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interf Q@ ellular devices communicate with a cellular base station using common or shared

wireless communications channels (i.e., frequencies). Yet, in some cases signals between
other devices and a base station using the same channel may cause a desired signal from

20 the base station to be significantly degraded or even dropped by the handheld device. Such
interference is called co-channel interference.

Because of the increasing load on cellular communications infrastructures, various
single-antenna interference cancellation (SAIC) approaches have been investigated to
meet requirements for Downlink Advanced Receiver Performance (DARP). This effort is

25  being standardized 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

30 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
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Brief Description of the Drawings

FIG. 1 is a schematic block diagram of an exemplary Single Antenna Interference
20  Cancellation (SAIC) enabled joint demodulation Global System for Mobile
Communication (GSM) receiver in accordance with the present invention.

FIG. 2 is a schematic block diagram of an exemplary embodiment of the joint
demodulation receiver of FIG, 1 shown in greater detail.

FIG. 3 is a graph of simulated performance results for an SAIC joint demodulation

25 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.

30 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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the fi rfiter Saingemeradngla channel impulse response estimate for the desired signal.
More particularly, the desired signal and the co-channel interfering signal may
20 each include a training sequence, and the joint demodulation filter may further include a
training-sequence locator upstream of the second and third paths and downstream from the
input, Additionally, the third signal path may include a desired-signal channel impulse
response (CIR) estimator upstream of the whitened matched filter for generating a desired-
signal CIR estimate. Furthermore, the first filter may be a first finite impulse response
25  (FIR) filter.
The second signal path may include a first summer and a second summer
connected downstream therefrom. Moreover, the second signal path may further include a
remodulator between the desired-signal CIR estimator and the first summer and
cooperating therewith for subtracting a remodulated desired-signal training sequence from
30 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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filter 10 may advantageously be implemented in a wireless receiver of a mobile wireless
20 communications device. The various components of the joint demodulation filter 10 may

be implemented using software modules and a processing circuitry, such as a digital signal

processor (DSP), for example, although other implementations are also possible, as will be

appreciated by those skilled in the art. Exemplary components of a mobile cellular device

in which the joint demodulation filter 10 may be used will be discussed further below with
25  reference to FI1G. 5.

The joint demodulation filter 10 further illustratively includes a Viterbi decoder 30,
and a first signal path 12 between the input 11 and the Viterbi decoder comprising 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

30 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



The joint denodul ation filter 10 further illustratively includes a Viterbi
decoder 30, and a first signal path 12 between the input 11 and the
Viterbi wWecwdsn2conprising a first filter 46. In the exenphawyoestodi ment
shown in FIG 2, the first filter 46 may be a finite infinite response
(FIR) filter, such as a matched filter, for exanple. Al so, a second signal
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path 14 illustratively includes a desired-signal CIR estimator 22 10
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and the first summrer and cooperating therewith for subtracting a
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20  and CIR estimator 28, as shown.
The second signal path 13 further illustratively includes a residual noise power
(Pn) sample offset block 32 between the first and second summers 26, 34, a significant
interferer component (Pif) sample offset block downstream from the second summer, and
a Pif/Pn decision block 38 downstream from the Pif sample offset block, as will be
25  discussed further below. A mixer 40 is downstream from the Pif sample offset block 38
and also receives an output of the second FIR filter 42 as shown. The output of the mixer
40 and the output of the whitened matched filter 44 are provided to the Viterbi decoder 30,
as 1s the output of the first FIR 46.
The operation of the joint demodulation receiver 10 will now be described in
30  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
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si gnal {ECQSe ratios (SNRs)) when limited a-priori knowledge about the interferer is available, as
will be discussed further below. Yet, the Viterbi algorithm (VA) complexity may also
20  increase, (depending on the number of states used to model the interferer), thus the
processing requirements and the additional complexity of the channel/data estimators may
be a factor in some software or hardware implementations.

For the test configuration, a system level Block Error Rate (BLER) simulator was
extended to support all of the interferer models/scenarios being used by the 3GPP DARP

25 work group. This extension also allows new interferer models to be developed as needed.
The simulations were performed using Matlab.

The joint demodulation 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

30 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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t
are tr ﬁ@% ,?? Ztﬁntr l%%%%gﬁirgp&s?r%d/xmgfgr%y gﬂa@%msﬁgla?igg ru?%téhh%é’sxreﬁ t r[g%{lg € O

ot her I Oh types Usin assu on.

WO 200 Aeqito? GnBGhtiGARA0M Q& 7 data E@fpeﬂ'fémﬁ‘egi agBlogkt 3w, FalsGmlIZbe iR usse@ps
associ atl g e&h the joint denodul ati on approach are as follows. First, a
base sti3ft ?f% ®4i ni ng sequence (TS) for the desired signal is found (Bl ock

202}0 the C Ryf ofaiddie tg@%fegﬂn%ug@lmé}s b@%%%&g&%&@ﬁéegﬁ a AMth 08 1 e-

ul ated desired training se celsre I nput sanples to
f or m t HerB) antrauttipde empusisgmale efftctarttseth¢ Binvok o2}t vaFies). ey smuhe thet bifset bl i nd”

esti mati. of . the interf ata.s erfor d based upon the

i nt erfe‘/r‘égi ”%taﬁ?ﬂ’mé'ﬁtl f‘@?“%e E?gﬁrk(g) gélayﬂ? s¢ F%‘Fﬂ’f‘mf“é P2¥quar es
desi r eddd mb@ ésetbeuvhe@mraminoaetdpgnég @@ Wb @%%mﬁcadeaité@ert é&hﬁdn@ﬁt (p%?quence
and estinated interferer data is f or ned | ock 30, as wil

di scussdsiectqdyen m). ddblocks 32 3Hn 3é>d@|dt 3% ! se.ndenfagulagionriy pgxfexp@ednwng)@
Rt N G L T e
m ni malthe eraerduahcer)oirm@ Ve eétﬁﬁétldmoftbedésﬁle@@tgexdl dandiacklgger m nati on nmay
be nmade as to whet her the nodel applies (i.e., was a significant interferer
conmponent ( Fi,nft)a ly, the desired channel impulse response was estimated using a conventional
training-sequence correlation (i.e., “channel-sounding”) method, as will be appreciated by
those skilled in the art. At low C/I levels, the least-squares method provides the initial
20 desired channel impulse response estimate by multiplying the input samples by a constant
(pre-computed) matrix (A"A)TAY, where A is the training-sequence convolution matrix of
the desired signal.
For estimating the interferer, the above-noted SAIC Feasibility Study assumes a
synchronous network model. More particularly, this model assumes that the training
25 sequence of the interfering signal is aligned with the desired signal’s training sequence
within a -1 to +4 symbol offset. In this case, the interferer channel impulse response can
be estimated using the training-sequence correlation technique (or least squares, since the
training-sequence data is known) after removing the desired signal’s (re-modulated)
training sequence from the received samples.
30 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
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detected or not), at Blocks 32, 34, 36, and 38. |If so, denodulation is
performed using a 15 joint-denodul ation (rmulti-di nensional state) Viterbi
al gori t hmda fvat/o®sici mat es and renoves the interference poi/oAtopemaizts t he
estimation of the desired-signal data (Block 30). Initially, the desired
channel inpul se response was estimated using a conventi onal

trai ni ng- sequence._ .correlation (i, "channel - soundi ng’. t hod, as will be
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sequence Wi t(if)ﬁ‘%p ‘Q“iart‘g?fl‘lgﬂhé!)?%tﬂﬁ‘%o‘@f‘_flg@E”ﬂd m{er{gpgss@ggggngsh@\eiv,quew%l er
channel, i {RULESYEIROES Si&dder 8., 88 BGH MRl thh Gedifedls[Pnlls P4AMENCE

correlation technique (or |east squares, 'since the training-sequerice data
i s knowejueatt evindeowdiy wgy vl ecfdesie, dit siqgerak’vendow intdUemgte df thet deaired ng

f. th i,ved sanpl es., 30 However, to w,den the potenti al
2ppl | caminngyearned 57 B FmBaRBEGY b BHRep akne S Foads AERPENBLS
netjpor khé TEMVIEERict REIndSY f8¢ &fe dairad dnang (iR gesi8Ri (568 chbgnaby $his
trai ni ng sequence i s unknown, blind channel and data estination and

denpdulsamplghontkeetavegeidsr wileesuasdcenBl apdy aof poratig densadingron thie shamnghr d,

Seshaar st FReel SO Rl Ly S&‘ﬁ%’ﬁé?sooéé?%%éﬁ?a%%@éj%—?{vﬁgiﬁﬁ% iy
4

Sear ch prdeatedagipds, " | EEE Trans. on Conmuni cations, vol. , no. 2/3/4,
pgs. 1000-1011, and the article by D%esh aran et al. entitled "Blind
Estimati on ofOAPRHGRCH dsse a8 ahgorshmpyhich SpRBINGS BARERISH] eI WrntiZatie er i ng

Al garit seduEa i i 1 tar ol , Q. o 1 1998,
pgg.@ 30#@ 3669(1. m(alcggargth{ u%greﬂ?\’fo H? %h?t iogéfé' pg}e?g%%%?lrgggbfsi %Séiﬂg;égr e('rr) er
est i matassmptgorishél v drey irgendrer srpnatb erayobe "modikeérdy alithed linveHisitedmpilse. |

o =) amBle LRl Seshf s chonel e el seauereg wafo o
; ' aicI 2; i&ﬁiggﬁﬁ“@ﬂi@@(i(éc.,otﬁnctohie&t&!)t@ﬂisﬂﬁrﬂ‘tnoista hefiéd @hfdvirg; BRAMERREGd &gl 15 26,
signal) (FIG. 1, 26).
20 With these two assumptions, the algorithm iteratively builds a tree of interferer bit
sequence hypotheses. For each new bit added to a bit sequence hypothesis, it computes the
new FIR state (or codebook index, as will be apparent to those skilled in the art of vector
quantization) and averages all input samples corresponding to the same state in a particular
sequence to estimate the FIR output (codebook value) for that state. The distortion of a bit
25  sequence is what remains after removing the sequence’s FIR outputs from the input
samples (FIG. 2, 36). After keeping up to W (search width parameter) bit sequences with
the lowest distortions, each sequence is extended by another 0/1 bit to yield two new
sequences (2ZW 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
30 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.



10 the GSM 05-series standards) less the desired signal's CIRlength (5 1is
chosen by this sinulation, however other values between 1 and 7 are

possi bl endepenchi26g on the channel nodels as defined bypdfiessahstsandar ds)
plus one, or: 26 - 5 + 1 =22 (twenty-two) in the present exanple. This
approach uses an al gorithm whi ch conbi nes concepts of vector quantization
15 and sequential decodi.ng, of cgnvol utional co The or i s based
on two ass 'g%‘ée‘&(slsﬁ‘b%h%]gf’ﬁ fPEPVAdessf rf&f“aﬁdweﬁgreﬁﬁlﬂ% é’é‘s\ﬁp ¢h |inear
Fi ni t e Rk $é°spoﬁ%%@9ﬂ§@s @(ﬁlsﬁbseﬁgb‘r‘itg&n( ﬁhﬁ%ugx@ deﬁt‘&g {omhl AREintdeRL L er er
signal is corrupted by resid itive white (i.e., uncorrel ateoi

Gaussi ahammsi setihatiarerAtr ﬁﬁdwcﬂg beloey ééB; that @R geshme(ﬂoffmt)gmaa )CIBFW(BJe 1, 26).
20 Wth the S ithmiterative bui.l.ds, a. tree of
ot er { eruPEgh 1Y InE AR S sk e RS e B sprelaliag et v oSk
seqgsencead hyefehasdSfa sb@uﬁ@@é@qﬁ@ﬁexﬂeheumﬁ@\fhd:bﬁv%@beoS@l’ne@Qﬂ%?ﬁ% dgex, as
w [l be apparent to those skilled in the art of vector quantization) and
aver agEstimple, pipint leasingsuakes chpmnes seiaating is postiblesthaterestones (iien ascpams i cul ar
sequen tput (codebook value) for that state. The
di stortqdl8 ttﬂsg%sgqg{raﬁé&g%%{?gﬁg’g is what remains after renmoving the
sequence's FIR outputs fromthe input sanples (FIG 2, 36). After keeping
up to W{(search width paraneter) bijt sequenc with the |owest

di stortions, each sequence is ex zé By Bdpther 0/1 bit to yield two new
sequences (2Wtotal), and the prog ss/pg e timating FIR outputs of each
sequence is repeated foll owed by eepli ng tﬁ W sequences with m ni num

di gportion (e.g., one-half the 30 sequences). \Wen the sequence |ength
reaches the nunber of interferer-signal sanples available (22 for this
enbodi ment , “dierels soptansdtha BaRmE )samples dg@qaéh%éewe@mm@gfswme vun@mrt i on

o, o (ARS8, AR ARG FLSOP OB o

provi er channel
i mpul sénteefopodae- s@qhemtces»dlmuioxsmbs&aqu@mhs kodvad ahd?asﬁsieﬁm,uaﬁ@sn estxmate
desire SI gnal nd i nég rer- nnel estjimation, Igsl | evel s bel ow 5dB,
the Cl i 1pieHR re()o@f’ 1304 &P ”i‘fi srgfsenakad W&’c"f%‘ﬁ G5 respsciedy thed and

B Ty e
i nt erf@némgdétcaoseagbrﬁmenb@lmonmbd ielaghgﬁguar gs channe?/ estimation is
possibl e thaénce es rgastes( io'fet'h’e & n%nsd interferer channel impulse responses are
available, a two-dimensional state Viterbi algorithm may be applied. For a Euclidean
distance metric, the whitened discrete time model filter (WMF) is computed from the
20  estimated desired CIR (Block 44). The computation is also applied to the interferer CIR,
and the three (Lg) largest resulting taps are used to form the interferer codebook (i.e., a set
of possible interferer channel FIR outputs). Of course, other numbers of taps Lh and Lg
may also be used in some embodiments.
The resulting desired-signal and interferer codebooks are passed to the joint-
25 demodulation Viterbi algorithm. The returned soft-decision metrics include the forward
and backward recursion using the difference of the odd/even 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 50km vehicle speeds (TU-50) at the 1950MHz band without
30  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.



for) this cross-correlation as follows: A AAB Ah B ABBBg 10 where s
contains the input sanples during the desired training-sequence w ndow

(26- 5+1=Rd As7/6es6r i bed previously), A (NxLh) and B ( Nxk@gycatoecthers
desired-signal and interferer data-sequence convolution matrices (A is
known and constant, Bis an estimate for the interferer), and h and g are
the desired-signal and interferer CIRs resrfectlvely t hat 15 result from
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TurB| ng, now tg tFI G 3, sinmulated results for TCH AFS 12.2 rate speech for a
tydl cal “FBER T adi ng profile at 50km vehicle speeds (TU-50) at the 1950MHz
band wi t hout The38nbine detesxdif\alf“lheﬁbl’epSWethm’pixmgg amaheudésivgd isiynal'§ enieingrodel
DTSl are shown, as will|l be _appreciat those skilled in the art. CI is

t he aveﬁea\g@Céami@w -afigr mwfl&ﬂ@nwrﬁiﬁ% esyinygsh Fgmplrs BYY% be used as a
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error (frame error rates) conventi onal "GVBK recei ver.
The daahedfekamiess B3 radlcteﬁlde resjguels@rver sippifigoetly, ornrarioterisfench eignal model

above- desc d SAl G- JD receiver. The solid lines 55 and 56 represent the
perlPor MARY “’6‘? e%’le 2B &ICe6RB exi ty SAI C-JD receiver in accordance with an

A joint demodulation filtering method for reducing co-channel interference
between a desired signal and a co-channel interfering signal will now be described with
reference to FIG. 4. Beginning at Block 60, receiving samples of the desired signal and the
co-channel interfering signal are filtered using a first signal path 12 comprising a first

20  filter 46, at Block 61. The method may further include generating a channel impulse
response estimate for the co-channel interfering signal using a second signal path 13
comprising a linear finite impulse response (FIR) modeler 15, at Block 62, and generating
a channel impulse response estimate for the desired signal using a third signal path 14
comprising a whitened matched filter 44, at Block 63. In addition, a decoding operation

25  may be performed based upon the filtered received samples of the desired signal and the
co-channel interfering signal, the channel impulse response estimate for the co-channel
interfering signal, and the channel impulse response estimate for the desired 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

30  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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5 exenpl ary embodi ment of the invention in which the blind vector
quanti zation of the interferer is perforned using recursive |east squares

(RLS) updaimsryhiice the interferer synbol sequence hypathesameasgrd or ned
and evaluated. As will be appreciated by those skilled in the art, the

performance plot dermonstrates that both of the SAIC-JD receivers provide
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desired :qd%nal usi ng terbi decoder 30, at Block 64, thus concl uding

the il Ilosidditosg t%ﬂwéde (dBVks‘@ klOQg)prefef@élYekweeca@ﬁblatmtam@pm@mawmbwnb
W rgl estﬁh&%g%ﬁﬂle??@ §v1qu{é m@e%goo that 30 may be used in accordance with
2071

the system escribed in the exanple below wth reference to
FIG 5. The Qpratoe i)@sﬂﬁm isbftwster atetwed y>y|the prebessing Hevisd BBO0L &2OPrefeaatieypad

1400 d t device 1600. The o ut device shown is a display 1600,
whi ch 10T ﬂlggéfea%ftﬁm;st?rﬁr Fufg\r ﬁI‘F TRy o) ypesmay b5tgsed iusthcEes may

al t er naypsemaBoMtdevice®duch 40 YQRJZADY hR4464 @RBW}IC%%QQQ/ QX3 Blement.

In addition, system software, specific device applications, or parts thereof, may be
20 temporarily loaded into a volatile store, such as the random access memory (RAM) 1180.
Communications signals received by the mobile device may also be stored in the RAM
1180.
The processing device 1800, in addition to its operating system functions, enables
execution of software applications 1300A-1300N on the device 1000. A predetermined set
25  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
30 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



A processing device 1800 is contained within the housing 1200 and is
coupl ed between the keypad 1400 and the display 1600. The processing

devi ce 1RQ%o0opihemnl s the operation of the display 1600ciasamweédboidas t he
overal | operation of the nobile device 1000, in response to actuation of
keys on the keypad 1400 by the user. 5 The housing 1200 nmay be el ongated

vertically, or may take on other. sizes and shapes (including clanshel
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In addition to the processing device 1800, other parts of the nobile device
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subsyste ; tm. 1 a 0 Lcati -+t he keypad
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1089, HOLrandnitdiZddis sabsysinl 1061 Aesricyudde dipres:sding Ghodule] 8Gchamda digitalous
ot her devi ce subsystens 1201. Ihe nobj | e device 1000 is prefgéably a
t wo- way'2RE POReRSPT dAPEoh80d80¢ cecah 835 HYOWILE) 881 ghhe SresHiruAsis #shs

capabi L i.ti ; dipfl nhi | ce 0;.pr. A S e
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r ef er abl st or in a i stent, store, such .as the flas r 160,
Lt e Ratple; bRt et pos sttt Rk it PRe b ien Dol e ater oo y
Meppry B@%;@Mﬁi Ak NG O% aDGtaeT RUBALr GdrralddickdiORadis et ae %@ﬁk&@r e,

speci fic device applications, or parts thereof, may be 20 tenporarily
| oaded mattilg datagsinamphicatsans metwaerks land ¢sorfiesigaedl norecate 38 thnanyoefya (aRAN) 1180.

ot daveramktigatsron e L
the Rait pigocoiang S CaFlRG, Slen IS A08PS, o8k ERMRY R B oeehy ng

syst emdIMCEDUIR eteGhbes peeyfdath iaad vofceSehwavkE ebalp pépeat iaadIntdGaRa; 1300N
on the device 1000. redet erm ned, set of applications that control

A 25 of
basi c d&Vi d&0 Bf)@ﬁaﬁ%wéptb aEwbas dadics 19A0 ks BebEoArtiaT 4890 a1y 2oba and
L3995, cORBIRE 0PbAL! & AlnithfordRthasal Fz)gll\é/"’(}s';g,pwm%ﬁ%%tﬁs In

addition, a persona ormat1 on nmanager |1cation nay be
i nstal | ed di¥dtwgrkmaengbactquremeiltsevaey Mependmge fupomabhey tyyepetbt@enofuneag@ni zi ng

ond T0RGLRY FE AR BRI R BB B SRS LY,
capabl ec@ftceani th8 nadrk QGakL WivdddaetsohklglBntMic@tidn nihb&! RTINSk 1401.
Preferably, the PIMdata itens are seam essly integrated,
with each device. In GPRS networks, however, network access is associated with a
20  subscriber or user of a device. A GPRS device therefore requires a subscriber identity
module, commonly referred to as a SIM card, in order to operate on a GPRS network.
When required 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
25 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
30 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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synchroni zed and updated via the wireless network 1401 with the device
user's corresponding data itens stored or associated with a host conputer
system WO MD/R20&6/ 022626 PCT/ CA2006/ 001378 Conmmuni catr@InCA206b4107ss,
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to operate with the MbitexTM Data TACTM or Ceneral Packet Radi o Service

(GPRS) pagppliopalapdt i Riosessed bathcornmunigpiians, subsisteat 480 dard gnisdut © tper at e

with a 4. varli.et o i i cati networ ks,, sych as ANMPS,
Tou, - GRS D Ele® o T Qe AR b M AR by e st oo
net wor kdeyvidedt8io0 Separ attputandhé displgy 6601, or al@shatl &9 theoré bihez eekilhdyh/@ he

nmobi | e devi ¢ 000, The nobil e device 1000 may al so be 15 conpliant with
ot her c‘gﬁfﬁﬁrﬁ%éét P oleuics usFRRY 8158 GEMPRY FABNFMSERRD apfMEil BEssagne UHOE k

acqess the U f-aanb Sny/ef yoﬂ@meﬂéu%ggggg@ §hgcd e, QfchGo %g@& 1:QBckegY St €M

For exanple, in the Mbitex and net wor ks, nobi ides are

r egi st evatthoa thuneb-wbeelpoksonsd etheratypabfjinpupérsan dhe icdmpbiedi daat itons mapber or
PI'N asstgci at eg, wi.&hd each device. 1n.GPRS netl\(/\or“ﬁz, hoywever, network access
i s asscCPAEdTMTHIE 5% Hiss EPPBRPICEHORS BPEEK 404 yia ethe cogpmuanigalinns e

t her ef afiBsyseauii0@s a subscriber identity nodule, commonly referred to as a
SIMcard, in order to operate on a GPRS network. \Wen required network
regi strati onNct Veige icommusirappot Bde.cevendl epdratéon ebihel dsviad, is shiestarolally e

devece 000, TP o800 Y LRGNE FOTTURLGPUL IR M ATELE OUET G o

conmmuni cat1 on networ K nal's recerve

net wor ksptA@t 108, andt bignalst &naadsndsian earé oxneehtddo byhe mesephde 1BA0, which
provides for, signal anplification, frequency down conversion, filtering,
channel AP Bice ¥t udio HRgsubaystems suchhpoy veise Airasagg rew@rdingisubdystem,

conver $h9nalsfaliRP1dnRenil Ob 8le GREECIGOh QddikbE tf)gﬁgbfﬁqﬁﬁb%@ also be
utilized in voice communications mode, for example to display the identity of a calling
20 party, the duration of a voice call, or other voice call related information.

The short-range communications subsystem enables communication between the
mobile device 1000 and other proximate systems or devices, which need not necessarily
be similar devices. For example, the short-range communications subsystem may include
an infrared device and associated circuits and components, or a Bluetooth™

25 communications module to provide for communication with similarly-enabled systems
and devices.

Many 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

30 embodiments are intended to be included within the scope of the appended claims.



allows the DSP 1580 to perform nore conpl ex comuni cations functions, such
as denodul ation and decoding. In a simlar manner, signals to be
transmtted to the network 30 1401 are processed (e.g. nodul ated and
encoded) by the DSP 1580 and are then provided to the transmitter 1520 for
digital to anal og conversion, frequency up conversion, filtering,

arrplifi@ kilm,and transm ssion to the comuni cati on network 1401 (or
networkssE via'the antenna 1560. 12 WD 2007/ 022626 PCT/ CA2006/ 001378 In
addition to processing conmuni cations signals, the DSP 1580 provi des for
control,  of the . .receiver 1500 and the transmtter 1520. For exanple, gains
appliedto 48 ?8%[??“8%“&“@38‘1"%6 YR8 ecei ver 1500 and transmitter
1520 may be agaptiovaéldy controlled through automatic gain control
algorithns inplemented in the DSP 1580. 5 In a data comuni cati ons node, a
recei ved si ghalrelesstonsagtea andx vimkessagevarcamel by padhodong)| oad, is processed
by the communi cations subsystem 1001 and is.input_to the rocessi ng, devi ce
1500, The el T RAr T ShiReRe e PR RBY. Bl FriuOpf e by

devi ce ih&9frdn0¢ batve@t Pekired Gighdlendh $RlcBMNNtBRR: feRhg &lhAT Matil¥elomiRioMe
other auxiliary 1/O device 15.060. A device user nmay al so conpose data
itens, such as e-#eiputiipecsypesampley ¢fghd desiraé sigaglpad thergockend¢lontesonme ot her
auxiliary 1/Q device 1060, such as a touchpad, a rocker swtch, a

t hunb- wheel , %r 'sonme ot her type of input device. The conposed data itens
may then be transwtébedecod@r the communi cati ons network 1.401 via the
conmuni cati ons sug$¥st en]1 100%. In a vaoice comuni cations node, overall
operation of the HEH swhlspall SRR SAF pput pgd spidi Yiserdy decofier epatniising a
communi cat i ofgt iRge, except that received signals are output to a speaker
1100, and signals for transm ssion are generated by a nicrophone 1120.

Al ternative voi cea orcaddsigndl/ @tk udysmersd mpothaad saidv Mieedi ndgsdge and
recordi ng subsystem ..na l.sa be, i mpl enren on the_ device 1000, In

addi tion, the ”sgﬁﬂgaﬁ/hT%%ﬁWﬁ)}”’QP%qgsé’onsﬁté:ﬁl%z’élﬂd?lﬁr {poizcrera G eReEl ons
node, for exafie rtPoticeplimtetthant deBidnhy iﬂt%rf@«riz&‘%’ﬂ‘f’i%ﬂamgmdzo party, the
duration of a voice call, or other voice call related informtion. The
short-range comuhibédtsiggakpaiybayserenidingbl ad segnvitmbickicodn ahétowpnsithe
mobi | e devic 00, xl.mat.e_ systens. or .devi ces, which.need not
necessarily ggéggl?cr%ﬁﬁ%?@gg@?%géeg%ggg Elﬁ%éﬁ%%@”&?ﬁ%m% rg?lfo-nﬁ%hsélém?e for ih¢
communi cat i ofdrsirsdigyst em may i ncl ude

2. 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 upstrcam of said second and

third paths and downstream from said input.

3. The wircless 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.



an infrared device and associated circuits and conponents, or a Bl uetoothTM
25 commruni cations nodul e to provide for comunication with
simlarly-enabled systens and devices. Many nodifications and ot her

enbodi nents will cone to the mnd of one skilled in the art having the
benefit of the teachings presented in the foregoing descriptions and the
associ ated drawi ngs. Therefore, it is understood that various nodifications
and 30 enbodinents are intended to be included within the scope of the
appendad ¢l TSy irdides kiR carfbrs AcWof T ASi8in? AMIUBLAEALL PASABVIERI path
conpri si ng: ousing; and a wreless transnitter and a wreléss recelver
carr i eccobwprisai adfilaotusimeg;and aiscconil sehmsscangcatd/érwicstopn itisirefeora j oi nt

denodul ation filter for reducing co-channel interference between a desired
signal and a co-channel interfering signal, the filter conprising an input

recei vigig safpl @ﬁrd@is themagsiiRd ®L@Balt @agh tsheheRirC hadnetondndi gl §Jating
signal, a Viterbi decoder, a first signal path between said input and said

Viter blfudb@odnmprtsomrncsmdgia@r befwest shid desired-aiggdcoHy Cstlllgiﬁall a@htsﬁdbﬁelﬁ/veen
ni.te inpulse

d d d Vi
fglsp 0:’125p %{rﬁ?%mdﬁ%&o@eaﬁ%? E}Bera fé fcé{ |SHgtraaCt18% 'oscfupage@ Pesweg% sggxaf éréunen mat e

for t hesegﬁbn@gmﬂﬁéammés%fftﬁé Hexires lsg;lﬂaﬂ andapé c@chmnemnsergﬂag sipail hobﬁér%%en said
i nput and said Viterbi decoder conprising a whitened matched filter
for gemﬁm@@ﬁﬁgnaméﬁﬁﬁﬁ%$gﬁ@ﬁﬁﬂmﬁﬁfresponse estimate for the desired signal.
2. The wirel ess conmunications device of Claim1l wherein the desired signal
and the co- channel interfering signal each includes a training sequence;
and whet.ein Emjdmkh&ﬂtmndﬁmnduhmukmncﬂﬁ1@ehnﬂuwhhem &dhﬁmmﬁd§Ranmdder
trai ni ng-se uen ocator upstream of said second d. .t ath and
ownst rGRITRFOOLEY dr igtcc 330 ReP A B 600 "Chmth Raf i isbRe i O ai m
| wher e i sl nlehiefedcSiRiNalR RatRtorconpri ses a desired-signal channa

i mpul se response (CIR) estinmator upstream of said

8. The wireless communications device of Claim 1| wherein said wireless receiver

comprises a cellular receiver.

9. A joint demodulation filter for reducing co-channel interference between a desired
signal and a co-channel interfering signal, 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 filter;

a second signal path between said input and said Viterbi decoder and comprising a
linear finite impulse response (FIR) modeler for genecrating a channel impulse response
estimate for the co-channel interfering signal; and

a third signal path between said input and said Viterbi decoder and comprising a
whitened matched filter for generating a channel impulse response estimate for the desired

signal.

N



whi tened matched filter for generating a desired-signal CIR estimte. 4.
The wirel ess communi cati ons device of Caiml| wherein said first filter
conprises a first finite inpulse response (FIR) filter. 14 5. The w rel ess
comuni cations device of Claim1l wherein said second signal path conprises
a first sumrer and a second summer connected downstreamtherefrom 6. The
W reless co ni cations device of Cajm5 wherein said second signal path
Fur t her dconpegea derpenbiar éftsrrOff@méwhggﬁru&aégﬁlwé&zggaabm thep o Ehmt or
and saijdetfefigd sicHHMORNL ARAICOAPRLiALENGhORECW FukiQh SMBITBGL b Nehifng.
rernodul at ed desired-signal training sequence from sanples of the %e5|red
si gnal safeenchiocaior epstmarelof faid egcbrd amighisl gathb anddavirstredyy frogeswed mpet. an
interference signal estimate. 7. The w rel ess comuni cati ons device of
Claiml wherein said linear FIR nodeler conprises a blind interference and

Cl R estilmat orhe jafdl damsedang fikdr Jfidlbied 9 dawnsih fsgidnthir QfBnaSpdtll cBinbAsks a
interference and CIR estimator. 8. The w rel ess comruni cati ons devi ce of
d ai m |9sanel-dpmm! shamelymrywdespeaiee(GIB) estismmgrrypseam of saifl whitengdematchesd . 9. A

j oi nt ggQQQHJ% &99%555&%%¢%§ﬁﬁ§?§9%5&9 co-channel interference between a
n

desired signal and a co-c |nter?éring signal, the filter conprising:
an i nput receiving sanples of the desired signal and the co-channel

interferjng signal; a Viterbi decoder; .a first _sigpal path befween said
i nput artd saltf JAM pmfaliien e & hgrein f4 Gt Rltpi copiprses SEROABIS, gnal
pat h belweer r&abskel(PRYtRRd said Viterbi decoder and conprising a |inear

finite i npul se response (FIR) nodeler for generating a channel inpulse
response estimate for the co-channel interfering signal; and a third

si gnal th petwe said .in a said Viterbi, decoder and. conprising a
ah? ¢ anelt rmt Dieekty Op 0 o pisA e F Sy whik i SRRt PRUGORBES B Pt o
for thefidesinigé anglaghhd sdiamtPeonhBRed bvitstrdamghaétashon filter of Caim?9
wherein the desired signal and the co-channel interfering signal each

i ncludes a training sequence; and further conprising a training- sequence

| ocat or pipst ﬁ?camrg fde%idqmﬁgr? (ﬁ'ﬂgl ap gllf}im Hj \&1%%@*1"1? s34 dseg(%\ﬁngigtgxga? 61‘)%1}1]: RMe? ai d

i nput .
comprises a remodulator between said desired-signal CIR estimator and said 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.

15, The joint demodulation filter of Claim 9 wherein said linear FIR modeler comprises a
blind interference and CIR estimator, and a second FIR filter downstream from said blind

interference and CIR estimator.

16, The joint demodulation filter of Claim 9 wherein said Viterbi decoder iteratively

builds a tree of interferer bit sequence hypotheses.

17. A joint demodulation filtering method for reducing co-channel interference between a

desired signal and a co-channel interfering signal, the method comprising:



11. The joint denodul ation filter of Caim9 wherein said third signal path
conprises a desired-signal channel inpulse response (CIR) estimator
upstream of said whitened matched filter for generating a desired-signal
CIR estimate, 12. The joint denodulation filter of Claim9 wherein said
first filter conprises a first finite inpulse response (FIR) filter. 13.
The joint denodul ation filter of Claim9 wherein said second signal path
conpri ses afiltbiing tecsivedresmplptiobiths slevirnd Sgnshend derivedierer! doHe e/l
therefrom 14. The, joint deppdu Fen. filter of daim 13 wherein said
second u§‘?’§ﬁi‘1r3tﬁéﬁnﬁ] é“ﬁ}? (ﬁré?m“%arr%r?%gg%’ a renodul ator between said

desired- si gpgherGlifR @shdniEt iatpuddespangt dsiimate fou riveeco-cndnel dologenzg siggpl
therewith for subtracting a renodul ated desi ed-silﬁsgz*: t)rai jfn_g sequence
from Suwglaescait sigial RAYS ForaRyisshehisicay ’Htet‘ﬁé’ugs&r%gﬁ% 1§ %Qeéri ng si gnal
to thereby : i I' &8 e t thBRfefred1lgnal RiGing @l fhird
denodul at i o%%t?‘??ttﬂg'ea gpalﬁcg?ﬁ%&mﬁgﬁg’iﬁbggﬁd&e [e(i%near FIR rr%lzjel ergcomri ses a
bl i nd isigral faeh enapridmga Chikres matdicddiicanad a second FIR filter downstream

fromsaid blind interference and ClR estimtor, 16. The . 0i deppgul ation

filter of Gpéffﬁ?@mﬁ/r?eFi%‘ioﬂ“@a?l?f“\%()f‘g?aﬁff&@%%er ¥l|It(fr§’r9arfa ?e\ll‘g dyé)a url gs atree

of i nt effeiesio Pl tnERAUERESRYRRERARESIgnd Tthe AhdrabNinpdReReipbakiestimitt idrer i ng

nmet hod for re%uci ng co-channel interference between a  desired sigp‘%le and a
C

co- chanhelcoichtrexct adrfegingisgmal, and Hee ¢hantid dmpelsp FISBIIG csipate ifpr Be ds ei ved
sanmpl es .of . the dsﬁiﬁgg‘signal and the co-channel interfering signal using
a firstSEIRGRETe pAPELSR0 sing a first filter: generating a channel inpul se
response estinmate for the co-channel interfering signal wusing a second

signal path conprising a linear finite inpulse response (FlR) . nodeler,;

gener at Fihg allsnastherl of ey &7 rdpandl %%‘Eri@&rﬁtg@"]f gy g‘ﬁecoé“é‘ém%dmggw usi ng
a thirdgsi RGN Dol tanet gt shafislig pa@formaid apesihiapni ng a
decodi nsglg%agger%g}% ﬁ%%ﬁsﬁa{}?&n %cﬁg fflat ered recéi ved gsgnpl es of the gdesi red
si gnal @ndedchéombecannah of fteera@diangd théidgrgis and Hewatieeamdion Hsune. r esponse
estimate for the co-channel interfering signal, and the channel inpul se
response estimate for the desired signal using a Viterbi decoder. 18. The

."EE hof o6 O i ML owh&r €lalin tiewdesin @d Bir@Rahaapah tdaepeiseschaagald-signal
lnterrerin
changel impulse response (CIR) estimator upstream of the whitened matched filter for

generating a desired-signal CIR estimate.

20.  The method of Claim 17 wherein the first filter comprises a first finite impulse

response (FIR) filter.

71, The method of Claim 17 wherein the second signal path comprises a first summer and

a second summer connected downstream therefrom.

22, The method of Claim 21 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.



signal each includes a training sequence; and further conprising performng
a training- sequence |location upstreamof the second and third paths and
downstream fromthe input. 19. The nmethod of Claim 17 wherein the third
signal path conprises a desired-signal channel inpul se response (CIR)
estimator upstream of the whitened matched filter for generating a
desired-signal CIR estimate. 20. The nethod of Claim 17 wherein the first
filter 2onprlihs swethodiaf(dainf I hvhescindpalinger FiRempdilerecopmriRys ahlinder . 21. The

met hod .of Cl ai m 17 ein th i=gn oy i first sunmer
and o Sergsa o SRt g SRR T S R P P BN B ot hoa of

C ai m 3diembeh& MdtdIR sewade signal path further conprises a renodul at or

bet ween the desired-signal CIR estimator and the first summer and
cooperating therewith for subtracting a renodul at ed desired-si gnal

trai ning sequence fromsanples of the desired signal and the co-channel
interfering signal to thereby generate an interference signal estimate. 17
23. The nmethod of Claim 17 wherein the linear FIR nodeler conprises a blind
interference and CIR estimator, and a second FIR filter downstreamfromthe
blind interference and CIR estimator. 18
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