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JO NT SPACE- TI ME OPTI MUM FI LTERS (JSTOF) FOR
| NTERFERENCE CANCELLATION Field of -the Invention The
Ww@rewrernted nventi on relates to w rel ess conmuniRGEYCAHW86/000855
systens, such as cellular comunicati ons systens, and,
nore particularly, to filtering received wreless
JCRINTN 38 FACGED>- TEME OGP TIMUM) {EIL. TER S I (ISTOK)E .FARK ANTERFERENCE
the I'nvention Interterence canceling matched filters
(1CMF) and joint denmpSBNSELLATION\) "has been
i nvestigated to neet requirenents for a Downlink
Advanced Recei ver Performance (DARP) that is

st andar di zed by Fheldhpfdthen&nuentmonvobil e

Qﬂ?unl cations system an fcpe Thi r %nener at i eIy

Par ther s = Prdf ect {3 Ol5one Bt 4 1ese pridposal
comiei £t i dost hsiypréhe, f oklhew ngsar TcleOJleSa&nd AReTE~—a:ions

1. Liang et al., A Two-Stage Hybrid Approach for
systgmg 4 smméducmpéﬁ wWPEKtSpHearFYme PPocddditifg ingEEreceived
wir @yynéféﬁ pa é@tféﬁ é@”unﬂamt@@ 1&%erf§?éné§97 2 .

I pon et~ al., Ml tlc]f]annel Recel ves Perfornmance
Conpari son In the Presence of ISl and CCl, 1997 13th

Intl. Conf. on,Di ixt‘g&n [ [, Pr cessing July 1997. 3
. Spagnolini, %@Mﬁeﬁfor GSM DCS
Syﬁrﬁ@éT_Bfei'&EcEe Teanse1 0ng Vehtenkar fiecbrel agyMryolandStoint
Sept. 2002. 4 . Feasibility Study on Si n%l e
dem%@bﬁ%hon Pnt ef FB¥Enceh@ancePP&Ri on 1(‘§/§PG)19166|‘3dGS meet
req&?fé!‘ﬁ?é%@s %golp IR 43,905 /e AR 8O- éec&@@s@&formance

Eur opean Tel econmuni cati ons Standards Institute,
{DARP) that is standardized by the third generatlon moblle

ggreless

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 6, European Telecommunications
Standards Institute, 2004.
5. Radio Transmission and Reception (Release 6), 3GPP
TS 45.005 Version 6.8.0; European Telecommunications

Standards Institute, 2005. '
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5 . Radio Transm ssion and Reception (Rel ease 6), 3GPP

TS 45. 005 Version 6.8.0; European Tel ecommuni cati ons
wastanad@sehs | nstitute, 2005.6 . Stoica et al., BEXCA2008/000855

Li kel i hood Paraneter and Rank Estimation in

Reduced- Rank Mul tivari ate Li near Regressions, |EEE

Treans. ShviSignalt PabcesMagmvol LikdliNoodl2Pameeter and

1996. 7 . Kristensson et | i nd Subspace

| et £ iESHIHH SN a 1BPSK eéld‘rﬁﬁfﬁ qﬁ diatg; plinear
3Q{dyAsdd i, Condi §¥a§%gn@h851§M§ne@@o@egsgagDUW%ns 44,
199 8 . Col'ub et al., Matrix Conput ati ons, 3rd

Edictﬂo?n: 1169296 1996. Trefethen et al., Numerical Linear

él-,g.ebr eIr'(ll)sn 9 ée%afr eg;lli(lxg glﬁg?g %e n‘%q.sflc%tlon

Mokfi | @ cmmnmmmmﬁs:a(tﬁ“dw cekhukay slylsdxems 3I®é\‘/eptsalomar
address the co-channel interference (CCl) o e

e A BTG S e bl (TR R e d0re. DARP

r Ui r e ®nis. e0MB1Si Nghet ePANMRIMESITHCtdHLS 3R Edition,
pre-filters have been used to aid in canceling the

Hﬂt%‘}@erence and provi de sonme channel inpul se response

(4R {éf@éﬂ é\/be[foveb?uméxo{@af'ysﬂ%?r *}ﬁvgg %asaed 1997.

mexi mi zati on of the i to-Tnterference t

jaont | ypeess ngt eaﬁ:hanﬂehlespa:a& tRera. pfels| tier ®nd2’tdh£d@ltRon,
est tion for a single channel. Qher systens have
§e%d2 constrained mnimzation of the nean-square

erdrdt desbpa1a SididHe €8aNNRIp iSRACLokhLA EEat LHREr (GSM)
systens have used a si ngl e channel space filter that

cel}ulafest greempyhave ahk- BAELEFHr Shiemai-Ghagnethd nigerference
(CCfPagﬂatﬁgnﬁgﬁii@nstgqgokar@ﬁ§ side, as well as address

the DARP requirements. Some single channel structures and
pre-filters have Dbeen wused to aid in 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 wused 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 is 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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applications for these systens have been a base
station where a physical antenna array including a
wtonr/eddnéy of antennas is avail abl e. Bri ef Des®dTpCA906/000855
of the Drawi ngs Various objects, features and
advantages wi Il becone apparent fromthe foll ow ng
detai | ed desGldf Dt 3R dHORE ddee Drlawingght of the
acconpanyi g draw ngs, 1n which. FITG I 1S a bl ock
diVegriamsof cRJjgeitat SperleuTesre aOst | AdHRFEREEF Diiseld become
Downl i n va d Lyer. Per ( : l e
I e e R
condideardd am IRldht i sttee mreontgetraired dtaockngh agimamiafch:
the Joint Space-Tine timum FEilter ;and _Mul ti-Channel_.
Vet hedt B T t%rgl%‘ﬁbmﬂggﬂr%‘f‘cffla; S?F&t SR3CE 4 1BFo ot Lmum
ri1tdi20raneaf RWiElhed hAvaseesdance Wdh PO HFERSENE (DARP)
I nvention; FIG 3 is a graph show ng the Joint
capapar e TFCre VOt | Fumamdorsiansss edi DARRc apabPdimensi vef the
etrif Qrance for various DARP test cases; FIG 4 is a
gr apch ‘'showi ng the Joint Space-Tinme OptimumFilter
reces vep per far memee dataideal dahcek widtihgirher priesehé Joint

invention wth additive whjte Gaussi an noi se o
SDaGN i AORF ¢ HUBing AHCEHo A hrt Ak b G TRAF a5 EPE eyl ters
showil Gn 5018, & graph showi ng the Joint Space-Tinme Optimum

Filter receiver performance in accordance with the

priEEent 2Rnviént # orlRickh AIRSHRM cofpar etRtiiiath Ahd accordance
wit oyl s L eling, FI G 6 is a graph comparing the

performance of single wth nmultiple Viterbi equalizers

i FEECOBdance wrdph hehgriasenthe n¥ehht oSpacsH-Agm8- Biptt i mum

SDIlimter in the simulation; .
Filter based DARP capagye receiver performance for various

inv

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 (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 the present
invention 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 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
in accordance with the present invention;

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

accordance with one embodiment of the present invention; and
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FIG 7 is a graph showi ng the performance of Joint
Space-Tinme Optinum Filter Receiver and a nodified test
waasgoiIneeaccor dance with the present inventi oreCTHCA2008000855
is a schematic block diagram of an exenpl arynode
wi rel ess communi cati on device that can be used in
acddicdange iwi teh Dablenhxmh'gmn'tnl @ftﬁ@et@fr%%tehfﬁp;ﬁoaches for
invention; andFIG 9 is a table conparing e three
per, ﬁﬁf“olél&hg%h?a]o‘?s‘b‘/erf%?m RGACRYIPe IGTP R t kG7F SMp accordance

i tROMP Plrie@Reti N raGe@ridance with the present invention.
i Det ai | g}l Description of the Preferred Enbodi nents

Several non-liniting enbodinents will now be described
0" Bl ¥aNBLELAIELSon kN che! 8-8862-L8 EdBodimants
accOompanyT g ar aw mgs, T 11

ar €evleawarl. rkreslei reinthiodh nemibsd imynt However ndae wabadsedibed

' dif ferent. forns, and should not be construed as
TOTE nf ¢ bV SR TESGH nhES S RGN hePeitie RAPReRpanying

draWwhesge ,enbedimrhs ﬁf@f@f?@&d%ﬂﬁﬁﬁﬁhﬁﬁﬁxgh%??dhﬁﬁhﬂﬁyr§hese

wi Il be thorough and conplete, and wll f y conve

eMPPRATEESSe MBYt hoBeWSKeF| edbd n amfiwdtirad  linkemaugbedsfferent
forfngf €lan ls'h%%&sc:% S 6%“ Quanaut,y dr’mdaéar : f};rpﬁgc% :,I(atog the

I S uUuse to In te simlar elenents In a.
embenbogntentsst |foradtondaate. wRahhere emee@d NMBiodiments are

- f bbil e station (V)
ProGRgEt nog chPrbnt B BbaR LSy LPERFEormbbi | 8S( CEpTotGh and

compQBRYNi Gald NSl BYSLenyi $oaddressrd, sasp¥ell, a5,ddMe skilileqd
conpliant requirenent of a Downlink Advanced Recel ver

in péef Gtifendel {DARFOSE andaf @rby ot He kehie bn@erter athooughout,
anc G SO o8, (A AT UL cronents in
alteomatniveatinbndideniee may i nclude a wrel ess

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

The invention may generally be summarized as follows. A
wireless communications device may include a wireless
transmitter and a wireless receiver. More particularly, the
wireless receiver may include a filter for reducing co-
channel interference within a communications receiver. The
filter may include a multi-channel, space-time filter
circuit that filters n signal parts that have been split
from a communications signal by jointly estimating space-
time filter weights and multi-channel impulse responses
(CIRs). The filter may further include a multi-channel,

matched filter circuit that receives multi-channel signals
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transmtter and a wireless receiver. Mre
particularly, the wireless receiver may include a
wd 0t/eredeor reduci ng cochannel interference wWRAT/®AW06/000855
comuni cations receiver. The filter may include a
mul ti -channel, space-tinme filter circuit that filters
frofl %'h%n?}tlul%r—t&atrn?gl,ha%pgac?@—_e@irﬁé)l E{1f£PMarcuit and has a
conmuni cat 1 ons si gnal jointly estimating spacetine
filtekt erenppbghes ahdtnulisi - phamnéédi npul se responskes impulse
urther i

CIlRs). The filter. _nma cl ude, . .
reshnEE, BARATEF i O ERBUCP] FBACET FolPt TARSET, 648FYAS:

nulthi - ehannedpesd ghaltsfd omutlhe -Bubhiheghansghce-time filter

space-tine filter circuit and has a filter response
circHat imayprovideticdy @a ehakaeltynrf s@uldspdies and delay

. - gat.d f t -1 ilte Lrcuid. | e ..

cirER L ET e R IRAPRE h By ke fHf Lot P orier
andmagelayg| udierauipglaur alaiyt yoof opeitatplver bastdlebay space-time

..circuits .that each recei.ve n signhal parts. .The .
£5LERFL HA B S ARF agP A e 1 Ity b o P RIG asehrcuits
confiBcspacart ig@erdild eranei ghte1dpr €1 paiit Cubahk¥tebWdo the
. nmultiplier circuits connected in parallel and a del ay
inpgtr @di en€orifedted mud tifpd liefp il rsfuidife WY thfe used for each
- tiplier o i us fo h si . p .
siofldl I BREET L R LERpL I8 Della) UeLALD SV PREL. have
abogynbolongelsyymboA jdeilaty .0t ijrEintf iddteimadei fihttseangeights and
channel _esti mator be operatively connected to the _
chaRfiPdi SSHARALPT BPcEet RS TR TriE YoiGUUIAC Tt rbcrs diulti -
chahhailDi ngpseguense (F5)tsymbel scand LARINOr JEELTE Al i Yining
data and generate space-tine filter weights for the
SEeARENER- cﬁgghel sygpgdes- t iamd fifimingi rungertaiummetata  and
gen@kgﬁg!tsﬁgﬁ%é%ﬁpl a%ﬂl&%%”‘&%ﬁgﬂyét'ﬂﬂf eEhgnqnﬁﬁ%quh1pnel,
circuits for each channel. equal’i Zer circuit nmay be
spagpetatevef vl tdr t ke rouliti. - chamngimermatchediti Iteef sum data

fro%lE%%iEMltiplier and delay circuits for each channel. An
equalizer circuit may be operative with thé multi-channel,
matched filter circuit.

The illustrated embodiment in FIG. 1 provides a multi-
channel pre-filter that is operable for canceling
interference and providing channel impulse response (CIR)
estimation adaptively and optimally. The pre-filter can use
two major components in one non-limiting example: (1) a
multiple-input-multiple-output (MIMO) based Joint Space-Time
Optimum Filter (JSTOF); and (2) a multiple-input-single-
output (MISO) based multi-channel matched filter. In a
typical mobile station using a single available antenna, a
virtual antenna array can be configured internally by the
combination of over sampling and the separation of real and
imaginary parts that receive samples, as will be appreciated

by those skilled in the art.
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The illustrated enbodinment in FIG 1 provides a nmulti
channel pre-filter that is operable for canceling
wa wpeeMessence and provi di ng channel inpul se r @qIvesm06/000855

(CR estimtion adaptively and optimally. The
pre-filter can use two maj or conponents in one
nen- | im.ti e o : -
m%tiﬁ &-i ﬁ%ﬂt A3 ltt?BIge-%rJtBSStlm RFio 2baSedn3si nfrom the

virt3pacentiemmaOatriraymifs [fieet 4 STIEF) JSEOM, (2heme the optimum

. mul tiple-input-singl eoutput SO) based | ti-chapnel
el SRASCHBE (319 1 THE 9 LS TGETTSF STRiFOR 18 R hoE are
estimaR@le amaid @bl sanat enna, ane nali -YHLHEA TTRY £8P the

be configured internally by the conbination of over
desiggepl Bhgnahd ¥R St oﬁséﬂmﬁéﬁﬁ-anﬁh?wég%%ty of the
JSTO[%arélslcghgt tkgcgln r%aerggn%i% &5 Wel lf'qec&% eghat %q—‘.dbyto a

those Skilled in the art.1n one non-J1|mt|ng
MISOemacdidrentilt ia-Hegmad 1 fradmtidie fiXtemal B¢ efibdtarr agspsnse

fed to the JSTOF, where the optinmm wej ght
Of WNMITLLER | bt G or LS AR G TR £ BPRa
the eSfrigrated. At the sane tinme, the nulti-channel CIRs

for the desired signal are jointly estimated. The

otihsut owpeheofSTE annbhs-¢hannat empréchsce fblirr passes
to [d1teradand dadfo,a M a0 basedomubLL- chaanel niBtcletho)

filter: e fiTter response of the matched filter is
inteprimtiedec byIshe E@hR gstawiatd onsédfomdelee siSTGF. fdhefurther

out put of the nulti -c{}ﬁnnel matched filter assgs 0 a .,
ProGaSerid- edtial $ 28+ Wwhi T 1DV e5S TR\ TNt ef S SYHDD y the
equd Nt ecgRCe( | & dmaNdppr Qvi desb st i 88CioT ofige f @bnvolved

further processing. A single channel response required
CIRspyfxome e@alPZer - cdmise Hrrfed U8r aFQ:Ibn‘bEﬁ@t poRoBRtigally

switccﬁ(“’%o"edcr% Rsc%x%%f{f‘&ueﬁlg%r TOLSnRLEaT HF{efa”in the
al so automati ca Yy SW tch to the conventional or
conwdranidarad fréd¢ervém theany AWGN dominant cases and switch

gng%aEQSn from

back to the JSTOF-based receiver 1in any 1interference
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
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 X4(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
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 various circuit blocks
used for the filter 10. An input signal is received into a

derotation circuit 12. The derotated output signal is split,

6
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conventional receiver in any AWGN dom nant cases and
swtch back to the JSTOF-based receiver in any

wa wpeeessence dom nant cases. This aut 0- Sw t CIRATYCA2006/000855
capability reduces the loss in AWGN dom nant cases. An
exanpl e of the pre-filter or interference canceling

witH 141 ’brft‘ibn”?as]sqr - basgd anghi DARP- gaPaY €al @eRVERItional
i's shown at G 1, in which the oversanpling

receigtdno Jerrrdlwfes nunbel ofitple ¥6rtanf ant enhayti §ngo a

matéﬂ"\]éd' é th?% a.LBSO hgdl C {:Pgs?y &réﬂu?%? lr%ﬁi%é,)& (tk)%% that

Foug tRi's descriptron the pre-
recdigiey r edotbensdt he aimtiewf @@qm@mnﬂbi)ng;;fnlﬂdl&; OThe 2:1

JSTOF filter acts a pre-filter in a
SVLEE aht PRESEDOE. TR Fain G ) ridbi o AEFHgeR hBe filter

14 did t&le I eaulkh N %@ﬁﬁrmﬁ@d-caa%aébl@ elﬁqedéfxerldls i's
shown by the dashed line at 11 in FI . FIG 1

sﬁlb‘\@ exanpt espoftidre vaf i otllsem ouuptltbl eckpadsedrbor the
dero fér{ t 8Er%81t i nggt ﬁ‘?’#ﬂl %ﬂ%or eC\% Ve%tamgl%s and odd
er 0 e ero |

i ON CI'FCui ate gnal
samsid tawi ara pof tthe passivag |anrt@eranéi Izueranbn splat again
conventi onal receiver that _includes a 2:1 switch 16,

intQntPah St pifePhtery fafbALa £PI term™dhendaspective Xi (k)

thrSUAsSxG e ehabluen _lgrri%lllst @Qt&haat 5686kVes shart esgd a1s0
trai ni ng sequence S) synbols. The 2:1 switch 16 is

refeypeadibte E@saalmmdtmrpbhnnglbeﬁm@@m1ﬂuma|f;éten4cam@u1t

It %ﬁﬁefé-rgé k%laosceg% agnrg tDARP %%%%l reer]:.na ;raegor;nrafxl orr]leed

portion 2" olit put” signat Trom t
not che cubtdlan saklpl étbodiimereyen $hapl és,antheodfli seapl 88 may
as part of the virtual antenna 24 and split again into

be Iuégfj ahQri %tr?aq]ﬁlgsl ghdreleo Forerthe rfé?ﬁbcfm@e o more
phydidat hrough X £dQ1) npHtefhgBal Ssiidd 028 JSTOE GhELabt shift

30, also referred to as a nulti-channel, space-tine
keyirnd t eflPSE)r capplication (e.g., 8PSK), for example. The
output signals from the JSTOF circuit are passed into a
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 is shown in greater detail. The JSTOF circuit

30 includes channelized multipliers, also termed mixers 40,
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It should be noted that a virtual antenna arrangenent
need not be used in all enbodinments. That is, the
wd ibt/emed8 may be used for filtering signals diaTecAaioge/000855
fromone or nore physical (i.e., real) antennas, such
as in a phase shift keying (PSK) application (e.qg.,
42, Y8y uhofsedanplrRl Jienotd pas, swaiahs e thetd ShGkti-

circuit are passed into a nulti-channel matched filter
changiedc mat ded ahbl $25s o8 plPrsiegrdl 9fs Padsbeurnidlystrated
r al i cighcuit, 34 nJj Y X
charfih (3B (G IRC MR oY BB ne gpassed
intoalesurecel V&, A chaimel ofttinal eSpbnse. wdheht shend channel

.cconventional filt 14 i s connected, th [ tiplexer. .
estiggtodcei veEChe dg_%a (‘F Gt chiﬁnelsy("%og%r es%b‘ﬁsetlml“g
uncefrrt%mnttli/e ﬂ?(?ﬁg@g ft'o! t;@fg(@lhdf@“'thelad@i%ts (Wopr) used for

re

Cross-cor ation circuit 20. Signals are passed into
the guivierrsr 40,.effal i zer 38 as a soft decision output.

Fuyr.t .ai |l - T t It < I
RS A 0 I A B g pre-
filtefr tiurestdelrayied ¢ anpte@svarsteibnal tGeM ISdEE eér ciyt addidg a

N = 2 ) . The various inputs X1 (lc), through X4 (k).
Pre‘%ﬁeltreetcet?‘??e‘bc'nft’%r?ggeﬁs’f 2 vﬁﬂ’?:‘l("?r} %‘}?&m‘g%é@?éa%éﬁter
as G@@lown . ihhe pRISTOF1GI r gHit 3BniBakudas1ChapRehbz8dhardware

multipliers, also termed m xers 40,42, delay units 44

Vitegd Qawrerigs 38ufiath bepiged nebt et i chargnel Inaphedon-
R A K h . f j
llmﬁg% geréxéﬁgﬁg?o%ﬁ9 19&e?§%§88${?Aﬁﬁyéé Q%fg Qﬁ%¥g¥$é% has

si gna mthe ma ters are passed into a
beersutmeted0.agAijnaitnt DARR | melstf i ddsrs welyghd isnwand: icdregynelvhich

s O CIGE  S2 SCeLtes, TS SYTEOLg, andor b0, .
overusgd dcithiedn yersofandd. ild tlussi LMPOsEEDIB&-A%® error
rat ed e(SF(}:ErRI ) b (?f% rt %nl en toefg rt%tee A?dRp rs(gafelelcthe rch annels.

FIG. 2a 1s a flow chart illustrating a high-level
method associated with the described system in which the
various steps are shown as non-limiting examples. The
various steps begin with the 100 series reference numerals.
The incoming communications signal is derotated (Block 100)
and passed into the virtual antenna. The communications
signal is split into even and odd samples (Block 102), and
each even and odd sample is then split into real and
imaginary signal parts (Block 104). The communications
signals from the virtual antenna are passed into the JSTOF
circuit, where the communications 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

wd ibt/eme@s shown in FIG 1 . The conventi onal PCT/CA2006/000855
sof tware/ hardware Viterbi equalizer 38 can be used
wi t hout change. In one nonlimting exanple, an

(B1ddit eqanateda RARR £anabl @ sr egeidsgiginas ok&%enslgﬁéfd into the
agai nst DARP test cases by sinulations, which

Vitg cageslinar tifdadcel¥®r prowildesh 126 stBtt odéchst@n is

Vg2 specified performance in terns of the
madéf‘ra{%e&e]?rlglr rate (FER) for one of the AMR speech

Ch[annelp&raEllGn 2aths addtanwmtchart cilrkustr al2ngis4 operable

. | evel method associated with the described system
WLt (R CRORHER VAR | SLE Sl BpShar BN NEUAUST RENORFRPE] ABSt 1o

parteX@FPLBSt E'i%n\é%h%u_i%rﬂt%%lbegéékd/ﬂé hawedéQQtﬁ‘é&bﬁs the
ref erence nunerals he i ncom ng conmuni cations si gna

sigriasl d@p@tSéteéda(CBIoaicklaooéyrsamtiCpaggeld dftert kendtdtuain the
: te 1_.Qns nal sspllt Into ev
osoll e, U EOPUALEAN A0Ss SLoe, | LEE axe

each Ceverdnd®

typisanglye ¢snddrenrspedt ohnoo raemI 168Cd° J Megtmasymbbypalotated
arts (Bl ock, 104) The communi cations_signals from

to e?/l?‘f%a?o%‘i%nngh%?e g @ISk n bIRAL 9$‘Td‘*’ec?5|r69|t?d as

th on n li
e L et T

derc&@tplam oft athier strppkti phd-ihs meed plfenouteV(eM Mand odd
sampllqﬁ:{:ﬁ[ r{Sp%J%qc-ﬁl m;sq:)t é{%‘ﬂl Flgécaué‘]s-r thﬁAf to%’er sampling

d signha are passed in t
rateml tEIo-rCh&BIBEtb,lel’,ml thpl &- i dynstersi A £ outeiddi M, SOthis is

mat.ched fllter circuit. (Block 110) and .t hen
lﬁ?rﬁev a#d passéd a7k SAHE ARE sSivgval -

|lﬁﬂéthﬁr@héﬁr@htéﬂﬂﬂ|2§”c£§'99&r%$§%'ﬂBéMﬁéﬁbﬁiﬁngate
decision is made (Block 116) . In operation,

Lo ther ctafth bis e us YRl | in opepabl@l manner comlng from 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.g.,
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
waimogombécon, the signal constellation is dynamGI/@amdo6/000855

after derotation the signal constellation becones

static, i.e., any synbols are typically concentrated
becayd o%ndtilxéo d@"lgg\/sﬁqbot!ﬁn OtaéHoedatn%tthlgeqsedEW%n51on is

poi nts. Thus, Si gna can be treated as
intrtquqmi bfmy phasevshlthtalkeyalm@n(nBPSK)lsag,nala TBQatlal

der.ot ati on at th front engIBlgs sed_for even and

imei T ngS, HHCEHCEE (L o "BEcdiEe bYor farensiBhs’ forn

spacQgV—&;furf@l”ﬂﬂlltr& rate. For exanpl e, | n a conventi onal

receiver, this is typically at the rate of 1 , i.e. .

orfé sahdl eepéresfnb&achThel REoRing aﬁtléﬁﬁé od'scanused  in

conjld%@t%%e m%hsaavhwg éﬁéﬁ?éi’s“"% 2% 1A o Bé”b%celve
serial manner com ng romthe ase I ter

welgﬂmsm fwomsepbw aﬁemhammlwadf léwthIanWeaxcjdtsBeirm eChannel
thi S, P gaess t he odd/.even sanpl egﬁvvere serl

[l .
EStiMaton e3%ed. I Thest < Urral SR nERFurther ﬁﬁ/tt PREgmal

Filttehe webdhandntMagianael sasgmaxhawtszt arkorgaddwi f omEo the
i ndependent channels of the virtual antenna. It should
multy@liGitét that in sone enbodl nments other nunbers of

Vﬁﬁk“@knﬁﬂhﬁﬁQﬁ%é appreCIated E ggs£8ﬁ9f|%39?19 n one

nore), as wl| oses n
nonﬂnirnltAsn%e@xammbam inekFl G322 weicjfets:e si\gnatlcs e tlnamning

assed | t he tiplier, 40,42 an
sealfREutin e e i ol ebl dpt ik Fhoberngeiones
andEﬂﬁﬂﬁdelSEBtQmassedﬂmtftﬁhfﬁ“&r@|Yypﬂdad&baﬁﬂl some non-
foll owed by_a mJItlpIy operation as_evident by the two
limigjing pETaFE188, aPPUind2Bn&nperaysErPedst gl TFhisis known

whlﬁpeiﬁéiﬁfhéssgaueg%d DYoo i QUMELL OR; h O SHMEr_ A ?f‘sseven

illustrated. This portion of the systemis operable as
posigions search in a non-limiting example can be used 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-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
5-bit circuit.

As noted before, the multiplexer 36 can take the
signals d; and ¢, 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

10
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mul ti -channel, two-di nmensional filter. One dinension

occur sbecause of the delay in tinme and anot her
walteaws@n i s i ntroduced fromthe virtual ant erRITACA2006/000855

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

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

int RRdEd Neql ”Qoéég'ﬂ?' thh% A4sed 14y CP&‘&é‘Pﬁ é’x?cg",i th gthen,gs¢
channel's, and nultipliers recelve wel ght romthe
pure]owmt@pmonae FLht ¢hivéiqses @ml Ghavertiésal naeoeiser 14

hts com g fro e Joi Optimal _Filte
Can\ﬁﬁgHFe n&nehéﬁﬁb FLSESSugﬁ ;V 5§€séau?n?br?ﬂéts can
sw1t|'ﬂHt|}BJa¢:ErStoThetrV€| ghbsvaheiahs® arfifverd diiEMSEONahoss
matrix in one non-limting exanple, i.e., 32 weights.

intrRdyqed hé% r &R ngsg@aueﬁ%@es\y%m%ﬂcﬂ npdts | RiFqHds. The
sw1ttlzﬂ‘11r}¥g q?ts' r@ésé:cﬂl to%r M#é gl@s%ﬁﬁ@ g;llan(ggl t’%ﬁt} ' Fgﬂlﬁr gﬁx’lnus

ere are typically in sone nonlimting exanples a
SINR2Gr -Knd#n Wymbgbienandyi tis sbkhown ahtbleshaildingche system

uence_.a acket c ai ns, +/-3 or_sev posi ti
det G THARohe | 1 HF T Ro Bhahbrseda BS.ERa"ah prRgtence
canddi€ird nbAgLthEherITqmul seceé £sponse obtt heedqul tdd Channg] the
matched filter (h opt ﬁ can be used such that the
flltsefst%% ﬁ*&?cﬁ%vﬁﬁélé’ﬁé nélECreYFondd and wak@sPyhewitching
the sg glnas]msgcrrpwr after the matched filter. A s shown in
1, rescaling can occur as a hardware or software
cdmﬁenpemceltalmomnatblues not beequi Fedmifpi ssystems and

rescalin wiit 34 allows greater operati _
Oth%fkf¥8{ g & PngutPSas® g R %£ |n1tFﬁbE%§5Hb e{?% phgnal
to-néitey bra’eﬂ(blalthGHe Snpriheedlymadi eheandge ofride shgeal(BER)
can be read;j usted such_that the signal can be sent
to pﬁt&mgq?qﬁ .cﬁ Bsbppuépréﬁqact tdp level protocols and

phone calls and other communications matters for use with
these circuits.

The multi-channel structure of the JSTOF-based filter
10 is used in one embodiment, and the MIMO-based JSTOF
circuit 30 provides a space-time filter weight and channel
estimations that are different from prior art solutions.
This circuit provides the ability to combat the interference
efficiently for both synchronous and asynchronous
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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As noted before, the multiplexer 36 can take the
signals d and C2 for the data and channel response

wd 200myh@ conventional filter receiver 14 or tHE/CA2006/000855
signals di and c i for the data and channel response
fromthe JSTOF receiver 10 to allow a sw tch-over

besyeempibe fwe i vEhe JSICE: [ LS \5%51 \%él lulgterdo eo%%@?: to

loss if there is no interference,
methltéeanagPIerQm&wem§m¢$he Bonvéntemm&kemeeelwmhébnlng

be..use wor k adequately. So, t cijrcuits
Mat%@%ds%#&he gg o) th%ar&oﬁ\feent ?Bnaef’yafr?l?%teer O\%I t hBgt virtual
antéwss i ntsr oddeedrbyetine ahTOFbegaeb¥RIn@Nd d4d S combat the
circuits. The switchin |s based on the estimation of

Int@hECEFREE QUtTHA nGd TSPAR SN itte wfuahei t yhes Qﬁeﬂ@wtlon
errérd hﬁgsﬁﬁled’cﬂa%eslysfn?ﬂnldseé ePE n{%@’? éh?{??R S ol tt e desired

interference and the interfere cance g of
sigETOF & edeiner Deglqmtlattequ r ¢dD) Tmhsawetohegboblt qrem‘ohrmance

t c ent | opal recelver iS.used by the |
for G O FanS TBe T ESSrF et PeRiberhnrt Pebedriiiculty in
combpt Mg thys I @Ebrdier i Y6t e8BerdNi Shl¥Re iy S¥at ¢8avy

also all ows the signalto- noise ratio to be inproved
COmpA 1N t c@F‘PéFXﬂSt’e irsERved e faprbved.tiEhiGIR of an
int&Ptd g i npact top level protocols and phone calls and

ot her comuni cations matters for use with these

ci ¥reupPns. eThedumenit.chamelistnatt ean¢eoma R4 is operable

W1t%ﬁ2§§%§€§§a36 p%%ﬁc& %rcgﬁ$g§5QB§gS|gggggaggggéhﬁlm§01nt

Spatfmleremm:gem anpd ichannel 1esti npXs™®) tkalrc@li® 30 to be
i ff erent fromprior_art solutions. This circuit
use%‘r oPGesdt hECBBRFEL 4N cbhBat IEMe ilst eEheterfdee spatial-

temﬁgfép|Q@ﬁk%rf0%e9§ﬁ@sSﬁ@%@rqa9u§#gpge§§ym9%£oqg%%rference

interferences and yield high per mance
and sthgl &fiBnsstimation of the desired signal are jointly

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 1load is deemed acceptable given that fixed-
point Cholesky factorization and EVD/SVD are feasible.

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

In order to support the evaluation of this technique,

12
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have shown that none of the solutions in sonme prior

art techni ques provide the required performance
woagai/owbest he DARP test cases. This M SO based PCT/CA2006/000855

mul ti-channel matched filter circuit 32 is a feature

that inproves the overall error rate performance and

the I @guces theveenphextky fréhe woual i gaedy avediaR®r was
mul'ti -channel Viterbi equalizers. The built-in

ext eqteshat ¢ ¢ sSswPEet Myl beefiedh e STOrEbEserRl angdels/scenarios
be ity %{5’3{12%}4 OLE Y §lmk P %t%%%%ftﬂb%éi §8 1N AWGN

ases e recei ver structures can be used in
OImderret 0 mmet fidid dWARP ar eqigisceription Aonfl nteef esémnaéation

Cancel i ng_ Mat ch Filter (1CWMF) .can uyse anpl e of
per (INITT T alREANGER GESER Bt Gnd Hoalt Briv Hreeot. It
sholfTbBt theid Aesdcer enge. sfcLid Grb t pirdc88BShhl Vot Ojoint

the estimation errors of the Channel |nmpulse Response
intqrfieRensie t rrd@esiprdasfgraianngl) Gishimedrivdul k@ s oRegpDpsed
. sho 00, r ma or .t he |,ouUs <t egt n
in o Co PRk R (TTECTey Th canbaling g SAEERnabl is
avaidsymchr cheisning etlier etlse éheieahayt behbpawy response for

comput ational conplexity involved jn, findin he CIR, .
the ofRRL S EBR roEOroSt e hRe Rt HERG , “endTL P LaP finite
InpANENR@sgbnise operabl ef wi tdr adapt kvapspaee-samBle of the

filtering, allow ng the Joint Spatial-Tenporal Optinum
receFiyedysERY TiFral t€380 R BPIREED Gfe di fference

fromthe ICMF is that the spatialtenporal filter

wei ghts used to suppress the interference and the CIR

est i matiélon of the desired sjgnal are jointly estinmated

anbkd gt Red T KR FHYSTOY (ki 1 e the two are (1)

separat®ly estimated in an | CMF. The JSTOF circuit 30

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

t hat takes
where x(k) 1is an Mxl vector representing the output from the
antennas, H is an MxL matrix containing the channel response
for the antenna array, s(k) 1is an Lxl vector for the
corresponding symbols transmitted, and v(k) is an Mxl 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 MNx1 vector Xx(k)

as follows:

- T T T T ¥r= =

X(k) = [x (k),x" (k =1),-,x" (k= N + )| = Hs(k) +v(k), (2)
where H an MNx(L+N-1) matrix is the block Toeplitz version
of H and sk)=[sy, Sk-1s s Sx-1-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
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advant age of the rank deficiency nature of the desired
CIRmatrix in the space-tine setup. Sinulations have
wostomwmesssat i sf act ory perfornmance for the variREUIBCAWRA00855

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
whetrecpusePt he Isyst@mtndke® fisw tdss unpib@nso ibeyinbbhe of the

source of the interference. In addition, the system

tra]éhlr{’%o?ﬁci[?ﬁféc?'o ¥sd st i@ dRBt MAG FédfualingerS st ruct ur e,
the ut|0n|3| te t ed asap cessm step
)rsw t he ]I{Q‘%pl.l't ddta’ rl qﬁma Sal F3w Ihe‘P J:/)s’ipem vedgition
matitihe d—NVte}qelatrzen‘llﬂ@CQL/ﬁbal@[SThE g¥ahkabbeimiRa@hdar is to
to support the evaluation of this techni que,the system
find egel @ veki Erabr Mxle (BLER) Iemtibat w Was ext epdest-time
to suggort all of the interferer nodel s/scenarios

F1156% n3fids@d By e’ fdrp! bikpl Spkeaneat | At iMABE@NnFRCtor
h doldowscige deseripti o8uenf theesi pykat i rf
for DARP test cases ULSII ng the JSTOF ci ?EBB% ?{h[%%g%lrgnce
resigiualyngér stlved fildtespase-nimenpretessi.rg ,f otoj daltve the
foll&hjﬁ{ [ &n lzaetductl on. nd channel estinmation has been
TR hase s ion Te an array o f M antennas

i's avallable Assunlng t hat the equival ent channe
response for the single desired user can b e nodeled a

S wfxa,ph mi‘nl te Inpul se Response (FIR) filter,
snap hot sanple o f the recei ved baseband si gnal can4b

e expressed a s () = c(l)sk_, + v(k) = Hs(A) +
V(A) , (1) /=0 where x(k) i s an Ml vector

It geaepresdrtumy tthes dlteputptfimeh twea gt e@nas, H is an ML
matri x containing the channel response

-1
wapl = Rx Rx.chapl 4 (5)
and the optimal channel estimation h,, is the eigenvector

corresponding to the minimum eigenvalue of the 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'ST, ((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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for the antenna array, s(k) is an Lxl vector for the

correspondi ng synbols transmtted, and v(k) is an Ml
wovmot/ermeéoncl udi ng the AWGN and t he i nterfer encT/qAa®06/000855

space-tine extension for formula (1) can b e obtained

b y stacking N tinme-delayed versions o f x(k) into a

tall % [ : f.ql | X e .
matEEfNﬁ$)Pg%#?.88&9m€2e%g%1§%t%%n S ohs tﬂ!‘éﬁ%kkg£ Eﬁgh% the

i X°18 "o oeplitz version o
mnaxd -1 ike16hoda IMI) - estipkeboNr2uhIcn The §aﬂ£h§§ization

that correspond to the training sequence can b

of ¢olel dotlddwiXag=quaplkity(k + \),---,x(k + p-1)] = m+ 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,

= I 3., k+p- | [ L+N- |
22n\(/§l’ﬁt$%hé%tlﬁﬂ'g—o?ﬁ”he' t rZi( niJrgg )slm‘logl gn (Th; | oi) )rilt%)

optim zation is to find a non-trivial Ml weight
vector w for a space-tinme filter and a non-trivia

In (s | not-0nanneln £SEpABEL@IM¥EGE e N afher Ahepét| I8 the

such that the output Interference residual of the _
indeiplenetenits amamingilzed,s ialeayst desel vbanhef ¢ldued ng M and H

. _optim.zation problem mmw X-h s .=t can be foun

= PR TRG T001 A U GHe | oS ancE1h6t Bt il SRARRLAY Lo

1) .eStHemBidran oplcient N, b GBIVECt &dn s reSe@NdbAgt he rank-1
the m ni mum ei genval ue of the matrix R-RfFR-'R , where

appROxXLmRtion OMNKIIR) Sperertamg  S11teEl+N-1) x (L+N-1) )

a”%HEUJé%dﬁiéﬁfé%rt(ﬂﬁﬁﬁR%(éﬂﬁ$é%méntV§$% %%%eg &E@%erent

the noi se plus interference conponent
approach to find the joint optimum solutions for the filter

weight and the channel estimation. It is possible to find

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

A

H =HH", (10)

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:
H, =RV, , and (11)
Hs =Rstt' (12)

where R, =R!’RP? is the Cholesky factorization and Vou

consists of the M eigenvectors corresponding to the top M

eigenvalues of the matrix D,
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space-tine nodel of equation (3) is no |onger white

but approxi mately Gaussian distributed with unknown
wanvanidesscemat rix R v , the optinmal estimti orPFTOCA20b&000855

channel His the maxi mum|i kelihood (M) estimtion,

which is a mnimzation of the foll ow ng quantity:

*(H Rpwy= X2HS :9 ) In this non-limting
D R’ liioﬁggg,;k (13)

space-t'i ne t he nunber of the independent
channels is always |ess than or equal to M and i's
usual Iy rank deficient, i.e., rank(H =r < mn(M,

In p+Nexl ptepthdhearmetddm@lciwaitgNL fobtken eRacoet imedfilter

f - -1 approxi mati on of the space-tine filter.
CanTﬁé &ggékﬂggr% it in one enbodi nent can use a

di fferent approach to find the joint optinum solutions
for the filter weight and the channel estimation. It

i svpssRoIR Hp, find t HMNKM) esti mation of H. The (14)
estimati on can be deconposed as where H(M\XM is the
estimation of the space matrix of Hand Hr ((L+N-1)

X i - St Len , N matrix of H . They
a“dc?ﬁebépégﬁaﬁnéégg‘y‘?"zHe,gf%h?“g?f%b ° and (11) H= R H,,
(12) where R is the Chol esky factorization and V DM
consi sts_of,the M eigenvectors corresponding to the
t o M=ewgertal ues of(Mxte+Naldix D ,In a next step, th&)

opti mal weight for the space-tinme filter can be
obt ai ned by and the optimal channel estinmation is hop

oth 1ho st 1) Lok IR0 BRSLANE age-cine
filtert hen sanplags dr orfilthe amt emea aampye4.ffdreathy tdetenna
arrgﬁt%%RSéYéJJ¥§féﬂéeﬁuéghééiék gggefMlter 30 still have M
channels, and it 1is a MIMO system. The optimal channel
estimation 1in egquation (15) can be used for the multi-
channel matched filters 32. The outputs of the matched
filter are then combined (summed up) and rescaled in the
rescaling circuit 34 to the modified desired level. The
final output is a single-channel sample stream and can be
fed into the Viterbi equalizer 38. Note also that the number
of channel taps after the JSTOF has been changed 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 1loss, 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 is below a ©predefined threshold the JSTOF

receiver 1s turned off and the conventional receiver is
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channels, and it is a MM system The optiml channe

estimation in equation (15) can be used for the nulti
wahanowbeomat ched filters 32. The out puts of tIRCTeAWb&)085S

filter are then conbined (sunmed up) and rescaled in

the rescaling circuit 34 to the nodified desired
turh@¥elon Thenki nalp RUIPHER | 828 B0E 85 ENANRBIERTR Snce the

stream and can be fed into the Viterbi” equalizer 38.
esthoiae¢ i@ns o ft Hat i shéonanbereqiiachann¢l0i aps after the

JSTOF has been changed to L+N-I conparing to L of the

nodel ed channel taps before the JSTOF. It was observed

by simul ati :that the JSTCF receiver incurred nore

that 1 dB Mﬁﬁﬂ in the purear@®iyH'gses conpared to the

comf¥fiei Bnar Leper US e ipnal filter(16)
To reduceﬂxhéﬂﬁ ss&ﬁg“girggegy_gﬁagﬁﬁgﬁa I ¢ switching
bet ween the JSTOF and conventional receivers was

devel oped. The switching is based on the neasurenent

f e, di r t [
and?hteﬁﬁélll‘g’é&%\hgﬁ%shggai P%er en glt%s%dbe owu%q%%?lénggm and
(18t)hreshol d the JSTOF receiver is turned off and the
conventional receiver isturned on. The input SINR can
be easily conputed once the estimation of His done in
equatiogh( ) . :i6) and the output SINR can be
SZN%QSEUte #Ppm equat i ons (14)Uﬁhd%$£59): On tge ngbqu)
Sre,) a ¥ ntugl? a R #4{KY RCaN be ey "UR RY hihe
conbi”ﬁvanJ "GS“ ovg;r(ggjr;'plxi ngﬁ%nd t'he gggaf”ét fso”'}to)f t he
real and imaginary parts as shown in FIG 1 . In
accordance with various enbodi nents, the joint optinum
On MhOrngpddes tdirde f id terrtand chatwmeta estraptcom setset up by

forth in equatiaons (14) and (15) enhances interference
the combination of oversampling and the separation of 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 1in equations (14) and (15) enhances interference
suppression performance. The MISO multi-channel matched
filters 32, which are based on the channel estimation in
equation (15), improve the error rate performance while
reducing the complexity of the Viterbi eqgualizer 38. A
strategy of automatic switching °~ between JSTOF and
conventional receivers reduces the loss in pure AWGN cases.

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

differences are the way 1in which the inverse of the

autocorrelation matrix R, 1is calculated and the way in which

the channel H is estimated with reduced rank.

One such implementation 1s a Cholesky decomposition-
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suppressi on performance. The M SO nul ti-channel
mat ched filters 32, which are based on the channel
weemih7/ombécon i n equation (15), inprove the err ACT@A®06/000855
performance whil e reducing the conplexity of the
Viterbi equalizer 38. A strategy of automatic
ba S t ChANG et welyhShn and convent i ol T agfd VersS genvalue
reduces the loss in pure AWGN cases. The JSTOF definhed
dedynBeat i NS of6)mat(din) ®anike dqutermnt ed3i n dddarantally,
ways in terns of nunmerical stability and conputational
sirespl Bxit ys Themmetad cdi Poelénves aghed itlid eway tihe wiiheh esky
the inverse of the autocorrelation matrix Ris
de CRMRYUT HE B L $He  way i n which the channel His
estimated wth reduced rank. One such inpl enentation
is a Chol esky deconpositionbased matrix inversion of K
X aRq sthel'ei genval ue deconposition of matrix Din  (18)
equation (13) . Specifically, since Kx is symretric
positive definite, the Chol esky deconposition exists:
D R=L XT. i ? D can be rewitten as D=D1D , (19 ;
e &9 oG E héShot ed that the inverse is actually
performed with the square-root of R, and the explicit
conmputation of the inverse nay be avoi ded by the
bacRsubgB] fution. Also, Dis nunerically stable (19)
because of its structure of nutual cancellations. This
was verified by sinulations that showed the condition
whatober of Dis seldomgreater than 300. This inplies
t he ei genval ue deconposition on D would not require
undul y sophisticated al gorithns for

D, =L'RLL. (20)

It should be noted that the inverse 1s 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 relatively 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
wpmhenwse | y have the | east conputati onal conBGEXCA0066000855

t he approaches outlined herein. One potenti al

nunerical concern is the Chol esky deconposition on R,

i nb | b
shdfed ! © pERRYe, ST Eh gt roR g e%%%égy%@eﬁa;eéat YLy less
thi® §@7m3evd§9 19F e QG- s%rerrrrgarﬁoss'gﬂ&@t RSPRYGh and

however, that the condition er of R1s ai ess t'han
ven;ml@we@aml@nﬂ’eoemtr@né%@mr(@éI)sux:mt;assvery hi gh

and ver Iowcarrler o-i_nter enc ratlos I

accor da"’ynccceovfilj %n “4iTer A%t e® iﬁ%’d? m%‘ﬁ the or

de deapaposi éh obni Bhehe aagne! elcdeiai nnargayb@eugéadtbo avoid the

avoid the direct calculation of the inverse of Kx . _
disepeeceheuXatipn el:fhath@n i e risas $al IR .col simce anke i X' in

has t he un| que R deconposition X 7 = (21) where Q
eq‘r‘%tlaorbxl\ﬁ’l\?l nmalf#Fx fltlh 6PLHBYonERD ol Btﬁnsh%%d tRe supique QR

deé&hﬂ;oé?@foww upper triangular matrix. It can be
shown that and the D in equation (13) can be witten

in the formof equation (19) with the D 1 re-defined

by Ihe reduced rank channel estinmation may be
per?‘or‘n@&{wth t he ei genval ue deconposition on D as [#l)
t he previous approach, and the optimumfilter wei ght
matrix of (14) can be reduced as v opl = R-1D VDM (24

whdhé sQapproaekmi smbesi gcakiyhasregovyvabentolemsisornef R is a

Chol esky deconposition in the sanple domain since one
futhnghok tMEtMR mpper |triasgwhgpr owed runeritalcan be shown
tlrlstabl lity 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
D, =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
Won =R—1D1TVDM . (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
WOREO66 of gi ven size) and | arger sanpl e nmatRGIXCA2006/000855
(having approximately 3 tinmes as many rows in an
exanpl e case where M=4, N=2 and L=5) . The two
sh&HKHh h§$ Eesc Eb%%sagﬁéﬁi dlqdﬁé¥ﬁ£§it£kabl+%%% aE the

at1 on of he tri r-x rnverse

;Jel?is% ey be rgane By b@%%oﬁ%&@%&'t&%"‘%ns éHt!EPg BeMpEOxity
yet another alternate approach, i.e %e si ngul ar

(realigd ndec oppasixiimes el SVDF wappr oagh,mae rmxema<clons for a
ersi be de nd, t he nunerl bi.l it .
math& % fuggﬁgn |S§¥8L qu? q. apms ngﬁ. a%fﬁls (having

|n so tlons

appnmxmmﬂﬂékyEﬁtslmééhaéhﬁaSyDramsth&!ﬁﬂﬂéfhm§¢é|%a55 where
equation (3) where Uis a pxMN matrix wth
M=4or th 3g@ﬁ’§1 L&) ums, V x is an M\XMN ort hogonal natrix

andpe i §,8N M&ie@goaégcﬁﬁé&ix’a%v_e diag(s ’reéifﬁe the
L,) , with the singular values on its diagonal can

Cowtﬂt@m tCh%uthe fwaSgQWpr (atgig Thevdrde equam@g]h this

h t ati Qn (19
ma de |ne Oigle %a'e c%gr]?ngl E%ﬁg °on ma)% %81 OBt apﬁgd by yet
andth&rSVDaDﬂefhé.t@ndatplperofalc[ht,er Wed ght makri xsiveyulber value
witten asvvhere V contains the top Mright singular

decpmros e g p(3VD) TREPSIBSGMY t hie érﬁpﬁrdd‘chlﬁﬁWFéE]m M@y be

avd iR QQﬂpuﬁﬁé'ﬁﬂ%ekh@ﬁltB%agHQH%§k¥w@nqm§I%urther improved
deconpositions used in the previ ous two approaches .

in A&orae c@ﬁpéwsbmoas t A& ishramp rpprioaghest suvliithed hebo¥eD on
= Clgn%ltqfsilggy, u%q:q %V[?)3 the table in FIG 9
Biay Ut ion

e conp ons step y ‘'step for an exanple
vvhere M=4, N:2 and

X"=U 3z vV’ (25)

x™x Tx !

where U, is a pxMN matrix with orthogonal columns, V_ is an

MNxMN orthogonal matrix and X, is an MNxMN diagonal matrix,

z, =diag(o,,:",0,,), with the sinqgular values on its diagonal.

It can be shown that
R =V Z?V], (26)

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

D, =L]SU,. (27)

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

the filter weight matrix may be written as
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L=5. To find the best timng of the burst, the JSTOF

searches a nunber of tim ng hypotheses and the one
wamor/ewp@ndi ng to the m ni num out put resi dual BRCI/CA8&000855

as the best timng. The output residual is defined by:

| w, , X-h;,s|2, (29) The search process basically

repeats the operations listed in the table for each

hypot hesi s, but the input sanple natrices fromthe

congecwtve'mivi ng hypot heses change slightly by (28)
opl . x™x I . .

appendi ng and del eting a col unm. The updating and the
downdating algorithns are potentially applicable to
some_of the operations, and the overall conputation

whepaid Yoy Gutteritisal Fye beopeffuddghtLaingudar eppesent of D, .

th ample . matrix at_ tine instant k . It may b .
Th,asY Bt Bl r GREQETT QTP 35 90156 JBF¥E FRPRBFatipRs, than
thd) tho{89kywhaHe OX( detdmposiltions lused ik #hé>plekkious two

(31) The sanmple matrix at tinme k+1 may b e expressed a
apRrogehes 1) = [X(Jt + 1), ( + /?)]. (32) The

aut pcorr L QF t rigx ty + f Lf

O I e U et S e
(i)e ThiGho¢begkeon®RnadndnS¥Df, athankabldowndate€.ad lasts the

rank-1. updat e. e hyperholic rotation-based a rith
ol AT e SRvRdatt G the @bl G ractarroalign Pe2 and
L=5gt fortdind Makri ye€onpuiaihgnsod Yrk®d! Wumsst, a dhe . JsTOF

3rd edition, 1996. Another applicabl e updat e/ downdat e
SeQFGd?T t hih dindERSded ¢h cbimbnet &Aypotdgsess faydQ Rhe one

jtl o I ch kS e e.a r atat |
o T Re S en O R e e Py el o
the lpast i timarg apPie cattimre wddidlepenits atefined by:

w! X-h’ §2,

apt opt

e=|

(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

X(k+1) =[X(k+1),--,X(k+ p-1)] . (31)
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factors such as avail abl e processing resources,
conput ational conplexity, etc., as wll be
woappr/ews@t ed b y those skilled in the art. O IT/CA2006/000855
approaches may also b e used, a s will also b e
appreciated b y those skilled in the art. The
performance o f the JSTOF based receiver has been
eval uated b y Matlab sinul ati ons usi ng an extended
TheBlsERpsiemmadinion agngiime. kKFHe mpar deeeaps essred ks JSTOF
based receiver can b e set wth different aspects.
Exanples o f values follow. 1 ) The oversanpling ratio

( f_ ected, which maps to the nunbey.
O PO K AIRE B P e el TS o ngb(32)
exanpl e, and sinulation shows that reducing the OSR to

1 causes significant performnce degradations ; 2 ) A
Then #FEC T e Wadridy d12 tddiXapdd tdawplked hRP &&e Berm

selected a s 2 . Increasing the nunber, however, does

not al ways i nprove the performance; 3 ) A reduced rank

f orRt ter YRaRN@ -EBXO WEr TRIH )k ¢oR e sel ected as A3

I ncreasing or decreasing the rank does not necessarily
i mprove the performance. 4 ) An auto-switch threshold
can.be 4.75 dB. 5.) A soft decision output can he
Thifuanti zf’echWg%HBi%%Z?“wi he 1T BEbi 5 PRE TR d‘?’ﬁgt & grank-1
upditles. camrenpr ovpetrbe1per f orgRAEgoBbgsBal | YallgbrPT8Bmd. for
Soft deci sion correction can be enabled. The AMR
updgfdady darmsisdiingrdtrarshol oskan fpetagddataovydisuatet forth

in SR e (ORI oL B ISR, L S8 o) SRR s

t hifougtheut abel scawl at upnsteAdsivmdieaki anl gani t1800disclosed
intééfﬂﬁset ai. 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 using 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 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;

2) A number of temporal delayed samples (N) can be

selected as 2. Increasing the number, however, does not
22
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(bl ocks) for each case. The FER s of the receiver,

against the carrier-tointerference (C/l) ratio, are
woshowmInes t he graph of FIG 3 . The margi ns agaimeA20061&)0855

ref erence performance specified are listed in the

table bel ow. The performance of the receiver under

S nd wi thout the

auto SXFN ﬁ%%gggthfe §§?§ S gﬁ% in the graphs of FIG

4 a8nd FRGreblucerdespedt iflel yheThehaginelt egyspeuse edat hex can

l oss in AWGN by abo 1 dB (at, FER =10% and | ncurred

i Pel es%%%t?%r A5TSM5,  Hier SRFFCES 1 8Cei VRFF @A P PcITige rank

MulgdeR! oY tn%"c@ss%qliqu' aﬁﬁovteolth@w@@rl@)srﬁ\ance

mul ti-channel match filter, which conbines the soft

dedilsi oAs @Mﬁ@rswhéC@qm@Kﬁﬁépéd Aanebal ¢ .7 dBown and

conpareqd wth the o inal._in the grap f Fl

PegBor rrg‘nce t{:]Can I gel\/a At P Wi A" a be gll %ntéztegstlncaseblts

DT&i%Rh .WEaterddweiritel alye olvitibR asyehponsusannt igesws the

can be configured. The perforpmance at 0 and of the

buPSE HOEAGNNS s SREAMTPHIY he aph BHFE - ‘G PoftThedecision

r el dendinc 2k tbféatentalaqeeerfor mance of JSTOF
recei ver degrades "slowy" with severe delay of the

i ntTévef eAMR. Sheecbovdadesdri b€GHrAEEL¢er negn be used to
nt ageousl e u [ ele devi c
eva? %.,Q%ETI%?%FOﬁ%vﬁg%sf@amw%I#giégce?luFrmsbagi FER. The

propladfaitdrs, foonexanhphe. TADxamP1®50MHa nobahe We el 8s8umed
comuni cati ons devjce 1000 that may be used is further

EhrgagdoUWed PR t HEMBIGIMARS bePows Whthat &ePRr it tlQU8 grrials

bﬁ%ckéyh%cge%b%% 1QQQ il lustratively includes a housing
1200, a keyp ad 1400 and an out put device 1600. The

outTiuet HER se shownhé s reatiisfiray BE@ONSWhi Ehei scarrier-to-
1ntef¥g¥é%¥é/Eb;fylratlo, 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
DTsS-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 1s shown

in the graphs of FIG. 4 and FIG. 5, respectively. The

strategy reduced the loss in AWGN by about 1 dB (at FER =
23
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graphic LCD. O her types of output devices may
alternatively be utilized. A processing device 1800 is
womnt/eidne@d W thin the housing 1200 and i s coumGIICA2006/000855
bet ween the keypad 1400 and the display 1600. The
processi ng device 1800 controls the operation of the

104l 50) o4 1600, a1 Vel | 7. e, Ougpsld operation of the

e device in response to actuation of keys
oTlide KeEFpad hﬁhbimenhecaser1dﬁﬂmdanmmugtiﬁD@ Ml terbi

nga verti aII t ake on_ot her_.si ze
e aaato L FREFHGPRY ol LR At TSP okiiFEgy which
comdJige keypad sont i ded Usheords ”Qd@eﬁe|t$1%t L &kEYae s . ohhelesult
hardware or software for sw tching between text entry

is shewel ephofP™aRed | Wikldittieonotdginalpristesdenggraph of

rrgdeyice 1800, other parts of the nobile device 1000 are
shown schematically in FIG 8 . These include a
commmﬁmrmam©mscsubbysb&mﬂh@@bd aigtord -madpeied test case

cati ns ste 0; the keypad 1400 and the
DTS G AD ST B0 g ea S O SPor ISR e Taeg T Eager® can
be d&6HigitSs, ﬂﬂ@opéﬂﬂoﬂﬂﬁﬁceaétmﬁl|V?S%WEHBV% @@VitERS burst
1160, 1180 and various ot her device subsystens 1201.

lenghe hpbFhevdeyPcEheognaprs pfeféFabi’y dhewsekay tRF indicate
tha€COPHNI géEEB%aHSM' fﬁ hapdrag V%Sga%g dal ades ."slowly”

comuni cat1 ons capabilities. In addition, nobi I'é
witrde;ve*c@rdO@@law ed erdig yimasr idreecapabi l ity to

nlcate r CO uter systens Vi a
o St S A0 PR S S OTPUL Y e e i TBel p RS Lynge used
in RbPLEESWAGedewisCRelBRR s S(Preferadl \usd OredviBed) as well
persistent store, such as the flash nenory 1160, but

as ﬁ@}lblelasrt obPedei rsitthein gy péerofexamts- dévi ce§am§é@h of a
mob?@eaw£§ége99|EOHEUHEXaQBgW% Qeviicd 1 @oos L 4 be used

elenent. In addition, system software, speci evice
is épptheatdeﬁsrlbedpant$hﬁuaxaMplen@elmw 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
other hardware or software for switching between text entry

and telephony entry.
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tenporarily loaded into a volatile store, such as the
random access nenory (RAM 1180. Comruni cati ons
waostognedosear ecei ved by the nobil e device nay al SRCT€A2006/000855
stored in the RAM 1180. The processing device 1800, in
addition to its operating system functions, enables

execut | of hsebt ware | Gaty ; 6§ 0 h
del\?fcgeagg%)oénAepre gt rm r?e%qsg?r}%f\;%%gﬁ cati yﬁgﬂ?%a?arts
of womtmabibasdeviesi $@00perat sbnsn sobhmasidafayand FIG. 8.

voi ce formuni cations 1E.OOA and,_1300B E.rﬁ lbe install ed
Thegsh 1he" §évi 2eCT808 467 F h" FaRBP&LE LPR, #1208 & ot -4ange
commed S o f fumsd y SfenranARD; (RINY aRRijaeat nAVOTKNRE the

install ed during manufacture. The PIMis preferably

disRkpabRE08i ot berY zMAGhanet kehadrRy tdararitemevierh 4960,

108@,”3&5.0003-4:1%” hg\/e%s' MAl C&s MRkl awi@é?n%Fso‘?milso
task rtems. The PI M appﬁ Icatiton 1s alyso preferably

and cepabbes obtsemndidey imed guceisderg dERQL 1 tBns wmbhide device

i rel ess_network 1401, Preferabl the PIMdata.ite .
100dy {8 ERRFAEFDY R obPareay REnERPEHR35H CARNC daRiEH TRy ing
voiddieandir @h€8SchrhuRi Kald48dsWehPabhei deybCeTHsSaldStion, the

corresponding data itens stored or associated with a

mobhkt eeipaeer QAL enprehafimt Cat P8A f Ul i opdpability  to
. . voi . -~ q

T e e L A M e
po3se i tyindir eyglt ethesshiowé re arge admuunbgattilons processing
subs m The conmuni cationg subsystem. 1001 i nc¢l udes

devide Y800 ets 18087 CARPF knahd Lrar (5300 RRASbRE 0P LA Fe SuCh

as @péemnashladkhoad 156d, bat afdiyt ben,std®d in other types
comuni cati ons subsystem 1001 al so i ncludes a

of Beseysi AGVABEEN e, SEEREhads & diAd aPPdVgnaPMpFBceIf) or

sim{ 25F) §é§9a%@ndeh8@éht930&h' agea&&bg) 169len™8ottware,
speci fic design and | npl enentation of the

specoimuni detions apbsystteimi00l dis  deparsdertheupof t heay 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 1installed 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
items. The PIM application 1is also preferably capable of
sending and receiving data items via a wireless network

1401. Preferably, the PIM data items are seamlessly
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conmuni cations network in which the nobile device 1000
is intended to operate. For exanple, a nobile device
wOolB00o01vess | ncl ude a conmuni cati ons subsyst em TEIICA2006/000855
designed to operate with the Mbitex(tn), Data TAC(tm
or General Packet Radio Service (GPRS) nobil e data
int eQERYY catd ans, et warks, ,89d aLggedasi gzrlt%,d L OPeL @t ess

Wi th any of” a variety of voice comruni cations
netweathndrdds, wsiidh Hse AMPE, c DMe r GO r MEEIM A PGS, d@SM items
EDGE, etc. O her, types of data and,vQice networKks,
StonEgt 177 AEEoSE o T gt AP0, CoRy Lo ST | sed
Widdhriute gmlidre  devieei dR0. Theluvabhge detiace a0 voice
may al so be conpliant with other conmunjcations )
CoMMUHI@dr®P SSucR&s BESVCrBERP, thRPeahet EDeNefRBRRN1ICations

subs3RGR%S £60L] eMBRlS VEEYs ASPENdLAYoHBAN e L YRRGPE - range

comuni cat1 on system  For exanple, i1n the Mbitex and
commDatizBAC aret woulksy s i | Ehdewicresindica triegiss t erety oren hd001
. nef wor k usi ng a unj personal _id Lfi | on_nunber
lnClélr P I\Pasrseoccel%zﬁeerd éwgpﬁ’ eaachgtrj‘gﬁ}lsrgle.g%ﬁ é%%g’ne?l\}\gr I?sn,e oF

moreGEMRTna NELSED Kagd CES60 | sTrassodiat @, wehd aommunications
subscri ber or_user of a device. A GPRS devijce

subsidieat YWY eyliF? esnaL 8BS c i BEPCEERENEy TS, Such as a

digiGymoa] ¥n i ef erbedskeras gy Msg6d. ahA orglel: t8scillators
operate” on a GPRS networ k. When required network

(LOslegl 60t at iThe ospecifvat designocudur ésphamenbsgnon of the

conpl et.ed, th bi devy 1000 ma seq? nd receive
ComWﬁﬂﬁﬁﬁ%%%iﬁ ong“g?&ﬁg?@ o&%r helgonﬁ%e %%.?%% netWor k the

commiAlikatSiggal setecekveas fwioidh heheommbi lcat HerscaetMOK is
1401 by the antenna 1540 are routed to_the receiver

intepsiRe Whi BREpROGT dEST ARl AnPPPEiEadieyice 1000 may

incﬂ&ﬁ@q§n€¥mﬁgﬂﬁc§998§gSEQBSVEEEﬁeﬁb@g’dﬂEﬂHﬁgd to operate
n

selection, etc., a may al so provide analog to

withﬁgﬁq;ﬂobitexm, Data TAC™ or General Packet Radio Service
(GPRS) mobile data communications networks, and also
designed to operate with any of a variety of voice
communications networks, such as AMPS, TDMA, CDMA, WCDMA,
PCS, GSM, EDGE, etc. Other types of data and voice networks,
both separate and integrated, may also be utilized with the
mobile device 1000. The mobile device 1000 may also be
compliant with other communications standards such as 3GSM,
3GPP, UMTS, etc.

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 persocnal identification number or PIN
associated with each device. In GPRS networks, however,
network access is associated with a subscriber or user of a

device. A GPRS device therefore requires a subscriber
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conversion. Anal og-to-digital conversion of the

recei ved signal allows the DSP 1580 to perform nore
wamapbwresconmruni cat i ons functions, such as derriudA00©000855

and decoding. In a simlar manner, signals to be

transmtted to the network 1401 are processed (e.g.

, a de by, 80, and a t :

ldedp?lo | déng%tug%t’heg§r8xg§§%r¥ttree}r{é%slggipf é? Cﬁ%l %al 5?1\3 gc’ﬁa do’g i

ordemnuercspery t é ragueeBRUmeonviel sion, filtering,
amplification and transm ssion to thﬁ,cormuni cati o

n .
nethWih k TROPIESE ntOTRES vESILRETANTt8Ana 95602t Vation

pro@&iditd HNhh Qe PrREes St st LOBANI €AbI @id%i3iedndd $icd heoPGPmay
1580 provides for control of the receiver 1500 and the
sendrandnilt t eF€I82Ve FoFomRuRpratigadns apprpéd toover  the

' i 0 Lgpal § 40k the rgegiver apd ¢
c© ﬁransmlt?(?rger Q%Egb?}gy %gogdapﬁlﬁelysconfroé%)?\éd thrgarah the
comrawt Dreat ienganateonkr Al40l doy | thas aneinee k40 | areheouted
DSP 1580. 1n, a dat ni cati.ons node, a received

to sigal, SHH G a ta]eic? mesddgeor W Y3ESE do ro:d,Siglrlal

ampl Sf PELELSSLUf B¥qh 88§ OHBWAI e3hiveRsisHDSYStierrifQ] amdnnel
IS input to the processing device 1800. The received

sele¢yhan, | £%hen ROt HBRY pr s@d oy deheappdegssihgdigital

comﬁ%%@fc?n 18%£P§%%pﬂ%af 0 é%&ﬁ%rﬁéﬁﬁo%e‘” f&g&ived

ernatively Somnme er auxiliary evi ce
sigredeviadéouser timy ab3® cdAPOse tadat petbmey swohas complex
e-nmai |l _pessa es., usi ng thehke%pgd 1 09 gnd/or S0 .
comPIpEraGHRT i ARYCH S devPRE" 1880 0C8GEH A5 18 BUEhSEEOE I -
In rOCkS8mMiSVA Chanddiunbighaek, 06 spde otdedmitvped ofto  the
I nput devi ce. The conposed data itens may then be
netyehhsAftPled Iy P eFRS c¥fmifii Eat i%lﬁéﬁ%r%qm@cwﬂad) by

the 1 B8PCAEBANI 511 9PS SHRRY SO} -t6 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.

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, is processed by
the communications subsystem 1001 and i1is input to the
processing device 1800. The received signal is then further
processed by the processing device 1800 for an output to the
display 1600, or alternatively to some other auxiliary I/0

device 1060. A device user may also compose data items, such
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In a voi ce conmuni cati ons node, overall operation of

the device is substantially simlar to the data
womonubeat i ons node, except that received si RGA/GARWDE000855

out put to a speaker 1100, and signals for transm ssion

are generated by a m crophone 1120. Alternative voice

ol_Aaudi o sy , C ' e
as PR e TR ALETLaNTHE, RS hfibf MUGE RSP0 ome other
auxdediaxey 1000. devadeli 11060, t hecdi g8 ayp 1600chpydal 0 lbecker

utilized {n voice conmuni cations, node, for exanple to .
SWigidhl af FH&mPaélﬁt?ng S ST | PhEepateye 1He H“BE& i gRvice.

Thedf c8n¥OLE8 CRlda QteRbhafayokfBnCald EehakRdtted over the
i nformati on. The short-range conmuni cati ons subsystem

comsnepl @t kgt et ol 4@ vieéa the febiieidevieesiepbsystem
@nd other proxi mate systens or devices, which need not
necessarily be sinmilar devices. For exanple, the
shart - rangel c®Mmevnmcati icans osagbsysiem pagrefhd!| ugemtion of

i nfrared device and associ.ated circui.ts and
the omiaiS. 05 & BUALLHALY comiHied | ohe mbhfe data

contrfurr QM idsh  AfogOMaiRt &3t | ORa Locsi vhashynenabhed output
systens and devices. Many nodifications and other
to enpodPREAKST of 1AR8 /| n\Pé‘ﬁ%i ot aitals coher t otrpesHipgien are

geAH¥%§§8'59daim&é¥% Jn&aYi?S.tﬁ%x%?%%@h%eQQ&fgé or audio
teachi ngs” presented in the Toregoing descriptions and
I/0 haulaspoterat edsdelawangs. vdheeefmessaget resouddaysksabdystem,

that the invention is not 1o ke lim to_the .. .
me s JEET 1 16 eHUGHTHERT &3 oPScHRSeRE VAR EAUP: mbth FREkEiBRs the
dispichenbedoneniys alsoi Heendedligede inncaites WokhuAitBeions
scope of the invention.CLAIM5 : 1 . wreless _
mognmmiitcatkaRBl8eviee Toiphdwi he identity of a calling

party, the duration of a voice call, or other voice call
related information.

The short-range communications subsysten 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 include 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
foregoing descriptions and the associated drawings.
Therefore, it 1s understood that the invention is not to be
limited to the specific embodiments disclosed, and that
modifications and embodiments are intended to be included

within the scope of the invention.
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awreless transmtter and a wirel ess receiver; said

W rel ess receiver conprising a filter for reducing
wamorh@neel interference within a communi cati GGI/CA2006/000855
recei ver and conprising a nmulti-channel, space-tine
filter circuit that filters n signal parts that have

n split froma conmuni cations signal by jointly

4+ mati ng space-tinme filter weights and multi-channel
i mpul se responses (CIRs) , and a nulti-channel,
mat ched filter circuit that receives nmulti -channel

1. S|pgﬁ%91rse]fer§ﬁn%ﬁ‘é“%ﬂqqtlcﬂ%lﬁjé?V1°§p§€§‘Hri%?érﬂ I ter
Cig GHite 1@ haMighia ddy (81 L3RI dhdle des RIQVi ded
by a channel inpul se response estimtion fromt he
s;mﬂeitwweelfess erewxmmtcor@rlsirengréié‘ssr for reducing
co- GO cali ons, deylee, ofp A al m Ao pherelp. sal d LELISE . ang
urr{rher conprises a vir antenna Ci'rcui nect ed
compg 1 sSiaidl nul ti-channel, space tine filter ci rcw t that
splits the comuni cat| ons signal . into_odd and even
sarrpl ed FEAtlafhanRgdinafPehesiyRal pattesr Fircpd that
Wi el €SS comunycat | s deviggeofn @i Welnwhgpeip saidh a
mul ti-channel, Space-tine filter circuit conprises at
| ecammtme:amlqnqol $egndé br biyulXdipitdivhge shthasighabppaet time
by, espectl Ve spa ti bl i gh Th
V\Afrle €55 Cor rhtlscatigrcl)%s gg\l/lé%e£§%n>§%\i £'§pw%8(ree| %es Pgses
at(d®Est, ored nul tiplier conprises a pair thereof

connected in Far allel;_ and wherein said nulti-channel
space- t3 me™fi Farnapreli t FELCRER cdrpri®es @ircuit that

r er%l?&fx}é@dﬁh@t’lﬁbﬁgf#hélf @rlge@qa SRl tRAr hiuGerneehaden,
to an input of one of said pair of multipliers.
space-time filter circuit and having a filter response

CLA

that is provided by a channel impulse 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 1least one multiplier comprises a pair thereof
connected in parallel; and wherein said multi-channel,

space-time filter circuit further comprises a respective
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5 . The wirel ess comuni cati ons device of Claim4
wherei n the conmuni cati ons signal conprises a
wtonr/eddnésy of synbols; and wherein each of saiRCT/CA2006/000855
multipliers and delay circuits has about a one-synbo
del ay associated therewith. 6 . The wireless
del£PMBUNRLGAE | @B %%%hC%ﬂEhéﬁﬁBé?é3a%ﬁ%é%{béatg %hlgﬁgut of
further conprises a respective sumrer CcIrcul or “each
one chfangrel d fal s updri mgl biwpikss of the nultipliers. 7
The wirel ess communi cati ons device of Claim1 wherein
said filter further conprises a joint optimal filter
5. weTight siandesbarieimesidaminlrs f@vieseby na 4imi Bi Rherein
sequence sgnbols and timng uncertainty data and for
the (eNBPYRT At LPAE e SLPRB LT 9T IR&iSg R sPE@Fakary of symbols;

andrm%é#eﬁﬂaaaéh'p%p%%ﬁd”ﬂﬁigﬂﬂff§r§'£ﬁ&l&ef??.@iﬁcuitﬁ has
mul ti -channel inpul se response for said nulti-channe
aboyfata e T3yl cdelay tas®ociatse wilrexteasisth.
comuni cations device of Claim1l wherein said filter
further conprises an equalizer circuit downstream from

6. sdittk milkeiebanr@mmurBlcehtadnfs |deri€dredi tc18m A wherein
. Wi rel ess communi cations device conprising: a wireless
Salq AnSHEft efUEMFR FPFEFdSSSr et er@EPLCEaNE Wiless circuit

forré&éﬂ\ﬁﬂaﬁﬁgﬂ”fé¥rgbﬁhfdétéyﬁéﬁggfg?féﬁérﬁ§y§§ﬂ¥%ers.
co-channel interference an onprising a join
space-tine filter conprising a multi-channel,

space-ti filter circuit .that filters si.gnal parts
T R hLEBhGhR o e e Borii Gt PEnL edhal Bperetn
said di nider eSir it NGSPBEEsés N8 folheropRighl SraNder weights
a

mul ti-channel inpulse responses (CIRs) , and a
and 1, Fh3nREhnn8Ft IRtaEERed TOM t S1° %8 EUIT  t hedinbeei vesquence

symgBAld | Ghannsln$ignangfHtamkhe mukti channek, 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;
said wireless receiver comprising a filter system for
reducing co-channel interference and comprising
a joint space-time filter comprising
a multi-channel, space-time filter circuit
that filters n signal parts that have been split

from a communications signal by jointly estimating
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space-tinme filter circuit and having a filter response

that is provided by a channel inpul se response
weemihi/ombécon fromthe space-tinme filter circui tRBCTA4R0861000855

alternative filter operative when an interference

level is below a predeterm ned threshold and

conpri skpgca-opheheds{i{Ler. Re£4198S- CUY !Euﬂd¥¥i—channel

circuit, and a switch nmechanismfor switching the n

si gnal papussenrespoeseat ¢BERST | Ihaed_ an:j

cross-correl ati ireuit. -10. T r S , _

connunicatio%s gg&ﬁég%anéﬂmuﬂ%féhéﬁe?hf§%¥dcﬁ6FH€t that

space-traeeivésermhltiheha®oapr i Segnal ¥i rtteh aHENRR 1t -

circuit connected to said nulti-channel, space-tine

filter CRFRRFE. t BRAGEGiE ¢ félEEAMM k@i itongnsi ghaving a

i nto odd; apdr eveds sangd edoha{tea!isangr.b%glea,argyn S Walhner
parts. 11. The wirel ess communications device of Caim
9 wher eiRPgh$d mgIncdrnesit irgpdon- t Ememfither space-time

circuitfgggg£i§§§cgitle§§é one nultiplier for

mul ti plying each signhal part by a respective
space-tine fahtenlweirghtivd?. flheed reb®ssative when an
connunicatiogs device of Claim1ll wherein said at

| east oh®-Hit EFpRFer éﬁﬁﬁﬁiseésa_65?%?%he?e0@redetermined
connecteflré gnppaal heh: aBApPASLALN 53l falhbl chafael,

space-time filter circuit further conprises a ‘
respectfvesgefayrelativn ftorcvath singhad paitch mechanism

oree P {9y RRehIRY. Bl SN 2R AP T 18 shee Mt ched

mul tipliers. W T el ess (

G ai m 12i Wher edmd t dieo cormint €t 0RS Sighalt conpri ses a
plurality of synbols; and wherein each of said

mul tipliers and delay circuits has about a one-synbol

10. dety assetkakeddRiBMdt.ons device of Claim 9 wherein
said joint space-time 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.

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 in parallel; and wherein said multi-channel,
space-time filter circuit further comprises a respective,

delay circuit for each signal part connected to an input of

one of said pair of multipliers.
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14. The wi rel ess conmuni cations device of Claim1ll
wherein said joint space-tine filter further conprises
woREepedt i ve sumer circuit for each channel H@ICA2006/000855
summi ng outputs of the nultipliers . 15. The wireless

comuni cations device of Claim9 wherein said joint

13. SPafe- i pB1EsLt ebnhURE REE 1 6AAP U8 A d O Bl 2 ARt hPBL herein
filter weights and channel estimator for receiving

the t caiminycseyoesceigpabolcompnd seismiange lmcat t oy nby dytmdols;
and for generating space-tine filter Lghts for said

and A6 1 8 REh bl 2ea B i p s ¢ Fnd polng §2ECREES has

abounl & icrchannedol il dasponseed aheaiw gl ti - channel
matched filter circuit . 16. The wireless
conmuni cations device of Claim9 wherein said joint

14. SPage-FipB1EEst ebnhURE REELS gpr%%g%eaqn?gﬁfgiﬁeﬁ%egherein

circuit downstreamfrom said nulti-chann nat c
saidijoeent cepegettimg7 fiAteet Hod tdfe r edormp nigse®- ehaesekective

interference within.a wirel ess_conmuni cati ons devi ce
s T & A5 T df YA Far e ouaRQ VATEHIG® (R the
multiipgleleass. communi cati ons device conprising a

mul ti-channel, space-tine filter circuit and a

mul ti-channel matched filter circuit; splitting a

15. I e6fd VRdr £ 08BUNIGAIHANS a2 GRRl dAd¥ - SFIRAILiRATS Syherein
filtering the n signal parts within the rmulti-channel,
saidpadiceitt mesdadadrims r duiltteand fjugititelry esmpm@tsiesgy a  joint

spaceztipefilter i ghts and rru:Lti- hannel channel ., .
Optlﬁrpr?pul gyéi?ggpgﬁslgg\é%dg‘?%; ?ﬂgﬂae e é%ﬁn\’?‘gt.oﬁul t9< ch&hfiel+ "9
traiviignpl sefnencthes vapaces t afe fdd#@lg Cuhedirtadhthi ddhe and

mul ti -channel matched filter _ _ _
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 joint space-time filter 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 received communications signal into n
signal parts;

filtering the n signal parts within the multi-channel,

space-time filter circuit and jointly estimating space-time

32



10

15

20

25

30

circuit having a filter response that is provided by a
channel inpul se response estimation fromthe

waepavewbésne filter circuit. 18. The nethod acaurTdCAyoe/ao08ss
Claim 17 wherein splitting conprises sanpling the
conmuni cations signal into even and odd sanpl es and

£11tS8PAIALHIG t BRGEVRN t%n-%r%q{%eslar@fa%néﬂt QriRAlse@NFesponses

I magl nary signal parts. 19. The method according to
(CIRE)ai and@7 furt her conpr|5|ng sunn1ng out puts of the

hed.fil d .20, ..
TRECRITAOE aREoFdl ROSROCM aPhiR8 Pur ERET cbipr | &gt ime

filtegualdizichd ta Sdlrtg'llel chamnelmsignadhafder rescahédg fodlter
a desired level. 21. The nethod according to Caim 17
circypér ehAving i r diidde T ed&PPEPSEUr ERRE cotpPirsgddgd by a

chanﬂ'hger Sl h‘i@ef' Ua% ondad EEE%H@&SHWE&%”%E&' t%%\,ﬁg—tlme

gnal part wthin the alternative filter
filtam nntemﬁerence | evel is below a threshold. 22. The
met hod according to Claim 17 further conprising
mul ti plying each signal part based on space-tine

f ithieer meehght sac@srdThe nMed had sigcondi nghteeChai sp22tting
further conprising summ ng the signal parts for each
compéﬁgﬁﬁasqﬂg%ﬁn%upggppﬂmmynlcatlons 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 wherein the wireless
receiver further comprises an alternative filter; and
further comprising filtering the n-signal parts within the
alternative filter when an interference level 1is below a

threshold.

22. The method according to Claim 17 further comprising
multiplying each signal part based on space-time filter

welghts.

23. The method according to Claim 22 further comprising

summing the signal parts for each channel after multiplying.
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