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JO NT SPACE- TI ME OPTI MUM FI LTERS (JSTOF) W TH AT LEAST
ONE ANTENNA, AT LEAST ONE CHANNEL, AND JO NT FILTER
wWOMBGEHP6AND Cl R ESTI MATI ON Fi el d of the | nventR@mMCAI086/000856
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Reduced- Rank Mul tivari ate Li near Regressions, |EEE

Trans. On Signal Processing, Vol. 44, No. 12, Dec.
waLB96019667Kr i St ensson et al ., Blind Subspace PCT/CA2006/000856

Identification of a BPSK Comruni cati on Channel, Proc.

30th Asilomar Conf. On Signals, Systens and Conputers,

1996. GeridiHsuth €bt aht, MR SubQaRut At TRati dof a BPSK

Edition, 1996. 9. Tr &f et hen et , Nurerical Linear

AIQ:gmtmamcdtﬁﬁ7Chélﬁ1el PPess 367 Mﬂomahxll.m(ﬂrﬁ €l SRealspdystems and

C, . 2nd Editi 1992. Current d obal System for Mobile

¢ GTARRRHLET St 9 8%3 (GSI\/D cel lular systens have to address

tige co-, d bile

st ation ‘{l , \Fgg;ﬂﬁﬁgé% Fdifor ? P2 DARP

reéquir élﬁefetl&n eSairgmlsnﬂgiabLmbarmgbbmt 199t ur es and

pre-filters have been used to aig;in.canceling the

i ﬂperf drresscé alaNupsing! Becipesie (o Ranflifion. g8 se response

(CIR) estimation. Mreover, sone systens have used

maxi m zation of the signal ‘to-interference to desi gn

J durtdny Glotsil 1sghtemcfoa Mieilesqpanuiitationk (GEM) etidlat bgstéhRhave

estimation for .a single channel. O her systens have

to adgrsayiths coothanneliinteeferenss (EGCRIINGHe émoltﬂﬁestmrﬂ\@%m% as well as
r
S HRARpIER U O SRR SRS bl AR b
used tcSaidl @b éoelchgdtyie entérddtbnceri@d Ppdridxéonsd ¢hannelfimptike MSEOHSG (CIR)
channel estimation. The target applications for these
estimgjest. é\dgrewéﬁresq@@ewsm@d@ere gsest maximipasioa of tlpmygnaéao -interference

o R TFE T SR S R Y bt 8 R SURGEp By s

chani®h] @Gts sysfeﬁ?st wve Sisésl c@t@lﬁﬁieagﬂﬁlrﬂ\ﬂzbﬁorbﬁctﬂﬁﬁle@ﬂ@@ﬁzﬁa krror to
fromthe foll ow natdetal | ed description, when
t

design grisngle cb@nﬁhsnapﬁg eroOtharsystems h‘pmw\ﬁedgi mﬁwh@ml $pace filter

that 5] By aptpag anPBem R AR A SRl grGBRIon. T arge

appli€ioh® %m@@e §2RBR) haPRRh & baeataiRh wnbra%cmﬁ@ap entéhrdaharray
an enbodi nent of the invention; FIG 2 is a nore

includiag aiplwlitylof ektediasgs availsblet he Joi nt Space-Ti me Opti mum
Filter and Multi-Channel Matched Filters shown in FIG
1 in accordance with an enbodi nent of

Brief Description of the Drawings

Various objects, features and advantages will become apparent from the following
detailed description, when considered in light of the accompanying drawings, in which:

FIG. 1 is a block diagram of a Joint Space-Time Optimum Filter based Downlink
Advanced Receiver Performance (DARP) capable receiver in accordance with an
embodiment of the invention;

FIG. 2 is a more detailed block diagram of the Joint Space-Time Optimum Filter
and Multi-Channel Matched Filters shown in FIG. 1 in accordance with an embodiment of
the invention;

FIG. 2A is a block diagram of a method in accordance with the present invention;

FIG. 3 is a graph showing the Joint Space-Time Optimum Filter based DARP

capable receiver performance for various DARP test cases;
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the invention; FIG 2A is a block diagramof a nethod

i n accordance with the present invention; FIG 3 is a
waoapindsévow ng t he Joi nt Space-Ti ne Opti mum FiRATRCA2006/000856

based DARP capabl e recei ver performance for various

DARP test cases;FIG 4 is a graph show ng the Joint

Spaes- 4 ﬁea%{ahﬁrﬁ?oﬁjiﬁé Qhe "RFR! ¥ c_epﬁﬁlfept()ﬁﬁgfa‘lg} 'tfﬂlter receiver

accordance e present invehtion w ive
perfoninahe iGeacssidamcenoitls éhe( phe¥sh) invemtigpawdh additilve avhite duksian noise

an auto-switching strategy;, FIG 5 is a graph show ng
(AWHD: gnprRredH én%“ﬂéwem %mfﬁwt?m@g Strate®h ver

pe r ce | c ' .esept. i 1 .

M ICLTEREE LApECBRUAANTRe Mol SpRePRRS Dpinfike Biel recciver
perfdrin@ncebin sccardanheg vithothip girésegt inventiar Hvithn NS, @bmphred!veith and

.wth multiple Viterbi equalizers in accordance with

withgi @uig-svaitshing:; nvent i on, using 8-bit SD limiter in the

51 o5 oo, 1SR SRBATE 00CPER) SRR
equalipgts fineaccofihce asith ithe geesentd aneation,t Bsihd B-pit ESBNlimiter in the

. invention; FIG 8 is a schematic bl ock diagram of an
simulatiofpl ary nodel wirel ess conmuni cation device that can

D ERE P £ NG oS BBt By Fiter
Receliver agd apydofaines che inpeedradnte FdthGhe beskit in¥dntiognd SVD

conputations in accordance with the present invention.
De?ﬁ?-l 8d ibeg cpihgmatiey block hdiagiaat ofr @8t Ex®BBiaennedel wireless

: n-lim g odi ments. w.ll now .be.descr.ibed
comlﬁgl\rﬁg{lt?({ﬂ &31%3 etirlé(;pi c;alé?? ugegpm O&lance w1kh or%eoewl?]oedlment of the present

er Wth reference
inve@{g9amaNyi ng drawi ngs, in which preferred enbodi ments
are shown. These enbodi nents nay, however, be enbodied
i nF¥arY isda tabde epmparingriiedheee spptdaghesofor performisg rCheadesky, QR,
i1t ed the enmbadi nent,s,set forth herein. Rather,
and $Y B b pnlBiah i I TSPU i Btesk B ibTkniohn o di el osur e
will be thorough and conplete, and will fully convey
the scope to those skilled in the art. Like nunbers
refer to DetailedDesemiption pf theFreferredainbodiments

Several non-limiting embodiments will now be described more fully hereinafter
with reference to the accompanying drawings, in which preferred embodiments are shown.
These embodiments may, however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and complete, and will fully convey
the scope to those skilled in the art. Like numbers refer to like elements throughout, and
prime notation is used to indicate similar elements in alternative embodiments.

In accordance with one embodiment, Co-Channel Interference (CCI) on a mobile
station (MS) side in a current Global System for Mobile (GSM) communications system is
addressed, as well as the compliant requirement of a Downlink Advanced Receiver
Performance (DARP) standard by the Third Generation Partnership Project (3GPP).

The invention may generally be summarized as follows. A wireless
communications device may include at least one virtual antenna and a space-time filter

circuit for filtering a communications signal received by the at least one virtual antenna by
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prinme notation is used to indicate simlar elenments in

alternative enbodi nents. In accordance with one
wewbodionent , Co- Channel Interference (CCl) on RCTOAI0D&000856

station (M5) side in a current G obal Systemfor

Mobile (GSM communications systemis addressed, as

joint1yel mﬁﬁndé E\Zac@Q{mé IHRE WeRshid BRI el ofe PANMHel Mifipulse response

!.
Ad\ialmce cei ver Performance (DARP) standard by the
(CIR)THhe deGenmap further Raludesy mhtichedhili§recuit @PRYtrealthizom the space-

time gFEECeE BTt (R TR0 Ee Uiye PO Rdcbh e Figef! impulse

respoﬁ%sﬁhfaﬁb‘ﬁfroﬁ{‘ﬁl@ @&ﬁeﬂﬂﬁje AisRacertine filter circuit
for filtering a communi cations signal received by the

atTheed d¢asoore virtnalustenan tngaynsplib yhiecdomirhyniestonsaignalginto n signal
space-tine filter ights and. at | east one channel . .
parts.; ¥iorg B%mf’\é]é%»né’@ 863?%? ongyartypl Anteana mays St ﬁg"r CompuRifations
ignaP TBloal el |4 Yidi GAM T4 SPAfRkh
Slgna?i“??é)(ra Hg‘?lrd ct‘%e%esgn %év‘:ﬁngaggv@li% {ner resgégidnntspgﬁ % hat is &% the
spaceptino¥ ififter cioguiamaih damahultinghahsd, spasgtneefilés taineait itleat ffltecnthe n
he sg)ac,e:t' me filter circguit, The .at

. | t .
SIgna_f/ PREAY IQHRNFRmADS sPpFe ImR Sltes niveights AoRultshgas! impulse
respohggsplnnacﬁﬁtwlﬁ?khegﬁﬁliﬁschaﬁﬁ%hes&g?ét-{iftn% lﬁl%{' lcﬁfcui{ Bﬁ¥ ?ﬁcll!lcﬁ:aa% Yeast one

one virtual antenna may S e conmmuni catl ons

multipligrrfat muhipbying dachrsipral/ part Bpapdspestive apaceatinge filrergiveighity n
signal parts. Furthernore, the space tine filter .
ciBX WY ofgyapRle othggt teastangAnetiplidgneebe A pair thereef,connected in

r | - r N . J: .

pro L6 e BUAE S50 (REORLP AR, Sy UL X g

delayi difpultSor eabpigiad part lconAsbtidt focdh, inpieofore of thb gatradf, multipliers.
space-tine filter circuit may include at |east one o

Also, e cPpmugications signal imay inalide agHumliyned sysahols, gpd ghe multipliers

A ti . ) . .

wnd SGPERLINCRA0TES TP b Bty By Bodlig e &

respetivey fBfmaaimait ey dls heinauliel for 3tantifeouphs iof eHeantiéibliers for
ace-tinme filter circuit may further include a

S . . . . .
each rcgéliﬁt%t The vaeslesy comawnieations dexicn wryriarthgrainclude an equalizer
circuif 8?&&&&%% ﬁgm e fng{?:g%d ﬁfterocr%r%uf?.f t _he parr of

multrplrers. SO, e communicatli ons S|gnal may

I K nwiiRodBoPledueihg tey-chhniky ietferen@WithihCa MiteldsP cb@ffunications
_and delay circuits may each have about a one-synbol
devicgefeggivers suwyi sctudlet providing 1pt least eeseviriuab astemnerand filtering a

Ircui t may al so be. i Iugd{]or summ ng. out puts of .
comnfiléiighs iR aF bl 4Tl She SHER Gl BEHE o Space-time
filter CHRATM NbYE éihON esBRMiSE spRd-tink thef Wwaghtydadan RAUAbeZ Bkannel
. circuit downstreamfromthe matched Tilter circuit.
impulse response (CIR). The method may further include generating a filter response
based upon a channel impulse response estimation from the space-time filter circuit using
a matched filter circuit downstream from the space-time filter circuit.

The illustrated embodiment in FIG. 1 provides a multi-channel pre-filter that is
operable for canceling the interference and providing channel impulse response (CIR)
estimation adaptively and optimally. The pre-filter can use two major components in one
non-limiting example: (1) a multiple-input-multiple-output (MIMO) based Joint Space-
Time Optimum Filter (JSTOF); and (2) a multiple-input-single-output (MISO) based
multi-channel matched filter. In a typical mobile station using a single available antenna, a

4



10

15

20

25

30

A nmet hod of reducing co-channel interference within a
W rel ess communi cati ons device receiver may include
wQoovddherg at | east one virtual antenna and fiRAT2€A2006/600856
comuni cations signal received by the at |east one
virtual antenna using a space-tine filter circuit by
v1rtuil°eln'ﬂ5ﬂn)( a@ﬁ&'cﬁﬁtﬂen&)nfﬁlgﬁfeﬁ ihterallyi Byt fie MRAEMdtRNASTovRE sampling
| east one channel inpul se response (CIR). The nethod
and tha;ephmtlbh ef reah crhdJmmgg@mepms that racefivd sapplesesponse based

n a ch ul.se re e. est fromthe .
Dt i g TR Bt & SEPRCGIR fhf Sirival Py arrsy s fed to
the J QTOFUWBel‘QQM\@ ShtiRam WLigns tf&ethé RAMEOIHaS& fn'térf"e%nc@ Ich&délihg filter
[ lustrated enbodinment in FIG 1 provides a

are estu‘nated Oh‘aiﬂm shmp tiend, ithe multt-biaﬁlnelscmsdnaﬁiealeﬁmcd signal are jointly

3 5B 615 0 20 BT B TRS nd  o o

MIS@%&&@HuYu-cﬂ_e{?ﬁep bfindhiedt tfer. C@H&z Lf';ﬁt%r LAPORRI OF tHeOMRRAEDN ter is

In one non-limting exanple:
provﬂ'ﬂdlbypﬂediﬁqummauuhlfnopi tedbTOHt (M MO based Joi nt

qu@tgutm%ﬁ%wgil o tlpﬁ'ggg\](f ig{qé)@asg:égg é%}lterbl equalizer which
remo%g the GRRR Qﬁhbmhﬁé}?geﬂc'el gg aall(p pﬁ‘ox‘ﬁﬂ& ot &@Rﬁ(ln% for further

station usi'ng a single av e ‘antenna, avirt
procemﬂngnﬁasmgkeayhanaei teepmafremureeldby niee eqadlizyr bayn lbh eformed by a
i ngtjon of over s?np mg%and the separation

com'%vé%ﬂon dhg eanyPlyad §- IRafrom the A TOE By grestaligy cea alspﬁuwtwally
switdhO3 thé %ﬁvéﬁaoﬁm% thd ﬁ Si&%ﬁ'.%k_‘oﬁ\{lvﬁﬁbﬁéqg kel lﬁ?lan}gnAWGN

antenna array Is f ere t e optl

dominentgiases ahdswitbie led\@tbaaEéﬂ)F-bhsedfred’emm a‘é}fm&irfel‘@ce dominant
filter are estimted. At sane tine

casesm hisj A siding g anabifipy reglh@s @]&f‘slioﬁ%’@ ‘%Wé:ﬁﬁ Flogpr@n} et | y
S s ST U g5 s

and IDHRPHcaphisle pekeiveRiscshednfat I 0 & FIGHE i ivhichrihe esaessingfratio is 2

the matched filter is prow ded % the CIR estimation
and the swmbge of @rpoprtuqir@tm@bm éM THe #halsq indinatndeby Xi(k) through

X4(kﬂ}ﬁ&.§l [.\‘1 h‘ise&eisgﬁﬁtg’o“an nlb %r@f (5 *&m & lf!‘%}lf:%?cf fo ¥ {h% Interference

er-s erence

cancélfrigvﬂil&ﬁsorS'Sﬁ‘OFd@ltdrﬁarmW@cti &a bw fih@rinpr DAMdﬁﬁphaﬁt receiver. A
single channel response required by the equalizer can

receiper iperpeigting this BlierbliOeuidbe describrel asaribdIQRergcdy sasfis grawn by
the dg&%gfﬁgg:“t%m@ pre-f lter can also automatically

conventional or standard filter in the

COFIE Ntshowakxdrfples ¥Eihe variaURcidUBEN 2R uANbr GRIBEr #0.0An input
swi tch back to the JSTOF-based receiver in any

signal pg eeceived ite agdpnetation circuit 12. The derotated output signal is split, with a

portion passing into a filter 14 of a conventional receiver that includes a 2:1 switch 16, and
an output into a matched filter 18 and a cross-correlation circuit 20 that receives shortened
training sequence (TS) symbols. The 2:1 switch 16 is operable to allow switching between
the filter 14 and the JSTOF-based and DARP-capable pre-filter 10.

The other portion of the output signal from the derotation circuit 12 is split into
even samples and odd samples as part of the virtual antenna 24 and split again into real
and imaginary signals to form the respective X;(k) through X4(k) input signals into a
JSTOF circuit 30, also referred to as a multi-channel, space-time filter circuit. It should be
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cases. This auto-switching capability reduces the |oss

in AWGN dom nant cases. An exanple of the pre-f lter
wm07/om9667f er ence canceling filter for the JST@METesm®ds/000856

and DARP-capable receiver is shown at 10 in FIG 1, in

whi ch the oversanpling ratio is 2 and the nunber of

noted A8t & VitubPdntéiihh @aagerhént Aeddhct luse@ i 4l &AbddimeAR! BEht is, the
by X1(lc) through X (k). Throughout this description

filter t1§empy be fused &ar fleeringrsignals dirastly o @ng or toere physical (i.e., real)

interf.erence.cangeking fi or. JST fi , ~.and
antenh, SUCtEAIRSTARRY T b Pne (PSR arHhigRiE (- PSR (R vapple. The
output & @ia¥e FrohN &R POTEF | di@uit Niré phideli Ghtol @ MPULchaRfe]l matched filter
descri bed as a JSTOF receiver as is shown by the

circud a¥h eard| itheutput signalnisFpassed] int¢-|laGresdaligigosiscuitx 3hphé ghaf into a

the variog Ci rcui ocks..used f.or .t filter 10., An
multip iS¢ kgt 4 58 Lo URG P B iPin R ot veus phapdel
respohf€ WREPHR! &fhvestididl fifikiINRlis bénrBedl! the WhbIBpRxBO84 kQRives the

passing into a filter 14 of a conventional receiver

data ¢dhjpandi é&) zesportseion the m@cheifiltearcirouit p8itand ntoss-gorrelation

e L T Rt P PR
SYIRAeS dethl® o2 the BHOIC Bndl thel BulP&laaRtIEmb©ehd fif¥s are shown in
switching between the filter 14 and the JSTOF- based

FIG. andh@yamie napbds| of tipreeddlayedermpls uftrbinght ESTOBcircwiniss (N = 2).

e O A o 0 RS HES B
great¥l ddeHRITHRIYSTOFECix4itinSRliLS c1RgAdIYel %\Htiﬁl?ﬁq%z)a%%dtem%%mixers

i magi nary signals to formthe respective X t hrou
40, 4% ddtyy umppA4 sidgrualmsers Ao owhich STHE intb meultitch3ithel adasahed filters 48
referred to.as a l'ti-channel, space-tine filger
for eisfy GubE Topr He T e AER cahd RihalS FoR s AT eghacoifes are passed
int aﬁ&ﬁﬁﬂgﬁfﬁ%‘&ﬁﬁ%ﬂ%tﬁ@ Wekdl %nrfeﬁrg ha¥BALiTcuit” i
S the filler 18 may be 3l hdthi te?‘?hgg‘gﬁ?‘é"#éﬁ $Pleceives
TS sygmbastang timiop weertantyndgralptoy piodate the. weights €&V Jpr) used for the

.an eg as, such as in a phase shift keying (PSK)
‘nme§6%¥|'ation (e.g., 8PSK), for exanple. The out put

SigRRkS 539%}15 gkedelﬁrgl?aftsiiﬁt‘é&a{e ?g:%.—fﬁ’lﬁ%;ﬁ tf.ogtifl?ttoga conventional

mul ti -channel matc Ilter circuit an
GSMoretgiutr by gddihg iasprpdi e dranch @asallek &« aldongertionslumbtcBed filter as

and en into a nultiplexer circuit,36 as data (d .
showiia Hith 3Pe enventived] plapredagwits Kb cabRgi#opan be sed
. S \ . ent | [ X4 .
i el BOOREaol NP EBRALER! 0Pk AEP s v o
been aextiedc hgainst| DABP) testessende simalatibie witélc heticdids that the receiver

_gircug§518 and cross-correlation circuit 20. Signals
provigesel B 48 - AP nageip; aver pspesifisgl nestormanre s teyms of fhe frame error

rate (ﬁﬁﬁb FrYe QEIHRUAMR speech channels.
FIG. 2a is a flow chart illustrating a high-level method associated with the

described system in which the various steps are shown as non-limiting examples. The
various steps begin with the 100 series reference numerals. The incoming communications
signal is derotated (Block 100) and passed into the virtual antenna. The communications
signal is split into even and odd samples (Block 102), and each even and odd sample is
then split into real and imaginary signal parts (Block 104). The communications signals

from the virtual antenna are passed into the JSTOF circuit, where the communications
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Further details of the JSTOF and the nulti-channel

mat ched filters are shown in FIG 2, where the nunber
waofoot/drvee7del ayed sanpl es used in the JSTOF ci rRU/€CA3086/@0856

(N =2). The various inputs Xi (k) through X4(k) are

received into the JSTOF, which is shown in greater

_ L /el T : : A i
s 0 S B b B BRGNS ) g o
of adirst muhiphy-m, Afultipisionh (MIMQ) Joiit Spatd Time Opiagim Fate {ESTOF).

filters 48 for each of the four illustrated channels,
Aftep pymping, spamed signalsareppsspd inte ithe muli-ghaangls sudiaple-innyt gingle-

o RS o s FRTBl o Y LN Al AR

passetN@ed $iAglooyt Sipeats theoVREdUefialikd Bk AN Fin(WIEEH ) s @ekision
for the m xers 40, 42. It thus is possible as

is mafledBlqakdd 6).0 i ntegrate a pre-filter function into a

f ' . .addi . ahdd t .
oy GO OG5 AN AP s s
and SlRdyduentyrdffSet that IgarcOMMendi piliak ppotbtoaBefor@ht)\BérBtation, the

. Viterbi equalizer 38 can be used wi thout change. In .
signgd wensigliation s dynagnie aadvpites depntation: the signaldopwtEilatmagwborees static,

. . recejver has been tested. agai pst P test cases b

e oS ARILAE DR D CERETEATER Orand 130 WER SypoIS rorited to those

two Poiawsi dass, thé GUBK QidhaPlcHBod BEAED a ¥ Y pical TRLEY Enh&éé shift keying
erformance in terms of the frane error rate (FER) for

(BP igrial .t The denmtatigreaicthe diloahersl is.used for e?en agd add samplings, which

. t ill rati ng a..hi gh-l.evel t hod associated with, . .
s usEEblralun it Bl SRl 0, 108 Yol 00y Silopel e, this i
typica{1p Wthd$atB 0P 1] il dre R BRI BAboI The vari ous st eps
begin with the 100 series reference nunmerals. The
i néhervimgakantennai2d aan oresease theasamiplingl eato taatvwedsafipllesgler symbol in
100) and passed into the virtual. antenna. Th
a serf e ePion gou G BrseperLfisrts FrfoeveRiatic hamels of even and
odd. Bfdk @Sis pRcBGK thbQal/evan 9ar§ﬁl9§7w§1‘ées@riﬁﬂdinﬂiqféa§mgs§: sz%rﬁlls are

then split into real and inmaginary si‘gnal parts
then ¥outher sphie intortheinéat and omeginagnsipsal fpacmtd Hernvitliet foalr independent

chanffiyfinie a0 BHRTGHE 4t Speilg, et RojFd dhaloiasiras gybadiments other
i | | .
num%c%& gﬁ?yll&ﬁl) aﬁﬁﬁnés%ﬁmﬁa"lﬁ"@% 6Bl ek u(g:%?,?\ﬂo%olr Iﬂlgrneﬁ,a'ég will be

irst multiple-in, nul'tiple-o ) Jo
appr&patedbilthvse Sptledinnth&adtt er (JSTOF). After summi ng,

SRR Shatel e 5 RaSeRd LMo e L heel 042 an
unit 816F Yrbuit SN 13 Qhe %91q1b5p851ay°‘, U Hud ﬁleos(ié'la} }sz%ro%gs%ed with a
multiply and delay, followed by a multiply operation as evident by the two multipliers 40,
42 and one delay circuit 44. This operation is followed by a summation in summer 46 as
illustrated. This portion of the system is operable as a multi-channel, two-dimensional
filter. One dimension occurs because of the delay in time and another dimension is
introduced from the virtual antenna, i.e., a spatial dimension as described and thus the two
dimensions form a space-time filter.

It is evident each incoming signal is used in conjunction with other channels, and
multipliers receive weights from the Joint Optimal Filter Weights and Channel Estimator
52. The weights coming from the Joint Optimal Filter Weight and Channel Estimator 52
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passed as a single out signal into the Viterbi

equal i zer (Block 114) in which a soft decision is nmade
wq Booelwedz16) . | n operation, the derotation ci rRAI/€CAZDR6/000856

is operable with GVBK nodul ated signals and the

frequency offset that is part of that signaling

ny derotation, the signal
ons?gﬂjﬂh on 1&)ﬁelgynarri c and after derotation the
Si g weighsit hidd an 8 e dimmesioatlahitéix ih oRe nox&hmnmgm«ahgale ie.,
are ty |caIL% concentrated on Q and 180, with sy
6

32 rwght&»dAﬁ dotesEAiRing FFERHICS SYMRRL inpwb intReke siogrﬁaq)pt@aﬁl Filter

WABLIFFCEER Bydheel, BASKY BRERS, e KK Mg i

abdu® 26 R4eWn 3NEbEIE dnd arPkhdigs whivhi tfzhmn§ sétflehed a peRatcoRtadls. A +/-
the over-sanpling rate. For exanple, in a conventional
3 of seven\Ropitions paarghsingg pomc imitingaxapiple saicke wed 10 find ghe timing. The

impl%e ise%gglls? HtheS Pp OJ:ha J(] m%tcfx dJ% texaﬂ%?tg 18 %é &S%E sth that the

ncr ea he sanpling ra

systdin dnafi€Hek ahe RBAIRI r&PohITaridr ﬁﬂkéshﬂhe bagRb Qﬁdnédr'atft%f thed matched
formtwo separate channels of even and odd. Before

filtemj s process t he odd/ even sanples were serlally

i nt e nal s_are then rther s

t ne A EPV o FIGR T 1538 i B S g, DR s b Bnence,
althoudR PER d}@ﬂfcqﬁh‘é@ ”IQhéSre@éathE Rir¢iik BYallors bRARR opbrati&h &3H al-bit or

be noted that in some enbodi nents ot her nunbers of

5-bifi inputas 2aendimiting exemple e theafitagel aqualivet 88.gThe dymamisr range of the

ted
sglifhe e Rallbled ol ARPBERIGAG n Y sl 8B Pt o E gt
pas 8 Ghotddt K férBethaMhliplkar 364 nARk Athd sitials dJ@ha%, for the data and
circuits 44, e.g., a one synbol delay, and thus the

ch@nghraqunge ﬁloac&@sc@avmttona larire¢apvey ldnat thelsigpals d1 and c; for the

f ol ation evi dent by t
caty g PTG i io Dt RO Rl 27 SR RipoboolSs Befieen the
tw@ B ARTOF refeild iR dite Jomb I8 BBre!if nd WiTEEreAR, S, just pure
illustrated. This portion of the systemis operable as

white mglisei -lohthimehse theo cohivientisiab mrateifér| 1€rcanOne udedrendi will work
S TN CCONERTE L S
intlodBeed B RIS TOF rélicfRPEAPHs BRcuStS SEHd sl%ﬁ@hﬁ@qs biN4d oh e estimation
two dirensions forma space-time filter. "It is evident
of ‘@aéﬂN Rogominug SENBpal Ifitle qsetityiisn below] athadshaold, thie tsisterh kietermines
the%eh ?snﬁt%fesihte?ggence and the interference canceling of the JSTOF receiver is not
required. Thus, the filter of the conventional receiver 14 is used by switching the 2:1
switch 16.

The circuit is operable in beam forming systems and other systems. This type of
system also allows the signal-to-noise ratio to be improved and the bit error rate (BER) to
be improved. This could impact top level protocols and phone calls and other
communications matters for use with these circuits.

The multi-channel structure of the JSTOF-based filter 10 is used in one
embodiment, and the MIMO-based JSTOF circuit 30 provides a space-time filter weight
and channel estimations that are different from prior art solutions. This circuit provides the
ability to combat the interference efficiently for both synchronous and asynchronous
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mul tipliers receive weights fromthe Joint Optimal
Filter Weights and Channel Estimator 52. The wei ghts
wamai/ogedT om t he Joint Optimal Filter Weight aa/CA2006/000856
Channel Estimator 52are passed into the nultipliers.
The weights are also an 8 x 4 dinensional matrix in
C

SRS TR0 AR Py e oo
solftidris&h ste gHosard dhfiqasyrbvils thieraydiredpbrioknanic® agamst the DARP

typically in sone non-limting exanpl es about 26 known
tesisgpfgfol s and it is known which training sequence a

i e T R I

the Dveral Ingptolr ste pegpamee aid fedbcadithd corgplakineds thatghgider by avoiding
filter (hopt) can be used such that the system matches

mujthehannalnWiderby eqysbiders. Bhribuitike qutomatissyntghingthebrsarJSTOF-based
. i [t.er, As in FIG 1,
S DS S o S0P b S

conggifdbinfeReival §thRUEss tdn beSude@tin lofdbité @tbet fRIISARP requirements.
rescaling circuit 34 allows greater operation for a

Anglngrfergnice Cagicelingy platched Bilao RIGME) chmgisesaangiamplo of Kee virtual

Vi t er bj i 38. The d ] .an of e signal .
anil e GRS ol B Bom gt VP e g Cedte gl Bt sensiive
to thBteBtiMatioDrror@lof 2hd) Charkilel ¢plise RSspoRse Ebllefdfrtﬁe dédiRd signal. A

mul ti pl exer 36 can take the signals d2 and C2 for the

Joigtalpemedhdatirad P ishowerhgresleper foomandecfor trewanibiio teat cdsed. e addition
i 14. t .Si s d\, and ci far the data an

to FEHHRU L oo sl R b ey e Tis i) e sy, heavy

corfipthtidimP¥hiplBAHMNROBIvED th fiNBng HRCIRINGR ih@aSieyer Wl |

i ntroduce sone loss if there is no interference, i.e.,
j usin pug embpdimenty dhe eirtuah anteisa 24 $e opdreble ovitte addptine Ispace-time

o b e SRR B bR 2 o
uselll Ongrditkleh@UErohC8R IOME QQMQhPXpétﬁg-t -B% fti]ﬁ&e'e\k/é’iﬁﬁts used to

and its circuits. The switching i's base
suppgs thetintrlersince el BE RBLEFtimatiors oShblResindg signat fre jointly estimated

ity.is. b hreshol d, th t em det er.nmi ne
N I T T U
JSI?%IE CEChit BOtard BE o) BAHipIE SR ﬁl;cigﬁ‘:-@ }1{ AeirchfUSat takes

filter of the conventiona celv 'S use& by
advenfage b thg rafleddiclersyinatine dbthe Hhsiredi CIRUMatrixSinapesmbé-time setup.

Sirri&ﬁatpo%%rﬂafvgrsrﬁ%ag eic’ %gtgs?ﬁor?nger%nﬁlg{lces osft t?lgs \}ari-cl)-laé %‘i etest cases.
Computational load is deemed acceptable given that fixed-point Cholesky factorization
and EVD/SVD are feasible.

This method has some simplicity and low computational complexity. It is also
robust because the system makes few assumptions about the source of the interference. In
addition, the system can continue to use the existing equalizer structure, as the solution is
integrated as a pre-processing step on the input data. This would allow the system to use
the HW equalizer accelerators if available.

In order to support the evaluation of this technique, the system level Block Error
Rate (BLER) simulator was extended to support all of the interferer models/scenarios
being used by the 3GPP DARP Specification.
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i nproved and the bit error rate (BER) to be inproved.
wOortwwoween d i npact top | evel protocols and pha@E/csdoh&000856

and ot her communications matters for use with these

circuits. The nulti-channel structure of the

J SThire hase dolidvis 8rdedétiptionusfetie | simalatioR PeEdimaidt , foAMARP test

the M MO based JSTOF circuit 30 provides a space-tine
case§ pging theJSITGHT cironit- K ishorié be anderstapd gt spasadtimg processing for joint
8880 h Al 25t AR, LTy S bion, where

arrayebf M bftehhag if Qvaikdld) Ax¥naiHpORAUHe %gdiv_alent channel response for the
asynchronousi nterferences and yield high performance.

singleatesired mearanandiesmhdeled g eurl-tapaliiniie dmpulse Respanst FiRonklter, a
i,n.sonme, pri.or art techni gues provide the required
snapiigt SRS S rs B S RRPp AR AL e beliSptedSea st
M SO based nmul ti-channel matched filter circuit 32 is
a feature tQat i nproves the overall error rate
perf or e and. reduc the co exity of the
equal | g’&%ﬁﬁé&%ﬂdi%&&ﬁﬁ ﬁ?ﬁkgﬁé( el Viterbi (D
equal i zers. 'The built-in automatic switching between
JSTOF- based and conventi onal receivers reduce the | oss
in AWGN cases. Suitable receiver structures can be
whergsx(@®) iinanMel vedomeepresehigngdOfiRPoutpefuiromnthatagtenngs, H is an MxL
[nterference Cancelin tched Filter

(1 ) can use
matri CARPE Ao FhaPRE! TFRON3AIOT bkt R e} BB Hntpetor forthe

cor SRR Aol SRR, O el P58 o, L B A am
the ihi¥pfétente. RaRPPASEtinE]eR)endibn tthefod@Eiar @Y c&l B abtaintd b9 sidcking N

Denodul ati on (JD) showed good performance for the
timevdeldyed yensmms of agdke snto atalked MINk bmedtor xthe aglfdilomsul ty in
conmbating the asynchronous interferers, there may be
heavy conputational conplexity involved in finding the
CIR of andnterferer. In_one enbgdinent, the virtua
ant en¥@&) 24x| &).opék at), e-wi th- é/dabg}i vHsppe®L e (2)
filtering, allowi ng the Joint Spatial-Tenporal Optinmm
Filter (JSTOF) circuit 30 to be used. One difference

whetge R OGN ) TubiRo e AR N Pl BFRALE it T -tepen.
st G5fT TRE b R TPYERR, BRne R by, Bt AR

separately estimated in an ICM~. The JSTOF circuit 30

can be_a Miultiple-lInput-Miltiple-Qutput (MM) circuit
that tXke(k),X(k+1), - X(k+p-1)]=HS+V, 3)

where p =P — L — N + 2, P is the number of symbols of the training sequence, X is an
MNxp matrix, and S =[s(k), s(k+1), ..., s(k+p-1)] is an (L+N-1)xp convolution matrix
of the training symbols. The joint optimization is to find a non-trivial MNx1 weight vector
w for a space-time filter and a non-trivial (L+N-1)x1channel estimation vector h after the

filter such that the output interference residual of the filter is minimized, i.e., to solve the

following optimization problem:
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advant age of the rank deficiency nature of the desired
CIRmatrix in the space-tine setup. Sinulations have
wostowmasrsat i sfactory perfornmance for the varirRIECAXR000856
test cases. Conputational |oad is deened acceptable
gi ven that fixed-point Chol esky factorization and
EVDY SVD are feasiple. This nethod has sonme sinplicity
and | ow qu’ﬂu?%tboﬂa} conplexity. It is also @bust
because the system makes few assunptions about the
source of the interference. In addition, the system
can _continue to use the existing equalizer structure,
It cargle fomad it thei aptimad welghbisi at ed as a pre- processing step
on the input data. This would allow the systemto use
the HWequalizer accelerators if available. In order
to suppogpt the-'Rpvag uation of this technique, he
system | eV&l Bi o¢k "Error Rate (BLER) sinul ator’ was
extended to support all of the interferer
nodel s/ scenari os being used by the 3GPP DARP
and thpepiihalceiahng cstmatomnbyy, fivthe @igeneedaswiepidndingob thdiginimum
simul ati on performance for DARP test cases using the
cigenlallfof e stk R| L FEIRURD beheyorder stood that space-tine
processing for joint interference reduction and
channel estimation has been used in a base station,
where an array of Mantennas is available. Assum ng
that the ®&uEWakEnt <NBMN)response for thé6single
desired user can be nodeled as an L-tap Finite |npul se
Response (FIR) filter, a snapshot sanple of the
recei ved baseband signal can be expressed as L-1 x(Kk)
=Sc( 1) Fk = S+ (k) (&N LANW¥and (1) where x(K} is an
Mkl vector representing the output fromthe antennas,
His an MKL matri x containing the channel response for
t he antenn Fay k), | n Lx 1 vector for e
corres:)lgﬂcﬁ ?s’yﬁ@ﬂﬁixhrﬁﬁéﬁrtted, and v(k) ist@n VK|
vector including the AWGN and the interference. The
space-tine extension for formula (1) can be obtained
GiveRY¥hat RS bi8d piis linteEedBE YRR OHBAS VOIS the fspadekiimé RlePof equation
taller MKI vector x(A) as follows: x(K) =[x
(3) isT & )longEf kvhite\but -approxiffdtely (Mussian) Hibtributsi With unkuéwn co@griance
where H an, M\X(L+N-1) matrix is _the b]ock Toeplitz
matrixe Ry dh¢ eptimpl g5y (101)1 f?rsﬁl,e o@gmpe,l I:I_I_S,the maximum-likelihood (ML)

estimation, which is a minimization of the following quantity:
— — =2
/(H,R,) =logR, | +[X - HSHR;, . )

In this non-limiting space-time model, the number of the independent channels is always
less than or equal to M and H is usually rank deficient, i.e., rank( H) = r < min(MN, L+N-
1). The rank deficient ML problem can be used for the rank-1 approximation of the space-
time filter.

The JSTOF circuit in one embodiment can use a different approach to find the joint
optimum solutions for the filter weight and the channel estimation. It is possible to find the

ML estimation of H. The estimation can be decomposed as
11
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Sk-L-N+2] T. The sanples that correspond to the
trai ni ng sequence can be collected, X =[x(k), x(k
WORM7/01667x(k +p -1)] = S +Y , (3) where p = P BCTILCA20bb/800856

2, P is the nunber of synbols of the training

sequence, X is an Mip matrix, and S =] s (k), s

(k+l), ..., s (k+p-1)] is an (L+N-1)xp convol ution

matri x of the training synbols. The joint optimnzation

is to flndHatnﬁpﬁfrlw al M\x 1 weight veci ) w for a

space-tine filter ‘and a non-trivial (L+N-1)xl channel

estimation vector h after the filter such that the

output interference residual of the filter is
whereifhi(MN>ad) isi the estimasionaiftlee ¢paee fatrixovii Hg ang i, (L2AL-1)3M) is the

problemr T 1|2 nw, inlIw X-h" SIl (4) It can be
estimptiomdf thi simet hatrigf i Hral hepaiag e obwineddyR R h , (5) and

the optimal channel estimation h opt is the

ei genvect or correspondi ng to the m ni num ei genval ue of

t he rratrx A2 , Wwhere Rx = X W, ( (6)
R, % § r (L+N-1)) and (7) Rx %\@S/N)
((I\/N)X(L+N-1)) (8) Gven that the noise plus
i nterference conponent V in the space-tine nodel of
equation (g LR 1fp longer white but approxj gately
Gaussi an di'striBut’dd with unknown covarianc€ matrix R
v , the optimal estimation for the channel His the
maxi mum | i kel i hood (M.) estimation, which is a

wher@l Ri i REEROM af thbeChelbskgWitigoridaoh | dnd: Y H, Reohbiss of the M
Iog|Rv|+||X-HS||. 9)Inth|snonI|mt|ng

eigenypeoB-coiraspondig|to theltep Misigerivahies ol heimsteip@)dent
channels is always |less than or equal to Mand His

usual 'y rank deficient i.e., rank(H =r < mn(M,
L+N- 1) Lent M. problemcan b sed for
t he ran 1op xBn'g{‘v m of the spacetine fiftgg

In a next step, the optimal weight for the space-time filter can be obtained by
w,, =R'R_H,, (MNxM) (14)
and the optimal channel estimation is

h, =w! -H. (Mx(L+N-1)) (15)

opt opt

It is then possible to apply the optimal space-time filter in equation (14) to the
samples from the antenna array 24. Clearly the outputs of the filter 30 still have M
channels, and it is a MIMO system. The optimal channel estimation in equation (15) can
be used for the multi-channel matched filters 32. The outputs of the matched filter are then
combined (summed up) and rescaled in the rescaling circuit 34 to the modified desired
level. The final output is a single-channel sample stream and can be fed into the Viterbi

equalizer 38. Note also that the number of channel taps after the JSTOF has been changed
12
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different approach to find the joint optinmmsolutions
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is possible to find the M. estimation of . The

estimati on can be deconposed asH* = H5Hf " (10) where

to Legiig VPR g T FL R hRlchatlel HaaF pERAE e TRIOK o
mi& fa% oBberked B %&fn@l@ﬂoxﬁeth@tbﬂhalJBEQbeébeibbr ificitréd thozythaMl dB

, and ( 11) where R= R 2R/ 2 is the Chol esky . )
loss fimcther pyrgt POMGRh asmdVcempaedtte i wﬁ@vqmtlén@lemﬁéwm@mg the

di M_ej
convEiGREERRE 7 pidicd 1o Q94" FroEl bR Atk SRR brebsrn e
JSTOﬁEIaaBt C(frf%nﬂiélﬁl e fert | WB IdeldlgpedC arheb ewabiiiag nig dbdx¥d Wh the
(14) and the optimal channe

measgmnﬁqmgpf dn: élﬁempt ofyle impwt gnd output YINR s of |thg JT@Y. When the

diffefef & BeRed mereined heshe i ST setPRE T tyld off and the
conv@tﬁkﬁﬁp?ecafv%ﬁ){s aftnedogarhy ihfiR SIMRPBAS befeakile céﬂnbﬁ@a o¥ee the

still have M channels, and it is a M MO system
mmﬁ@pbnnﬁﬁl6hhmn®lﬂ59ﬂomﬁHDon in equation (15) can be
used for the nmulti-channel matched filters 32. The
outputs of the matched filter are then conbi ned
(sumred up) tescal ed in the rescallng circuit 34
to the nodi fj&ﬁ”dey red | evat(H R#@ i nal out put é
he

€ha int 61
3:?2Lb| equgﬁrﬂ§5|38%(Ebreﬁg$2%afh {?ﬁéiﬁgnggﬁ of

channel taps after the JSTOF has been changedto L+N-|
conparing to L of the nodel ed channel taps before the

and e B UET NI R e i eatigs | B0and ffne pur e Aven

cases conpared to t he conventional receiver using the
conventional filter. To reduce the |oss, a strategy of

automati c @mﬁgﬁhing bet ween t he_ JST 7agd conventi ona
KEVR e Mﬁuﬂﬂ%ﬁw’ the)

o | tr(w, R, w+h, Rh; —2Re{w) R _h! }

opt s opt opt opt

opt

On the mobile side, a virtual antenna array can be set up by the combination of
oversampling and the separation of the real and imaginary parts as shown in FIG. 1.

In accordance with various embodiments, the joint optimum MIMO space-time
filter and channel estimation set forth in equations (14) and (15) enhances interference
suppression performance. The MISO multi-channel matched filters 32, which are based on
the channel estimation in equation (15), improve the error rate performance while reducing
the complexity of the Viterbi equalizer 38. A strategy of automatic switching between
JSTOF and conventional receivers reduces the loss in pure AWGN cases.

The JSTOF defined by equations (6)-(17) can be implemented in different ways in
terms of numerical stability and computational complexity. The major differences are the

way in which the inverse of the autocorrelation matrix R is calculated and the way in
which the channel H is estimated with reduced rank.
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measur enent of the difference of the input and out put
SINR s of the JSTOF. Wien the difference is below a
wQoedenéred t hreshol d the JSTOF receiver is trQTRRAADE/000856
and the conventional receiver is turned on. The input
SINR can be easily conputed once the estimation of
| |. of - . . .
c OBCREY TG RR, 3ol der SR AR iRErsion of
R, &iddfe efzeridltieldbconidsiiva @ hayixCBNinb&quatdn (18)bgpédifically, since
conmbi nation of oversanpling and the separation of the
R, i§ Sghmaiid posiigt dafinitd) el Chodssk§ AesmpdiitionGxists: | n
accordance with various enbodi nents, the joint optinmum
M MO space-tine filter and channel estinmation set
forth in equations (14) and (15) enhances interference
suppr essRor Ipdy'f.or mance. The M SO nul ti - chanfld)
mat ched filters 32, which are based on the channel
estimation in equation (15), inprove the error rate
rformance while reducing the conplexity of the
D C%ﬂ%eerfamqgghﬁsal izer 38. A strategy of automatic
switching between JSTOF and conventional receivers
reduces the loss in pure AWGN cases. The JSTOF defi ned
by equati os=06P!(17) can be inplenented i@9yifferent
ways in terns of nunmerical stability and conputati onal
conpl exity. The najor differences are the way in which
the inverse of the autocorrelation matrix Ris
Wherga| cul ated and the way in which the channel His
estimated with reduced rank. One such inplenentation is
a Chol esky deconposition-based nmatrix inversion of R x
and the ei genvBl’®Re Kéconposition of matrix2D in
equation (13). Speci?i cally, since Rx is symetric
positive definite, the Chol esky deconposition exists:
D can be. rewitten as where |t  should be

R=1L. (18
nollafiotde Roigh T dhsimvEe it BERIPINY PR&TMSARNED e $AUBFReroot of
R Y B hRY oBuraio BBt JRREhERE iR b Mo Raphifuion.
Alsoi?uﬂ Is ﬁ%@ﬁéa? | B@&h%gpﬁ§%§ctge. Tftxﬁlgﬁélréﬁlzéﬂalﬁo?; This was
tual cancerlati ons. IS was verirtie y Simulatl ons
verifiddathy st ibnk hBatcshoded itlee conditid@! nehbd? 65 D@ Skddom greater than

300. g{"leligt iengplgers] agle eigenvalue decomposition on D would not require unduly
sophisticated algorithms for typical applications, as will be appreciated by those skilled in
the art. In fact, this approach may potentially have the least computational complexity of
the approaches outlined herein.

One potential numerical concern is the Cholesky decomposition on R _, as its

condition number may potentially be relatively high, and its positive definite property may
be offset to some degree by round-off errors. Simulations showed, however, that the
condition number of R is less than 107 even in some extreme scenarios such as very high
and very low carrier-to-interference (C/I) ratios.

In accordance with an alternate embodiment, the QR decomposition in the sample
domain may be used to avoid the direct calculation of the inverse of R_ . Since the X" in

equation (3) has full column rank, it has the unique QR decomposition
14
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300. This inplies the eigenval ue deconposition on D
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skilled in the art. In fact, this approach nay
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may be offset to sone degree by round-off errors.
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an@%?ﬂngétESéﬁg§%“g%ﬂ%@dance with an alternate

enbodi ment, the QR deconposition in the sanple donain
may be used to avoid the direct calculation of the
inverse of RR' x R'Ri'hce the X in equation ((32) has ful
colum rank, it has the unique QR deconpositionX = R
, (21) where Qis a pxWN matrix with orthogona
colums and Ris a full rank M\XMN upper triangul ar
and thetDjin equatiqna] 3pears hewrittendn the form quF)@qu?U?n (BR)Widhthe D, re-
the Din equation (13) can be witten in the form of
dﬂh@ﬁgﬁtion (19) with the D1 redefined by The reduced
rank channel estimation nmay be perfornmed with the
ei genval ue deconposition on D as in the previous
approach, @d Ltig@pti mumfilter weight ngpsjx of (14)
can be reduced as This approach is basically an
equi val ent version of Chol esky deconposition in the
sanpl e domain since gne _can show that R =\IX 1t has

The j edvesde dankunehiangel| estimpiion ¢ payt be hperfupeds avidy ee eigrnvalue
it Qn" reat. =R AV i L . .
aeco SEAIB0 1 AT 58158 GATPLE LR LERHLE 1 iy g o
(14) eArvisdvediiced)asand | arger sanple matrix (having
approximately 3 tinmes as nmany rows in an exanpl e case
where M=4, N=2 and L=5). The two approaches descri bed

above St&Ll:ﬁggﬂ?bﬁthe conmput ation of the t{iﬁngular

This approach is basically an equivalent version of Cholesky decomposition in the

sample domain since one can show that R = L’ . It has improved numerical stability at the

expense of the QR decomposition’s greater complexity (requiring approximately twice as
many operations for a matrix of given size) and larger sample matrix (having
approximately 3 times as many rows in an example case where M=4, N=2 and L=5).

The two approaches described above still require the computation of the triangular
matrix inverse, although this may be done by back-substitutions. Turning now to yet
another alternate approach, i.e., the singular value decomposition (SVD) approach, the
matrix inversion may be avoided and the numerical stability may be further improved in

some applications. This approach starts with the SVD on the sample matrix in equation

3):
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matri x inverse, although this may be done by
back-substitutions. Turning now to yet another
wetnsoaed’e approach, i.e., the singular val ue PCT/CA2006/000856
deconposition (SVD) approach, the matrix inversion nay
be avoi ded and the nunerical stability may be further
i nproved in sonme applications. This approach starts
with the SVD on the sanple matrix in equation (3): X"
=WV, (XB)=therg’Uis a pxMN matrix w thsprthogonal
colutms, Vx is an MM orthogonal matrix and x is an
M\XMWN di agonal matrix, X diag(si ,---, s N) , wth
t he singular val ues on its di agonal . It can be shown
where hHt, iRa xMNvmakri With @a®gofidl ecoimms, efuag roMIKBIN orthogonal
still has the formof equation (19) with D1 defined
matrixyandThe ic aMIekMdEdiagmtal antrvgyr be dolgi(aj pedr,hy) , With thyEBingular
on D1 and the filter weight matrix may be witten as y
valugspin it diagoiDalDld can (b28howinthrae \ DM contai ns the top M
right singular vectors of D1. The SVD in this approach
may require rmre conput ati ons than the Chol esky and CR
deconpositi kn t he previous two ap@égaches
a conparis of e ’thr ee approaches outli above
(i.e., Chol esky, R, and SVD), the table in FIG 9
lists the conputations step by step for an exanple
The WBY Qubdich (1IN 2ilaR4h the formsf dguitbt 19) WREID ! ddTirkd b9f t he
burst, the JSTOF searches a nunber of tim ng
hypot heses and the one corresponding to the m ni num
out put resi dual |s chosen as the best timng. The
out put resijual;iS defi ned by: The search pRdress
basically repeats the operations listed in the table
for each hypot hesi s, but the i nput sanple matrices

T BRSBTS Gt TG O (R UBHD Thes ATl h “Rre matri

maygg%ggmglatl ng al gori t hms are
wopt = VXZ;ID{VDM s (28)

where V,,, contains the top M right singular vectors of D,. The SVD in this approach

may require more computations than the Cholesky and QR decompositions used in the
previous two approaches.

As a comparison of the three approaches outlined above (i.e., Cholesky, QR, and
SVD), the table in FIG. 9 lists the computations step by step for an example where M=4,
N=2 and L=5. To find the best timing of the burst, the JSTOF searches a number of timing
hypotheses and the one corresponding to the minimum output residual is chosen as the

best timing. The output residual is defined by:

w! X-n" 5", (29)

opt opt

e=|
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potentially applicable to sonme of the operations, and
the overall conputation |oad nay potentially be

wa mduewde’ Let X(k) represent the sanple matri XPGEUCAINNE000856
instant k . It may be partitioned from equation (3) to
X(*) = [*(*), X(* + 1)] , (30) where X(Jt + I [ (]

. )
The %—?lf%;%?/c%% Egs)i(%'arllg'sr%%e]&tsatgé %ga raﬁ{ﬁ% IWklethF?zf é(ﬁ)r%ﬁgl‘{ hﬂﬁ)thesm
but theSdpuil: km;ﬁuhmmres dtoah itencomBédutixe dimitg hppditeked alsantgla ehghtly by
formR (Jt + = R (Jfc) - x{k)xt (k) #+x(k +p)X é
appenging . anéséslema § padumnc dhpi ypdeting, apd fae rdgvadati %w‘lm funs are

poterﬂ{mg%pgnﬁ%}el t¢! Q&s% t%lf rt]léa/qg%&%g&{? A 62'«501{ g@@@iﬁgon load may

poterftaqm,elraaice@n is set forth in I\/Eltrl x Conput ati ons by
Golub et al., 3rd edition, 1996. Another applicable
updett X(/dowpl:&stlﬁ thd spomple vt sictis gutanhk Goimay betpagitioned from
text is for QR deconposition, which is based on the
equatip o rot ati on. Of course, the gi ven approach t hat
shoul d be used in a particular application wll depend
on factors such as avail abl e processi ng resources,

conmput aty y, etc., as wll be a eci at ed
by those Q{} ‘@g)nﬁk}% “art. Other approache |)ray al so
be used, as will also b e appreciated by those skilled
in the art. The performance of the JSTOF based receiver
wherhas been eval uated by Matlab sinmul ati ons using an

ext ended BLER sinul ati on engi ne. The paraneters for
the JSTOF based receiver can be set wth different

over samoRInE DPah HLERRET 72 Bl be %l ect eff Duni ch

maps to the nunber of virtual antennas (M of 4 in
this non-limting exanple, and sinulation shows that

The saatple magix &teinfdR-1 mail be axgesedagni f i cant perfor mance
degradations; 2) A nunber of tenporal del ayed sanples
(N) can be selected as 2. Increasing

X(k+1) = [X(k +1),X(k + p)]. (32)
The autocorrelation matrix at time k+1 has the form
R, (k+D) =R, (k) - X(k)X” (k) +X(k + p)X” (k + p). (33)

This is a combination of a rank-1 downdate and a rank-1 update. One hyperbolic rotation-
based algorithm for updating/downdating the Cholesky factorization is set forth in Matrix
Computations by Golub et al., 3" edition, 1996.

Another applicable update/downdate algorithm disclosed in Golub et al. text is for
QR decomposition, which is based on the Givens rotation. Of course, the given approach
that should be used in a particular application will depend on factors such as available
processing resources, computational complexity, etc., as will be appreciated by those
skilled in the art. Other approaches may also be used, as will also be appreciated by those

skilled in the art.
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t he nunber, however, does not always inprove the
performance; 3) A reduced rank for the channel
WO Bsporse natri x can be selected as M | ncr easiaICA2006/000856
decreasing the rank does not necessarily inprove the
perfornance 4) An auto-switch threshold can be 4.75
[
bi FA° e ok (FCS, AT bRt (ERTy B PRl il by Matlab
simutdmenpamﬁg rarreaxcendad Bl iBRa kinyuldtoon  EipEaeb . ThBqfararmkaeds oo the JSTOF
orrection can be enabled. The AMR speech channe
basedrpgaeixprrapbesepyih Géfqy%asmea%%mal@%Of yedussdpHewmance

ol t1 B Py Rl (O of Do 10@ARkLich maps 1o the
t heursberdf atiftwd Smteﬁnasi (mn) off 4 dmt}ﬁﬁﬂorieﬁﬁﬁ)tlﬁg“ exaintplé, lﬂndcskxﬁbnlatlon

for each case, s of the_ receiver, against the
ca?hov@ﬁh%téedmtr@rth% pé#d@ I(Q@Pr»ef significant peréorampgaeerdetiens;

graph o

o2 F o1 ater 8¢ eFRETALALAP BIRRD B SALEEERTE Increasing
Thﬁae mafber, iieweeerpdods Mot dleags ingirovewhe pefofingant¥GN and
DTS-5 cases with and without the auto-swtching

st¥hat egsh Teduesdotanki far thee chgnagh sespense watrix @mﬂdbwséectsd as M.
SRR B Voo FAGR G2 RUEEMSRELIN, 0. B ee

DT$ 5. AheuthShdkchrthesholécarceind.7haBude nul tiple Viter bi

equal i zers, followed by a multi channel match filter,
whikh cOnisifhdecisipe ogtmt cgediesqumtize inep hitsewidth, Increasmg the

N7 e B PR R B0 5 s

evedrkbtien c bembrradi fi ed test case DTS-5R, where the
del ay of the asynchronous interferer can be
cohh¢ JMR apecth ehgnaet, diGHAdS 132 @n beAsedi tosgvaluask the pethermance

of g dSTIF Rirhe of EER P o L Fobdie B SetpelVBvrez can be

assuf€§ ﬁiréf@ghodﬁ‘&é an@saticilsOMsimulidrtraf 6060 &iAEtbRCKSS fok B&Lh case.
interferer. The above-described receiver may

adVenFERs0fshy rageives egainst thoeirtier-ig-insirkssmcel €U/l cragio, are shown

i o S0, 1 s SR 5 S S St g e
in th€ IpEBHIGRL | ons device 1000 that nmay be used is further
described in

;—

Test case | JSTOF performance: | Spec. performance: Margin of JSTOF
C/l at FER = 1%, dB | C/1 at FER = 1%, dB against Spec., dB
DTS-1 -2.6 4 6.6
DTS-2 7.3 9 1.7
DTS-3 7.6 10 2.4
DTS-4 -0.9 6 6.9
DTS-5 74 9 1.6

The performance of the receiver under pure AWGN and DTS-5 cases with and without the
auto-switching strategy is shown in the graphs of FIG. 4 and FIG. 5, respectively. The
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t he exanple below with reference to FIG 8. The device
1000 illustratively includes a housing 1200, a keypad
wol2000@nel an out put device 1600. The out put derdTe€A2006/000856
shown is a display 1600, which is preferably a ful
gr aphic LCD O her types of output devices may
e [ a v,

st o A o B B P O A Pl loss
for OXS-Heen the keypad 1400 and the display 1600. The

proceSS|n devi ce 1800 contro] s the operation of e i
RNTQB aerenvgs capmelude mylEpis, biterb) eqgizes. szOW?5 pp@ multi-

r Y :
o g B P O A Bl ot -
showeandl congaieddvittethe iogigirayin the graplt of Bk@. ©n ot her si zes

and shapes (|nclud| cl amshel |, _housi ng structures)

ThBerkayisage Fatybs ¢ieal withggaodifediest eise RS-5Br Wb@lﬁéhe delay
of thB Q%\éﬁﬁroﬁo { m%e%e&é{i%ﬁ b{a %n %& Hing R%%%Q at 6%, 23hE Y of the

ony en r ocessing
burstiengtiiés d@Hh inothb %E‘aﬁhafﬂIHGOW Thkerdmlm 1n61cﬁ&vﬂh§teth& @@ﬂoﬁxﬁa@we of
shown schemati cal | in FIG 8. These include a

J STQ%Fﬁ’%GW?&%ﬁgf%ﬂ% “dapbysvidnsevordelay of g mﬁqaﬂfg@
di gﬂ%%bg‘%t‘ %@ﬁbﬁs pésc\é%? %%'O%c%fan{% Lrs %é 8 r%(r)lgile wFI‘reless

ev ces

dev1de@@9 J;@&Qar déx@&s)iﬁwwéﬂ%@ cel&ﬂaﬂ/\ﬁﬁsb sﬁﬁoﬂ@elf@rl'ékaﬁfiﬂé aBexample
1160, "1180 and various other device subsystens 1201.

ofa rn@bllwmeleés @I@Vm@élcim degicprl@P@ thab rrgay detuged isefprtigr described in

h
the GRRIPERH S BIREE (P RIGIR. 1R R g0 Puratiygly getuces o
housﬂ%vlm 30Q9pa ﬂ(ﬂf ald ¥ baput 86162 P6IY. Tk Youtput device shown is a

comunicate with other conputer systens via the
display tléPhevhicipirepraferatdy oyfull @mphet LGRr Othstdyprsed dyyput Hevices may

aerBRERERL ARy patrostione d8vBR o) Tronahel Friirb? ngygine 1200
and TYOUPRISbAWBEL ke Riypad thQ@San@fthéTﬁl'EB[aX/ 5001 88 .prédésiin@Yevice
a read only nenory or simlar Storage elenent.

1800 eprvedd themperaélpstcefrths displear 8500s pe(wellu as tewiverll operation of the

| i.cat{.Qns, ts there b
mob{tE i |05 ireftomSs o @t 8F ks o ag e B0 user.
aceRe %oﬁﬁﬂ? %04 B bel BAgatcd W@Hi&bﬁf’lt 40Rgy SAING %ther sizes and
recei ved the nobil e device may al so be stored in
shaptm@ndiudmg lﬁﬁlShaithLlemtul@) dEhei kegpdBD0y inchudeddnodeoselection

its, operatin ten1funct|ons enabl es e uti on
Key. G oltig BT 5 7B O v A Y R R 58 GtiogY entry.

108Paddftid? B IR SroBsIRE defice 1800, other parts of the mobile device 1000 are
shown schematically in FIG. 8. These include a communications subsystem 1001; a short-
range communications subsystem 1020; the keypad 1400 and the display 1600, along with
other input/output devices 1060, 1080, 1100 and 1120; as well as memory devices 1160,
1180 and various other device subsystems 1201. The mobile device 1000 is preferably a
two-way RF communications device having voice and data communications capabilities.
In addition, the mobile device 1000 preferably has the capability to communicate with
other computer systems via the Internet.
Operating system software executed by the processing device 1800 is preferably

stored in a persistent store, such as the flash memory 1160, but may be stored in other
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of applications that control basic device operations,
such as data and voi ce conmuni cati ons 1300A and 1300B,
womy7/emeénst al | ed on the device 1000 during  PCT/CA2006/000856
manufacture. In addition, a personal infornmation
manager (PIM application may be installed during
[
B el el eI Pl (RONA 2 ler storpee clement.
In adchtlemdsbrst&m{ esoftsvarey aipeeifiraddvice amﬂmatlmm;‘ rdrsparsn thetedk may be
Pl M a plication. is ﬁlso referably capabl e

tempfari }ﬂi’fiﬁg ingp\d VoL ViPTg SerR a3 the ERdom; agoess iperagrydRAM) 1180.
ComﬁﬁltnY&flgnslégﬂals Rcefvel 37?' the nidbfle deMc g%%' dhlgg %@ d‘@d in the RAM
updated vi a

seanl essly integrate synchroni ze
1180t he wireless network 1401 with the device user's

espondj ng data itens stored or associated with a
hobhe BoRptnerdeyirst 180 Badditiondadis speraing sywere functions, enables

execmgm %gs'}gl)?tgvag@%@h@&gon\é qss&mgmg RinGAL aaq(ge a(ﬁfOeAgﬁécﬁe%rHﬁxQed set

mruni caf I ons system
of gpplisationy that ovgrirdl hdasibodéviengepecaiomsni suaki i @nsdata and voice
subsystem _The comuni cati ons subsystem 1001 i ncl udes

comigupigdting e f 3008 anda 1800 hs eyt by insiplied g thsndlewice nHi09 during
man@ LGN 3R é(ﬁ‘qtponarbd éég 1 111556181%&64 'n?zﬂxaﬁ%ljl@’dﬂe\ds) %pphcatlon may be

conmuni cat1 ons "su sys SO |

instafled dexdisd mgnufactutee The lPEM Bpreferdblyi ¢aphbleiod rd)@éanﬁ)ﬁﬁ)% &% Managing
(DSP) 1580, and |ocal oscillators (LGs) 1601
data ¥gjas,surl a%@ﬂﬂglncadﬁaiar ﬁ’tﬂ“éﬁ@rﬁﬁ‘lcaﬂ%lﬁ appolfaents, and task items. The

e ST 008 A5 SRR PR Mk i

wireleSs inetvesikleti4a10 Bﬁéﬁrﬁtl? tl’t_eDTPHBIXQIXEII etem BRDbdNIBRY Ghtegrated,
1000 nmay j nclude a conmmuni cations subsystem 1001

synclyenizghetnd ddpled avia et rwwa@s mwdy(lﬂﬁi witht alem@em user’s

corregéon%%%e&a% 1t§r§§ gt‘é}e d%@%&s%cigg d dWI gos& é:gﬂ)nBHtgg Isylfs ena)p er at e
Wi Comatinicatio® Raictionsy fHeluaPieC edgo MmN vddd dnmunications, are
networ ks, such as AMPS, T CDVA, WCDMA, PCS, GSM

performegt threpgh the mmwp%pn@fsubmtamamj) lyeng eowd:tlyv@hrhggh the short-

R LM T N —

receiflf@y1500s 8 tﬁﬁsrﬁmép h 520)tanMohB 0P tkiRE af@ARA4NI 5a81dn@NS60. In addition,
standards such as 3GSM 3GPP, UMIS, etc.Network access

the comgnicatiens subgpstgm dépenabio rinclugrsra pﬂoeessylgen@dule such as a digital
omruni Ccaty te Fqr exanpl e, bite
sendh PO R AbISRO RS ord aE AR 0w ooy 208 Ao B and
impleBéMMida U B acdithhiBatRRE S Sy stbenob | ¢atdePBndedi™&ion the
or PIN associ at ed
communications network in which the mobile device 1000 is intended to operate. For
example, a mobile device 1000 may include a communications subsystem 1001 designed
to operate with the Mobitex™, Data TAC™ or General Packet Radio Service (GPRS)
mobile data communications networks, and also designed to operate with any of a variety
of voice communications networks, such as AMPS, TDMA, CDMA, WCDMA, PCS,
GSM, EDGE, etc. Other types of data and voice networks, both separate and integrated,
may also be utilized with the mobile device 1000. The mobile device 1000 may also be

compliant with other communications standards such as 3GSM, 3GPP, UMTS, etc.
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with each device. In GPRS networks, however, network

access is associated with a subscriber or user of a
waimei/eme67A GPRS devi ce therefore requires a sHESZCAI9@6/000856

identity nodule, commonly referred to as a SIMcard,

in order to operate on a GPRS network. When required

0 . ¥ i S N < o
L
systefne Cledrv exabgpteu il ¢hd iMobitesi gndil BatalVAC héwevoelaymuobitatdevioes are

_network 1401. Signals. received fromthe conpuni cations,
registgead a3y the PaOOTkpsing @ vRUSASESORal ddenication pumbergr il associated
with reggl‘f !d¥é$irce,1ﬁ10Q}P 'ngavd?ﬁs?vﬁ Q"?e%elf or{et\%&ngécess i's| {'zlssociated with a

anplification, frequency down cdonversion, filtering,

subs@{banBe usaedfes devive. AIGPRS akdicsulierafos® r@juires desubbalbeg identity
to digital conversion. Analqg-to-digital conversion of
modylecoparasily exerssdiinas aallMocasd.tip erdes apsege 08 afdRkHpetvork.
| i cati. .
o8B PB4 PRGNS, ARG PHRec NS bon comples

the mbobi@l device 1000 riass ngehd eshd @edeive ReIwRIMkcaliéfkl sigrals over the
processed (e.g. nodul ated and encoded) by the DSP 1580
commyricagiion rehwerkpt4l)i gignalsoreedircd framsthe commupszagiopppetwork 1401

by tgclf |gc\|n e?l:n%;?&@ﬂ%{resgo&g Vg ﬁleo gecefvre? %BCXN}HR% gpqg}%lgéss If81n 'signal

cati on and transm s&i on

amplERVATTUM | ffub Iy dBINEsHvedstdhl fiftefingladhurdt sdlestion, ERE and may also
antenna 1560. In addition to processing communications,
provige ginaliog  to digitabspnvesgon. phealogitosdigiial carersion affthe feeeived signal

regei and the transmtter 1520.. For anpl e,
o i B3p ot 140 € bR P RLBIBRER oo iy FIREIRAS. such as
demddRftior @ind HeE8liRg) dn tar sk AN ahidfer, 13@{A1 S YbelieandahdRid t6&hey network

control I ed through automatic (%?il)n control algorithns

1401 arp brosessed de- g rmoddatpdpnd sa@ded)byathd 3P Eo¥thand are thenrpsovided

B AL e g A L e
ampliﬁ&ﬁM§ bRINARMis@B4 td thel ORI Qitiol RV RR A0 & FRWbES) via the

800. The received signal is then further processed by
antertriad 5pP.ocessi ng devi ce 1800 for an output to the

di spl .1600, or alternativel.y to. some_ ot ilLiar

[ alYidh ' geres e dorunebr 8 R e Do il piodides for
control @Fthe $eeiveRS! 580 "Ridl (HEBSAAMSTor 1520NTFol RRakEMPBHind 4PBlied to

and/ or sone other auxiliary I/0O device 1060, such as a
commonicitpad, signatsook gre mekiveth 1560 ahd tisnwhittek , 1580 maymbe adaptively

contr%hgc? {hr(t)li/g%eau%mziltln gl“alltm 90%\{rio‘f gl'go;li-{fl%xscir%g?e%e%?ecp i%ttﬁ‘e b&ﬁq%SO

In a data communications mode, a received signal, such as a text message or web
page download, is processed by the communications subsystem 1001 and is input to the
processing device 1800. The received signal is then further processed by the processing
device 1800 for an output to the display 1600, or alternatively to some other auxiliary I/O
device 1060. A device user may also compose data items, such as e-mail messages, using
the keypad 1400 and/or some other auxiliary I/O device 1060, such as a touchpad, a rocker
switch, a thumb-wheel, or some other type of input device. The composed data items may
then be transmitted over the communications network 1401 via the communications

subsystem 1001.
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then be transmtted over the conmunications network
1401 via the communi cati ons subsystem 1001.1n a voice
wamaTuberat i ons node, overal |l operation of therQiz@AI€6/000856

is substantially simlar to the data comuni cations

node, except that received signals are output to a

sAgakedicd dSmuaRatiSisINBdS dveralll SRRHBN 5T tAS déVile is substantially

generated by a m crophone 1120. Alternative voice or
similauwi thelda@ somsymtoetmns swdé, axsept thef ceeerved ss@nls are output to a

rec i ng ,subs al so be i
speakfE 100 FG0SERS 30 FHBIIH G 2 S5PagedeB ey bl 120.
AlterH&tiJe' R dr MRy ]9@ sﬁ%?%%é?dsc QldhoR% &H?é’eemeisﬁgiﬁe’ééfmﬁg?sdbgystem
display the identity "of a calling party, e duration
may alfo e vmpleentdd on the deviverl 000i Ineaddétion, el displaly 1600 may also be

... information. The short-rapge conmun o) ubsystem
utilizg) oV BEE COMAIMEUDRO oSt REENSTRE obmiey B AeBt 066 calling
party R dQidAeh oPE%ic@%El? o%%ﬁe‘? ¥5ice Ealﬂ?e‘fét&?ﬁﬁor\ﬁ‘fh%ﬂt need not

necessari | sim’lar devices. For exanple he
S Hithret shoan@agcc ommmnmanmmnsnbsysltrmy shabtesraymmoaicatien etween the

ared device, and associated circuits .
moblko#a mo@ ang, otherEprOREmAlR PSSR QUoRYIATH Y acg msedrpatneeessarily
be sngl;f}gxp(gééfgéegﬁ%(grgéexv Nﬁﬁ'ﬁ' LR %’\%(?I{grgtﬁ%lfg%tlé&{asnsgbggﬁem SQy include
an iefrbedi devics aid thusoemt\te nbirantsvmahﬂ compohantd, her rranBlm:ftoothTM

one skilled in the art having the benefit of th
COmIBWHEAt{ORY U Eh PERY i qrh@%\»@@%}%gwabs%mﬂw 6?@31% gystems
and del@edssoci ated drawi ngs. Therefore, it is understood
atthe invention is not to be limted to the
spdeny’ moddichtichisrand toshedl embbdinetlts @b invaitiofoillf doddd toARSmind

and enbodi nents are intended to be included within the
of ongcgkiftedom theeart hypdng isnbenehif b the) teaghings presenied in the foregoing

descr%ﬁ{&{% %}é& ﬂ{éa %E(Zcé%&%/ dlca%vﬁé)m%n%g}? Clb u4d§ ?(% dIo t?lat \ﬂl rlrtx\ye% ion is

not t6OBATiMiRAL o01iR Spefifit! ermBdmépd diyclssdd aad thﬁtaﬁlbdm&@tlons and
virtual antenna by jointly estimating space-tine

embofdiments asganigndes tabg lmludeéa@tm@ﬁ@ seppmeicthe inygntiore
response (CIR); and a matched filter circuit
downstream from sai d space-tinme filter circuit and
having a filter response that is provided by a channel
i mpul se response estimation from said spacetine
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filter circuit. 2. The wireless comuni cati ons device

of Caim1l wherein said at | east one virtual antenna
WOEPh7/0®667he comruni cati ons signal into n si gnaCTp@A1086/000856

3. The wirel ess conmuni cations device of Claim?2

wherein said at | east one virtual antenna splits the
LAqga@r_unl cations signal into odd and even sanpled, real

i magi nary n signal parts. 4. The wireless
comuni cations device of Claim2 wherein said space
tine filter circuit c rises a. nmulti-channel,

1. g pRordlFREommmcations deHite SRR t ers the n i gnal
Pastisasb¥nd Girtahl aht@ghi mMating space-tinme filter weights
and mul ti-channel ul se responses. 5. The wrel ess
coarﬁmrcéane Bler cd@wtgp Bler@iga mmnmmgateom ségniabireceived by said at

s GG 3PS s i SRR s on

chanhwlﬁlph&smbnseq@maaﬁdtu me filter weu ght. 6. The
w rel ess comruni cati ons device of Claimb5 wherein said

at @ medhed Siler aguit davmstrearn ko sadd spacpdime filke cirgpit and having a
ﬁltelcxggﬂ) fsd ﬁgt isrbrP@i'aé'& b Ia'chérﬂ‘fé Yi‘ﬁ}tﬁﬂ C%cﬁfs? F;{S{g}é&tgnm &k 'space-

ter c rcuit
tlmerfés:pemtuwe delay circuit for each signal part
connected to an input of one of said pair of
multipliers.7. The wirel ess comuni cati ons devi ce of

2. O ThéulretlS coinfhunltari6 R TBINCH CRAR 1SWHGEI GRITRY le88Dnd yirtual
plurality of synbols; and wherein said nultipliers and

anteqiw spjitsghe eormynisaéonstsignabingn signgrpartsynbol  del ay
associ ated therewith. 8. The wi rel ess conmuni cati ons
device of Caim5 further conprising a respective

3. SUTHEfwifeldss dbinfudicatioisddViccoolt OMit 20Whérbi@ sai At lehdt ®h§ virtual
for each channe| 9. The wireless communi cati ons

antepnaAp4ts the cemBUpicationssignal ingQ At prd fiFngAeledatepkad imaginary n
Slgmgé,%ﬁyl t downstreamfromsaid matched filter circuit.
A wirel ess communi cations device conprising: at
| east one virtual antenna; a space-time filter circuit

f fil.t t said
1 OrEASTATR, BRI CaL o0 (gl festlved by SaL9 o,
circutP@pRrises B nbuli leBANNGE I sGAeSiAO Gt cit@@SthatOf€ers the n signal parts by

jointly estimating space-time filter weights and multi-channel impulse responses.

5. The wireless communications device of Claim 4 wherein said multi-channel,
space-time filter circuit comprises at least one multiplier for multiplying each signal part

by a respective space-time filter weight.

6. The wireless communications device of Claim 5 wherein said at least one
multiplier comprises a pair thereof connected in parallel; and wherein said multi-channel,
space-time filter circuit further comprises a respective delay circuit for each signal part

connected to an input of one of said pair of multipliers.
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channel inpul se response (CIR); a matched filter
circuit downstream from said space-tine filter circuit
woaud7/i@eéng a filter response that is provi dedPdIyC42006/000856
channel inpul se response estimtion fromsaid
spacetinme filter circuit; and an alternative filter
0 at i N fier. | - i Ny
7 o B SR RAL Y, BHERRE CKTe shetfh ¢ Rommupications
signairebmpesksfd pluealitg iof Gunbolspamd ohsrernsaié inadliipliers iand delay circuits
nd a swtch nmechanpi smfor selectjvely switching the
cach figs haHT & 985 SYED idﬁﬁﬁlasﬁqqf%eds‘g?rﬁwﬁht ched filter circuit
and cross-correlation circuit. 11. The w rel ess
conmuni cati ons device of Claim 10 wherein said at
8. | cHumt wimkess commahicativnsndeyicepefi Claim fefurberaemprsing asrespective

signal. i.nto n.signal, parts. 12,.. The wreless
sumiger g Pt aPLs oo 1 SR hEEE o o
| east one virtual antenna splits the comuni cations
signal into odd and even sanpled, real and imginary n _
si ghf:awws@ﬁ& gommunicatiens,doviqecafClapnrufrihat FoRridRg pr equalizer
circuﬁfdogng'ﬂr%%row]ﬁ%[cﬁhgﬁﬁ&i Hﬂt&%ﬂ%ﬁi’t.t' me filter circuit
conprises a nulti-channel, space-tinme filter circuit
that filters the n signal parts by jointly estimating
sggce- ime filter weights and .nulti-channel inpulse
r €S PBFRES COmpMUpHAtQRSs EVICECOMPHSTIRI cat i ons devi ce of
A Ail@sd iRt Btenghd mul ti-channel, space-tinme filter
circuit conprises at |least one nmultiplier for
ma quge‘yimeg;%@g@ﬁrcgit dordfiltepimgta ¢oynmunieativas tsignal received by said at

space-tine, filter. weight. 15 The.w rgl.ess .
teast ¢8R il A che b doit Bl Ehmegtsy spts il B Seights,ang s Jeogt one
chanh@ $RPGlsé ¥RpSBTEIR)GI rcui t for summi ng outputs of the

multipliers for each channel. 16, The wireless )

c otirglehed filtgiarcydopasiseanciramysaidhspree-tipe filtes it alyhaving a
AR EEAPRAE Sy FHOGLA AU AP AOLAATRLE N i spoce
time filteecifemiteask W thin a W rel ess conmuni cati ons devi ce

receiver conprising:. providin t | east one virtual .

TRl At lier SRAGvCW RS AR BHETSSRRSCAPISlAY DFIBWeR Digdetgmined
thresh&18 A doBARisin@NE MickddRb rRREIRANRtdIirdGit, a cross-correlation circuit,

and a switch mechanism for selectively switching the communications signal into said

10.

matched filter circuit and cross-correlation circuit.

11. The wireless communications device of Claim 10 wherein said at least one virtual

antenna splits the communications signal into n signal parts.

12.  The wireless communications device of Claim 11 wherein said at least one virtual
antenna splits the communications signal into odd and even sampled, real and imaginary n

signal parts.

13.  The wireless communications device of Claim 11 wherein said space-time filter
circuit comprises a multi-channel, space-time filter circuit that filters the n signal parts by
jointly estimating space-time filter weights and multi-channel impulse responses.
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a space-tinme filter circuit by jointly estimating
space-tine filter weights and at |east one channel
waO wpudwesT esponse (CIR); and generating a fil tRIT/CA2006/000856
response based upon a channel inpul se response
estimation fromthe space-tinme filter circuit using a
mat ched filter circuit. 18. The nmethod of Caim 17
wherein the at |east one virtual antenna splits the
14. cdiwuwirclgss ommmainipations devicen of i(Jaia 13 awherein] said Fhelti-channel,
nmet h of. Cl.aim 18 wherei.n the at..l east one virtual.
space g Aitg? Sl eorbatied ahleion o b TR e e ol et part
byax@yp%@tiﬁélfﬁabé‘—ﬁmeriﬁﬂir“%@t.i magi nary n signal parts. 20.
The method of C aim 18 wherein the space tine filter
circuit conprises a nulti channel, space-tinme filter

Cl . . . .

15 SRk Eiod 3 8 038l RPLGebYohRATALY rpecive

summerpirtsieforgapatisgsutpiit of THeenuephead fafeath aelhamndl7 f urt her
conprising providing an equalizer circuit downstream
fromthe matched filter circuit.

16.  The wireless communications device of Claim 10 further comprising an equalizer

circuit downstream from said matched filter circuit.

17. A method of reducing co-channel interference within a wireless communications
device receiver comprising:

providing at least one virtual antenna;

filtering a communications signal received by the at least one virtual antenna using
a space-time filter circuit by jointly estimating space-time filter weights and at least one
channel impulse response (CIR); and

generating a filter response based upon a channel impulse response estimation

from the space-time filter circuit using a matched filter circuit.

18.  The method of Claim 17 wherein the at least one virtual antenna splits the

communications signal into n signal parts.

19. The method of Claim 18 wherein the at least one virtual antenna splits the

communications signal into odd and even sampled, real and imaginary n signal parts.
20.  The method of Claim 18 wherein the space time filter circuit comprises a multi-
channel, space-time filter circuit that filters the n signal parts by jointly estimating space-

time filter weights and multi-channel impulse responses.

21.  The method of Claim 17 further comprising providing an equalizer circuit

downstream from the matched filter circuit.
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