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JO NT SPACE- TI ME OPTI MUM FI LTERS (JSTOF) FOR

| NTERFERENCE CANCELLATION Field of the Invention The
wrererntes nvention relates to w rel ess conmuniRCAYEA2086/000858

systens, such as cellular comunicati ons systens, and,

nore particularly, to filtering received wreless

JEINakBatR-TediICOpY MBIt PHLYBRE! (85009 F . FOACKNTARPEARBACE
—The TNVENntion TMTerference canceling natched Tilters

(1CVF) and joint deno@MNGEIGRATION) has been
i nvestigated to neet requirenents for a Downlink
Advanced Recei ver Performance (DARP) that is
st andar di zed by tHielidiafl thendmtdrdiicmbi | e

conmuni cations system and the Third. Generation
Paff'Rer shPpePFBfect ¢BEPPFL1ONSoner8fathidse pkBposarsreless

comﬁﬁﬁléghf;%t h s'y@ttelﬁl% f old ngas’i”é&iﬁ?l@ﬁd @'&%Hf@ﬂ&aﬁ»tlons
. Liang et al'., A fwo- St age Hybrid Approach

Sysceln/SI,S_l aR@ducﬁnqme WirtaT tSpacle i vive F!r@ceﬁslt@rlmEEErecelved
ot rgRIIUNLEALLOR LRLLELLNA! uohan B Bro BRYen 207 2 -

ipon & trchannel "Recei ves ormance
Conparison In the Presence of ISl and CCI, 1997 13th
Intl. Conf. on_D gital |onal Processing, July 1997. 3
. Spagnolini, # ‘ S RBYERLLPIf or GSM DCS
Sy§B%€§feEEEEeTE%%%elQ%dW%HﬂEHéﬁlfB%HHYH‘Wb@Mﬁ@'an@lelnt
, Sept. 4 Feasibility Study on Single

demAﬂUéﬁﬁaOhnterﬂéW@ncefGEhcthﬁn(N]Kﬁyﬁiglqiﬁeifmﬂto neet
rquE%%%ggﬁSTefpsolﬁuéﬁcg??oxeﬁﬁhgﬂuxxg %ecg%%%%sePgrformance
(DARP) that 1s standardized by the third generation mobile
communications system and the Third Generation Partnership
Project (3GPP). Some of these proposals are set forth in the
following articles and documents.

1. Liang et al., A Two-Stage Hybrid Approach for

CCI/ISI Reduction with Space-Time Processing, IEEE

Communrication 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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Standards Institute, 2004. 5 . Radio Transm ssion and

Reception (Rel ease 6), 3GPP TS 45. 005 Version 6.8.0;
wEWopwass Tel ecomruni cati ons St andards | nstit B@EY/CA2006/000858

2005.6 . Stoica et al., Muxinmm Li kel ihood Paraneter

and Rank Estimation in Reduced-Rank Multivariate

Lighear dRegr@sskensal | FEmakiang kSl gR8bd Prsessdtd and
Vol . 44, No. 12, Dec. 1996. 7 . Kristensson et al.,
BlRamdk SHsdpaed logentlinf | griueedoRaa kBPEK1CINryARESt | dbanear

el,.:Prac. ' j 5, Sy ns
A i Ly
Comutzgt ipens, 139k .Edition, 1996. 9 . Trefethen et al.,
Nuneri cal, Linear Al gebra, 1997. 10. Press et al., _. ,
NUirer i &L SREQTER i%t cal-2ndlEdid i orbsHRee. LégpfFdpdcation
Gabal SysdemModainuMaRizhe cronaughsal | ons {(SMocel hdkabnar
systens have to address the co-channel interference
( CaINE .01t Hra arsdid e Sstsdtenen aOvBCogipdd e s W6 .as
addr ess. t-he DARR requir t ' chanael, .. .
s% ruct aGroelsueband%ﬁcr eggrrtg%%ﬁ}veéﬁrgg%&]ﬁggég b ?lmd f%ﬁl ttion,
carned.ing the interference and provi de sone channel
i npul se_ response (CIR) estimtion. Noreover, sone

syt ens’ A RS F e i 2N G tlhigrear Algebra, 1997.

siignal -g,sd nter f et ?nPﬁuﬁ\Qr%éhg'ﬁeJc%F@Q Yrfl S Mglepgition,
channel ‘space-tinme filter and the R estimation for a
sil’flze channel. Ot her systens have used a constrai ned

TR 080, UG TR OB or L ERLO0 B | g
cell’ilngt esystems have to address the co-channel interference
(CCI) on the mobile station (MS) side, as well as address
the DARP requirements. Some single channel structures and
pre-filters have 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 used a constrained
minimization of the mean-square error to design a single
channel space filter. Other systems have used a single
channel space filter that 1is designed by a rank-one
approximation of the ML channel estimation. The target
applications for these systems have been a base station
where a physical antenna array including a plurality of

antennas 1is available.
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channel space filter that is designed by a rank-one

approxi mati on of the M. channel estimation. The target
woappt/hveds ons for these systens have been a ba E/CA2006/000858

station where a physical antenna array including a

plurality of antennas is avail able.Brief Description

of the DrawWdi@F Yald Hip tAkire GfS tHeE Brdhvashgund

advant ages W T DecOne appar ent from the | owi ng
detailak d@bclepﬁtsuonfwéw%%ngr@er édvaﬁtaggﬁt wil} hecome
a g W
2od RS ShB e G F pPalepREEle  wnen

condlo¥er édki rAdviagtee i Reidres vmccﬁmafrwmahra(vﬁk@%), capatﬂmh:
receiver jn accord e with a odi nent of the .
R A R EPER NG FE B0 SDRAET Abe T g Og Lrum

rildde $akBl IRAGErHWEAGPEhREA HddarvandpdukbimShaanelparp)
Matched Filters shown in FIG 1 ; FIG 2A is a block

capal layr aRCEL Ve Imet ho@da raeesedariéehwiath enbogiasaft of the
mvﬁg&e&p on; FIG 3 is a graph show ng the Joint
ace-Time Optinmum Filter based DARP capabl e receiver
peH‘]fcor nande far meaei ains:d)Al%Ri tiestckasidesgreinG ol thea Joint
raph show ng the Joint ce-Time
Spag Ner OBkt B?‘néﬁjéeurn obr’J%’.i]a‘hJc %‘%g}tjh@aﬁ?g%ntﬁlters
Showrpvlermgm W th additive white Gaussian noi se (AVG) |,
onpar ed with and without an auto-switchin strategy;
Fl@Gs ¥8 dsgraphlokéwidigatren Jof ne Jpricedi i c-xﬁqqmnce

wit}fléﬁeer ]_[eesceerllé/e{mpeerggo fance in accordance with the
pr esent

i nventton w DTS-5, conpared with and
Wi FTeut 3atisoswidraimgshowing the Joint Space-Time Optimum

Filter based DARP capable receiver performance for wvarious
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 can be used in

accordance with one embodiment of the present invention; and
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FIG 6 is a graph conparing the performance of single
wth nmultiple Viterbi equalizers in accordance with
wa ve7/pressent i nvention, using 8-bit SD |im t erPAICA30€6/000858
simulation; FIG 7 is a graph show ng the performance
of Joint Space-Time Optinmum Filter Receiver and a
moghid | ed hﬁﬁtac%%%ﬂd1é&ﬁﬁ&ﬁﬁ@?ethtEHﬂEéF%ﬁﬁ@B&ches for
i nvention; FIG is a schematic bl ock diagram of an
per fexamipl ar %@h@#s kw r @Res @ncbriiitini eampehadéonee inhacapasiance
wu}pethues%tége@gc%m i th one enbodi nent of the
rese I nventi on; G 9is atable conparing the
three approaches for performng Cholesky, R, and SVD
co in accordanc- '1vent|on

Ses/@i@iaﬁoﬂohl—Mﬁlh’agngn@%%lo@&me%t\y |vhlrIL°V\h@\!@ deserdhed ped
nore fully hereinafter with reference to the

morec éorpanyi ee dralk egs With wheEprpres ertrOedtJ@ﬁb@qu@maglymg

T e e

orns and be "construed as
embddiﬁémﬂbt@mﬁhe enbedicrent seseémbodi bdhetei marRat kerfferent
hese enbodi nts are grOV|ded so that thi.s dlsclosure
C

formg | SBE (ROPOLGN BaH cBfipl EPBSTERG PP 1 diry fegnvey - the

embddEnsSeopeste rhese Hdddied imudher arthebbkenpYBbRESts are
refer to like elements throughout, and prime notation

providededse o il catlisi disglatwentslin de erfetiqroh  and

éﬁ?ﬁganneﬁslnterfereﬁg %ﬁ%?%tQh%n ‘%Q$g££?g®b ﬁﬁ%lled

in shedeairn. aLa&@rmMmHEKﬁﬁﬂeﬁQBt6®1ﬂmkewbhehen¢@swhroughout,
comuni cations systemis addressed, as we||l as the

andCBﬁﬁW?aﬁPtﬁédﬁV¥éH%n?S% go indicate similar elements in

alternative embodiments.

In accordance with one embodiment, Co-Channel
Interference (CCI) on a mobile station (MS) side in a
current Global System for Mobile (GSM) communications system
is addressed, as well as the compliant requirement of a
Downlink Advanced 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
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
circuit may receive multi-channel signals from the multi-
channel, space-time filter «circuit and have a filter
response that 1is provided by a channel impulse response

estimation from the space-time filter circuit. An
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Downl i nk Advanced Recei ver Perfornmance (DARP) standard

by the Third Generation Partnership Project (3GPP)
wOortve7/0meesnt i on nmay general ly be summari zed as H@l/¢A2086/000858

A filter reduces co-channel interference within a

comuni cations receiver and may include a

altefHbtivehapneter SpRGE- beMeohpbltéeivel idd thatihtbieEsence
signal parts that have been split froma

levegdomsuelati omspgegﬁateblylpgqi nthyegspil gataingg mepacee t fWémed
fil h
o o bR AR T LA, R 20 L SSROTRES owicon

mecheadenvefoml tivichanngl tdignalgnkiomdttes mihto cﬁ}&nnmhtched
space-tine fllterﬁ§|r0wt and have a filter response

fllt{el"?alanfis CHPSTI GEd By 2% LORafEC Yhpul se response

eshi MBhEON; §50M | he 1@pacRnidiMR Hadelr, Ckpebkltime filter
Anal ternative filter nmay be operatlve when an
Cquunfcerm@yenncreclml g spﬂaépréwlaym@f derertiilele t heashotiglay

01rc%1 swaé/hglte |eat He%é?‘cc‘eﬁlé‘rahcrkgldgsrfvé Eﬁgrégd The ?ultlpller

rosSs-corre l'on circuit an mechani'sm
and smmpl net tdiel tsé gmaly paet sopatatthe rtais(med och | spacantdime
cross-correl atl on circujt. In one aspect,

£11teg (e tHimhel MOgFad i e ¥ 1 h%r EWPC&‘Hltﬁd&H%I GyECRits

connklcéedl 11y 19£ré7yiél Phiher andede) ay; eLhekl iRl LACK, the
receive n signal parts. The nultiplier and del ay

inpugi duions mdy e apeltatn Mee hasetc ot s pare-lo¢ mes¢d| fer each

stonf] BeTha  h ks S e ABRay et ity (heve

aboutthe ioneutsyefocdnedefayt hen nijimpl bt imh ¥ Cﬂil’SeffH\yeb@hts and
used for, each signal part. Each nmultiplier and de

changelc §St i Hravié Ya bisut ORE ‘dHet &/ vh ot O et alyed At?oF]ﬁ? “hulti-
chan®Rli, Malsphickten neei ghtigeand channel gabi MBLEEiYBY PEaining

operatively connected to the multi
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
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
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

5
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channel , space-tinme filter circuit and receive

trai ning sequence (TS) synbols and tim ng uncertainty
walznaomned generate space-tinme filter weights fROT/CA2906/000858

mul ti-channel, space-tine filter circuit. A sunmmer

circuit myy sumdata fromthe nmultiplier and del ay

imagGhbeY b3 i@l 9aah Lhanngl .sMpraialdzeri £l rssi bppaychgted
operative with the nmulti-channel, matched filter
by téppeuistkilige il G&er aréd enmbodiment in FIG 1 provides

aful ti, channeh ;pies i t%@b&ﬁ%ebi OpSraQ'ig Lor from the
canceling inter erence an provi di'hg chann f i mpul se

virtnedpensen@ R)rrest iinatfiah aolapte vésyoBNdwiopt e mehéyopt imum

veighls. ot 1 SIpBan se, Lo, T OT SOMPONENL S 10 P0Fcer are

estiffdhleldR! ext N - Sahé | phiReOutpll {MINOcHRased JOifd for the
Space-Tinme Optimum Filter (JSTOF); and (2) a

desigglt i plenRrAPATSI NFiEBUNPUESEMISORdhasBEE mAtiREhawdel the

ssTIFREPRA, LT LRET s il dohieal « OBl & Stalian H8hnged o o
single availabl'e antenna, a virtual antenna array can

MISOb®asenrf ingurted dhatrereialriat dhed hiel ctosbi NBihe ofii bfepveesponse

anmpl ing and the separation of real andjpagipar art

of AR Eta S SR e SROTTC e abt ce Bt S8LPLERGRe Txom

the SkKiTldged in the art. In one non-limting enbodi nent, a
signal fromthe virtual antenna array is fed to the

J oWt Phe W1t | uht erlgange omatig@ e MO - Bagedpasses
i_nt eff ce | ] fi I M . e
to §hn§hf$%§¥'tﬁ% mu t%$%héﬁ%% C?%§m$2%éth%ﬁ esﬁ%gég symbol
intesifgnaincar e(J 91 nt byidestrnavaitcats Jbét odepits ioh st htod SFOFther
allows the interference to pbe filtered and fed to a

Proco§dased mitidthanmd M Hat ched™ P 1er . TR TPt ePy the
equal@sRansea®f pkher dmichedyf id t &6mb snpt Pyh ded byhd heokbBlved

estimation from
CIRs from the JSTOF. This pre-filter can also automatically
switch to the conventional or standard filter in the
conventional receiver in any AWGN dominant cases and switch
back to the JSTOF-based receiver 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 X,;(k). Throughout this description
the pre-filter 10 can be referred to as the interference
canceling filter or JSTOF filter, and acts as a pre-filter
in a DARP compliant receiver. A receiver incorporating this
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 Dblocks
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the JSTOF. The output of the multi-channel matched

filter passes to a Viterbi equalizer which renoves the
wao wheosesrbol interference (1Sl) and provi des BOf€A2006/000858

decisions for further processing. A single channel

response required by the equalizer can be forned by a

usedCEHIH NAid oRi Ofethaocomol MeshitCl Regha PMikheek2i@ed Thito a

pre-filter can al so automatically switch to the .
deroggfvent icarauidr 1&-afder didndaed routrutcomvam ] ohal split,

with! eacefjéﬁg{agag% rﬂé?\' domi nante,Gas6s apd gwif Cgogé%t%é?nal

t he eiver in any interference dom na
recedases thihi S raltualesMat (mllngsvmamarbll&,t yan@ducesut et | bsso a

dom nt cases exa of the pre-filter
matchpd! eSSt eabo Ahag .%rgOSr%wqogrpr Chaib §&TeRIbadlly that
receltdsDARR ARl ecLESRINET deynhRen ptoA0ShALBLG. Irne 2:1
ra

i n which the oversanpl |ng iois 2 and fthe nunber of
switche 18 ritaprartlehmatoi sldopmsyifching fefovqqiditag efilter

14 o Yol GOcENEQUAN XA o THEONINOUE LB cer 30,

escriptiont e pre- n bereferred to as
threel Ntogihfeer epoeteianceld g Hhid t esutgputd STERghalt efyomndthe
as a pre:-filter.in a_DARP, conpliant recejver.

derolté‘&:éf’\r/‘erc} ot hortdti hy RS i HPey £V CouPamBess ard odd

sampd%%crésbeﬁa@ﬁ BAITKE LeceLyer A drhshoyn by tsﬁ?llt again
dashed Iine at 11 in FIG 1 . FIG 1 shows exanples o?

intot rx@a\lararwuslr@qmlty bt bekas s edo f prmhehe| megpeﬂ;@wAn X1 (k)
throﬁﬁ%ﬂu 4r ldf)S'tr %(i%]n\éq% 0,2 defsolt@ﬁtl 8Er8bEEU|§O 12also
ot ate por t1dn

out put’ signal T1s spl
refepasesdi NG i A0 aa hult ercldnél A epav:entumalf:r]et&e& vefrcuit.
t hat. | ncl udes % 2:1 switch 16, _.and an output into a

It shaWiedefi PRERM G Td & ¥rERadolPdiea Porf T 309 Tep need
not WAtused in all embodiments. That is, 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., 8PSK), for example. The
output signals from the JSTOF circuit are passed into a
multi-channel matched filter «circuit 32, and its output
signal i1s passed into a rescaling circuit 34 and then into a
multiplexer circuit 36 as data (d;). The multiplexer circuit
36 also receives a channel (cy) response. When the
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.

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
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recei ves shortened training sequence (TS) synbols. The
2:1 switch 16 is operable to allow swi tching between

wa tve7/619beser 14 and the JSTOF- based and DARP- c et £2006/000858
pre-filter 10. The other portion of the output signal
fromthe derotation circuit 12 is split into even

JST@mﬁcﬁnqsods,dm%@ﬁpiﬁsg%alea&t rdihe vikd ugbrapt enRduit
24 and split again into real and imaginary si gnals to

30 inchudde rbspeetiivedXmylk)iplhieasgh ad k) tenped Biigrabs 40,
in T CijgcC 0 4 ferred to _

2 rr%%??- gnhgezl dépgaljé% ?lgmrrrélg §| te6r€ sAlyhrlccchhlt ﬁt Fintf)dn%lltl

chamdEdnébatea Yiltoak ast éna eddrangenent Meed ratluserated
used in all enbodinents. That is, the filter 18 may be

ChanpekF £ offl | LM SFERRI <1 rBeEFYORr drh o Sor aRBI @assed

intPhysigabetisE. 'Ar?@h%taebgﬂﬂ§§ f§qggra%ehgh%spﬁ%%echannel
shift keying (PSK) application (e.qg., or

est gxanpt e. CTheu@ut pi2 si gaaesvées omlthe smmtlszl renflt drering

d | h hed f 3
Hned Sfrftsy(r)]%tolﬁﬁtﬁu tIOIcpi%ggpgsset Cei ?ﬁ’%llg Ssc Ofﬁw&seg for

ththimbrst 80!, aqzl. then into a multiplexer circuit 36 as
dat a g i) .. The nultiplexer circuit 36 also receives a

chenn&hUBci)s rBSpBMRES Wherdeher Hopehi oidiediaeraipre-
filﬂzf'r cannect &4, H{@%Z ?vlcghmeﬁ%%n% Gefickues ilhe d5tadddng a

and channe response fromthe nmatched fil
precfrtietr b8aand prgsd-ledrrtel ati onntzentuonaZOmaslcgﬁell sfllter

ed i Vi | 3 f
as JUReBE o eBE e At i NS o St e haggare

Vlté&ﬂ)ile@lﬁ@DD@érmegﬂ bel tiees a&ehsh@v\@hbnglél GIn2 one non-
where the nunber of tine-delayed sanples used in the
limigmy @xe@pile i sap {Nkegrated 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.

FIG. 2a 1is a flow chart illustrating a high-level
method associated with the described system in which the
various steps are shown as non-limiting examples. The
various steps begin with the 100 series reference numerals.
The incoming communications signal is derotated (Block 100)
and passed into the wvirtual 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

8



10

15

20

25

30

The various inputs X (k) through X4 (k) are received

into theJSTOF, which is shown in greater detail. The
WQIBIH9668r cui t 30 i ncludes channelized nul ti plR@ErEA2006/000858

al so termed m xers 40, 42, delay units 44 and summers

46, which input into nmulti channel matched filters 48

pasdef £3€H @het Mgy fraWerdddestt r %@ﬂtfﬁ%n%@u a@qnallgn%lu%put
fromthe matched filters are passed i nto a sumrer

(MIS®)j ohatchpdi rfeultfan t et el ght (S Tared chh%helanélsttfm@n orsummed
CiJC 52 c ynpol ng

(Blq §h%ngpg toaégo ice (%ea%eﬁghféjggb GE u§£§g$or Iﬂ%y the

Virtdmar Sedlald2er | {{Bilbuk i1d4posi bWBlaB dlessnfﬁ‘tbedectﬁ)sion is
integrate a prefilter function into a conventional GSM

made (B35 IhPladding a pre-filter branch parallel to a

conyepbkenal opat ched fdéﬂéﬂaﬂ%%xﬁh%W@ch@tFlfé s gg%rable
conventional software/ hardware Viterbi equal i zer

witlcgiide usddl afiehoutguhbhgend | phenéragnenayt bAgset that is

exa rated ARP- receiv has, been
pary S Al a ol COARD. PEerccoies Thy Gitni it | SREOCaRFSR, the
sigridldi eahesetihat ibhe feceiweimiyy ovhdesaftbr dBd ot 3B the
margi n over a specified performance in terns of the

Slg"farlanﬁo’éFF%iLl?‘é%%n( PERPIEST et 1F t heCAVR A Peetybols are
typ#ﬁ%ﬂyyﬂébnégﬁ%¥§%éﬁso§ 6'0%ﬂ3“¥%94ll#?ﬁﬁagyﬁgoﬁs rotated

| evel od associated with t'he described system
to tihpsshitoie thelvias i olisust epse afliSEhewnnas nen- benittrenged as

lLes, .Th begin. wi th 100
@ SbRerdnoB RORH aPES ine fhEbm Rty Eofmu i oré Gignal The

derdtatdeyot atred thBl 0ekoh80) eand passesked ntind hesvdd t udld  odd
antenna. The communi cations signal is split into even

sampnd Bad éﬁﬁﬁmesl§8|BéﬁfQQZ)beC%%@eeaém dfen gvg¢roga@mpling
ratéﬁmnyé% '%x%ggﬂe§plh5 'Qt 5ﬁ$%nfqgkal receiver, this is

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
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
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I magi nary signal parts (Block 104) . The
communi cations signals fromthe virtual antenna are
waererdeésnt o t he JSTOF circuit, where the PCT/CA2006/000858
comuni cations signals are nultiplied and del ayed
(Bl ock 106) and then sumred (Block 108) , all as part
as Oflwsdidisdd muthipl pervionubti phe- aitstd M3 Jpénéble as a
Space Tinme Optimum Filter %JSTCF . After summ ng,
mult§uﬁﬁ§ﬁ”§ﬂgna¢%oa?%%%%%%ﬂn@ télﬂﬁérnuKFFEC%h%%%Flon occurs
pecddd i Rlre- kRRUt 48k AYl e; QUtPHEe (MRO JRhahed Wikk8fsion is
circuit (Block 110) and then summed (Bl ock 112) and
intgraBswd asfwomi nghe ot&mrslugdal arrftemrntizhe Vi re er bi a SPatial
uallzer Bl ock 114) i.ch soft de i si_aQn
i 4 o RSt o Ena ey b at FonE e B @
spadé}ﬂﬂMEYﬂﬂkt@Mth GQvsK nodulated S|gnals and the
frequency offset that is part of that signaling ,
pridtocb¥. BEfEFBTanP et ot BEFHRINEheS4PgAdl 1S used in

conﬁﬂ‘fb%tl%r{ atl;m i grdypam g, aneh af t el derphati 'pQQetzl%e receive

signal constellation beconmes static, i.e., any synbols
welgh&stﬁpomaﬁﬂyec@ﬂt&htﬁﬁﬁ@maﬂ1Enlamd w&agmmarﬁ@@n60bsnel
rot.ated t,0 those 0i Nt s Thus the K al
ESt i tS%ea gd aggg ﬂV%V%a bi AR Soh&E 8™ s h k%?gﬁg optimal

FilddPSK}ighgnahd Thendeotrdt omawdr t Be farr@ntpaamed singedthe
for. even and odd sanplings, which is useful because of
multipd I®%S - sanpling rate. For exanple, in a conventional

regRl Rl gHdd Sax’:éﬂ%l’:f’é C?xlll y atat Bﬁméﬁggoﬂgl matki® in one

one sanple per sy he virtual antenna 24 can
nonﬂhmmxﬁﬁmgthsamphwllngeratéﬂiowemghSain@s1pertbgnmmb1nlng
n a seri.al, manner, com ng eba Llter tq

SeQ#%ﬁ%ﬁt%&?%&%ﬁu%ﬁ%?%hﬁ%%%|%h%f E gﬁ 1%8 F%éFSFeWelghts
and tdhSnpe DCESS imbRerodd, eV@dﬂeﬁ@”@k@S twerieadari ald Ysome non-

interleaved, These signals are then further split into

limiitHghg 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
find the timing. The impulse response of the multi-channel
matched filter (hepe) 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 cy; for the data and channel response from the

conventional filter receiver 14 or the signals d; and c¢; for
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real and imaginary signal parts to formthe four

i ndependent channels of the virtual antenna. It should
whmononees t hat i n some enbodi ments ot her nunMberCI/©A2006/000858

virtual antennas/channels nay be used (e.g., one or

nore), as will be appreciated by those skilled in the

the addta ASn8@e8hafReW rieRpbhGe Zront hase stgr@l seaeeveheno to
passed into the nultiplier 40,42 and unit del ay

allay reawvist gy, oy bevope Shabbrodelay, JARATt Keseiner will
| . . : 5 . a il 1 p o .
lntxfdol | O\A/eéd&B(g ggﬁél ??p}@#eggerla@i%% ?s{téelg??jgﬁéé%y the twd 5"
purariiitpd i eo$s40, 142 tinc aresaettay conventiddal Theseiver 14
operation is fol]o summtlion i n sumrer . 46as

wed
can i be | UFpg: &R Tht p%???gﬁ%ﬂuﬁﬁé dyst¥in i STOpErABPReTEs can

switklul bheghannel , ciao- doawaskeBakl1fi It@reOne, di ABAEI ONoss
. occurs because of the delay in tinme and another
intfidrgrst oy s tihet r d8iiEd Frem-vhe vanrdualtant@mmiits. The

cJdoqe . a.spat i di_nensj on . ribed-and th he _ .
SWI%?Akgmoq né%sﬁ%én%é?of%eaﬁégac%%tlﬁl%%q tg]rf. r\iq}e i §§g§fm&eﬁ}mus
SINRagh Ificarmenggsiegrakyi sisisedliom canjthmetshoidpm tthet kgstem

channel s, and multipliers receive weights fromthe
detepfifeopt bt | iégt‘b@i gREETARGSRRGNABEY ESEi ARytGr IsFence

canddBi el ght $heom I H I pars Nee JOI B At | F@dufidd €M Thus, the
. Weight and Channel Estimator 52 are passed into the .
fil4Ri tohl tBesconyratuenght Femed valrsdl4ni8 %sgd by switching
' 'qngl_ trix in one non-limting exanple, i.e.,
the mevve%lhts. ig to the training sequence synbol s input
i Miee t e rdaiint Opt iopardFilld et nWhieght s famdiiGhansestems and
Estimator 52, there are fypically in sone nonlimtin

g
Othek afBF EE™abotl 186 WO Sy AHSEE™arid 3% 3 5L Khdwane S1gnal-

to-noise ratio to be improved and the bit error rate (BER)
to be improved. This could impact top level protocols and
phone calls and other communications matters for use with
these circuits.

The multi-channel structure of the JSTOF-based filter
10 is used in one embodiment, and the MIMO-based JSTOF
circuit 30 provides a space-time filter weight and channel
estimations that are different from prior art solutions.
This circuit provides the ability to combat the interference
efficiently for both synchronous and asynchronous
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
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whi ch training sequence a packet contains. A +/-3 or
seven positions search in a non-limting exanple can
whmousweest 0 find the timng. The inpul se respdACERCALI006/000858
the nulti-channel matched filter (h opt ) can be used
such that the system matches the channel response and
autdradesc t havisignialg stuaangem afisaor-e seat ched f idongfentA®nal
shown in FIG 1 , rescaling can occur as a hardware or
recejofeimmres Qi ditentss atht $359%- not required.

Thi, 5 8568l RgCi eI dr 3f-aldows grealer ;0R8" atd 08r-fOF to
a 4-bit or 5-bit input as a non-limting exanple to

meett hetMet ePBRPequaduerer@8it sSthe Alynalhteriagenct t k@nceling

i gnal_.can _be | usted such that the.signal n be
vae Rl it ea q EERE by ) BUET AN e, 9PEy G (R reua
antddies mubki pl @xecr Bbegan ahake poemsdonahs dtand €om@bdOr the

- the data and channel response from the conventional, )
intgrfergneeceiVér 2A4r6Rithel3i §RASId Ve ahl CEhef GStHaation
Sad ndpghannel, nespense d e d SIERT €681 Yok Wsired
errto Z??o&?% gﬁﬁtcﬁ-over betmeenl%he tmg. TLe JSTOF srre
signacei derdoint iDemoodldued isone(FBss shfoweder gopd merformance

interference, i.e., _just pure white ngis In . this .
for (R VRESISR EreFonab R ecti Brth LRn the tied dd GALY Ln
comf kn@deguatad phehdmndde Chtepfésecan sWelreh g kpko heavy

the conventional filter w thout |oss introduced by the
compe- ek GERPARYLEYs IETvdiacs. iThéisdipehithg iR of an
: n the estimation of the SINR OCot m nus SINRi Np
lnt§¥$§¥%ﬁé guantity is below a threshold, the system

delrer phpesmdvetiondns | i the¢ evintepfercericmrend24 hés operable

e MSILSLE0ge BIEELL08,01 A BECIRIEE TESOLghl® 9 oine

Spat E£RIV&fpddal s opgachdy sWitehi NgISTOF) circuit 30 to be
used. One difference from the ICMF 1is that the spatial-
temporal filter weights used to suppress the interference
and the CIR estimation of the desired signal are Jjointly
estimated and optimized in the JSTOF while the two are
separately estimated in an ICMF. The JSTOF circuit 30 can be
a Multiple-Input-Multiple-Output (MIMO) circuit that takes
advantage of the rank deficiency nature of the desired CIR
matrix in the space-time setup. Simulations have shown a
satisfactory performance for the various DARP test cases.
Computational load is deemed acceptable given that fixed-
point Cholesky factorization and EVD/SVD are feasible.

This method has some simplicity and low computational
complexity. It 1s 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

12



10

15

20

25

30

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

form ng systens and ot her systens. This type of system
woatevombésows t he signalto- noise ratio to be iRGITOANI®06/000858

and the bit error rate (BER) to be inproved. This

could inpact top |level protocols and phone calls and

sys©&hef o COERURL Eafily OB§uABL 2 &F SatQE1 888 ¥EENi EhgSLiable.
circuits. The multi-channel structure of the .
JSToOFoldsed d | $@PPADti $hgseard magneTendbdithent ,temdique,

tne{ N& M based JEIT,Cl EGYLL 3Q.pLovidesep SPAGEIALOP was
fiTt'er weight "and channel "eSti mati on at are

extahdié@r ent Sumpopri aflardf sohelt ianer fEhies aiodriid/scenarios
_provides the ability to conbat _the interference

|
belngtPepenty ytror 356 P Rchronbliscahi®Rsynchr onous

i ntREfer enses ahti Y el oz hi ghs Peifordmnces SUN® sipulation
si mul ati ons have shown that none of the solutlons in
per onpapet of oar PAREC HHGuesr 3rovigeng heheeggToEd circuit. It

o RO E Sanaii RArERGBITE B 1L 485 Jolnt

intarfeatnce trhatciaphovest tdieaover abbt enadionahas been used
performance and reduces the conplexity of the

in eﬁuaP?E@r 5§a598pdin&hﬁﬁﬁtiﬁ@haﬁﬁéayﬂtQ£WﬂM antennas 1s

avaSOMBL EZERASsuhRBghUhLE - itRARULRRBLIZG W LGl 1Petd8RIhse for
JSTCOF- based and conventi onal™ receivers reduce the | oss
thej piAVYEN cdsebre@uiitgbl eareces vapdstiedctaf egncartigey Finite

used in order to t the, DARP require ts.
Imp?%?%rf%&%ﬁﬁ?gﬁéaﬁggﬁﬁng%&EFgﬁéd Fi l %ﬁp%ﬁaﬁwFfagg%eusgf the

rec8fivedappkepahdt Begublt uah Bat erpacasedessri bed and
beanform ng to conbat the interference. The circuit is
sensitive to the estinmation

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

where x(k) 1s an Mx1l vector representing the output from the
antennas, H is an MxL matrix containing the channel response
for the antenna array, s(k) 1s 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:
(k) =[x (k). x" (k=1),,x" (k= N +1)] = Hs(k) +v(k), (2)

where H an MNx (L+N-1) matrix is the block Toeplitz version
of H and sk)=[sx, Sk-1y ey Sk--n+2] T. The samples that

correspond to the training sequence can be collected,
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errors of the Channel Inpulse Response (CIR) of the
desired signal. A Joint Denodul ation (JD) showed good
w@mof/odeence for the various test cases. |n addiT/¢A2006/@0858
the difficulty in conbating the asynchronous
interferers, there may be heavy conputationa
conplexity involved in finding the CIR of an interf
erer . In one enbodinent, the virtual antenna 24 is
opKr=ef&l/0), ¥ikt+)ad Fikirvve-syadEStiVie filtering, allow ng)
the Joint Spatial-Tenporal OptimumFilter (JSTOF)
circuit 30 to be used. One difference fromthe ICVF is
the spatialte ral Jt e
b ook the It brteténge dnd Ther (Y 2ot s marTgRLe; OF the
tratdindesdgashsd gnel iar enj onmbl yaestikyaked and- optini zed
in the JSTOF while the two are separately estimated in
(s (lan, IGMZK+IDh,e JSTOs dq+rpet1| t] 3@scaanbe(latN-1)xp convolution

Mul t | t-Milt t that
mat f g e ﬁk&%ﬂfgﬁb%?g{ R ank ibnbep they  REEdRG Z6f toRe i5 to
£ingled] et AR L twel&p@ceetclt%% SPLUBr 2 spacetime

Si mul ati ons ave shown a satisfactory perfornmance for
fildde ¥ahi QUHdARR-teisdl cases-1 Corpritd onakthRadibs vector
deemed acceptabl e given that fixedpoint Chol esky
h  F&eeorihaei oAl ARBTEVERSYD aPatf e&SFbl €UutPhits nwttesference
0 S ligity, an tian conpl e
res 8 O o TSt Sfadse THEPID L, Ao TER “Hb¥e cne
fol assinmptomnim admitt ot hersolgrce of the interference. In
addition, the systemcan continue to use the existing
equalizer structure, as the solution is integrated as
Loce ng step on the input data. This would
ﬁﬂLn1t o use the HWequalizer accel erator&?)
i f avallable In order t o support the evaluation o f
thi s techni que,

It can be found that the optimal weight is:

~1
wopt = Rx Rxshopt 4 (5)

and the optimal channel estimation h, 1s the eigenvector

corresponding to the minimum eigenvalue of the matrix

R,-R?R'R_, where

xs

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

Given that the noise plus interference component V in the

14
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the system |l evel Block Error Rate (BLER) sinulator was
extended t o support all o f the interferer
womdedwbescenari os being used b y the 3GPP DARRPCT/CA2006/000858
Speci fication. There now foll ows a description o f the
simul ati on performance for DARP test cases using the
spackShOmei medietl. &f shpidtd dn e (gnderst eed thaer white but

space tine processi ng for jOI nt interference reducti on
app%l@%ﬁél Gayppiahi ot Hast et uyddhi nukpre covariance
st at on, t}glnere an rra o f Man
f

mat Sl R e R et it hanrl EhesFRALER ot p8 the
maxfﬂdﬁﬂfiﬁg¥ﬁﬁﬁgbu§ﬁf C@@t@mgtqgge|%ﬁu§ﬂ§ A4 5 %ﬂ%lmlzatlon

Finite I npul se Response (FIR) filter, a snapshot

of wWmhpiel loWindeyuatei tyed baseband si gnal can b e
expressed a s x(k) = c(/K ;+ V(A) = Hs(A) + v(*) ,
(1) 1=0 where x(k) i s an I\/kl vector representing the
ou rqmi,h t as, Hi s a n MKL matrix
o&ﬁ;h{)ﬁa%meﬁzlﬁgﬁ R;r esponse for the antenna arral’)

s(k) i s an LxlI vector for the correspondi ng synbol s
transmtted, and v(k) i s a n Mkl vector including the

In ARG %@nlfﬁniﬂﬁcﬁf g%%&tlﬂée RBEEE; LIt eXLABSIONE the

for formula (1) can e obtained by’ stacking N
inddpearedate] a:;&mhn/@]rsslmsabﬂafysx(l@ss ntlara drald@raMd M and H

vector x(k) a s follows: where H a n_l\/l\b<(L+N-I) mat ri x
is Li‘s"éfﬂtl‘ﬁé PRk KITEEBEERY  vér & onT8K (H hnd &( <) Bipd MY, L+N-

. SKid rank dSKiLidH2 it proEB@mSéHH|8é Lhal %%rr%%%oQ%nk 1

t o the training sequence can b e coll ected,
appr[oc(lkr)aba(ct@ +Oif)th@ %D@(%ﬁtma/)ﬂﬂr@r-k vV (3) V\,here p =

The JS%&H C %Ul%s og%u%ﬁﬁﬁdﬁg?rxngggﬁasg %h%lfferent

t rai hi ng sequje]ﬁ "X
approach to find the joint optimum soclutions for the filter

weight and the channel estimation. It 1is possible to find

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

H =A A", (10)
where H, (MNxM) is the estimation of the space matrix of H

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

They can be obtained by:

H =RV, , and (11)

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

consists of the M eigenvectors corresponding to the top M

eigenvalues of the matrix D,
15
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[ s (k), s(k+l), ..., s(k+p-1)] is an (L+N-1)xp

convolution matrix of the training synbols. The joint
wOoph7/om9sest i on is to find a non-trivial Ml wWaRGINCA2006/000858

vector w for a space-tinme filter and a non-trivi al

(L+N-1) xlchannel estimation vector h after the filter

such that the output interference residual of the

filter is mnimzed, i.e., to solve the follow ng
o EMZAIROR [RoRIEM nw, i An| " |wX-hs f | . (14)
It can be found that the optimal weight is: ,= R'R,

(5) and the optiml channel estimation h opl is the

ei_ genvect or correspondi o_the_.m nj Lgenval ue .0
tn o RS DAL BRPIL P L ooh o L AU L AEL R e 0 cox
can (@) Btaided by (L+N-1)x (L+N-1) ) and (7) R X *Sr
((MN) X (L+N-1) ). (8) Gven that the noise plus
i nterference conponent V in thespace-time nodel of

e uati_g{‘tlé?w is no longer white but approxi mtely
Glgsi is&lri but ed WYH unknown covari ance matri xR’
v , the optimal estinmation for the channel is the

and the optimal channel estimation is

h =w’ ‘H. (Mx (L+N-1)) (15)

opt opt

It 1is then possible to apply the optimal space-time
filter in equation (l14) to the samples from the antenna
array 24. Clearly the outputs of the filter 30 still have M
channels, and it is a MIMO system. The optimal channel
estimation in equation (15) can be used for the multi-
channel matched filters 32. The outputs of the matched
filter are then combined (summed up) and rescaled in the
rescaling circuit 34 to the modified desired 1level. The
final output is a single-channel sample stream and can be
fed into the Viterbi equalizer 38. Note also that the number
0of 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 1is below a predefined threshold the JSTOF

16
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maxi mum | i kel i hood (M.) estimation, which is a
mnimzation of the followi ng quantity: *(H Rv)= | ogRv
WORK##96689 ) In this non-limting space-tine rRdeCA20061€00858

nunber of the independent channels is always |ess than

or equal to Mand His usually rank deficient, i.e.,
recdid¥ His= furn84N(AN LHY ind . cdbeeffibndel dentvdl g

probl em can be used for the rank-1 approxi mation of
turneage gpac&hei nendul t SENRTlean) STOFesbidyi tcdmpudrssl once the

. di . di ff t h to find th
oSt FTROrbpth dimt Sor Cone POFSERETT NADLY wei ght and i he

channel estimation. It is possible to find the M.

estimati on of . The estimation can be deconposed as
where iis M is the esfi {An of the space matrix
of syvgnd = L) ' i i f the tingig)

mat ri X of“i_ﬁgpeytr(m HERQH ai DRe{FoyH '} =R U 2VDM and

i) HR' 1, (112; where is the Chol esky factorization

and V DM consi sts of the M eigenvectors correspondi ng

to the top Meigenvalues of the matrix D ,D R 2R RZIR
and .thR 162tputl 3INRI gaa mextcsimped hierapt égedtivenght(1#or and
(15)t_he space-tine filter can be obtained by and the

opti mal channel estimation is It is then possible to
apply the optiml space-tine filter in equation (14)
to the sanples fromthe antenna array 24. Cearly the

out put sﬁhofgfhe filter 30 sti d]* Reve j\/l channel's, and it
SINR $ =3 | — (17)

[wh X ~h,, S| tWuRW+h, Rh, ~2Re(w R h,})

apt opt =% 57" opt

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

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

The JSTOF defined by equations (6)=-(17) can be
implemented in different ways 1in terms of numerical
stability and computational complexity. The major
differences are the way 1in 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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estimation in equation (15) can be used for the nmulti
channel matched filters 32. The outputs of the matched
wd ibt/emeesr e t hen conbi ned (summred up) and r escalTdA3006/000858
the rescaling circuit 34 to the nodified desired
| evel. The final output is a single-channel sanple
stgreansand Cafp hendetht 140 tike Y taldie Hopabibzemnpd8ition-
Not e al so that the nunmber of channel taps after Fhe
baselSTORmatas xbeennvlearsged t oolf+N- R conpard ngthe L efigehealue
nodel ed channel taps before the JSTOF. It was observed
decdmposiirhilcat | ohs maftati xt hP JSTORAueddioner (1 dcur Sedcrdieally,

., that 1 dB | in th . AVWGN t h
sindfilgl 08,1035, L0 Lhe PULe, AV caees compared Lo the s,

decﬁﬁﬁdg%%QQﬁhE£§§#%§s’ a strategy of automatic switching
tween the and conventional receivers was

devel oped. The switching is based on the neasurenent

of the difference of the input and output SINR s of

t R F41d5. - When the difference is bel ow a predefined8)
threshold the JSTOFreceiver is turned off and the
conventional receiver is turned on. The input SINR can

D cRg easi-kysenpuUt gd once the estimation of His done in
equation (10): and the output SINR can be conputed

fromequations (14) and (15) : On the nobile side, a
virtual .antenna array can be set up by the conbination
ofDﬁﬁgﬂ%anpling and the separation of the real and (19)
I magi nary parts as showmn in FIG 1 . In accordance
W th various enbodi nents, the joint optimum M MO
whergpace-tinme filter and channel estimation set forth in
equations (14) and (15) enhances interference
suppressi on performance. The M SO nul ti-channe

mehCchgdrpr 7 (20)

It should be noted that the inverse 1is actually

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

computation of the inverse may be avoided by the back-
substitution. Also, D 1is 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 1s the Cholesky

decomposition on R,, as its condition number may potentially

be relatively high, and its positive definite property may
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filters 32, which are based on the channel estinmation

in equation (15), inprove the error rate performance
wonwt/edsesduci ng the conplexity of the Viterbi RueAioa&o008ss

38. A strategy of automatic switching between JSTOF

and conventional receivers reduces the loss in pure

be &¥EBLEases. sdhe @%E%ed%*n%u%—%%%até%ré 6) sitlhfhtions

can be inplenented in different ways in terns of

showagyer hcakvetrabidhaty and conmplittdtdronalimbenpleexi Ry,. Theless
maj ar differences are the way in which the inverse of
than aBlvV8Boi e FalEoR XFaEREX SRENG ré 8lsc §ghed saifg rivh& 1@hy and

j [ he. chan ' [ d h reduced
very, A S S o | e e
ddoonposicridamiozs editat r ax | alvessnate oferd atidndrite, the QR

ei genval ue deconposition of matrix D.in equatjon (13).
decRA a1 YT SRR oR=RPRE; Jorg oo HpafTgeto avoil the
- inite, I d itjonpexi st.s: = . Lr .
iy B G B o et B aRare 11 Rhourd e noted X i1
equdthiddn t he)i Ve sguns agd bahh y Rend,or ped nd hehBe ynique 0R
square-root of R, and the explicit conputation of %he
decqmpasifel qfay be avoi ded by the backsubstitution. Al so,
Dis nunerically stable because of its structure of

mut ual cancell ations. This was verified by simnmulations
t Rt =sprwed the condition nunber of D is sel dom (21)
greater than 300. This inplies the eigenval ue
deconposition on D would not require unduly

e St Sateg, al gor) L, Cor, Lypl cal  appliations. s

full rank MNxMN upper triangular matrix. It can be shown

that
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, =LSQ. (23)
The reduced rank channel estimation may be performed with
the eigenvalue decomposition on D as in the previous

approach, and the optimum filter weight matrix of (14) can

be reduced as
W, =RD/V, . (24)

This approach 1is basically an equivalent version of
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skilled in the art. In fact, this approach nmay
potentially have the | east conputational conplexity of
wa tve7/eppesoaches outli ned herein. One potenti alPCT/CA2006/000858
nunerical concern is the Chol esky decomposition on R
as its condition nunber may potentially be relatively
ChollegRy anttdrigodasidd vendeaiidi 5emptl OPeidms iTRYDen 08T S8 can
to some degree by round-off errors. Simulations
shoshohed, ReviEyerItthat theroosd tiver muwsherstafbiX itS, at the
| ess than 107 even in some extrene scenarios such as
exXpgeF§ higgh ahllevelOR | cdecanpoeitioni st eoirersrce (@rhplexity
| I wit h. an al ternate enbodi nent,

(el o BRAE SR EREY v P E i o "Hotai AERRS bEnGsedor @
mattoxavotf d ¢heerdi reicte )calacid atlbegeef thAplBVehsSer 0% Rhaving
Since the X_r in equation (3) has full colum rank, it
appﬁ8§l?ﬁ5e§ﬁiaué%QQ%kﬁﬁnﬂﬁﬁﬁt¥%%SXlBQRP EXBPiigere@ @ iwhere

M=42 RXMABtfLxyw th orthogonal colums and Ris a ful
rank M\XMN upper triangular matrix. It can be shown
t hAhe RtweR aRpo@racheg) darbrtieed khoequattiionl ( t3hudae the

itrend n,the form equation (19) with the D1 ,
comggF%%#§%e§fb& (5%%§Rﬁéiﬁ$aﬁﬁ Ehﬁn%8V65§FVmﬁ%§§?Wﬁ%/thls
maybebperdonaedow tibatkheseh genyvat iengdecornpesidd oman D &@s yet

and the optimumfilter

in the previous approach, _

AnohREHht _aﬁ&ﬁrﬂ@t@r (dRyreafhbe fe@ueed BRe ThEénappraactvalue
decb@ipbast £ah | y(saﬁb)qubﬁé@EgE{i, Vg:rh% pﬂa?ﬁ:@miq%ké,rsion may be
deconposition in the sanple domain since one can show
avoified Rnd [the |nunteasi daiprovadi himerinepl bet dhidtidey atmproved
in ggﬁe applications. This approach starts with the SVD on

the sample matrix in equation (3):

X"=Uzx VvV’ (25)

x=x "x 1

where U, is a pxMN matrix with orthogonal columns, V., is an

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

X =diag(c,,",0,,), with the singular values on its diagonal.

It can be shown that
R'=vV IVl (26)

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

_T_
D, =L7SU, . (27)
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expense of the QR deconposition's greater conplexity
(requiring approximately twi ce as many operations for
WOREOe8 of gi ven size) and | arger sanpl e nmatRGIXCA2006/000858
(having approximately 3 tinmes as many rows in an
exanpl e case where M4, N=2 and L=5) . The two
approaches descri.bed _above still. require_the
The (BRGTREE: B T oEaT: AEangU O TREITS PhvERSeSURI PR and
thel P $BRYBEgHONRLPY 1 RagkySybs| Lt pELANgs Turning now to
yet anot her "al ternate approach, i.e., the singular
val ue deconposition (SVD) approach, the matrix
i nversi gn_nay_be avoi ded and the nunerical stability
nay%bé=yﬁ$IPeyanproved in some applications. This
approach starts with the SVD on the sanple matrix in
equation (3) : X =U.SV '25 where Uis a pxMN\ matrix
Lt Ryort c X 4 n r I
e R and e s MOVE o agonal atr e xS ages o D
The, SVD, i$IMWNhis Wapprddeh sinagukraguiakues ren ddnpoutiaganad . than
It can be shown that '= v v, . (2b) The D in equatjon
the eiplesiky) ands YhedsorPRofi bRt i BRASE19) Wiheh Ryevious two
appdghibned by: D ,=L7 SU. (27;The channel estinmation nay
be obtained by the SVD on D1 and the filter weight
mefpi R mEyndes ednt teh BkewhbreeVBWprorRChiess qutel itrogl Mbove
. right.. sikngul ar .yectar D 1.. The . SVD i i's .
‘l'Spprggc?gerg}gj‘%"rgém raé]dsmjs%g))do]t 5 SR Jtrh%fé]heg lists the

compheheskysandeQRdecyosfdt oas dWseflpls Hiherpr @H4uUN=2 and
two_appr oaches

L=5. To find the best timing of the burst, the JSTOF
searches a number of timing hypotheses and the ©one
corresponding to the minimum output residual is chosen as

the best timing. The output residual is defined by:

’ (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
21
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As a conparison of the three approaches outlined above
(i.e., Cholesky, QR and SVD), the table in FIG 9

wd 2081/6196682 conput ati ons step by step for an exEImA2006/000858
where M=4, N=2 and L=5. To find the best timng of the
burst, the JSTOF searches a nunber of timng
hypot heses and the one corresponding to the m ni num
out put residual is chosen as the best timng. The

o%mlr_q%(pugj A gdefinggd by: The search process (31)
baS|caIIy repeats the operatlons listed in the table
for each hypothesis, but the input sanple nmatrices

fromthe consecut|ve tim ot heses cha e slightly
The [SRMRLS Mt Xarid FiM& %gpg"aé%ﬁiﬁn? gall ng and

t he downdating algorithns are potentlally appllcable
to sone of the operations, and the overall conputation

| oxgk hBy= pqtke,rnt)lxak#)p)pe reduced. Let X(A;) represent32)
the sanple matrix at time instant k . It may be
partltloned fron1equat|on (3) to X(k) [x(k), X(k +

The (%Jl 3<,( r)el elr %?«r&% {(t{&m\)}vr ha?%( ktbh*éo fornd] -
r|x may e expressed
as X(* + 1) [X(Jt + 1), (+)] . (32) The
autocorrelatlon matrix at tinme k+1 has the formR Xx (
+ R) (= RRJOX(MIRT (k) X6k % PR KkHRT- (k + p). (33)(33)
This is a conbination of a rank-1 downdate and a
rank-1 update. One hyperbolic rotation-based algorithm

Thlg OEsUpgatc'oﬁﬂfl%%\Ml%t i §g therGheleskyodaedd i zatl 08 irsink-1
forth in Matrix Conputations by Golub et al., 3rd

upd@tdat i orinel 99 ypRdIderc appldtedhlan Wsdck/ dohegatiehm  for
updgkﬁké)éown&géfagsgge Cholesky factorization is set forth

in Matrix Computations by Golub et al., 3* edition, 1996.

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

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

22
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in Golub et al. text is for QR deconposition, which is
based on the Gvens rotation. Of course, the given
wppT/omeés t hat should b e used in a particul arPCT/CA2006/000858
application will depend on factors such as avail abl e
processi ng resources, conputational conplexity, etc.,

a 4 q%sappremated by those skilled in the art.
c% t
o gr/id ggprc?aches may also b e used, as will also b e

apyprecmatﬁdm}bey tdfOS’GeISﬂ(d)i:éEddleﬂatyhel afxamp]]'ehe (N) can be
performance o f the JSTOF based recei ver _has

eVAIPAES B %\/aﬂ%%r%?wcét?}b%snﬁ@?ﬁﬁ aﬁogﬁf’gﬁdegoes not

BLER =8} dnulgd i engl i rfenpaiagneters for the JSTOF
based receiver can b e set with different aspects.

Exanpl s nfducddiesaiiol fow, tlle)Cﬁﬁ@néifergéﬁﬁpﬁﬁgmﬁéﬂfllé can
( an be eI cted s tao_the nunber

= pRLaar o Bnrenndl | CEoRoH o i BeRGASPLARL I HeE Tenk

ex;&m:zd %O@%&ﬁaﬁtlpm@wﬁe tthat geadusimmdde OSR to
1 causes significant perfor mancedegradations; 2 ) A

nubber A5t aEroivalt Gel Eyeas bl @ (trv)d ¢ah He
seject 6d aseg dewgiﬁﬁswg the yer 3@%@%@ does pits

not al ways 1 nprove the per ormance A reduced rank
f oridtte. chaoneisiegpohse wiatth xteah kb:at%ielmedmasom the

| ncreasi n or decr easi t he _r ank s_. hot necess r|I

i it HE per Wﬁ&ﬁ@g‘g‘ Y4 ) TRA au&ggs\sml t chantﬁ C&Slon
cafblh@éltl?@% dBin 5 )erhsdd. deci si on out put can be
quantized in 5 bits wdth. Increasin ]%ﬁthe width to 8

bite cAME npPegeht hehpere br melitd Afaryl fal IORDf oPeDsgyl  to
evantfie deRLSLAN FQLLACH UE CAR P8s@BARPLEd terms of FER. The

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.
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
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The AMR speech channel, TCH AFS12.2 can be used to

eval uate the performance of the JSTOF in terns of FER
wortve7/oegsagat i on condi ti on TUSOknT h- 1950MHz ¢ arCTH€A2006/000858

assumed t hroughout the sinulations. A sinulation ran

1000 trials (blocks) for each case. The FER s of the

casé§HWHyﬁran§9§h@ﬁBuEh%Hg”Jdﬁg §%&€BH¥ﬁ§r§@§§té§¥|ls shown
ratio, are shown in the graph of FIG he margi ns

in apai ngtaphe referite pger hodnafte. sp@clfn&apanﬁaﬂekMeajThe

|n the t bIe be ow.. The nce t he_recei ver
st dekinand e, BenefENAT Seltringit (46 Fer -

atgnca SM&&PM&Q sitatea.ds showrdss the graphs of FIG
FIG 5, respectively. The strategy reduced the

I défse i NTAWZN byreatsoiute rl dBa(lat m@iudelo%luhhdplﬁcur\fﬂé@rbi

b 1508 a5 A TER A L0 L8

comditdd - eRannels tmed ey §idALr arvli-ChnEo dEEh 1des SOAt result
deci sions after the equalizers. Aresult is shown and

is ebmaar ezhai deompleeresy | giplal tihe t heigiaph ofn FE@e 69raph of
P16 er f ormance can be evaluated with a nodified test case
D -5R, where the delay of the asynchronous interferer

Cap bes SR dYUE . bEhe vRahfzekrange ata Omodbf i eandedtofcase
the burst length is shown in the graph of FIG 7 . The
DTSr®3ul vheraditdst edetm pﬁetﬂs@rfmmﬁ@mu%s;m:erferer can

receiver h gSeyerg del.ay of. the

be R EITEIet e AbbLeLNRNE | BeaCf crel Jef tHay Of TH burst

len@glyané ageowms! ynbendsgdapn BBDIFIE . Wir elmess r@e\i1GeS indicate
(e.g., cellular devices) as well as cellular base

thatst atieonserformeranpl ef AfT&kanpeeesves degrades “slowly”

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
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 1s 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
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nobil e wirel ess communi cati ons device 1000 that may be

used is further described in the exanple below with
wombeomnese to FIG 8 . The device 1000 il | ust rrtl/@£4096/000858

i ncl udes a housing 1200, a keypad 1400 and an out put

devi ce 1600. The out put device shown is a display

trdf00se i Cfhé skOYSigr Al yiaciubl ar aphkC sk@Rct@oherke ey

types of output devices may alternatively be utilize
othek prardesiagodeviofd wb8B0 far cont a¢mbtly weehivaerhgext entry
dho i 1200 and is coupl ed between the keypad 1400
an eﬁéﬁ%éﬁ??ﬁsﬁﬂ §y1600 The processi ng device 1800

COry r 98git henoper ateoprfcdNe il Sidaycd 6908003 cwdlelr durts
the overall operation of the nobile device 1000, in
of ?fé%plb‘h]@él‘ﬁ oda¥ioat i@ﬁooﬁrﬁw@%ﬁ slbereypad 11406 rhyF IG.
The%&e%gg Ly eTQgr ah?aﬁ%%ggsna 8; gféggqghg Shashort range

comﬁmmautdicngs cl M&emommﬁt g unesjoad Thmdmyraadj the
i ncl ude a node sel ection key, or other hardware or

dlsrsbw waB80f ora 590 c Mildp betheen ltnmt/mt@atan@emces 1060,
1086 ! SEBB”Van‘?{“H%ol N addidqion, % mge%rgzgocfleo%]o&é‘& ﬁﬁbce 1180

1'80 ot her t he nDbl are"s

andSQﬁeﬂahSCakhErlmdﬂﬂae5%ub§@§ﬁﬁmeriWﬂe @he mobile device
communi cati ons subsystem 1001; a short-range
100%oh@ruw%éﬂ@%ywb§y§ré?ny16§ocomﬁ@n&@%a@nm@@vm theering

vo18L SPL8Y 1600, along gther i Bputlout put, devices .
LAY adfR0coRana 1 by

as V\E as nenory I Ces

mob 160, dﬂzﬂzﬁi@eandml opiSe D& hebl devined sulrsy st eapaﬂgzmity to
The nobil e device 1000 is preferably a two-way RF
COMpYHEMT € af + B sOHRT ceOHIG Ty 303 e Andl dlate Internet.

O €844 015 BRROLL LSS UL OBy {08 i
devioaml@d@at e préheobbey sonpuﬁeﬁnsys@eﬁﬁ1wm@nth@tore, such
as Lﬂée%q%%h 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,
specific device applications, or parts thereof, may be
temporarily loaded into a volatile store, such as the random
access memory (RAM) 1180. Communications signals received by
the mobile device may also be stored in the RAM 1180.

The processing device 1800, in addition to its
operating system functions, enables execution of software
applications 1300A-1300N on the device 1000. A predetermined
set of applications that control basic device operations,
such as data and voice communications 1300A and 1300B, may
be installed on the device 1000 during manufacture. 1In
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-
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Operating system software executed by the processing

device 1800 is preferably stored in a persistent
wastot/e96esuch as the flash menory 1160, but nayPdI#CA2006/000858

stored in other types of nenory devices, such as a

read only nmenory (ROM or simlar storage elenent. In

maiBddEbl OAda Y HRASOT LY8L 8 2REGLT T SV Bents, and task
applications, or parts thereof, may be tenporarily

itenpad@dei nPDMa apglldtddte. st oie, sleh asetfkeabdydomapable of

ccess nmory (RAM 1180. Conmunications sjgnals
sendGEE; Gl by CERG AEE | 4 thy Py APsoi bt SUOPERF | Metwork
1401 he RAMr318081yThe dHeocessyngqdewi ce dG), hReaddidanRssly
to its operating systemfunctions, enables execution
intefratfdmar evappbpoatedns ahB00ARKBOGM onvide deei cevireless
1000. redeterm ned _set of applications that contra
netiiger L 4Rb1 TEEpEPat FoRLC s BeRTas GAta SR vgrge Bata Leems

sto kM| £5¢ b ONst dB80RF el H3OBoBye e st ahl ed on

the device 1000 during manufacture. In addition, a .
peF@EHAl L ¢t et FBRCRAARGer (PIVWudEp | cddtan ABg beroice
comﬁ{g%i%éﬁ%‘é“”'g‘ r“g%¥§5¥tg ) £H¥% M I%ﬁféﬁ%ﬁﬁéﬁﬂﬁé%igons

capa of ~‘or gani zi'ng an naglndxghtg

sub&y@tidm cabeadar fuent os¥0bCe NMiHSu@PPOt hE Merrrtaitinge
task items. The PIMapplication is also preferably
comrpyhitR el 1S sERBFHGLaRd Tdcei S IHEE2E I eegrs supaygtem 1001

incﬂcﬁgé es§s P&E \;é(r 14.[.%%0 P&?f &3 ls}(r\’it.ttlg% Pi%éiat% Ic{ egge or
are seanl essly intégrated, synchroni zéed and up ated

mordiantéenas reb48sanat 1868 . 1401 avdidtik ibhe ded emisericitions
corresponding _data itens stored or associated with a

subgipzier ohPOt er 1 89 s LERL UEEAMMi REAFOTS FuhcrPdnke, such as a

i LTI AL IO CRoEPITIBLEAT NS, | BE£YBIA o
(Loposseblly tThougbetheishaidsig@angend 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
include a communications subsystem 1001 designed to operate
with the Mobitex™, Data TAC™ or General Packet Radio Service
(GPRS) mobile data communications networks, and also
designed to operate with any of a variety of voice
communications networks, such as AMPS, TDMA, CDMA, WCDMA,
PCS, GSM, EDGE, etc. Other types of data and voice networks,
both separate and integrated, may also be utilized with the
mobile device 1000. The mobile device 1000 may also be
compliant with other communications standards such as 3GSM,
3GPP, UMTS, etc.

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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conmuni cati ons subsystem The conmuni cati ons subsystem

1001 includes a receiver 1500, a transmtter 1520, and
wwe7/ar9668pr € ant ennas 1540 and 1560. | n addi t iRQT/CA3966/000858

comuni cati ons subsystem 1001 al so i ncludes a

processi ng nodul e, such as a digital signal processor

netkdSP) ud b8P, aaﬁglhgéabe@?sghlahatlei%%t(ﬂf%)atlgglnuﬂﬂ)%r or PIN

speci fic design and I npl enentati on of the
asseohued catitdns eadlbsy stearice001Ins @E@%nd@¢MWkaﬁ1tthpwever,

i n, whi.ch le d 1000
net QT ITERAED 08 BREATE: For thiarmhl - her1 cohioyPEe oF 3

devil®90 MRy tprEUdgedieeMuRigatrbers subsysteam H00kypscriber
designed to operate with the Mbitex(tm, Data TAC(tm

idertigenaosiulpackepmRadl s Seq ¥4 veeqd GPRS) 2ADb | 618at@ard, in
Ordggnﬁyng g}#@@s get §§§ né nd also desi gned to operate
Wi t aH§

a varilety of VOI ce communi cati ons

netnet ks respiditeas AMPS o TPVAr GMAr MERMA, BES, LSMvation
EDGE, etc. Other types of data and voi ce networks,

pr%%%r%%paﬁaﬁebmdnm%@%%% fhg aiobd Ise deVi¢2ed000 may
send tNaffe MRDEL e eVl €8, 4000, anfsmb' Sofevice 1090 the
my a o?

So be conpli ant er communi’cati ons
commst rahekatr tksn SunhtaSrBGSMMO&GPP SIS, s et gecdet®@r Kfrom the
access requirenents vary dependi ng upon the type of

CompdRhERT £ § oRCEYeEEML ¥akpFe 2NGe1NRe té%eaﬁ@Uted
to Datid AC Mé&s’ %d e d% sisy arp%:éxﬁ%% S’st er% signal

t henet wor k™ usi ng a ‘uni due personal $3 cat’ion
amp hifrbest oon Pl Nragsect at eédwwi tbneaekidayi a1t iGRS channel
net wor ks, homever network access is associated with a
selepbseti b&tor ugBF ofe¥ deVitePIAVAPRS dBgiee to digital

com;epleéfcgrwe ];(I?Q}Jéé_eé adﬁgpcc'a?fs' k'\)ﬁec[ egregﬁtéﬁ y L‘{Jthee received
commonly referred to a car order to

sigropkr akélonsa GPRS ne$hwor k580 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
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.

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
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When required network registration or activation
procedures have been conpl eted, the nobil e device 1000
woy7/6@ned and recei ve contmuni cati ons signal s cErCA19e6/000858
conmuni cati on network 1401. Signals received fromthe

comuni cations network 1401 by the antenna 1540 are

comh O @k £ on ¢ heub eget ¥er18890anwhi chippayi des they aAlsing
anplification, frequency down conversion, filtering,
devigmnh8POselTdet | veceeted , sagdammy sal Sloepr uirtdbeanamgessed

digital caonversi.on. og-to-digital copversion of
oy tRe pleshusa 6 gt i | DOE0 T RetDep Tudyo Bir Fapme Splay
1600TDI € rC oI & LOTKRINY Cabi Oftsind UBEhEONSuSUGIAS 1/0 device
denodul ati on and decoding. In a simlar nmanner,
106G ghafsvieebaseraney taled toonires hedaor kild0d, asgch as e-

: . Q. .nmodul d d b he DSP 158
na 2 SFERALE. G TRV ALCT 200 AR Bisie OB

and are €n provi

auxUi gitpl /@ anal0geCcorDeEy i @fichf r ggUENCY cUBhERAYVEr $i Abcker
filtering, anplification and transmssion to the .
swite@hmudi @%@an@@mr ko 49am¢ optherworks) of ainpet device.

a 56 n.addition tQ, processing co ni cations
ohe SILRENRA00e LB A ! BROSEESL N RTNLESL 00 o
comn@cit el odS0fe aiidlr k he401 ansHi ther cbhdinikek ienaMmdsystem

ains applied to comunications signals in the
1oofeceiver 1500 and transmtter 1520 nmay be adaptively

c ral l ed. t hr t L I n contral -algorith
i mp e%eﬁ?gﬁé$ng#%gm%§5%¥g§8% %ﬁégeHaf%eggﬁ%Un?%%f?gign of

the nDMzviecd eceived silgadnt islchy as sirieddr nMessage tie wellata
page downl oad, is processed by theconmunications

comybisSAt R A 0pAdande¥sePhptibat orepreigeec 64nagd sdaviec@utput

to 18005pdhgerecaiged signal ig,ihen feppher pragessed, . e

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
mode, for example to display the identity of a calling
party, the duration of a voice call, or other voice call
related information.

The short-range communications subsystem enables
communication between the mobile device 1000 and other
proximate systems or devices, which need not necessarily be
similar devices. For example, the short-range communications
subsystem may 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
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by the processing device 1800 for an output to the
di splay 1600, or alternatively to sone other auxiliary
wd Z00r/aweésce 1060. A device user may al so conpa¥HE/da1086/000858
items, such as email nessages, using the keypad 1400
and/ or sonme other auxiliary I/0O device 1060, such as a
havitrQ%ChtPr@éj’ BehOEker sW tehe atbhuRbnybBeel cQEn3@M® in the
other type of input device. The conposed data itens
forgmyinden desariasions ed aver tie commaticiatieashs drawings.
network 1401 via the co ni_cations, subsystem 1001, In
TherSigite LombinPBSET 6heHodRa tovdtal 1M BPer tF oh® ofoEhéo be
limdeyvd ced s tabstantiabby shpblahehfst N1 d@idsed, and that
conmuni cati ons node, except that received signals are
mod gyt gt i @S a agpeakmpodipent aind rsi ghatended ttoansei ssicduided
Wit € generat ed ob% a}lm'lcr\;) hone 1120. Alternative voice
or audi o 17 sU s%/s? ehs it as a voice nmessage
recordi ng subsystem may al so be inplenented on the
device 1000. In addition, the display 1600 may al so be
utilized in voice comunications node, for exanple to
di splay the identity of a calling party, the duration
of a voice call, or other voice call related
i nformati on. The short-range conmuni cati ons subsystem
enabl es communi cati on between the nobil e device 1000
and ot her proxi mate systens or devices, which need not
necessarily be simlar devices. For exanple, the
short-range conmuni cati ons subsystem may i ncl ude an
infrared device and associated circuits and
conmponents, or a Bluetooth(tm comunications nodul e
to provide for conmunication with simlarly-enabled
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systens and devices. Many nodifications and ot her
enbodi nents of the invention will cone to the m nd of
wowe7/616ésl ed i n the arthaving the benefit of tHE/CA2006/000858
teachi ngs presented in the foregoing descriptions and
the associ ated drawi ngs. Therefore, it is understood
craiM@t the invention is not to be limted to the
— specific enbodi nents di scl osed, and that nodifications
and enbodi nents are intended to be included within the
1. ngp%lggegh%&fqf%gdé%h(1¢%“@%an&el ngék%grenge within a
reduci ng co-chann i'Nterference MAtﬁ
comewtivkt Cat $ onsce ecet vesmeoPIhGi Ng: a nultl-channe
space-tinme filter circuit that filters n signal parts

t At Thabe~ BRBANS bt | PPAFBAT ATE ofMtihPEaCERE 1S GhAt Hyt lters

n shiehBll Yo£std mahbRg HRACEpEL e shilitkers wei ggt %cﬁ‘fﬁrgmlcatlons
mul ti - channel inpul se responses (CIRs) ;

Slgm®ltbycmmwnﬂlynﬁsth@dtingt@pamar¢umptfm&t¢ecwevehts and

mul@yléﬁagﬁgfne$?§igga{gs éggééhﬁ%f%s%"Ch nne

€r cIrcuit and' havi |Iter response
thﬁthStﬁF@%Bdﬁélby matﬂmm&meﬁluﬁaul&agnﬁ&ponsﬁat receives
estimati opn from the ace-tinme filter circuit. . The

mul§1TERFNBRE oG Mo SFAFm 4% uPthér “CHRPFRS ng Face-tine

fllﬁéftgﬁfcﬁﬂﬁeﬁﬂé BhGEHI taCQ@@%EEGQe%%o%%b that is prov1ded
mul ti - channel , space-fine I[ter circuit that spl

by @h@h@@ﬁﬁﬂnﬂmauﬂ@ﬁsr§sgnabeuﬁﬁ@l@@@l@@dﬁ@ﬂmwunﬁnﬂpare time

I ginary n signal parts. 3 . The filter
fll%%%o?ggﬁﬁigg Claim1l wherein said nmulti channel

space-tine filter circuit conprises at |east one
multiplier for multi each signal part by a
2. rég$%2§| er accord n % laim % fué%her gomprlslng a
virtual antenna circuit connected to said multi-channel,
space-time filter circuit that splits the communications
signal intc odd and even sampled, real and imaginary n

signal parts.

3. The filter according to 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 filter according to Claim 3 wherein said at least
one nmultiplier 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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space-tine filter weight. 4 . The filter according to
G aim3 wherein said at |east one nultiplier conprises
woopaimessher eof connected in parallel; and wher@/oA®eé/eh0858
mul ti-channel, space-time filter circuit further
conprises a respective delay circuit for each signal
5. parteconnerted t a@bidiy ofcpnecabigal dapaiyn@fecin  the
multipliers.5 . The filter according to Caim4
comppRterhiPNe eoamadl msHises ghablebapityesfa symbols; and
al i of_ sy l;s; .wherein each of said. .
Whe%ly{li p%glcyek}s Oafndgggfjaymglfg%%ﬁég%asana Ol?telgyon%-l§§:/%8F has
abodel ayonsssgmnabeddébeyeastsbcibted Threbéki€h. accor di ng
to Caim3 further conprising a respective summer
circuit for each channel for summ ng outputs of the
6. muthépldignsr 7accdbgifiy! ey @§$ﬂﬁmﬂnk&f%ﬁl9!@b%gris&ng a
further conprising a joint optimal filter weights an '
resph@ahhef eSUIHAr orcivruiecefor ngeachi tmpseuefee summing
0 1] rtai ntydata and for generating
Outé%g%e{j?i ?rggf%“{l?{e?g%%%t s for said multi-channel,
space-tine filter circuit and a nulti-channel inpulse
response for said mylti-channel matched filter circuit
T BRC Thd MY tRFCAECHRYI 1§ t'olTRI k1LY iFHRr Comprising a
joiROMPEHELALL ans eAEL 1 QL3 ghE cul dngovwnsiream fromsaid ¢
jOlrrulti}‘!-)channel , mat ched %i&l ter crilrcw t. 9. A%lm[ter or
recgygiRe ftarinddgci sreaeenchasyeboilst exicdr enményi turicestainty

onnuNi | recejver, conprising:..a joint .
dat%pggg-tfo?e ?‘?‘ﬁ?ggg%r& PFSIg a il 'l-tcer#an‘ﬁ%’r,ghts tor said
mulspackahna®, f sbhee-cineuift 1tbat circuit and a multi-channel
impulse response for said multi-channel matched filter

circuit.

8. The filter according to Claim 1 further comprising an
equalizer circuit downstream from said multi-channel,

matched filter circuit.

9. A filter system for reducing co-channel interference
within a communications receiver, 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 space-time
filter weights and multi-channel impulse responses
(CIRs), and
a multi-channel, matched filter «c¢ircuit that
receives multi-channel signals from the multi-channel,

space-time filter circuit and having a filter response
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filters n signal parts that have been split froma
comruni cations signal by jointly estinmating space-tine
wd ibt/emeesei ght s and mnul ti - channel i npul se resprITEEs2006/000858
(CRs) , and a multi-channel, matched filter circuit
that receives multi-channel signals fromthe _
nmithatchagnelprspedeiti gp fid tecnghhevi t 1apdikavi N donse
filter responsethat is provided by a channel inpulse
r e3pbhBat &3n| hpeMobherepREhet Spackittae ¢irceit; and
circuit;,. and roati ve:f ro | when.an
interfe?%ncea?g$gkgﬁ§%%elo%%%%éidetggéfég%s?hreg ofd @n
anthtenpersnog devetlches billber ,a apeedeseeat hebattitoreshold
circyit, and a switch nmechani smfor switching the n ,
si Al PIRS IMD Ehe"Het'etidd HFiliteer afd cross-correlation
Cresse@if el aldPnacidwitidn *@cnlhgshi | £&F S¥8t&Ning the n
according to Claim?9 further conprising a virtua
ant e®ml ci Pelte camiect ddhe o Batdhedl t Eidhamneland cross-
sp -fine; £l ifcuit that splits the
coﬁﬁ%ﬁ%%gﬁfé%ség%ag% “into odd and even sanpled, rea
and imaginary n signal parts. 11. The filter system
accor di o CQaim9 wherein said nulti-channel,
10. g %%-t%ﬁé%ﬁqteﬁy§§?ﬁui9068ﬁéipgesgﬂ |ekdtMong further
comprlsipyies forrvwdtli phyidheach stgnal Pdeded® to said
respective space-tinme filter weight. 12. The filter
mulsis¢lepnrekor dikRre o Qi hiltasheréiraudsi dthet| esstione the

L iiplier c i_Ses. aity 4t her eof nnected in
<0 para#$e+; %ngq%ﬁgﬁefﬂ%ggl %ﬂ%éfc X%ﬁm?aﬁéiﬁéﬁtfﬁ%l and
imaginhdey ciscomdlfoather conprises a respective del ay
circuit for
11. The filter system according to 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 filter system according to 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.

13. The filter system according to Claim 12 wherein the
communications signal comprises a plurality of symbols; and
wherein each of said multipliers and delay circuits has

about a one-symbol delay associated therewith.
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each signal part connected to an input of one of said
pair of nmultipliers. 13. The filter system according

WO o @bes 12 wherein the conmuni cati ons si gnalPCT/CA2006/000858
conprises a plurality of synbols; and wherein each of
said multipliers and delay circuits has about a

14.0nensynbeh tdel ay 23| %(?@oﬁﬁ]ﬁ{gfw £H. 141,The fidl tefuriner

systemaccording to Claim 11 further conprising a
comppspedi de rOFRFEt 1S cuinmeprceaehi thinnekathr chammialg for

u f.th i pli .15, The filter system

Sum@%%@r%?%gu%% %fg?h$9ﬁﬁ%?%§%%%g%hprising a joint

optimal filter weights and channel estimtor for

recei vi trai ni ng sequence synbols and tim ng
15'unﬁ%?ta&ﬂ9§e§at§; ' or 2GEREFAPPNg Spaceltihe Fi| thprther
compei ghhg far §@Eﬂtnybbkiﬁ@@nnﬁhit%Qac%@W§H%§'lJﬁH cQanel

circuit and a multi-channel inpulse response for said
est R EPr chaAnsECARAVEREd LR néngc isequiencel Gynibed < jdrtdert iming

ccqrding Caim9 further conprising.an .
unc%%ﬁéfﬁggr g%?%uifﬁg%mn§%$gaﬂ%5?%ﬁ$§39d ﬁﬁ@?@c%&ﬁﬁbl,fllter
welighteheohdf i beéd awurlwitchdrhed neihed-afimeeddci P8r circuit

co-channel interference within a conmunications
andr@c@W@éﬁ?ﬁEﬁ&W@%rﬁﬂp%ﬁﬂ?t???@?%@%oﬁﬁﬁnﬁ@&@i&W§Qﬂiﬁﬂﬂnnel
matéM6@ nisigRabipanis; filtering the n signal parts

within a multi-channel, space-tine filter circuit and

jointly estimting space-tine filter weights and

I-C c el i I responses (CIRs) . a
16'Pgt%%viEgﬂﬁgktiﬁgﬁgﬁﬁélnggﬁﬁg?éngro§fihéé%%ﬂ%e-fﬁr%girther
compiisEmg CanCeiuadiitzlirn @ militd - ehangieteamt ehedl bhlibemulti-

[ . . .
chaggéfy %atched filter circuit.

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

splitting a communications signal into n signal parts;

filtering the n signal parts within a multi-channel,
space-time filter circuit and jointly estimating space-time
filter weights and multi-channel channel impulse responses
(CIRs); and

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

circuit.

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

real and imaginary signal parts.
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having a filter response that is provided by a channe
i npul se response estinmation fromthe space-tine filter
wQioozaidses. 18. The net hod according to C ai m PCTME2006/000858
splitting conprises sanpling the comunicati ons signa
into even and odd sanples and separating the even and
odd sanples into real and imaginary signal parts.19.
The nethod according to Claim17 further conprising
19. suRRengrott it ecsrrdi@dnatendedl 3imt & afdrebseal ¢orgprbsing
sunflifigsidiabdiyvebe Ahe ThecERLAOG Aecarding to. Qaimdo., .
further conprising equalizing a single channel signal
desafedrlewstaling to a desired level. 21. The net hod
according to Claim17 further conprising filtering the
n-signal parts wthin an alternative filter when an
20. 1 ntref anedtes | evlordsnkel ew actdwreshal deu22neFh&omprising
met hod according to Claim17 further conprising
eqQUALEELPPyihg SEASH Ssi GRanNpar tsharel Giftspacessicmd ing to a
desiibyeiweights. 23. The nethod according to Caim 22
further conprising summ ng the signal parts for each
channel after nultiplying.

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

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

weights.

23. The method according to Claim 22 further comprising

summing the signal parts for each channel after multiplying.
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