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Current Global System.for Mobile communications (GSM)
cellular systems have to address the co-channel interference
15 (CCTI) 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 in canceling the
interference and provide some channel impulse response (CIR)
estimation. Moreover, some systems have used maximization of
20 the signal-to-interference to design Jjointly a single
channel space-time filter and the CIR estimation for a
single channel. Other systems have wused a constrained
minimization of the mean-square error to design a single
channel space £filter. Other systems have used a single
25 channel space filter that 1s 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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antennas is available. 30 2 WO 2007/ 019668 PCT/ CA2006/ 000858 Bri ef
Description of the Drawi ngs Various objects, features and advantages w ||
beconre awpawendiodgsom t he foll owi ng detail ed descri pti opoeoodsasisder ed
in light of the acconpanying drawi ngs, in which: 5 FIG 1 is a block

di agram of a Joint Space-Tinme Optinmum Filter based Downlink Advanced

Recei ver Performance gRARR) De%%%i?'t;ohe%%i Gl 'I_D&aqﬁrg_ﬁsdance with an

enbodi ment of the in ; bl ock di agram of
the Joint 1@aSpace Tohgebpsi mufedittes amdl MattanChganelw Nkl chedokel t er s
shown in FIG 1; FIG 2Ajs a bl(ick,diagr m of  a nmethod in accordance wth
the preS®RELENenti M FF fod Lovwdngnh SHG i t heeSoF hPE&pEce " iithe

Opt i MuMcoh iBld ARy iRASadHARRE Garakle drgneively ReFSRIMCe f Qfhvafd ous

DARP test cases; FIG 47 s a graph showing the Joint Space-Tinme Optinum

Fil tr recei V&G pér figt mariekcdh dtzoraraned ai fpinheSpreseRime] APEATIUON Wit h

] ter recel o rrarie ° eSp .
it o- sy it egy TRIGr S Chegd et TRAL P LSS A R T

Opt i numcabialiier receiver piarf acremcanice agton darceembbiimbatpretente
inventign with DTS-5, conpared with and without auto- switching; 25 FIG 6
is a grapicCdmParing the performance of single wth nultiple Viterbi
equal i zers i rraccos dagcey Wb het bRt ANRIENE 1 d oY eRt heRanlUd NIt Ba bisl i B2
limter in the sinulation;

10 Space-Time Optimum Filter and Multi-Channel Matched Filters

shown in FIG. 1;

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

FIG. 3 1s a graph showing the Joint Space-Time Optimum

15 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 the present
invention with additive white Gaussian noise (BWGN) ,

20 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 the present
invention with DTS-5, compared with and without auto-
switching;

25 FIG. 6 1is a graph comparing the performance of single
with multiple Viterbi equalizers in accordance with the
present invention, 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

30 in accordance with the present invention:;

FIG. 8 1is a schematic block diagram of an exemplary
model wireless communication device that can be used in

accordance with one embodiment of the present invention; and
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FIG 7 is a graph show ng the performance of Joint Space-Tinme Optinum
Filter Receiver and a nodified test case 30 in accordance wth the present
i nventi ogyo kdo@o19868 S @ schematic bl ock di agram of an exsmptatope/oomessel
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enbodi nrent of the present invention; and 3 WD 2007/019668
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herei naftel WrEhPFEFEFENCBVEBTLRB: acconpanyi ng drawi ngs, in which
preferred enbodi nents are shown. These enbodi nents nmay, however, be

enbodi ed in many different 10 forms_and should not be construed as linmted
to tthe enbodiekaikedPeseriptien0f the:Preferyred Fpbodiments s are

provi ded so i i i Ry a - w | |
fully conveyggﬁérégo%éﬂt éq%ﬁggé%s%nﬁoeﬂ%l n tﬁ@gg]ftﬁgﬁi %%nﬁiue Cg:rlst%rgejfer to
| i ke elgoeat Sulnougbout naibeandviprh meefietrahicen i tsed dacdmpdirgatrey sim | ar
elenments in, alternatiyve gnbodi nts n cordance with one enhodi nent,

In a
Co- ChanfBRYiPaE er fidt eKBE L CASS %?dm)ﬁi“lg@g%{nﬁfl 8n 3b) SBPYR- | S%urrent

G obal SystembarsMbile (BRMvEOMMBY Calkleas csyStEM RIS fdassad, as
wel | as the conpliant tequirenment of a Downlink Advanced Receiver

PerlfCor mhnces ( DARR) shanddr dnipy  tite Teinsd rGeser &t ol imdirtiaser g1 p W] ect
(3GPP) . The I%SQ%' %%ttgfﬁo&%{‘eﬂ@%%/rh?%%’éﬂg?f' 284588 L@l AWEntA Jdd ter

reduces Cco- channe erence W
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,

15 and prime notation is used to indicate similar elements in
alternative embodiments.

In accordance with one embodiment, Co-Channel
Interference (CCI) on a mobkile station (MS) side in a
current Global System for Mobile (GSM) communications system

20 1s addressed, as well as the compliant requirement of a
Downlink Advanced Recéiver Performance (DARP) standard by
the Third Generation Partnership Project (3GPP).

The invention may generally be summarized as follows. A
filter reduces co-channel interference within a

25 communications receiver and may include a multi-channel,
space-time filter circuit that filters signal parts that
have been split from a communications signal by jointly
estimating space-time filter weights and multi-channel
impulse responses (CIRs). A multi-channel matched filter

30 circuit may receive multi-channel signals from the multi-
channel, space-time filter «circuit and have a filter
response that is provided by a channel impulse response

estimation from the space-time filter circuit. An



25 conmmuni cations receiver and may include a multi-channel, space-tine
filter circuit that filters signal parts that have been split froma

comuni cafyiperebggeal by jointly estinmating space-tine gdridghossiogdst s and
mul ti-channel inpul se responses (CIRs). A multi-channel natched filter 30

circuit may receive multi -channel 5| gnals fromthe nmulti- channel,

space-t L me_f1L{ er cifouid, apd hayg afilier . response.t hal is proyided by a

channel 1T Apul Sé"r ésponse rom he space- CiFcuit. An
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formed 28sdamAECRREd Hilltedr aé‘ﬁjd GO HTE R IVh SGrettt and Swteh

mechani g f,9h 1 8W e ngwi’e@h%gnaéheoagi?nwt %éﬁ% mphebedhed fittgLgand
cross-correlation circuit. In One aspec the nmulti-channel, space-tine

filtoer fclteulandayrpﬁekudéralptmpalbﬁVC@ﬁtnultlpller and delay circuits

that each re eive n SI naI parts r and delay ci c ts may be
operative baged on" spa R tf(? fmlter vvel éﬁeﬁ 8c8a%tl¥‘(e:ulgr %/

mul ti pl tefcaitcuhdp mmlmmﬁ ed i plpaaaitel @fﬂdnﬁlldﬁjgﬂ)idll I anigt @@Dﬂ?Ct ed to
the input of one of the multiplier circuits may be used for_each, signal
part. EathChubei pifider ﬁﬁﬁhdéq%ﬁlc"ier chi S iR haRdrtapofiten BRetsHHBBF del ay.
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connected to the nmulti- channe space-tine fllter circuit and receive
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&l ay

circuit® ngulﬁﬁgr \(lzvlelr‘g]El ]f’éllI %ugn (%L%e%yf?bﬁcPﬁg ﬁﬁ’lntnleﬁlte& hd

circuitsnpat QaCbn@haﬁthe &mltlpller circuits may be used for each

signal part. Each multiplier and delay circuit may have

about a one symbol delay. A joint optimal filter weights and

15 channel estimator may be operatively connected to the multi-

channel, space-time filter <circuit and receive training

sequence (TS) symbols and timing uncertainty data and

generate space-time filter weights for the multi-channel,

space-time filter circuit. A summer circuit may sum data

20 from the multiplier and delay circuits for each channel. An

equalizer circuit may be operative with the multi-channel,
matched filter circuit.

The illustrated embodiment in FIG. 1 provides a multi-

channel pre-filter that is operable for canceling

25 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-

30 output (MISO) based multi-channel matched filter. In a

typical mobile station using a single available antenna, a

virtual antenna array can be configured internally by the

combination of over sampling and the separation of real and
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equalizer circuit may be operative with the nmulti-channel, matched filter
circuit. The illustrated enbodinent in FIG 1 provides a nmulti- channel

pre-filteavobiaiordsss operabl e for canceling 25 interferepcecanshspomss di ng
channel inmpul se response (CIR) estimation adaptively and optinmally. The
pre-filter can use two mmjor conponents in one non-limting exanple: (1) a

mul tipl e p Jai.n a tenum
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mul ti -dnarn‘redserm}ciﬂeliedlirbe‘rbelmr*a typical nobile stati on u3| ng a single
avai l abl e antenna, a _virtual antenng a an be confl nal Iy by
the conbinath o’ dVEH™ Jé?ﬁptﬁ %%’?Cifé“%btgaraﬁl sk ?‘?

2007/ 019668, PLTAF 205/ HPP8H81 si ﬁ@@l Rar Yh@aU’E&"OFhathéQ%elt\h% sa@lmln@m as

will be appreciated by those skilled in the art. In_one non-linmting
enbé&di riveenltghfas stgnather YaPnbaserr dnkPrifrenma SRS LS9 &d 16Tt RESISTOF,

wher e t m g f e d e ngeld ng
filter are es (?ajnatég \éﬁb {yﬁznesgcrr%er&{l n%%@ﬁéng %L:lgﬁﬁ%%nfe:?ﬂ% fgg&f g(r?l
desi reddsd gnad  arigrjedi nklkey esdvinmbied. es?ﬁinenaomq).ut Tofe t hbetpdSTGHE altlmwvs the

terf be filtered fed t S d.mul t | _mat ched
(11 Cer SSHEE | rdaer ddlfonges 0 5roeRe il dHiba HFELEr™] €75t VT etoby the G R

esti matypso iy Hseq the1 dSTehand8e AHtpHEdOE it herMuirhie- ghareel tp%%@ filter
passes to a Viterbi equalizer which renoves the inter-synbol interference

(180) a0 Tptﬁ@vmélﬁgh@@f i14kersien®rPyidedr PHethes GRocsdsimgion $inegl e
channel ﬂ@sﬁf’f@}:e required by the equalizer can be fornmed by a conbination
of the conv

The output of the multi-channel matched filter passes

to a Viterbi -equalizer which removes the inter-symbol
interference (ISI) and provides soft decisions for further
15 processing. A single channel response reguired by the
equalizer can be formed by a combinaticn 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
20 back to the JSTOF-based receiver 1in 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 is
25 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
300 in a DARP compliant receiver. A receiver incorporating this
filter 10 could be described as a JSTOF receiver as is shown
by the dashed line at 11 in FIG. 1.

FIG. 1 shows examples of the wvarious circuit blocks



ClRs fromthe JSTOF. This pre-filter can also automatically switch to the
conventional or standard filter in the conventional receiver in any AWGN

dom nant was6sAMEsSW tch 20 back to the JSTOF-based regeine20ddhodd¥
interference dom nant cases. This auto-swi tching capability reduces the

| oss in AWGN dom nant cases. An exanple of the pre-filter or int erference

cancelin fi Iter for t-he JST aseda a b L& ei,ver_,i s
shown at Q % % ae lhtn VW?‘}‘Q; e oV ersa%éﬁfgn% ?%tl 0TS Edanélttqne nunber

of the d/éfcbt@h@mteﬂﬁ@eltsm (Whe 4kroastalsseutpudi calgethbyi sX1€k)i ¢ hr ough
X4(k) . Throughout this description the pre-filter 10 can be referred to as
the int@kElr en®richicePRRGLRE tlélrtooraJ§Té]teFl 1%%rof afd eRREeRisienal

pre-fil n A ian e r \L JIGA1 this
filter ]?L%éec%ae% %@ageggggggggag g ﬁs%%:h\ér%@cé;%ve%qgis a|EHS i‘homtqursé% % dashed
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t hat |ncI udes a 2:1 switch 16, and an _output_into a 5 matched filter 18 and
a crossttornel B¢ o“ﬁST:‘PFcla?%‘e‘éoa’{lﬁaPARPe%%P@@éesHB?t'gheHeFr&Pm ng sequence

(TS) synbol sy Jhe 2 d, tehod § operably | Jeen the
filter 14 ankcligt hce> JQS’TO:ié%ase ng DA% capgbtpgltgr eSqT\%r]%Me 10 The ot her
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into real and imaginary signals to form the respective X;(k)
through X,;(k) dinput signals into a JSTOF circuit 30, also
referred to as a multi-channel, space-time filter circuit.
15 It should be noted that a wvirtual antenna arrangement need
not be used in all embodiments. That 1is, the filter 18 may
be used for filtering signals directly from one or more
physical (i.e., real) antennas, such as in a phase shift
keying (PSK) application (e.g., B8PSK), for example. The
20 output signals from the JSTOF circuit are passed into a
multi-channel matched filter «circuit 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 (cq) response. When the
25 conventional filter 14 is connected, the multiplexer 36
receives the data (dz) 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.
30 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)7

The various inputs X;(k) through X;(k) are received into the



t hrough X4(k) input signals into a JSTOF circuit 30, also referred to as a
mul ti-channel, space-tinme filter circuit. 15 It should be noted that a

virtual awhesnpaieks angement need not be used in all enpegcABkBe0sIat is,
the filter 18 may be used for filtering signals directly fromone or nore

physical (i.e., real) antennas, such as in a phase shift keying (PSK)
applica 8PSK) for exa tp Si r the JSTOF
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mul ti pl exer circuit 36 as data (dl). The mul tl£| exer circuiit 36 also
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Connecteﬁ nh8¢ ﬁ%&h@hewlt%@s rgFetyeschbg dat ankdPoand channelc d£2)

response romt matched filter circuit 18 and cross-correlation circuit
20. 5 Si ghahsease ;wstedlgnabsa Niarer bhe equalchzer B8Blosra sobt paesidsi on

tput..30 Furth il f .the J t.h | .t h hed
19|ul !togrs 1318 %LSH}%& Fh Igﬁl %O\Ibﬁlé:(rae %hlé"ar%u%lte% r&uetlldr%ccdga}nrg eohrm :s used

in the dStChatbrcUididmiz (N6ZF 2kecelkesvaripussimipols Xanck) diwiough X4(k)
are received into the 7 WO 2007/019668 PCT/ CA2006/ 000858 JSTOF, which is
shown i AngeEheéRrtdetsdignalmet9gsraPdiqecubie 3@ lighésuddbrehanfier e

mul tipligrs,;aksQ kprmgd m xers 40, 42, delay units 44 and sumers 46,

whi ch |er1putm|lnto mul {i-"channel matched filters 48 for each of the four

il lustrated Stchamreel 55 @odssibdreal ss f descthbedattchetinteytars ar eopassed

10,2 SUINEL 80, AL O coptl TR et Vel s S chennel o seld rmtor
the wei ghtsr{ VWEPT) pis@dnf Harallel to a conventional matched filter
as shown in FIG. 1. The conventional software/hardware
Viterbi equalizer 38 can be used without change. In one non-

15 limiting example, an integrated DARP-capable receiver has
been tested against DARP test cases by simulations, which
indicates that the receiver provides 1.6 dB to 6.9 dB margin
over a specified performance in terms of the frame error
rate (FER) for one of the AMR speech channels.

20 FIG. 2a 1is a flow chart 1illustrating 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)

25 and passed 1into the virtual antenna. The communications
signal 1is split into even and odd samples (Block 102), and
each even and odd sample 1is then split into real and
imaginary signal parts (Block 104). The communications
signals from the virtual antenna are passed into the JSTOF

30 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



the mxers 40, 42. 10 It thus is possible as described to integrate a pre-
filter function into a conventional GSMreceiver by adding a pre-filter

branch pagghb@loiddgsa conventional matched filter as shewydaodsldgessd. The
conventional software/ hardware Viterbi equalizer 38 can be used w thout

change. In one non 15 limting exanple, an integrated DARP-capabl e receiver

has beepn_tested, agai,nst P ses Sinul.atiQns, . which indjcates
that t h%a?%%éi \}grtop?%ol?ﬁ drélgf\ : 6E§%¥IP%%6. g\u%l lregil%lmlgcve?lr(il(-:’is(f)e(():’iJ rij%%

per f or mMaMTeO) N i=@ideDf fibeetr i cariror (RLate (IAKR) &8 anerof stmecAVR
speech channels. 20 FIG 2a is a flow chart _illustrating a hi %h-l evel
met hod AB&8EKat¥tR i @R hB28E8Er i Bod Sy SEBMPN HRT cHF 1R vaRSustReeps are

shown ag; peBRrhi MelduRd 1963l B8 cidhe1 4y aninous stieps Regicn widis tde 190
series reference nunerals. The incom ng comruni cations signal 1s derotated
(Bl éck 1803 2Bland paésed into the virtual antenna. The communi cations

[ | i it ) d I Bl ock 102). d h d
odd campi e | &7 HECERT TS nCBT oA LARE P Angr haTY- Si GVl par CAC{BRDEK 104).

The conyuhcaMcaNmodsiigraks sfilemitshend rinel £ anhensy asef passedat nto the
JSTOF 30 circuit, where the comunications signals are nultiplied and
del ayedP@BF oK THRL ahdndbGuRkBHCOCBLocRefOTR, 2y R PAELODF BhEi rst

oL PLES R o 10 35kl St Do LSBT ST T
pased shyonalheondtdl-ldtammel beouhts plseaitipyt Siag) eaoyt putmb(IM S&e mat ched
[11Ger pubsil (BLock J10) apg Lhep. sumeg. (81 ock L) cnr pessedas 2
deci si 0ol $hose two points. Thus, the GMSK signal can be treated as
a typical binary phase shift keying (BPSK) signal. The
derotation at the front end is used for even and odd
15 samplings, which 1is useful because of the over-sampling
rate. For example, in a conventional receiver, this 1is
typically at the rate of 1, i.e., one sample per symbol.
The virtual antenna 24 can increase the sampling rate
to two samples per symbol in a serial manner coming from the
20 Dbaseband 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
25 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.,
30 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



5 made (Bl ock 116). In operation, the denotation circuit 12 is operable
with GvBK nodul ated signals and the frequency offset that is part of that

si gnal i ngvpneat/mésdss Before any derotation, the signal pongheddsabosss i s
dynami c and after derotation the 10 si gnal constel |l ati on becones static,

i.e., any synbols are typically concentrated on 0 and 180, with synbols

rotatedyst 91188@at w8 . PAnALS potUSn tdre GABKs§5083! 1saRpRebneated As a
typi cal binary phase shift keyl ng (BPSK) signal. The derotation at the

front endlis-ckednedr é&verdanmgnedenas s@rﬁﬁl&?mgsOnahldGmem§l@@efqﬂcmause of
t he ov in r r..ex I LN gon naI eiver, this is
typi ca%yé%f@%hecgfr atg%eof {q 5}3 TP %lme gpe péélsg%%%ol r%] SlQr?tua
ant ennai Ré4rcatcédcr €ase trtexesanqﬂzrtngajr atenté@n&yvo saepl, es apersgatal in a
serial manner comng fromthe 20 baseband fllter to formtwo separate
charinel $UBFR&YRN &td GRET Bt dr 8°Chi 1T otRE s Tched URRA B saRpllest ver e
seriall ypaboterheayedeefhese signals are then further split into the real
and |rrag| nary signal parts to formthe four independent channels of the
virtual antehba. it shoidehtbe astked tihaoniing25 sigmealenbosi mesest otiver
nunbers of wr# ? ant.ennas /chanﬁels be .used one or _.nore), as
a

will be“appret d Byt RS T ki F@&elr‘? th%ngrtmu P%gjs‘%r%ho’iﬁ?ﬁln Y1 G 2,

t hese swgﬁ@thS arf&oﬁﬁ"le’ﬂh@asﬁﬁdlt iopoihde maltep! iwsigH2aa8d aHrdngel ay
circuits one synbol delay, and thus the signal is processed

witl a %Y%‘f‘%??ran%? deITé’;? VEEPBREd BmE Frulfha) thSer*é‘?lr’é)‘h é%?tlé‘%ﬁ]dent by

he tWowy{éfpbqtegrgﬁt40and42c@mn@peggghﬁxtew@ﬂ tare44 adBL§ ;m%ate
foll owed by a sumiation in sumer 46, 2007/019 68 PCT/ CA2006 000858

multipliers.
The weights are also an 8 x 4 dimensional matrix in one
non-limiting example, i.e., 32 weights. As to the training
15 sequence symbols input inte the Joint Optimal Filter Weights
and Channel Estimator 52, there are typically in some non-
limiting examples about 26 known symbols and it is known
which training sequence a packet contains. A +/-3 or seven
positions search in a non-limiting example can be used to
20 find the timing. The impulse response of the multi-channel
matched filter (hge) <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
25 or software convenience, although it 1is not required. This
rescaling circuit 34 allows greater operation for a 4-bit or
5-bit 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
30 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

10



as illustrated. This portion of the systemis operable as a nulti-channel,
two-di nensional filter. One dinension occurs because of the delay in tine

and anot Rep s8R R&GEON is introduced fromthe virtual apgRioodoobsss @
spatial 5 dinension as described and thus the two dinensions forma

space-tinme filter. is evident each incomng signal is used in

It
conjunctiaon w.th qther, ¢ el n Ltipliers ive i gh romthe
Joi nt %‘lenﬁilatléi Iafne&r.| %ﬁi gr%]i; 5%%p%ﬁgﬁﬁlr%% tI]::lgét iJrrswraq!IEEgE‘re %efeill'f%]gm%lag&f)s
comi ng hnoBwt e sdqitth -QGitdrmletwedrt erhdéetght Biel ChaonekeEstieat L1352 are

passed into the multipliers, The weights are also an 8 x 4 di nensi onal
matri x FRALERBUCRoMITST k39 hkahPrEe itSe. RO INLRFHEIICHs Lot heIBESI ni ng

15 sequenee STRQY sidnput 1Rt entbe cleintc Hptidmbert 14841 Vb 981 o and4Channel
Estimator 52, there are typically in sonme non- limting exanples about 26

knovin syabolkse amskedt ahd kridin wanhk chdegaihehy. séqueride acpacketscorhai ns. A
+/-3 or seye ositions search in a non-limting exanple .can be.used to 20
find t h&Yi ﬁir*]‘ng. e iPrﬁuI s esi‘)%’h%%%%o?ﬁg] iR S S hartier O Wat o RBASTi | ter
(hopt) eamrbeuused sychrhbatsthersysdemvamt ches tikes chaneeli tisespense and
makes the signal stronger after the matched filter. As shown in FIG 1,

rescal i AYiEaR188cuES adPa@thr BRard e 25554 m36E PRar ef céiven? ENBer BEH6Ugh it
| s not g%ggl}rgd. 1A Nice r&é&@%i@?i %'sr CHL o34 aa: kﬁ?@’ésﬂﬁ@ét ertl?egieg%'tgﬁ for a

4-bit or Bi't Thput as a non- ting éexanple to the Viter equal i zer
38.10Theddyraminesandgeref ishel sitghal iceer beremeadaodt edesuchetrliatenbke si gnal

can be sent j0te af-BL 9hooi0 SRS e Lo S ARSL P phgs, 1S
filter of the conventional receiver 14 is used by switching

the 2:1 switch 16.
The circuit 1is operable in beam forming systems and

15 other systéms. 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.

20 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

25 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.

30 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

11



signals d2 and c2 for the data and channel response fromthe, conventional
filter receiver 14 or the signals dl and cl for 10 WD 2007/019668

PCT/ CA20G66 06Rd2dk6s t he data and channel response from tperd®Iidboinsei ver 10
to allow a switch-over between the two. The JSTOF receiver will introduce

some loss if there is no interference, i.e., just pure white noise. In

this Caéﬁtéﬂgtgenvgmteﬂ%?r e58L¥8En 14J§)r@@nb§§e&se§ln@ndc<wénmﬁ<al
adequately. So, the circuifs can switch back to the conventional filter

wi t hout reossvekat reducedthy tlheSJSTEOEWG@ceaees and its CI rcw ts. The

switching is_bhased.on the .estimtion, of e ROUT. _mi RINP If the
quantity is %gﬁgﬁgéet Hrestiol d, F%gug%fem i) de Br mones Jthelg)e BN ﬁtl e

interfengace aned thmrmt eréguene@entancehnng moftdrife rkob r@aeia/eing s not
required. Thus, the filter of the conventional receiver 14 is used by

swi txhi Hgtchad Ehltsy t JHCHE) TREDCIYSRI 8N sS¥FaRhD| ©F ntB@arﬁlfrdWﬁlng
systens,and,, 15 Oé%erd%‘é%&%g%dangﬁﬁtyE%aﬂffoa?)ﬁB%m algo abhows thesignal -

to-noise ratio to be i nprov it error rate (BER) to be I nproved.
Thi s couhterfipaetceop Tewelcipraotidcolis aswhs phone d¢al | shandeotimation

conmmuni cati ons ers for W t t hese circuyi 2Q The | ti-channel
struct uFELBF*® tﬁga Pf‘fi’lérse1ge?§°ﬁ§§d%cﬁ§2}né% ngbed%srﬁ and t he
M MO bagegnd BTOR  obh e tD&roﬂlﬁpevttms a Jppacsndv e t;bbaerpaﬁ@mia@dw
channel estimations that are different fromprior art solutions. This

ci riéui t fprothgeyagheughiticisty B¢ scontdat adee Gimrerferde QG gyt éit |y for
bot h SyBSHEQEgHﬁE%% a%é’?ﬁ@ﬁ%‘x‘?ﬁ\gs ipterfkerances and. Iﬁ‘lﬁ,g Y eay

per f or mance Si mu i ons ve shown that "none o solu S in
sonme prcompatttional complexity involved in finding the CIR of an

interferer.
In one embodiment, the virtual antenna 24 is operable
15 with adaptive space-time filtering, allowing the Joint
Spatial-Temporal Optimum Filter (JSTOF) circuit 30 to be
used. One difference from the ICMF is that the spatial-
temporal filter welghts used to suppress the interference
and the CIR estimation of the desired signal are Jjointly
20 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 1in the space-time setup. Simulations have shown a
25 satisfactory performance for the wvarious 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 1is also robust because the system makes few
30 assumptions about the source of the interference. 1In
additiFn, 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

12



techni ques provide the required performance agai nst the DARP test cases.
30 This M SO based nulti-channel matched filter circuit 32 is a feature

that inprQyesetdisscgverall error rate performance and regyaeSoddiRosss
conplexity of the equalizer by avoiding nulti-channel Viterbi equalizers.

The built-in 11 WD 2007/ 019668 PCT/ CA2006/ 000858 automatic sw tching
bet ween JSTOF- hased a&g} cg{ﬁ/enti 012]‘2' receiver rlgdui:fe é’g‘peii S8 in AVWGN
cases. S0t &9 &S VEI° G e Farf B LR $ 0 ordéi 0 0eet the DARP
requirenment s.1pANG M €1 ker g Gancehengvad uMitiohedo Fi thes (HeQMn)iigan use an

exanpl e of the virtual antenna as described and beanformi ng to conbat the
i nterferdfcesypierci devrt i B1eeKsi Ervert oRabe eSRiFRt i o™t its #Rst he

Channel p <l f th Si l.gnal i ul ation
(D) he s o Lt G e var T net aet mestae s At on 1o
t he i f fdecild yudeadd pontied i 3GPR MEARR YSwdwiohiowstiant erferers, there may be

heavy conputati onal conp ity involyved i,n findingt ClR.of .an.
interferer. I'mife éBodi O,V}Ist hé viqqﬁfdilpécrﬁoéhné%J{l%se oper it 1ofs with

adapt i vg,spagendrde fdtt BARPOredk! QWG theinkdi fite SpabFal-iterper.alrtOpti num
Filter (JSTOF) circuit 30 to be wused. One difference fromthe ICVF is that
t he spatitetula elhporudgistend wihghit sSPReY 18 upPesES iR | APEr fl&tidYice and

opt i m 268 T TR TSTGE e T Lo he s e AL P Yo g R PR PR e

The1dSTG@n cia cubdss80 saatben, a wherepl enl nputrabll bifpl e Qatrpienni@d MI)s

(C:ZII rRCUI ' e}vhaaf}lgbalkee.s Aszisdt}/n?{];[l(?gghg{ ;[: g realql:‘ivg?;h ! % %%n%&lt li”reesp%fnstehefodresI red
the single desired user can be modeled as an L-tap Finite
Impulse Response (FIR) filter, a snapshot sample of the
received baseband signal can be expressed as

15

x(k) = fc(z)sk_, +v(k) = Hs(k) + v(k) , (1)

where x(k) is an Mx1 vector representing the output from the
antennas, H is an MxIL matrix containing the channel response
20 for the antenna array, s(k) 1s an Ixl vector for the

corresponding symbols transmitted, and v(k) 1is an Mx1l 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)

25 as follows:
(k) = [x7 (B),x" (k =1),+,x7 (k= N + D] = Hs(k) +V(k), (2)

where H an MNx(L+N-1) matrix is the block Toeplitz version
30 of H and s&k)=[Sx, Sk-1s s Sk-1-n+2JT. The samples that

correspond to the training sequence can be collected,

13



matrix in the space-tine setup. Sinulations have shown a 25 satisfactory
performance for the various DARP test cases. Conputational |oad is deened

accept abkgp ghorRMckHrat fi xed- point Chol esky factorizati pap@aashobwbdsS/D ar e
feasi ble. This nethod has sone sinplicity and | ow conput ati onal

conplexity. It is also robust because the system nakes few 30 assunptions
about the source of the interference. In additi | on, the system can
continue to use the existing equalizer structure, as the solution is
integrated aX afRkexPLOCesSSiNgpstigR- AR £¥e i nput data. This weyld all ow
the 12 WO 2007131(:)(196238 8@T/C§A2066/ 8%0858 systemto use the I—I\V/\yequal i zer
accelerators if available. In order to support the evaluation of this

technique, the systemlevel Block Error. Rate (BLER). si mul ator
extendgﬂh?BesBpﬁo%t alt of Nt Ale 4rntlerter ERC nBUEPEF s€ ne?r%? S5 Ooé?ﬁ'be used by
t he 53G3€rg)ﬁﬁzgn§}o§§ﬁ{ééﬁgy or&. 6;%%(1@ MW fn?déroi‘@@_ a,flesgription of the

si mul atron e nce fo t est "‘cases Using the JSTOF circuit. It

shoul d be (under st ped) § hat, spage-di 1) priecessi ngLinL1) Qb nteod v BLE B3 ENCE
reducti on and channel estination has been us_eo[ 10 in a Ibase' station, wher e
an arrayabfix aft shaas rieg niagaislyaliod.s - Adduemijreg ntthate i zeduiioral ientt € hannel

response. fqor the single desired user can be nodeled as an L-tap Finite
| mpul segﬁﬁgpc?nSEOf‘FFﬁgvf'P t Nxe]a YRABBRotV e e“'offdcfrhe‘"’l rERET S ed- Haseband

si gnal._gan be oxpr essed, 25 15:L11 (k)2 GLLIRK L £ MU= By (k)
(1) r= ére x(k) is an vect'or réprésenting the output fromthe
10 h after the filter such that the output interference
residual of the filter is minimized, i.e., to solve the

following optimization problem:

minlle—X - hT§“2 . (4)

w,h

15
It can be found that the optimal weight is:

wopl = R;lRmhopt 4 (5)
20 and the optimal channel estimation h,, is the eigenvector

corresponding to the minimum eigenvalue of the matrix

R, ~-R?R7'R,, where

R, =X'X", (MNXMN) (6)
25

R, =S'S’, ((L+N-1)x (L+N-1)) and (7)

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

30 Given that the noise plus interference component V in the

14



antennas, His an MKL matrix containing the channel response 20 for the
antenna array, s(k) is an Lxl vector for the correspondi ng synbol s

transmit tg, 20@7{&9&’6@‘() is an Ml vector including the APEN,@MdodéBsss

i nterference e space-tine extension for formula (1) can be obt ai ned by
stacking N tinme-delayed versions of x (k) into a taller vector z(k)

25 as fallao k) = T (K), Kk -1 " XT(k + k) +
v(k) , (sQ)aceV\/ﬁelF“% I—P%ﬂé#AWé{+ﬁ-q>f<%t(%épri 3(3? s thefl oc(ﬁn(%\'l%epl |4lzteverl5|§|%on

of H andppilkihske19k-dauss Skn L-NN2]rEbulhal samphesudiradwc ocoeapaascko the
training sequence can be collected, 13 WO 2007/019668 PCT/ CA2006/ 000858
X=[ z(k) meek+x) , Rx(kEpelppLipaV (e§)tl\mfr>é7rl@rp fop the chapned W is the nunber
of synbol s of the 5 training sequenc Mxp matrix, and S =1 ( k
oS CRety a1 ced sbinl 1 " TESERRE EARE ) 25V U 1 B AREAAOBT ¢ he

traidi ng esypRole3,1 1708 PigMar@Ridy¥ zation is to find a non-trivial M1
wei ght vector w for a space-tine filter and a non-trivial (L+N-1)xlchannel

estimation vector 10 h after the filter such that the output interference
residual of the filter is i.e., to solve the followng

optim zation EpHoBl,)aﬁﬂoghRd TB&H&%@HZ . (4) 15 It can be found(®hat the
opti mal weight is: woP, = h opt , (5) 20 and the optinmal channel

estimation hP' is the ei genvect or correspondi ng to t he m ni num ei genval ue

of the matrix, RS - R where RX = X*X M\Ijt
In this non-limiting space- tlme mod

the number of the

10 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

15 approach to find the joint optimum sclutions for the filter

weight and the channel estimation. It is possible to find

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

H =HH?, (10)
20
where H, (MNxM) is the estimation of the space matrix of H
and H, ((L+N-1)xM) is the estimation of the time matrix of H.
They can be obtained by:
25 H,=R;"?V,,,, and (11)

where R,=RY’RY? is the Cholesky factorization and V,,

30 consists of the M eigenvectors corresponding to the top M

eigenvalues of the matrix D,
15



25 RS =S*ST , ((L+N-1)x (L+N-1)) and (7) R™"5 =X*ST, ((M\)x (L+N-1)). (8)
30 Gven that the noise plus interference conponent Vin the 14 WO

2007/ 0196628 2036/01 46622006/ 000858 space-ti me nodel of equapépeatods/odessgIO
| onger white but approximtely Gaussian distributed with unknown

covariance matrix Ry, the optimal estimation for the channel His the

maxi mum | i kel i hood (M.) estimation, which is a mnimzation 5 of the
followi ng quantity: ~(H R )=l0oglR I+l I X-HSIIRy, (9) In this non-limting
space-tine npdek—ﬁftz Re ppupbgy-vef the 10 independent channels jg3palways |ess
than or equal to'Mard H 1's ‘usual |y rank deficient, i.e., ran (H) =r <
mn(MN, L+N- 1). The rank deficient M. problemcan be used for the rank-1
approxi mati on of the space-tinme filter. The JSTOF circuit in one enbodi nent
can usella i Be%F ehteP15CABpPBAERAL o VL ARt KO T] St SEFGEMSolftitéAs f or
thecfilt k?p(.; @#ﬂ he channel estimation. It is possible to find the
ML estl matl on Hl e estl mati on can be deconposed as =HSHH (10) 20
where AS(M\XM) is the estinmation of the space matrix of H and

H ((L+N-1)xM is the estimation of the time matrix of H They can be

obt ai ned by: W2,5=I-BXRFH,, 12VDM (MR8 (11) H = R, H - (12) (Mhere Rs

=Rsi 2R rs-ri2 is the Chol esky factorization and VDM 30 consists of the M
ei genvectors corresponding to the top M eigenvalues of the matrix D,

and the optimal channel estimation is

10

(Mx (L+N-1)) (15)

opt — Wopt '

It is then possible to apply the optimal space-time

filter in equation (14) to the samples from the antenna

15 array 24. Clearly the outputs of the filter 30 still have M
channels, and it 1s 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

20 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.

25 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.

30 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

16



15 WD 2007/ 019668 PCT/ CA2006/ 000858 D = RSxr2RX Rs1R Rs'ra (13) In a next
step, the optinmal weight for the space-tine filter 5 can be obtai ned by
w0, , = Reyvetod/odsss (MXM (14) and the optimal channelpcestA2omtoogsssi s 10 h
Qor=wPtH (MK(L+N-1)) (15) It is then possible to apply the opti nal
space-tine filter in equation (14) to the sanples fromthe antenna 15
array 2 ly:th t put f f er I av nels, and
is af}ﬁ:%)gggstle%n ec'H%g]e(@)%gt ?)r];gl gnntl'e}}Lé ecsofhglnatellglr?a}qn g&%"&??g% (11‘55) can
be usedtﬁﬁﬁeﬁhemrrulee d:h@mnelsm ched fud teasiBR. ctheuaetipuirsccof thhe
matched filter are then conbined (sunmed up% and rescaled in the 20
rescal i AgtePRELPE 34 b theAPRR BR RN WREI PRd 1 @Vel . The final output is a
si ngl e-channel sanple stream and can be fed into the Viterbi equalizer 38.
Note al so that the nunber of channel taps after the JSTOF has been changed
to L+N-1 conparing t”%ﬁﬂ of the nodel ed channel taps before the JSTOF. 25
It S obserxs-?gi lp bY_ Si ations that (ke J!SI'I'@: receiver |ncur{f@) nore that
1 dBloss in he‘"”pu W GRS mfmemédzgqm I"[@T},)onventl onal receiver
usi ng the conventi ofial ter. "To reduce the I'oss,” a strategy of automatic
switching between the JSTOF and conventional receivers was devel oped. 30
The switching is based on the neasurenent of the difference of the input
and out pHE ShARcht@futt EINISTEm Wherohbetedi fifremenagudsi died o &) pagdef i ned
threshold the JSTOF 16 WD 2007/ 019668 PCT/ CA2006/ 000858

(15)
S tr(h’ R,h” )
9 rh, sty
10 SINR,, = " = o — . (17)
"ww op{s“ tr(w R, w+h,, Rh] —-2Re{w? R_h; })

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.

15 In accordance with various embodiments, the Joint
optimum MIMO space-time filter and channel estimation set
forth in eqguations (14) and (15) enhances interference
suppression performance. The MISO multi-channel matched
filters 32, which are based on the channel estimation in

20 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

25 implemented in different ways 1in 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

A

the channel H is estimated with reduced rank.
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receiver is turned off and the conventional receiver is turned on. The
i nput SINR can be easily conmputed once the estimation of His done in

equat i on Woo07/60106¢8112 _ tr(H'R HT) 5 SINR "p 11X HSI | 2 picri{dReeddbobRdsT S
2Re{R HT}) (16) and the output SINR can be computed from equations (14) and

(15) Ilhop,S 1" tr(h; ppR h T opt 10 SINRCu, Ilw ~~X-hOF~S|| 2

t Rewrh~T, RShik -&'ﬂ%rﬁvvinﬁ{@f%éht*é%i)or( 17 Q Td?l%l’é‘f%}?{}) edé&Qx%Poéi%EBéga'

ing an

antenna array can be set up by the conbination of odversanp

tr(w

t he

separ at baseof thetrieal andermBghnaryfparRs asas@ownthB Fl &igdnvaddubn
accordance wth various enbodinents, the joint optinmm M MO space-tine
filter drdosbasiéliocestéfmtmhomisetD finthqguatequatiids (3gecandcéldy,
enhances .i nterference suppression performance. The M SO nul ti-channel
mat ched SFt er'S: 3225 whf G el asRaS bRl The Snbhnbteest thatiGhciasky

equatio 15), iL.oprove the error rate performance while reducing the
Q% Hego%%og tleptggﬁﬁ%g

he

conpl exi'ty o

dualizer 38. A strategy of automatic sw tching

bet ween JSTOF and conventional receivers reduces the loss in pure AWGN
cases. The JSTOF de;ined by equations (6)-(17) can be 25 inplenented in
di fferent way, ¥k derns of nunerical stability and conput ati gnal

conplexity. The major differences are the way in which the inverse of the

autocorrelation matrix Rx is cal cul ated and the way in which

t he channel

is estiq?tggnmé%hréﬁgyggg%ngk. 17 WO 2007/ 019668 PCT/ CA2006/ 000858 One
ta ol esk

such i npl enen ion1s a y deconposition based matrix inversion of
Rx Ehd the ei genval ue
D=DD;, (19)
where
15 D, =L'RILT. (20)

It should be noted that the inverse is actually

performed with the square-root of R,, and the explicit

X

computation of the inverse may be avoided by the

20 substitution. Also, D is numerically stable because

back-

of its

structure of mutual cancellations. This was verified by

25

30

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 relatively high, and its positive definite property may

18
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deconposition of matrix D in equation (13). Specifically, since RXis
symmetric positive definite, the Cholesky 5 deconposition exists: RX =
LxLx (18woRvoyansdse rewitten as 10 D=D1D , (19) wher @CTRARP0600083F RXSLX'
(20) It should be noted that the inverse is actually perfornmed with the
square-root of RX, and the explicit conputation of the inverse may be
avoi ded, by J&RACK,2Q HPSEEGHEL Oy ALSOnaDLE8 RUWTRIMLAl §ynsi abl snbecause
of its structure of nutual cancellations. This was verified by
si mul at kpesetihathshomed, t hracondid | eandunhen ofuriddrs o€l dRM igr ed¢es t han
300. This inplies the eigenval ue deconposition on D would not require
undul y tbahi 0 cetel Bt geene hest fone 2sceydr tas apphi @at vohg, haghwend be
appreci at ed those. skilled.i rt. Lo, f . this approach may
potentig?w l“)é‘é{vggf ée?eggt gggﬁgg%gtgpgﬁal(cégﬁp?(e%ﬁf%'of t he approaches
out I3 ned her ghn. aénerganheat ival tiunar i calt exoroer n embddiemethol eskyg @R
deconposition on R ,, ,.as its condition nunber

ially |
rel ati vEPGORPERLILARR s ThSsiTF R HeFPRF R BRYp ?étg‘m < té@?@%@ggéwm%%
PCT/ wgggéggo%%%c&qe%tqgnsegft Qr Orrjfrh\geelgégeo y ﬁ?yn%_i?lfcfe eglf:&r X!

Si mul at For showe owever, that e ‘condrti on* hunber of i's 188s than
107 evep(,nr$0H® EXf ' QAR SEENAT QS SHEN asKyer vt Ninglh apde \BIgJOWOR
carrier-to-interference (C1) ratios. 5 In accordance with an alternate
enbodi neatpmphe iQRon

10
X" =QR, (21)
where Qis a pxMN matrix with orthogonal columns and R is a
full rank MNxMN upper triangular matrix. It can be shown
15 that

R'=R'R7, (22)

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

20 equation (19) with the D, re-defined by

D, =L"SQ. (23)

The reduced rank channel estimation may be performed with
25 the eigenvalue decomposition on D as 1in the previous
approach, and the optimum filter weight matrix of (14) can

be reduced as

w,, =R7'D/V, . (24)
30

This approach is basically an equivalent version of

19



deconposition in the sanple domain may be used to avoid the direct
calculation of the inverse of R Since the XT in equation (3) has full

col um rafkQ 2007/0k¥%68 t he uni que QR deconposition 10 XT =Rr/cAZdbyoooskere Q s
a pxWN matrix with orthogonal colums and Ris a full rank MXMN upper
triangular matrix. It can be showmn 15 that Rz' =R-'"R-r, (22) and the Din
equat i on Chtdestan decompdsenibn tike £9&m 0 &ﬁg{'o .(19) with the D,
re-defined by Di :LrTSp. (23) The rlg%ugggnpr%nk&c anljﬁleglé“sjj i mats ofi®fay be
per f or re@h@ivt hats RiveLei g@hvalase idee@wResitury 4k D @@agﬂf%g Pt eyj gus
approach, and the optimumfilter weight matrix of (14) can e reduced as w
opt = R S*BFTEM .°% 24Fhe30 i sdappmpashtisnbasi catdatan equiyabenty

versi on Qfeqdy 20 / 006/ 000858 Chol esky deconposition in
t he sarrpﬁeegorgr:ari\i\ﬁgsi %éégé%gﬁggggs%ﬁl?%ata% DYy APeFAS Lomsr ofed  a

numerd camasrabi | Py aivehe sexpensmdf e LR daaeIRoSkLLon, S grealer

conpl exi %}é rg&ﬁ%uitrgng agtp,r oximately twice as nany operations for a £
matrix of Cgi Ve e Zey and 1N5iyersS SARDY eIRESr iR @mavEdegp lapprase meiety 3

ti mes asMmENYNEQWSnhnIag)exanple case where M4, N=2 and L=5). The two
approaches descri bed above still require the conputation of the triangular
matrix invers&healttoughPrhiashes described above still require the

computation of the triangular matrix inverse, although this
10 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

15 the sample matrix in equation (3):

v _ T
X'=UzvV (25)

xTx T x !

where U, is a pxMN matrix with orthogonal columns, V. is an
20 MNxMN orthogonal matrix and Z, is an MNxMN diagonal matrix
14

Z, =diag(o,"-,0,,), with the singular values on its diagonal.

It can be shown that

R =V 3?VT, (26)
25
The D in equation (13) still has the form of equation (19)
with D, defined by:
D, =L7SU, . (27)
30

20



10 may be done by back-substitutions. Turning now to yet another alternate
approach, i.e., the singular value deconposition (SVD) approach, the

matri x i nwenso7mnessy be avoi ded and the nunerical st abiPCiTtGA20®s/00b858f urt her
improved in some applications. This approach starts with the SVD on 15
the sanple matrix in equation (3): T = T UYEXVX (25) where UX is a pxW
matrix with orthogonal colums, VX is an. 20 IMN arth nal trix, and Ex
is an Nﬂmﬁﬂ?ﬁ%@%%%leﬁﬁ%??§}09‘¥a¥d%§g@§Fﬁ{ ,yvéh% ?ﬁ@ gpngﬁlé?“balues
on its di XY I 1%h9¥ﬂn = VX . (26) 25 The Din
equat i og&%:% alsrfeﬁ I‘s%%g&t Elga orm o%y%%%%?%%(%g with Di defined by: D =L
-T SUX. (27) 30 20 WD 2007/ 019668 PCT/ CA2006/ 000858 The channe

estimation may be obtained by the SVD on D, and the filter weight matrix
my be witteW,as R2u@P=¥XEx1DI VDM (28) 5 where VDM contains(£&k top M

right singular vectors of D,. The SVD in this approach may require nore
conpétations than the Chol esky and QR deconpositions used in the previous

(10, PREALES. 100 A RPTDA| 708, 5 LR R GPRY cpgbeg gutil g above
The SVD in this approach may require more computations than
the Cholesky and QR decompositions used in the previous two
approaches.

10 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 Dbest timing of the burst, the JSTOF
searches a number of timing hypotheses and the one

15 corresponding to the minimum output residual is chosen as

the best timing. The output residual is defined by:

' (29)

20 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

25 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 eguation (3) to

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

where
21



conput ati ons step by step for an exanple where M=4, N=2 and L=5. To find
the best timng of the burst, the JSTOF searches a nunber of timng hypotL
heses andwD00186685 correspondi ng to the m ni num out putpcraci2des@doogss chosen
as the best timng. The output residual is defined by: (2 e -l1lw-, X-bplS
(29) 20 The search process basically repeats the operations listed in the
tabl e for each hypothesis, but the input sanple matrices fromthe
consecutive timng hypot heses change slightly by appending and deleting a

colum. The gqgdahiagxapy. thgxdopndgting al gorithns are potenthally
applicable to 25 Some of thé operations, and the overall conputation | oad
may potentially be reduced. Let X(k) represent the sanple matrix at tine
instant k. It may be partitiqgned fromequation (3) to 30 X(k) = [x(k), X(k
+1)] , €86) SaMReFe™ErWS 3607 BEobEd PEY/ eR266BF6668882S

X(k+l) =[i (k+1),,x(k+p-1)] . (31) The sanple matrix at tine k+1 may be
expressed as 5 X(k+1)=[ X(k+1),x(k+p)]. (32) The autocorrelation matrix at
time k+l has (e HemA@ IREMEKpN.1) = R (k) - x(k)xT (k) + z8k)+ p) XT (k
+ p) . (33) This is a conbination of a rank-1 downdate and a rank-1
update. One hyperbolic rotation-based algorithmfor wupdating/ downdating

he Ch ky f i i, i f h_ 15 i.n_Mat i i by Gol ub
ot el TERbuh RS eiRbaRh HRSERY, Sanbr ek B8t RFaoannat o &l gor iLhm
di scl osed

10 R, (k+1)=R (k) -X(k)X (k) +X(k + p)X" (k + p) . (33)

This 1is 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
15 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
20 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
25 evaluated by Matlab simulations wusing an extended BLER
simulation engine. The parameters for the JSTOF based
receiver can be set with different aspects. Examples of
values follow:
1) The oversampling ratic (OSR) of 2 can be selected,
30 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

22



in Golub et al. text is for QR deconposition, which is based on the G vens
rotation. OF course, the given approach that should be used in a

parti cul avoapploigasi on wi || depend on 20 factors such aBCEECA2PHI0E8SS
processi ng resources, conputational conplexity, etc., as will be
appreciated by those skilled in the art. Oher approaches may al so be
used, as w preci ated by those skilled in the art. The

per f or mance %%gﬁéegsg%cl]%pbased recei ver has been 25 evaluated by Matl ab

si mul ati ons @i ngramwetteandefl BlefERorsilnutiat & pad esgimpd.esThéVparcaretlees for
the JSTOF based receiver can be set with different_aspecis. s of
val ues fol | 088185t FReadyér sdmFIhioig &t itttjhe( BEPGr ?%“Zé;‘?%%' & e%pgé? 30
whi ch naps tgl{\,Q;Snyﬂg%vgf t¥kr beakoankenraas (M of 4 in this non-limting
exanpl e, and sinulation shows that reducing the OSRto 1 causes

si grii fi cant Per f oRmusdeced2 rapk2 (0 01956 68 PG CADDTR? BV SBRE L e gFalat i ons;
2) A nunber of tenporal  del ay | es e

I ncreasi ng t R& ee(‘r?ecﬂ'loﬁéve&,c‘j (Sjgnesren% £r§%\I %ggsgfg%‘?%%/g&% hghgleggrrﬂr(mnce; 5
3) A reducedgrasknber nkhesehanngl imespeRseheBpkinforanndee sel ected as M

| ncreasi ng or decreasing the rank does not necessarily inprove the

per f or mance. 44) ARNa@HEOsRWEERNt I’%Pé§ﬁ61|°&dc§f'i‘nbge4.47§5d§.]3'5) A soft decision

output_can b quagtized iqS dide odlott dbln bRCIRASINGdhe i dihite 8 bits
can i nprove tl)1e performance marginally for DIS-5. Soft decision
corr@ection catdbe.enabdmhs e MWWMR spesbh tcha®nbl L sTERMAFRSIRI Ve ahhBe used

to performance marginally for DTS-5. Soft decision

correction can be enabled.
The AMR speech channel, TCH-AFS12.2 can Dbe wused to
evaluate the performance of the JSTOF in terms of FER. The
15 propagation condition TU50km/h-1950MHz can be assumed
throughout the simulations. A simulation 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.
20 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
23



eval uate the performance of the JSTOF in ternms of FER The 15 propagation
condi ti on TUSOkm h- 195QvHz can be assuned t hroughout the sinulations. A
sinmul ati oNVQ2W7AO®E8trials (blocks) for each case. The PEFCA2006/000888
receiver, against the carrier-to- interference (C/I) ratio, are shown in
the graph of FIG 3. 20 The margins against the reference performance

speci fi eshese whigt addi nitthe rablie b§u@¥‘LsJ§§éhgl§E_os:t§%Fgggwrgi ofa;fgpecase

erformance: performance: JSTOF agai nst
SB 1% B 1%halBopEShE - 2f6 HIG. 6 4 DESXD FIB 9 1,7 r&HBS a0 Tk DIS-4

-0.9 6 6 DIS-5 7.4 The perfor of the recej ver under pure
e snd e fitsReT G roshe bar 6/0008BBIE c A with EEBF\'mGt hgut
the aut orew tehd nﬂl@ﬁfﬁé@gylwléhpa@s & thes g5 aphs of FIG 4 an

respecti v?lj\’y The strategy reduced the loss in AWGN by about 1 dB (at FER

= 189% and i®esurr d8TOF t |eedisee o or cBES- 5incG uklve JBTCEipkeei Wdrexai ]
mat ¢

i | ud le Vit ualizers,. follo a nul ti - channel

:‘lnft gre % Zeg%snh ﬁ%gi?ﬂgg %ﬁ’t adé&‘l”srrjon%haéfqeef Tﬁ'écﬁfééllrzir%‘”higpesul t
howt@ish ieopaned swirtch ddei ©1dgd nakebn the waph £

IPZr?o?\Arrgbnce can be evasl u;:t ed with a nodified test case erDTS-5R e\“/cx’/ne;ce t he

del ay ofl% héhg¥pncrédnewsrarest feith ddre original in the graph of
FIG. 6.

10 Performance can be evaluated with a modified test case
DTS-5R, where the delay of the asynchronous interferer can
be configured. The performance at 0, %, % and % of the burst
length is shown in the graph of FIG. 7. The results indicate
that the performance of JSTOF receiver degrades “slowly”

15 with severe delay of the interferer.

The above-described receiver may advantageously be used
in mobile wireless devices (e.g., cellular devices) as well
as cellular base stations, for example. An example of a
mobile wireless communications device 1000 that may be used

20 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

25 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

30 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
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be configured. The performance at 0, lam ' and 3/ of the burst length is
shown in the graph of FIG 7. The results indicate that the perfornmance of

JSTOF r ecgipvaG7/clegggades "slowl y" 15 with severe del ay gorideobdronssser er .
The above-descri bed recei ver may advant ageously be used in nobile wreless

devices (e.g., cellular devices) as well as cellular base stations, for

exanpl e. e i i T o] Leatd i 10 t hat
may be Sggglc%aﬁf%)f'uﬁkhegrkéo%g%# ie‘Be ?%8?‘%%ge§?r¢%?% %Igﬁg\?vtgms%ﬁh%r%gf’ e(rg%nce to
FIG 8. othe devicdwdfd0ot| bustwvatreveaor ihel tudeisng beuséag t2200.ena dkeypad

1400 and an out put device 1600. The output device shown is a display 1600,
whi ch i @06 &edeafiqnya Y- graphic LCD. Other types of output devices may

al ternativel Uil zedyy, cessi; h L& 188801 S o¢patai Wit hin
t he housi ng ﬁ%gacgﬁldﬁ%% cgﬁplte§ E;er%v\een lt ed{ée/ypad 14@0' aﬁg thg% i s]spl ay
16005 The priocessy e déwv tee 18000 caner shewhhechepetdtidd yofint macdi $pl ay

1600, as well as the overall operation of the nobile device 1000, in
responsé@eFe P AT oFOBRUREYRE HANE heuReypham14881py &t e Yderrarsite
housi ng By, 1he, &l 0 eIt dY, 9, fke 1Pt hely sirggs and
shapes (inc ulgugr?g S Eehe |5%{1goue§r|I ng 24 WO oo EsESs e e R0 acs
st ruct uregplayThdéReypadiaray whthudetlae nmodapsel/ecttiport kéyyvioes A6,

hardware or software for_switchin etween text entry and | epha entry.
" addi SRR 4 ot Grocc i Ay iEs 1505, TBTREY TS b 6Phe MM | e
doriss, M0 prespowe.achembicd i, Baodhests BRLASE Bevice,
1020; t N 0Ceyipado deer sinlly t AetwdtsplaRF1600mualicag iwnish detviiere inguitdgout put
deVIces€g¥¥2 and data communications capabilities. In addition, the
mobile device 1000 preferably has the <capability to
communicate with other computer systems via the Internet.

15 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 types
of memory devices, such as a read only memory (ROM) or
similar storage element. In addition, system software,

20 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

25 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

30 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-

25



1080, 1100 and 1120; as well as nenory devices 1160, 1180 10 and vari ous

ot her devi ce subsystens 1201. The nobile device 1000 is preferably a

t wo- way RWOcmoTamesasat i ons devi ce having voice and dat a prayabahdsbisans
capabilities. In addition, the nobile device 1000 preferably has the
capability to comrunicate with other conputer systens via the Internet. 15

Oper at i gyst I cut.ed: ro Sl vi ce_180
preferagﬁvﬁéto?g%é?%£§a5§fﬁﬁg?eﬁﬁggg%r%ggégéhgﬁhg#ﬁ%?éﬁi%ﬂ1%@%Dg§s%160,
but may ikenst.or 8dei P heppllypes icof MEMlsddepre€srabigh @pabreadsonly
menory %ﬁgg%1or simlar storage elenment. In addition, systemsoftware, 20
speci fi CHEViIN% 3PFI | ESEPORENT orddqtat t 4 teler eBla nay YWere kasmonatvbykl oaded

oo a Mol | epsé ol fapsych. @%et N handant jacqessdrenbly (oM, 1180, _
e Fed-b&>stored in

Communi cations signals received by the nobil evice may a

t he RAMiht8Qrafest,pr oxesshinon e cean800 upidataddi tiion tohét Swi2blepsrating
system functions, %pabl s execution of software applications 1300A- 1300N
on the d iwc?éqqlétﬁf A edeter AT heSe 48T of GPPrEERPResadt Aatacdhemsl basic

devi ce Qpefald Q3S.assSHGM @Y JAtkd and Qi [ i.ons 1300A and 1300B
may be installedagh t he device 1000o ur?ﬁaﬁhanuféﬁghng In 30 addition, a

per sonal i nf Somatirdreasdmeger LRt orappl | ¢atiladingay deea nsdad | edodyei Ng
manuf acture. The PIMis preferably capable of organizing and managi ng data

itens, SOEHUELCETIESn0 F667/ BES668TEET/ EATOUER00EBSS CREmpnigatbAtar
SVeNd S, ViY@ | S1080pOI BhIPNUSs ANt § askp bLes. Hie PLbapeliggLion i s

al so preferably capable of sending and recelving data itens via a°wrel ess
net wor k corngni cpitéfomsabs yh s ydieerPl Mdat & oirtrens. cartd oseand wWss)yt &m | Dbegr at ed,
synChrOQE%ﬁ%d%gd gpq%§§31€gra {ggongﬁlgggnsmitter 1520, and one or
more antennas 1540 and 1560. In addition, the communications
subsystem 1001 also includes a processing module, such as a
15 digital signal processor (DSP) 1580, and local oscillators
(LOs) 1601. The specific design and implementation of the
communications subsystem 1001 is dependent upon the
communications network in which the mobile device 1000 is
intended to operate. For example, a mobile device 1000 may
20  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,
25 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.
30 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
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network 1401 with the device user's corresponding data itens stored or
associ ated with a host conputer system Comrunication functions, including

dat a and w@i-g#/01668Muni cati ons, are performed through tpeTaROMBYA0eSsI ONS
10 subsystem 1001, and possibly through the short-range comruni cations

subsystem The communi cations subsystem 1001 includes a receiver 1500, a

Lranomt L&, c1920,s 800 £, oo TR e ANt enas, 1940200 15R0- LY. addion, the

conmuni cati ons 0 1 ncl udes "a processi ng mno uch as a

15 di gi taalscyighald preeessetchDSRRvi880, and dmeal rescidhad,or hiowdvdy), 1601
The specific design and inplenentation of the comunications subsystem
1001 i s ngé&perdemCqfpth 1hedseomirBAReatiléns anat Tk e whPEhushe mbbid e

devi ce is it t at xample, . bi.l e device, 1000 may
20 incl tj?%&qgedom?mun%%?fon@eg%%ys %%E%Bfedggfegﬁé ®fo Spersélt%és'crvﬁbtel‘nr t he
Mobi § ex TMerBaty TACHU1epr &anesal v Pacieir fali eoSesyi ce SC@PRI) rapbiilne dat a
communi cations networks, and al so designed to operate with any of a

vari et y %81080it¢e ORGiFRMiTad SHRIESOIKE - such as AMPS, TDMA, CDVA, WCDVA,

25 PCS, GSM , : er f iLce t wqr h
separate and @%grg%éaf%rgy arf%%?%reput ?I%itggggg\%it%{&ht heggrr\g%#év&et\g%téle 1000.
The nobigreddelires 1000 mhgeal soomel eteaiypl that meibtih eotdreri €®MIOQdCaiayons
standards such as 3GSM 3GPP, UMIS, etc. 30 Network access requirenents
vary depéid ng Aisbn tHFC1VPe of ORBRRLAREAPR®N sYETEMLSFor o¥%&mpl &hs n t he

oL o B AAG TR TRALe, CRMien 2 o120l 88T 24, (e 20 VO

i dent i f iceatruorn qativers ane Brdkk addodi aivedtet hneathaded84®. aks GRS ed

netmork%b ho%%égr’receiver 1500, which provides for signal
amplification, frequency down conversion, filtering, channel
selection, etc., and may also provide analog to digital

15 conversion. Analog-to-digital conversion of the received
signal allows the DSP 1580 to perform more complex
communications functions, 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

20 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) via the antenna
1560.

25 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

30 control algorithms implemented in the DSP 1580.

In a data communications mode, a received signal, such

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

27



network access is associated with a subscriber or user of a device. A GPRS
device therefore requires a subscriber 5 identity nodule, commonly referred

to as a SwvONlo@wwd9ssBnN order to operate on a GPRS net wor ket)agisloesgss r ed
network registration or activation procedures have been conpleted, the
nobi | e device 1000 may send and receive communications signals over the 10

conmuni eakh 3R iRakwWRhl QL y Fianalgor eari ved {1om Lgations
net work 1401 By t he antenn3’1540 are routejgSd %%&g%ép§e%§?3§?gi§%%%n%hich
provi deslefocesii@tdl. anpl irfeicediviean, s fgrequensy tthewn DorBlessSi pRocéssdri ng,
channel . sel ection, etc., ag%iggy al so provide analog to digital 15

n

conver sP¥n. S B TYE DR Y &0, Tof AR h@UFBEE( éd the gAdfPhtYows the
DSP 1589 6o, Pes OETEDHE L 9ahk eX: o COMUN ald O3, L UDEL LGNS, Sugh, £

denodul ati on and decoding. In a simlar manner, signha ransmitted
to the 1A60work deAllearesgr ovegsedsbecgmpopduldated iarthsencadgd)adye20 t he

DSP 1580 a@d are then provided to the transmtter 1520 for digital to
anal og E8Aver BFBR2IFP equBftyduptitonvesdiash, 1400 { 8nPAGr afplefi@ER$®n and

transm §sk9nikeyt he/ocomuniLalpep, Ned oy k .1401 (o, fetwerks) yig the
antenna 1560. 55 In addition to processing conmuni catiorfs sSignal's, the

DSP 1586wpteohi des floumlconbe®l , obrt momcecsiher 1608 aimd iyt tdansdd Lt er

1520. ng ex%gﬁ$e%g?ains applied to comunications signals in the receiver
1500 and"fr &I 98530 M Deadapt PSRl Pecork Pt et 6UGH ath®nati c

gairn 3QosAnhiehtabaar nehi® Avmlgiented b thg, RSk 1580, d ns a, data

communi cati ons node, a received signal, such as a text nessag of - Web page
downl 0ad90&s processed by the 27

In a voice communications mode, overall operation of
the device is substantially similar to the data
communications mode, except that received signals are output

15 to a speaker 1100, and signals for transmission are
generated by a microphone 1120. Alternative voice or audio
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

20 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

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

30 systems and devices.

Many modifications and other embodiments of the

invention will come to the mind of one skilled in the art
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WO 2007/ 019668 PCT/ CA2006/ 000858 comuni cati ons subsystem 1001 and is
input to the processing device 1800. The received signal is then further
pr ocessedwoOlzport1e668r ocessi ng devi ce 1800, for an out put PCI/CARE0AI08§H8ay
1600, or alternatively to sone other auxiliary I/O device 5 1060. A device
user may al so conpose data itenms, such as e- mail nessages, using the
keypad 14QQand/t9le sErOther opuxihd aryehERiAGYI CBrdQBAreqUChnas tie
touchpad, a rocker switch, a thunb-wheel, or Sone other type of input

devi ce. foFegodmygposed sgatiptiitcerss mayct herthise t rasodiikted overathiags0

Vol co. cOMRIRLCAR o mbiie: "BYEF BPPoofGPRL IHh o Ve Vi TehPE o be | °

subst antiialiledsi ol aEhk0 tPecHRld  SRPFUNEEAEL ONSi JWASse EXCaRly t Bkt
received signals are output 15 to a speaker 1100, and signals for

transm gwidéd imed 1 qgeneradedtpdingdrophore WiZnded t onave veé nediucedor
audio 1/.Q subsystens, su S a voi ce nessage recordi ng subsystem may

al so bewﬁggﬁghg%FéEQﬂ?%lﬁ?ﬁﬁhﬂ(ﬁ??ﬁﬁﬁiholaddition, the display 1600 may
al so be utilized in voice communi cati ons 20 node, for exanple to display
the identity of a calling party, the duration of a voice call, or other
voice call related information. The short-range comuni cati ons subsystem
enabl es conmuni cati on between the nobile device 1000 and other 25

proxi mate systens or devices, which need not necessarily be simlar

devi ces. For exanple, the short-range communi cati ons subsystem may incl ude
an infrared device and associated circuits and conponents, or a Bl uetoothm
comuni cations nodule to provide for comunication with simlarly-enabl ed
30 systens and devi ces.
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Many nodifications and ot her enbodi nents of the invention will cone to the
mnd of one skilled in the art 28 WO 2007/019668 PCT/ CA2006/ 000858 havi ng
the benefit of the teachings presented in the foregoing descriptions and
the associated drawi ngs. Therefore, it is understood that the invention is
not to be limted to the specific enbodi ments disclosed, and that 5
nndificatiogﬁfgnd enbodi nents are intended to be included wthin the scope
of the i . 29 CLAIMS: 1. Afilter (10) for reduci ng co-channe
interference wthin a communications receiver conprising: 5 a nulti-:input,
space-tine filter circuit (30) t t hat have been

hat filt i |
split frolma dﬁhUﬁ?baﬁ#Bn§°§l6ﬁ§Fcb9és%ﬁ%%?ﬂﬁiﬁgg%§8%ﬁﬁﬁ?%%?|ons si gna

into odd @@Qmﬁ¥eﬁcﬁﬁﬂﬂb@%a@mgn§eﬁ@éé&¢éﬁJddM©rQ@dngand even sanples into
real and imaginary signal parts (24); 10 said nult|-|n§§ B]Pgace-tims
|

filterd circuitddriengeldrys FPREET LIRS A SFgn &L 5Ers tly estimating

space- tipgp {dldef Meights,and @ﬁ§@%£«ﬁ@%é‘éﬁ*ﬁ%@@htl rpghSg responses, ClRs;
and a multi-input, matched filter circuit (32) that 15 receives signals

fromthe whlwmmmonssﬁaééaﬂl he samRling dihec GOMTHRACARYPRY a filter

response 0 ed. by o s 1 IRUISe Laspansenestadat i on from
t he spaceg{l%Ii té?gcgpguﬁgen g The fil tg?racco?dlng to daim1l

wherei n sand evnntsampﬂ@@t1n$paceal|@@dflmqqmnaﬁyr@Ggﬂaéoﬁ®¥t%eé2%ﬁrI east
one my tipller (A% 4l 05 uLLEPLYT AG £ACR;SIGNR! JPREAGEY to

filter the n signal parts by jointly estimating space-
time filter weights and associated channel impulse
responses, CIRs; and
a multi-input, matched filter circuit (32) that
15 receives signals from the multi-input, space-time filter
circuit and having a filter response that is provided by a
channel impulse response estimation from the space-time

filter circuit.

20 2. The filter according to Claim 1 wherein said
multi-input, space-time filter circuit comprises at least
one multiplier (40, 42) for multiplying each signal part by

a respective space-time filter weight.

25 3. The filter according to claim 2 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 (44) for each signal part connected to an input of

30 one of said pair of multipliers.

30



a respective space-tine filter weight. 25 3. The filter according to claim
2 wherein said at |east one nmultiplier conprises a pair thereof connected
in parallel; and wherein said nmulti-channel, space-tine filter circuit
further conprises a respective delay circuit (44) for each signal part
connected to an input of 30 one of said pair of multipliers. 30 4. The
filter according to Claim3 wherein the comunications signal conprises a
plurality of symbols; and wherein each of said multipliers and del ay
circuits 5. hasTidet sydoladdelray ngssoctChsed 3 héreewiitrth.theb., The filter

according to Caim2 further _conprising a respective_sumer.circuit (46)
for each CPEMMEICeHEONSs FHAPAG S%Bﬁjtie%fa tﬁ%élr%ﬁrllttciypf)ffe?@bijos’& The filter
accor di nga£® haidnnl fawht ber sacanprisiggieryg einat deptiymabréulter wei ghts and
channel estimator (52) for receiving trainin equence synbols and timng
uncer t%i nB§S deRer FloreganeFEPPRYE %%Cih?ﬁ t%S filter weights for said
mul ti-channel, space-tine filter circuit and a nulti-channel inpul se

response for said nmulti-channel matched filter circuit. 7. The filter
accordi ngSt o CFagnfhlfesn tarsordd ngokpr 37 HY anf &% zer circuit (38)

domstrea%ﬁfgﬁﬁfé d it ghanehme Fad chad i (4T £oicr eHEL .- cifanridie filter
according to aim 1l wherein said nulti-channel, space tine filter weights
and Cl Rs are pageidhg 28:1tmyds Chokbkskyubntb kigjenval ue deconpositions. 31

10
6. The filter according to Claim 1 further
comprising a joint optimal filter weights and channel
estimator (52) for receiving training sequence symbols and
timing uncertainty data and for generating space-time

16 filter weights for said multi-channel, space-time filter
circuit and a multi-channel impulse response for said

multi-channel matched filter circuit.

7. The filter according to Claim 1 further
20 comprising an equalizer circuit (38) downstream from said

multi-channel, matched filter circuit.
8. The filter according to Claim 1 wherein said

multi-channel, space time filter weights and CIRs are based

25 upon Cholesky and eigenvalue decompositions.
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