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W RELESS COMMUNI CATI ONS DEVI CE | NCLUDI NG A JO NT

DEMODULATI ON FI LTER FOR CO- CHANNEL | NTERFERENCE
WOREDUQ2EbIEN AND RELATED METHODS Fi el d of the | nrGmcAmn6e/001378

The present invention relates to wireless

comuni cati ons systens such as ceIIuIar

I nD@MemJE&TI(BNQEgﬂCEmd‘OEUOJ-I(H{ANNEI].JIN'BERWIHENCE
systens contlnue to qrow I n_popul arity an ave becone
an integral B AONCARNTDLE EED METHQDS
comuni cati ons. CeI lular tel ephones all ow users to
pl ace and receive voice calls nost anywhere they
travel However, wi tHieldwfithe hoveatien ng nunbers of

,l:I ul ar hone usgﬁs cones ?qreater chal | enges for

g Reenl BT SElAIE HERIF S Sommpiet {55y pisbyas cellular
commﬁcﬁi{ﬁ@ s§diéths e mose ?Q@&ﬁ’lﬁﬁy ") ﬁlf&ﬁ@f@E§Wwﬁ@M§§ggnals to
bet ween nultlple cel lular devices operating in a given

reduggamyvanisdiinigtfereness. Cel | ul ar devi ces communicate with a
cellul ar base station using common or shared wirel ess
conmuni cati ons channels (i.e., frequencies). Yet, in
some cases signals bet viBgdkeebkd devi ces and a base
station using the sane channel nmay cause a desired

si gritlarfqopHniHeations sysiqmg mﬁlﬁn%t%&rogf 1gmopylar i ang have become

an lnge%tgcﬁﬁ)%ﬁ?oef%c;g? rgiF cgﬁgs(gp%é oIt npgés? grégwaf:?elepﬁgﬁg allow

usersBeec plase and rd:deevel vmcceaa;llmmolsmmyvﬂrera: diely ukavel. However, with ever
[ ructures, various S|n | e- an

ti fr e
increfSIpr BN Bt AT RO U domcar sregies O ara e amireless

commﬁr’xfl@ﬁdngaaﬁfi’cé %Heﬁétwbﬁﬂ Wirb @aBIL i)rfeorsumvéﬁlall%e is addressing
Advanced Receiver Performance (DARP). This effort is

mterf@edmg cousgd dehwi¢encmiulsiple pallulds degicge eperating in argbydnegeographical

aren TN B Bt ST B A o ARl o shared

wireloéScdp@avnications ichgaietdies flegea@diddporet) @i sﬂtnedﬁmddi%@ﬂsl Btween
of the desired and interfering sequences. Generally

othersgraiges Ad athase stafipn BHBM thsegmeschanpel mpyseaysriadgsired signal from
the bLl& dtiondy BE §%n£}f}c§)1tl){e§é§rr Petdleoé%?eﬁ &%@é&’@?@??ﬁ&&h@%{. Such

a stati c channe or t erer
mterkrermclls‘qaﬁddw-t:harmel nieau:&dmcei s used in which half of

h}ﬁ state |ts re ‘ﬂf user sequence, and the
ot hgrR ufFa‘P ?é‘kﬁr"eass YlaricomupunicRtiogs iragfrugtygs, various

singl8Bhichfa listeffbrehed éﬁﬂ:eﬁﬂﬂmt (ARSI ApRéRHesS ﬁS\H,E BE&S idvektigated to
the desired and interferingsignal are used in a eas%

meetrequiresrpnts fos DomviBnk sAdyencadniecety et Berdormanhe (EABHheThls effort is
being sc’ttanc[%th%gd by the third generation mobile communications system and the Third

Generation Partnership Project (3GPP).

One SAIC technique that has been investigated is based upon joint demodulation
of the desired and interfering sequences. Generally speaking, this approach begins with a
standard least-squares (LS) estimate of the propagation channel and a static channel
profile for the interferer. Then, a modified Viterbi decoder is used in which half of the
state bits represent the user sequence and the other half represent the interferer. A joint

branch metric is minimized and the estimated sequences for the desired and interfering



10

15

20

25

30

for both the desired and interfering propagation
channel. The 3GPP initiative has given consideration
wa mot/beezppl i cation of joint denodul ati on in PCT/CA2006/001378
synchronized wirel ess networks. See, e.g.,
"Feasibility Study on Single Antenna Interference

| |, at (SALO) f k 3GPP. TR, 45. 903.
signa 37| T st Mg s (VY] BlsBioria Sbamiel dimates
for bsthaRelaéstted bd intdriirivg p2Sifigatidhéinhd. the nore |im ted

case that requires one to assune that the base station
sy hleshr SR atnitigtive ahas sﬁqmmp@@denan@n tot rth¢ nappiication of joint

demogﬁlﬂﬂ%goﬁ Ss}' n(?Ierré Qeed gv?r%ie'ése ﬁetwog&age “Feasnbxll St’uc{yhoen Single

om nant - erer over turn

Anteasd Int@afdr@ite @antélatich I(SAIIQ%r Bisa1 N%tvﬁrgkﬂr SKHP@BUER 145 bOD\M&rsmn
techni ques, It al S0 requires, one to assune th

6.0.1; Feliape bo EofRRemn He SORVPHIRAIOBY SIARGRGALIMHE U 2094, i is the
more IRARYE Easel thata? ﬁ%rWQHSaSEéLEI?Mak (HRPRsk %?filbﬁ@ nén}{ggmzatlon data

training seque ces of int ering signals
sequenges (isp ttdmisg sefuenées) dE therdedired-signdl, andhiouhnam-masrf@bﬂoverlap,

ey, L SRk R SABb i, AESRL LB ML REE ity owm

techrigUER Ol bRb ir&fuides GB@toC’dé&ﬁn@ﬂﬁ?iHeQ%rfE@r Wb@a&mnahnfop tetentire
synchronous and asynchronous networks. Bri ef

burstpescri pti on of the Drawi ngs FIG 1is a scherratl c

| itEe B SR Bh o & FRVPL). pe Ulichy T Blipe sequences of

erence ation ena Ie

interféeing ckigrails mmyGnob alverfys tigose f off thJHéshﬁ:dCﬁ@ﬁﬁlﬂlvﬂﬁéh @fakes CIR
ceiver in accord nce with the present

. (G5
estqu(aﬂgrg/pﬁfqrb natie) gccopdinglyy éﬁﬁ‘fql‘ﬁ)nﬁﬁ“é%‘l@aﬂp%lé?%ﬁbﬁfm pke joint
demdEBh AL ?c{ﬂ%@ %&&%@51 ©f infiémd R iR ot gﬁ{t%g%clﬁ"ﬁ)h%?x&l asoynlcksxronous

recei ver of shown i n greater

netwarkgr aph of S|nulated performance results for an SAIC
j oi nt denodul ati on receiver in accordance with the
present invention and a typical GVSK receiver in

accordance wt hB}mmgéﬂt“ﬁ{éfthEmaw{]n%sS a flow
di agram of an exenplary join enodulation filtering
]%bd lﬁ drschapatis blgclcétagmhﬁ%an exemplare Single Améfme dnterference
Cancgﬁac'tior el@\?malteﬁgl?g &l CH&HQS&I&*%} eE'fl(%rai ng gxna{ror "Mobile

accorda C nventlon
Combiuomktmh @MM@&lVMﬁ%MkI&EWNM the bmsmd@mimnn.c ation

i C joint demydul ati on recei ver of .
FI G2 i mg‘& EﬁE}é& diagen b 28r5X5EIPkY Gmbopunent of the joint
demdahﬁ{u%ﬁ&%n%%fﬂﬁldfﬁ%éwﬁhﬁ g%@g%ﬂdescrl ption is nade

reference to the accGnpanyi ng draw ngs, in
FIG 3 is a graph of simulated performance results for an SAIC joint demodulation

receiver in accordance with the present invention and a typical GMSK receiver in
accordance with the prior art.

FIG. 4 is a flow diagram of an exemplary joint demodulation filtering method for
reducing co-channel interference between a desired signal and a co-channel interfering
signal in accordance with the invention.

FIG. 5 is a schematic block diagram of an exemplary wireless communication

device in which the joint demodulation receiver of FIG. 1 may be used.
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whi ch preferred enbodi nents are shown. However, many

di fferent enbodi nents nay be used, and thus the
walmereizpid on shoul d not be construed as |im t eCTWOAZ0D&001378

enbodi nents set forth herein. Rather, these

enbodi nents are provided so that this disclosure wll

be thoro { €6 thi Pal o like
el enent s%ﬁ%‘y » t tnofthk??feng e %@Ba‘ﬁﬁ# el ess
C Ohivaprie st idesesipden i cmaden ofitidefeeenae o tiwi avgormpahydng drawings, in
.Wreless trapsmtter and Wi rel ess receiver cayried
th'&y’“tfﬁ‘ée‘ﬁ%‘ﬂé?‘ﬂg‘e{“é M ‘YPé(Fégf’i‘F_?“Yl‘ﬁ&ﬁf&M ?reﬁ?g[wmé ey be
used,WdfthSSS fhel SR KBld! It d8ndrue@ a8 Uintl RARE Yh@EBBdiments set

er for reducing cochannel interference between a
forthdisgéine Ragtiegnthiesarthbadieeentsh arenpiovidetiesof St ribissdigriedure will be

The joint de ul ation filter i ncl.ude .an i nput
thorqpgh ahd P EEn ke e e lep el Eap s PO il e
COGEAbRAIRESpehKing! 4 ilel@s So@ifhdhicationd devidel inElagingay howdiHg and a
a first signal path between the input and the Viterbi
wirelggsclsismittes apdiaswirefess mepqiver qarmadeby thewupipg ag described herein. In
. | At il t her. . :
TP S KL A i ARG B s o
chanagl dinteoferenics ibegvean| d desired fsigrial @nd raped-sleannels imerfeing Higdal. The

joint dgmotgeon BRECTIEY BoLoch 4GPt THRERYRG TR o PERB RS ed signal and
the cBdGhhnhe? qgt%{%hvén%si?mxlr d PikdBieddak aﬂ@ﬁl 08t Bigh¥eRih Bglgveen the

~ input and t er bi decoder and include a whiten
inputnartdcthe IV iferbit decodag rcogpnisingta fingt &ltet dihagdint dgrnddidation filter may

response_estinat.e for e.desired. si gnal . £ ..
furthGE SRR SBUANE Kt oo d SRS IR oRbP AL e Nifechidgeoder and
compri¥irgy helindd® fHli@nBhpUIFey re@péitel (IIRY dod1drr fir NgeRBrating a channel
sequence, and the joint denodul ation filter

impulsgrresponsq gstimatrelon therogr chinpigl é@@r&@ﬁ@éim&»a@@ti@w third signal
t thi
peth Ry FbGGEAPhe ARt e REHERA ROGkP QR AAERTE WAE o Mached

filterdorigmsieratidg aichmaie]l ohpulsealespompeiéstienate fop dresdesiréd §pnal.

estj mator. upstream of the whitened matched.filter for

o MorSpig B e B dsdised i 8% PTEREmE oot ghal may
eachlif@udd & %inﬁﬁ%%e%ﬁcﬁ'&}’a&ﬁﬂﬁ jbint AbmbiMlhfich RSP further include a

response (FIR) filter. Thé second signal path may
trainingesegerace ldcatos upsiteameef thisbcand aacbihird pathsand downsitsamdfrom the
. do treamtherefrom . Moreover. .the second.signal th
il ARG, o ol PR bl AR vl Mhana et
respds (CBY-estighRdt upstRBamsdfitiedvBiterRd dndtét dffiltes forsnerting@i desired-
. cogperating therewith for subtracting a renmpdul at ed
signa) e(é&r ety furtheragrg; Hg st ilercmay s Ssstydindts igpulsggresponse
(FIR?ﬁﬁéxf. ed signal and the co-channel interfering signal

o thereby generate an interference signal estinate.
| nThadlde¢dndnsighdlepdthnmay iRtIRdered dirgr summyer nod udaecond summer

bli interference a CIR estimtor, nd a second FIR
conngetpd QoW RHE, MERHOR: DIATAAENt SRORY Sienalgy mag Aty raclude a

remogﬁfa:tcgab@t{weeﬂ— hﬁifevhéﬁxreﬁisiéiiﬁpm d3BNafdt Sehd HRE afidsy Qudhmer and
ui atree o

cooperating therewith for subtracting a remodulated desired-signal training sequence from

samples of the desired signal and the co-channel interfering signal to thereby generate an
interference signal estimate. In addition, the linear FIR modeler may include a blind

interference and CIR estimator, and a second FIR filter downstream from the blind
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interferer bit sequence hypotheses. A joint
denodul ation filtering nethod for reduci ng co-channe
waO wheofereence bet ween a desired signal and a ETOsI0E001378
interfering signal in a wreless conmuni cations
recei ver may include filtering recei ving sanpl es of

. he des sl.gn th o- channel |nter erin
intertEre o A, G ST SV YRE SRS BT ITgh ey (ALY @ wee of
mterfE}eh-bﬁrse u‘gh@e BRjoaRdesray further include generating a
channel | i mpul'se response estimate for the co-channe
i M ejoindr dergodlatinn filisting methed ofen idyeing gaelhannel interference
betw%gagﬁﬁeles?rl?&] giﬁgallgz{é\g g‘?égf‘{hﬁg‘l‘% %ntﬁx[@rlillj&sﬁgﬁa‘? %IP q %feéég Sgpnmumcatlons

recei @ trh&yBinelude rﬁlﬁel"iﬁg dezivigd sangleabf theidegiral il@lhdl &n& itignéd-channel

i l_fpat h conprising a whitened nmatched_filter.

interfgriag $ighy usipg rémlargal Badrcommsisingea finsefiliery TB‘? Wéﬁlosag%ydfurther
V, f

1nclu8'ep @nffrgt?nr% 4{%1 et C anhe@ghoﬁtgg?%tgﬁ?tggfog :?fgen gﬁ%h%ﬁ\gl interfering

s1gnal: hmmgeh secmmll sxgnalepzpbrmmstngnntlmeﬁmﬁnﬁthemmmlsehaapmise (FIR)

I
modelgh, FLERgeRPE A BVHEL PR IRARe R IPURG GRod Senal using

third Q%Qg&fth c&‘ﬁfnﬂblﬁ? af whigdned ShatdHe® filtkr ARhdditiod, b ‘ab&;dm% operatlon

| ati on ter 10 in accordance with an exe
may b«rrb@nﬁmmdtbamd umrrdnf:uﬁ)@rqﬂ nen@mcba;esnldcs ohthatdesited Slgnal and the

cOo- ch epfgrlﬁ gls tl?e cﬁlanngls euqse ons nd Cf%r ea(r;(p ghannel
me s

nal e.d., an en

mtert“etmg lslgﬁa ammulahmfel mqanlsiavsmse( €stighate for mmasﬁed signal using a
cellular device). That is, the joint denodul ation

Viterpj decgder1o may advantageously be inplenented in a
‘é"'e"l\‘/liﬁ—léglﬁsﬁf% Q6 FIES 1 9fd & SR 'd@m‘éﬁu?lﬁﬁxﬁ?ﬁlt&olw R ERbARE Svith an

e various conponents
exemqblam dobediment fllustratively inchydeb en iimppit dlmad:eevjng samples of a de51red

twar e dul .a pr.ocessing circuitr such as
signal 414 31 QPRI ﬁpﬁeeéggé BBy £1 dTomby B PenTR PR ofighirless
comrRii@dtion sk Gee 1é. ?t l20RBbiAd EelRIFOIRREF ! Ph is, 3t§e wnln{ dé}ﬁodulauon
appreci ated by those skilled in the art.

filter d@rpem éﬁlﬁagta@w%bhb% imbleménﬂedq lime Vdeq}ﬁ@erectemvexmf @hnolhb; wireless

oS AETPOE Sl T g g0 o

be 1mm)&nﬂéntﬁﬁm€gléoﬂwm m‘odhl"e@ indl® pfddéishﬁgl’ citcliittis buichtds\eediyital signal
includes a Viterbi decoder 30, and a first signal path

procepsori{ DS\ dr ¢3RS glihough ofhey lmﬁl@n\ﬂnfaé‘%fﬁ aigadsgossible, as will be
tenk Lt I

SRR il Bt b B Bl DB BTR LM o govic

in whacH thaij¢iet damﬂodmilatt@nrdep 30 smybelu=pd Hill bediscwsahfuatheabelow with

h Iter for exanple. Al so, a second signa
refer?:?ﬁ?ﬁ E& s included between the input 11 and the

Vi T1RSiBint dea6dl84tict1tel 10 faRIER MWustlaGid 1%&?:3 l&’ltel‘bl decoder 30,
|IIustrat|veI¥h|ncIudes a linear FIR nodeler 15 f

and aglansepigndl mgthal % hetrigen thenippitsid and the Viterbi decoder comprxsmg a first
filter 46. In the exemplary embodiment shown in FIG. 2, the first filter 46 may be a finite
infinite response (FIR) filter, such as a matched filter, for example. Also, a second signal
path 13 is included between the input 11 and the Viterbi decoder 30. The second signal
path 13 illustratively includes a linear FIR modeler 15 for generating a channel impulse
response estimate for the co-channel interfering signal. Additionally, a third signal path 14
is illustratively connected between the input 11 and the Viterbi decoder 30. The third
4
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response estimate for the co-channel interfering
signal. Additionally, a third signal path 14 is
w0 tobuerpzt | vel y connect ed between the input 1IPcGandAz0b&001378
Viterbi decoder 30. The thirdsignal branch
illustratively includes a whitened matched filter 44

signe Ranf B4 B, PR RSy B S G FRELR o S - Shanne
impule r&ponRddiiinaRTet the AeRRAY I, af will8e aiss\ﬁgak@ﬁwepbasw
denodul ation filter 10 illustrated in now

beAdditiedal gomgeranis ofethie exwwlmemﬁyle@md-elgmn ﬁtterow dlustrated in
FIG. t2hﬁlf/ﬁ(wv %g}%g%é qg%ﬂtsﬁégm%g bge dd&o%le ?rﬁgp %8 variou functions

there&f( AEoted abovesinr£6klwilag RomnAmitatiofPGSMVRBARY nefvidak f fF eRdple,
gnal w || each include a traini n? sequence. The
a desrrs Aengletndcruresehannels inferfering gignpl wilk eashiindude 3 Hamipgesequence.

The tofrﬁ'dghf?)guﬁﬁgﬁl ﬁlﬂglelé ‘ﬂﬁg{r da@f chﬂféieg qha‘#tﬁﬁ% rs@c%?ﬁéegg)@!itor 20 for

upstrean1o e seco
the delsnwdstgmhups&mmmdf e senpnd aﬁkilthnri[lpathvs By 4 am(gdmvnmhﬂn ﬂ(ﬁn the
nal e

tra i nc es a. desireq-si
input 1. dBe thisie PefiA A at B FoHpdsienal 5 evumator 22
upstr&&h 8f ﬁfe'vﬂgteﬂecﬂﬁﬁtchgdj fiftbPfor gtl:rﬁrﬁfntg' ar@:fsﬁed I@ﬁ‘alsﬁRQﬁgmate

signal path 13 also illustratively i ncludes first
subhesecos] signal getintB slsenidustiativaly innbades @ i&tewmmeazﬁ a second

the fi renodul at gr. 24 he
sump PR dotfpoiid SbyRATE o Bdbs Red STRES T s R RRILE betveen
the d&ﬂfﬁﬂl&ﬁ%@m @IROé%ﬂﬁfaﬂirlngaddWﬁﬁé ekt Surhfér Sidbédopetatifg tRerewith for
renodul at ed desi red-signal training sequence from

subtragiing] 2 serpgdulaied desiredsignal gﬁwn%mﬂlu@m@ fEemcsampies| of the desired
51gna'l %8 rt €1cbNarled ']Hdﬁ]fgﬁ?é E%gr %I %Feﬁ%ér:éeg\re [RASTAR A %ignal

St nat e
estlmatel Ef$1t: rl akaxvﬁl&/ miodeler) d& sllasthatively inalbdesfaebléont mtafederice And CIR

etimpi 2 FUEIS2 (0 MROFE Mo R GrAREE B, Hr T 4 vERBrom the

blmdQHQ:rtgelﬁcgﬁﬁd OHR Q&tirdStor ‘2@' whicAlakQ CEGEVESinglk frfiRUhe whitened
fromthe whitened matched filter 44. The second sunmer

matcheq filteratdr dbesecond avmmet Béelsofredeinss bhiontput af thefbdind nmterference
nag or 28, as shown. The second signal path
and GR%<{dieE 28, 153

Pt i vel y includes a residual noise

DOWEH sdcBrd si‘gﬂﬁlpbzﬁhqf.’af ﬁﬂ?dhelb linskaBZ P eicRRE at RGidlihlr Sdise power
second. sunmer 4, a significant interferer

(Pn) é@gﬂﬂé éfset bloek $2 sbsﬁmeé tb@ figerang] sseqndopipmers 93 fr o significant
/ 8
mer SN TRl 0 L B B Sl nd

a Piftfn dedsius Sh:lmbkf 88 tdoemstoednoironA\ the Péf satfiple sofftevbRick casmwill be
. fr e Pif s | e t bl ock SO rec
discugse B?HFB%& e s Rahisge dhes Brvetuenperom Jhe BsHOwE offie block 38
and a@é&:@b’élv&fant QRpWll of She 4RoANETH BeOds BUhRn. tIJﬁg Yi@‘& §0&H mixer
mat ched filter 44 are provided to the Viter ecoder

40 ar@Ghe astpitsofithe whiterpdimasthedHdter 4d site ProRddd to thadViterbi decoder 30,
of t@jRj %I nt denodul ati on receiver 10 w ||l

o i Rt BEuR

The operation of the joint demodulation receiver 10 will now be described in
further detail. As noted above, the joint demodulation (JD) receiver 10 may
advantageously be used in wireless communications systems, such as in cellular base
stations and mobile cellular communications devices, for example. Generally speaking,

joint demodulation uses estimates for a channel impulse response (CIR) for a desired

5
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further detail. As noted above, the joint denodul ation

(JD) receiver 10 may advant ageously be used in
wonmwedresex conmuni cati ons systens, such as in o&ElT/CAAD6/001378

base stations and nobil e cellular communications

devices, for exanple. Generally speaking, joint

B T TR L —
will b@tcﬁsfcﬁ%eﬁrbe?&ﬁom\@ﬂlege tab Rl Ihlﬁt tHeOHoRir@interferer is a GMSK

i npl enmentation, which will be discussed below, it wll
modlﬂ@teéglgunlec@nfmnahéh@GMmlﬁcnu@rferer is a GVBK

0 ng_t e t
"o BH5E ShABAeAr BRI, B B CRLRAR R pRLpEL o b
synclbenﬁedb and aldy@chront2ed hesyoikd) 19 that elds mdniqns YiSEH TN Z @iterferer
works, in that this techni que uses "blind"

data F‘Pﬁ @b%?lewla‘@flan seranigneshrgher daan making the ehaygimgtrdsassumptions.
h
Once' E}{e gfl}:éﬂ avg@%ie@&rﬁﬁgd abQVE: dﬂﬂ&r’f"s@mﬁ?i@e@ aﬁ%ﬁ}veq}ftgbl state

en esti mated
struc(qr@rrmly)beanted)tn the exfudlizebio stiatate thierdatt fior bothethie desitedesinal and
n.the equalizer to estimate the data for both the
the“&‘é’§ fFled signal and the interferer. Simulations of the
Pr SisRiMtion® bmhegﬁéﬂéﬂﬂbﬁh idemod @it Qighigaeaved %@&)@ﬁhfa%aegfeater

%reater than 10 dB carrier-to-interference(d
than i ﬂ}dﬁmﬁgmrﬁp laterfatmm(cd) BPOVEMERE attiaéomtaﬁ/vdgﬁfbm therrawrsymbol
fra ~Lat

CI’I’OI‘ ra e %ngame CIT, é?or {ﬁ-rate I{M 2? egg CCEq@NﬁS unggans ‘a new

Re s ons a few Joln

Jomt-tl%flﬁ‘qtﬁﬂﬁ baRed t@ﬂﬂlqﬁ@ fwas hﬂ@(ﬂl gor @ﬁafnﬁelt-ofms |pr1ﬁ6ﬂuﬂ§ aal desired
desired and interferer CIR estimati on. not ed above,

and jryigréeren SR arstimatiopo s | wtedhiabavep| tthala)ngaqhat& epRRiSd P& blind
estmiaﬂBﬁ bf e ‘?étegﬁref"d&(tg 51?3. ’WNHT{x] a-%ﬂoﬁ'km)bvfyd?ntgpgl\g lﬁggﬁa?g data).

nterferer resent

apﬁhmmeken&wnbéem@dlﬂatmml axpkqachdmynbeagmﬂumlatlyl adtantageous in its
rovigde rel atJ vel ains.
abili g preyds GG BEh 368 1< i STENP FE Saepalapsenal-to-

noise{ ralies ggNm §Rhkh 'I'i‘rﬁlf‘ég aaplﬁUri Qﬁdwl@ﬂ‘é@"i&@g ﬁleaiﬁ%retr h@ avallable as

interferer is avail e, as w | di scussed f
will beldmwssvétfurﬂndﬂebe%w eYbﬁ, thy Yoterbi mlﬂqn\vhx)l (é/o‘h)ptmpltyt)nmay also
incre se %?eﬁdf\%eorli rt1 ng fage tsll?%%ﬁ gglgéggéﬁeslta%rféeryst%gs the

procd’sﬁﬂg iréiiRiefitsaind tlﬁehﬁid&ﬁiﬁial taplexiePoPthe XhdnheDlath BSimators may
channel /data estimators may be a factor in sone

be aE%Mrewcérl%wfwwmrahaédwwv@m@meafqnen% For the test
coiﬂ& HUERT EQgufatdUSE g@tt Y&l ﬁh&ﬁ?xﬁf e EﬁtﬁRf BhfRor was

si mul at or was “ext ended to support
exteridad eo Seppert aib@feﬂhs fisederar mdelb/ecemgnusbdn@)as&d‘lby HeGPP DARP

DARP r.k u Th| ext ensi o aI SO oWs .n
worki ot s RS 253 Blases Brot BGeH Bodals kBt devppped as needed

The siiniihighd RBR pRoEMAEESiY MRHabISi Ng Mit' ab. The joint
denodul ati on approach assunes that the dom nant

i nfler fieingéndemodulation approach assumes that the dominant interference
component may be modeled as the noisy output of a finite-impulse-response (FIR)
(unknown) filter with unknown, binary, random input (interferer) data. In the case of a
dominant GMSK-modulated interferer, this assumption holds even if there are additional,
weaker interference signals present, which are treated as residual noise. Moreover, this
approach may be applied to other interferer modulation types using the above modeling

assumption.
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conponent may be nodel ed as the noi sy output of a
finite-inpul se-response (FIR) (unknown) filter with
wauakneenze bi nary, random input (interferer) dat/CA2006/001378
the case of a dom nant GVBK-nodul ated interferer, this
assunption holds even if there are additional, weaker

[ ference si S~ pr.esent ich are. treat ed

- Retorrte”Agma o R a0 St Skt dis” it fmpation
apprdaeh %éﬂ&r follBWS! it &f bd¥P dtativh mmlﬁgf&aaed&gms) t&%@b@s\{@d signal

nmodel i ng assunption. Referring again to

is fomdefﬁloels 20k itk E4R fpr thetdesirgdpignalde estdmatad |(BIQC&rﬂ@bom§ihthe re-
F t t.r
moa i 3 st +8og, st fhes, B PG 2 B Be B 5, form the

mtert%&)rwslgda!?esﬁlnﬁté (Blotkh 24 Esith&thosd, ghaibling” @stirhidnest the interferer
| ock 22), and_ the renodul at ed desired trainin

CIR %Géﬁc‘é nesforre%\bwdftrp@m the, anteriorgr-sighghAstimatey af %r“?ﬁkts H&, 28.
| e

N DS 5815500 B SR, (061 B oSBT Efg i

sequéree mﬂf@nrrmohdbm&mpd}m umpenfmh&dfarlahoelsi?’gnak will be discussed
estimate, at Blocks 26, 28. Next, a joint

f“rthFrel%i%?quuar es desired/interferer channel estimation

usinngditiéh, dRS if6reLoihg tdps Peays B lx‘@ﬂlrﬁféda(ﬁg 8@%1&5@{ fida vectorlzed

interferer data s perforned at Bl ock 3 as wl
formpiiat owdtipdel iiput tshaplebedifsste. (ak rthex @immg fosett\meleﬂo w@gs)mhgthe offset

yleld?r}&etﬁ? mn?anﬁjkf rgsncﬁ{%? x% ep Béwer (?fré g;ﬁ? ggltegteél @rtelfnzn(:’fgatlon may

be m@&é §sﬁlb M&itlhdi?e})e méael&gprbs (i. bewaﬁ E%ngmﬁﬁaﬁi ﬂtd’ﬂ&rérrbemponent (Pif)
resi dual . ngi se power g may be sel ected,

and,
deteciectior @Wn Hatlpei HapdpdbrandStadl 1o dsoeHIBHioR roperiREed Using a

o SRAARUFlf  O0L) FRB 040 6 BB o

the mtérfaenceojenﬂduﬂu&t the Bstlmatpmrdfmhermmred‘rmrggalaiata (Block 30).

Iat 3 fgultl-dlmsnsmnal state) Viterb
f@&fﬁutyh ' BRULSR ICSPRREVES SSHEAleR SR Yé%ﬁ’e’%““onal
tramin ls@&ﬁéﬁc%&x’i‘elht"‘&l G%t "‘Bl?énh@l%o%d&@? Hesbd, eaQ xﬁllgd%adpp%ta%d by

Initially, the desiréd channel inpulse
thosqr elgbc;hgethﬂa&rt At lqmﬁéldleusls,n@le deasopquanesi matibd provides the initial

desu%cia}é \gxmspgxgﬁgg'nﬁ)éngeo 1{1}? by ggﬁt\,ﬁl}qu Blée 1&85’( sgg}péﬁs ba' aoglonstant
(pre-bditﬁﬁlﬁe@)hhbthﬁQAIHA)"!M% viticke AAE tHeQvdikihg-sbQieatScorfvBRition matrix of
| east - squares nethod provides the initial desired

the déﬁ%ﬁ‘?ﬁ&nal npul se response estinmate by nultiplying the
Eﬂ) esﬁﬁﬁﬂ nghchnA@rf &N O\éf}{o?ed(:@mtliﬁgﬁblﬂgﬁnv é’f&ﬁ {assumes a

I's the training-sequence c
synchmhomsx netfvoth encliesi Made SplagmalarlyFohns eﬁdidellmdssmgest that the training
terf th b ted lLity Stu
sequégcg(ff{fet égxgtgrgfﬁr&rﬁg( %ﬁ%gs% gg\;gr Wﬁhﬁ e51 ISééna ] trammg sequence

withRa! 11 UL Hbol tdHiset. TR HfS cz?s%siﬁ@‘?ﬁteﬁgﬁ} cﬁzﬁﬁxei @Lﬂéen&sqonse can
sequence of the interfering signal is aligne th the

be edtiowitgdobing twdtdining-seduencecamiptiondechnique (or least squares, since the
training-sequence data is known) after removing the desired signal’s (re-modulated)
training sequence from the received samples.

However, to widen the potential applicability of the joint-demodulation approach
to the asynchronous network case where the interferer data during the desired signal's
training sequence is unknown, blind channel and data estimation and demodulation

techniques are used. By way of background in this regard, reference is made to the article

7
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within a - 1 to +4 synbol offset. In this case, the

interferer channel inpul se response can be estimated
wQEOTIeR263%e trai ni ng- sequence correl ati on t echri@ueAaz006/001378

| east squares, since the training-sequence data is

known) after renoving the desired signa

eq). I i ni n .
o SEEFYTIN B 00 SERHET SRR O R g
Techfijuésie IREE Mrar$e 6h dldnarhiugiGatopp) valc 2 tm:o m4,apg/mb0@r1@w$ and
network case where the interferer dat a during t

the agiicls by Padeghigaranset; gl apniitled “Blinddetimgtion pfiPeippt thrqlﬁqaf SIMO
e |
Chanﬁagrﬁfé?éd &g N&Qél%ﬁ%h%k&%{glt%? bgg%&hﬁgtl?rﬁi Iéetters, vol. 2,

techniques are used
no. 1t @davethber ¢9%8, ppe 807 30ftade to the artl cl eby Seshadri

a1 pepsFheiIF & igull of PRdtming BESY ikt SpHgop s the very small
numt@@ BIEYseAbbIeM nterf@br (142 nofRRP) sadipshuridg $he ddAeY M%il\al]s trammg-
and the article by Daneshgaran et al. entitled "Blind

sequense wiaddvorByovaef mfcrenecb diessegrenct Mindiva imibE dermsls efithg rdesired

tramlE% tsf%uegceong hliemﬁo m%or 't!fﬁgtnglwl rEng\&% w‘gng{hclas?gg Q% Sgﬁned by

the G3M (B§dricS tapdardb) fes< tet desirbd RRMAIY CTR derpith 1§l is chosen by this
interferer estimation is the very smal |l nunber of
simulegipa.dioyinreothenyalugsdhesyesn 1 and 7 ﬁfﬁ RYppibleadinending gn the channel

mod%{%r %?ﬁ%& 5 tl%é' @Eﬁi st&d‘ﬁfd@} gl'ug gREQeI e 5 W f'fig‘%’ ét\%ﬁt}%"w?? in the

eren e sequent ndow is fthe
presedesianqﬂetral n| ng sequence (for this enbodi nent, the

o518 pdea S e 4R A0 b ComBRPS onsP o Veties puamization

and ls@c{ﬂﬁhlhal( aedo%hrfgh Qﬁeébnb}éluhahzﬁ Sbded! atHeORIgoAWR VRT bﬁgeBeBn two
ues bet ween and are possi bl e dependi ng on the

assmnptmmd(lhﬂmmerﬁ@erd elgnaiemabybet veodeisr mthnzd dingey) FpliigsImpulse

one, : 26 - + = 2 I wen ) he [ nt .
RespB: 5P scifes s 495 a8 CRLEThbTLN il el resicua
additD@nWhife 6i.«C.omepthited) GHrediat nqiuarqﬁﬂteitatamemngrtde estimated desired

. sequential decoding of convolutional codes. The
Slgnaé)l Y5i bR s based on two assunptions: (1) the

¢ - / o _
I kg Stgés%g\év%ggéslgllxpt@%tﬁg algglq@ﬁr?gfr‘ﬁhia§ gth@géi §§ Hl'teﬁf‘erer bit
sequénet dypaheses.diogreadh nesv bioaddedtted bityseqesicel hy;lmthﬂ;mb fticoeputes the
e Pt B P e o B AR Tho g of veco
quani{¥dtidn} AREK etRs A1F HPAPSAnPISs cokfdSpaildaf tb ttlliHTéah{eeé’tzﬁE iV £hafticular

builds a tree of interferer bit sequence ot heses.
sequenge te aﬁmaﬁeweﬁﬂR Wé&ch@b@plqavalueé éqmtéﬁtc@athy distoftipn of a bit

e w El RS de e
sl I R, Y EhEBURE EBle R b b putl, i
sampﬁéd;a(ﬂTIGZEBﬂ) nAftaﬁdee QT@QGSN E(lséardlﬂwuith padamlets) bit sequences with

corresponding to the sane state in a Eartlcular
the lowest distortions, each sequence is extended by another 0/1 bit to yield two new
sequences (2W total), and the process of re-estimating FIR outputs of each sequence is
repeated followed by keeping the W sequences with minimum distortion (e.g., one-half the
sequences). When the sequence length reaches the number of interferer-signal samples

available (22 for this embodiment, as described above), the sequence with the lowest

distortion out of W candidates is chosen.
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sequence to estimate the FIR output (codebook val ue)

for that state. The distortion of a bit sequence is
wontvat/oneai ns after renoving the sequence' s FIRRTOCAD0G/601378

fromthe input sanples (FIG 2, 36). After keeping up

to W(search wdth parameter) bit sequences with the

I 2st, di sk or f ' is.

5 SN egRFT ERIHETOE I RIS o oo
impuR8 espbsefpsumars fafsubseqasitijoiat leag-shdreoddsired-signhl aadhterferer-
crnE oG o ENoEn i B b2 RRh el ond o v
G 1 o MU SPNETBRASTRE DA ASEDRPRAE S s e
and intdrfererndesaliseguencesaHaleser,i it dizope)yiouslyeolsteiped noterferer data

. Wth. the |Iowest di torﬁion out .of W. anﬁi dat es iﬁ
estimgice 8 RN Jas!-SAUATFS CHaUlE! FHEBRUONGS POSINE SPH ERQYECY (1> accounts
for) thRickdsdlcolrBlaBibh 8 Mlodat @ and channel inpul se response
esti mates for subsequent joint |east-squares
desired-signal and interfererchannel estimtion. At
C/'l levels below 5dB, th R pasition (offset), and
CIR value estimation f S@é{’éeﬁﬁ ,and interferer is
affected by the cross-¢®trelsdBi @B the desired and
interferer data sequences. However, using the
previously obtained interferer data estinmate, a joint

| east - squar es %hann‘gl es#i tion igggoEsii bl.e t hat ind
re "If8§qt("|"?aé‘.‘s,‘ SRR rEPies duripgthe fpsied taipgseqyeppe gindow

(26-HALD DS deRBEE previRBlyRI AINKDE) AMiPB (NKBAPARIhéldEdiRE-sidhal and
desi red trai ni hg-sequence w ndow (26-5+1=22 as

interfgess slatabseguence \eoby@ gn matrici (A s krvBagdwangiank e is; dreestimate

desj red- si I ' r. - S )
ror o SRR P P S8 B8 s SRR TR rggly o
resulefbmnsiieing alie htvevei equatidrerveith Lhdfdn hhiarechbadmient) the length of h,
desired-sjgnal and interferer CLRs respectively that

and lygelghphosqnioriidnerpbodimenta thadenath 8f&at i ons with Lh (5 in
U NhFee EEﬂgétg? nif) theNGediRA Y Aterfere@ a1 (iﬁlﬁgﬁgsﬁ%&ﬁés are
thi's enbo I f g 0

Iment) the length o . Once estimtes
availgtle, aewbrdiniensional rstase M\ateghi apenithel maphe gpplieds Pongekuclidean

R L5 SRS 50 17 Gt et o
estimf¥Bid" dBired 0ER WBIJRNAY. PheSET@iiRation s alfedpbliéd td @& ihtélfEder CIR,

Is conputed fromthe estimated desired CIR (Bl ock 44).
and tirg, ghreeth) dareess resubing| taps asppsadde feren thednterferst pedebpokA(iR,, a set

of pc%giﬂﬁt {Egerfepgrec% )Flkq{u%)g.]g%.oé? ?#ﬁ%&,noq%érgg?nlgegse ofjtsaglg %]ﬂlgand Lg

e interrerer co pos
may aRb 8¢ isgdain somaradbdimditout puts). O course, other

OGN TR B R L g
demn IAEYCHEGLT SEPRRLTHE BrARESIT- IR mesics ncladg the forvand
and barktvacte cdcgrsoom nebg ittesdiffecinoe ef tthe ofldevemr state minimum metrics at
each stage (not path) as the soft decision value and sign.

Turning now to FIG. 3, simulated results for TCH-AFS 12.2 rate speech for a
typical urban fading profile at S0km vehicle speeds (TU-50) at the 1950MHz band without
the use of frequency hopping and using interferer model DTS1 are shown, as will be

appreciated by those skilled in the art. C/I is the average carrier-to-interference ratio.
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and backward recursion using the difference of the

odd/ even state mninmumnetrics at each stage (not
wQann)22ex t he soft deci sion val ue and sign. TWQT/@4R2006001378

to FIG 3, sinulated results for TCH AFS 12.2 rate

speech for a typical urban fading profile at 50km

1 thecored B 30 g% 5T SHarceeahibe i GYPIREL FRey 1O AGHEER (rame

error Q;E{%) Altke SHRRiomAE GVISK r&f%x@? PrIRCARBAGAIRY I3NHAS4 represent the
led inthe art. I he average

perfouaanqe@lf thepationt-descaibed Séledﬂ receiver. dhe sadid lirien 8§ agd 56 mepresent

[ reset th SER 0 rate) .and F
the RrforBRGs PE 2 IIEh eoppretE SARC R, ricBlet iRedotBuee cyith an
exemphy @ﬂﬂt‘bﬂﬂn&dt nEFsth® Inndod4n eEle SN blikd Gegr6F ﬁﬁiﬂ{ﬁﬁﬁﬁh of the
of the above-described SAIC-JD receiver. The s

i d
interferes ds PSHOERRY BENE EPAUES ¥ easthiupes ABLShvedates wglle the interferer

[ t
symbg] IORenEP IR BILEY are ol LERINELA, A SAPBE SSEAM Y those
skillddl inrtte aetc ther peqfa)amam&a;tlbodbmcﬁnstrbtes ithett dofheothei SAIC-JD receivers

per f or.ged uysi n recursive | east squares, (RLS date
PrOV%ﬁuSl‘%“{m UilppEY FE‘FE‘r O¥s} 6|°°§¥‘iﬁ$'é’ f‘%‘i?‘ﬁé’t Hb)ée@ ‘ér‘%te"ference
envirb@hpmd and evaluated. As will be appreciated by those
skilled in the art, the performance plot denonstrates
t HElte tmwmtcn‘f re$idugbAnGisd Dpwecre;iemiréng) totheddessed) pighilsatmining-
over the co ve%l .onal eg?ver

seauirg o H T ACE" BRI e Ty SN Spoalen gy b6 hed as o

test oNGh&R] ‘IINEH $oh@ichibdginénts. NE gafivird tisd @ﬁk’!ﬂeqﬁently estimated
t rai ni ngsequence w ndow after renoving the desired

interfgrer gloes @gtrpmpé@) regigp| RogveRignifisanibe @ ngB-iptetfgrencggignal model
may gpge%ct ‘{;ﬁ{"ﬁ‘ vichvspge enbodi nents. If renoving the

y estinmated interferer does not reduce the
r eAi ;bmd dpmodulagory rﬁlfdrmgnhiemodafmo redudingr teckannel interference

si gnal .nodel be sel ected, nd Vic
betwERID Qe SOl A drorranil RO TFare FlgBt Vil SEdessried with
referb 2 FRG SR GMNEABIGABE HEBH 8] QA0S0 3RNEkn e

interfering Si now be bed wt
co-chaghelr intarfering Sﬁ?gr@l arg, ﬁBegd msingca &rst Blignak path, 12 eempuising a first

ftter) B o R0k $10 ThRarehEE s itneh Mpaidte e G AR L Shappg] impulse

respddaé Rstl@a©Ofte thé icdEhandel risterfbrihd @fgnéiﬁusﬂg aBke6Kd Bienall Bath 13
met hod_may further include gIrR)eratl n a channel

compriging & ngas disdndmpelse reﬁmree( trpedeles 18hatrddlesk 62, and generating
a chzirﬁlxtefe Mlg\.l(lkcn ges +rgs@ae|st1 zi‘hes 8&8(?11% ngp ﬁng 3t {ﬂg?ll%lgnal path 14

rear Finite I npul'se T espon
compn:sui@ & Ivvhlﬁnedatnaalhed: Iﬁlt6r2 44, andBlgeln 63 alini adgition hakeoeding operation

onse e te for, the desir usin
may ye tpm Eéf%aﬁi upaR EﬁrfﬁcF’é’F §BP I ot gﬁéifgﬁ%f{ gigal and the
co- cl{dnhélefnte‘l‘{genn@t51%]apcﬂﬁe Qﬁanrfe[‘ ifPdid tQPons® LBRAR Y the co-channel
operation may be perforned based upon the filtered
interfegipgisigndl, sadrfficahandel ithpulsesspade sitgnaie ferrtbe déséred signal using a
Viterbi decoder 30, at Block 64, thus concluding the illustrated method (Block 65).

One example of a hand-held mobile wireless communications device 1000 that
may be used in accordance with the system 20 is further described in the example below
with reference to FIG. 5. The device 1000 illustratively includes a housing 1200, a keypad
1400 and an output device 1600. The output device shown is a display 1600, which is
preferably a full graphic LCD. Other types of output devices may alternatively be utilized.
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co-channel interfering signal, the channel inpulse
response estimate for the co-channel interfering

waostogned2e26and t he channel inpul se response est iRGAV€AZ006/001378
the desired signal using a Viterbi decoder 30, at

Bl ock 64, thus concluding the illustrated nmethod
N L

the keyadrido0 aad the display 1600 tThie p2éeesssing devibe180ecntrolsatle operation
the exanple below with reference to FIG 5. The device
of the desplay 1FP 25 Feehas|the Qyreall eResation s wgblﬁgflecealqs)gywaresponse
' The out put device
to acéﬁ@ﬁnﬂé{‘lﬁe}g%&‘ﬂ;@pl yaqg%%mmﬁ?%%eri‘ s preferably a full
gr Bphheusir@D12a0 ey beyplesgatéd wertipalty, devmaye takeron other sizes and

shapSireithos it divesbhtfP 13662 i e osfife arode sttection
key, BEShESArd Wge %?ymﬁar@m“ﬂﬁﬂirfghﬁtvdée‘ﬁﬂéﬂ)éngfﬁﬁ)d telépBony entry.

processi ng device 1800 controls the operation of the

di lapiddigiondo the preceaging dece K00 ohenpartsoydheampbite divigentd00 are

! c ™ At | ¢
showl¥brBadial 3P 1Gop T, RERRE R BBl EBHR 4:8R G HE o shor-
rangdéormanigatiad subdysicanl 020; therkeypad 1400eandnheodibslay 36005 3long with

and shapes, (i ncl udi ng cl anshel | housi n% structures)..
otherppRuiQUIY dleigss 1000, J880.51 1908 sad ddp&cas; Well peinemery detiess 1160,
B0 RV G Blnes B e ooy e H00F RO Rec A0l i€ Brdtably o
two-way Riecah80@nicatidms rdepize thaviog volve amdbiataecaheminrieatidd® Gapatelities.

hown schengtical |y in Fl ., These incl.ude a . .

in s AR H10P0R e Lioh 90D sl st bk G bR’ Communicate with
otherCOMPIRir GétbM8 SiathdEiterhem 1020; the keypad 1400 and the

di spl ay 1600, along with other input/output devices

10@peratigg eystem goftgaw cxeowed &y the procgssingedece HROH isepreferably

, : var ; 0lS ot ' bsy;s, .
soredt 1% pein el SdpoiF R Gh Bl U BUCHETBe S i other
typecoimemboaddvives, siiel as e réavonty meaioe (RON)datsanilar storage element.
capabilities, In addition, the bil e

nmuni cati on (
In a@@v%e%m se_?‘% APPSRV YTe 2RRIISANIS: (of Rasts thereof, may be
tempGRATRY Haged Gitdvh 318 EbreC HBAUL She MHEbETR Ak %&E&;‘ry (RAM,) 1180.

nternet. Operating system software executed
Comprunisetisingguidy raceived@®y the mubdt alemisk ynayt aise beistored in the RAM
1180persistent store, such as the flash nmenory 1160, but

hmay be stored in other types of nenory devices, such

asThe proaessHB! deviteMB0Y, nRdWiof o $ts Mpkrfing s Mit@f Functions, enables

element. In addition, system software, specific device
execyting ofsaftngrrsappdicatisas 1309 Ad B8N on kg dayice: MM oApredefermined set

LN a ti SHQl . t r and .

of Aggggag%n%m#%}y#% Ibﬁ%oa&y('%m%?%g ?’onsgg}éi g‘q’naﬁ%{s}}1 and  voice
comrmexieatived 3004 eando b300B, dmaiy CBe nastalédds @nbehes idevieedl 1080 during

the RAM 1180, The processing device 1800, in addition
mamtfgctwees Igddifiann g Byrsendh NiRRRTSh anagerp(FIM) 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,
synchronized and updated via the wireless network 1401 with the device user's
corresponding data items stored or associated with a host computer system.

11
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execution of software applications 1300A-1300N on the

devi ce 1000. A predeterm ned set of applications that
wamat/onb2ebasi ¢ devi ce operations, such as dat a2GEndA2006/001378

voi ce conmuni cations 1300A and 1300B, may be installed

on the device 1000 during manufacture. In addition,

a
p aonal. 1.nfor | r M...appli cat .
PR Rl B B, PRORERE e apfRRblcED bRl R0, are

perfoadinthrsughf the cgmniubidag o shbspsiagi 1001 daidapasti®iysthraughithashort-
e-mai |, cal endar events, voice nails, appointnents,

range, gemmygicationsygubsystemp| ey spmmusicagang subsysismy, 190L, ipsludes a

recei&?ﬁgp%ea RinsnERA N202RH bRE é}rﬁg&%ﬂa{,ﬁs ilsw'ﬁna/hgs@tm addition,

W rel €ss network 1401. Pre , e PIMdata i'tens
the cammusieamdnssssbyystemt ¢@0lasleal inchydes rppodezsng andulep shathead a digital

signal; et A B P9 250 150l odetBiatt @0 JB0ET HheSpetiiftockien and
implenfhtatiofMRAt fle LWAMAMICEAGHY NEubeYst@n 100YCtisOQEpendent upon the

i ncludi ng data and voi ce conmmuni cations, are perforned
communpicatighs nplavarl imvhieln theomobiedeyice 4808 09 interded to operate. For

ssi bl thr S. ni.cations .
eS8 Rt 849900 BB RIOGRRTIIBNS iR doph gesena
to ope@ratecOithvihe MOBIG:x™, DarMBATTY & Gdndfh] Packkt Rwli® Servi¢ee(GPRS)

.antennas 1540, and 1560. In addjtjion, the . .
mobike fiafa sAramEnigRiions Metyerks and ol desigaed tocqnsrale with any of a variety

OC&RMuNZafiBUA CBud@Sa ANBE T RHMA IEBIMR!
of VO?JISSE’ I%SSOfl and figvggﬁé os% fiators (LGCs)” 1601.° The RA, PCS,
GSMs pBX¢iE, ietc. d2themgrypendf datplasdwynicatriebvorb$, Hottte separate and integrated,

i.catjor b t 10 j d I t . th
may S5RaAEE SHE REFWETK dekear0eh PHePABHs peroge Moy giso be
compliintl Wit1e BHEEcdrdm ARe4tRInS stah@drd§ XRRRk 8 GSM,BUIH,  MES] &€
1000 may i nclude a communi cati ons subsystem 1001

d SNatyaekd agasso prauiremenist vary epaising urqn He typatef comepumipation

r n a 0. S i il t .
SySterglb mruF%? n%{:aghlgngkglé \?g%%x %E]&é @%@%&? gned’ tng()bg%e rag fges are
registetedonahy nefvoak using atupiqué pessons idanifisaticradumies or PIN associated

.. networ ks, u s AMPS, DVA, CDNA, , PCS, GSM. .
with epgl dewife et P?Mkso}“’d‘ﬁ’%ﬂ p WeHetsupirgated with a
subscPiBEN oS GRAT G £ danee. | AEER SR dice TR efdls qtaﬁeé'}'i' Subd&fber identity

with the nobile device 1000. The nobil e device 1000

modulea gominmlbresfermadab iaaatSIMi dand, dt heter toorperaté oma IGHRS network.
tiapdar ds. 3GSM ..3GPP, UNMTS, et t k
2 TBEEREBiY PAnER: EEplyo b RRbT Ry bR pompleted

the BOBTAIMIORET POO0S HHdye Fend-Odnde ¥&WdBle comthuhltgtidMbistodxlsabrer the
Dat aTAC networ ks, nobil e devices are regi stered on the

comnpgticptior nesverl k0dnSignals geseivsdairom dbn commusicadensiaterk 1401

by ttﬁer ahlehn 2 SEAH! theeqo%({ qo eﬁl%hre‘égi\(/'exc q‘SOb,n v&?&ﬁls PSR lf(?r’ signal
owever, network access I's assocCi ated w 2y

amplifichsan, iftequernty deswar canivemiote filtedng, AhdrrieBseledtiodgetc., and may also

therefore requires a subscriber jidentity nodule, . )
Provig ARIRE Jo (AT PRI NRIas Rrdighad ConFergpR el theteceived signal

allow@PRE ADSPO1589 {FBerOidt WREH - 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.
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When required network registration or activation
procedures have been conpl eted, the nobil e device 1000
womy7/eenzb and recei ve conmuni cati ons signal s caErCA10e6/001378
conmuni cati on network 1401. Signals received fromthe

comuni cati ons network 1401 by the antenna 1540 are

t.o the receiver 1500, which pyovid
nﬁn pédition |‘%W‘°?$@H&éﬁ8§“%%ﬁ‘°%mﬂé‘?é Bfi ? V‘ es for

contl%h Qﬂ' NRE r8&h R 1900: afll the: r&H3thifi&Y 15805 FoP re%ﬁ'ngfé %Qﬁ‘lls Otﬂ)phed to
digital conversion. Anal og-to-digital conversion
commhelcatamal sgnhls imthd reseivend S0 and3RNSBEET t1<529 eméy bm adapnvely
re..conpl ex conmuni cation ncti ons
com B P SRR ok 6aind ot B s 1580
Si gﬂahaatcamximaﬁmdoueda teQeil B sigRilValch alsﬂa%xtamessa e or web
processed (e.g. nodul ated and encoded) by the DSP 1580

pageflpppad, ﬂfh@WCfﬁS@d/ prdke commpaicationsspstem 18@landyis input to the
It a I enrsi

pocfl UM AT BLERIE YrdR SIS Wecsing

devmmlﬂﬂﬂrfbr:m botpunet the displkg A500,0ur aleinativls Xo vorae biher auxiliary I/0

3.560 In addition to processing conmuni cations

devics Yy 8 devlre ysepmaka O SPEPPEfedats HFME.oNLh 8F capail messages, using

the Ke G5l mo ahalP séhé o@h@?aﬁﬂﬁd}? e} &@ﬁcelﬁ}%@ sucR'as mezﬁi a rocker
gai ns applied to conmuni cations signals in the

switehe ¢ hweb-wigel) onsning ethastypt b€ mpibddriceafhd eomdaq@mdaal ifems may

e R 5P Y60 SRR B 20T A i fhicain

subsyepéElR.1001.r ecel ved signal, such as a text message or web
pa e downl oad, is pr ocessed by the communi cations
3 YOI CONTIUIHERIONS mqelsu@vemil ppasatigioelethe| deyice dy sehstantially
T r e
s1mllla.ﬁ%) ﬂgeoggtgscl%ﬁgﬁ gatﬁ)hQTlgAdiS ?xéegg n%aé&%ée%dtg x? ‘fse e (gjutBé{t to a
speabbrs pLely 46DGjgnals &brt ennahissieh yaré Ogemema:dobbzeﬁ mwfoﬂ,hoaéyllzo
/ O devi ce 1060 evi ce user may al so conpose data
Al‘e'i“flléﬁf‘sV°1%% ghaugho y@m%%ﬁfé% SYelyas wlﬁa MeREALR é@ﬁﬂa@namﬁymm
may aid/ &rl dRerftEd) gﬁ tl?é"ifédléeaf()(ml 'fxpa&jcﬁm)r? Qhél- Qﬁgbay 9660 n &so be
touchpad, a rocker swtch,
utilizgt Ha rvow)ep@rmﬁumnrpwms dendec &or éRhmpdmtmdﬂsxddy et aienmtemf a calling
transm,tted, over t cati ons
part Bhe PRS2 R T SEeh Rlecisel sHeRR deG R S001. 1
a Yhd §1ﬁ>rf;ﬁmgbl %ﬁ@tﬂx@mcﬁpd@srwﬁr@ableg REMAIINRALIBA beheen the
evice is substantially simlar to the data

mobl&fb Arvies 649 %OWSHEFOXBR%@ SYsteraer d@‘e@@s\/ ahichi rpgd not apeessarily
)
be SRHRPULER, Pof BEANAE, the Mo 0e hgRRNRp{ghs AbRILM Ry Qhctuce
an infragaddidevice Oaad bmtm@ cirugis asda cofipogertES RJgQ BluetoothTM
recordi ng suhsystem,. al so be inpl enented on the
com RO JOBLIE 5 JUAVEF . COmBUBICEHEy UhGHtH Ay SRRl astems
and ddvides.zed in voi ce conmuni cations node, for exanple to
display the identity of a calling
any modifications and other embodiments 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 various modifications and

embodiments are intended to be included within the scope of the appended claims.
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party, the duration of a voice call, or other voice
call related informati on. The short-range

wamamezat i ons subsyst em enabl es conmmuni cat | ACTHEA200E001378

the nobil e device 1000 and ot her proxi mate systens or

devi ces, which need not necessarily be simlar

devi ces. For exanple, the short-range conmuni cations

System may include an infrared device and

associated circuits and conmponents, or a Bluetooth(tm

comuni cations nodul e to provide for comrunication

WA tvirgless ¢cammynieatainseldvisy sorapssiaged devi ces.  Many

nD ifications and other enbodinments will cone to the
usipe: e skilled in the art having the benefit of

t Qﬁvﬁ&@s%hfaﬂ%nt&? 8RR Wed|dsOrdcBR ef QIBaPh i@ RSEiAT | ONS

and the associ ated drawi ngs. Therefor€, it is

ursdidr wirelsss trmtvev avofmpuisingoali]pint alemodulationl fdtebddr medwcing co-

W, thin,t

d b d h f
chanig St EREREn @n aldesitEd HE5H A b Rorbobdle) FERS Ry 4raf abe fler

compﬁgmgce conprising: a housing; and a wirel ess

2.

transmtter and a wrel ess receiver carrled by s

housi ng! HWUH refaing ssampdese P dhe (dssiged signgl anfl oﬁhﬁtco -channel
ifilter for reducing cochannel

in?@gﬂél?% glgabetvveen a desired signal and a co-channel

i nt erf_er‘i/mgbsde@ndd:r the fil ter corrprl sing an input

receivin lLes. aqf the desi a

o Charidt SR PRE beAe GaPeCp st P REseidor comrisng a
fifrstrighgnal path between sai d i nput and sai d Viterbi
decoder conprising a first filter, a second signal

pat h bet serend segmd! ipafhubetavedn ssaidd ingiut @ndisailedoler decoder and

s e et B R by B PR BERREF 7R prelog o chanet

eSipiREt eesbofiscldd@mae-fohde 36! chadiet midtdring sidng)ahd and a
third signal path between said input and said Viter

decodera e signal |P§ﬂhg§etave\%|5ta§héﬁpq‘ra¥@hé@dfvﬁﬁr@i des@der and
d:c'saﬁ{rpg fngga %gftgﬁgl ﬁl?ﬁ:hg@ﬁ 3 er Qﬁﬁﬁ & SdHafTidl Gl %gfse trQs%onse

e MAre hicatlons
ofesﬁ}naterfoﬂthwldemmdmgdaé desi red Si gnal and the
co-channel interfering signal each includes a training
sequence; and wherein said joint

The wireless communications device of Claim 1 wherein the desired signal and the

co-channel interfering signal each includes a training sequence; and wherein said joint

demodulation filter further comprises a training-sequence locator upstream of said second

and third paths and downstream from said input.

3.

The wireless communications device of Claim 1 wherein said third signal path

comprises a desired-signal channel impulse response (CIR) estimator upstream of said

whitened matched filter for generating a desired-signal CIR estimate.

4.

The wireless communications device of Claim 1 wherein said first filter comprises

a first finite impulse response (FIR) filter.
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denodul ation filter further conprises a
t rai ni ng- sequence | ocator upstream of said second and
wa tvor/ee2pzt hs and downstream from said i nput. CTI¢#2006/001378

Wi rel ess comuni cati ons device of Claim1l wherein said
third signal path conprises a desired-signal channel
i npul se response (CIR) estinmator, upstream of, said, |

5 mnﬁeewgaleﬁﬁa%%!@anwmqr@rdew &riiyd j Wiprein said second signal path

compftR34 & Rkt ShARRY add L528hd MBbfer npdfiEd MRS therefrom.
conmuni cat 1 ons device o0 aiml erein sal I rst
filter conprises a first finite inpulse response (FIR)
filter.5 The wireless comunicatiqns, devi ce of aim

6. 1 Tiehipies Sraub BRI S REIO SIRM S ORI L BN ppi Hehal path

furth&UEoMRprise§ d rémSQARNMOE bEtWERE said AREIRE-Sign 4l WIRSEKiBAMr and said first
therefrom 6. The wirel ess comuni cati ons devi ce of

sumn@raingh @opprating thesewith Sercoivtragtingha rerpedlatpd desiead-signal training
! | o T desi Fed. s .
s GRERG Ru " B S0 0 SRS s v

thereb}i @eriratt An iraérfaroider sigrial Bgingaté.enodul at ed desi r ed- si gnal
trai ni ng sequence from sanpl es of the desired signal
and the co-channel interfering signal to thereby

7. \%Ie?lg @‘r@le@cdlﬂﬁlﬁﬁi}ccgﬁ&ﬁ%vﬁk W@laiﬁ?gm}&n sdid liﬂé&r FIR mé)deler

ess conmuni cati ons device o alm 1 wherein sal
comprisaearblisldRntmftednee and IR estsnatorhlandich secomd FER dritce damustream

cl | st.i.mator, an second FIR filter downstream from
from e PR T SRR R oot ) mator 8. The
W rel ess communi cati ons device of Caiml1l wherein said

W rel ess receiver conprises a cellular receiver. 9. A
8. wi Tld marslesy epmaiveigations deded et Glampt i whergin saidhwirslepy receiver

com 6}%95 ch'lgglrggévtrr ansmtter and a wirel ess receiver
RErti & y sai d housing; said wireless receiver

conprising a joint denodul ation filter for reducing

cochannel interference between a desired signal and a
9. coACHEIFS COMMMUPEPRTEFVISCFRHIPIRREr e t he desired signal

angdpignganghannel interfering signal each includes a

tral ning sequence, the filter conprising an input

r ez wiirelengytramnpttersandfa winelessaredened cairigd dly saiddousing;

R R N M AN AT T e
chanfigGageferepedBeivideA G desfred Signhl Md € coWRLMRE iNteFHARSHgnal where
the dEesFilreR si;;all g.r% the co-channel interfering signal each includes a training sequence,
the filter comprising

an input receiving samples of the desired signal and the co-channel
interfering signal,

a Viterbi decoder,

a first signal path between said input and said Viterbi decoder comprising a
first finite impulse response (FIR) filter,

a second signal path between said input and said Viterbi decoder and

comprising a linear finite impulse response (FIR) modeler for generating a channel

impulse response estimate for the co-channel interfering signal,
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a second signal path between said input and said
Viterbi decoder and conprising a linear finite inpulse
womspas® (FIR) nodel er for generating a chanrmlT/CA2006/001378
i mpul se response estimate for the co-channel
interfering signal,a third signal path between said
i nput and,saj d. Vi.t erRi el onpy i.Si,ng:.a ..
whi t ened’ r@?é:%é%é a# ieqap1 erb 9 &%gg%ﬁ(gpgg‘ﬁnggfp% S%ﬁa%’ﬁtgfbl decoder and
| MiongRisingsy Whitenddls matthed filter férhgene@sing @dctangelaimpuise desponse
a training-sequence | ocat or upstream of said second
anoesflmafed%bﬁ’t:%s‘é%’c?‘m@r eam from said input. 10.
The wir : ' j LCe : L4049 : Qi
ai d it Gy BN EARE Ao Lol B O DR s and
c haduvelstreamp filogesaidésponse (ClI R) esti mator upstream of
said whitened matched filter for generating a
desired-signal CIR estimate. 11. The w rel ess
10. CONMREINERLek P BSmARMIcaBol di@l 6T ElaMies &iter&ai sdidS8f@Négnal path
signal path conprises a first summer and a second .
comprispee desiietesigeal chenrsd timpalsetrasnonse ¢GIR)1estimptar upstream of said
W rele [ ' devi f j m..11 _wherein
il ERhel AT Bl SRR § G RE al o Subhy
renodul at or between said desired-signal CIR estimnator
and _said first sunmer and cooperating therewith for

1. suptheavirelsss eopanpigaiionsclvise if (dms P gigrein sgidnieagnd signal path
conitg'f_%gﬁy fifst Fﬁrﬁfﬁhs §Rofd sxﬁﬁ}ﬁfrdc%%héﬁgd 3o\ BleadNflertfiGm.

annel 1 nterfering signal to thereby generate an
interference signal estimate. 13. The wirel ess

co ni cati ons devi ce of, C ai .wherejn said, |inear,
12 F R R s Cameans dpyiee af i Hopbitel Saihscepd Signal path
furtBiél ¢dmRirRes a d0odulSOF 88kl Kaillidebiedd-£oN TIREAMat R Bnd said first
said blind interference and CIR estimator. 14. A

sunpperyald ¢ooperating dhanepvidh farhanbirastingna semedudsied dpsitedeségnal; training

Lr S| a Laterferi i: 1
s 55 A, 7 24SRENE] I SR AL s o
thereby hatkrate ap intaifdrgncefsigriabédtinguite. ecei ved sanpl es of the

desired signal and the co-channel interfering signal
using a first signal path conprising a first filter;

13. 9eNEhAirB@sPedraimehtidnIRILVRE of SRRNS SviRRdih @g&g%nfaﬁg 1|?1t1i1ﬁ‘mde1er

co-channel interfering signal using a secon
comaisks e dripdi igienfgreace iané £/1Rf éstintator] apdilassecores ph $btef BbRhstream

nmodel.er ;. .qgeneratin channel inpul se response
fmr@ﬁ"l%r@lng "1%8 TERE ad’gs@ﬁeeaagﬁa hal using a third signal
path conprising a whitened nmatched filter;

andperform ng a decodi ng operation based upon the
14.1 j | p engthod for spdpsingsengliasel dnterfprence between a desired signal and a co-

channel interfering signal in a receiver of a wireless communications device, the method
comprising:

filtering received samples of the desired signal and the co-channel interfering
signal using a first signal path comprising a first filter;

generating a channel impulse response estimate for the co-channel interfering
signal using a second signal path comprising a linear finite impulse response (FIR)
modeler;

generating a channel impulse response estimate for the desired signal using a third
signal path comprising a whitened matched filter; and
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desired signal and the co-channel interfering signal,

t he channel inpul se response estimate for the
woamorbenwel interfering signal, and the channelCT/epobe@1378

response estimate for the desired signal using a

Viterbi decoder. 15. The nethod of C aim 14 wherein

th ifg a5 - - L dinterfer.i
Si gRal O Suah o deap@he BBaliB bERACRIIRR L icEi i sapuptes of the
degitedpigrel ag! the b ohaineinzerforiaig st dhgk eLicHAARel iRalst Rponse estimate

upstream of .t he second and third paths and downstream
for; g orhanse) M‘J‘F'.?feri%ﬁ sighal. And Hsachennel imnwisesesponseiestimate for the

dedifed'sthnal G a MRESD; QA Ses a desired-signal channel
i mpul'se response (CIR) estinmator upstream of the

whi tened matched filter for generating a
desi -5l gnal ~Cl R,estimate. 17. The nethod of C aim )
155" TRE ST g 17 Siefii fe Jfid S8aTnd the fo-riamebinterfering
sighaipaakch éndl @GR QN §8in( uéride! 8fd fikther TBRIPABIL | Fining-
14 wherejn the sec?n?hsi gnal path eéon‘prpi segq%r@hgtgaé %mmg
SeQRIENGFEPCation upstesarvefthe serepd and Hidnaghs andwiesmstecam from the input.
therefrom 19. The nethod of C aim 18 wherein the
second signal path further conprises a renodul ator
16.bet Boemetlive afeClained 4siigneh thi RikissipiRtpath @Mprise® afdekindd-signal
hsu%ger L’ind c}g{ggergbing therewith for_ subtracting a
Chang HIRUSCCTFSRANSE ( _ % Ywaton peytisamelshgushitancd mastehed filter for
gerePdiPbadedired-YiBndl €IRSHmFINal and the co-channel
interfering signal to thereby generate an interference

signal estimate. 20. The nethod of C aim 14 wherein
blind interference

hert.d Fl R-ode] i
17, nared BBl e BPR &l Rhek pomoesisen it Ftiimpulse

resporsen(FIRY fiket.nd i nterference and CIR estinmator.

18.  The method of Claim 14 wherein the second signal path comprises a first summer

and a second summer connected downstream therefrom.

19. The method of Claim 18 wherein the second signal path further comprises a
remodulator between the desired-signal CIR estimator and the first summer and
cooperating therewith for subtracting a remodulated desired-signal training sequence from
samples of the desired signal and the co-channel interfering signal to thereby generate an

interference signal estimate.
20.  The method of Claim 14 wherein the linear FIR modeler comprises a blind

interference and CIR estimator, and a second FIR filter downstream from the blind

interference and CIR estimator.
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