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JO NT SPACE- TI ME OPTI MUM FI LTERS (JSTOF) W TH AT LEAST
ONE ANTENNA, AT LEAST ONE CHANNEL, AND JO NT FILTER
WOMBEHP6AND Cl R ESTI MATI ON Fi el d of the | nventBQINCA19e6/000854
present invention relates to w rel ess comunications
systenms, such as cellular comunications systens, and,

NOINTPSPACEVT VIO PTIMIU MUFILTIERS

(ICIVF) and JOI nt derm has been

i nvestigated to neet Wr a Downl i nk
Advanced Recei ver Perfornmance (DARP) that is
standardi zed by the third generation nobile
communi cati ons syst enw_gﬁ!_l&ﬁlml neration
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Reduced- Rank Mul tivari ate Li near Regressions, |EEE

Trans. On Signal Processing, Vol. 44, No. 12, Dec.
wOolB96019865 Kri stensson et al., Blind Subspace PCT/CA2006/000854

Identification of a BPSK Communi cati on Channel, Proc.

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

1998. 8. Golulb eedl., Matrix MdhiputaticasIBt Elitien 9998 d
Edition, 1996. 9. Trefethen et al. Nuneri cal Linear

Al g®r a, Tiefothen gial., Pumesical Liggar Algghiari%3l Reci pes in

C d Edjt.l : . ~obal or Mbile
com@jni cgt}‘%s%)g{shl(%g%%cﬁ% "f&é?ﬁ%@ﬁ?ﬁ% addr ess

t heCagenth@lobel SystdneféreMabde co@tiunicatioahGIdickkkular systems have

statio M5) side, as wel addr ess. t he DAl )
to ?%Eﬁsytgﬁéﬂt%?mg Hﬂefg?rﬁ@qee@ﬁiﬂn_ ¢ Pile sties &g side, as well as
adE&the DAS rRWEmMBRRNSHRE Sink R Ahfhel Bire@RESbhd Pre fiers have been
i nterference and provi de sone channel 1 npul se response

usqd@b Rid issanerding die inMsfecange and pwvilespaieahsnich wepulsersponse (CIR)

maximzation of the signal-to-interference.to.design
estiiioph §Rue i gome HaRmae L, bed iiniaHy 8F e ignakio tqaterence
to @&digi iy af figle charigl epabaimie FilteOhME theSY IR @BBmAEfor a single
used a constrained m nimzation of the mean-square
channel Othyy systemghaye ysedq eonshainek minigyzationjafthe megy-payare error to
j.n fi t
e G S hoy BREE 5l Elgp Al space fier
that i destgned Hyi amsnkoone dpgpeotiaragen ofiphed Miathamnsl ésvimatioasEhe target
st.ens have been a base station where a physi cal
PRl ALPR oA Ry IAETJING CSoPUTSE FEYOB IR rARyScplganienna array
incA¥Bhd APhugalitBof SltedRS ¢4 4RIk Of the Drawi ngs Various
objects, features and advantages w |I| becone apparent
fromthe follow ng detail ed description, when
considered in |ight. t he..acc ing drawi ngs, in
which: FIG 1 i sgé]rl ripsigy of e Prawings nt Space- Ti me
Opt ivikisu$bbjeers, hannd abdwildntgedeii beasindgsairdte from the following
Performance (DARP) capabl e receiver in accordance with,
detailedfsetiPiRm tvhgh comadaref,@righbpf the pegonpanying digyiags, in which:
det gided: i f j_ e T j :
i1 FOeRIR D PR B 0l 8pAq- B OPRRLH e Bhsglf Bumtink
AdbangedaBecadarn Perfoindncan(iaRBicapatle afeceiver in accordance with an

embodiment of the invention;

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

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

FIG. 3 is a graph showing the Joint Space-Time Optimum Filter based DARP
capable receiver performance for various DARP test cases;

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;
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the invention; FIG 2A is a block diagramof a nethod

i n accordance with the present invention; FIG 3 is a
wapoapindsésow ng t he Joi nt Space-Ti ne Opti mum FiRATRCA2006/000854

based DARP capabl e recei ver performance for various

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

SpagR; T8 LRFdpRUEBNTHAring! the SfeffoyrRand2esf QihEEnG/ﬁ_h' fultiple Viterbi

accordance wth the present invention with additive
equatizere iBaaswrdanceovide thavErjent doveptiord using h8-2idShi limitgr in the
. an auto-swtching strategy; FIG 5 is a graph show ng
Smi%aémj’oi nt Space-Tinme Optinmum Filter receiver

per FIGTRRCE graphashonvisiaiRepenforiaiidecoflogfeSace-Tire Oplitum Filter

with DIS-5, conpared with and wi t hout auto-sw tching;
Regigr agdjagnedifie n@ﬁt EEFACCAIg ARV i the PrPERABVYHIOB; ngl e

Wi t I il ' [ li [ C j .

the Wodkr fnvenfink SIR Wi OTRTRAOARES Tl wircles
commmicatiorodevidd tBat ¢anite wed)irpgicosiaow with bheembodioreneoitthe present
. of Joint Space-Tinme Optimum Filter Receiver and a
INVERLRT-@BY t est case in accordance with the present

I NVeRGi 0ns afthke BnipariAg M BREL Agprodcfek foh R CRAlesky, QR,

exenpl ary nodel w rel ess comunication device that can
andh 8V Dseanputations o ekeardaned with gieepresebbavention. of t he

present invention; and FIG 9 is a table conparing the

t hree approaches for perform ng Chol esky, QR and SVD

conput at i OBetdilkdIBE&RFiPHDA of Mid PrefdigedEaftdimensent i on.

Detai |l ed Description of the Preferred, Enpodi ments )
Sev epygralnp-limifing sgbedimsats il Bowibe| deserpedempresfillyasgeinafter

R i e
Thegeecrstimslimentd nexye hewbrouli beembodied/ in mame ddferers fommbardi gwuld not

[ di.ff. t. f d sh t.b d )
be (PRIHREY dEH Brib6 PR ETLET ot ROTUr GHFrer e rmbodiments
arel pr8$Rlc& B Ykt IS ldSscRisBre PNV IBErotgh tah@tcoﬁlPie&, @h8 S4iRFUNE convey
will be thorough and conplete, and will fully convey

thet $epe topese skitlpdiethsiart. [Leke nymbare refen to likeclements shreughout, and
priﬁl%fn%liatlto% iL h&%ﬁ t§ lix?d??a% ﬁmtillaf 88191@1%' i al@é?xqative embodiments.

In accordance with one embodiment, Co-Channel Interference (CCI) on a mobile

station (MS) side in a current Global System for Mobile (GSM) communications system is
addressed, as well as the compliant requirement of a Downlink Advanced Receiver
Performance (DARP) standard by the Third Generation Partnership Project (3GPP).

The invention may generally be summarized as follows. A mobile wireless
communications device may include a portable housing, at least one virtual antenna
carried by the portable housing, and a space-time filter circuit carried by the portable
housing for filtering a communications signal received by the at least one virtual antenna
by jointly estimating space-time filter weights and at least one channel impulse response
(CIR). The device may further include a matched filter circuit carried by the portable
housing downstream from the space-time filter circuit and having a filter response that is
provided by a channel impulse response estimation from the space-time filter circuit.

The at least one virtual antenna may split the communications signal into n signal
parts. More particularly, the at least one virtual antenna may split the communications
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prinme notation is used to indicate simlar elenments in

alternative enbodi nents. In accordance with one
wewbodionent , Co- Channel Interference (CCl) on RCTOAI0D&000854

station (M5) side in a current G obal Systemfor

Mobile (GSM communications systemis addressed, as

sighdl intaoddhamdcevenl daipled, Qéﬁl'aﬁﬁ”ﬁ[ﬁ%x a SN lpaRK Furthermore, the
g,g\agvanced Recei ver Perfornance (D F?F%;yst andard by the

spa; time Edige plagtibmapdeiananlinehanpelo prace-tiggdityr cirphig that filters the n

Y590 50, TMOSEABAUL i SHTRAL 20088 L0 hAlfcndnel mpute

remmmblr&ddmtﬁi rige, malti- élﬁﬂﬁeﬂ grace-timetfiler chadiemag u&ﬁﬁdd & deast one
l.e ho S|ng a space-tinme filt

r )
m@?’lp efi fPr %itm?»éag Bachy signal, %rf gbﬁéesasweﬁgaqesrtlmff F igryeight.
a Cogpyay %%mﬂﬁlesmg NleabtesRi HEY ﬁyr hiEvéh gaﬁq%remmeaed in

virtual antenna by jointly est| t|ng spac
pafallet, andvibé ghts-chamhehtsphesatsme diier chanheiaylfnphﬁrsiaclude a respective

CR. Th th e a. .
aclgeaRan et Fredsgne daflieopaeistERR Y MPREOT MR obihE i myiptirs
AKSWRS cb@Alnidatibhd Kignd RASLmcIudR af plifakity 6f § 3&%615 M the multlpllers

haV|ng a filter response that is provid a channel

and ndplass eirewtp By ccagB thayatabont AraerayRdok @al@é aspmeatﬁd |therewith. A
reﬁ?&‘f\%’ M&%l&hltln’?ﬁsﬁso nl}flu?EdJﬁJr sﬁf%n?ﬁé]&ltgﬁt)é o?@% IInultlphers for

conmuni cat’1 ons “si 0 n si
eapiarchmmell athy, w1tdi$sa¢orﬂ1mmstatmne delvrcbumlay <’:1’llttbet‘rnﬁncl‘ﬁﬂlﬁtl an equalizer

it the co cat | nal into odd and even
cirg Wﬂp\é{astrelagh{rorgﬁ g?‘ig Wr @re¥itgnal parts.
Fur tAepBiod. orheedubRge. Blcﬂﬁnrfel | fn@drfetdilce UiWlithiRYa bﬁxoﬁlle wireless
mul ti-channel, space-tine Iter circuit that filters

cotrh@mcagqogm aq:cep@r tmeayp yxc}u@lp mQSyloggtg that mg@les parekess icommunications

reéel Cf,tr %xth\l\@ ! ? }tgolg Fx?usm g\’g]oﬁ'g E%@giggg nt?xu f1|2 le“{sig ? nsg %P%lmulmcatlons

rect‘é&l\yerlﬂw hﬂﬁldataﬂl@’SGbn@ﬂﬁtuﬁthﬁtéﬂal @rsphé-tiitl filfep 3t downstream
each S|?nal part by a respective spaced-tine filter

fropeithhet Tepst ansyvigaleanteRspeand pangiehadeliliqr cireuit rﬁsnwnsman@ from the

spﬁ@%lrgg tdp aél{cutt.h §he FhehO r]?é\}l eeke? RA lfﬁ!erm Extrlnﬁlumcatlons
annel, space-tine fillter circurt nmay urt er

mgnab reunde/ed byethp et ti¢ase onke Varfuak antenmat us‘mg t}&asmccs-'tigmaﬁlter circuit by

ected to an.input .of one the p
ioffly osFRPRRE sPaeuine Ty ittt B st Sf Ramedympulse response
(CTRIC | Fig@endrt Uk dlick Yeponsey Ha9| te, gddRefhtddBasel | pbR!d @ﬁa?mel impulse
and delay circuits may each have about a one-synbol

regpensgy cyiBHionafrem theesnaps-time Alteresipendt bsiag hermeatched filter circuit
oS oY 2 BR BT o Surm 1, output o

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

In one non-limiting embodiment, a signal from the virtual antenna array is fed to
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circuit dowmnstreamfromthe matched filter circuit. A
nmet hod of reduci ng co-channel interference within a
wWOmb7/h®eed r el ess conmuni cati ons receiver may iRCI/QA®06/000854
positioning the nobile wirel ess comruni cations
receiver within a portable housing. Mre particularly,
the tIBEOFp bihkre the pptimam weitghisrfoc&teiMIMOLMed ugerference canceling filter
|rt

oS B B SnE LT R R 1 RS Ml are iy

estx\ﬂ&é@@he%\h?«ﬁﬁﬁ th@r!@T@F'Tﬁlcﬁﬁeﬂleflh{etrﬂfen‘éé & Betfiltered and fed to a
downstream fromthe space-tine filter circuit. The

MIfethaser mg}tlfcbmmé matehedalkeerf iTihe dilion gesponsmmi the anatahad filter is
e t one virtual antenna
provgc#%ﬁ %yt ]rﬁ 8@% gset E{Q%&Efpofm ﬁ} JI S“al‘ri‘ﬁI

er circuit by jointly

est Thawbutpgt SP@e endltiharriel hﬁtch‘é@ ifidle passerdioat Viteds bquali@er which
channel 1 npul se respanse {e Furthernmore, a filter
@n

rem@@&dhge‘nwwy@éolg@ﬁéﬁf%rﬁw l@e§§ d ppravides waﬁnéwmwf@re further
proc&RRg ?hee tgﬁ%@@pl J[ §>8£9et RGuThp g tht BubiiZel Ran Ge' gown%d by a

usin circuit downstream fromt
corsmaatioit ofitbe EorviodveddCIRs dram theHSTIOH. Wbisrpat-Glteecdnadsonmmdématically
chanpel pre-filter .that is

swisthe ot opRemionaca o, BitE e GoBYoRH forsike, Bidhy AWON

dorhitaRN@kes FAUMIRK rb%@l@@ﬁtﬁ@ J Qfd)ﬁ)ba?&it reBBYdraRn aRf AREAFEA dominant
and optimally. The pre-filter can use two

case ripesrte-switehing eapabHity reducesithe b)sarmAWGT(llipngnant cases.
ggla%\gplﬁmﬁgeo %ﬁﬁhgundﬁ t]&_tef PP &Jntt% ?eéﬁ.éﬁg)c'\e{gzelglag? ?eri(o ﬂle JSTOF-based

andTDARPRt apable pedei & igsowalkt 10tin (FM}SQ)m kas&tthe oversamplmg ratio is 2
mul ti-channel matched filter. In a typical nob

ands thgy nugpbey of e ¥irdiah gntennas s HA¥f & ‘b)n@é ﬁﬁa ln@cm thaYl(k) through
X"(?)S:Eﬁ] half s Qékerxﬁt%r{:%fﬁrg-'fﬂt%péb Q%]ng bR 3 fe¥red¥o LY Bhe interference

I nation of over sanpling an separation o
canceling fhier omidiOtafiltepand scts hah prefiltevm s AR somplmand mexeiver. A

s SRR B8 labed AT B MEAREL . o

theWRkIHAtime 011 thEIGMIMO- based i nterference cancel i ng
filter are estimated. At the sane tine,

mul FIG.chshemes|exanplss o thevasiodeeirquiicledky nla¢d féw éhe filientl0yAn input

t. € J
sigfis FReREA 103 AHblbn Rrel Ty TRl iy LG apal s o, it o
ponnibh ipassifpainteed fihat lethefth d‘olnlvér&ronal'ﬁ’eeelfrérltha& lindledR @S E switch 16, and

an PHIGH] s Deb Fipel Sul 0BT cormaah G Al s Fecei s shortencd

traifPoCREEEncE (T8 syRARREThE ©: Bswitdheretk op &bt GlioWhvitBhing between
the filter 14 and the JSTOF-based and DARP-capable pre-filter 10.

The other portion of the output signal from the derotation circuit 12 is split into
even samples and odd samples as part of the virtual antenna 24 and split again into real
and imaginary signals to form the respective X;(k) through X,%) input signals into a
JSTOF circuit 30, also referred to as a multi-channel, space-time filter circuit. It should be
noted that a virtual antenna arrangement need not be used 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
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renoves the inter-synbol interference (1Sl) and

provides soft decisions for further processing. A
wostngbweeshannel response required by the equalRCIRCA29861000854

be formed by a conbi nation of the convolved CIRs from

the JSTOF. This pre-filter can also automatically

cirgWt 12 aha 1H1§ut‘f)9f‘¥i%ﬂﬁl' RNpdssQf m°t$ aang';é&ﬂl % dit&lt 34 ahﬁ]g.hen into a

Convent| onal receiver in any nt cases an
multiplesér dieukt I6oast data (T Ghebasltiglekercaioundr36i alsaregeives a channel (c))

re%p%%%%f‘?ﬁ FotHiaE R IHL FEER i, iR e PR 36 rosgivs the

ﬂ%ﬁ dhﬁnﬁd[l €c.P kR pbidetfRim &e rhﬂ&l@édf kR REBuiE 38 6BA tREs-correlation
ter for the JSTOF-based and DARP- capabl e receiver

Clrucslt 3Aotgnals arepapsedmmtga Viterbieannlizsh 38 lae 2 00t decisiph nigut.

r at Iﬂlfl)hgr aetgpfg% thl%nw éndgp Lhct lﬁglﬂ(%t{a{‘#r lorﬁ% ﬁef&f?@srs Ia?e shown in
FI(I}hEpwbdsre ulie hirilserchd sire-gdlayed shimplep ueed inl th€ ISTLOF @abuib® 2 (V = 2).

ferred to elnt rference canceling filter or
Thypeteut AUt A1kh rapah St are geecivad i tenysd Qiamehich is shown in

@é?é%e‘tﬁptThE qg?b‘f‘ed'lrcuﬁ 50%9@'113@3" cHaHﬁ&%@%@ﬁ}lﬂ e}ﬂ&r; hid termeg mixers

[ter 10 coul be descri cel ver [
408 ﬁbmlWIHQMIWMEﬂﬂ d6.awhich input Eilt@multl cRarGel agthedvilters 48

o TN S N N o4 S5 HESEhLRE A are pase
intdey Sindthéro80. A fointi dptitndl fi Felew@i%h@,t@%l%ﬂaxﬁiél Eéﬂma%rgél%ult' 52 receives
split, wth a portion passing into a filter 14 of a

TS Sﬁv‘éﬁiﬁ aB¢h Aimipg ABrer@inty rignajsntel preduceathe - weights ( Bford)eused for the

ngput put into a matched filter 18 and a
ml%r&gs‘,@ ?:%rrel ation circuit 20 that recei ves shortened

t r ailhihng ispopsiblces c(e'ftSibed)tﬁ‘ﬁxﬁbgateTmeﬁ';]lﬂer fwllch@h 1?3 al @)(rjwentional
ble t I S ch en the filter an

GG ST St g et e T he i er 16 s

sh&Wheh FIG! 1§ PRe Qf)n\telﬁﬁoﬂéltsgﬁ@vm%'/}gﬂé\k/arg f\ﬂf@r%lh&gagﬁ%?tﬂ LM used

circuit 12 is split into even sanples an
withoup ghangef Int pree pon-timatingaerammia azmngagdatsp DARIag@aﬂ:Ia ret:elver has

Ok B R T M RT X T

pch@desaJ 6 dBrtebex dB ¢halr §in @vea §pekified PoAbBifince SPRERS Bf tHe frame error
ﬁ%é?ewr circuit. It should be noted that a virtual
ratg }]

for gpe aﬁ@éMR sheesh chamnelfe used in al |
embeghent 3. o T 11 iRy ;a(tlﬂ tg rhl%§ 1dVRY LGP %gsocglgﬁd with the

filtering signa rect om ofie or nore
degaribed systeml in whtchrthaszarlemﬂ:ktemanenslﬁwmh@sﬁorshmiﬁngk@ﬁ/dxﬁwes The
var(lous s)teps %%lgfnc\iafi B 1(08 seriés reE?e@ce n{u(r)lrera . Tr}{E luﬁ:om-ll-rrl]ge 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 (Block 112) and

passed as a single out signal into the Viterbi equalizer (Block 114) in which a soft decision
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out put signals fromthe JSTOF circuit are passed into

a multi-channel matched filtercircuit 32, and its
wouopuess gnal is passed into a rescaling cir®AIWC82006/000854

and then into a nultiplexer circuit 36 as data (di).

The nmul tiplexer circuit 36 al so receives a channel

is(fddk (Bﬁﬁgqqgﬁé When the conventional filter 14 is

connecte mul ti pl exer 36 receives the data (d )
and hhe;mnaion( tR) derre@pomsecmt dis hperakle owédGMﬂﬁenodulated signals

t 18 a 0 co atlonmrc 2
ani € Secougney s 0 RS P HOAL P apfobol” Betolt i usfotation, the
sigfflicohfell4tieh Rl8ynahie hieafidteletdthtfonathe E;igﬂalkSﬁ%llzﬂﬁﬁh Bebémes static,
mul ti-channel matched filters are shown in FIG

i.ewhamyesymholnargipicdly eansenteasedagel’ adhpileswith éumbwsméted to those

AP e DUk Sty M LY 0t ki
(BIFSKYsiginl gFleadezstatien af the froine enkdSiEQsed forcven add odd sdroplargs, which

15322 ne%f!ﬁflfef‘go l t | llgg{pi}gg gzlltgtg:otr%ang enﬂﬂ)élej{o%véﬂc%@nalzrecewer this is

t)r&’datl aFﬁ‘n@%l@lof'imitecrkﬁQ sginbteeﬂésﬁgbélor each of the four

strat ed channel s, signals fromthe matched
f | | t &hs viatuel @asmc% qanoncae@g theeranling satf & two sampileseper symbol in

o pet PipptER i B A RARBrnd TR UG S il hapuet gf ven and

ofd. BhiG@ thib ©rd&bsg h{eSoc(dWﬂ' kariples we ey setiiy mtéﬂﬂaSedﬂrQ“he%ngnals are
It thus is possible as described to integrate a

thsnefusther split finfacthe sppliand omagkieny signsloppals (EJRrR B fousrindependent
cl@fm@l@ ingle RSt %ﬁtlelgrﬁ# Il?rsﬂ&?lh l&ahegve\get{h%tt & %omi erq%oglments other

conve |ona mat iTter as s
nombete néfi @iralal snfdwmay'dlahaelslwaae bvi teedbie.2quati @emosdd, as will be

can.be sdvvi.ot hange. In one non-limting
apRregied E}FPSFﬁ]tf@ﬁ&Hléa aARP- capabl e receiver has been
t est ad ReahBVh iDARE 1, @ifdse GIRAMS aRMh& m&kéﬂ in@the nWhh]S]h:r 40,42 and

i ndicates that the receiver provides 6 dB to 6.
umardglam argnits 44.speciaf enedsypeiol delasnen thrus ttleg ﬁtgnil:lfls tpmcessed with a

4 8¢ 1 wgcl: EyR)a 19' 105'3 %‘&etﬁg Rvo multipliers 40,
T L ey PG T % it et P s

42 iagdd ohe\deﬂay it o d4 aFl5 Obertatoh Vi ﬁohotvb@ bgal aS@mxﬁk&d)nSyl%hﬁhfﬁer 46 as
i n which the varlgus steps .are shown as non-limtin

ilwsAsHe Shismostiompr Sits Stapds pagRhevist h mute-chamel éwogi;menswnal
fieef e(')ﬁé"g?m B Bt&ws HB u%é"% thoYe nfﬁuﬁhl%a%ﬂ(pgﬁotﬁérg{fﬂensmn is

I's derotated (Bl ock 100 pass Into t VI rt
irdrodecetbfroni ke Elotrtral.mtm; xxnsa spagaladimiensisphs describal adahus the two

dand odd sanp | es Q fcllt< 102), and each even and odd
%%}Oélslf space 1me Cr.

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

The weights are also an 8 x 4 dimensional matrix in one non-limiting example, i.e.,
32 weights. As to the training sequence symbols input into the Joint Optimal Filter
Weights and Channel Estimator 52, there are typically in some non-limiting examples
about 26 known symbols and it is known which training sequence a packet contains. A +/-
3 or seven positions search in a non-limiting example can be used to find the timing. The
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then split into real and imaginary signal parts (Bl ock
104). The communi cations signals fromthe virtual

woagoyessar e passed into the JSTOF circuit, WRITRCAI066/000854

comuni cations signals are nultiplied and del ayed

(Bl ock 106) and then sumed (Bl ock 108), all as part

n?ul@ fe'_?_ﬁéﬂserﬂf' the Rhétti-dhanfel| hateh&t auer (B, Mehn i ied such that the

pace Tinme OptimumFilter (JSTOF). After sunm ng,

systemmntaiegihe shannel pesperse andt makesethmsignal stiamgesiafter the matched
)l tiple-input singleoutput (MSO matched filter

cifcuit (Block 110) and then sunmed (Bl ock 112) and

pas SAGl shswn is FI@] &, esdaliag gaalocéurtas d herdWaieedrboftware convenience,

i.zer (Bloc in which a_soft decisionis mde
alt gk i i§ PgY reqvﬁe%ﬁv%'teﬁmngtcrfémaéﬁa llaws graier geration for a 4-bit or
5dbit i H}ﬂﬁ%@gln%nmlﬁlhn&%fnﬂ@ WirRNae |§1' eﬁﬂﬁ zer 38 gfﬂer}fé'namw range of the

frequency of fset I's part o that sign
signalicae bé reaBpised suctnthatibe sigaali can betsbrg istogrvabit or 5-bit circuit.

constel | at,i,on is,dyngni.c a af t erota n the

ST onAf ol e ot SHTREXN Gn sife e sTanals & hod 25 o e data and
clahgelt ie§ponsd FpnCORCORVEM0AS MferGeceditd 1488, thwisichalS¥TBAN %, for the
rotated to those two gm nts. Thus, the GWBK signal can

d3je ap¢ ehanagl raspoase frpmcthe J %TQB rgcepiead tepilaw ajgwyichgver between the
\{@Rﬁgég?bgﬁgéel\é%h llq V\%%Sﬁ‘iﬂﬁel{? Slg P(t> n%%r? grllsjcsegls eg ?Just pure

whhe rovser -Isathy caxg th&t eonvEﬂﬁore:Xamiﬂlecr 1% @an)en\u@fH ia@@adill work

ceiver is.is. typicalll t the rate of 1,
C{fﬂ@atslé(rrpio tB%rCIW%égn sw¥iteh, baak, i thencanyeatiohal cliier without loss
inkl086RALS th@fS'ﬁ@ﬁPéc'eﬂzgr A s &Fbuﬁtwn%%m? Eﬁlﬁgﬂ)as%bf gp(ﬁineoestlmatlon

in a sefial manner comng fromthe base
off the FINRousroimas §ﬂ‘éRmxhdiﬁ ﬁ@l qslaotﬁtyev bﬂowra:ithmstiold%é eystem determines

[ the o re ri . )
trpfl & RS OERrerchl€ LSS YRRERARS FEetRIE oR B¢ THIOF rpriver is ot
refjiiged. ERusa @ ﬁmagd)mﬁkyco‘iﬂv&[tﬁinap%cbﬁ/ei 24 fioruged B shtéhing the 2:1

i ndependent channels of the virtual antenna. It shoul

SWitE *ed that in sone enbodi nents ot her nunbers of

virt
o A SSRGS, FHE 5, 8 B S s o o
syatem alAs abess thsh;(gnal tmncﬁkcﬁaﬂﬁ to bbamproved and theddieertdiante (BER) to

assed i,nt lier , 42 and n|t de
& RRET e athis ooyt el Sy it aitogpl* nd Phare eds and other

ccﬁmﬁﬁﬁbatioils RERCRSBL oWl RsbibddieB) Y and del ay,
followed by a nultiply operation as evident by the two

mul t T iewléi-chenne] 2staysturgnef db¢ aJST6 k-baset filter 11|0| ss used in one
erﬁlp(ﬁﬁl%teﬁ an!l the %W@%eﬁﬁs‘i‘o%“c%h nprlo(/]ld%éJ a space tlme %lter 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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illustrated. This portion of the systemis operable as

a nmul ti-channel, two-dinensional filter. One dinension
womouewedsecause of the delay in time and anot IRET/CA2006/000854

di mension is introduced fromthe virtual antenna,

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

tWo  QuitBkIE iredebvel QrlRtareS Rak Be tus€®in| drdbefo- mbdt the DARE ?éﬂ]'inrements
each i ncom ng S|gnal is used in conjunction with other

Aghantadersnces fanepling Miaiched Filtere(1GMRiegaghuse an gample of the virtual
a)}ﬁ:'nﬂ& asofi) scHBéd E{d lt)e fx}%'u Ettdc' S&Rg tqggi}xlteﬁ'gﬁreE Slt : ?E gerUIt is sensitive

Wel ght's com ng rom

t(\Mlhegéﬂtmaimdn GCharnef thEitHaﬁﬁéldmIﬁ&ea{&p@r&‘&S(@ﬂR)' of thetdesired signal. A
pliers. The weights are al so an X 4 di nensi ona

I hemdﬁlaaﬁ'é (Hohshowi gppd) pestermane far, tée varbous,fest gases. [n addition
0] n C t

oy aRL N PRIRYBAC B PUIRAD BN Bt be ey

cphmu@tlanzd coyplexatl lipvolvedso rfmdmgrthd: CiR of agingerfengl es

about, 26 kn nomn mh'ch. raj ni.ng .

2 Do an 20 SR et dnterid Z80R bl ity ok fiogpace time
fHRARE Nalldwidg IR I binTBpat Ry TRXPORI @@M%M&easmlrﬁ 'cﬁgult 30 to be
the timn Thei mpul se response of the nulti-channel

used: Presi drferense frompghg IGMT tsethalsthe spatiel-tempaoral Hidtes yesights used to

H?érg%etg? A??r{e‘}&?ét%@d rtrl’lii e@ﬁg gftﬁ;ﬁ{&groﬁggestrg s@h nal @mt!l_y estimated

anéaxpakmmi nﬁtheOISI;iIOF adila thandwedre s@par@tefgt &@Il:hh_fated in an ICMF. The
, I ; .

ISTOECPIRE 30 e b 8 Mal Pl oGl Ml Gl Sy NP crguit that takes

aﬂinti%JeQi'f tRe Fank deﬂ&'éﬁcﬁﬁatﬁ’rerlﬁrﬂﬁé ad¥ikd @R%gz?ﬂpﬁr?tl{e%gg&enme setup.

Viter equal i zer 38." The dynam c range e Si
Stmnlapeny éa‘dq slavad assatibfattost ptctfenmngnafbr ¢lan vardouseDARP test cases.

LTy RPN N L P——

aﬂamaqysdtnﬁamaghﬂéesponse fromthe conventional filter
receiver 14 or the signals di and ci for the data and
chanddis mediadnkas sassipdiciisror lpwcedmmtatiopat gomplesify alt is also

rélyi!is{ békalYeEthe Eg&%\ggfgal%eg ?etvﬁ Mumyﬂgnsj ;?bBQFtHe s%ﬁtlc\é %rf tl% lnkerference In

I ntroduce so ere rs no interfere
afldisibn pthe eysidritcen wontime th msd the&xmﬂag eqﬁuilzeoftmemrb cm,ahe solutlon is

ad
RSl s HESkeoS0g SER oDdRk eyt 68 LAWY gl the Sstem to use
thd HWEEquAlib&Qietelbatoss IfAVAIpMHUCEd by the JSTOF recei ver

and its circuits. The switching is based on the
est i Aatordsy to support the evaluation of this technique, the system level Block Error

Rate (BLER) simulator was extended to support all of the interferer models/scenarios
being used by the 3GPP DARP Specification.

There now follows a description of the simulation performance for DARP test
cases using the JSTOF circuit. It should be understood that space-time processing for joint
interference reduction and channel estimation has been used in a base station, where an
array of M antennas is available. Assuming that the equivalent channel response for the
single desired user can be modeled as an L-tap Finite Impulse Response (FIR) filter, a

snapshot sample of the received baseband signal can be expressed as
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of the SINRouT mnus SINR INP. If the quantity is
bel ow a threshold, the systemdeterm nes there is
wd 11/hmeésnt er f erence and the interference cancalT/@42006/000854
the JSTOF receiver is not required. Thus, the filter
of the conventional receiver 14 is used by sw tching
the 2:1:switch 16. The circuit is operable in beam
forxf%hggy:élt)&g[r&a(rkdﬂt(é%w/s)t,ens. This type of systdf)
al so al l'ows the signal-to-noise ratio to be inproved
and the bit error rate (BER) to be inproved. This
could inpact top |evel protocols and phone calls and
whefel(k) GO BINMI T 86¢t0N Sepi@deh i tHeObutpaiefrvint the taAGMAas, H is an MxL
circurts. The nulti-channel structure of the
mag§Tamtsnine dhe ¢hanael regponse fos dhe dntermaarawbi(k) isemtlx layegtor for the
the M.MO b d JSTQF circuit. 30 p I des a space-ti
corTPPRANGETRTS AR s WY it M e iosdndRERE e AWON and
theGhiel @FRBE. THAPaBL ik eRfehsidRIfo fPMSia (TF kfn B¢ bBdlrded by stacking N
provides the ability to conbat the interference
timefdelayied weisions of x (k9 irkto ayalteh MiNe U secaordx@s gn hlossous
interferences and yield high perfornmance. Sone
simul ati ons have shown that none of the solutions in
sone prioy art techniqyes provide_the required
per Xd@v &) Xg &k mdb - -t-ie FDARP Dg st BYERS V(ADhi s (2)
M SO based mul ti-channel matched filter circuit 32 is
a feature that inproves the overall error rate
wheR! FIOATRIMGRL AR BAHS 88 the Mo KOIRbRX Ve¥si®f of R&ind s(x) =[sk, si1, ...,
equal i zer by avoiding nulti-channel Viterbi
sc-GYA!L IThe samplEhthabetrtdspori taukeonEining ssippdnct carpbdti lseed,
JSTOF- based and conventional receivers reduce the |oss
in AWGN cases. Suitabl e receiver structures can be used

e & PO Rt P LR £ or (1 v B use

an exanple of the virtual antenna as described and
beanform ng to conbat the interference. The circuit is
wheenp it R vd taN ttha Reést themwinbar ef symbple df theetrabhiagsequence, X is an

SeRucr O Lo qoa BT SR E ey on v
of YRt An éﬁﬁﬁol&aﬁfcﬁoinl BpafPhtid PR tb Ginb AGodLthiliaf MNYI WBight vector
conbat | % t % T be

he asynchronous interferers, there my

w foe awpacotifae fidter ambd nowgviaxtHN-i i ohanadl ¢stinfatingivagtot hafter the
0 i pent,, the virtual

CIRof an interferer. In on adi .
fltg,puchribatdhe P%tpab@ﬁeafﬂr@cwr%%f%ﬁ E&wﬁ% phEdLINizRd, 1€, to solve the

following optimization problem:
PO I
nyhn”w X-h'S|". (4)
It can be found that the optimal weight is:

w _=RIR_h 3)

opt x xsopt ®

and the optimal channel estimation h_, is the eigenvector corresponding to the minimum

opt
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filtering, allowi ng the Joint Spatial-Tenporal Optinmm
Filter (JSTOF) circuit 30 to be used. One difference
wd oomwhe | CMF i s that the spatial -tenporal fiRGREA2006/000854
wei ghts used to suppress the interference and the CIR
estimation of the desired signal are jointly estimated
. b g t SHOF ile the two are
e‘geg‘g’g‘é‘?ﬁifgfyy‘ﬁ@g%‘i‘?rm E{?ffliihﬁaﬁ . The JSTOF circuit 30
can be a Multiple-Input-Miltiple-Qutput (MMD) circuit
that takes advantage of the rank deficiency nature of
the desire® G K'Xdtri XMNxMNg space-tinme set ().
Si mul ati ons have shown a satisfactory perfornmance for
the various DARP test cases. Conputational load is
deened accegtaple iven that fixed-point Chol esk
factori ZatT and( g0 hd)¥agsi bl e. This nmethod
has sonme sinplicity and | ow conputational conplexity.
It is also robust because the system nakes few
assunpt iypns. ut ungewof the interferenc In
addi ti or%?‘-‘t_h%kgsryst({el\?nﬁgiﬁﬁﬁ)m)r nue to use the exi%gti ng
equal i zer structure, as the solution is integrated as
a pre-processing step on the input data. This woul d
Givah [tioat théhpoisg plus nmtexferasee ¢dmepdriteyua thz spacetonst erceltbofSequation
I.f ayailable. In order t part the eval uation of .
(3) i longe, el ot aRRroR A, eI distihuied WOR yaipwn covariance
BL R) i . )
R T O R b SR 3o R lsgihood (ML)
estiARbn SPEeh {d £LatdiRkatidh 6f e TONOWiA Eﬁéﬁﬁit}’&. description of
the sinulation perfornmance for DARP test cases using
the JSTOF circuit. It should be understood that
space-tinme proces 'ngii r joint interference reduction
andfﬂﬁéhﬁabéﬂ‘jﬁ&i— Slﬁas been used in a base (9)

station, where an array of Mantennas is avail abl e.
Assum ng that the equival ent channel response for the

i R STt A BRASL S sFBp kAR s

les$ 8o 6ﬁ&§1a1/f%>dM%aeﬁ 38 ds@hggﬁik SFRiAE | X PARS ﬁgd= A8 krin{MN, L+N-
x(A) Sc(l)sk_, + v(A) = Hs( ) + v(A) (1) /=0 where

1). Xhk yankglefinienkMLyvpreblsm ¢aadrecusedh farribe t -%mwlmﬁmfm space-

timg%th%{]nas, His an ML

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

ML estimation of H. The estimation can be decomposed as

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, =R;"*V,, , and (11

11
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matri x containing the channel response for the antenna
array, s(k) is an Lx 1 vector for the correspondi ng
wosypol9sest ransmtted, and v(k) is an MK 1 vectREIT/CA2006/000854
including the AWGN and the interference. The
space-tine extension for fornmula (1) can be obtained
by stacki ng ti ge-lgel ayed versions of x(k) iEto a
taller Mixl Yoot &B¢A) as follows: x(A) = [% (A), xr
(A1),--,x 7(A- + 1)f Hs(A + v(A) , (2) where H an
MNC(L+N-1) matrix is the block Toeplitz version of H
wild HARISRY'S i5l the: Cholesty fadibiddation TR SRND! snsidddlof the M
correspond to the training sequence can be &6l ected,
eifervebtotsVorrespdrtlidg)tothe 1o ¥ etgefrvalupd ofthbinarix B,, (3)
where p =P - L - N+ 2, Pis the nunber of synbols of
the training sequence, X is an Mxp matrix, and S = |
S (K), s (Kt ), napH (ktpzl)] is an (L+N-1)Xx
convol utioh T tri%&ﬁ*‘h st rai ni ng synbol s. Thgq)oi nt
optimzation is to find a non-trivial Ml weight
vector w for a space-tine filter and a non-trivial
Ir( 4 it kfep Cthe eprimBleveighit fontieisparemirfit filtecanfbieaibidihed by
filter such that the output interference residual of
the filter is mnimzed, i.e., to solve the foll ow ng

opti m zati on pr.ohle m r -hr s | . (4),)J)t can
be found tWat ﬁ@e%d’n&R%lﬂﬁt is: w=R ZlR.ﬂJ)( 5)
and the optimal channel estimation hopt is the

ei genvector corresponding to the m ni munmei genval ue of
ad'@e BBtimbXchZnnel Bsthnftion ihere R = X X, (MXM\) (6) R =
SSr, ((L+N-1) ¢ (L+N-1)) and (7) R X S7 , ((M)x
(L+N-1)). (8) Gven that the noise plus interference
conponent V in the.space-tinme nodel of equati onH()S) IS

no | onger %ifé"o}auﬁ-aprﬂ*@ﬂ“ﬁgﬂépy Gaussi an di s{FDbut ed
wi th unknown covariance matrix R ,, the optimal
estimati on for the channel is the maxi mum|Iikelihood

() W o o sl S 10
santpled frotrhéhenantbwra afayt Ré. Cleadpethd entpush afirthé Silies 30 still have M
cl?alnnwglg,sand it is a MIMO system. The optimal channel estimation in equation (15) can
be used for the multi-channel matched filters 32. The outputs of the matched filter are then
combined (summed up) and rescaled in the rescaling circuit 34 to the modified desired
level. The final output is a single-channel sample stream and can be fed into the Viterbi
equalizer 38. Note also that the number of channel taps after the JSTOF has been changed
to L+N-1 comparing to L of the modeled channel taps before the JSTOF.

It was observed by simulations that the JSTOF receiver incurred more that 1 dB
loss in the pure AWGN cases compared to the conventional receiver using the
conventional filter. To reduce the loss, a strategy of automatic switching between the
JSTOF and conventional receivers was developed. The switching is based on the
measurement of the difference of the input and output SINR’s of the JSTOF. When the
difference is below a predefined threshold the JSTOF receiver is turned off and the
conventional receiver is turned on. The input SINR can be easily computed once the

estimation of H is done in equation (10):

12
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| ess than or equal to Mand His usually rank
deficient, i.e., rank( H = r <mn(M\, L+N- 1). The

wa znkoeds ci ent M. probl em can be used for theraTank2006/000854
approxi mati on of the spacetine filter. The JSTOF
circuit in one enbodi nent can use a different approach
to find the joint optinmumsolutions for the filter
wei ght and the channel estimation. It is possible to
flndthel\/Leﬂal—uWatlon of . The estimation can be
deco d as (10) HeReHR) (MWXM i's tpﬁ?
esti natl d’ﬁ o& Iiﬁ”:%pagg{nmﬂm(}pﬁ -HRRIR T OCLHN
cM is the e’%lma i on of "the tine matri X of .
can be obtained by: H R 1/2V, and ( 11)H = R,,H ,
(12) where Rt = R [/ 2Rf' 2 is the Chol esky

and HIRCEH AP BINRAIAN 3R Eoinp IVl FIRS EGlaBio RS ﬁlhs‘ﬁn 1%?:99nvect ors
corresponding to the top M eigenval ues o he matri x
D, D= RZRRlRR- 2 (13) In a next step, the
opti mal ght for the spacetlrrefllter can be
obt aj ned by ” (MXM  ¢2H), Rand )he opti mal

‘e‘s;t‘mmt‘l—m‘r

t hen pos”é‘bb?‘e"!(ﬂsgppl Woky Xgpﬂ' Mg A Moy br

in equation (14) to the sanples fromthe antenna array

24. Clearly the outputs of the filter 30 still have M

d,i t The opt channe

On gﬂ?%n(g%lﬁ:oﬂlﬂgn e\élﬂtg %:%?)aﬁxg %E]ebeuggt g ug otr’)m%hee comblnatlon of
oversainpling rahthe bepmttmheﬁ tHel resileind uiagln?ﬁb@aﬂlsfa@ bllﬁcﬁwrﬁfn RIGe 1.

mat ched filter lz;\re then conbi ned (sumred and

r edB ACEYIpRre; With vadeyy pRgodimepts; fhegwlqtoontw@nnﬁﬂ[Mpegpace-nme
filteH @8H 'Bnrle® C&timatidisel IfH@h i l?%éﬁ’éﬂfonk 1 ﬁe&@ne g? ARAHLBS knterference

sanpl e stream and can be I'nto
supprqesadn pesfori@nceNbhe MUSOantlhiathatind nratetied ifiltets ﬂjanm&i are based on

fL the JST b dt
N N T
the d&hplexity lof Was VaRASreqaslidey 381 Kuktﬁétég?yn& hitBhati §witetiZE between

receiver incurred nore that
JSTOF and conventional receivers reduces the loss in pure AWGN cases.

i.417)

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

way in which the inverse of the autocorrelation matrix R, is calculated and the way in

which the channel H is estimated with reduced rank.
One such implementation is a Cholesky decomposition-based matrix inversion of

R, and the eigenvalue decomposition of matrix D in equation (13). Specifically, since

R, is symmetric positive definite, the Cholesky decomposition exists:

R, =LL". (18)

D can be rewritten as

D=D D/, (19)

13
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loss in the pure AWGN cases conpared to the
conventional receiver using the conventional filter.
womor/edeese t he | oss, a strategy of autonatic SRATWCAIONE000854
bet ween the JSTOF and conventional receivers was
devel oped. The switching is based on the neasurenent
of the difference of the input and output SINR s of
the JSTOF. When the difference is bel ow a predefined
whereir eshol d the JSTOF receiver is turned off and the
conventional receiver is turned on. The input SINR can
be easily conputed once the estimation of His done in
equation (1§) —apdr’he’ output SINR can be cqpputed from
equations (14) and (15): SINR, ., On the nobile side,
a virtual antenna array can be set up by the

conbi nati on of oversanpling, and the separatign of the
r edt shewpd ih?ﬂ@t?ﬁiawt H%grlpgerég 1%%\% Yi Per e. r_nth the sq.uare-root of
R SRR AR S RO TR B ol B P,

AlsHOD B hiin&HUAY iselfe bekddseadtdid dRknfOBRRARSI Ah&NHRESRNTRis was
suppression performance. The M SO nul ti-channel

verifigd dtyesimiuldtioss shagZhowed tie econditivasmunten of WP isheetdosh greater than

esti.mation i n equatipn (15 i nprove the error rate.
3000 chSrwriRe. B T EcraBic iemines BB ER oD cyou “fagetaiice unduty
sopMisti€dt& alg@enidhisZBf tyﬁf’calo?p‘s&a@dr@gas Will BUAppI@didted by those skilled in
swit ching between JSTOF and conventional receivers

the gtg e East, tthis approach map poteniigibnhavgsthe leasheommitatongbeqraplgxity of
the?\é@rﬁ%@g%ﬂt"l‘iﬁeé ﬁ%r'el(n.”) can be inplenented in different
sin

ernms of nunerical stability and conputati onal

conph&pbieyitial TEméRjab colietd &y ecEholesly He@mayitioR BHNIRN as its
the inverse of the autocorrelation matrix R x is
condaionuuatbed map ghotengalivalye retatiwbliydhigh, hed ith ansigle dtfirste property may

egfti mat ed wi,th rgduced r?fnk. Ong. Slﬁ%h i ml e ni\ati on 4 b
be pEsel entms Rierte O mHRTPilofTHas BHTHAY IS HOMFEr SPBRVSs that the
conBitﬁﬂql_uHB%E ?g jﬁ‘?ﬂg s thatl 00 ERASH AR eRfrerBELen%ridd élkh as very high

equat i1 on Specifically, since Ri1s symmetric

andPRSY Ldw Earfl&t dolhieferdnbe(@Nahesky deconposition exists:
=L L, - (18). D can be rewitten aswhere It should be

not Bcceordanaenaith Ay elteraate smbedimgntythe &R deqempogition i He sample

square-root of . : . : . o7
domaln may be used % avoid the direct calculation of the inverse of R, . Since the X" in

equation (3) has full column rank, it has the unique QR decomposition

X" =QR, (21)

where Qis a pxMN matrix with orthogonal columns and R is a full rank MNxMN upper

triangular matrix. It can be shown 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
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R, and the explicit conputation of the inverse may be
avoi ded by the back-substitution. Also, Dis
wonewoiveed |y stabl e because of its structure afCTOA2004/000854
cancel lations. This was verified by sinulations that
showed the condition nunber of D is seldom greater
than 300. This inplies the eigenval ue deconposition on
D woul d not reqU|re undul y sophisticated al gorithns
for typlcallhpleéﬁllons as will be apprec@ajed by
those skilled in the art. In fact, this approach may
potentially have the | east conputational conplexity of
h roaches, outlin erein. tentla
The ofecBRRY DARCC S AOialordu S aaBSER Srigh e wigenvalue
decampokisiofs 0N d tais i tHRWFOEbus @ rddeh S4Hdi tAk b? nﬁﬁmrﬁlkéi‘t»{fé{ t3fnatr1x of
Flgh and its positive definite property may be of
(14) gansbgedpesdrage by round-of f errors. Simul ations
showed, however, that the condition nunber of Ris
less than 107 even in some extreme scenarios such as
very hi ghwand ReDyvVl,ow carrier-to-interfer ence24)d )
ratios. In”accordancé with an alternate enbodinent,
the R deconposition in the sanple domain may be used
voi d the direct cal culation of the inverse of Rx .
s| n 'é'S@H%f% iSrbaéladb}t @Ib%ﬂ%‘@}erﬁagrsmm of Chsilenksi deeorrposition in the

smﬁb"llg' d(t)rg mc one % %qwc gﬁrﬂgﬁq I Mt 8181; ﬁﬂﬁg"%@n o il Wi]établhty at the
expfgﬁéoel V\%ff ttﬁﬂ ﬁ@%‘dﬁﬂgﬁ stg&%ag%%%h%:lje{’t&t(rqﬂulr}{{gte%%gﬁlgﬁtely twice as

maifyl 3)pecionbefonr a t metnixi rft pieed ogize)otnd daiet OMn{pld) muirtxh (having
The reduced rank channe

def db
DL SHER G BEN VAR RS SXER ChiFevatte BN and L)
deCPRERR 4ppPehcREs @s&%édrhbbﬂi%tglf %ﬁg?&‘ﬁ%ﬁ%@n A triangular

the optimumfilter weight
matrixdinyerge,aglthough This may\be denp Hly Didkesbjtithtions. dpphingatow to yet
alent ver

|
N P O R —
matkiftaihvdrsion \nda¥. bd &voidial dndRhe Yi8she AHTREILARY nSdyad Rirfhér fhproved in

t he
some appllcatlons This approach starts with the SVD on the sample matrix in equation

3):

X"=U03 vV’ (25)

xTx "x

where U, is a pxMN matrix with orthogonal columns, V. is an MNxMN orthogonal
matrix and X, is an MNxMN diagonal matrix, £_= diag(o,, --,0,, ), with the singular

values on its diagonal. It can be shown that
R'=vVz2’V]. (26)
The D in equation (13) still has the form of equation (19) with D, defined by:
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expense of the QR deconposition's greater conplexity
(requiring approximately twi ce as many operations for
WOREOeS of given size) and | arger sanpl e nmatRGIXCA2006/000854
(having approximately 3 tinmes as many rows in an
exanpl e case where M=4, N=2 and L=5). The two
approaches ggscy 1T§Qﬁ| above still require Ht 7)
conput ati on of the tri angul ar matrix invers al t hough
this may be done by back-substitutions. Turm ng now to
yet another alternate approach, i.e., the singular
Thevehianaeldstimatios intaydre (t&myd by ﬁreoﬁ‘éb ort Pe amdtthé filter weight matrix
versi on may be avoi ded and the nunerical stability
ma)hg WBeR 8% t her i nproved in some applications. This
approach starts with the SVD on the sanple matrix in
equation (3): Xr US V, (25) where W is a pxW
matrix wiwh et Bogrng| colums, Vis an M 8)
or t hogonal "mat i x and Sx is an M\XMWN di agonal matri x,
S = diag(sx, ,sMN) , with the singular values on its
di agonal . |t can be shown that R1 =v 2v . (26) The
whare j Ve g@BIRINS he 1ap) Msright| singadartvestorppfnlyf Thg D om this @pproach

masl SR S con B PR o Hepmapsiamaised in the

pre‘hbhgﬁwo reidhesrat ri x may be witten as w< =V 10 Vo ,
o*% V\,here VDM contains the top Mright si ngul ar
2

p somparison ofthe thggapproadhies onibiped abdventry., Ghgltske, QR, and

B T e ———

N= hambhpiaﬂl"csﬁml thie bbktemﬁlhg eemmma abbeSTOREdraRg aah@v&r of timing
, and SVD), the table in FIG

| esky
hypg’ﬁh&“é %"Fcfh tge&l?ﬁlfpgt‘:ﬂ)@ﬁ%mgtt@ phe pisimym fyipupresiduahg @hosen as the
best¥iRir W@utﬁﬁ%eﬁ@@alk&ﬁng@by nd the best timng of the

burs t he JSTOF searches a’ nunber of timng

hypot heses and the one corresponding to the m ni num
out put resi dual 'S ch?sen as the best timng. The
out put r@s-r IX+hT i ned 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 . 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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e p x-ho "p s (29) The search process basically

repeats the operations listed in the table for each
waiepoovess s, but the input sanple matrices fr @awe&2006/000854

consecutive timng hypot heses change slightly by

appendi ng and del eting a columm. The updating and the

downdating algorithns are potentially applicable to

sonme of the operations, and the overall conputation
Thelsomglermgtrisat timeikdi/mayke expmseeskas Let X(A:) represent

the sanple matrix at tinme instant k. It may be

partitioned fromequation (3) to X(*) =1 (*),X(* +

1., (3 IS (+1),-, (+ )1

(31) The ?ﬁm\m@ Xiéf;ﬁ)})*ailhip%]‘[% k+1 may be exprggzed as

X(* + 1) [X(* + 1), ( +p)] . (32) The

autocorrel ation matrix at tinme k+1 has the form Rx(Jc
Thesautgcorreltipn matrix gttime k+{ kas thefaemip) x t (k +p) . (33)

This is a conbination of a rank-1 downdate and a

rank-1 update. One hyperbolic rotationbased al gorithm

for updrt (ngl)dorndati i@)the) CRA -ephs/ (kachori zat@on is
set fortﬁ(l n)l\/latrl(jl? Cigrr%)u?atl ogds Ey ol uﬁ et al., 3rd
edition, 1996. Another applicabl e update/ downdat e

a|gorlthmd|sc osed i | ub gt al. te
Thigscossenst PO&rPfJ 1 durdaisand goaing velgre3ng Sinethsis rotation-

bas&d al QHﬂ'hﬁfsfortuBﬁatﬂi (ﬁﬂzvrﬂﬁﬁﬁ?ﬁﬁrtﬂdi@ky FhestiAibg iuse ‘f'oﬁl{‘lnahdatnx
par i cul ar applicati.on w depend” on factors such as

Coramaatluablbev (ﬁnlob etali, 3 edidioout96s, conput at i onal

WP‘@E %"Pl %PQ&%@M%@dagep%g%ggﬂ\C@gﬂg%dg% éoli]lbsgtﬂ fgxt is for

QRaﬁc&m bsiddr WHich RIHAKRCHRIHR WY laesien SKT boask, ithe glh% approach
art. The erfor mance of the JSTOF based receiver
thatbﬂ@ﬁlcbb%\ wesﬁ B2 [pyrticular applisation afill slegends pm daciers é%?’éﬁéié&aﬂable

oy s S0 TR CIEL St lBIET by s
skilkedainphe srt.dDtheadppesached mayvalso 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 always improve the performance;

3) A reduced rank for the channel responsematrix can be selected as M.

Increasing or decreasing the rank does not necessarily improve the performance.

4) An auto-switch threshold can be 4.75 dB.

5) A soft decision output can be quantized in 5 bits width. Increasing the

width to 8 bits can improve the performance marginally for DTS-5. Soft decision

correction can be enabled.
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1) The oversanpling ratio (OSR) of 2 can be sel ected,

whi ch maps to the nunber of virtual antennas (M of 4
wa wor/igsesnon- | i mting exanple, and sinul ati on FEIBOS2006/000854

that reducing the OSR to 1 causes significant

performance degradations; 2) A nunber of tenporal

del gy C |

e R SREEs clabhels TLORESFL EFAE D Fivdio SYRRHEAA! Bitformance
of the rJSTBOFranaeanM PER eTbe erbpagationfconditioa ThEkmeh-1950MHz can be

re nse sel ected as ner e [ r

assurae ARG he s o Smoteimanee d00q PR RREBOJOF sash case.
per*ﬁg F‘@l‘ﬂ%%f tHo re&lv%hé&%%éﬂt@ﬁﬁl@%eﬁ@é‘(@@ 14t1(7 Sire shown
dB. SZM A soft decision output can be quantized in

in the geapiofi TG 3.rlheanariging agwestvmtﬁeqe@ceepq@fqr@a@mnewﬁpéw listed
mt% RS! r & mance marginally for DTS-5. Soft decision

OPP on can be enabl ed. The AMR speech channel

TCH-AFS 12.2 can be used to eval uate the performance

Ofest B&sed P TSTONMpégbFRamte: FEBped PRridrMARSAT | ('-Margm of
condi ti or leﬁpiﬁﬁhh- 190591'14"2 ¢aOPERSSPR 11,

t he si rrul tions. A sinul 9% ran 1000 trlcﬁegbhg

f ablf case: LI I_El'( S DT L1TT U1_VET ag?:n II llW
CIZJWﬁer tlo- interf'%?ence (AT ratlrg? are shown in ?he

WH—&Q The margins—agakhst—the reference
¥FPor mance specﬂf?ed are listed iR the tabl e belloly.

The perfarmance of the receiver under pure |[AWGN and
DYESS cades with Afid withoyt the alft o-switdhing 24
strategy |is shown in the gnaphs of FIG 4 and FIG 5,
rpspecti Vel y. Thepotrategy|reducedét he | osg in AWN by
about 1 dB (at FER = 10% and incurred litt|le | oss for

s The JSTOF FgcCeiver ¢an inclgde nulTijpl e Vi{grni
equal i zerjs, followed by a r@lti channel mat|ch filter,
whi-ch—cormbines—the—soft—decistons—after—t+
equal i zers. Aresult is shown and conpared with the
Thépdripirtahcd of thdecgivapihdef plrt AWGN el DOSHoaaees \Oﬂllil allitEwithout the
eval uated with a nodified test case DIS-5R whe

t he
aut@éwayhlag stralsewndy o ibths graphs 9lek IS 4 and BIG- S, respectwely The
t
s 8 B, EREPRU O MR, 08 R 2P0 e o

forDAN4bt s |ndi cate that the performance of

—+

mst

The JSTOF receiver can include multiple Viterbi equalizers, followed by a multi-
channel match filter, which combines the soft decisions after the equalizers. A result is
shown and compared with the original in the graph of FIG. 6.

Performance can be evaluated with a modified test case DTS-5R, where the delay
of the asynchronous interferer can be configured. The performance at 0, %4, % and % of the
burst length is shown in the graph of FIG. 7. The results indicate that the performance of
JSTOF receiver 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 is a
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JSTOF receiver degrades "slowy" with severe del ay of
the interferer. The above-descri bed receiver may
woanvanvegieous! y be used in nobile wrel ess dewm@I#GA2006/000854
(e.g., cellular devices) as well as cellular base
stations, for exanple. An exanple of a nmobile wireless
dispf§IeeV! ﬁ/ﬂtc!hQB?réf&’dbl@Qa ﬁiDlO%aHthaqum)Oth@r typ&of Sutput!deRREs may
descrlbed in the exanple below with reference to FIG
alterpativithe bel aniliged. Y0 grocessingsdaevigei 1800yis icautpingd avithim theshauging 1200
4 d tRput ,. ' . . .
and 36 Hopi8, BEREH SREyRI1A0 BB ESY) Fhod Y prb&sing device
1809 rcohiteslalvhey operhtidd ofthepdispglay CEDO, @ hedll by firsovetalDopgration of the
devices may . alternatively be utilized, A processing
motule feice 140Mh in cesBatte 4 ARBAUIARSHEY S HE sExatd 498 By thgngper
i s 161R4RA% My 2B nfa) Sall SR! Aer sizes and
16(}819@%%5??82?2&13@&&3%%% 18%%&03?1? r olag taﬁée e sizes an
shapep ¢éinaludiong addmshied housipg siyuct@es), Thekeyphd may indledaoa mode kelection
operation of the_.nobile devi.ce 1000, in res se to
ke g U PORBEe REPENGRE (& REyRLETAY ] et daa prhdenty.
houg hadditid? BPthEBYo RS SRR IBU0 V&R fak bY theMhobIRYeVRK 2000 are
on other sizes and shapes (including clanshell housing

shown s¢hematieally iniHE. ReYhese inpdydei aneamymunigatipng subsebteny 1094 a short-
rangf bl Chigfé sl UR 1§20 nE Biéol 1300 b BTG oo, alpne with
othelr hgpypoapes devigesd60c 20808 Q000 add &120)as twaellods héraoryodevices 1160,
118 50 550 S PR b s e Py o
oS TR AVLERIAR i U8 IRARAA AR i

In add6op, tesDebild déviem 000 pEferalsly vieks |thesapabriiy yo deminpagcate with

1160, 1180 and .vari.Qus ot her device subsystens 1201.
Othefﬁgm%tr?f PRI Y2 ellﬁ%ﬁnei?'s preferably a two-way RF

corppenitingt dyoRm SEwi4e cReditdioby eeCrodéddindafedice 1800 is preferably
comuni cations capabilities. In addition, the nobile
storgfbin} @ @enstent stase.cushiay tha fashmemepadle. thpt may be stored in other

type% %?]%&'9':0%\31%; Rudi £ 58 gﬂg{) rﬁ%r&éﬁ@(@% é% %gﬁ{%g sttohage element.

ernet: erating system
In gidities Systgmd sefitware,l 8p&ifics devieé eapplitations,obegaits thereof, may be

ersjstent store, such as the flash nenory 1160, Rhu
temﬁ(é‘?“b'em%‘?eélr‘éf? 3 ﬁola?mor?wgg agthefandam ALkES @sglprsg&%M) 1180.

CorRfuMcatRAE sBials RBAVED b dVhoBile 8bvitd Alay iKY BSored in the RAM
el enment. In addition, system software, “specific device

1188ppl i cations, or parts thereof, may be tenporarily
ggggg?gpfh%tﬁ@flg d‘é\%k%&kﬁ(ﬁ é%%%iﬁm %ouﬁsh ogesfatgnhgesyrs%rllndIQurrrxlctions, enables
execution of software applications 1300A-1300N on the device 1000. A predetermined set
of applications that control basic device operations, such as data and voice
communications 1300A and 1300B, may be installed on the device 1000 during
manufacture. In addition, a personal information manager (PIM) application may be
installed during manufacture. The PIM is preferably capable of organizing and managing
data items, such as e-mail, calendar events, voice mails, appointments, and task items. The
PIM application is also preferably capable of sending and receiving data items via a

wireless network 1401. Preferably, the PIM data items are seamlessly integrated,
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Conmruni cati ons signals received by the nobil e device
may al so be stored in the RAM 1180. The processi ng
waime7/emeds800, in addition to its operating SySHENCA2006/000854
functions, enabl es execution of software applications
1300A- 1300N on the device 1000. A predeterm ned set of
synchpgtizeziatandnGpdafeall viOrthé owirbiassd Geth@itk Ce401paviti itheiSdevice user's
such _as data and voi ce comuni cations 1300A and 1300B,
corrpgpengiag daitemsestoredh ot #socaed with adost (rmpugy system.
W@Hﬂﬁﬁxyéﬁionl rfuﬁ’(ﬁ%'ng,' Qheludin eﬁ%n%d' 0{)}‘35 n@&ﬂiﬂﬁnicaﬁons, are
manager I'M application may be installed during
perfommed thesughethe ThmnRinMatiengsubbestenh 1190 L cgmelpossibly through the short-

or gani zi ng..and nagi ng.data itens,. such as e-nmjl,.
rangg, FERBGPRBSR: STy SFBe TS CEmmUBRB At siet OpLageludes a
receivie® 1500, NariShi@PIH20C add 6 bSmdteSihtdtingd E54PAN F56VIM Bddition,
of sendi ng and receiving data items via a wreless

the emmynicatiang subsysiene 18] also ingludps Mpregessing medulgy such as a digital

sigrSFPECERS! IDAFY PAELESISHIERERRLATH R 6HPOR Gl deln and

€SS user
implshieheRipaN @t Nthed @bMmniuntdikiond odubslstem asUICiiat dependédt apon the
host conputer system  Conmunpj cation functions

commpaiGRIPRY Nefoak amaviyeh e mehtuArYiss 1802 Is antendsd rtp nvete. For
exar% [e0H bt iB e GRETTUDN Gy iANRISHREMFhELah R ub@Aem 1001 designed

ssi bly through hortrange comruni cati ons
to opatagy vithnthe MebitafubatedfAGHYS os (esymit Parked Radin Stnvibes(GPRS)

o i bR 0 B e RRE T R vy
of VoRBEsthMmahicishs Sheda ikt e SchORLAMPES) TDMAIGEBMA, WCDMA, PCS,
processi ng nodul e, such as a digital signal processor
GSNIDEPGE. 380, Otherdtypescefl dasa end veice metwarkss )botisgeparathand integrated,
f i Cr-desi L npl i he, .
s AEE S UPREL 0 (0 TR RE 0 Mol oug oy i e
comptinmuitic atheossnmedtivations standdrdcduch e 3G8M, 3SPPe UIMES, 000

is.ntended to ogerate. For eﬂgﬁgle, a ggbile evice . |

100FTHRYF PIFEPUERAUHCRERIITNG AEPOATSS HRRSY Yicelypq 98 communication
systel@s i [ eskahHIOPRN @&t Mbtifdxt AR I ({hhvo k_@atnﬂ)é)ﬁ'e‘cﬁéMes are

or General Packet Radio Service (GPRS) no%|1e ata
registorechomi thainétwiosk nsingwe ukisiue pergordl sdentifsatipmetimber op BMassociated

. W t ny. of a I et f yoice co nj cati ons . .
withsholo BR%e I RPRS RibeMoriRRE P DR R Spesessesigipd with a
subdeB6Es oftiser dPth@évied/ e GRS datide @itdef¥R RQuil® MWRiKSRriber identity

bot h separate and |ntgﬁéated, may al so be utilized

modle, gomonipistereedde o5 & SIMgenl, imprderigippm@teaya SEREosywork.

na)'\)\lﬂéx?'x%qgﬁed network registration or activation procedures have been completed,
the mobile device 1000 may send and receive communications signals over the
communication network 1401. Signals received from the communications network 1401
by the antenna 1540 are routed to the receiver 1500, which provides for signal
amplification, frequency down conversion, filtering, channel selection, etc., and may also
provide analog to digital conversion. Analog-to-digital conversion of the received signal
allows the DSP 1580 to perform more complex communications functions, such as
demodulation and decoding. In a similar manner, signals to be transmitted to the network
1401 are processed (e.g. modulated and encoded) by the DSP 1580 and are then provided
to the transmitter 1520 for digital to analog conversion, frequency up conversion, filtering,
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conpliant with other comrunications standards such as

3GSM 3GPP, UMIS, etc. Network access requirenents
worznyodegsendi ng upon the type of conmuni cati orPCIyGA2Ns/000854

For exanple, in the Mbitex and DataTAC net wor ks,

nobi | e devices are registered on the network using a

amplifitfli6e aarHebRlssiodad the ¢dhmuMBationiewokr 140EIbr networks) via the
associ ated with each device. In GPRS networks,

antepRa®r  network access is associated with a

S uprf‘%?bll?i%ﬁ 13" §&Emgf rqﬁﬁﬂs ﬁms A Oé':f) Stﬁjee\ﬂ 1580 provides for

her efore re I res scrl Pty no
contnﬂmfothleyreceefmr 1500 tad eﬂse &ar&lrthexaﬂﬁlZO |Frorcnxdmplet, cgains applied to

operat.e on a GPRS network en . re U|red t wor k .
comPBgI BT PERISAN AEF FAEE1eD D UL ST i IS IBeAy be adapively
contFSMER b8 althSali®Piih %oﬁwacg%nm&rﬁwm&ﬁewlmé DSECHssye

conmuni cati ons Si gnal s over the conmnuni cati on network
140 a dgiagrearsunieat winy exbder @ meceived sigmmh sichadsi Dtest message kr web

1401 by, t.he ant enna 40 are.routed,to.th cejver
page IS it AR HeR B0 SpmaTgicafos mbryem Ao &R 1 input to the
prock$safpuenGoe 800N The W&k wdOdignal iid ﬂﬁh”ﬁﬂhercﬂ'x‘@&@éﬁd by the processing
sel ection, etc., and nay al so provide analog t

devigg §8Q05for ap eytaus rcbﬂale dméayOlgiﬂpooroa@maélwelddwemg |06wr gexiliary I/O
dev1&b fO(fﬂa %ea.%’ﬁé’e FleB AR afo &gﬁngg{]gatgﬁpn&Sﬁlghtagﬁﬂgéf file grs]ages, using

e conplex communi cat unctions, suc
the ldagpmﬂlmmtandl‘oramhe deeodiuxibarylIfO devdcer 068; suvhrasanouchpad, a rocker

|s. t transm tted tq.the net k 1401 ar
SW“EI? b Bdﬁ(esfgr SOE Qthst we&ﬁ&lp@ﬁ&}%% hsfomesqésﬁtamw may

then@P¢ 1AMEM{tRE NoR: Q¥ d@ehrhhiddiidnt mRASdTk fﬁ’l %a2fe f @mmunications
digital to anal og conversion, frequency up conversion,

Sub%$¢¥EMmhg anpllflcatlon and transmssion to the

nication netwo net rks .
T e et it otePi SBAEIMS! i FrriePansbvaptiaty
51m1131r g0ahs datahe@nibbhid&iffds pheus, @Reeph QhatQ@ﬁﬁ%@l' sighal§ Ak output to a
receiver 1500 and the transmtter 1520. For exanple

speajseri J400pand cvenals demianPBistiPB nge seeiseaed by ehmicrophone 1120.
AltelBESE Ve §§ gﬁ Eg%gﬁlﬁ St {REh &éZQof&EXné%Fa qgcg{r%l }llg r%bsystem,

contro automat’ic gain contro
mayi algsl bﬁmmplememtnd toheh®O8evids 8000. [Im addidan,ahe drspiayi I680imasalso be
recei ved s(mgnal uch as.a t

...mode, ) b .
uiligfAE v BRI e teds 3B BYAIMG ' R BaiqeBRe of & calling

party URS¥srhedA HODVoianéhtl 6r d)tﬁwméeoca'ilr}@la%QEi%ﬁﬁhﬁkgl devi ce
1800. The received signal is then further processed by

t hdhp rsb@résmgﬁgcoaewrueatma@@ubsastemne@btep \wommnaunid¢agion between the
mobﬁsa %@l’i%g 16609nd %[heiEl Eo%rﬂgty to(r) d%\%rcrgs %hrl]c neeldXIolt nece}ésanly

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 is 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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devi ce 1060. A device user may al so conpose data
itens, such as e-mail nessages, using the keypad 1400
waoand7/oéssonme ot her auxiliary |1/ 0O device 1060, FIRGAS86/600854
touchpad, a rocker switch, a thunb-wheel, or sone
ot her type of input device. The conposed data itens
CLAfVst hen be transmtted over the communications
—rnetwor k 1401 via the conmuni cati ons subsystem 1001. In
a voi ce comuni cati ons node, overall operation of the
devjce is substantially.sinmlar to the data
L. corhiIbUa IS AURmInd eV s COPRESR G ed oi gnal s ar e
outPprtabR Housidgaker 1100, and signals for transm ssion

are generated by a m crophone 1120. Alternative voice
or aleaisicone/virteal lantgsnaeastied by pid porgabloheusingessage

recordi ng...sub t . be. .| t . e .
ot cEeguBe e Syl Jhrfed By el B SRR ol Srfgine o
contthiilicatidds signMoieCelvadbysald @aldastsnenifigal ahthne b Pinty lestimating
di spl a the_identity of a calljng Qarty, t he duration
spagsy tinge e weighis|and 3t legstipae chayingbingpuilse regpopse(¢IR); and
| nf o8 Tiltel a6t Vatrida 10 Saifl GOFABI RN ARSI RHREYSH OFom said
enabl es communi cati on between t'he nobile device 1000
spacntmetfiiter ciprwixamishayirgys fibersresponse that sgproviied by aebahnebimpulse
necessarily be simlar devices. For exanple, the
TESROAST ?S-nlr%ﬁtl‘ﬁé fr@&?ﬁﬁh‘ﬂq Q?&’E'lng}‘r’sﬁl%eﬁ Bgﬁ‘é‘?’em may i nclude an
infrared device and associated circuits and
conponents, or a Bluetooth(t communi cati ons nodul e
2. to phide irelespeemmupigatiions devich of iGlrima | [whegginlstid gt least one

i3 B B BN SRS RLABReRE o et

one skilled in the art having the benefit of the
t eachi ngs,_presented in the foregoi descriptions, an
3. t helhgsmgbilepurglesy sommyaications W@?gqlm $ Wheerdp §%18&a?east one

virtBQa&nt%{ﬁ? ég):i%se | QtnrhEniBRiont Qidal lidtd) Jcﬁdaﬁcpewﬁesamaptled, real and

speci fi odi nents di scl osed, and that nodifications
imagimdrenbsigdalmarntss are i ntended to be included within the

scope of the invention. CLAIMS: 1. A nobile wireless

comuni cati ons device conprising: a portable housing;

4. ﬁt TiRAMobIE vitéldst YamnmAMicAno ddidel GUCRIM Q2ivHerBRI $addbbace time
ousi ng;
filter circuitgcomprises a multi-channel, space-time filter circuit that filters the n signal

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

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

signal part by a respective spaced-time filter weight.

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

connected to an input of one of said pair of multipliers.
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a space-tinme filter circuit carried by said portable
housing for filtering a comunications signal received

wdnpozeivdesat | east one virtual antenna by j oi ntRGT/CA2006/000854
estimating space-tine filter weights and at | east one
channel inpul se response (CIR); and a matched filter

7. SO LnfeBIE T Sflroits SRARRRIGANES BRHY NeE AOURR! E°ATherein the
fromsalid space-tinme filter circurt and having a

corfiinhieatiors sjgmakeomprises b plyrality iofl syinbyls;zandhelmeneih saidpohilsipliers and
response estimation fromsaid space-ti filter

deley PG Sadh hap RO b SEL FOHAGH R ¥ihe. devi ce
of aiml wherein said at | east one virtual antenna
splits the conmunications signal into n signal parts.

8. 3. The maliilel wirgleselcemmupinations detit® € (daim ce figthec cemprising a

2 erein said. e 0 ' : It e
resgsivEnroer S Gy nER gl LS AR BRY Srindeh
and imaginary n signal parts. 4. The nobile wrel ess

comuni cat,j ons devi ce of,CLain12_mhe{ein sai d gpace .
9. ti mbhe imahile wirglesy sommuypicptins devige of Clajuin hdprther comprising an
cqRf2a%ifklitBobhbi i fohSHidmAbRd ditdr ket he n si gnal

parts by jointly estimating space-tinme filter weights

and nul ti-channel inpul se responses. 5. The nobile
i W rel ess. co ni cations device of Claim4 wherein said

Ol 64 BRRIEIreless sammunigations device COMRIHNE: conpri ses at
| eagipoRite Attsingd! i er for multiplying each signal part
by a respective spaced-tine filter weight. 6. The

nobht leashopeviswiel aenva sheied byssiddertable honsiagai m 5

wher ej [ e .one_.myl ti plier ri [ .

ek, Sk HRUCOETY. b Sl RO B3RP o
comfiiuhicatdrarvigial rejened-blyisakl 4tiledsebn€ virtal nténirat yejointly estimating

conprises a.respective delay circuit for ea i gnal
spasgimeciaiftevaighis bt aleashpnn chepndd mpylse geap%flssg&rl%bf

ul kirﬂétkﬁé%ﬁﬁgr ;ﬁg@%@m&& b¥>’i dafl BSRattO HOUIAE AbIARFeam from said

devi ce of arm erein the comuni cations signa

spacetiprd Slkter carcpit and bavipg effiley Mspbsse thatds preardeidbysaéhannel impulse
nmul tipliers and dgl a% Cti' rcg&iltt s .each has about a
resBRiEe SYWBBTOTHEP RS SRRE HPR 4 EHAIBW 3. 8. The nobile
W I' gh eS@r@REUilteG addraed byeydi€ eovhblel Bousiy thd tdperative when an
_ conprising a respective summer circuit for summ ng )
interigrpracsleye! inbelew e prefletpaningd thugshold radneqmpripingrige alternative

ma?&%.{ilfﬁte}mcfrgﬁig .‘caschWilﬁi%hic%ﬁit,dﬁl\ﬁi §§wﬂéh ge@illamis]n for selectively
ur g an

her conprisin
switching the communications signal into said matched filter circuit and cross-correlation

circuit.

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

virtual antenna splits the communications signal into n signal parts.
12. The mobile wireless communications device of Claim 11 wherein said at least one

virtual antenna splits the communications signal into odd and even sampled, real and

imaginary n signal parts.
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equalizer circuit downstreamfromsaid matched filter
circuit. 10. A nobile wreless comuni cati ons device
wWamapeivsésng: a portabl e housing; at | east one RATCAZDG/000854
antenna carried by said portable housing; a space-tine
filter circuit carried by said portable housing for
13. T 1T BBl @wie R b ribhieitfors | B0k of €34l F wih¥refinédid Space-time
| east one virtual antenna by jointly estimatin )
filteg éncnit tcomprises 2 anultieshapnes spaeck-tme| fltes ccirguié thﬁatﬁtﬁé‘i the n signal

g T A

space-tine filter circuit and having a filter response
that is provided by a channel inpulse response . . )
14. st TheamoBHe f¥igslesafom@pRicaiqns e viGe) oo Claimy 14 whergip gsaigh multi-
e o q .
chafilPHREL LHR, Dl Gl i dmoedt R CoRE RIS S\ lying cach
signal pake be r méspectivelspesdetine &hek woightt i si ng an alternative
matched filter circuit, a cross-correlation circuit,
and a swtch nmechanismfor selectively switching the
15.CONTRN bfoBile Qigel 8dsTbm Mt Riond| dévivet herirhi 14 @irthet rcemiptising a
and cross-correlation circuit. 11. The nobile wreless
respestiviusinamen areyitdesusemiog ogtpatseithe wnitindicrs fonpashghannel.
| east one virtual antenna splits the comuni cati ons
signal into n signal parts. 12. The nobile wrel ess
16.ConThe indile avigelehe Woaenficdfioas deite Wi &tlainn 16 durthat comprising an
| east  one virtual antenna splits the comuni cations
equaliggs gircyih dQvRgam fEma 5 “éaé‘ﬁi?fiéﬂt,er FEHL and i magi nary n
signal parts.13. The nobile wirel ess comruni cati ons
device of Caim1ll wherein said space-tine filter
17.ci r Auinetewhpofi sedicingmdotdhanied n irdérferepesc evithineaf imobde  wireless
circuit that.filters.the n signal parts by jointly
ConUUpPRIGANGNS SEE S EOPPHE S | ter wei ghts and mul ti - channel
| MPpdsBNieS ARG SA6bilel Avircléhs BBBMuBicHlisRl @&River within a portable
communi cat1 ons, device of Cl aim 13 wherein said nulti i
housingnted mobye crirelpssecammppicatiqns deFe VI oAIRTEERE at leagtaene virtual
ol e . Lt . ) |
on 41, T4 bl e e b G e & 92 o Bldyal oy dhna, and o
mawhédfibascicoimdunnstedanoftemdbe spaee-tifneGllter oirdudt;f ur t her
corrpfi sing a . . . . .
iltering @ communications signal received by the at least one virtual antenna using
the space-time filter circuit by jointly estimating space-time filter weights and at least one
channel impulse response (CIR); and
generating a filter response based upon a channel impulse response estimation

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

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

communications signal into n signal parts.

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

communications signal into odd and even sampled, real and imaginary n signal parts.
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respective summer circuit for summ ng outputs of the

multipliers for each channel. 16. The nobile w rel ess
womomurbesat i ons device of Caim 10 further comuT/6A2006/000854

an equalizer circuit downstream from sai d mat ched

filter circuit. 17. A nethod of reducing co-channe

20.1 NUEld RleBiddcoVElatth N §awkerbin the \Wpdce I tRSS IROMEIRICAIMHREs a multi-
receiver conprising: positioning the nobile wreless

chageginspgcetimeditter cirenit that filliersithe nsignel paits by ivdntly ¢pgimating space-
. i M ( [ ' i ver conprising at
t"ngggg{Qgﬁ%&g%gﬁﬁgﬁ%gﬁygkﬁgﬁh§n§%g§%$tine filter circuit

downstream fromthe at |east one virtual antenna, and
a matched filter. c¢ircui ownstream fromt he i L.
21.spathe tmethoq jaft Elaim ﬁZu%”l"‘?‘e‘f ICOMPFISAG Brov g inc §ayabiger circuit
dosHRath (oRe fleRMcn AIRE cflul east one wirtual antenna
using the space-tine filter circuit by jointly
estimating space-tine filter weights and at | east one
channel inpul se response (CIR); and generating a
filter response based upon a channel inpul se response
estimation fromthe space-tinme filter circuit using
the matched filter circuit. 18. The nmethod of Caim 17
wherein the at | east one virtual antenna splits the
communi cations signal into n signal parts. 19. The
met hod of Claim 18 wherein the at |east one virtua
antenna splits the communications signal into odd and
even sanpled, real and inmaginary n signal parts. 20.
The nmethod of Claim 18 wherein the space tine filter
circuit conprises a multi channel, space-tine filter
circuit that filters the n signal parts by jointly
estimating spacetine filter weights and nulti-channe
i mpul se responses. 21. The nethod of Caim 17 further
conprising providing an equalizer circuit downstream
fromthe matched filter circuit.
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