMS%W%QF{%% of éﬁ%ﬁ"’;’ﬂ y
and tine di enstiorsa2f) ese fonuéacrabase statioms@, TR\ )G laadne Imateik i galtilation
functions 26, are used_fo creat hannel matrix H,  each el enen ' m
representi ngfupﬁ%orbgﬁpxé?tt%m&'ﬁaﬁ%-ZIafs@n%?’HEf'%?? §t‘i<‘?§°5%f‘m§ér9r d&ﬁW?ﬂ?@rE@se
station transuthiwwigPa waHtéd8gnalll - TM and any one receiving 25 antenna

(R -RM. Channel estimators are well known and any suitable type nay be

used. 0 2 MAY 2006 11 The signal received b}/_ the mth antenna el ement (Rm
in the desird®eudeienga elements (Ry-Rm) are spatially separated to obtain spatially

10 diverse samples (ri-ry) of the incoming combined signal (s1+s2+...+sN). The
sampling rate is 1 chip, or every symbol in the spreading code. The antennas
elements should be separated by more than or equal to haif a wavelength of
the carrier. The number of antenna elements is at least N+1 where N is the
number of transmitters 20 that will strongly influence MAI. In a typical cellular

15  system therefore, the number of antennas will be 4.

Alternatively a single antenna (R) could be used in which different samples
are taken at different times. Where time diverse samples are used instead of
spaced apart multiple antenna element samples, the sampling rate is (1
chip)/M; where M is the number of antenna elements that would otherwise be

20 required. A combination of spatially and time diverse samples could also be
used.

The channel estimation functions 26 are used to create a channel matrix H',
each element H'm, representing the composite channel characteristic between
any one base station transmission antenna (T4-Tm) and any one receiving

25 antenna (Ri-Rwm). Channel estimators are well known and any suitable type
may be used.



recei ver can be represented as foll ows: n=1 5 where sn is the conposite
signal from each base station (20n). The total signals received by M
antennas in desired user's receiver can be represented a® 2 MAYr206=rMJ

HM ... Honv 10 [Si LSN (2) The transmitted signal for the desired user is
In one of the conposite base station signals S1, S2,...N Wthout |oss of
generality, assune the wanted signal is,4n S1. Nanely, S2.... SN are the

inter-cell MAI for the desired user, the other parts except the wanted
signal in conposite signal in S1 is intra-cell MAl 15 for the desired
user. The procedure of this enbodi mrent MAI suppression nethod is as
follows: 1._Organize the received signals fromall antennas as r shown in

Eqn (2). 2. Ehe Sienebreeeivachbythe m & gatenna elementi (Rgnx Wetdhﬁ 41@5!"3'&! g?%ﬂ% Lrom
different b : ' | [For the organi zed signals for the
desi r ed usef'%gﬁ'c‘)'\%e%'lr'\géaﬁﬁfe%eb@:doﬂéﬁ'@&“{s' a matrix 0 2 MAY 2006, 12 H1l

... H'N

r =3 H.,.S, )

n=l

5 where sn is the composite signal from each base station (20n). The total
signals received by M antennas in desired user's receiver can be represented
as

10

The transmitted signal for the desired user is in one of the composite base
station signals Si, S;,..n. Without loss of generality, assume the wanted
signal is in Sy, Namely, S.,...Sy are the inter-cell MAI for the desired user, the
other parts except the wanted signal in composite signal in S; is intra-cell MAI

15  for the desired user.
The procedure of this embodiment MAI suppression method is as follows:
1. Organize the received signals from all antennas as r shown in Eqn (2).

2. Estimate H,4 to Hyy, respectively, using the pilot signals from different base
stations (cells).

20 3. For the organized signals for the desired user shown in Eqn (2), construct
a matrix




H=1[HM.. . HM, -ih H | FHI1 ... HN 1 (3) where ()h denotes matrix
conjugate transpose, ()-1 denotes matrix inverse. 4. Right-nultiply H- with
the received signals r shown in Eqn (2) to recover 5 the gsepayaités
conposite signals SI,S2.... SNFs, 1 011 ... HINI hr J/ ... HN-,\-1 [HL
| h ... HNI hr = Hr (4) LSNJ LHM ... HAS Ignore S2,...SN and extract
S1. So far, the inter-cell MAl has been1%ancelled conpletely. 10 5.
Descranbl e and despread S, directly. SinCe all the signals in S, are
orthogonal to each other, intra-cell MAI has been cancelled during the
descranbl i ng and despreadi ng. The sanple signals (rl-rM received by the
termnal antennas (RL - RM are 15 right nultiplied by the channel matrix

operator H+ to recdyer..ihe S¢papategyan i andysp ‘e aligned conposite
signals (sl1-sN) fromeach of| t he base tatilods or™riansnitters 20. By
correcting fog-+the|conposite| channel : (3)

Hyg o Hyy Hyy - Hygy

where ()" denotes matrix conjugate transpose, ()" denotes matrix inverse.

4. Right-multiply H* with the received signals r shown in Eqn (2) to recover
5 the separated composite signals S; S,,...Sy

Ignore S,,...Sy and extract S;. So far, the inter-cell MAI has been cancelled
completely.

10 5. Descramble and despread S; directly. Since all the signals in S; are
orthogonal to each other, intra-cell MAI has been cancelled during the
descrambling and despreading.

The sample signals (ri-rw) received by the terminal antennas (R; — Ry) are
15 right multiplied by the channel matrix operator H* to recover the separated

and time and space aligned composite signals (s1-sN) from each of the base

stations or transmitters 20. By correcting for the composite channel

characteristics or fading Hm, between each base station and the terminal

receiving antennas (R), the signals from the base stations are time aligned so
20 that their codes remain orthogonal.



characteristics or fading Hm between each base station and the term nal
receiving antennas (R), the signals fromthe base stations are tine aligned
so 20 that their codes renain orthogonal. 0 2 MAY 2006 13 Bawsyu#l@éal |l the
signals (sl1) fromthe wanted base station (201) are orthogonal, this
conposite signal (sl1) is then sinply nmultiplied by the wanted signal code
to retrieve the wanted signal. Thus both|3| nter-cell and intra-cell MAl
have been renoved fromthe wanted signal'™ 5 The channel estimtion 26 and
matri x conputation 25 functions nmay be inplenented in hardware, for
exanple an ASIC, or in software perfornmed by a processor on-board the
termnal. Preferably the matrix operations are inplenented using iterative
"al gorithns tBecausgugk ﬁlﬂnﬂlmlsy(sm\ froat dheeavarnted abase statipmit (20:pnareor t he

pseudo- |nver r|x as,fall.o n be
an Mx n mat} 09%%9&%@ '9'13' (§?l Rethel e ﬂ‘éﬁ?‘th'PHng{fWWPP n-1
col ums of Hignal hfodelt@ tdmev& EhéZWalM@d @igridh. TAds MK (nter-teff dhd fitra-cell 1 Ht
:Ilnl-Hn- e nT AHley en =1[in- L1 n-1Hn~n n'
_(h,"e)" N'ﬂUﬂWPaW?WQﬂS@Y%ﬁ 8’951 wmt&ﬂtmmﬂtuvew be used whi ch, when
operating on 15 the received signal sample matrix (r,-rM output

conposi t g S"Ig'iéa'cﬁaﬁﬁél ég'ﬂméﬁ ‘Hﬁdbfr%?hy?t@&rhgntaﬂ ntiéirfﬁﬂ%:ﬁér?sr That

is atine and space al i gne I'e o e ‘sl gna contalnlbr?gthe
want ed si gnatlnplemmtpdmaharq;waréefor\eaoanmelamatySlﬂ)mnssoﬁw;iré)ﬁenfwnﬁed)byad by

t he wanted signal d btain the wanted signal in the normal way.

The matrix FBOrSRSSr obrmsard thg fefminal,
Preferably the matrix operations are implemented using iterative algorithms to
reduce complexity. A preferred iterative computation for the pseudo-inverse

10 channel matrix H* is as follows:

Let Hp = [Hn-1 hp] be an M x n matrix, where M >=n, H,4 is the matrix including
the first n-1 columns of Hy, h, is the nth column of H, and rank(H,) = n.
+ H:—l —H:—lhnerllA-nljll
H n = T A -1
€ n A n
= []n_Hn—lH:—l:Vln’

o (e, )

Other matrix operators could alternatively be used which, when operating on
15 the received signal sample matrix (ri-rw) output composite signals (s1-sn)
from each base station or transmitter (T). That is a time and space aligned
sample of the composite signal containing the wanted signal is separately
derived and may then simply be multiplied by the wanted signal's code to
obtain the wanted signal in the normal way. The matrix operator should be
20 ‘“tall’, that is M must be larger than N where M is the number of uncorrelated

samples for one spreading data, and N is the number of transmitters.

Figure 6 shows a graph of Bit-error-rate (BER) versus signal-noise-ratio

(Eb/NO), comparing the results from a receiver according to figure 5 with a




20 "tall", that is Mnust be |arger than N where Mis the nunber of

uncorrel ated sanples for one spreading data, and N is the nunber of
transmitters. Figure 6 shows a graph of Bit-error-rate (BHR} MAY 2038

signal -noi se-ratio (Eb/NO, conmparing the results froma receiver
according to figure 5 with a 0 2 MAY 2006 14 known receiver using a RAKE
receiver (figure 2). It can be seen that the BER of the RAKE receiver does
not reduce significantly with increased 14 gnal to noise ratio, however by
contrast the receiver of figure 5 shows a marked inprovenent. This is due
to cancellation of MAI by the receiver of figure 5. 5 The system of figure
5 may be used in a sinple receiver spatial diversity node as shown, or

usi ng transiewarregeiver using aRAKE radeivesi(Bgunea)s it can bg seemtthahtie BERt each
base station.t .- the. sang signals. In.a further  nodification, Space
Ti me Codi ng qééﬁmgsreﬁﬁveﬁg%ﬁ e r}i TEANAE SHOR ﬁ?)’l’tB’xW'thf‘cﬁalsP rggalsiennol s
are transni tioR FAtUN REWEVerb HontrasO the réasifes bitigare 51%hHW§Ba%aPHEdS
requires additional antennas at the receiver - for “exanple oublTng the
nunber of t iMAREMEMENt: Ehisds duedaicapseliativnfiMAbbythe taceiveriod figurs 5r ecei vi ng
antennas. The invention has been described with reference to a preferred

Chose skpl 1 J4e §fem BL FBUR SRy BE ARRY | SPLnfHIE ASeWAY shalipl AREHFHE
scope her eofmode 2asMBNoRAD Gr Lisifg AtdvisniitteA divirbiod wHere egRitipl® dransmttirgd COVA

signal froma conbb,na&i on of said signal and other CDVA signals froma
plurality ofdh s di gt ieach, base staliobdransmit the fame; sagnals rimianfudherunber

of received s i . IV a ; fine
of recelve %ﬂgﬁét{gﬁ%&é TihRCRdiriF RlckhifiesAhE HePuded H OB EomBiele
but different symbols are transmitted from each antenna T of a base station.
10  However this requires additional antennas at the receiver — for example
doubling the number of transmit antennas requires a doubling of the number

of receiving antennas.

The invention has been described with reference to a preferred embodiment
thereof. Alterations and modifications as would be obvious“to those skilled in

15 the art are intended to be incorporated within the scope hereof.



estimating multi-path fading channel s between said base stations and said
antenna arrangenent to determ ne a channel matrix; nultiplying said .
recei ved signal vector by a matrix operator which is 10 depgnd ﬁﬂt sai d
channel matrix in order to recover a conposite signal from eac ald base
station; detecting the wanted signal fromone of said conposite signals. 2.
A nmet hod according to claim1, wherein said received signal sanples are
space and/or tinme diverse. 15 3. A net hotf accor di ng to claim2, wherein the
space diverse sanples are received fromMdifferent antennas of said
antenna arrangenent, where MPN, and N is the nunber of transmtters. 4. A
nmet hod according to claim2 or 3 wherein the tine diverse sanples are
‘taken every t = (chip duration)/M whalcAMES, and Nis the 20 nunber of
transmtters. 5. A rret hod accor di ng to any preceding claim wherein the
mat ri x operator S tb é at.e transgose %‘H he channel matri x
nmul tiplied by |n r S8 Ptt‘? Yirg & wartedh nBignak ﬁQﬂntlablled

by the matri n

6y A et hod %m%ﬂ?fﬁﬂ%fféﬁ%%{??ﬂ??@goétﬁgpS[%NIZ% Q%aelrggﬁlm?%g%% W oper at or
i s cal cul at estatiors, dhemtbodcompdnsmy to the conputation: Hnennl 0 + + 1
E-1 Hn- 1- Hn-1 hnenn

5 determining a number of received signal samples from a receiving

antenna arrangement to define a received signal vector;

estimating muiti-path fading channels between said base stations and
said antenna arrangement to determine a channel matrix;

multiplying said received signal vector by a matrix operator which is
10  dependent on said channel matrix in order to recover a composite signal from
each said base station;

detecting the wanted signal from one of said composite signals.

2, A method according to claim 1, wherein said received signal
samples are space and/or time diverse.

15 3. A method according to claim 2, wherein the space diverse
samples are received from M different antennas of said antenna arrangement,
where M>N, and N is the number of transmitters.

4. A method according to claim 2 or 3 wherein the time diverse
samples are taken every t = (chip duration)/M, where M>N, and N is the
20  number of transmitters.

5. A method according to any preceding claim, wherein the matrix
operator is the matrix conjugate transpose of the channel matrix multiplied by
the inverse of the product of the channel matrix multiplied by the matrix
conjugate transpose of the channel matrix.



erg-1 n ALl nHnNn-1HN1In(hHe~ , 7. Areceiver for receiving a
wanted CDVA signal froma 5 conbination of said signal and ot her CDVA
signals froma plurality of base stations, the receiver corrplggsiglyg' ans
for determning a nunber of received signal sanples froma M iﬁngE
antenna arrangenent to define a received signal vector; neans for
estimating nulti-path fadi ng channel s beﬁ:een said base 10 stations and
said antenna arrangenent to determ ne a Channel matrix; neans for

mul tiplying said received signal vector by a matrix operator which is
dependent on said channel matrix in order to recover a conposite signal
fromeach said base station; neans for detecting the wanted signal from
‘one of said conpoBite Arsethogras elaimed in any preceding claim, wherein the matrix

operator is calculated iteratively according to the computation:

+ H, ,~-H :-lhnerllA—nl:lv
H, = T A -1
e, A

n n

en = [In - Hn—lH:—l]hn’
ATl = (hnHen)_l'

7. A receiver for receiving a wanted CDMA signal from a
5 combination of said signal and other CDMA signals from a plurality of base
stations, the receiver comprising:

means for determining a number of received signal samples from a
receiving antenna arrangement to define a received signal vector,;

means for estimating multi-path fading channels between said base
10  stations and said antenna arrangement to determine a channel matrix;

means for multiplying said received signal vector by a matrix operator
which is dependent on said channel matrix in order to recover a composite
signal from each said base station;

means for detecting the wanted signal from one of said composite
15  signals.



