‘ ;e?;enBYj 223D4Ad@x666TB7K[ >A  Recei ver Structure for TD- SCOVMA Downlink in a
Fast Moving Environment Field of the invention 5 The presﬂmmlmmwmmmwmr
provi des a nmethod and system for a TD SCDVA downl i nk for

receiver is located in a fast noving enyironnment, the method aBgssystem
enpl oying a novel receiver structure. Background of the invention 10

TD- SCDMA (Ti ne Divisi on Synchronous Code Division Miltipl e,mﬂmﬁ‘ﬂwmww he
Chi nese contribution to the international famly of Mbbile ' s
for 3rd Generation. It was accepted by 3GPP in March 2001 as t1seodzow chip
rate version of UMIS TDD. TD-SCDVA is able to support all 3G services from
8 kbps spegglieibar SEHUGERS FOIPTHSE . 12
opt1 mum r €s0UT CE 0 OTT. » ; STe e 5
each 10ms frane is divided into 2 sub-franes of 5nms. Each sub-frane
consi sts qf ots and each slot is assigned 20 either to uplink or to
downl i nk EF—@QE&]MGMM structure of the TD-SCDMA is shown in Figure 1
of the acconpanying drawi ngs, where it is shown that there are two data
parts in each slot, each data part has 352chip. Two data parts are

separ ai ed The prégenttinyenticndznoides anmettiod and systefrofor @EDFECDRA dowhiign. A

conventi opal recgi Vﬁ{ﬂfor.a CDEA %91 err)(aiﬁi a Rake receiver. However) due to
25 mul ti pl® USENAEN ihe taceives iz locatgd in a fast moving erwirenment, themethedcei ver
degrades gAdshstent BRPloyihg i HBVel ASRAKST stfkictrg, code channel in the sanme sl ot
i ncreases. Thérefore, t'he Rake receiver is not suitable for the TD SCDVA.

2 An optimum nultiuser detector consists of a bank of conventi onal

si ngl e- usgr @E @Eﬁ%fﬁ"éi §E§’|§ ﬁl | owed by application of the Viterbi

al gorith ity grows exponentially as the nunber of user
i ncrepges. To reduce this conplexity, various sub-optinmum detectors have
been devel gped. | n_[3], Block 5 Linear Equalization (BLE) or Joint

Det ect i on! P3Py DMA (Fired Divisiss Synelionpus CodeDivsion Mulipke Acceas) fsetheor e,
¢ downl | . ! ) ; o fiod into.t
cal 1 ed SUpTeReréititimutdt fo MeBiemaibaa s AapBlle Hatho-esfiiet Moratd s,
can be adGenethtionhiiswas eatépted &Y BGRE ihMarcBcZi0/ess eEmeshipYratelPersion
of UMTS TDD. TD-SCDMA is able to support all 3G services from 8 kbps speech

15 services up to 2 Mbps packet data service with adapted optimum resource

K i i(— Qving Environn

allocation.

In TD-SCDMA, the frame length is 10ms, and each 10ms frame is divided into 2
sub-frames of ms. Each sub-frame consists of 7 slots and each slot is assigned

20 either to uplink or to downlink [1] [2]). The slot structure of the TD-SCDMA is
shown in Figure 1 of the accompanying drawings, where it is shown that there
are two data parts in each slot, each data part has 352chip. Two data parts are
separated by 144 chips midamble, which is used for channel estimation. A
conventional receiver for a CDMA system is a Rake receiver. However, due to

25  multiple access interference (MAI), the performance of a Rake receiver degrades
as the number of simultaneous active code channel in the same slot increases.
Therefore, the Rake receiver is not suitable .for the TD-SCDMA.



1’.

SUD-BLE is much sinpler than JD when the FFT algorithmis adopted. But JD
provi des better perfornmance than SUD-BLE when the spreadi ng codes of other
user are ideally known. In other words, JD needs a-priori know edge of the
spreadi ng codes of the other users whilst SUD BLE does not need this 15
information. In TD- SCDVA, the base station does not transmt such
information to the users, and user equi pnent need to perform active code
detection. Active code detection not only increases the conplexity of user
equi pnent, but al so degrades the performance of JD when incorrect spreading
code is detected or m s-detected sonme active codes. Therefore) when TX

d ied, 2 | SUD- BLE d d .S
b Scon Ab ret R By ies detetot conaisis: of & PapR . sy eagonah Sipgle ViR |
strai ght f gaeeHed WRERCTollRfed HY! amsmatiw af I Bhérbi Sal%&JHfrﬁrﬁé@veegﬂ_

However, when using 512 FFT, channel estimation obtal ough m anbl e
is 25 useepmplexity grows expooantillywmthe dambebiofciser (r%@asﬂa 7o) redlunetthle

revi ousl e Lin t n nsmts
g number g?rﬂkfé%g? 9?/'“@ ggb %@Q}%r&%tgpsmﬁav% erenegea\ﬁeé}aaeti 6 L’S‘j E‘Cfc r each
code chanpiakar Befualizatiora(BInE)s or doint\Betettion 1) has reséropfdpvzed! for pR@stt r um

7 3 spreading |Mf§erformed by multiplying each data vectors with the

user - spechppc P& signals & Wihermare, rflamnbﬂkémelsirthlsSaigermtbm gan dydhen n

TD- SCDVA) & S ionis
t he super p05| t %fhé(“;f”t% e, snd;Fa-(l:-%ﬁténgﬁT o:[g'sfq:ﬂie ?ﬁgnr@mmlépgaéﬁagl gfngw

pr opagat eBLEhrFtEngalg@rlﬂane[5¢f6?}mwi bei adoped, thuscgrdatlyt feticingatieeredaivar se
response h chr':\ zi\cterl zing the link between the base station and the nobile
station. SHOB'X|%t d(k)- (dl ~k>~dz~ ~k) ~. .. dN~k) ) T~ k=1~...K (1) denotes the
data iy ansm tted by each user, consisting of N synbol s. Let 10

h=(le~, hz,...hw)T~ k=1,...K (2) represents the channel inpulse response,
with the SUpuBEE iBenycn simplarctlmarpslp wbendhe)FFT @@oritbm-~isGrddpted. But JD C ck)

Tk=1. k di r th
spr eadi ngp'PXHeSrt%¥er (?é/r%qa: éeetﬁgeﬁté@r@rgﬁghe%t@rﬁg%@'% aueng%mﬁvgl ows
(There argsdrngres iddal enﬁowﬁ rrero@he/reworp@s IDREE® a-pRsH Hnddedge iQhe- 1) T
=HCd+n=HS+n 20 25 (3 éha ﬁé_@ ~ ~ ~ nNQ*w, )T denotes the

e

addi ti ve Mgadingn Cﬁde§e0 r\msens mdpists8HDsBLEe doas enekineed this

(ot ity JETERRCEMATte Bhid sflch g3 nBLHaRENAAER BB Ghce o

al | the Usethe witirs,. aifd Tiset equipMiertzneed-to-pSHEnT activé Reds uteaws. tAcveof al |

« users. code detection not only increases the complexity of user equipment, but also
degrades the performance of JD when incorrect spreading code is detected or
mis-detected some active codes. Therefore, when TX diversity is not applied,

20 only SUD-BLE need be considered .

Since in TD-SCDMA, the data symbols for each data part comprise 352 chips,

the straightforward method for implementing a SUD-BLE is to use 512 FFT.

However, when using 512 FFT, channel estimation obtained through midamble is
25 used for the detection of whole data blocks (352 chips).

In the previously proposed method of TD-SCDMA downlink, the base station
transmits a number of K data vectors d(k), k=1, ...K, with each data vector for

each code channel. Before transmission over the mobile radio channel, spectrum



!

FI = (Hn, n )(NQ*W1)xNQ IS the channel inpulse response matrix, and is a
circulant matrix, and its elenents relates to h vector through the

foll ow ng equati on: 4 h",-"+~ for 15mn+1SWHmn O else (5) C =
(C-)NQX, ~,, is the spreading code matrig, and contains the user-specific
codes , cy(k) for k=1,...x n=~ ... fir g=1...QCQYn-1 )+y,n+tN(k-1 O else 5
For conveni ence, the special case of the covariance matrix Rn of the noise
vector being equal to a21 with | the identity matrix and ~Zthe vari ance of
t he each noi se conponent, is considered. 10 Based on MVSE criteri on, the
conti nuous-val ued estimation of S can be witten as: S =(HHHHQZRS' ) -

{he sum varesdig is"ppraiiied b riERIAL Yo AR Lectb il i) & ﬁﬁp?fcﬁf{?hxo? f
RS can bego%hﬁrsﬂh%ertcﬁdnﬁéhﬁtlon code dnd scr‘éﬁfb?ihgscdd@‘?ncm'@CﬂZMﬁng(“gﬁuLO” and

transposition mtian transposition) 20 For the description of

despr eader..forT h@d@nﬁmﬁt%ctlg‘naltbqrmetbasemtatmn i€ th¢ Gupphi@sijoraofiKksignék) f or
n =1, el se is defined. The

conti nuou%OVHBH@Qf‘sesIhenﬁ?'é%%ft e&(%%%‘f E’%’Pg%@‘é tr%ﬁ‘?‘!ﬂ*bé SEII éhﬁﬁ@ebé&bﬁps:
5 d(k)s _ §idbrsé W&hhn%l fhpitse "r@sﬁ%ﬁsé:‘?i” h&%’bﬁﬁ?& rﬁ“ﬁe tI|H BetiRER! the! S

circulant, channel equallzatlon can be per or me Ci ent y in freqguency
domai n, abasestatinontandrthefmebitestation cdhusjleted as follows: 5

dk)=@",d,",d, ™), k=1--K 1)

denotes the data transmitted by each user, consisting of N symbols.

Let

10 h=(,h, k), k=1--K (2)
represents the channel impulse response, with the impulse length of W chips,
Let
®="®e," "), k=LK (3)

denotes the user k spreading sequence, with spreading factor of Q.
15 The received signal e can be written as follows (There are two such vectors
received per timesiot )

e=(el,e2,---eNQ+W_1)T=HCa’+n=HS+n (4)

Where,

n=(n,n,, Ny, ) denotes the additive Gaussian noise sequence which
20 represents the intercell interference and thermal noise , with zero mean and

covariance matrix R, = E(nn™).

d=(d0)",dQ2)",---d(K)")", is the combined sequence of all the users data.

§=Cd=(S,8, --Sy)"isthe superposition of all K users.

H=(H,,)now-1np 18 the channel impulse response matrix, and is a circulant

25 matrix, and its elements relates to h vector through the following equation:



Z - FFT i (h)FFT (e) 10 FFT' (h)FFT(h) + a~z () and S = IFFT(z) (1 1) 10
where h is the estimation of the Hmatrix. In TD SCODVA, the maxi mum | ength
of delay spread is w=16. Since the length of a is 352+16-1=367, 145 zeros
are padded before 512 FFT is applied tp e. Since length of h is 16, 496
zeros are padded before 512 FFT applied to h. The 15 diagramof 512 FFT is
shown is Figure.2. Using (10), the z vector of length 512 is obtained, and
estimation of S is obtained by performng 512 | FFT on z and di scardi ng end
160 points to obtain 352 point. A receiver architecture has been proposed,
whi ch uses an overl ap-and-save 64 20 FFT/ I FFT instead of 512 FFT [6] for
fast noving epvironnent. Byuﬁdoptin this structure, channel estimation
trackingbggn=Fe i rteyr at ed iﬁi&fﬂﬁfg+ﬁﬂ¥ection due to subbl ock- pr(ggessi ng.
For sub-bl ockl pr8césing, firstly, 33 zeros are padded to the recelved
signal e,, 2 nd sjgpal a is divided.,.nto 8 sub-blocks, each_sub-bl ock of
Tength 6F M phoants DeREEATIAG CHRS FatHX AL oORRInRARG e BPERIE 6088 | ap.
The detail ed overl appi ng of sub-block is shown in Figure 3. Let e~~
represent the data for sub-block j, j=1, ...8. i 6 Let estimation of
channel inpul se response forsub-bl ock | be denoted as h~~, j=1, ...8. Then
t he processi rdg(,,gm,,gg,)d%scr%beg”as}.‘“g)"l{iﬁril]llgiqi‘ﬂg'%ect or g~'~) di mensi on
64 according to (10) and (14)¢se5 g~' ~ =| FFT( F FT~(h~' ~) FFT(e~'~) FFT
(h~"~) FFT(h~'~)+~2) 2) Estimation of S~'~ is obtained by discarding the

| ast 16 itens or 48 itens of guy: gc>>(1: 48) 1 <j < 7 gc'>(1:16) j =8
Where, g(mn) denotes taking the elenment of g wwth index frommto n. 10
The detailed architecture of overlap and save 64 FFT receiver is shown in
Fi gure 4Forneneeniercea, toe ppedabme/\b{) thescovaripncematrix R, yof themoisesvertorst |,
when using 512 FFT, channel estination obtained through m danble is used
for the beingcetiual tof ovhowith datthe lidentity niatsiR ard p<'the Tadapee ofdhe saoh of
such processing is that the. channel variation during the whole data bl ock
shal | noP°E8‘§ﬁéﬁﬁqu5'ﬁ@P”PPef receiver is stationary or is located in a
rel aggvl ey slow noving environnent, this condition can be fulfilled. In

fast noving environnment this )
Based on MMSE criterion, the continuous-valued estimation of S can be written

as:

§=(I:IHI:I+02R;1)"I:I”e (7)

15 where, R, = E{SS"}of dimension NQxNQ is the covariance matrix of the sum
vector 5. His the estimation of the H matrix. Implementation of Rs can be
approximated by R =1. ()" denotes the complex conjugation and transposition

( Hermitian transposition)

20  For the description of the despreader or code-matched filter, the matrix
C* =(C*3) youv» and

Ck Qn-D+gn =
else

{cq(k)for n=1--N,g=1.--0Q (8)

is defined. The continuous-valued estimate of d(k) after code matched filtering
becomes:



20 condition can not be fulfilled due to dramatic variation of channel
coefficients. In a fast noving environnent, if the channel variation is not
tracked and further integrated into data detection part, the performance
will be greatly degraded. Overlap and save 64 FFT presents a second
problem nanmely that due to the 25 interference between adjacent bl ocks,
and the interference from unwanted chi ps 7 in the sanme sub-bl ock, the
performance of such a receiver is interference limted and the BER
performance shows a BER floor in the high SNR zone. Summary of the
invention 5 To i nprove the performance of sub-bl ock processing, the present
i nvention defines a novel receiver structure for TD SCDVMA downlink for use
ina fasﬁgapyhng @ﬂﬂtﬁqpnﬁﬁ@u§dc@k%§ a notor vehicle or train, yden
transmt iversi%y is not appli®d. In this structure, after first sub-bl ock
processing, the structure 10 regenerates the interference caused by

adj acent bl ocks and unwanted chips in the sane sub-bl ock, and subtracts the
| nt er T er eagideiAGhAthe S atft iclefcuiantd RbnnditlaRz P Bsh BUleh e
processing step I's perforned to detect data. S at1on studies have shown
t hat t hi sfficiantlyve frestiency domapr, @nddestinsatipnecftS cap beveateuiatedapfatledswi t h
conventi onal sub-bl ock processing. 15 Thus, a first aspect of the present

i nvertti on provides a nethod of interference reduction in a TD SCVDA

downl i nk recei verFEZE‘QE @E?d conprising partitioning a received signal
into a nunbef = - 2 |l ength NT with an overl ap Iengqhogz bet ween
adj acent sub- bl K'Y hpfl @) eae’ssi ng sai d sub- bl ocks so that 20 substantially
only M= NT- NZ is extracted as the desired data signal. A second aspect of
the pres@R€ invention provides a TD- SCMDA downl i nk receiver conprising as
interference reduction neans, neans for partitioning a received signal into
a nunber of sub-blocks of length NT with an overlap | ength 25 NZ bet ween
adj acent sub- blgacksrgnd nmeans for processing said sub-bl ockgjpo that
substantially only = NT- NZ is extracted as the desired data signal. 8
Det ai edywRepe " A i tHestimatish bNKerd hestrikn preferred enbodi ments, the overall
sub- bl ock processing conprises: S (a) applying a first sub-block processing
operation to a received data signal; (b) for each sub-bl ock of the received

data sig rati d I jqacent b n
nvant ealEPoSCEARE el ot Seb Siiealls RABT SietbeEgefita: ca
i nterf erersg52r16113¢867, Nageieresl afnpadséd bafore G 12ePET & applied b ecBince
interference data signal; and )
length of h is 16, 496 zeros are padded before 512 FFT applied to h. The
15 diagram of 512 FFT is shown is Figure.2. Using (10), the z vector of length 512 is
obtained, and estimation of S is obtained by performing 512 IFFT on z and

discarding end 160 points to obtain 352 point.

A receiver architecture has been proposed, which uses an overlap-and-save 64
20 FFT/IFFT instead of 512 FFT [6] for fast moving environment. By adopting this
structure, channel estimation tracking can be integrated into data detection due

to subblock-processing.

For sub-block processing, firstly, 33 zeros are padded to the received signal e,
25 and signal e is divided into 8 sub-blocks, each sub-block of length 64 chip, and
between adjacent blocks, there are 16 chips overlap. The detailed overlapping of
sub-block is shown in Figure 3. Let e? represent the data for sub-block j, j=1, ...8.



" (d) applying a second sub-block processing operation to said reduce
interference data signal. 15 In fast noving environnment, in order to track
t he channel variation, channel estimation tracking needs to be integrated
into data detection. This has been fourgl to necessitate sub-bl ock
processing. 20 The difference between the nethod of the invention and the
tradi tional Decision Feedback Equalization (DFE) is that: 1 ) traditional
DFE is a single user detector, only one user is detected, while the nethod
of the present invention works in a nultiuser situation) K user or codes
are detected at the sanme tine. 2) with 25 traditional DFE feedback, every
det ect ed |5 f i 1 i.ved,si I # .Lor the
ot hod of Lerestiatin of e pdle® reditinseltol 3 bR LSRR as i 12 ) o
t he det ect. e8] Tdanetheyprocéssing cas be describbd asancel | ati on of the interference
caused by them 9 The difference between the nethod and system of the
present invention and Bl ock Deci sion Feedback Equalization (BDFE) is that:

L e R B S P B el i 5 o

2) with BDFE feedbac even ghected data synbol cancels its effect,
whi | e & he gtvetLhyggrg e . y uses the feedback part of (not all)
t he det ecfged dat a SO FBT(H'Ae+adncel | ati on of the interference caused

by them The difference between the nethod and system of the present

i nvention al Estimationof 54 isojtaiped hyStliscardinig/thel last6 demsoy 4Biterakodt | on)
or PIC (Parall elj Interference Cancellation) is that traditional SIC or PIC
applies a matcBed filter (or Rake receiver) to detect data synbols followed
by regeneration of tj)he interference caused by all of the data synbols. The
present igyent)ion &plidd3 an equalisz®7to detect data synbols and only uses
part of (r.e. |sone, S;mr(l:q@) tt}e=§5 detected synbols to regenerate the
interference. Brief description of the Drawings The present invention wl|

now be expl ai ngthere, ge:a) dehefes thkingale elerhdst 6fa) Withiimdgex2Pofanabinpt i on of a
preferred enbodi nent and with reference to the acconpanying drawi ngs, in

whi chio Fi ghé Geﬂail@ﬂ%hﬁé&un@%ﬁdvéb?%é&/é 64 FFP- raeblVer id shdwek irsFRjure 25
Figure 2 shows the SUD BLE using 512 FFT of prior art 1; Figure 3 shows the

di agram o#- overl apping for sub-bl ock processing of prior art; 10 Figure 4
shows the overlap and save 64 FFT architecture of prior art; Figure 5 shows
di agram of the receiver structure of invention;

There are two problems with such prior art systems.

15  First, when using 512 FFT, channel estimation obtained through midamble is
used for the detection of whole data blocks (352 chips). The prerequisite of such
processing is that the channel variation during the whole data block shall not be
significant. If the receiver is stationary or is located in a relativiey slow moving
environment, this condition can be fulfilled. In fast moving environment this

20  condition can not be fulfilled due to dramatic variation of channe! coefficients. In a
fast moving environment, if the channel variation is not tracked and further
integrated into data detection part, the performance will be greatly degraded.

Overlap and save 64 FFT presents a second problem, namely that due to the
25 interference between adjacent blocks, and the interference from unwanted chips



" 5 Figure 6 shows interference caused by sub-bl ock processing; Figure 7
shows BER conpari son between conventi onal sub-bl ock processing and novel
sub- bl ock processing, according to the present invention, for channel A,
120km hr (3 equal power path, relative path delay is 0, 5chpps, 10 10
chips); Figure 8 shows BER conpari son between conventional sub-Dbl ock
processi ng and novel sub-block processing, according to the present

i nvention, for channel A, 250km hr (3 equal power path, relative path del ay
is 0, 5chpps, 10 15 chips); Figure 9 shows BER conpari son between

conventi onal sub-block processing and novel sub-bl ock processing, accordi ng

to the pr B, .12 hr rel atj ve power
s (0as e pdri B0huuibor, Wi pBHERRGhe ot PEEN Arvbeitsty TieHarencainiied 2
chips, 3 ahdtie BERgefogtacel ShohewBERR0oPIPEHE Isigh SNR \¥8AB, convent i onal
sub- bl ock processing and novel sub-block processing, according to the
present invention, for channel B, 250km hr (4 path, relative power is (O
dB, -3 dB ntian relative path delay is 0, 1 chips, 2 chips, 3
chi ps)). Sugﬁné‘ of e té erred Enbodi nents 11 Conventi onal sub-bl ock
processing (Figure 4) suffers fromthe interference between adjcent bl ocks

and unvvanfred. Chlﬁ H\g t he. sane sub- bl 0_& t herefore the performance of such
a structuf8 [MePTONEethee PEHREMANGE + AfSUbdIqgke PERGRSSING: JthRn RERSEHK JRKERtIBER

floor. 5 Ygfifmds %”h@@él”?égelﬁr $RGctOFE SN TD- QWAO@OWQM'IKO?&B[IS&QHI fmLgye the

performance of sub-block processing shown | a struoucture TS used
wher eby | BRying eavirFmemruchubs ta mﬂtorpveiuelesmmtgammmﬂhnltﬁammsjlwelty &ppi ng

regener at 8¢ REPRY 1 affse stnElen s fist Sypaplot %%Be%ﬁééﬁﬁéi’%?ic%r%g’ We
i nt er f(er efgyeriesatdy tthéaﬁteeférérﬁéerrbéiwed QQ%djéébrﬁadlécléi 9A&!unwdiisd &h

sub- bl ock processi perfornmed to deteCt data. The diagramis o

n
Fi gure 5.ths $ajﬂ¢>SUb33|@@k anslstibiegctsthesintarferehee fr@matheerecel\@dadata signali VI ded

t I b- bl 4 chj
over | appi hEBa esont aHEABER phosse Bt HoBiih pRURERR f BRISH At M ng
t he channsfudianhbee ahowiethali thikerdceivert stHiqnrs Brcwlaéy B §Ra | o\%rﬁé{ﬁt Then
t he Channel |nplise Response (CIR) within a sub-block i8S appr XI mat e

equal to €PBPATE With cravertianad sub-hierk progessingn the fol | owi ng descri pti on,
it isjgoresumed that W- 16. Further, no 20 know edge is assuned of the code
sequence of all users. After padding zero, the received signal vector of

| engt h 400husira first aspeédtat the present |mnt|on¢>tov1des a-meéfhod c;f |n’te)bfe'lr;tlar{ce&2%3
33zero~~ 25 L t CIR tre (I su ocC e
expressed egyc nina 'IJEESP%DS\Z? Iln?weyeglegéheénethog@gmmg paditioatns ved

signal T o4 récdifed signaflinto a-numtBr sHERbbIBEKs offBhgth K2 WitASaPELfsS Fe%gﬂ?
Nz between adjacent sub-blocks and processing said sub-blocks so that
20  substantially only M = Nr— Nzis extracted as the desired data signal.

A second aspect of the present invention provides a TD-SCMDA downlink

receiver comprising as interference reduction means, means for partitioning a

received signal into a number of sub-blocks of length Nt with an overlap length
25  Nzbetween adjacent sub-blocks and means for processing said sub-blocks so

that substantially only M = Ny — Nz is extracted as the desired data signal.



12 (14) e~) . ~e~r-~)n~+ ~ ear-~)n~+2 ~ ... e~~-i)M64 )T = H-")s~") +
h~") + 1z~'") where , M=48 is the length of vector Sc') ; s~")

=~5~~-, )Mt ~S(i - 1) Mr2~"" "$(i - 1) MMM-T is the signal to be estinmated from~')

y H—~)nny64xMis the CIR matrix for i té (i =1, ..., 8) sub-block, its

elenents 5 relates to hc')vector through the follomdng equation: ()
~Ynr-n+l for 1 < mn+15W (15 H  mnOelsel,c') [ 0~~~ 0O~ )T

]T of length 64 is "the interference caused by unwant ed 48 zer os chips in

the sane i th (i =1, ..., 8) sub-blocks ; ... o~T of length 64 is the

I nterference caused by chlps in the 49 zeror 10 pervious sub-blocks (note

that the only suffer from unwanted chips in

t he sane bbaﬁ SﬁlSé? In\/nlo 00é4 zeros 0;') is the effective
error vector with Iength 16 caused by unwant ed chips in the same sub- bl ock,
whi ch can be further witten as: Z) c~)Uc~) (16) where, vc')

( SAMF, , S~Nnpreferreg w@@wrﬁenhSeﬂqure" sy tm@cwmasslgmmlsea the ith (i =
1, ... , 8) sub-block other than Sc') . Oc2) is the effective error vector
W|th | ength 15 caused by chips fromprevious (i 20 1th) (i = 2, . 8)

sub- blsock, \h) applyimg Dfirst subidsckproctesing Spepation & AWrddeiisd) dét&@l%r’mer e,
vc'~_(S~;-,)M,4, S~ -,)M, 3, S~;-,),~ )T of length 15 ist ech|p5|n
the previous (i - 1 th) (1= 2, ...8) sub-blocks. H ") with dinmension of 16

x 16 can be (¥f for eBBh&tb-blodidoPthe received data signal, regenerating interference

caused by adjacent blocks and unwanted chips in the same sub-block;

10 (c) subtracting the regenerated interference from said received data signal to
generate a reduced interference data signal; and

(d) applying a second sub-block processing operation to said reduce
interference data signal.

15
In fast moving environment, in order to track the channel variation, channel
estimation tracking needs to be integrated into data detection. This has been
found to necessitate sub-block processing.

20

The difference between the method of the invention and the traditional Decision
Feedback Equalization (DFE) is that: 1) traditional DFE is a single user detector,
only one user is detected, while the method of the present invention works in a
multiuser situation, K user or codes are detected at the same time. 2) with

25 traditional DFE feedback, every detected data symbol cancels its effect in the
received signal but for the method of the invention, only the feedback part of (i.e.
some, not all) of the detected data symbols is used for the cancellation of the
interference caused by them.



" H;'I"~ with di nension of 16 x 16 can be witten as: h~' ~~"-"4+~ or 1 S mn+1

<16 H | )'"'" 0 else f H's with dinension 15x15, can be witten as: H ~; ~
- h ~~ WI1l+mn for 0 << m- n<_152z n,,n 0 else (18) (19) 10 15 Since
S~"~is to be estimated frome~"~ , it ¢S obvious the observation signal
e~'~ suffered interference fromU-'~ and V ~ ~ , which, if not subtracted
fromthe e~'~ , the estimation performance of S~'~ will be effected. The
illustration of interference with sub-bl ock processing is shown in
Figure.6. In order to inprove the estimation performance of S~ ~, the
interference |;'~ and |li'~ need to be estimated and subtracted fromthe

st sgggegr@f)%%@egﬁter BEleeE 1o matiBn ARESEtenT B b hrks Fvahiion drd©
esti mat i oBldck Détisioneftedubeel Eyudlibation (BDFEY kdihaek1 FBIFES’iéé& tol pertdit

second sta regenerate the int erference cause y adj acent. bl ocks and
unwant ed U‘%?%\?quf' lap, ghighy s rathek canplexbwhile the lﬁ@?thﬁ@ é?fftéﬁe'ﬁlt@ntqubm t he

ooy oAb patraRAs FRT MRS ORhchuBmibIE 2PVARP TIPS fedBBELOLRA  ©

detect data i Ng 'vecto dimensi on

accor di ngdetec(éd))ja’mdymbﬂ)l rancéls itsl éiFéthWﬁllé Hhé*rhélﬁweof the vention only
(FFT(hc~FFT(h h ~~is the estipmation of

CRin thH @eé%at’hé’aﬂtq’f Ql"f"‘ aliythe, deteSt)e\ghéfﬂialsamb% fardhe mancsliatign s~ ~
i's obt ai ngﬂth@rnfg,@q@,ﬁég Bﬁuéébeb)b\h #dm16 itens or 48 itens of gm= g~~~(1: 48)
: ere,

1 <j <7g9gCc ~ g(mn) denotes taking the element of g
wi th index frommto n 3) Based on s~ >> (=1, 8) the estimation of S

can, be W thi ShidneS reviedh 1 Mgtiod Andsvsters o g plskelt iblertMheance
filterg ngrrtwmgé S#CX) mﬁt@c@hkﬁeﬂnt@rﬁéﬁérﬁbede@aﬁééﬂétl@ﬂ% dék) PIG ?Péﬁill@?d as

ere csi denotes taking the sign bit of

E(e% gnﬁs'r%eéer@asg Ganaal A n b e S Cror BG pppies B memmm@r lt e
e nal by roRaRE faceiih 8 IEREP i mBUEfARREY 2] ModheiBfich 2

(,s~, sz mterferéh@ taased by all of the data symbols. The present invention applies an

equalizer to detect data symbols and only uses part of (i.e. some, not all) the

15 detected symbols to regenerate the interference.

Brief description of the Drawings

The present invention will now be explained in more detail by way of the following
20  Description of a preferred embodiment and with reference to the accompanying
drawings, in which:

Figure 1 shows the burst structure for TD-SCDMA traffic slot;

25 Figure 2 shows the SUD_BLE using 512 FFT of prior art 1:

Figure 3 shows the diagram of overlapping for sub-block processing of
prior art;



g V\,hé're, d =(a(1)T,a(2)T,...d(KYT)T is the conbi ned sequence of all the
estimated users data. 2) The effective interference signal oi>> and o~z>

can be re-generated 25 as 0; ~ = H,'>U->> and e~2 ~ = HZ~-w~~~ respectively.
Wher e, 15 U(j) - ("SiMH s'"SfM2 ~ .40 S'JMLI6 )T ~ and V (j) _ (S(
j-)nr-14 ~S~ .. S. Tare (J-1)M13~ (J-1)M respectively the
estimation of UJ and V~'~ H (j) and Hz(j) are respectiveily the
estimation of H—~~ and H2~~. 3) The interference signal can then be
regenerated as S 11u) ~ o ... 0 0o~)))T~Tand 48 zeros o ... o~T ,

respectively. 49 zeros 4) The regenerated signal is subtracted from

recei ved si gnak;£d i tha L ' i dreimitddel DS~ ST )  11() >
~+ ~12()) 15%%)3@05]&(%?%3@&%%&%%%? ?:ié'in‘grf"r“;'éehl(etg%‘?é’P ']‘%rn*%f iT()
and i2(j) , it can be seen that 10 the interference has been cancel |l ed out

fromthe recei ved signal. For e second tine, the vector g(j) of

di nensi on 64 iE'%‘B‘% é%&’%@éﬂ%'ﬁ&&“@?ﬁceﬂﬁﬁ%ﬁﬁﬁog Ht‘ie;"f'ﬁﬂ:T(e( i)) ) FFT
(h(J))FFT(h(j))+Qz 6) Estimation of S(j) is obtained by discarding the | ast
16 items or 48 jtems of 1S g(J): S(j>- 9(j)(1:48) 1 < j <_ 749 (j) (1:16)
j = 857) BasedFighresgjshows lﬂge,rfe.ren@a pamxedg by sLbddockprocessiogn be witten as:
S - [S()T ,S(2)T ... S(8)T 1T 20 8) The conti nuous-val ued estimate ofJ
d(k) after code matched filtering becones: 16 G (k)= QCkNs 9) A final

deci si on on d(Riguré Ubishoned BER @ofiparisonsimsieef k thnvertithapesiigbkce of
the novel sub-Dblock processi ng of the nethod of the invention as described
above wasP@SEF§RE ANy Ngvehsul-PloskripcessingnRecardingdecthenpreseat irwention,

channe! o (F ShahhENAM3QEHsE G Gofel T a 36 o) ko, SRR

10  chips);

Figure 8 shows BER comparison between conventional sub-block
processing and novel sub-block processing, according to the present invention,
for channel A, 250km/hr (3 equal power path, relative path delay is 0, 5chips, 10
15  chips);

Figure 9 shows BER comparison between conventional sub-block
processing and novel sub-block processing, according to the present invention,
for channel B, 120km/hr (4 path, relative power is (0 dB, -3 dB, -6 dB, -9 dB);

20 relative path delay is 0, 1chips, 2 chips, 3 chips));and

Figure 10 shows BER comparison between conventional sub-block
processing and novel sub-block processing, according to the present invention,
for channel B, 250km/hr (4 path, relative power is (0 dB, -3 dB, -6 dB, -9 dB):

25 relative path delay is 0, 1chips, 2 chips, 3 chips)).

Description of Preferred Embodiments



10 transmtted signal consists of 10 codes, with equal power for each code.
O her paraneter settings used for the sinulation are:0 1 ) The transmtted
data sequence of each of K users in one tinme slot consists of 44 synbols or
704 chips, and each data part (data paqt 1 and data part 2) contains N = 22
synbol s or 352chips; 15 2) The spreading factor, Q= 16, i.e., the nunber
of chips per data synbol is 16; 3) The additive noise n is white Gaussian
noi se with zero nmean and covariance matrix R' = 1; 4) Two ki nds of nobile
radi o channel are used: channel A and channel B. 20 Channel A is 3 path
rayl ei gh fading channel, with relative power (GdB, GdB, QdB) and rel ative

delay (O i 10ahi , i a i S 4, pat i.gh
Fadi g chanuarional ALtk pRERReR YEigtre 4 aMRer o R efB e
del a;d/ (Obetwgeh} adjcgnk:bibplis afd gh'mmll(ed clﬂgp@mthellsame subeblbblngtheréfomthe' ngf
speed are sinulated; 120km and 250km _The Doppl er 25 spt i§ 222 Hz for
190 knf hPeRnmacs pEsydl a skdkiyrhis nfsriaracs liied and thehBERsperprmancene
channel LRpWS SSBERSRRFSE at chip interval is 16; 17 6) For both
conventional and novel sub-bl ock processing, FFT |length of 64 and overl ap
l ength of 16 is used. 7) For each data part, the channel inpulse response

inthe c e ch,.suhb-block s used for each sub-block and is ideal
cnown t o] AR et B e BRicens Tk, Mo fRE 2n THBiRbeneoRaTo TR ock
processi Bﬂ_s@tﬁlﬁldwgﬂbgé SREWR'IP FRFLTE 1) adtARtGHeNS Used tWifereBy f8HGtRB4i S
shown in Fig.7 and Fig.8 for channel A with a novenent speed of 120 kni hr

and 250k FFRFAIFFTesp-blacke proceasBER With & ichips peeriarning dratwaenoadincenib- bl ock

Phonn; nBBREG Eufpicye ' Redt 06t PEREBREKT RraRE8I. (e, Gebdfeiall LG ' °
250knd hr intedenenceicatisid 1By adjacent Islboke) drththis imedeidneads ﬁjbh‘abiedci_f_%rg el

pr ocessi E"g has _\z%qBER fl oor caused by the sub-bl ock interference.

sub- bl ocK"pFefi& glaopiongk Then At $enengy SE-PIacK RIORESTIAG IS periormed to
interter i i ve 15 performance particularly in
a high SE%@%H%&%SCH? egs;ﬁioglﬂ? Frfl'pltzlﬁc[am;T(1?'gh SNR zone, the first sub-Dbl ock

processi ng can provide accurate bit estimation, and using this accurate bit
estimatian, the interference cap be regenerated. wi.th hetter accuracy than
Chat "can BeErREAAIY F6 APiSRRIhe fRseNRd monaR s vEeAdriar e0eme B B

cances | ed|gERs it leaehisuBLblod84 XN HRd FBIIRAIC Svérippity BEhWECEdjabent20
conparison) the performance of whol e bl ock processing using 512 'FFT has

al so beeRloskswBy Arfredyning eaub-blaek wrocessingc ither chanhel r@mgim@ssmmenFT has

movi ng- s pEeWiE sBHBRA MR cefn RReBRR L SR imblLie Rk e, [y
3GPP t eclOIR)alitisipez isubdsidcios dpprdkimately egaall tocth@nGER 9n and osnlei oothel

transport chanpel onto physjcal chanpels (TDD), V4. 1. 5 52] 3GPP techni cal
spec.f.chlchn Estf@z&llosﬁmmsra@pm ibdspresuroed thapyV - ¢416. Fwthet, woei n, G

K Kaheh, kﬁ)ow{e%gl?% asgﬁrhgd%?r %ggflgslgglll}%ﬁr;&%"\/g s_Square Error Equali zation

for | t1user tectron In I ple Access Channels. | EEE
Trans V T, Vol 45, No.2, pp276-287, May 1996. [4] A Klein, "Data Detection

Al gor i t hifteBpaddiagl2erdethegoaesivéd sighaevestonbf kgt 400 caide Wwiitten as:Radi o
Systens". | EEE Vechi cul ar Technol ogy Conference, pp. 203-207, 1997.

e'=(e, ey, €357,0,--0)7 (12)

33zeros

25 Let CIR in the centre of ith (i= 1, ..., 8) sub-block be expressed as:
h(i) =(h](i):h§i)a"'>h;(:))T: k=15"'K (13)
Let ¢ represent the received signal for i th (=1, ..., 8) sub-block, which can be

expressed as:



[5] Tdoc SM=2 UMIS L1 362198) ETSI, Sept, 1998. [6] |. Held and A. Kerroum
"TD- SCDVMA Mobil e Station Receivers: Architecture, Performance, |npact of
Channel Estimation,"” China Vllireiess Congress, 15 HanzZhou, China, 2002.
[7] B Steiner, P WBeier, "Low Cost Channel Estimation in the Uplink

Recei ver of CDVA Mobil e Radio Systens. Frequenz, Vol. 47pp.292-298,

Nov/ Dec, 1993. 19 CLAIM5 1. A nethod of interference reduction in a

TD- SCMDA downl i nk receiver, the nethod conprising partitioning a received
signal into a nunmber of sub-blocks of 5 length NT with an overlap length Nz
bet ween adj acent sub-bl ocks and processing sai d sub-bl ocks so that
substantial ly only M= NI- Nz is extracped as the desired data signal. 2.
The met héd =éfi-wt-afrmaz vifleneisn tHe Sublibl*dek processing conpri se¥t) 10 (a)
applying a first processing operati on,to t he sub-bl ocks so that the
extract edf"lﬁiﬁa“é?&@lthﬁ’llen&ﬁQfVﬂEt,or(fbyi for each sub-block of the received

data signgl, regenerating_ interference 15 caused b jacenpt bl ocks and
unwant edsg)rﬁ (ﬁgmw’§<fhnw+san%f-wu+wJblSJEE;S'Q’L%? tQ Eﬁtersggﬁif?@wpﬁbe Jrlegener at ed

interference fromsaj d regeived dafa .sjgpal ,to geperat reduced
interfer Egé(’ﬂgt"éﬂsw i§nthe. Eﬁkdngt@x(@' ’ébp{’]y‘l g a gg&b’%oﬁgab'g? §&MeMtScessi ng
operation, to_said,reduce interference data signal. 3. The nethod of claim
1, \M?P[erefq%at&ﬁﬁ?;h‘f Wb@é‘k“%{ﬂ?jﬁ@% INgreQUMRN et ect ed data synbols is used
for cancel | ati[)n of their associ teg interference. 25 4. The method of

q

claim 1, Hhere{ n an &quar’ zer is/Eppii"sd t'6"det ect ed dat@5$ynbols and only
some of the detected data syfols are used to regenerate the interterence.

L9=[ 0 - 0 A1 of length 64 is the interference caused by unwanted
%,—J

48 zeros

chips in the same ith (i= 1, ..., 8) sub-blocks ;

19 = [A‘.?T 0 - 0]" of length 64 is the interference caused by chips in the
49 zeros

10  pervious sub-blocks (note that the first sub-block, i.e. i = 1, only suffer from
unwanted chips in the same sub-block, therefore 1’ =[0 o -.. 0]")
N —

64  zeros

ADis the effective error vector with length 16 caused by unwanted chips in the
same sub-block, which can be further written as:
15

AD = g Oy ® (16)

where, U® = (Sp,.1,Sas.2,Sis1s)” OF length 16 is the unwanted chips in the ith (i =

1, ..., 8) sub-block other than S,

AYis the effective error vector with length 15 caused by chips from previous (i -
20 1th) (i = 2, ...8) sub-block, which can be further written as:

AD = F,Op 0 (17)

where, VO =(S;_ys14, S-ipr-13+ Sy )" Of length 15 is the chips in the previous (i

—1th) (/= 2, ...8) sub-blocks.

H” with dimension of 16x16 can be written as:



+ 20 5. A TD- SCMDA downl i nk receiver conprising as interference reduction
means, nmeans for partitioning a received signal into a nunber of sub-bl ocks
of length NT with an overlap | ength NZ bet ween adj acent sub-bl ocks and
means for processing said sub-blocks so that substantially only M= NT- NZ
is extracted as 5 the desired data sigddl. 6. The receiver of claims5s,
wherei n said sub-bl ock processi ng neans conprises: 10 (a) neans for
applying a first sub-bl ock processing operation to a received data signal;
(b) means for each sub-block of the received data signal, regenerating
interference caused by adjacent bl ocks and unwanted chips in the sane 15
sub- bl ock; (c) neans for subtracting the regenerated interference fromsaid

recei ved @g? avitr ginfengich 6L16X B8 @an beoltigeslaknt er f erence data signal ; and 20
(d) nmeans for applying a second sub-bl ock processing operation to said

reduce interfergnceg@ala signal. 4. [Tag rgeeiygr of claim5, wherein only a
f eedback 66?7;9,015 t (?f sone detected data synbols is used for can¢i8) ation
of their associ Be(f ®hterference. 25 8. The receiver of claim5, wherein an
equalizer is applied to detected data synbols and only sonme of the detected
data synbols are used to regenerate the interference. .AU .A A2

. AaL. Aa?. FOAyitH Simeridr 183F5 - A be ANHBNAAS. AFF. AFI | . Aa. AuY. AF(Y . AF;
Fla-1L& 1% _b(1’ ’ '

hcn c ca] ca] ca] ca
Xaloma] el eap L%?ﬁq{df?fﬁ’%%%} o Jof o) &g cal cal cal cal 78l cal cal

eise
Since S®is to be estimated from e®, it is obvious the observation signal e
suffered interference fromU®and V', which, if not subtracted from the ¢, the

estimation performance of S”will be effected. The illustration of interference with
sub-block processing is shown in Figure.6.
10

In order to improve the estimation performance of S, the interference 7%’ and
I{” need to be estimated and subtracted from the ¢ . The proposed receiver has

two stages (shown in Figure 5): In the first stage, conventional sub-block
processing is performed, and data estimation is obtained based on the first sub-

15 block processing. In the second stage, we regenerate the interference caused by
adjacent blocks and unwanted chips in the same sub-block and subtract the
interference from the received data signal. Then a second sub-block processing
is performed to detect data.

20 Stage 1:

1) Calculating vector g of dimension 64 according to (10) and (11);

. FFT' (WOYFFT (eY
P = IFFT (5 (5) : ((')e )2
FET' (WYYFFT(hY + o

g j=1,....8
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UV] caV] ca] ca]caV]caV]ca W]caV]ca W]caV]ca]caV]ca,}768: A %=
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Stage 2:
1) Based on the hard decision c?(k), we can reconstruct superposition of K

code channel signal by modulation and spreading, which can be
20 expressed as:

§=(5,8,,8y)" =Cd
where, d =(d(1)",d2)",-d(K)") is the combined sequence of all the
estimated users data.

2) The effective interference signal A{’and AYcan be re-generated

25 as Ay = AVTW and AP = g Y respectively. Where,



"10967& () - ylO9%& ()-:10% & ()-° 10T 10T 10Tl 4z109%& ()- i
_bdEbCI\ 1 3109%& ()- "109%& ()-S' 109%& ()- "1090& ()-
#100@& ()-1109F& ()-b' 2dEbCI\, I 109& () - FS)z109%F& () - $
"109G7& ()-3"1 109F& ()-1L!: $1090& ()- "38%A& ()-CBY: :=uj @ 10%@& ()-Y 10T
10T 10T8 "10%& ()- L6 "109d& ()- 4!10%& ()-
1y3/ s$10%AT& ()-=72*r~ @ @ y310%@& ()-g 10%@& ()-F #10%)& ()-
| #10%@E& ()- | ! 10%@& ()-1109%@& ()-r 'j{Y:j_@ YL0%@& ()-3'Il ":$10% ()-F
Il " $109%& ()-F)10%@& ()-!3 s10%&' ()-G X #109%&' ()-OME _@ "10%@& ()-*
"10%@ ()-% ' 10%G () - & 100/@ () 36100/@ ()-F, 10%@& ()-Wix' A L! 10%08& () -
Y 109%0% () - - 109688 ) - - 1 10@* v
" 100@& () - xy| ~V@ 2 “éﬂ/ﬁéf iR Jyev c7@100 o (§u-vyieSgempes( y Su-me)” are
| @LO%PPE ()-f @ #E@LOYRRE ) A A G _
(%@& () - (-) . 10@%5%9 'v%ﬂ@@@ﬁ m?F jon aﬁ%%ﬂw&- BY. agd H," are respectiveily

4109 () - L 10§ dthiehlcheds A P04nd 150
3) The interfference signal can then be regenerated as
5 V= 0 . o'A({'))T]Tand
——

48 zeros

LY =AD" o .. o, respectively.
————

49 zeros

4) The regenerated signal is subtracted from received signal ¢:
gD =D O _j O o gOS ([P ~ D1 411,D [, DY 4 p( )

Assuming no error in the estimation of /¥ and 7,7, it can be seen that
10 the interference has been cancelled out from the received signal.

5) For the second time, the vector g of dimension 64 is obtained again as:

FFT' (WYYFFT(EY)
FFT" (hYFFT(hY) + o2

gV = IFFT(
6) Estimation of S“is obtained by discarding the last 16 items or 48 items of
15 §(j) :

3o _ g9(1:48) 1<j<7
gY(1:16) j=8

7) Based on §V(j=1, ...8), the estimation of S can be written as:

§=[§(1)T FICLE §(8>T]T
20 8) The continuous-valued estimate of d(k) after code matched filtering
becomes:
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The performance of the novel sub-block processing of the method of the
invention as described above was analyzed by simulation for transmission over
mobile radio channels. The transmitted signal is constructed according to LCR
TDD-CDMA specification (refer: Ts 25. 221 [1] and Ts 25.223 [2]). The
transmitted signal consists of 10 codes, with equal power for each code. Other
parameter settings used for the simulation are:0
1) The transmitted data sequence of each of K users in one time slot consists
of 44 symbols or 704 chips, and each data part (data part 1 and data part
2) contains N = 22 symbols or 352chips;
2) The spreading factor, Q = 16, i.e., the number of chips per data symbol is
16;
3) The additive noise n is white Gaussian noise with zero mean and
covariance matrix R, = I;
4) Two kinds of mobile radio channel are used: channel A and channel B.
Channel A is 3 path rayleigh fading channel, with relative power (0dB,
0dB, 0dB) and relative delay (0, 5chips, 10chips), respectively. Channel B
is 4 path rayleigh fading channel, with relative power (0dB, -3dB, -6dB, -
9dB) and relative delay (0, 1 chip, 2 chips, 3 chips), respectively. Two
kinds of moving speed are simulated: 120km and 250km. The Doppler
spread is 222 Hz for 120 km/hr and 462 Hz for 250km/hr.
5) The number of samples, W, of the channel impulse response at chip
interval is 16;
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and overlap length of 16 is used.
7) For each data part, the channel impulse response in the centre of each
sub-block is used for each sub-block and is ideal known to the receiver.

A BER comparison between conventional sub-block processing and novel sub-
block processing according to the invention is shown in Fig.7 and Fig.8 for
channel A with a movement speed of 120 km/hr and 250km/hr, respectively. A
BER comparison between conventional sub-block processing and novel sub-

10  block processing according to the invention is shown in Fig.9 and Fig.10 for
channel B with moving speed 120 km/hr and 250km/hr, respectively It can be
shown that conventional sub-block processing has a BER floor caused by the
sub-block interference. The novel sub-block processing of the invention by
eliminating the sub-block interference is thus demonstrated to improve

15  performance particularly in a high SNR zone. This is because in the high SNR
zone, the first sub-block processing can provide accurate bit estimation, and
using this accurate bit estimation, the interference can be regenerated with better
accuracy than that can be obtained in low SNR zone. Thus, the interference can
be cancelled more effectively and good performance can be obtained. In

20  comparison, the performance of whole block processing using 512 FFT has also
been shown. As expected, the whole block processing using 512 FFT has the
degraded performance due to no channel tracking and the higher the moving
speed, the worse the performance degradation.

25
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1. method of interference reduction in a TD-SCMDA downlink receiver, the

method comprising partitioning a received signal into a number of sub-blocks of

5 length Nt with an overlap length Nz between adjacent sub-blocks and processing
said sub-blocks so that substantially only M = Nt— Nz is extracted as the desired

data signal.

2. The method of claim 1, wherein the sub-block processing comprises:
10
(a) applying a first processing operation to the sub-blocks so that the
extracted data signal M = Ny — Nz

(b) for each sub-block of the received data signal, regenerating interference
15 caused by adjacent blocks and unwanted chips in the same sub-block;

(c) subtracting the regenerated interference from said received data signal to
generate a reduced interference data signal; and

20 (d) applying a second sub-block processing operation to said reduce

interference data signal.

3. The method of claim 1, wherein only a feedback component of some

detected data symbols is used for cancellation of their associated interference.
25

4. The method of claim 1, wherein an equalizer is applied to detected data

symbols and only some of the detected data symbols are used to regenerate the

interference.
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8. The receiver of claim 5, wherein said sub-block processing means

comprises:

10 (a) means for applying a first sub-block processing operation to a received
data signal;

(b) means for each sub-block of the received data signal, regenerating
interference caused by adjacent blocks and unwanted chips in the same
15 sub-block;

(c) means for subtracting the regenerated interference from said received
data signal to generate a reduced interference data signal; and

20 (d) means for applying a second sub-block processing operation to said

reduce interference data signal.

7. The receiver of claim 5, wherein only a feedback component of some

detected data symbols is used for cancellation of their associated interference.
25

8. The receiver of claim 5, wherein an equalizer is applied to detected data

symbols and only some of the detected data symbols are used to regenerate the

interference.



