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W RELESS COMMUNI CATI ONS DEVI CE | NCLUDI NG A JO NT
SPACE- TI ME OPTI MUM FI LTER (JSTOF) USI NG CHOLESKY AND
WAEHBENYAIYUE DECOMPCOSI TI ONS Fi el d of the | nventR@mMCAIv66/001322
present invention relates to w rel ess comunications
systens, such as cellular comunications systens, and,

WIKRLE siea coMMNECATIONS DEVICE THCLODINGEA W’dmhes&ACE-TIME

0 reduce unwanied T nterierence. groun
In@E?iM?MnEELEEhc6J$HQthW$¥Nﬂ ¢H¢¥E$KY(ANﬁﬁE GENVALUE
joint denodul ation (J sPREONE nvest i gat ed to neet
requi renents for a d Recei ver

Performance (DARP) that is standardi zed by the third
. geperat.ion bi I.e. conmuni cati ons system and the Third
—%ﬁ@éﬁ&ﬁ%—&-ﬁ%ﬁ ' Qhip Project (3GPP) . Some of these
proppsal s st foritdvdnt itde f oldeQuitrg aft|t©| es afdeless
docunments. 1 . Liang et al., A Two-Stage Hybrid
commpPtigR It Yt ENs RedBEl onafi t ReSpHEBIT| FeMmunications
Qeessingy | BRE-Conpunt catigpl-etter Vel e d
syAI:\{T{) '1997. 2 . Pi po%t al .o Ml ti channel Rg%rely\?eg celve
w i rRelref o reeirares Gopariesbred ety sianfesr fsfrergle .and CCl
1997 13th Intl. Conf. on Digital Signal Processing,
July 1997. 3 . Spagnolini, Adaptive Rank-One Receiver
BadkyrdirM DCS Systens, | EEE Trans, on Vehi cul ar
nol ogy, Vol. 51, No. 5 Sept. _2002. 4 . ..
Fea@%ngﬁﬁ@%oﬁﬁ%%e%%%l%amg%nﬁlfﬁ?ﬁ?féFEHEé and joint
derfeRld A4d on (FAMC) FREs CSMBBAWOr Kfived3E&PFated to  meet

requirements for a Downlink Advanced Receiver Performance

(DARP) that is standardized by the third generation mobile
communications system and the Third Generation Partnership
Project (3GPP). Some of these proposals are set forth in the
following articles and documents.
1. Liang et al., A Two-Stage Hybrid Approach for
CCI/ISI Reduction with Space-Time Processing, IEEE
Communication Letter Vol. 1, No. 6, Nov. 1997.
2. Pipon et al., Multichannel Receives
Performance Comparison In the Presence of ISI and CCI,
1997 13th Intl. Conf. on Digital Signal Processing,
July 1997.
3. Spagnolini, Adaptive Rank-One Receiver for
GSM/DCS Systems, IEEE Trans. on Vehicular Technology,
Vol. 51, No.5, Sept. 2002.
4. Feasibility Study on Single Antenna
Interference Cancellation (SAIC) for GSM Networks, 3GPP
TR 45,903 Version 6.0.1, Release 0, European

Telecommunications Standards Institute, 2004.
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TR 45.903 Version 6.0.1, Release 6 , European

Tel ecomruni cati ons Standards Institute, 2004.5 . Radio
woneanews®si on and Reception (Rel ease 6), 3GPP PI3/d52000@1322

Version 6.8.0; European Tel econmuni cati ons Standards

Institute, 2005. 6 . Stoica et al ., Maxinmum

Li kel i hepd Payan®f err AdhiRyiorEsdddreté@dpt fon (Release 6),
Reduced- Rank Mul tivariate Li near Regressions, |EEE

Tr&&P On STgnal HProd¥ssi ng, Vewpionsd, N&-8-87 Dec. European
1996. ri t oy i nd

Idgfﬁetll |Og§}%%g§c%$og)58§§|2n§r%#ni1§§?ﬁ§%% ’anzr?eOIS,' Proc.

30t h Asid.omarst@dnfa €h Silgnal Bax$Sypsnerist kemldi ICopuPersmeter

1996. CGolub et _al.,, Matrix u i ops d_Editjion,.
Tog8ic PR EE T | L RERT A L7 RBal AF GUBF A2 o6 Linear
19%R6 g RLSSR, AREE NFEid Cabn ReCHPLS PRokess2ig, Vol. 44,
Edition, 1992. Current d obal System for Mobile

coMfuriZatieshs Y38 cel lul ar systens have to address
t he co- : | rEergnce (HGlHg o bi i £1 -
Q%%‘Eeénésrgr? ie %lll., H3Gnd @ukt)g‘ﬁae@%AEg%ntlflcatlon

station sl de, as we as address t . '
requfi r enePBSK Somewgiigitd achafhahnelf uRnges 300" Asilomar

pre;filters have been, used to ajd i celi he

i ntece?nfge'r :q‘\}eéjlaq{laa lpsr’O\r/ély zte%srreanng ;&norrfp uct%%'psd I slené;19 r6fa's ponse
(CIR) esddlnmi i en. MU povedt riSOMEsysitens dmayve 85tdEdition,
maxi nm zation of the signal-to-interference to design

j 0il3% a single channel space-time filter and the CIR

esti mat i fdihdh AN L, ChamaticdX e aus tzangediaye 1997,
used a constrained mnimzation of the nmean-square
error t@ubssi gt aaki ngNemehanael Repapest iint & . X h&dition,
SYStRJB, have used a single

Current Global System for Mobile communications (GSM)
cellular systems have to address the co-channel interference
(CCI) on the mobile station (MS) side, as well as address
the DARP requirements. Some single channel structures and
pre-filters have been wused to aid 1n canceling the
interference and provide some channel impulse response (CIR)
estimation. Moreover, some systems have used maximization of
the signal-to-interference to design Jjointly a single
channel space-time filter and the CIR estimation for a
single channel. Other systems have used a constrained
minimization of the mean-square error to design a single
channel space filter. Other systems have used a single
channel space filter that 1is designed by a rank-one
approximation of the ML channel estimation. The target
applications for these systems have been a base station
where a physical antenna array including a plurality of

antennas is available.
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channel space filter that is designed by a rank-one

approxi mati on of the M. channel estimation. The target
woappt/hvatd ons for these systens have been a ba E/CA2006/001322

station where a physical antenna array including a

plurality of antennas is avail able. Summary Generally

speaki ng, the present disclosure relates to a wrel ess

comuni cati ons device which may include a wirel ess
Summamiysnitter and a wirel ess receiver. Mre

pa@Qﬂ§P§¥ﬂQ“%?JHkﬂM§ﬁ”{?@ PRCELVEr 4 BY1 b BGHMdBe Bates to a

filter for “reduci ng cochannel 1 nterference and

w1 reled sed esoramumi ¢a & tdramnéeyispavetiche rfayl tierckideuit wireless
t hat, filters signal parts that. have Jpheen Ljt  f

LRSI at F ohs? siYgRar SBy TSt VyeréstD?orrr: iégrg%%%iegﬂﬁé the

widdldsy weicghtverangdapulincohdnnel Enpukse fespanrsksing co-
(Cl Rs) based upon a Chol esky deconposition. A

chanfal - dRaRREPTRACENARNT | FOET UiSScuRt el dgnnel,  space-

tif@ 44 richanoel csi gnghse fFromehe subhi: cpappgl that have been
space-tine filter circuit and has a filter response

spltitat firompr @vicisani e tdinirthes 1oRpdl sy r espidrideyy estimating
esti.Jwmtion f.r he -1i filt s _Chli -

Spas(feantﬁed fi%f l;':;Q%:an “%g%%gé a?}%\?g vvhgl%lgr% i%lgllltatgrnfeé\r enérenpulse

redptreded s (IHIRsW abpseddetipom ned GhHwleshiol d dembmpas ilfdon. A
formed as a matched filter and cr.oss-correlation, .

U L 3G A i %W?gﬁgwé&ﬁ%ﬁirsrﬁlfr&“s% FERThEST hBUditgnghannel

sif1s irhba thge Mahahad dhdrren ,andparessimer rel @d®Ncircuit
circuit. In _one aspect, the nmulti-channel, space-tine

and | hper @i Faditet nEPERRRSA pidtal iy RAOWART pPiera agiannel

i Y o1 P RN der ey rhuTt o a8 oparat oo baged on  HLter
cimpsace-tide bthbdrraei gitlserFactenmullé pl tperandvelel apen an
inéggfégénggngébg Sjkynbelow a pre-determined threshold and
can be formed as a matched filter and cross-correlation
circuit and switch mechanism for switching the signal parts
into the matched filter and cross-correlation circuit.

In one aspect, the multi-channel, space~time filter
circuit includes a plurality of multiplier and delay
circuits that each receive n signal parts. The multiplier
and delay circuits are operative based on space-time filter
weights. Each multiplier and delay circuit comprises two
multiplier circuits and a delay circuit. Each multiplier and
delay circuit is operative at one symbol delay. A joint
optimal filter weights and channel estimator is operatively
connected to the multi-channel, space-time filter circuit
and receives training sequence (TS) symbols and timing
uncertainty data and generates space-time filter weights for
the multi-channel, space-time filter «circuit. A summer

circuit sums data from the multiplier and delay circuits for
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multiplier circuits and a delay circuit. Each

multiplier and delay circuit is operative at one
wosybolsetel ay. A joint optimal filter wei ghts FITUCA2006/001322

channel estimator is operatively connected to the

mul ti-channel, space-tine filter circuit and receives
cadd abRLEAge3€qUENCRGLED) ze¥Thel Sc@dndl tiisM BfedRcevEaiWiidh the

data and generates space-tine filter weights for the
mulrniltdhasireineima tapyeske -fii e f iditreuidircuit. A summer

circuit suns data fromthe nultiplier and del ay

circuits foreach channel. An equalizer circuit is
Bri@f Diisctdptiiidn tdfe the tDrashiangsel , matched filter

circuit. Brief Description of the Draw ngs Vario

obj LU e QPIPES Sand™ SRIVENT 2988 i ?tsv%rég%%s aﬂﬁé\ﬁrﬁenf)ecome
apgd @At herfah | ovhag gt bl edlgdegetapleé@n, debepiption, when

considered in light of the acconpanying drawi ngs, in,
conghidaredrlic gt Pk AR 0% TN WSpacd: Hhweh:

OotgqpumFifte LAk, Adya Reggl-%er ;

PerE;I'r(])%{rmlnc]{eg (%A%%?gga%)g%?%&?egg ée?gigﬁtagggrb\gagégewo ﬁlmum
Filarerexeapedr YDanrbddikehdyar¢ @l Reics iyeyoreeyeeandree (DARP)

bl.ack di agram of the Joint Space-Tine ti-mum Filter. )

Qs TS Ah i G SMp e ment

ca MATTE gl Neten
acqorglange 1w td ABrexergiadrecenbbsk iredt agebkfe XA tiseaJoint
bl ock di agr am of a nethod in accordance

, _ ith an ,
SoaBETIHIR yORRHBER mEAL EoF @GN ML B (B hoMR Rghefe Filters
shol@i Nin SPase-1T1 1 LRI BHRE |8 hased AR SARMH RIiment ;

recei ver performance for various DARP test cases; FIG
4 iBlG. geaphsshawbhgckhalirsinam Sphcé- MerQht {puRccordance
hilter recejver perfor e in accordance with an
Wlteaeanr'blea%%/ %rfabo%i ment Wt h additive white Gaussian
NOIBEG ( AWGNs a corpdy exhowv ity attde Wohout Space-Time Optimum
..aut o-swi tching strat egy; . ,
Filter based DARP capable receiver performance for various
DARP test cases;

FIG. 4 is a graph showing the Joint Space-Time Optimum
Filter receiver performance in accordance with an exemplary
embodiment with additive white Gaussian noise (AWGN) ,
compared with and without an auto-switching strategy:

FIG. 5 is a graph showing the Joint Space-Time Optimum
Filter receiver performance in accordance with an exemplary
embodiment with DTS-5, compared with and without auto-
switching;

FIG. 6 is a graph comparing the performance of single
with multiple Viterbi equalizers in accordance with an
exemplary embodiment, using 8-bit SD limiter in the
simulation;

FIG. 7 1is a graph showing the performance of Joint

Space-Time Optimum Filter Receiver and a modified test case

in accordance with an exemplary embodiment;

4



10

15

20

25

30

FIG 5 is a graph show ng the Joint Space-Tinme Optinmm
Filter receiver performance in accordance with an
woexenplaryy enmbodi nent with DTIS-5, conpared w tHCTa04R006/001322
wi thout autoswitching; FIG 6 is a graph conparing the
performance of single with nultiple Viterbi equalizers
I N @GEor dance wi tdrrdaxenPhbaby kendiodi it ofusdmyexemplary
8-bit SDIimter in the simulation; FIG 7 is a graph _
moc@lﬂowwngetlﬁ@Spefzommnﬁh@@twmdiieml%aééla‘n nméatptPeursed 1in
Filter Y a n accordance
acco?%ﬁhn zﬁgﬁhﬁ%}y e gﬁﬂé ﬂﬁﬁéfﬁ%gfségmgchenatlc
m(EﬂGdlagnan1mftablexmmmgﬁgamdehewuhﬁaSsapproaCheS for
nmuni cat j o vi ce, t hat caq‘be us%%lln accor dance q
ETR e oyt efSEH AR, iy FRE - e RocAhien 2N
sir%gpml ngvéb@ethr@@c@:apds@a@h@ﬁ forspeyfor gbguChetiesky in
econp05|t|on xR deconp05|t|on and si ngul ar val ue
acqerpesitigh sV eout BT oS Y4 accor dance with
t he present disclosure. Detalled Descri ption of the
Preferred Enbodi nents Several non- Ilnltlng enbodlnents
Detwileddieseription (vf the Piefiexred pdimen t
reference to th N r n [
préfer?e od?ﬁen re S %l% %$%egéjghggg?n§gtdescrlbed
moﬁ@yfuhQWBVﬁéreb@aﬁﬂbﬂdM&dhjnr@ﬁ@yeﬂ¢éf&menthéomm&oa@ﬁnying
shoul d not be construed as |imted to the enbodi nents

dragindr t APhef RN RECHET L Sth eSBPLABBT henfs €a Fghoun.  These
emib PMh&eds sqdhat htoWeSIe‘i‘ schasuembyiit babeit hosaugh @fderent
conpl ete, an Wil fullé convey the scope to those
fomks | | @udi nskhpeldrtnotj keenuppBFS§rHefer 6o [liipdéted to the
t u I ti
emSo B £ (PEP) PO, B R et BRERiRents are
provided so that this dlsclosure 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 illustrated embodiment in FIG. 1 provides a multi-
channel pre-filter that 1is 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-
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I n accordance with one enbodi nent, Co-Channe

Interference (CCl) on a nobile station (M5) side in a
wauoT/ernt79d obal System for Mbile (GSM comMmuUrBIACA906001322

systemis addressed, as well as the conpliant

requi renment of a Downlink Advanced Recei ver

outﬁariggﬁgﬁﬁﬁ (PARRY s ﬁQnghgﬁn%he HRiccde@eneratieen 1n a

p Project . The illustrated
typﬂmmwlmQMilensEBGﬂom pﬁﬂmuﬁe@ singlei atsdn@dlle antenna, a
re-filter that is oper

N
vi aé‘rf%?ﬁﬁré%aar?dfrﬁr Yovf L?ng%c];]cg%%ffg&%angnttg%nallg by the

I pul Se respon
codﬂQﬁQtﬁ&Hl@ﬁtbﬁﬁraéamp&VﬁbyaaﬂduMHISEﬂdgatﬂ&maof real and
pre-filter can use two nmajor c%ﬂponents in one

ingNa s WiRd G EOfipI e CLYe £amP

multd plfrd NRIET-Mulntii 4Rl Ry O Wiy O Q@S%Qg%ﬁuntfrom the
Space-Time Optimum Filter (JSTOF) ; and (2

virtlal pareterrrrpaualsxml epufpdt te M EE) JBASEd r?trle EhgnREIE imum
gﬁthan * IMB— Egglgﬁkeg?gké cétéghe@lyﬁ nglﬁter are

e aval & an @nha, Ta virtual —antenna ar can
esﬂxmaxﬁﬁjthedheneemamdedn/uHEammﬁﬁﬁfmhammebfcbﬁerfor the

sanpling and the separatjon o nd nagln
aeBEHAS BePtecFbe SatHlLe, St BRE Sion- IR CPAGEAT of the
Jseybodi MBREL, theSi ghedrfspamede i THeUaleﬂéﬁ@dilaa&ﬁr afed sto a

fed to the JSTOF, where the optinmum wei ghts for the
lemméaulme@kﬂ@ﬁ%%em%ﬁ%@. @lF?Fteghﬁr gilter response

of?%%é £€Qhe@If%b€e§aQ§ bkggidéaeb9ukhb @ﬁ@n%%klﬁb%§on from

desired signal are jointly estinated.
theouIPIRF of the JSTOF allows the interference to be

e

topr@VIdedebylthquthestlnahuch f remotvee J $HEF. iﬁuer symbol
out put of the multi-channel matched fi Iter ss

in{p¥EPBPNGFuUALSEer A cREPEHDTESs SORE idRTTSK 3r' Ttther

processing. A single channel response requlred by the
equalizer can be formed by a combination of the convolved
CIRs from the JSTOF. This pre-filter can also automatically
switch to the conventional or standard filter in the
conventional receiver in any AWGN dominant cases and switch
back to the JSTOF-based receiver in any interference
dominant cases. This auto-switching capability reduces the
loss in AWGN dominant cases.

An example of the pre-filter or interference canceling
filter for the JSTOF-based and DARP-capable receiver 1is
shown at 10 in FIG. 1, in which the oversampling ratio is 2
and the number of the virtual antennas is 4 (M = 4), as also
indicated by X;(k) through X,(k). Throughout this description
the pre-filter 10 can be referred to as the interference
canceling filter or JSTOF filter, and acts as a pre-filter

in a DARP compliant receiver. A receiver incorporating this
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interference (1SI) and provides soft decisions for
further processing. A single channel response required
waot/wemqual | zer can be fornmed by a conbi nat iRET/@A20061601322
convolved CIRs fromthe JSTOF. This pre-filter can
al so automatically switch to the conventional or
' ! veat i opgroreegE¥eekNadNyYs shown
fllz{%zldlg{)?nc%daln% er%:%sgeségaﬁb% ?%:]h back to the JSTOF-based
by rdseidesthdd ldme iaft & @merftlé -ddvi nant cases. This
aut chi.n capabl I Lty r t : AL EN]
rﬁolnénttlca%ré%' AT EXE) éé 8 tccﬁlze p{r}g}ﬂll*lgﬁ?er&o blocks
usécntﬂdsf etRBc&iqareel10g Aml ﬁeputorsit;helJS‘IéOZrémne‘cb@ndnto a
DARP- capabl e recejver ho at 10 in FIG 1 i n .
SR e ot St | 15S AP EOF a2 aRUEPRE. FiRGRF of SPLit.
w1t§}heav'ﬂotrl’&§| @%@é@?@g' $nfo(M =r M tens1al ¥ i adiceatedtional
1°(k) through X4 ké Throughout this description
reqetﬂeJepw ethat tbprchgdeanabd: tefuiFeld 16, agnfhan output into a
erf c ng, f T I d
R N s el
red:'é?L\&tS/eBhblﬂtenpdr ainanglmig séed;{meemcdo (g6ul dsxmbols The 2:1
ed as rec jver as. sho
swifihett) t o SREPb ey 18 it f it iR oe edinrbs gicer
14 theq varéd QE@T@FH@&%éd mxwmmasb;smlé herd+iikred Qo An
i nput signal is received into a derotation circuit 12.
TheTer oPBed oR®PphioBi gAbl EespPPFpu\Rntﬁlgnﬁértlféﬁm the
[ i 1{er ;14 c t ([ iewer
A A i
sanm;tee:hedsf idarer 48 ah¢ avicrtossl centennni @4 oarrql:ursplz@ again
ECGIVGS shortened. trahnln ue
i GnbBre. SHHe 3H8 BRFVCH FEA'S GRer Lo 5
thBab e hingkpetivgen tHeghals eintd aandJsmeFJscTﬂ‘eLblaseao also
and DARP-capable pre-filter 10. The ot her por i on of
ref%@r%@tﬁm:%ﬁgﬁamqﬁpﬁﬂqﬂﬁgnel, space-time ter circuit.

The output signals from the JSTOF circuit are passed into a

SQ&\?ctlve X: (k)

multi-channel matched filter c¢ircuit 32, and its output
signal is passed into a rescaling circuit 34 and then into a
multiplexer circuit 36 as data (d;). The multiplexer circuit
36 also receives a channel (c1) response. When the
conventional filter 14 is connected, the multiplexer 36
receives the data (d;) and channel (c;) response from the
matched filter circuit 18 and cross-correlation circuit 20.
Signals are passed into a Viterbi equalizer 38 as a soft
decision output.

Further details of the JSTOF and the multi-channel
matched filters are shown in FIG. 2, where the number of
time-delayed samples used in the JSTOF circuit is 2 (N = 2).
The various inputs X;(k) through X,(k) are received into the
JSTOF, which i1s shown in greater detail. The JSTOF circuit

30 includes channelized multipliers, also termed mixers 40,

7
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derotation circuit 12 is split into even sanples and

odd sanples as part of the virtual antenna 24 and
wOeph7/019at9ai n i nto real and i magi nary signal s tRCT/QA2906/001322

the respective X1 (k) through X 4 (k) input signals

into a JSTOF circuit 30, also referred to as a

a2 mubdis¢hannek, 4%0%%1&%&&% CiwhGWiH - infhe ouh Pyt multi-
'signals fromthe JSTOF circuit ar e passed into a

chanrigli mﬂﬁﬂhﬁd ﬁaltﬁéﬁ 8| ffer @aqh“qf3Qheaﬁgurt§llustrated
out put ass n n t
ch %mn ﬁﬁto g’ %Ig? ﬁ @%e ﬁ§§§ﬁ%% Qlﬁ e @ I? Passed

exer "Ci rcul ata (
intkhes nabrfmet ex@r Aljcﬂnt 3pt ainsd fe&EeveweagbhanaeH channel
(pi) response. fil 14 is

t he conventio
dClFﬁElﬁuI%%ﬂe%@ﬁe%&9§gcggve éﬂﬁbta rg ofiming

unéﬁ?&&ﬂﬂﬂ?eglﬁﬁalsrQ§P°ﬁ§8dﬁ&@”Rﬁﬁ£ wat ghed f(Wl8r used for
circuit 18 and cross-correlation circuit 20. Signals

th%r@me@n rﬂs% a Viterbi equalizer 38 as a soft

deﬁ PRuQUiRt o, gﬁbgf detaid s of ah%OJS_LBg(QJa&dcet hg pre-

anne ilters are
flmmgfemech@mbemt@fatcnnvdetayedlsﬁﬁplescasedrlhythddlng a
STOF circuit

2 (N,=.2 ._The varjous_jnputs X.i _.
Pr T M DU XA KPoAPE Lo FRRESEheS SorCRat ghren F11ter
as | Ssish@ywn i great ery detiid . cBiereh¥li@nadi r Gwifttwd@ e /hardware
i ncl udes channelized multipliers, also terned m_xers

Vigerb eqed hyzehi 38 2anaR8 YRfelstBBUtWRRERIENpIR PR NOD-
11‘93#%% chany ermtg edlrfﬂ d(jlec{tseoﬂ%ﬁ\% %@gab% tf@cépwgr has

rate anne S, signals fromthe natched
bedn | tessear eagmsrs@d DARQ desimeas8s. by j simulapiemal which
U|t %@

inf 40T ELOD 2,800 SRR pEILIBLOS € KEULL, 825 on parsis
ov®F 0@u0§pé63fy@dglﬁe&f(o\%am§)e used theatmst hef mither Sfﬁ@me error
raééefﬁégtrggrlgngogglgﬁg gﬁRdgggéégeghéghéféegrate a

FIG. 2a 1is 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 1s derotated (Block 100)
and passed 1into the virtual antenna. The communications
signal is split into even and odd samples (Block 102), and
each even and odd sample 1s 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 signals are multiplied and
delayed (Block 106) and then summed (Block 108), all as part
of a first multiple-in, multiple-out (MIMO) Joint Space Time
Optimum Filter (JSTOF). After summing, summed signals are
passed into the multi-channel, multiple-input single-output

(MISO) matched filter circuit (Block 110) and then summed
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function into a conventional GSMreceiver by adding a

pre-filter branch parallel to a conventional natched
wdibt/erems shown in FIG 1 . The conventi onal PCT/CA2006/001322

sof tware/ hardware Viterbi equalizer 38 can be used

wi t hout change. In one nonlimting exanple, an

(Bli&t}@%ab%d DARP-anab] eagecgi vaindias been §egh&d into the
agai nst DARP test cases by sinulations, whic o ,
Vintredildat egua hazer hdBleeki vidrd )priovi desch, @ d®fito @eoigpen 1is

r N r specified performance in terns of the
maq’qé?aﬁ‘%loecﬁélgfléa'te (FER) for one of the AMR speech

chamebperbBltGon2a tkea ddmwwraghiant iclilrgstitat12g is8 operable

. high-level nethod assocjated with the described sys .
w1 R LT T caLo St L soas oL RRohACHIERER, PERPEEnGESE is
pa@XahPl efat TRE gvANii9WS pRRT LB Mid dhe d60088ELEBA, the

~reference nunerals. "The inconi ng comuni cations signa
sigmpHercorsted legiosk 100)dwminigassad | afbeFrhelssqtataion the

- n TBUN RIS s gnal, 1S 8P| T tadnt 9 eNED
Sléﬁ%ﬁoggnggggﬁég |5%§kﬁ02), and each evenézﬁg o%ﬁy 5 are
tysiaogl By | sonbent sptéd bnt @ °r eadd ak’ 1 magl blar pysbghal rotated

parts (Block 104) ._The c .cations_signal s _fraom
to PSS 1Tl ParPehnaT e pabBelF Rt S PR LI STGEDE! FedrEed 25
a Whgyiedihe Loo@yni pakisensshi goal Be @l g MUIBPIH) edsiayithl. The
del ayed (Bl ock 106) and then sunmed (Bl ock 108) , al
der@at#aFen ofata it THPMG pPEdi nlsmireePl efotit §WEMpANd  odd
saﬁgﬁfﬁggpaQﬂﬁIﬂpejgptth%hE'|B§Ea&§éncg% tHS t @ver-sampling
sunm hg, sunmmed signals are passed into the
ratrl t iFchamxeimpleul t iipl eai nponrvenhgdeabutpree{WeSO) this is

mat ched filter circuj Bl ock 11

ty%h%%@g}( Eﬁ‘%c‘?hel1r2")1t%1nc31f p£a’ssle’dé<h’s %%%g éaﬂg[hersi Sg%%kal'
i ntTh¢ heiYioter Entequa | 24er caBl deolcrEbde | thevhselmpding rate
soft decision is nade ﬁBLock 116). I n operatian,

0 dey et STTBRCS] PEGi 1501 1Bpér AbF=] manRBE Zomihy Hiom the

baseband filter to form two separate channels of even and
odd. Before this process, the odd/even samples were serially
interleaved. These signals are then further split into the
real and imaginary signal parts to form the four independent
channels of the virtual antenna. It should be noted that in
some embodiments other numbers of virtual antennas/channels
may be used (e.g., one or more), as will be appreciated by
those skilled in the art.

As best shown in FIG. 2, these signals are then passed
into the multiplier 40,42 and unit delay circuits 44, e.qg.,
a one symbol delay, and thus the signal is processed 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
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wi th GvBK nodul ated signals and the frequency offset

that is part of that signaling protocol. Before any
waimogombidon, the signal constellation is dynamcI/@ambo6/001322

after derotation the signal constellation becones

static, i.e., any synbols are typically concentrated

ypRol t toddiese n is

beé§§§) %thégg %E&%%B EglgﬁgfgcgﬁﬁgeaﬁFéated g§ﬁ§n310
inttrnquwsadd bi fimey phhse ghmtwa&ewan}qnﬁaﬂq bignal . aTheépatial

he . f d : dd
dl%%{%qar%bgn \?at,ﬁgci{%]ber serfl %Bu% L{:Sh(:“ {:Q{Dhgi\ﬁ%nasQ%n% form a

eCause o
spdeFcisaiptinge o+ ate.  For exanple in a conventional
receiver, this is typically at the rate of .1 ,. i.

onclsambbe SERISPThOISadhe’ HRFPRANS anceaRg 124 khn Used  in

con \EL &85 R FAMBLhRG rah8nh@1EW0 SRAPIRS Y] iHOlreceive
ITn a serial manner com ng from the baseband filter to

weiqhtﬂtﬁmoweﬁdﬁatéoehﬁmﬂﬂﬁimﬁleﬁéhtﬁﬁdWﬂﬂghQ%f®$@ Channel
EséPIS £0%§§S ge 999 53MBH Sf ke ﬁé'Q} ﬁht O tlmal

eaved ese SI are t urt er sp
Flltﬁxrwahgandamma@Manebl@aaim@aorsseoaﬁﬁrpi$medomnto the
i ndependent channels of the virtual antenna. It should
Mupel @S t hat i n some enbodi ments ot her nunbers of

vi répal yangensagtehansel snmpy xbe dsednceogal @R®rdk in one
nore), as will be appreciated by those skilled in the
nomr}inisimasexsnBwa i i -F-G 32, "PhEBESsi difal &0 aFBet fgipining

se%@éﬁgg é?ﬁBoiQelHHb£'Eht8ftﬂQ 6%1ﬁ@dO§Qﬁhaqe@QKter Weights

; one synb del ay, and thus
angi Ghahnies manmm&ﬂaivﬁZh ahﬁnEtﬁgEyﬁﬂnﬁQ&ﬂhw in Some non-

1oL PP B ALY SRS BLSE S5, BULETLBY s Lo
whOPer atk®@Aihg flduamed by pasuaﬁatclo&mamssumrm/ﬁfﬁ as seven
illustrated. This portion of the systen1|s operq?le asd
pogitions search in a non- limiting "exampl can use to
find the timing. The impulse response of the multi-channel
matched filter (hee) can be used such that the system
matches the channel response and makes the signal stronger
after the matched filter.

As shown in FIG. 1, rescaling can occur as a hardware
or software convenience, although it is not required. This
rescaling circuit 34 allows greater operation for a 4-bit or
5~-pit input as a non-limiting example to the Viterbi
equalizer 38. The dynamic range of the signal can be
readjusted such that the signal can be sent into a 4-bit or
5-bit circuit.

As noted before, the multiplexer 36 can take the
signals d; and c; for the data and channel response from the
conventional filter receiver 14 or the signals d; and c; for

the data and channel response from the JSTOF receiver 10 to

allow a switch-over between the two. The JSTOF receiver will
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mul ti -channel, two-di nmensional filter. One dinension

occur sbecause of the delay in tinme and anot her
walteows™n i s i ntroduced fromthe virtual ant erOTACA2006/001322

i.e., a spatial dinension as described and thus the

two di nensions forma space-tine filter. It is evident

in ddcomhdgr skgnalk ichedsed d MEOMhHAEEE B8N} hi0kher just
channels, and nultipliers receive weights fromthe

purmmlnl@t nehberi Tnethis gitse afe chanvent ERpamtsresyer 14
The weights c f t tidml t

cargBpnB Rl SEm LEPL BRAR O, Rl AL Bt ppyico can

swindnlpbaeks tbhe wmeghtsnaeetabsalanﬂib¢akd|wehbouhalloss

I ' 32 h
RS 1S 000 LD 10 RIS, sl 32 JEIGNS. mne

sw I nPtismaba St n V‘ehghte“stﬁ.l?@t@wnﬁf Rgid WBIINROQZmlnus
there are typically in some nonlimting exanpl es about
SIBRnknowd sYidolgiaandtivt 1% RSIRM whi ChTESECRChg the system

de§§ fﬂ§§ @h@?§k§% 999E§én§ntérfér§neé §%Hth%0§'$FQQ%rence

searc non-Tim ting exanplie can be used
candel ingn ng. thiee TIRAA seecespensasoinathereairedhafhab, the

flgaéfgﬁ?ngblter %en%p C%%céid@“%&fufg EE@é %&stitching

he channel response and na
th@lgnalsﬁit@Mges after the natched filter. As shown in
FIG 1, rescaling can occur as a hardware or software

conveni EAcEUH t hBuPIHaRLe ndP rRRAN r d@T™FRYs Systems and

otﬂ§§0§§b€gm§'rQWhﬁ 3ﬁy§@|9?559%%%5?Qﬂgﬂﬁrﬁil@@sfQhe351gnal—
or 5-bit input” as a non-| |n1t|n§@_xanple to the

tON@@E$©|réqmaht&yb%81mﬂh@V@9naﬁﬁcqﬂﬁ1 tbferphersicgigl (BER)
toC% q%@é%?%&8t6g %u%%dfgﬂ %BgcélQ%@ fégbpep§895cols and

nto rcul
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
interferences and yield high performance. Some simulations
have shown that none of the solutions in some prior art
techniques provide the required performance against the DARP
test cases.

This MISO-based multi-channel matched filter circuit 32
is a feature that improves the overall error rate
performance and reduces the complexity of the equalizer by
avoiding multi~channel Viterbi equalizers. The built-in
automatic switching between JSTOF-based and conventional

receivers reduce the loss in AWGN cases.
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A s noted before, the nmultiplexer 36 can take the

signals d and C2 for the data and channel response
w200V conventional filter receiver 14 or tHE/CA2006/001322

signals di and c i for the data and channel response

fromthe JSTOF receiver 10 to allow a sw tch-over

beté’ﬁ%ﬂ%ﬁ t¥Be1The IRTO ARGl VesnWidd | iss@duee sem@r to
loss 1t ere is no interference, i.e., just pure

meathi t eh@oi HBRP| n nefgius remsatishe AhvehRFBRAEIPRER| vEANESL1iNg
Matccjhcg F#@%%EZQEI% [ way K eggquﬁelé&fan‘é e LBE Cﬂl{&u'\ﬁ%tual

he conveéenti onal ter wthout
anl 1§88 | nbsodudesk iybddie A8ACF beefammirand itos combat the

circuits. The switching is, based aon.the stl tlon
int el Nt TEenuglé?Ng{FNF;S F]entsﬁéléfﬁan? es ﬁgtlmatlon

erfotdir §8hehd, C%E%n%ﬁsﬁﬁ®d¥§éﬂﬁﬂéﬁﬁhédﬁﬂﬁiRﬁ bftthe desired
interference and the interference canceling of the
sigSTOF Pec&imt Demesiilpgdery etIDIThgovwere $‘P‘P‘flelper¥ff°rmance

foéhﬁhé&f%%ﬁ&&%h@%ﬁfeegéggr a3 hédH%@gnb¥oS%%EC@h&&lEQQty in

e circuit 1s operable in beam form ng
comlyst eng ahd atshercleystierns. 11Thesf¢y©:e80f t@ﬂﬁemaﬂ sbe heavy
al | ows, t he, si gnalto-_ noi.se rat 0
CORIRAE T {ORF oFgWB SX&EER)mtVOlb roveaOll ﬁl \s{,:%%ou:g of an
int&Ppstet 0p | evel protocols and phone calls and ot her
conmuni cati ons matters for use with these CI% uits.

Thel FruPPE- @TRAEmetuctit e VoF tHA ip| operable
wit '§d35€9vén QBQC@UQQQEHE@Eit@Qanhe MhW@WQ%%edtigToﬁblnt

circuirt” 30 provides a space-tine fi [ter wei ght and
SpahambeTerporaht iQisimumt Fadsedi f { EFBAL) f romPritor 3qrtto be

| utions [ i.rcu rqyide e | t o] -
us‘f’% dr% erpéggﬁggggﬁlfé%ﬁt Ic%l fo?c‘%gt hla{ykc )réonlgrdg and - ot
te@SyAshr didused nvet§rtencesedantoyisipptdsgh peef dmtsaderence

angoT%éﬂg%Eagsglmatlon of the desired signal are Jjointly
estimated and optimized in the JSTOF while the two are
separately estimated in an ICMF. The JSTOF circuit 30 can be
a Multiple-Input-Multiple-Output (MIMO) circuit that takes
advantage of the rank deficiency nature of the desired CIR
matrix in the space-time setup. Simulations have shown a
satisfactory performance for the various DARP test 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 wuse 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,

12



10

15

20

25

30

have shown that none of the solutions in sonme prior

art techni ques provide the required performance
woaai/owb7%t he DARP test cases. This M SO based PCT/CA2006/001322

mul ti-channel matched filter circuit 32 is a feature

that inproves the overall error rate perfornance and
thd eqUERS hecGeApl BXbEY Ofribe etmiad | ZELHR) awdntilR@or was

mul ti -channel Viterbi equalizers. The built-in .
extandatht te Swprchitnga bet aferr hESTOR paEeeangiodels/scenarios

convent i qnal._.recelver th in AVGN
belcna%el‘lss. uiolpgbtll{ee %g%:%fv%}gft uctluﬂrlgcsaltgz%l'be used in

or dittetc® meet tfhel IDARP reequiersereiptts.onAn ofnt éhfeer edo@lation

Canceling Matched Filter (1 CMF) can use a L. e of
peJﬁ%“\lﬁprqeuafoﬁnpéﬁﬁat%%d@%‘@relsbéifJé}%l %é%n’?%fﬁ?ﬂgl%ult' It
sh&Pibabet Ngnddt s ereatr THBacdFELE bTosersiihigverdd joint
~ the estimation errors of the Channel Inpulse Response
inyey fRHrojice heedestied angnahanteiojsitt Mot k2 dnPesh) used
in SN od MangRo1Or LHe YRELQUSOEeSh CaseennhB i
ln ad%}l\??%%gt osgﬁgiglﬁffi cu?ty i n conbat |9ngot he nne e
avasyaichs onbsisuniner feaer shet hgnévehgnbecheapgl response for

comput atiopal, copplexity inyolved.in finding the, CR_. .
thy SRRILR A Ol STh BRE SRbOATHBATS. e U1 r bLarD Finite
Impl SnNR2pdrscoperabhe Miibendapt i veapphoe-tsalple of the

filtering, allowing the Joint Spatial-Tenporal Optinmum
reqpiveqd LIS FIERAt SO thP perRERSe di f ference

fromthe ICMF is that the spatialtenporal filter

wei ghts used to suppress the interference and the CIR

estimatio ong‘f‘R desired signal ,are jointly estinpted

and optiﬁ{)‘ﬂgl_o' 8%@’3@%@%&5["5(?}19 two are (1)

separately estimated in an ICM~. The JSTCF circuit 30

can be a Multiple-lInput-Miltiple-Qutput (MM circuit

t hat takes

where x(k) 1s an Mxl vector representing the output

from the antennas, H is an MxL matrix containing the channel
response for the antenna array, s(k) is an Lx1 vector for
the corresponding symbols transmitted, and v(k) is an Mx1

vector including the AWGN and the interference. The space-

time extension for formula (1) can be obtained by stacking N
time-delayed versions of x(k) into a taller MNx1l vector x(k)

as follows:
(k) = [x" (), x" (k =1),-,x" (k= N +1)| =Hs(k)+ (k) , (2)
where H an MNx (L+N-1) matrix is the block Toeplitz
version of H and s(k)=[sx, Sk-1s ..r Sk-i1-n+2]T. The samples

that correspond to the training sequence can be collected,

X = [®(k),X(k +1),--,X(k+ p~1)]=HS +V , (3)
13



10

15

20

25

30

advant age of the rank deficiency nature of the desired

CIRmatrix in the space-tine setup. Sinulations have
wostvommarssat i sfact ory performance for the var iRUZCAWR01322

test cases. Conputational |oad is deened acceptable

gi ven that fixedpoint Chol esky factorization and

EVD/ SVD are feasible. This nethod has sone sinplicity

and | ow conputational conplexity. It is also robust

beceussee tthes sPst e males few Baskunpre onemagpuptt pymbols of

source of the interference. addi t t he ;system

I Lon
the df ddhth T the 1Ex P8t &Hépeaﬁgﬁﬁragfir cture,
as the sol utj IS integrated asa prep S| ;
o ERE<T ot <0 & SRBUrA af Rt R Sy et o Fapeanion
matiiex KV echual t zetnacgesenladbss Theayaihabbptimpzetden is to
to support the evaluation of this techni que,the Sést em

findvael Mkt Eridr Mird (BUER sVREFSForY waSTexd efgage—time
, 1o suppqrt all of the.n el er del s{s [
1l o hdet Bl SO0 DA ShoR TGt bne s TABPBIR, vector

h fottoms endeseilpeéironsatnht henhatnukaki opupenutor matee ference

for DARP test cases using the JSTOF circuit. It should
regpidumblecdt obdet Haltl kyacd St i PN Prbeedsi dg F-or FBi niolve the

' r ' ahd.ghannel estinmation has been
fOilstgevg{ﬂ{(ﬁ g%%f‘%?gﬁg% V\hen?'e an array of M antennas

is avail able. Assum ng that the equival ent channel

response for the single desired user can be nodel ed as

an L-tapnﬁiwinXe—hﬁﬂtjl.se Response (FIR) filter4)a

snapshot "anpl e of the received baseband signal can be

expressed as x(k) c(/K_, + v(k) = Hs() + V(A) , (1)

/=0 where x(k) is an Ml vector representing the

out putcar ope t heuntt erdast D¢ PRt Ha MUe Rl i XS

cont ai ni ng the channel

w,, =R;'R_h (5)

xsopt 1

and the optimal channel estimation h,, is the

eigenvector corresponding to the minimum eigenvalue of the

. Hyp -1
matrix R, —-R R 'R, where

R, =X'X", (MNXMN) (6)
R, =S'S", ((L+N-1)x (L+N-1)) and  (7)
R, =X'S", ((MN)x (L+N-1)). (8)

Given that the noise plus interference component V in
the space-time model of equation (3) is no longer white but

approximately Gaussian distributed with unknown covariance

14
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response for the antenna array, s(k) is an Lxl vector
for the correspondi ng synbols transmtted, and v(k) is
woanwomikoexect or i ncl udi ng the AWGN and t he i nt erTRCA200€001322
The spacetinme extension for forrmula (1) can be
obt ai ned by stacking N tine-del ayed versions of x(k)
into taller MMl wvectar. ) ..as I : ag
ma b Line | PR T (G BT oSt | Eoveraraa of (> the
maiﬁytﬁﬂlffafiﬂboékLML%-estiﬁEtEbNHZWMECH”¥%SQ”&H@&mization
that correspond to the training sequence can be
of cdid etlehwidte quedt iy =+ 1),---,x( + /?-1)]=HS + V ,
(3)where p =P - L - N+ 2, Pis the nunber of
synbol s of the training sequence, X is an M\p nmatri X,

and S = . tIe_wmRl? S (ktp-1) ] is an
(L+N- | )x%%?n&&ﬁﬂé‘?@&*)‘%t Hsjkbf the training sﬁr%ol S.
The joint optimzation is to find a non-trivial MXI

wei ght vector w for a space-tine filter and a

noned ricwial &N 1ni &l edpanpelceestimentmode Vectibre hnumber of
after the filter such that the output interference
the esnEERPNEENENEDANNES 1S T hY#Y2edSSP. &R PioPyRal to M
hegf ol | owt | A i hem {tecan hgfoEnd = r <
am{lha t%ﬁé %%%ngﬂmgaéﬁ{ ?gfgg%g t he op?i mal chaﬁgl -
mieeuN mati+oir IhoptThHes thekeidgenvecindr Mbr pespdeti ngprn obe used

the m ni num ei genval ue_of th trix R - v

Fohneht. M ZhoeT RN (8) R ST 2t {HRE 1 teE
(L+dhé) g3Tendcf FruRc=iX ®he, chbbN)iXeblk+Nah) wse a &ifferent
G ven that the noise plus interference cogglogent in

apPh%a§%aE@-€Pﬁ€ rotFel J O e RRE 1B (89 1HELR Rgethe filter
wef@h%eéﬁg the channel estimation. It 1is possible to find

the ML estimation of H. The estimation can be decomposed as

A

A =HH", (10)

where ﬁs(MNxM) is the estimation of the space matrix of

H and H, ((L+N-1)xM) is the estimation of the time matrix of

=]

. They can be obtained by:

H,=R"*V,,, , and (11)

where R,=R!Y’RY"? is the Cholesky factorization and Vg,

consists of the M eigenvectors corresponding to the

top M eigenvalues of the matrix D,
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approxi mately Gaussian distributed wth unknown
covariancematrix Rv , the optinmal estimation for the
wahanowb7o is the maxi mum | ikelihood (M) estiRGaVCA2006/001322
which is a mnimzation of the followng quantity: (H
,RVv)=1logRv + XX-HS In this non-limting space-tine

nodel , the k.0fot Reirt ndependent channel
é;s‘gthﬁxs x%ﬁ” N
e

al ways | gual to Mand H is usual f%/§)rank
deficient, i.e., rank (H) =r <mn(M\, L+N-1) . The
rank deficient M. problemcan be used for the rank-1 )
appihroxa maeken sofept,hetispacptimgd Melight five blsyospace-time

,Circuit iin o enbodi.ment can use a different approach
L% 5 t9% Cfrbgtianltneopt rg‘;num solutions for the filter

wei ght and the channel estimation. It is possible to
find the ML estimation of . The estinmation can be
deconposeg, aR{Re/R, s (MXMMNEt he esti mati onl1d) the
space matrix of Hand H, ((L+N-l) xM is the
estimation of the tinme matrix of H . They can be

et ot el SRR ST L on and \

DM consi sts of the M eigenvectors corresponding to the
top Meigenval ues of the matrix D ,In a next step, the
opti mal hgj giv,,f& . the sp@betktNelXi|ter can be (15)

obt ai ned by and the optimal channel estinmation is hopl
=wo Tpl -H (M(L+tND) (15) It is then possible to

CEP 2 SRR e PBEEs L [ibigr ot eppeliey Gibeo-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 1level. 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 to L+N-1
comparing to L of the modeled channel taps before the JSTOF.
It was observed by simulations that the JSTOF receiver
incurred more that 1 dB loss in the pure AWGN cases compared
to the conventional receiver using the conventional filter.
To reduce the loss, a strategy of automatic switching
between the JSTOF and conventional receivers was developed.
The switching is based on the measurement of the difference
of the input and output SINR’s of the JSTOF. When the
difference 1is below a predefined threshold the JSTOF

receiver 1is turned off and the conventional receiver is
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have M channels, and it is a M MO system The opti nmal
wotvanowb7%esti mation in equation (15) can be usei/€A42006/001322

the nulti channel matched filters 32. The outputs of

the matched filter are then conbi ned (sumed up) and
tufesgabad ithd hen Tﬁ@@C@Im@g &t CPbt 34ily tdemplekdi 8dce the

desired | evel e final output is a single-channel
esSmt@tonstcpéaH] dred deave bien feathatritam tHE Vi t er bi

equal i zer 38. Note also that the nunber of channel

taps after the JSTOF has been changed to L+N-|

conpari ng t ?of the nodel ed, channel taps before the

JST wﬂ bserved by &(HiRadi bns that the JST?Z
rec %r’ | Efﬂ@l R LIRR thBzh{%}i {Tyhhe pure RGN
cases corrpﬁ ’o the tonvertional re&eiver using the

conventional filter. To reduce the Ioss, a strategy of

automatic switching between the JSTOF and conventi onal

recghyetBeWastga¥ekonad cahh®es WophitR@l ifs Rasefh=aiidhe (14)

nmeasurenent of the difference of the input and out put
ang| NRP) 8§ of the JSTOF. Wien the difference is below a

predefined threshold the JSTOF receiver is turned off

and the conventional receiver isturned on. The input

I Ea3| Iy corrput ed onﬁe ﬁrher gstl mat i on of H
SIN)@ )

coipu hed X cam g'&uatr(wﬁ,slivﬁ4)l ARch 153 Re{vd), R,tle”,,,r}i)bl

Si de a”virtdal' ant enna array can be set up by the

conbi nation of oversanpling and the separation of the

real and imaginary parts as shown in FIG 1 . In

acce@hdihee iR evariidsus @nbolt weht 3nteRRaj arFeYosEPmMAR set
upwknyﬂgug%ﬁBfﬁﬁgldél4 agﬂ%f%€@§fe Sghﬂa%h%né% aration of

I n equati ons nhances I ntertrerence
the real and imaginary parts as shown in FIG. 1.

In accordance with various embodiments, the Jjoint
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), dimprove 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 computaticnal complexity. The major
differences are the way 1in which the inverse of the

autocorrelation matrix R, is calculated and the way in which

the channel H is estimated with reduced rank.

One such implementation 1is a Cholesky decomposition-
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suppressi on performance. The M SO nul ti-channe

mat ched filters 32, which are based on the channe
weemh7/ombi%on in equation (15), inprove the err d@CIT@A®06/001322

performance whil e reducing the conplexity of the

Viterbi equalizer 38. A strategy of automatic

jtc t TCE and, convgnt i r ver
baftly bR SR e n ARA ok, e oot aaniacnyatue

deLYnSLaL1 GRS o(f6)mat£lll7§ qRN jhe écgmételr@m gdy)n ob;fé‘ﬁrﬁruauy,
ways in terns of nunmerical stability and conputational

sicoapl &i t s Themrejtoriadi ffceridriors ated it apay thre willchlesky

the inverse of the autocorrelation matrix Ris
deealrpes st edn apditheiway in which the channel His

estimated wth reduced rank. One such inpl enentation

i's a Chol esky deconpositionbased matrix inversion of R

and the ®& genvelue deconposition of matrixgp in

equati on (13) Specifically, since Ris symetric

p03|t|ve deflnlte t he Chol esky deconposition exists:

be rewitten as D= D1D; :i9:

(18
V\,hepe C‘Iacm Lﬁ)ed“’rb]et &P that the inverse is actually

performed with the square-root of R x , and the
explicit conputation of the inverse may be avoi ded by
the back®ub®Dfution. Also, Dis nunerical (¥9stable
because of its structure of nutual cancellations. This
was verified by sinulations that showed the condition
nunpge&f D is seldomgreater than 300. This inplies

t he ei genval ue deconposition on D would not require
undul y sophisticated al gorithns for

D, =L7RILT. (20)

It should be noted that the inverse 1is actually
performed with the square-root of R,, and the explicit

computation of the inverse may be avoided by the back-
substitution. Also, D is numerically stable because of its
structure of mutual cancellations. This was verified by
simulations that showed the condition number of D is seldom
greater than 300. This implies the 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 relati?ely high, and its positive definite property may

be offset to some degree by round-off errors. Simulations
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typi cal applications, as wll be appreciated by those
skilled in the art. In fact, this approach may
wopmwheos |y have the | east conputational conEGEXCA006001322
t he approaches outlined herein. One potentia
nunmerical concern is the Chol esky deconposition on R x
show? '%%dévayt'eﬂa€u@%§'&%ﬁbf%&@ﬁtbﬁhbﬁrb%nf R, is less
atively high, and its positive definite property
th&RY1 6t Ofdsetn tomonsx tegie e dinhdOiwl-afdh &9 Ay high and
Si nul ati onsshowed, however, that the condition nunber
veBy XOVsCREEECEhRA- 10V BIRRCREE sbFEl bx¥R BHRS scenari os
such,as, el yadhabh and ey | Qweeahnbker - bAnbAi REAL €NGRe  OR
(CJI? rati os. In accordance wth an alternate
deenbpds ehtn the tQR deswmhgosianaim imay hlee suapte tdommioid the
may be used to avoid the direct cal cul ation, of the ,
diTavEr $@ IgRIRbION s%c*éh?helwqrﬁeeq%t o (3j0Ras g 1 X in

k d
cofGhi bt TPBARBAHAL SR 90 X7 o

deasflp&sisianf ul | rank M\XMN upper triangular matrix. It
can be shown that R'"=R'Rr , (22) and the Din
equation (13) can be witten in the formof equation
(19) mﬁt zthsgg 1 re-defined by The reduc§g ank
channel ésti fon may be performed with t
ei genval ue deconposition on D as |n t he previous
approach, and the optinmumfilter weight matrix of (14)
canwberee@iéadaapxihi glagpproadrh s> SRy %mlumns and R
eqU|vaIent versi on of Chol esky deconposition,in th

isgagplaldoned Mk stREMondPRShs WA 9at a8 matrixy rHs can be
shbWyRreygd nunerical stability at the

R;'=R'R7, (22)

and the D in equation (13) can be written in the form

of equation (19) with the D, re-defined by
=L7SQ. (23)

The reduced rank channel estimation may be performed
with the eigenvalue decomposition on D as in the previous
approach, and the optimum filter weight matrix of (14) can

be reduced as
w,, =R"'D[V,, . (24)

This approach 1is basically an equivalent version of

Cholesky decomposition in the sample domain since one can
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expense of the QR deconposition' s greater conplexity

(requiring approximately twi ce as many operations for
WOREOE of given size) and | arger sanpl e matRGIXCA2006/001322

(having approximately 3 tinmes as many rows in an

exanpl e case where M=4, N=2 and L=5) . The two

shg&?pmgeh% i@scrfh@eﬁaéb%gfs&éa'nﬁﬁgyaaslt tg%ablrutg g the

ation of the triang matri x 1 nverse

ex§8h§erm>bfbe dede by ba&é@&%iﬂﬁﬂ@s ﬁf@éﬁé@g Mg Iexity
yet anot her alternate approach, i.e e singul ar

<rvqwél@@coam>ﬂr@mt%®vo)t@m o&éh, mﬁﬁé‘ n‘aP?F%tlonS for a
maJcPYQr 4? rc{ﬁﬁ)e/rrpe sfi% degn@ndlBQSegur@gmﬂn&Sfé Srﬁﬁ%j.it Y(having

i mproved 1 n sonme”applications
appppxomehe$ya8t & ivdietsh ashensBMD 0ows hensanplesamptlel xase where

_equation (3) . X =UXxxV, (25) where x is a pxW
M‘?rﬁt‘gl”; W%h?‘ﬁ?%hogonal colums, V x is an M\xMN
or t hpgonralo rrappirasaandss des A ¥k Mabeiragaall makeigyirs the
[ with the singular values on its

= d
corapalegga(apn oE kit b b%rww%%a@atrﬁéxmpﬁeéa@at edirhopgn this

magtlnbie haénéheb or Ok - sqat 1 0fc {499 . vwmrrl;mgd%@eoko yet
L7 27; The channel estimation may be
angbharnedalttyenﬂ@etesvmmr@aqhand1t|¢e,f| |tke weighular value

mat rix be , ( el e
def)owjggﬁgglxrﬁs %@to%gﬁ/gg%ﬁf stl\{lne uﬁgyr\%)éctzlg}‘)se]}c%&% 1}[1.ay be
avdhee8VBnidn tHy snapprioach seybi Bijty reagobe cf@mmteat i omsroved

than the ChoI esk and econposi ti gns used
10, SEFE PR I rb%‘chggsA?pBrE’S ari St & fw%‘ﬁké FH?eéVD on

thép§éﬁ§§EeﬁaQH§klBﬁdeébﬁﬂﬁon (3) :

X'=U3x VvV’ (25)

x=x "x !

where U, is a pxMN matrix with orthogonal columns, V,
is an MNxMN orthogonal matrix and X, 1is an MNxMN diagonal

matrix, X, =diag(o,"--,0,,), with the singular values on its

diagonal. It can be shown that
R'=V IV, (26)

The D in equation (13) still has the form of equation
(19) with D, defined by:

D, =L7SU,. (27)

The channel estimation may be obtained by the SVD on D,

and the filter weight matrix may be written as

20



10

15

20

25

30

(i.e., Cholesky, QR and SVD), the table in FIG 9

lists the conputations step by step for an exanple
wontver/etobted , N=2 and L=5. To find the best ti mamWCAS006/001322

the burst, the JSTOF searches a nunmber of timng

hypot heses and the one corresponding to the m ni mum

out put residual is chosen as the best timng. The

output residual is defined by: - I | e = w optX

- hi opt Shw[,29)V,B1EDS¥g; ch process basical ly repepts the

operations listed in the table for each hypothesis,

but the input sanple matrices fromthe consecutive

tim ng hypot heses change slightly by appendi ng and

del‘tlzl'tlﬁgﬁ% S’%@ol%ﬂﬁ{a% ’ifb%a’fﬁgﬂgMaﬁa\éPﬁeS&&%H&gtri fgctors of

algorit are.potentially applicable.to sane of th .
D, g odPit i, PanaREie Ve CBhbur SEnbhe| S84 SngmeLtations
thPQt Rti ahbyebRyr aduced. de@bmybAitibaRr @selt ithe Ml ious

matrix at time instant k . It may be partitioned from
twegaRPreacss-to X() =[x(k), X(Jc + 1)], (30)

whegeX(Jfe + 1 .. = [« ( + - +_[2L) G 1

" ThE SamerbemibeR of ‘WidaTRide apbrlathat, buriinda’ avove
(1 X¢k, +CAPlaskX( AQR+ ahd S¥R)+ LBE] tapld2) iFh&IG. 9 lists the

autocorrelation matrix at_tinme k+l has the form R x (|
coRBN S L A5 RFSR X £ T8 S (0 <o 7RETe (REgr) W-flagpt? and
L=9hi sTd s @Ot ieztof tamiagk- drdovndatipupdie, @ the JSTOF

rank-1 update. One hygerbquc rotation-based al gorithm
segpehapdaki ngrdthfidat Phg tAE1CHOl doiBPeaes | zakdonthg one

cof?&sﬁ@ﬁ&bng to the minimum output residual is chosen as
the best timing. The output residual is defined by:

e=|wl,X-n.3[

opt opt

’ (29)

The search process basically repeats the operations
listed in the table for each hypothesis, but the input
sample matrices from the consecutive timing hypotheses
change slightly by appending and deleting a column. The
updating and the downdating algorithms are potentially
applicable to some of the operations, and the overall
computation load may potentially be reduced.

Let X(k) represent the sample matrix at time instant k.

It may be partitioned from equation (3) to

X(k) = [X(k), X (k +1)], (30)

where
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in Matrix Conputations by Golub et al., 3rd edition,

1996. Anot her appli cabl e updat e/ downdate al gorithm
walievhws®d in Golub et al . text is for QR PCT/CA2006/001322

deconposition, which is based on the G vens rotation.

O course, the given approach that should be used in a

parti cul ' nd on factors such3a§

availablgkﬁgggétg Ha’re %rd%s comput at i ona

conplexity, etc., as will be appreciated by those
skilled in the art. O her approaches may al so be used,
as Wi¢l sahpbe beabppx eet at etle b+ 1 ey ki ¢xpdessed hes
art. The performance of the JSTOF based receiver has
been eval uated by Matlab sinul ations using an extended

BLER si nﬁaylfnégggtgei(ﬂh@]par aneters for the 4 Eg:

based receive set th different aspects.
Exanpl es of values follow 1 ) The oversanpling ratio
(CSR) of 2 can be sel ected, which maps to the nunber
of ¥ ?taaFOaﬂféﬁﬁaglfmme‘FraX.ﬂttwge nbhl| st thg torm
exanpl e, and sinul ation shows that reducing the OSR to
1 causes significant performance degradations;2 ) A

nunber oR (eapp:e R (et B¢ Gamx(es 0k (kcap) be sel ecsed

as 2 . Increasing the nunber, however, does not always
inprove the performance; 3 ) A reduced rank for the

a@ﬂ%E EgsgoggﬁbQEgEhéncgﬁ ge %%k?%t%%dﬁaéﬁe and a rank-1
I ncreasi ng or decreasing the rank does not” necessari 'y
updapeove Ohe pemypenh@bﬁc 4-ﬁoﬂﬁtfmm{b&wwdch dgesivil  for

an,be 4.75 dB, 5 ) A s on out put, can, be
S LT RSTEN e TR LIRS Wt het 9o forth
inbuhsr EANCHAPLOYELHAE pyréawané@ gargi g2l byikeonDT$996.

SOfgnggggilggpllcable 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.

The performance of the JSTOF based receiver has been
evaluated by Matlab simulations wusing an extended BLER
simulation engine. The parameters for the JSTOF Dbased
receiver can be set with different aspects. Examples of
values follow:

1) The oversampling ratio (OSR) of 2 <can be
selected, which maps to the number of virtual antennas

(M) of 4 in this non-limiting example, and simulation

shows that reducing the OSR to 1 causes significant

performance degradations;
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correction can be enabl ed. The AVR speech channel,

TCH AFS12. 2 can be used to evaluate the performance of
wa1we7089¢0F in terns of FER. The propagati on caGii/€Am06/001322

TUSOknT h- 1950MHz can be assuned t hroughout the

simulations. A sinulation ran 1000 trials (bl ocks) for

each casgy Th SCE V. [

carrier- t0|ntgrﬁgﬁéﬁgeq?%jgghézn|C)&%l% S oaﬁﬁ?%gghéNv can

graph eklELGedl3as The Imcypasimgathst nhhberef dloemeeer, does

per for mance specified ed in the table bel ow

Then?) rf Vﬁ%ﬁcém%fo‘{ﬁe %c%?ﬁé?rrﬂ?%%?; pure AWGN and

DTS-5 casges wat hraadcsit hedhkt hgoaut @hew tthind@l response
strategy isshown in the graphs of FIG 4 and FIG 5 ,
resfp@’@ﬂi\?elcym Tre sttetey reddedInfbepdsnygi @rA\pm:ngﬂsmg

abo c e

Svethe o Qhep SRHE A0CLsB00: LDHOES S | Hhe FpePomh e
equal i ze4s, fbhl aued- b\yiachutln'reshah@ed:anabemf‘H&t@B

oousl ooPt! "R 5efrr Ui TP rcan i warAntRged in 5
0r|§iﬁ§|whﬂthhelﬁb&@BthgHﬂﬁefhldﬁﬁr{@rBHBQQSC@ﬁnb%mprove
eval uated with a nodified test case DIS-5R, where the

del EQeofp?w]g%quatﬁlé’rféPér PRf-be Soft decision

ConébgﬂéégloﬁhéaﬂeﬁéOéﬂgﬂfﬁdat 0, , and H of the
burst Tength is shown in the graph of FIG 7 . The

res’ﬂhes AMRI @@te@qhhachaheeﬂ)erfﬂilﬁ\ﬂh%lbﬂ JSEOF be used to
ver ,de ra "s| ova e del ay of th
evh FEEHY ohpf HAT e e, Phe ) RELE Sl S oE"FeR. The

praplat@atagﬁousﬂqndie:mﬁﬁd TUSUB]Ithel%DEHESS d¥eVi CB8  assumed
cel lular devices) as well as cellul ar base

thé?ﬁgb%ﬂg QQﬁ. é%gﬁﬁpélORﬁ ex%nrﬁ%m%%ag%on ran 1000 trials

(blocks) for each case.

The FER’s of the receiver, against the carrier-to-
interference (C/I) ratio, are shown in the graph of FIG. 3.
The margins against the reference performance specified are

listed in the table below.

Test JSTOF Spec. Margin of
case performance: performance: JSTOF against
C/I at FER = C/I at FER = Spec., dB
1%, dB 1%, 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 7.4 9 1.6

The performance of the receiver under pure AWGN and

DTS-5 cases with and without the auto-switching strategy is
23
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nobil e wirel ess communi cati ons device 1000 that may be
used is further described in the exanple below with
woBbeown™e to FIG 8 . The device 1000 il | ust rrtT/@&3096/001322
i ncl udes a housing 1200, a keypad 1400 and an out put
devi ce 1600. The out put device shown is a display
shé@@oin“@hghgk§gﬁ%ekﬁr@@G%foé%& gtaphk¢ E@@pe@&ﬁ%@lg. The
types of output devices may alternatlvefy be utilized.
strapeoressidngedevihee U899 iy é¥GNaibtedabpuhi A tdke (at FER =
housi ng, 1200 and, is_coupl ed pet _t he keypad 1400
10%h PR et A SpF &Y ﬁ%%%feT'%s%r %%2§f ggdevice 1800
contr®l s ssheroperatd e Of tha digiade60fulaspvel | Ekerbi
the overall operation of the nobile device 1000, in ‘
equakpopse t 6oadeHadi by &f Relsiophameekepphahi4ddtey, which
coﬁgf gge%PeT@%égn@égg }399 g?¥ege€ﬂé”%§§§91 ers. A result
Vertieal y, or nay ake on other sizes and sﬁapes
is(sReWvndihng ebapebebl whehsichg stigdhunedh. thee Jeaypadt FIG.
may i nclude a node sel ection key, orother hardware or
6.software for switching between text entry and
tel y nyaddi.ji t roc I e
100e P EnEEE Y pah PR AR g i e A BB e ey cese
DTSebhratwvheakl ythen &ay8of Tieseasywthidenaus interferer can
conmmuni cati.ons. subsystem 1001; a _short-range
bec%ﬁﬂﬁh?ﬁﬁ?gonghguB?%gPEﬁ?TGQO?ttﬂe eyﬁh&n%45bcgh§qﬁu?ur5t
1e§%§19| ay 1A00n ghorge tragqat Rer FrRRUty OutHUt: ARMItGESi ndicate
1060, 1080, 1100 and I120; as well as nenory devices
that60;hel 186 rdwdmaacieoust ot HiOKeviece iyelrsydeengda20 slowly”
.Tge nobi | e dﬁvice 1%00 IS %rgferably a two-way RF
WitBnERFESt FER3Y dBYi RS hAUFRETVhTEe and data
conmyai 68beNgcsapabehi thesivkn adgi tideRnthR oy &e used
devi ce 1000 preferably has the capability to |
incoghidec aticadiass dleiercanprit@r, sgsiénsayi devaees) as well
asLE%%gQ§$H§C%%%%tIan§¥§$§?1%Qﬁ;m@%gmgigguH%g %&a&&ﬁe of a
mobile wireless communications device 1000 that may be used

is further described in the example below with reference to
FIG. 8. The device 1000 illustratively includes a housing
1200, a keypad 1400 and an output device 1600. The output
device shown is a display 1600, which is preferably a full
graphic LCD. Other types of output devices may alternatively
be utilized. A processing device 1800 is contained within
the housing 1200 and is coupled between the keypad 1400 and
the display 1600. The processing device 1800 controls the
operation of the display 1600, as well as the overall
operation of the mobile device 1000, in response to
actuation of keys on the keypad 1400 by the user.

The housing 1200 may be elongated vertically, or may
take on other sizes and shapes (including clamshell housing

structures). The keypad may include a mode selection key, or
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device 1800 is preferably stored in a persistent

store, such as the flash nenory 1160, but may be
w(s100T/ed679n ot her types of nenory devi ces, sSuclPCGIZCA2006/001322

read only nmenory (ROM or simlar storage elenment. In

addi tion, system software, specific device

otﬁ@pl heabivare, o RAHthd ddefSof swiB¥nPEgt BERQERRI text entry
| oaded into a volatile store, such as ?he random

andctessphenprgntRAM) 1180. Conmuni cations signals

he nohi,l e d d
el RARE 2 TBO0N TG, Bt ceet i H0H O 1460, LPROAAAIT g PATES

oft hét BoBpEEaticRgcey 1000 LRCIshong, sIhRIRS RXQGUHIOIFIG. 8.
of software applications 1300A- 1300N on the device
Theppoinalpfedat ePHMHEd CSEL OB éyﬁlslyéﬁﬁmoﬁ@otlhata &dftoirange

o e 8 TaBea Ry SV R QR g e

dispeagewian®,1080o0dyr iwighmaoathaet umpud foweddit | a8viaes 1060,
rsonal inforpmation manager (PIM application

1°$9|st AP0 A i hg2Ran@Sacttte. SFhEPIMY IPY EFes aBﬁ)ﬁo 1180
an&aptheugf oRhGaNi Zd NG And, TBNagi NG #1352 | HRES gYGR ac%v1ce

emal cal endar events, voice nmalls, appointnments,
100@sket prefeFhelRl M azpvpl—lwaat RGN qqmm:lmapm@frsr aidvche having

ca abl f sending and receiving data.itenms via
o P RE s TRE R SRe £9 thPBRFABRR L Rd Bl AR

moxa{sese@@vq%%ly 1069 gtede ra¥nghr oniszed: and eaﬁatﬁ@uy to
via the wirel ess network 1401 with the device user's

copprrespbadvihghdather t epmpgter eslydtemssota atleel Wtdrmet.
hos ut er s tem ni cati on func
incﬁslﬂ%lr?l oAt & a%f%o?&%ﬁﬁun?’é%ﬁtog tbé(r eg%%rfporﬂfeeoesmg
detheougBobhesCcpraBraBl k0RBS 0FeBS Y S elmpleQ%l_:_,st@mﬂE store, such
possi bly through the short-range comruni cati ons

assibsy ftlemh MRNCMiheCat Pofs H@l&’b%t%‘?\@&@@llnn@lt@@és types
of @ n{e%:o%ye&elégg’s a grg}qsrgg t &' g’ggg o I%%mory (ROM) or

similar storage element. In addition, system software,
specific device applications, or parts thereof, may be
temporarily loaded into a volatile store, such as the random
access memory (RAM) 1180. Communications signals received by
the mobile device may also be stored in the RAM 1180.

The ©processing device 1800, in addition to its
operating system functions, enables execution of software
applications 1300A-1300N on the device 1000. A predetermined
set of applications that control basic device operations,
such as data and voice communications 1300A and 1300B, may
be installed on the device 1000 during manufacture. In
addition, a personal information manager (PIM) application
may be installed during manufacture. The PIM is preferably
capable of organizing and managing data items, such as e-

mail, calendar events, voice mails, appointments, and task
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nore antennas 1540 and 1560. In addition, the

comruni cati ons subsystem 1001 al so includes a
wQoorewsiong nodul e, such as a digital signal pPECREsS®06/001322

(DSP) 1580, and local oscillators (LGs) 1601. The

speci fic design and inplenentation of the

1t ERETURINGAL bOMS BSHSHEBnl 098 |51 seperdertrapdgn tRgable of
conmuni cati ons network in which the nobile device 1000

sengingt emdkd rte@eop'e.mgt edaFor i@l @lsa Aobiieetess caetwork

14900 B BISLALE @ SRITLDLGET A0S Ul ST IOL sy

insgkenedpl BeekBtoRadea Semnd ceufdd¥¥z) nobal etdat awireless
conmuni cati ons networ ks, and al so designed tq operate
neVW@ﬁkaﬁQOBfWathFhétQeaﬂcﬁouéércénﬁﬁﬁQ%§HQQ%§ng data items

st%%%%%iﬁsas§@ga9§ ypes o%%a%v% tF\Nor ks,

bot bomepat aseiand mnhegﬁahed,|mnckﬂdmngma@at&|zadd voice
with the nobile device 1000. The nobil e device 1000 ,
commyn HF3blpRs conpff arRe Tt PR herR T RINi It i gipgmunications

suStapdands 19¢ah as,3ESMy3EB1 yUMIh r &ldh h@hﬁor@hort range
access requirenents vary dependi ng upon the type of

cogpununa tadnsn sspsystremForTlex apphmyunigat hendbbubeysspc 1001
TAC net wor ks e devi.ces ar.e .regi ed on, the
inGRUGEF k LSFGEA oI A Ger SorfdN AR cAo2Bn rAfitbepte oF
moPé RhPassgsi ab2d wh Hh1§%©h Q%V@@ﬁlﬂﬂ@ngP%%é“ﬁdMﬁdﬁ%cat1ons
however, network access is associated with a

subspstenbaPOdr alser io‘fClald%w!Q:epr?ﬁC@fR{Sl@edeéle: such as a
a:§JEL T QLe nqaul L es. &, SUDSBELDEn detent LLy ABAULC g1 1ators

Amonlcy °r e erre 0 as card, 1 n or

(LOPEr Ate®1an Bh&EPBPeratfmer kieden Badui imgsl siddtkion of the
regi stration or activation Brocedures have been
CORBHPLeRBHONEhe SHIBIYE Pevi 8803000 Fray ds@fdgRd r eéePhe the

coﬁﬂgﬂygéggghgn%éﬁﬁyyySiﬁv%%ﬂéﬁathe 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 vwvariety 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.

Network access requirements vary depending upon the
type of communication system. For example, in the Mobitex
and DataTAC networks, mobile devices are registered on the

network using a unique personal identification number or PIN
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conmuni cati on network 1401. Signals received fromthe
comruni cati ons network 1401 by the antenna 1540 are

WO mot/erd61% the receiver 1500, which provi des fROIT/GAZYDE01322
anplification, frequency down conversion, filtering,
channel selection, etc., and may al so provi de anal og

asb&c b by aly TNV IdPN deA@dleQd- TA- dEORS al nSORYEES) Omdfever,
the received signal allows the DSP 1580 to perform
nehweek conpPes déomassiosdtiteds Wigictd opebsenbpensor user of a

de denDdu'ﬁtl Rgndd%%ggg herggﬁe tm%&%q%%ner subscrlber

Si gnals to e transm 01 —ar

idprocegsadbdlyg. Efeﬁhmbaugd ﬁé@bﬁf\@@dft@) by taheslmP 3588, in
and are then provided to the transmtter 1520 for
ordeyi tal operahal oy 2onvRY sPeRO¥kequency up conversion,

filgRLL NG d |f&dcaﬁégﬂ8gﬂd b V\b'z_sciﬂQ)rhtoot:heactlvation

conmuni cati oh networ (or via the
praoéeunaslﬁﬁQeIbe&nkmomphetedprmhessmﬂgjanndumlcatEOOQ may

gnal s, the DSP 1580 provi des for contr,ol %f t he
Se?@ceu 9B 1566°8hY St heCPF‘ﬁ‘HgmcﬁttéPnfSZOSlﬁG‘ra SxamVer  the

coquau%cg@p&hedn%w%@m&@qtlon§l \gnal srbBetih€d. from the
recei ver 1500 and transmtter 0O may be adaptively

comronnmatedns hinetigle réutlAfk i bygauhﬁ cortarula al 9&0i ekes routed

d h 58 dat t
EESEE St Putl's; HE0d S0 i L IRA PRI A Ol anal

ampﬂﬂﬁlégﬂmbﬁadfrbéu@ﬁ@?eaéad R rtiRe sGRMTUNi0&td RSy, channel
subsystem 1001 and is input to the processingdevice

selgobioThe 9tetei védds| Badl #55¢@ h@rikdeheRnglegested cbygltal
colESPLERSSSANBUE 62,000, [0/ cONOUEN 18r e, rgepived
sigh&l dewilaewk060chdA desPcelsser nay apsnfcﬁmpomeréat&mmplex
itens, such as enmui | nessages, using the keypad 1400

cogmapbgagbﬁ%soﬁngtlons, such as demodulation and decoding.
In a similar manner, signals to be transmitted to the
network 1401 are processed (e.g. modulated and encoded) by
the DSP 1580 and are then provided to the transmitter 1520
for digital to analog conversion, frequency up conversion,
filtering, amplification and transmission to the
communication network 1401 (or networks) wvia the antenna
1560.

In addition to processing communications signals, the
DSP 1580 provides for control of the receiver 1500 and the
transmitter 1520. For example, gains applied to
communications signals in the receiver 1500 and transmitter
1520 may be adaptively controlled through automatic gain
control algorithms implemented in the DSP 1580.

In a data communications mode, a received signal, such

as a text message or web page download, 1s processed by the

communications subsystem 1001 and is input to the processing
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auxiliary 1/0O device 1060, such as a touchpad, a
rocker switch, a thunb-wheel, or sonme other type of
WO pu0196evi ce. The conposed data itenms nay therCTeA2006/001322
transmtted over the communi cations network 1401 via
t he conmuni cati ons subsystem 1001. In a voice

de $PETURRHAL | G NBLSei G¥Er a8k hnaperia! | PReRf rlbendeVigi®cessed
Is substantially simlar tothe data comuni cati ons
by mbHe, pexcests inigatdeeiced vE808i Jral frareuttrriputot shg display
eaker 1100, and sjgnals for trapsm ssion are .
1638 ot ol b9 £ bhnose 50, PANEer ATk A c&/8y device
1060di B BEQisubswstremay L aSomoyHé CEaPRS$BERAS, such as e-

recordi ng subsystem may also be inplenmented on the
ma by iResS DTS/ | MdH t ithe, KRerapspla901600dfey a3 Xee beother

{11zed 4 vai 0 ) catj ans d le_t
au%%ﬁ‘é\? t /g)i gﬁ?lctgy o? g céc'lulgglﬂngggar y?gpﬁgégﬁat?o%wker
swifcha, vai advedldwhesl otder spnecott@ld tywatef input device.

i nformati on. The short-range conmuni cati ons subsystem
Then e sSESmadf 2 atlitGiMh et e RBbit@Fditded opper the

cofGn OLRET o RE OXLPRLEKSYEhENS 19T +deVi Rt MG Heed My sten
TV b [ he

necessarl e simlar devices. For exanple, t
108hort-range comuni cati ons subsystem may include an
infrared deyi ce and associ.ated circuits an

conpdnént ¥°16F £ BIUEHSAHA ‘BBﬂﬁuniocVéfl’ﬁag‘Hs fpagpeion of
thé0 Poyide forsconpunicatiomwth simdlarly-ehablefd  qata
systens and devices. Many nodifications and ot her
commbodfabhoss offothe ERventi thawi recedmedt ¢ igne lisi @d-eofoutput
£o0Ne sléi Ielac?(deri nltrbeo art_ h(%Vi ng Ith_gfsbe efri t tOfant h%s  on
Ot eAchiThGS Sresent ey i it thef 3F&4dThg d88cripErshe SSngn  are
gehd8La B8 0ByatLdmde a¥bNgse Theoef Aicerdatisrdinders&00@ audio

that the invention is not to be
I/0 subsystems, such as a voice message recording subsystem,
may also be implemented on the device 1000. In addition, the
display 1600 may also be utilized in voice communications
mode, for example to display the identity of a calling
party, the duration of a voice call, or other voice call
related information.

The short-range communications subsystem enables
communication between the mobile device 1000 and other
proximate systems or devices, which need not necessarily be
similar devices. For example, the short-range communications
subsystem may 1include an infrared device and associated
circuits and components, or a Bluetooth™ communications
module to provide for communication with similarly-enabled
systems and devices.

Many modifications and other embodiments of the
invention will come to the mind of one skilled in the art

having the benefit of the teachings presented in the
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limted to the specific enbodi nents discl osed, and
that nodifications and enbodi nents are intended to be
w0 wot/ade™ wi t hin t he scope of the invention. CIPATMA2004/001322
A wirel ess comruni cati ons device conprising: a
wireless transmtter and a wireless receiver; wherein
fosdhdiMyr el @sscreseiyes coimi sesha fiddficfaied eduidiings.
co-channel interference within a comuni cations
Theeedpyer, isailg findegsteodribrathgtlke ninventhannép, not to be
. -tipe filter ci.rcuit g rs i
llﬁﬁ?%ShQV% 6%5% %ﬁ%qgf§%0nségggﬁhﬁh%§at?gﬁéigggéafq%§§ that
moflOF NEAYi 6t rAid ngmspacheht € did t entvrbght *@nNde included
~mul ti-channel inpulse responses (ClRs) based upon
withbp ety ﬁﬁﬁp%igEnQQ?uénﬁ%%Bhﬁ%sitions, and a
mul ti-channel, matched filter circuit that receives
mul ti -channel signals fromthe nulti-channel
space-tine filter circuit and has a filter response
that is provided by a channel inpul se response
estimation fromthe space-tine filter circuit. 2 . The
wi rel ess communi cati ons device of Caim1l wherein said
filter further conprises a virtual antenna circuit
connected to said nulti-channel, space-tine filter
circuit that splits the communications signal into odd
and even sanpled, real and imaginary n signal parts. 3
The wirel ess comruni cations device of Caim1l
wherein said nulti-channel, space-time filter circuit
conprises at |east one nultiplier for nultiplying each
signal part by a respective space-tinme filter weight.
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4 . The wirel ess communications device of Caim3
wherein said at |least one nultiplier conprises a pair
wa tver/ewb7oconnect ed in parallel; and wherei n sa@/CA2006/001322
mul ti - channel , space-tine filter circuit further
conprises a respective delay circuit for each signal

c;g%{_st: connected to an input of one of said pair of
ipliers. 5. The wi reless comuni cati ons devi ce of

G aim4 wherein the comunications signal conprises a

1. p! ;}ltala; teyleos orgﬁ)nq{nsic %do Ssalcpexm’ge n}p%(rfﬁ %&d del ay
ci reui'ts ‘eac avi ng Hout a one- sy
assam:aiﬁfbdshe:rmantﬁ,ttﬁar alwe a/vlmﬂieelsssscmanﬁuvcmt ;i ons

device of Claim3 wherein said filter furthe

COMPTARIR 257 4 pUAFRIE SSU e KT LuFPTPF hpoBach filter for

re&ﬂEHH&ﬂ1CJJHhéHHHE'Kldﬂgﬂﬂgﬁéd%% t e thdht i pl | @bfmuhications
The w rel ess communi cati ons device of Claim1 wherein

recsive i | gaid fritRy coMptissied a joint optimal filter
wei ght s aan%#goqn%%lan%%tl' rraggacéemscefyw&rt f&x‘!ﬂd\_& that

sequence sy I's and uncertainty data and f
generlaté gy spaseghabe pfaﬁttserth/eil:gﬁ’umé olesa dSPllt from a
mul ti - channel |t er cirey

ol TG L GTp I S20P bopinsts 1B L% oP Bt HFF LRen gRAGR t ime

matefieck f | | h@fgiet § Cubhd 8muliThecMhhREe®SSimpulse responses
conmmuni cations device of Cdaim1 wherein said filter

fur thErS conpriasad an eRPA | zeChAleak%t  downst r eaigeaalue
salcgj?M 535@9&(@ afp@tched filter circuit. 9 . A
re

ess conmuni cati ons device conprising: a vvi. rel ess
transm ta ermahtiiacheneeéss medceihesr ; Twhret n ¢arduit that

W rel ess receiyer ¢ ri.ses I te S f
re u%cf%]gvecso I&Hgﬁne ngﬁ e?f esrl%nals fdpsrés{a}ggg} ml%ltl -channel,
Ssyséaaeomiide Sifig tay ochicspacearid maafsi | herf st ng response

that 1is provided by a channel 1impulse response

estimation from the space-time filter circuit.

2. The wireless communications device of Claim 1 wherein
said filter further comprises a virtual antenna circuit
connected to said multi-channel, space-time filter circuit
that splits the communications signal into odd and even

sampled, real and imaginary n signal parts.

3. The wireless communications device of Claim 1 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.

4, The wireless communications device of Claim 3 wherein
said at least one multiplier comprises a pair thereof

connected in parallel; and wherein said multi-channel,
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a multi-channel, space-tine filter circuit that

filters n signal parts that havebeen split froma
wamarursat i ons signal by jointly estimati ng SHEATEAZ006@1322

filter weights and nulti-channel inpul se responses

(Cl Rs) based upon Chol esky and ei genval ue

spAeconpesi tdions apd 2uTyl t knepaBRel o ofiEt £hed Eilk%%pectlve
circuit that receives multi-channel signals fromt

demuPtq:lc@annelforsga@é tShgmafli Inat c¢¢rcrm¢tenhdtnasnamput of

onéi$fe§a{§:£$ %ﬁn{ %%ded by a channel inpul se

f esponse space-tine filter
circuit, and an alternat|ve fllter operatlve when an
i nt rferenc$ﬁlevel i s bel qw a determ t hreshol d

and}HBnﬁﬁF§ §Sa GRFEHEFAGY %W%?%SQ cépFQWbtloWhereln

th&l &sﬂdﬂn&nlaaglan§vwstl@harie<‘dwg5rir§efsora sYLEgH1 POyt B Rymbols,
signal parts into the matched filter and

angreasdcBrilELRLLBAScianguidel a0 cImruigi  ef@@ly having about a
dfilt
on&-ogsgﬂéﬁr%gu”heﬂf é’seé’é&fa@édcméf%&ar}'ﬁ‘efe'” said filter

conprises a virtu antenna circuit
connected to said nulti-channel, space-tine filter

C|r uit tha gllts t he cqnmuni cati ons sig égi |nt? %

- and S R eE By T LA Ty SSTOCS, S ortaia iy §s Wherein
saﬂ.ci fTheew riel @St 1COBBRPE Caé & 0aS J&ja%/gbé‘@c:@fe Ghahe® circuit,

wherein said multi-channel, space-tine filter circuit

EOR BRI sERRBRe} easRE CHEUMAY i GHERHET R ithe i) FRyl learch
signal part by a respective space-tine filter weight.
12. The wrel ess communi cati ons device of Claim 11l

7. whelleg nwiaedeas |eawturoms trigins pliéeiceowpr iGlesima pawherein

sa1§efefter further comprises a joint optimal filter weights
and channel estimator for receiving training sequence
symbols and timing uncertainty data and for generating
space~-time filter weights for said multi-channel, space-time
filter circuit and a multi-channel impulse response for said

multi-channel matched filter circuit.

8. The wireless communications device of Claim 1 wherein
said filter further comprises an equalizer circuit

downstream from said multi-channel, matched filter circuit.

9. A wireless communications device comprising:
a wireless transmitter and a wireless receiver;
wherein said wireless receiver «comprises a filter
system for reducing co-channel interference, and said filter
system comprising
a joint space-time filter having
a multi-channel, space-time filter

circuit that filters n signal parts that have
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connected in parallel/ and wherein said multi-channel,
space-tine filter circuit further conprises a

wO Bmspewbicvedel ay circuit for each signal part RONO&DIEEH 1322
to an input of one of said pair of nmultipliers. 13.
The wirel ess communi cati ons device of C aim12 wherein
the comuni catdons s%ilgﬁm £E6RPrd S%%nﬁulﬂh%%%'lbh)é ofignal by
synbols, and said miultipliers and delay circuits each
havi ng about #obmelyyristindsiay Lors dtisw t hetbart weights
14. The wrel C [ e. of
wherein said ?r?(?t er?mswygt%?ngéﬁgfhe?y%@n%ﬁl srégss%émsle]s (CIRs)
respect ive supameedcircupdn forClesicdelchannealnd f or eigenvalue
summi ng outputs of the nultipliers . 15. The wireless
conmuni cat i onSSTRIPLE bt C%F i O wherein said filter

system further conprig@$idchahft1optid@ndd | E€lter circuit
wei ghts and channel estimator for receiving training

sequence synmbBlrat ak§Ceiieag W&&T%%rsﬁldaﬁfhg%bsféﬁfom the
generating SQ@GFEILSEaﬁﬁéier cghkgmgorfffﬂé& circuit and

mul ti-channel, space-tine fi I er circuit and
mul ti - channel haﬂpal sﬁi;Lth@ponSSPCbme sahdtmils |PI:¢JI‘an<d1@di by a

mat ched fil ter circ 1m ugs The wi releesg,S mat om the
communi cat i onE FNT te BPUEPS M REE %I RS shTat 7T &F

system furt hesp@@@mixs@smnt@ﬂu@ird\ertm e t
downst ream fromsaid nmulti-channe| mat ched filter

ci r e BIERLNAE 11 hod 1R LT RRRTHg to- ER&Rnefn interference

lmbé‘lerlser@é‘&?wwat hbPe fe é F1 BS$ €ARBURLEAL I A0S Q@Mb?@smg a
conprising: providing a wireless receiver for the

maWh@ﬁeigl@@ﬁmnacanﬁﬁs%maﬂ@Mrcsmglb' and a switch
megy%ﬁisﬁh?QQGEW1%%%% gt}l tfﬂléféngirggkkfa?ﬂtg the matched

t1-channel” matc er crrcurt
fitoanmuangdatross-sognalatntow oiscginal parts; fil terl ng
the n signal parts within the nulti _channel ,
10. The wireless communications device of Claim 9 wherein
said filter system further comprises a virtual antenna
circuit connected to said multi-channel, space-time filter
circuit that splits the communications signal into odd and

even sampled, real and imaginary n signal parts.

11. The wireless communications device of Claim 9 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.

12. The wireless communications device of Claim 11 wherein
said at least one multiplier comprises a pair thereof
connected 1in parallel; and wherein said multi-channel,

space-time filter circuit further comprises a respective
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space-tine filter circuit and jointly estimating
space-tinefilter weights and nulti-channel channe

wa 10pub®e7r esponses (Cl Rs) based upon Chol esky FITUCA2006/001322
ei genval ue deconpositions; and receiving nulti-channe
signals fromthe space-tine filter circuit within the

del tdif&ﬁ!%efoﬂaéggﬁdsﬁbhgﬁrp%&EC@thEEHéHJEbféﬁt§ﬁput of
response that 1s provided by a channel inpulse

one edporsial estiinvetfi ow lftrignhitelvs .space-tinme filter
circuit. 18. The nmethod according to Claim17 wherein
splitting conprises sanpling the conmuni cations signa

13.i ntTheewelr&sls ®ddomanpl est Aods seépaiati rf t¢lkaieveh? antlerein

odd sanples jnto real and inmaginary signal. parts, 19.
theT OB B Cer dPhGPeY EPEPATE7of i CHE oot | S ngYiibols,
and® WHH DOm@Ut PYi Sep§ hha oRueRedifdddiers akbH esg@lhdidabéut a
a desired level. 20. The nethod according to Caim 19

oneawHl iRy AP ERiAd AhvFeridihgl e channel si gnal
after rescaling to a desired level. 21. The net hod
according to Caim17 further conprising filtering the

14 n- Sitgnakipat¢ss weohinnnana i besndevieef idft eladenlanwherein

_jkgt%nf%rence IeveIJ@stgflom1a t hrreshol d. 22. qu

saifht (dd & cor BPhE™ o G HTh 17OFRFERES O Ty tve summer

cirailid pl Vidy eatdh Siqaindgigrt Masedu@mispacenitipies of the
filter weights . 23. The method according to C aim 22

mu iR Kedr conpri si ng sunmi ng the signal parts for each
channel after multiplying.

15. The wireless communications device of Claim 9 wherein
said filter system further comprises a Jjoint optimal filter
weights and channel estimator for —receiving training
sequence symbols and timing uncertainty data and for
generating space-time filter weights for said multi-channel,
space-time filter circuit and a multi-channel impulse

response for said multi-channel matched filter circuit.

16. The wireless communications device of Claim 9 wherein
said filter system further comprises an equalizer circuit

downstream from said multi-channel, matched filter circuit.

17. A method of reducing co-channel interference within a
wireless communications device and comprising:
providing a wireless receiver for the wireless
communications device comprising a multi-channel, space-time
filter circuit and a multi-channel matched filter circuit;
splitting a communications signal into n signal parts;
filtering the n signal parts within the multi-channel,

space-time filter circuit and Jjointly estimating space-time

33



10

15

20

25

30

WO 2007/019679 PCT/CA2006/001322

filter weights and multi-channel channel impulse responses
(CIRs) based upon Cholesky and eigenvalue decompositions;
and

receiving multi-channel signals from the space-time
filter circuit within the multi-channel matched filter
circuit having a filter response that is provided by a
channel impulse response estimation from the space-time

filter circuit.

13. The method according to Claim 17 wherein splitting
comprises sampling the communications signal into even and
odd samples and separating the even and odd samples into

real and imaginary signal parts.

19. The method according to Claim 17 further comprising
summing outputs of the matched filter and rescaling to a

desired level.

20. The method according to Claim 19 further comprising
equalizing a single channel signal after rescaling to a

desired level.

21. The method according to Claim 17 further comprising
filtering the n-signal parts within an alternative filter

when an interference level is below a threshold.
22. The method according to Claim 17 further comprising
multiplying each signal part based on space-time filter

weights.

23. The method according to Claim 22 further comprising

summing the signal parts for each channel after multiplying.
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