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I nvention relates to code-division-nmultiple-access (CDVA) wirel ess
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a "cell", that is an area 10 surrounding the base station inisgch
transm ssions fromthe base station may be received. Users are provided
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sum over th ¢ WAS-of the product of the spreading signals
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CDMA is a crucial technology for third-generation (3G) wireless
communication systems. A known CDMA system, which is illustrated in Fig.
1, includes base stations 1, 2 each defining a “cell", that is an area
10  surrounding the base station in which transmissions from the base station
may be received. Users are provided with mobile communications devices 3,
4 (e.g. mobile phones), which communicate with the base station associated
with the cell in which they are located, and in particular receive from that base

station a “forward link” wireless CDMA signal.

15  Fig. 2 shows communication from base station 1 transmitting a CDMA signal
to a certain mobile device 3. Labelling the K mobile devices 3 in the cell of

base station 1 by integer index k=1,...K, the CDMA signal is generated using

a spread code for each user, denoted by ¢, and a scrambling code for base

station 1, denoted spm'. Each ¢, signal varies at time increments called

20  “chips” and has a period N chips (a “symbol"), and the spreading codes are
orthogonal in the sense that the sum over the chips of one symbol of the

product of the spreading signals for two different receivers is zero.

A conventional receiver provided in device 3 can receive data intended for
that device 3 very well over ideal channels for which all signals generated by
25  users are orthogonal to each other. However, as shown schematically in Fig.
2, in a real environment the signal from base station 1 received by the

receiver of a mobile device 3 is distorted seriously.
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A-conventional receiver provided in device 3 can receive data intended for
that device 3 very well over ideal channels for which all signals generated
by 25 users are orthogonal to each other. However, as shown schenatically
in Fig. 2, in a real environment the signal from base stati IMAY 808 v ed
by the receiver of a nobile device 3 is distorted seriously. 0 9 MAY
2005 2 In other known systens, a RAKE receiver is used to handle the
multipath problem[1,2]. The RAKE receRver conbi nes several path
conponents for one user to increase the signal to noise ratio (SNR). Its
performance is optinmal when there is a single-user. However, when the
received signals 5 include signals fromother users, inter-path
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systems, its signal is subject to interference not only from intra-cell MAI, but

also from MAI due to other cells. The MAI will degrade the performance of

10  the receiver seriously.

Some MAI suppression methods have been published in the literature
[3,4,5,6]. These methods are complex, or cannot handle a long scrambling
code. Hence, they are not suitable for use in a CDMA forward link of a mobile

phone system.

15 Since the signals of users in the forward link of a cell pass through the same
channel before they reach the receiver, it is possible for us to adopt channel
equalisation to recover the orthogonality between signals so as to suppress
MAI and improve the performance of the receiver. In recent papers
[7,8,9,10,11], methods for MAI suppression in a CDMA forward link using

20  channel equalisation have been presented. They can handle an aperiodic
scrambling code, and the complexity is low. However, these methods
consider only single cell multipath channel equalization, and hence cannot
suppress MAI due to other cells. Their performance will degrade when a
mobile device is near the edge of one cell and subject to MAI from one or

25 more other cells simultaneously. Besides, all of the methods in [7,8,9,10,11]
adopt three independent steps to complete the total function, namely channel
equalization, descrambling/despreading and decision. Since the adaptive

| loop includes only a channel equalizer, a channel estimation process must be

completed before the channel equalization. In addition, many existing



MAI and inprove the performance of the receiver. In recent papers
[7,8,9,10,11], nethods for MAlI suppression in a CDVA forward |ink using 20
channel equalisation have been presented. They can handl e an @pemAYodilt
scranbling code, and the conplexity is |ow. However, these nethods
consider only single cell nultipath channel equalization, and hence cannot
suppress MAI due to other cells. Their performance will degrade when a
nobi |l e device is near the edge of one cell and subject to MAI from one or
25 nore other cells sinultaneously. Besides, all of the nethods in
[7,8,9,10,11] adopt three independent steps to conplete the total
function, nanely channel equalization, descranbling/despreadi ng and
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of a COA general problem is of relevance in many technical fields including cellular

wireless communications, satellite communications, wireless local loop, etc.
One of its major applications is in data detection in a forward link of a CDMA
cellular mobile system to provide MAI suppression in a multi-cell environment.

In general terms the present invention, which has both method and apparatus

15  aspects, proposes that a receiver for CDMA signals includes an adaptive loop
which includes both channel equalisation and a decoding operation. The
result of the decoding is used both for estimating the data in the CDMA
signals intended for the receiver, and in a feedback loop to adjust the setting
of the weights. Thus, the proposal includes an adaptive loop, which combines

20 channel equalization and data detection, and hence embodiments of the
method may require less information for channel equalisation and data
detection than known methods do.

In a first feature of the invention, each of the base stations uses a respective

scrambling code which is used in the decoding of signals from that station.

25 |In a second feature of the invention, which may be combined with the first
feature, the receiver includes a processing branch for each of a number of
cells from which the receiver may pick up CDMA signals. Each processing
branch performs both channel equalisation based on a set of weights for that



ce€llular nobile systemto provide MAI suppression in a multi-cel
environnent. In general terns the present invention, which has both nethod
and apparatus 15 aspects, proposes that a receiver for CDVA signals

i ncl udes an adaptive | oop which includes both channel equald$adAYod0&nd a
decodi ng operation. The result of the decoding is used both for estimating
the data in the CDVA signals intended for the receiver, and in a feedback
| oop to adjust the setting of the weights. Thus, the proposal includes an
adaptive | oop, which conbines 20 channel equalization and data detection,
and hence enbodi nents of the nethod may require less information for
channel equalisation and data detection than known nethods do. In a first
feature of hraachnanhaidecoding aperationeThe outpits of #isbranches are Hoamingd
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The main advantages of preferred embodiments of the invention are that: 1)

10 their performance is much better than that of RAKE receiver used in current
CDMA systems; 2) they have the capability to suppress intra-cell and inter-
cell MAI, so that the performance is improved, especially in a soft hand over
period; 3) they do not require extra channel estimation, and only adjust
channel equalization to track any changes in the channel, and thus they are

15  more robust in a time-varying environment. 4) They have low complexity and
can handle long scrambling code, and hence are suitable in a mobile phone

application.

Specifically, in a first aspect the invention proposes a receiver for a
communication system including a plurality of base stations and a plurality of

20 receivers, each base station transmitting a respective CDMA signal which is
encoded using a respective scrambling code for that base station and which
includes data intended for each of a set of one or more of the receivers, the
data intended for each of the receivers being encoded in the CDMA signal
using a respective spreading code for that receiver,

25 the receiver including:

reception means for receiving a signal including CDMA signals;




The mai.n advant ages of preferred enbodi nents of the invention are that: 1)
10 their performance is nuch better than that of RAKE receiver used in
current CDVA systens; 2) they have the capability to suppres89imaY disel |
and inter- cell MAI, so that the performance is inproved, especially in a
soft hand over period; 3) they do not require extra channel estimation,
and only adjust channel equalization tg track any changes in the channel,
and thus they are 15 nore robust in a ti'me-varying environnent. 4) They
have | ow conplexity and can handle | ong scranbling code, and hence are
suitable in a nobile phone application. Specifically, in a first aspect
the invention proposes a receiver for a communication systemincluding a
plurality of basenetostmors biaach nspcessing yneansdtheetaceptips means haikg

station transmtti a _res. R ' [ ' L; a
respective %@agﬁr%P?2@“@%@'%%%%3%9%@5335@3{)itﬁ% ognrbdd %P@%H%Fﬁiéés dat a

i ntended f omeaAshthef cRea6h beindNpravessMyemeéns cerreependingso d hespedtive

i ntended for each of the receivers being encoddeg in the, ggl\m Si Eﬁal usi ng
a respecti vene of dagiibagecsiations andrarangech e, groditysthenreceiyed $igpal Y @i ng:
recepti Qn ngﬁé}étigﬁé feceiving a signal including CDVA signals; 0 9 MAY 2005
5 one or nor'e rancﬁ'processing nmeans, the reception neans being capable
of transmtting the received signal to the or each branch processing

nmeans, the or ea(ihdatacequlalisatiorshasey orarrespectivesitaidising adespediygesati ve
one of the bfa@g. ?]%a_ttions and arranged to nodify the received signal by the

5 operationS s?')"’mﬁ’at a equalisation, based on a respective filter using
a respective set

(i) decoding the spreading code for the receiver using the scrambling
code of the corresponding base station;

10 decision means for using the output of the or each branch processing
means to generate an error signal and an estimate of the data in the received

signal intended for the receiver; and

adaptation means for modifying the or each set of weights using the error

signal.

15 In a second aspect, the invention proposes a receiver for a
communication system including a plurality of base stations and a plurality of
receivers, each base station transmitting a respective CDMA signal data
intended for each of a set of one or more of the receivers, the data intended
for each of the receivers being encoded in the CDMA signal using a

20 respective spreading code for that receiver,

the receiver including:
reception means for receiving a signal including CDMA signals;

at least two branch processing means, the reception means being
capable of transmitting the received signal to each branch processing means,
25 the or each branch processing means corresponding to a respective one of




of* weights; and (ii) decoding the spreading code for the receiver using the
scranbling code of the correspondi ng base station; 10 deci sion s for
usi ng the output of the or each branch processing neans toﬂgeM@$§® an
error signal and an estimate of the data in the received signal intended
for the receiver; and adaptation neans for nodifying the or each set of

wei ghts using the error signal. 15 In a_second aspect, the invention
proposes a receiver for a communi cat i off systemincluding a plurality of
base stations and a plurality of receivers, each base station transmtting
a respective CDVA signal data intended for each of a set of one or nore of
the receivers, the data intended for each of the receivers being encoded
in the CDVAhei ask stdtiogsaand0 arrapgedt tos enedifie sthiengeesived f signghdly theei ver
the receiver ingludipg: reception neans for receiving a signal including
CDVA signal%?méﬁoﬂ%ﬁgt two branch processing means, the reception neans
being capable of transmtting the received signal to each branch

processing maansg) d&tal dqualicatias, baveaner apespectvienfiiteresirg acespagtivetety to a
respective one of' 0 9 Y 2005 6 the base stations and arranged to nodify
the recei vedf weights; aM t he operations of: (i) data equalisation, based on
a respective filter using a respective set of weights; and 5 (ii) decoding

the spreading Cogf 4abqing@nb&pFéddihg code for the receiver;

decision means for combining the outputs of the branch processing
means to generate a combined signal, and using the combined signal to
generate an error signal and an estimate of the data in the received signal
intended for the receiver, said error signal being generated as the difference

10 between the combined signal and a correction signal; and

adaptation means for modifying each set of weights using the error

signal.

The invention may also be expressed as a method, e.g. to be carried

out by a receiver.

15  Specifically in the third aspect, the invention proposes a method of extracting
data intended for a first user from one or more CDMA signals, each broadcast
by a respective base station and encoded using a respective scrambling code
for that base station,

the or each CDMA signal including data intended for the first user and
20 data intended one or more other users, the data for each user being encoded
using a respective spreading code;,

the method including:

receiving a signal including the CDMA signals;



deci si on nmeans for conbining the outputs of the branch processing neans to
generate a conbi ned signal, and using the conbined signal to generate an
error signal and an estimate of the data in the received sigrb MAYn20@nded
for the receiver, said error signal being generated as the difference 10
bet ween the conbi ned signal and a correction signal; and adaptation neans
for nodifying each set of weights using the error signal. The invention may
al so be expressed as a nethod, e.g. t@abe carried out by a receiver. 15
Specifically in the third aspect, the invention proposes a nethod of
extracting data intended for a first user fromone or nore CDVA signals,
each broadcast by a respective base station and encoded using a respective
scrambl i ng codetrangimitiingit theageceivadi signal helang exeh @DVNoes gpraicessiogudi ng
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code; the nmethod including: receiving a signal including the CDVA signals;
0 9 MAY 2005 6aintthensmeadh bearidremboeifgingettiesiegeivedadigngl N thedbpsriatiens
processi ng . branches corresponding to different respective sald base
stations; %% the or each branch nodi fying the received signal by the
operations of: 5 (i) data equalisation in respect of the correspondi ng base

stati oy, basedjpdata '&fuRfshiore if SlesPbct'Rf HheS cofBSponding base station,
based on a respective set of weights; and

(i) decoding, using the spreading code for the first user and the
scrambling code of the corresponding base station;

generating from the outputs of the or each branch an output signal, and
10  using the output signal to derive an error signal, and an estimate signal
indicative of the data in the received signal intended for the first user; and

modifying said sets of weights using the error signal.

In a fourth aspect, the invention proposes a method of extracting data
intended for a first user from one or more CDMA signals, each broadcast by a
15  respective base station,

the or each CDMA signal including data intended for the first user and
data intended one or more other users, the data for each user being encoded

using a respective spreading code;
the method including:
20 receiving a signal including the CDMA signals;

transmitting the received signal along two or more processing branches
corresponding to different respective said base stations;

in each branch modifying the received signal by the operations of:



(i) decodi:ng, using the spreading code for the first user and the
scranbl i ng code of the correspondi ng base station; generating fromthe
outputs of the or each branch an output signal, and 10 usi ng0fhMAY2006ut

signal to derive an error signal, and an estinmate signal indicative of the
data in the received signal intended for the first user; and nodifying said
sets of weights using the error signal, In a fourth aspect, the invention

proposes a nethod of extracting data 5Pntended for a first user from one or
nore CDMVA signals, each broadcast by a 15 respective base station, the or
each CDMA signal including data intended for the first user and data
i ntended one or nore other users, the data for each user being encoded

usi ng a respect (iyslatpreaunlisgtiends; respectafhiie icorespending2base ceptiomg a
signal inc ' t ' | S ansgitting the received signal along
two or mréggéfggaggﬁ%ﬁ Vaeflj‘é%gcgﬁ%gﬂsegggndi ng to different respective said

base stations; in each branch nodifying the received signal by the
operations of: Qi)debBAing0Q5ingthéisprelding eqdeforstheifirst userr espect of the
correspondi ng base station, based on a respective set of weights; and (ii)

decodi ng, using_the.spreadin ode faor the first user; conmhi.ni ng.th

out put s of  eachCHTRING {° GUIRIS CF eachHraNa 4o degsiate a sombifed Sianaline
combi negl shAdalsing tRETdombinBdesipREI f defile ah tdhor diGh&lr 88 tRe bdiffaRMEet he
conbi ned signal and a correction signal, and an estimate signal indicative
of the datketweeriher eyabined siga@laand atasmesiion gignaleand @ estinate sigaal

indicative of the data in the received signal intended for the first user; and
modifying said sets of weights using the error signal.

Furthermore, the present invention proposes a communications system
10  employing receivers according to the first aspect of the invention.

An embodiment of the invention will now be described, for the sake of
illustration only, with reference to the accompanying drawings in which: .



nmodi fying said sets of weights using the error signal. Furthernore, the
present invention proposes a conmunications system 10 enpl oying receivers
according to the first aspect of the invention. An ermbodi mBiSt M&Y 25e

i nvention will now be described, for the sake of illustration only, with
reference to the acconpanying drawings in which: 0 9 MAY 2005 7 Fig. 1 is
the schematic diagramof a forward link in a known wireless cellular CDVA
communi cation system Fig. 2 is the schématic representation of the
generation of a CDMA signal in a base station fromuser data which is
conbi ned synchronously and 5 scranbled by a base station code, and of the
transm ssion of the CDMA signal along a nultipath channel; Fig. 3, which

i s conposed of pBigt ifosthd(sohehtatid( gihgrdrn!dfd fewesd AR ind kHEWH Wir&ibs@n
enbodi ment of a receiver according to the present invention; and 10 Fig. 4

i s a represeaiiutan @AMS cemenusiigation swsteiur enent period used to construct an
I nput data matrix to detect the n-th synbol of user k in the enbodinent of

ig. 3. | he fel,l o oy f : ' . base
Gt diions (or equbu 2l Sehenae MofschiloR DO e BherBf G FIEBMA on
recei ve CDMigidl iniggbase statiofefrarasebyiata wiilsh Isheorhbined syathtousheahg) are
| abel | ed by the nber of receivers of the

index i1, 1 =1,...,1. The n ece
transm Ssi O?F@S?@keéﬁ]%ﬁysa Kbage, glationcede. aand rfgeti‘e fangmissipn of the GRMAlat a
bit for usefigkalidlogh!miltipgtrd@Mree by bk . Note that when the user k is
near the edge of a cell, during the soft hand over period, the data

Fig. 3, which is composed of portions 3(a) to 3(c), illustrates the
structure of an embodiment of a receiver according to the present invention;

and

10 Fig. 4 is a representation of the signal measurement period used to
construct an input data matrix to detect the n-th symbol of user k in the
embodiment of Fig. 3.

In the following explanation of the embodiment, the number of base stations
(or equivalently cells) from which a given receiver (user) can receive CDMA

15 signals is denoted by 7, and the base stations (cells) are labelled by the index
i,i=1,..1.

The number of receivers of the transmission system is K, labelled by an index
k, k=1,...,K. The data bit for user k in cell i is denoted by 5,. Note that when

the user k is near the edge of a cell, during the soft hand over period, the data
20 from several base stations is equal, and we can remove the superscript i. A
mobile phone which is near only a single base station (e.g. that including cell
1) communicates only with its base station, and in this case the data for the k-

th user in cell 1 is different from that in cell 2.

The CDMA signal is generated employing, for each of the K users, a
25 respective spreading code c,. Each spreading code is constant for time

intervals called chips (i.e. with sudden changes only at ends of chips) and has



20 from several base stations is equal, and we can renove the superscript

I. A nobile phone which is near only a single base statlon

including cell 1) communicates only with its base station, an |n

case the data for the k- th user in cell 1 is different from that |n cel

2. The CDMA signal is generated enploying, for each of the K users, a 25
respective spreadi ng code ck . Each spreading code is constant for tine
intervals called chips (i.e. with sudde® changes only at ends of chips) and
has 0 9 MAY 2005 8 a period of N chips, i.e. one "synbol". Thus, we | abel
chips as (nN+m, where n labels the synbols and mis in the range 1 to N
For each base station, the K spreading codes are orthogonal in the sense

that for k étpbnod M X ElipdtHng . acdne( fsiimbol’™= T(DIUSSWIeﬂabtalectupsmsr(hN&tri)owhseyest em
shown in Fig. (t hough not necessarily ever om*rum cai)l on s ste i-th
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anplitude (which depends on the position of the user Kk within cell i),
within the D;eHnNas@)adalitn) s0gnal , of the signal generated fromthe k-th
user. Thus,"{1l) expresses the fact that users' signals are conbi ned
synchronously

5 In the communication system shown in Fig. 1 (though not necessarily every
communication system) i-th base station is associated with an (aperiodic)
base station code spm'(nN+m), The CDMA signal transmitted by base

station i is denoted by

x'(nN +m) = spm' (nN + m)i aib; (n)c;, (nN +m) (1)

k=1

10  where «, is the amplitude (which depends on the position of the user k within

cell i), within the i-th base station signal, of the signal generated from the k-th

user.

Thus, (1) expresses the fact that users’ signals are combined synchronously
in cell i, by a process in which they are encoded (i.e. spread and scrambled)
15 using the users’ respective spreading codes and using the scrambling code.

Now we turn to the signal received by a receiver (which may be part of a
mobile communication device, such as a mobile phone) from a plurality of the

base stations.

Let G be the number of measurements made by the receiver during each
20 chip. For example, G may be the number of antennas at the receiver, or
alternatively the number of samples taken during each chip by a single
antenna of the receiver. Thus, labelling the G measurements made by the

receiver in a single chip duration by an index g (g=1...,G) , the

measurements at the receiver can be written as y, (nN +m).



incell i, by a process in which they are encoded (i.e. spread and
scranbl ed) 15 using the users' respective spreadi ng codes an®£cih g§ﬁ$e
scranmbling code. Now we turn to the signal received by a rec

may be part of a nobile comunication device, such as a nobile phone) from
a plurality of the base stations. Let G be the nunber of nmeasurenments nade
by the receiver during each 20 chip. Fg{ exanpl e, G may be the nunber of
antennas at the receiver, or alternatively the nunber of sanples taken
during each chip by a single antenna of the receiver. Thus, labelling the
G neasurenents nade by the receiver in a single chip duration by an index
g (g =1,..., G , the neasurenents at the receiver can be witten as yg (nN
+m. 09 Weaﬁgﬁlp%thTfuiilm@IchapaelhtOfm regetvedrfran eash f@pﬁéﬁ\éﬁ’\k@? basem each

enon of Lsemsani B R TR AR AU BRI
1=1,..., De nb |
 eorective gg?gtf‘p,% DA BRGHLRAR, 1) OF yindrBPe 11 210011 ishdn iiebRIRgTO! 2

onponent s,

[y, (NN+1), nN+1) o ¥, (NNENFL+L) , . L L YG(nN+N+L- D]T (where T
denotes traHEépltJ y(n) is given by: y(n) = ET'x" (n) + k(n) (2) where X'
(n) [ X" (nN - L+2) ..., X" (PN+ N+ L - 12] , a vector of N+2L-2
1OCorrpon§nt ®efifing fok)each lsyrftiol @respéctive, veatyr y(rhavith G +L-10 aamrpanants.1) oo

[yl(nN+1),...,yG(nN+1),...,yl(nN+N+L+1),...,yG(nN+N+L—1)] (where T

denotes transpose), y(n) is given by:

y(r) = ST/ (n) + E(n) (2)

where .x’(n)=[x"(nN—L+2),...,x"(nN+N+L—1)]T, a vector of N+2L-2

10  components,

—h,"(L) hi(1) 0 0 0
h., :(L) hgz(l) o 6 0
0o  AK@L - h M 0 0
L R o
(:) 0 0 hl"EL) hl"'(l)
i o o 0 hg:(L) hg'(l)_

a matrix with (N+L-1)G x (N+2L-2) components, and §(n)is a white Gaussian

noise vector.

We now. turn to the analysis of this data performed by a receiver according to |
15  an embodiment of the invention. This receiver can be used as part of a

system according to Figs. 1 and 2.



T =(3) Oh' (L)...he (1)0...0 000hI (L)h;(1) 0...00hG (L)...hG (1) a matrix
W th (N+L-1)G x (N+2L-2) conponents, and k(n) is a white Gausgigamandiisse
vector. We now turn to the analysis of this data performed by a receiver
according to 15 an enbodi nent of the invention. This receiver can be used
as part of a systemaccording to Figs. 1 and 2. 0 9 MAY 2005 10 The
receiver is illustrated in Fig. 3(a). It includes | channel equalisers 7,
each corresponding to a certain i. Theld-th receives the neasurenents yg
(nN + m and uses a set of G 2M+l) weights, where Mis any positive

I nteger, which is called data set w. The equalisers 7 in Fig. 3 may be of
a known type such as 5 a FIRor IR filter. The outputs of the channel

equal i ser s Theferdivernsilustrated in FiE.eS(vi)cltiiN(ﬂudléé rsh@nnbi edualisees Anbheh and
despread the signal and correct the delay. W call the conbination of an

equal i ser Tagraspohdingotor 2 spgaih ind henith receiyes ihemeeasuramests atny f mhe base
station corresponding to a %ib;/ien branch does not enploy a spreadi ng code
t hen the urand gses atseaof (AN ) arightsowhgee Misnany posidye irdager, nwhicTie

15 For - gendPlel Hpta ShEuf ST OGRS R Ty BO 0L eOUR MoRS I Fndea o
transm 6. tpFIRerrRR GiteeTHe betpuesof theoéhdniniel edpeliserer? afe transaiitdd esl from
the receiver as output 15). Unit 13 also generates an error signal (output

e). The 15 respestive giita 9ivelieh serseramtle and desraeagpihe sianrhand emets thend
used to mgdiyy YR8 call the combination of an equaliser 7 and the corresponding unit 9

a “branch”. Note that if the base station corresponding to a given branch does
not employ a spreading code then the unit 9 of that branch does not perform

10  descrambling.

The outputs of units 9 are combined by an adder 11, and transmitted to a unit
13 for generating a decision about which data the base stations intended to
transmit to the receiver (the result of this decision is transmitted from the
receiver as output 15). Unit 13 also generates an error signal (output e). The
15 error signal is transmitted to an adaptive algorithm 15, and used to modify the

weights used by the channel equalisers 7.
The steps performed by the equaliser are as follows:

1. Obtaining signal measurement of multi-user CDMA signals transmitted
by one or multiple base stations. As explained above, the spreading codes
20 for users in each base station are orthogonal, and the sum of spread signals

is scrambled by an aperiodic random code.

2. For each symbol n, constructing from the signal measurements a

G(2M+1) x N input data matrix Y(n) containing a plurality of row data vectors.

G row vectors are comprised of the signal measurements within a symbol
25  period. Specifically,




wei ghts used by the channel equalisers 7. The steps perforned by the
equaliser are as follows: 1. Obtaining signal neasurenent of nﬁ‘btW%ﬁﬁ
CDMA signals transmitted by one or nultiple base stations. As explained
above, the spreading codes 20 for users in each base station are

ort hogonal , and the sumof spread signals is scranbled by an aperiodic
random code. 2. For each synbol n, constructing fromthe signal
nmeasurenents a G 2M+l) x N input data Wt ri x Y(n) containing a plurality
of row data vectors. G row vectors are conprised of the signal
measurenents wthin a synbol 25 period. Specifically, 0 9 MAY 2005 11 Y(n)
Y, (NNMHL)  y, (NNEN-M yG NN-MEL)  yE NNEN-M)  y, (NN+1)  y, (NNEN)  YG
(nN + 1) yG (nN g A M+1) NANEMY T YA NNEMEL) - yGnN+N+M)  (4) The
si gni ficance of Y('n Nz,a%njgl@ seeny¥l(rwg)\¢n,theM|)l | ustration of Fig. 4. The n-th
synbol of generates signals received by the receiver up to L-1 chips later.
The equal i sers enpl@w the+y) val uycfsi]nf]\r@ma]\ppri od M chips before the n-th 5
synbol, the N chjps during the n- synbol, and the Mfollow ng chips (as

i ndi cated by the|l backet at the bottom'of thel figure) to extract the bit of
data which is trang@Ntél to--the yée¥i+vE) during the n-th synbol of the

transm ssi 09(,@: (4)

Yo (nN +1) ys(nN + N)

y N+ M+1) - y,(nN+N+M)

| ye(IN+M +1) - y,(nN+N+M)]|

The significance of Y(n) can be seen from the illustration of Fig. 4. The n-th
symbol of generates signals received by the receiver up to L-1 chips later.
The equalisers employ the y values from a period M chips before the n-th
5 symbol, the N chips during the n-th symbol, and the M following chips (as
indicated by the backet at the bottom of the figure) to extract the bit of data
which is transmitted to the receiver during the n-th symbol of the transmission.

3. Each column of the above data matrix passes through each equalizer
7, to obtain a set of G estimate values for an equalized multi-user chip. GN

10  estimation values for N multi-user chips will be obtained when the whole data
matrix passes through the equalizer

4. Each channel equalizer branch further contains a unit 9 which receives
the estimation values for the multi-user chips, and descrambles and
despreads them using locally generated scrambling codes and the spreading
15  code for the receiver. The outputs of the channel equalizer branches will be
combined by adder 11, to obtain a total output. Note that if a mobile device is
near its own base station, the intra-cell signal is much larger than that of other
cells. The MAI from other cells can be ignored, and hence the output of the

channel equalizer branch for the other-cells may be set to zero by setting the



3. Each col.um of the above data matri x passes through each equalizer 7,
to obtain a set of G estimate values for an equalized multi-user chip. G\
10 estimation values for N nulti-user chips will be obtained g\emaAYt B85 whol e
data matrix passes through the equalizer 4. Each channel equalizer branch
further contains a unit 9 which receives the estimation values for the

mul ti-user chips, and descranbles and despreads themusing locally
generated scranbling codes and the spreh%i ng 15 code for the receiver. The
out puts of the channel equalizer branches will be conbined by adder 11, to
obtain a total output. Note that if a nobile device is near its own base
station, the intra-cell signal is much larger than that of other cells.

The MAI frosgraidbingGeld SpreadindecodusoteedercarBy bemtcasty lidhemghite dévicads
channel equali zer %ranch for the other-cells gaﬁgge set to zero bﬁ setting
the 0 9 MAYeadbe eRigecfdheiceligt wibressivessiongls WP oraere bage slgheRs st | it

the nobile Qﬁiﬁ#%ﬁgbﬁsly,ﬂ%&f .dbﬁﬁg?@?%ﬂ?&%estsh&f Hgined SelY! khows &1 a6t RaR@al s

fromtwo or ase’’s i"ons aneously, €.g. during the process of
changi ng cedler. KFran ties impdrtaricenof thevaignal3 sy thendifiengriraelis de eoiat, teit

signals fromthe differepnt cells._is I 5,the i gnal..for  each

di ?f eret clbeGD ﬁlQ@@EPQfaeiaé’hi %ﬁémﬁggﬁ%}nci&%qsr g%traelnfengg tsflog? c’Jﬂﬁ'@r‘tuser s.
Speci fi cal |%<?t6f3ﬁhé‘ﬁ§ér nit 9 my enploy the vector Ck (n) = diag(spm (nN)
spm (nN + -1) (5 (5§I where c;, = 1Ck, . CkA, 1T is the spreadi ng code

waveform of user k in cell i. 10 Note that if a given base station i does
not enpl oy Spedcifitallynthe i wijh9 ma) employtaeivestdly setting spmi equal to 1.

Ci(n)= diag(spm' (nN)-- -spm’ (nN + N —1)- ¢l (5)

where ¢, =[c;, e Cry ]T is the spreading code waveform of user k in cell /.
10  Note that if a given base station i does not employ scrambling the eqn. (5) is

varied by setting spm’ equal to 1.

9. Each channel equalizer branch in the receiver should generate the
same estimate of the data intended for that receiver. Therefore, when the
adder 11 combines outputs from all branches, the result will increase the SNR
15  of the data estimate for that receiver. This output of the adder may be written

as

bimy =Y. € (MY (W' (m), (6)

where ( )" means the Hermitian transpose. Note that, since this is a matrix
multiplication, other embodiments of the invention are possible which perform

20 the multiplication as (CY)w rather than as C(Yw).

6. The output signal of the adder 11 is used by the unit 13 (specifically by
a decision unit 17 of the unit 13) to decide which data the base station

intended to send to the receiver. This is output as signal 15, e.g. to a



5. Each channel equalizer branch in the receiver should generate the sane
estimate of the data intended for that receiver. Therefore, ,Qﬁemmadder
11 conbines outputs fromall branches, the result wll |ncrease the SNR 15
of the data estinmate for that receiver. This output of the adder may be
witten as bk (n) _j Ck H(n)YH (n)w (n) , (6) where ( )" neans the
Hermtian transpose. Note that, since this is a matrix mnultiplication,

ot her enbodi nents of the invention are ssi ble which perform 20 the

mul tiplication as (CY)w rather than as C(Yw). 6. The output signal of the
adder 11 is used by the unit 13 (specifically by a decision unit 17 of the
unit 13) to decide which data the base station intended to send to the

receiver. |%h|§s{gé%l?é’rt ﬁlet @Sthg! Hgﬂleléew e dit Hégabg g M;\! 2 Pect® (n)%

| oudspeaker nobi I'e devi ce =Sign(réa

(n)), "mewﬁe%%lal" A sighofendte rtﬁé &ehhénd %@dn m“rd:tuang ne§petiveynNote

respectively that b is generally conpl ex because of noise and errors
in the equaltizef $s §enefuiyeiomiplek besatube of emisepand evford imthe lequaliserefiyl . Y
and Ware generally 5 conplex, and C nay be conplex or real. W turn now
to the procheoweoér stefst ltmEg rebe paduaf i lsehich7is usefulaM yandt H\és@;evxgegwtaély may
be set to any det vecto (e (1,1,1,1,...1) for any one or

nore bask sE@M §£ Q/\ﬁ‘?'@ﬁ M signal is significant, and
(0,0,0,...0) for aII ot her base stations), and the enbodi nent nodifies them

10 iterati Ve turh Howt 1 ﬂ1e%\"’ol@@§§of Bettingithe BuplisersdR Initiakhe these adights, e,
which is an error signal. The error signal Is transmtted to a unit 15
whi ch per f omay be set to any predetermined vector (e.g. (1,1,1,1,...1) for any one or
more base station which for which the CDMA S|gnalr is significant, and
(0,0,0,...0) for all other base stations), and the embodiment modifies them
10 iteratively. For this purpose the unit 13 provides a second output, e, which is
an error signal. The error signal is transmitted to a unit 15 which performs an

adaptive algorithm, to modify the data sets used by the equalisers 7.

If a training sequence is available, then the unit 13 may be constructed as
shown in Fig. 3 (b). It includes an extra input 23, for applying a known training
15 sequence. When the CDMA signal includes the training sequence, a switch
21 is set to transmit the input 23 to a subtracter 19 which also receives the
output of the adder 11. Subtracter 19 transmits the difference between its two
inputs as error signal e. The output of the adder 11 will be compared with the
training sequence to obtain the error signal. The error signal will control the
20 adaptive algorithm to adjust the weights of equalizers. When a predefined
criterion is met, e.g. when the variance of the error signal is smaller than a
predefined constant, the switch 21 switches so that the subtracter 19 receives
the outpuf of the decision unit 17. We call this the data detection mode. Thus,

e(n) = dk(n)—ISk (n) in the training mode, where d, (n)is the training data, and

25  e(n)=d,(n)-b,(n) in the data detection mode.



adaptive algorithm to nodify the data sets used by the equalisers 7. If a
training sequence is available, then the unit 13 may be constructed as
shown in Fig. 3 (b). It includes an extra input 23, for appl§pngara28hown
trai ning 15 sequence. Wien the CDVA signal includes the training sequence,
a switch 21 is set to transmt the input 23 to a subtracter 19 which al so
receives the output of the adder 11. Subtracter 19 transmts the

di fference between its two inputs as et or signal e. The output of the
adder 11 will be conpared with the training sequence to obtain the error
signal. The error signal will control the 20 adaptive algorithmto adjust
the weights of equalizers. Wien a predefined criterionis net, e.g. when

t he vari an@®y @bntrast, €f mer trainjmplsejaescalis evailable, the mrebledimesd caonstilant
the switch 21 switches so that .the subtract ?r 19 rﬁ.cei \r/’ﬁs t he ,out gut of
igiendy auh Iz

the deci si qierfaim channelsequalization and, datgdgtetion e efRignalden) = dk
oL : =3 | ' . e q

55 () = dPGARE (R RorTEe T30 Hisl ddse & hiefereb) gnEREY, &

contrast, ids sioown & R Edqllemcatiu ofilae bdbee 11 ihtrapsioonieddnt a cunit 230 | |

ek S g 5 i B0 he e Y -
| pl ement ei%@ﬁweﬂ?oﬁ\ﬁﬁt 'Zﬁg E@feé; t6Cthe dirademyd. FHortd@nsidere(Amb§ be i

transforned by a unit whi ch perforns a nonlinear function, and the

out put of td}ggﬁggfe?@i%%gﬂg?})g?ﬁhsﬂjo(}vﬂéré‘ei@ﬁsH{E%oaéroagn&uz-fli@?%iﬂzwbﬁ@n. bk (1),

subtracter fay be gi ven by e(n n)) -
where s is the Godard non-linear function. In either of these two cases,

t he constrygtdiper of thdw Wi tadds, ¢he cbastriictichadfthe Urite18¢apthe theabgoel t hm
performed by unit 15 may be a steepest descent, 10 recursive |east-square

or pseudo- |Thee@daptive eigordhgbpetiarmed byt safiel? Ry &ena steepest descent,
10  recursive least-square or pseudo-linear regress algorithm. A steepest descent

algorithm is simply:

w'(n+1)=w'(n)+ 1Y (n)C! (n)e(n) . (M)

where wi(n) is the equalizer weight vector for branch i in the n-th iteration and

u is a step-size of the adaptive algorithm (which may be predefined).

15 Although the invention has been explained above with reference to particular
embodiments, the invention is not limited in this respect and many variations
are possible within the scope of the invention as will be clear to a skilled

person.
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Conference 1999. 0 9 MAY 2005 16 CLAIGBAIMSA receiver for a conmunication
systemincluding a plurality of base stations and a plurality of

_recei vers, each hase statjon tr L L TRVAC) 8J [

i s encoded Esi ng arqc&v&gcfjpf\?eCg%ﬁﬁ%%ﬁsﬁﬁgg%&hﬁ%‘?&'maﬁ iEasg&)stgg'?:agﬁh:aﬁg
whi ch i ncl ugdggiof3t and nbe@dﬁdlit;mbfembiwefs,aeaeh basenstation tranemiting ha
receivers, the data i ntended

_ . ) or. each of the .receivers,. bein n [

the CDMA si (eplective RPMArsigpalvhich %9?&%‘41‘@8'e%aefePB?C‘éVr?a?Cngﬂ?@Bﬁ&gﬁg ItRe

recel Verfh' ”go'rligﬁf‘géselgta‘iﬁﬁ S @ﬁicﬁ‘?ﬁélédéé’&afaeiﬁﬁéﬁde@qoa eathila de1¢f vleng

CDVA si gnal s, e or nore branch processing neans, the reception means

brelong capabl eneve of thes redeivers, thee dater iterded fomaach of the regeivatsnbeingnch
cessin

P J encoded in the CDMA signal using a respective spreading code for that

receiver;
the receiver including:
10 reception means for receiving a signal including CDMA signals;

one or more branch processing means, the reception means being
capable of transmitting the received signal to the or each branch processing
means, the or each branch processing means corresponding to a respective
one of the base stations and arranged to modify the received signal by the

15  operations of:

(i) data equalisation, based on a respective filter using a respective set

of weights; and

(i) decoding the spreading code for the receiver using the scrambling

code of the corresponding base station;

20 decision means for using the output of the or each branch processing
means to generate an error signal and an estimate of the data in the received

signal intended for the receiver; and

adaptation means for modifying the or each set of weights using the

error signal.



nmeans, . the .or each branch processi ng neans corresponding to a respective
one of the base stations and arranged to nodify the received signal by the
15 operations of: (i) data equalisation, based on a respectiyg payl 8 usi ng
a respective set of weights; and (ii) decoding the spreading codel?%r t he
receiver using the scrambling code of the corresponding base station; 20
deci sion neans for using the output of e or each branch processing neans
to generate an error signal and an estifiate of the data in the received
signal intended for the receiver; and adaptation neans for nodifying the or
each set of weights using the error signal. 0 9 MAY 2005 17 2. A receiver
according to claim1 in which there are at |east two said

processi ng 2reansA regeived @scording e apiaim dniti which these Arepat 533{% t\ﬂ’ﬁesaé‘i’ | east

two branch essi neans to generate a conbined signal, and using the
conbi ned 5 Q Ipr?%e%é'?%Fr}ﬁa@ the error signal and the estimte of the data

in the recei ved signal intended for the receiver. 3. A receiver according
to claim 2, ssdageeidiono nieiei \confBiMAgs trnadutputst bf thepabMi W@pdaiancbf N;

sai d reception neans generating G measurenments in ea ur ation of
the CDMA si gmessmem@a@.t@ genarateegegomigined signal. ‘Ei ‘t'ﬁ'ng\ghﬁ d‘&'Bﬁgl sting

of G(2My) WEhANoSgendistebtnld dfordignaiikOfie estimate of the data in the received

signal intended for the receiver.

3. A receiver according to claim 2, adapted to receive CDMA signals with

a processing gain of N;

said reception means generating G measurements in each chip
10  duration of the CDMA signal, where G is an integer;

each said set of weights consisting of G(2M+1) weights, where M is an
integer;

said combined signal being a sum over the branch processing means of the
product of (i) a vector derived from said spreading code for the receiver and

15 the scrambling code of the corresponding base station; (ii) a data matrix
composed of said measurements and having G(2M+1) x N components; and
(iii) the set of weights for that branch processing means.

4. A receiver according to claim 3 in which the detection means is
arranged to generate said error signal as the difference between said
20 combined signal and a correction signal.

5. A receiver for a communication system including a plurality of base

stations and a plurality of receivers, each base station transmitting a

respective CDMA signal data intended for each of a set of one or more of the

receivers, the data intended for each of the receivers being encoded in the
25 CDMA signal using a respective spreading code for that receiver;




sai d conbi ned signal being a sumover the branch processing means of the
product of (i) a vector derived fromsaid spreading code for the receiver
and 15 the scranbling code of the corresponding base station;08iMAY @alat a
matrix conposed of said measurenents and having G(2Mrl) x N conponents;
and (iii) the set of weights for that branch processing neans. 4. A ’
receiver according to claim3 in which @e detection neans is arranged to
generate said error signal as the diffeience bet ween said 20 conbi ned
signal and a correction signal. 5. A receiver for a communication system
including a plurality of base stations and a plurality of receivers, each
base station transmtting a respective CDMA signal data intended fo} each
of a set of one1mernoeweoﬁumhhn93eceivers, the data intended for each of
the receivers being encoded in the 25 CDVA signal using a respective

spreadi ng code for %’Bé'éé’ﬁ%}? f‘é?rrécé?viﬁg%ﬁg'ﬁﬁgé‘?'w‘(@gﬁ[’mgmgr&i ncl udi ng:

reception means kS g a Sigha I ng signals; at least two
branch processing neans, the reception neans being capable of transnmitting
the received sigagledst ®acibrimemn gropessing sneansethes receptionemMeansR¥NGr anch

processi ng means caorresponding to ' : |

B ranged {ocapahie ! tHBSTEREEER rerared Shpa) I eaghBralisrAbogRsRaTheen” =
eq_ualhl 53 | og.‘elgp%gg?qgaﬁcﬁ OSSN niddrisCorréd ptinding & perdspeetiveebne af

wei ght's;" an 0 (T gcodlng t he Spreadi ng code for the receiyer; decision
means for cedibasey statiorsutang sarangede tor aeslify pthe gespiygd signal by the

operations of:

(i) data equalisation, based on a respective filter using a respective set

of weights; and
10 (i) decoding the spreading code for the receiver,

decision means for combining the outputs of the branch processing
means to generate a combined signal, and using the combined signal to
generate an error signal and an estimate of the data in the received signal
intended for the receiver, said error signal being generated as the difference

15 between the combined signal and a correction signal; and

adaptation means for modifying each set of weights using the error

signal.

6. A receiver according to claims 4 or claim 5 in which said detection
means includes a non-linear function unit for generating said correction signal

20 from said combined signal using a non-linear function.

7. A receiver according to claim 4 or claim 5 in which the detection means
includes a training sequence input for receiving a training sequence, and a
switch for selectively deriving said correction signal as a signal input to said
training sequence input or the output of the decision means.



means to generate a conbined signal, and using the conbined signal to
generate an error signal and an estimate of the data in the received signal
intended for the receiver, said error signal being generated &S MAve2000
difference 15 between the conbined signal and a correction signal; and
adapt ati on neans for nodifying each set of weights using the error signal.
6. A receiver according to clains 4 or aim5 in which said detection
means i ncludes a non-linear function un for generating said correction
signal 20 from said conbined signal using a non-linear function. 7. A
receiver according to claim4 or claim5 in which the detection neans

i ncludes a training sequence input for receiving a training sequence, and a
switch for &el echimethgd afrextiacting diath idended farra §rsjriser frona osegITaNOrehput t o

said traini sequence i t or the output of th eql Sl 9 MAY
2005 19 8. nd;ﬁgfjéot ﬁ&i‘aéﬁ %%'H’ 5??4{&833{)’6@ 'pr?tsgﬁg i P%Pgaﬁﬁﬁéﬁ’@{%’@gﬁé?‘?%dm one
or more CijdhghFBspSctiveasdiambiiag eagé féthat besdswtione base station and
encoded wusing a respective scranbling code for that base station, the or

each CDMA signal incl udi na data intended for the first u%er_and 5 data
i nt ended one or theras eadhetDMA signal inclyging data Irgseﬂeii%'t SirahusercaRitd

using agres A r i ol i el Uuditngae ol h ¥hB8déd si gnal
i ncl udi r?g tcﬁaggE{Béﬁdé{?éﬁ%ﬁ%%ﬁ%ﬁ@ﬁrtl{%ﬁ%ﬁbﬁg%;téef:lgriévge@g lg?%rna ﬁ%l ong one or
nor e procesusing a réSpéctivecdpreadingreasieondi ng to different respective said
base stations; in the or each branch nodifying the received signal by the

operations the method including:

receiving a signal including the CDMA signals;

transmitting the received signal along one or more processing
10  branches corresponding to different respective said base stations;

in the or each branch modifying the received signal by the operations

of:

(i) data equalisation in respect of the corresponding base station,
based on a respective set of weights; and

15 (i) decoding, using the spreading code for the first user and the
scrambling code of the corresponding base station;

generating from the outputs of the or each branch an output signal, and
using the output signal to derive an error signal, and an estimate signal
indicative of the data in the received signal intended for the first user; and

20 modifying said sets of weights using the error signal.

9. A method according to claim 8 in which the received signal is
transmitted along at least two said branches;

said decision means combining the outputs of the at least two branches to

generate a combined signal, and using the combined signal to generate the




of: (i) data equalisation in respect of the correspondi ng base station,

based on a respective set of weights; and 15 (ii) decodi ng,

spreadi ng code for the first user and the scranbling code o

1Y Rl i

correspondi ng base station; generating fromthe outputs of the or each
branch an output signal, and using the output signal to derive an error
signal, and an estimate signal indicatjve of the data in the received
signal intended for the first user; an %0 nodi fying said sets of weights
using the error signal. 9. A nethod according to claim8 in which the
received signal is transmtted along at |east two said branches; said
deci si on means conbining the outputs of the at |east two branche, to
generate a gporYigesl amdahel estiamate of g datadndberbesrived pignal intendash he the 0
9 MAY 2005 20 error signal and the estimate of the data in the received
si gnal intdede¥ef.or the receiver. 10. A method according to claim9 in
\rlxgl(:gir]v;al d CDVA s: gpg\l(as gave a processing gain of N 5 said step of

Vi ng 1 gn i ifeRhkichesadt GDMA sigradis diavp a
duration o?@he m S|dg;ng?0|amﬂ1§g$?cgh?isg;e:n i nteger; each said set gf

wei ght s congiostssing gafredfll) wei ghts, where Mis an integer;

and said

conbi ned signal is a sumover the branches of the product of (i) a 10

Ser anbl 19 code RO o7 vedRfk 0y AERREingRiaek ericrélg (= Rlesdnferd Bfs

conposed of g§@h ehip duration of the CDMA signal, where G is an integer;

each said set of weights consists of G(2M+1) weights, where M is an

integer; and

said combined signal is a sum over the branches of the product of (i) a

10

vector derived from said spreading code for the first user and the scrambling
code of the corresponding base station; (i) a data matrix composed of said

measurements and having G(2M+1) x N components; and (jii) the set of

weights for that branch.

11. A method according to claim 10 in which said error signal is the

15 difference between said combined signal and a correction signal.

12. A method of extracting data intended for a first user from one or more

CDMA signals, each broadcast by a respective base station,

the or each CDMA signal including data intended for the first user and

data intended one or more other users, the data for each user being encoded

20 using a respective spreading code;
the method including:

receiving a signal including the CDMA signals;

transmitting the received signal along two or more processing branches

corresponding to different respective said base stations;



measurenents and having G 2Mtl) x N components; and (iii) the set of

wei ghts for that branch. 11. A nethod according to claim 10 j ' '
. . : | said
error signal is the 15 difference between said conbi ned si d’irpnal an@hsa

correction signal. 12. A nethod of extracting data intended for a first
user fromone or nore CDMA signals, each broadcast by a respective base

station, the or each CDVA signal includjng data intended f '
. or the first user
and data intended one or nore other u?@rs, the data for each user being

encoded 20 using a respective spreading code; the nethod including:
receiving a signal including the CDVA signals; transmtting the received

signal along two or nore processing branches corresponding to diff
respective sai d ihagehdtrahclomdifyirg thryegeiged sionah by 6 oppestions i 1 ;r ﬁSt t he
received signal by the operations of: (i) data equalisation in respect of

the correspondin ase station. . n S ' ' ;
(ii) decoding, udi ﬁ@?q t“r’@”@b?%%q{] r@a%gggaf 8? tbﬁeeﬁéé&q@l@ ;%eﬁ%ﬁﬁhgame
outputs of @?é‘e{?igna & anebpéctivasstiotneightsand ned signal, and using the

conbi ned si to derive an error signal as the difference between the

conbi ned signal and a correction si na:.; an n .est.l Si | 1ndi [
of the data in tmde@@@ngeu&ggdhmsp? @%éj? gf”ﬁﬂi'rsfqﬁ&s?{; ngﬁ; alngdI cattve
nodi fying said sets of weights using the error signal. 10 13. A nethod

accor di to cl aj i)ljn i ; : o o
! . 04 tife BUBLLE of ‘Wachasraheis ke Geheraterecatribirged signel,
correction si gna#'&#‘rom aid C(fjﬁr#%lgned si gnal usi (r?g a non-linear ulgct i on
and using the combined signal to derive an error signal as the difference
between the combined signal and a correction signal, and an estimate signal

indicative of the data in the received signal intended for the first user, and
modifying said sets of weights using the error signal.

10 13. A method according to claim 11 or claim 12 further including generating

said correction signal from said combined signal using a non-linear function.

14. A method according to claim 11 or claim 12 further including deriving
said correction signal as a selection from an input training sequence or the

estimate signal.

15 15. A communication system including a plurality of base stations and a
plurality of receivers, each base station being arranged to transmit a
respective CDMA signal which is encoded using a respective scrambling code
for that base station and which includes data intended for each of a set of one
or more of the receivers encoded using a respective spreading code for the

20 respective receiver,
each receiver including:
reception means for receiving a signal including CDMA signals;

one or more branch processing means, the reception means
transmitting the received signal to the or each branch processing means, the



14. A method according to claim1l or claim12 further including deriving
said correction signal as a selection froman input training ggqmanceibor
the estimate signal. 15 15. A comrunication systemincluding a plurality
of base stations and a plurality of receivers, each base station being
arranged to transmt a respective CDVA signal which is encoded using a
respective scranbling code for that base station and which includes data

i ntended for each of a set of one or re of the receivers encoded using a
respective spreading code for the 20 respective receiver; each receiver

I ncludi ng: reception nmeans for receiving a signal including CDVA signals;
one or nore branch processing neans, the reception neans transmtting the

recei ved spgiRakhtistahble processiy mezmshcqrespessiingy toreaiespective ong afhe2005 22
or each branch processing neans correspondi ng to,. tiV t he
base stati base @tﬁilO@ISrai\ﬁ’g%rda"t‘QﬁqiEb‘i“PgﬁY Feé’c?g’le\?eﬂ&%%' a %béP%?ﬁ@&?p@tf ations
of: (i) data equalisation, based on a respective set of weights; and (ii)

decodi ng, usi NG b ey B GAMaAEN iked o1 alrBspoctiveciat of waightshand 5 scranbl i ng
code of the cor# spondrng base station; decision neans for using output of

the or each branch nmeans to derive an error sigg&l h%gd an.estimate of the
data in the recdiveecsdipgalusing dhgeapresding ioade, et rfe%vc?raaﬁgt i on

means for nodifying said set | | he error 10 signal. 16. A
comuni €at i%@@%@?ﬁ?ﬁ"%gﬁ%%Odpégpgﬁggg%#%{?g%%se stations and a
decision means for using output of the or each branch means to derive
an error signal and an estimate of the data in the received signal intended for

that receiver; and

adaptation means for modifying said sets of weights using the error

10  signal.

16. A communication system including a plurality of base stations and a
plurality of receivers, each base station being arranged to transmit a
respective CDMA signal which includes data intended for each of a set of one
or more of the receivers encoded using a respective spreading code for the

15  respective receiver,
each receiver including:
reception means for receiving a signal including CDMA signals;

two or more branch processing means, the reception means

transmitting the received signal to each branch processing means, each

20 branch processing means corresponding to a respective one of the base
stations and arranged to modify the received signal by the operations of:

(i) data equalisation, based on a respective set of weights; and

(ii) decoding, using the spreading code for that receiver;



plurality of receivers, each base station being arranged to transmt a
respective CDVA signal which includes data intended for eachggf of
one or nore of the receivers encoded using a respective spreading code for
the 15 respective receiver; each receiver including: reception neans for
receiving a signal including CDVA signals; two or nore branch processing
nmeans, the reception neans transnittigg the received signal to each branch
processi ng nmeans, each 20 branch procéssing neans corresponding to a
respective one of the base stations and arranged to nodify the received
signal by the operations of: (i) data equalisation, based on a respective
set of weights; and (ii) decoding, using the spreading code for that
receiver; 0 9 MA¥cBIOE nisarde fors combiniagshe putpy pﬁithggt?rﬁacwmﬁa% t9f the

branch nmeans to derjve a.conbined si I i i i\gnal to
gener ate afeEY® @rco@é"ﬁﬁglS'%ﬂ?g:o%fﬁ‘?@fnpgﬁgecogw ﬂ%%g!ﬁ% y&l‘ﬁeﬁ%‘g?ér! g@%@erd

signal int %@%ﬂ " ak Atimdte oSt ther dat@ainditey reveivedysignabéntegdeerfer dhatd as
the difference between the 5 conbined signal and gﬁﬁgrrectl n signal; and
adapt at i on reaiver, fsaid rasear $igRal baing generaged \as i JIRIEAGE (IRIWERP esi gnal .

5 combined signal and a correction signal; and

adaptation means for modifying said sets of weights using the error

signal.



