10

15

20

25

30

SEPARATI ON OF COCHANNEL FM SI GNALS by Steven P.
St anners Assi gnee/ Applicant: L-3 Integrated Systens
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I nvention [0 Th|s |nvent|on rel ates enerally to
radio frequ ORI QGO GHARNELFM Si Sg

particularly to reception and separation of cochanne
frequency nodul ated (FM signals. 2. Description of
the Rel ated Art [OOZ]‘@B%%@HRe&K@#ﬁhaI interference
occurs Whegsstote/RppHERAE 133 Rk SePER teh%t%ﬁrfp%gy at the
sane tinme over the sane frequency Tange o and. For
exanpl e, cochannel signal interference may be
encountered by a receiver that is receiving two or

nore signals trﬁﬂéﬁdﬁmoﬁq‘i{@ eNTEENENCY and at
the sane ti by—rmD—Ur—ﬂvre—sepaggie—giansn1tters In

such a case, data (e.g., voice data, text data, etc.)
cont a} ned Fléld%?%e‘i’ﬁk%n{?én the interfering cochannel
si gnal's camnmnot be accessed or processed further

Woidhout Thlsns\teneﬁpa:iaaetm gagerallh;etogadae firegucpora(RH) rsrgnalt theeption, and
t he emdul t her
g’xore ézfrﬁ%r?%r?e% rfaceé)‘ao%ﬁnd Sehapa 31% | Igﬁocél%%lu gregt}eg% 8}%’%1‘1%&‘1 (FM)

m@mﬁsalrborne receivers. Even signals with carefully

pl anned frequency re-use (such as FMradi o stations),
often result in co channel interference for airborne
receiyers e ibidnlPheRiGRed Qpoer line-of-sight. In the
case of analog FM cochannel signal interference can
E@é’yhl Eoqhamneh sighal dhfetferegcegicenrs odn dwe joo meore Finaleeeiroenived at

& gng]le 08%1‘]6@{11@ fﬁ:‘é{gé}@g Jan 36'?'b . Forté}gmﬁféamﬁannel signal

I'nt ornln
umr&rrmp emwebecawo@itbrad |bwna tee@llwcn ‘d}arkas s@mﬁnaswcs patmct signals

J(?I‘Qllisﬁ‘[lgt&{ SP Cﬁé é Ol %neb&% ﬁﬁi@'b‘}y 09 more separate
& gna

pur poses o ann separatlon The
trelwlmittﬂaekl secipd ope, matat(k.gl, goisedmg raxt ﬂaiasee@)aa’oatamed iganyemme of
' anc,

n i nterest. b | r.nulling .out.other
s ARt SRURRFELwRl FEREC GRaRia P by BRaCi PRt fot
separgihg thelgnveh Riznglaeen dfe diiea Iﬁfgﬁztlmmg],owﬂdxﬁddﬂ]aﬁon or other further
Eﬁ%lall rated. ant ennas co qW o nul.t gﬁ? 1
BBEY S et BRBIo0 AP S R ARt BTt v signals
tvithearefille pllﬁﬁéld fr@dj’l&nsy ghaab 5(su‘cl’1 3§TFMﬁtdﬁJps’£:Iﬂoﬁb)L ¥ften result in co-
arat ed, ante are cqnbi ne | such
R Ey BErTar eI B Bn OB odhe S et o tight. Tn the
edsbedfSanadlel BV, N@chanBelUSiEnafin@rference can result in the inability of a

conventional FM receiver to copy one or more signals, typically the weaker signal/s.

[003] In the past, beamforming and interference cancellation techniques such as spatial
interference cancellation have been employed for purposes of cochannel signal
separation. These techniques émploy multiple sensors to separate a given signal of
interest by canceling or nulling out other cochannel signals from the signal of interest.
For example, in the case of beamforming, multiple spatially separated antennas
connected to multiple phase-coherent receivers or multi-channel coherent tuner are used.

The signals from the spatially separated antennas are combined in such a way as to
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conventional (single-signal) denodul ator at the
beanf ormer output. This techni que nmakes use of spati al

W@ 2006007982, [ 004] However, such past approacheBCT/Bso0e/e12444

spatial separation of sources in addition to expensive

eRPRIseRt tholddntriafied B¢l orkUSIgHa$ dvaw ititd otheRU ANEWIngf the use of a

channel s_caorresponding to a nunber of sensors t'El?‘t IS .

egirsntiong! gyingje-gignal) derAogilatereatnfiphermprmetoeHilHn el his technique

888l of Yh8A sih@udunber of signal s exceeds the nunber

of sensors, the signal environnent may be

characterized as overl oaded. Performance of

ﬁ@gﬁl i onal beﬁlmc ?rrri n% and interf.erence.ca Cselllrlcg'stiinoar(]idition
FgEET 5 BaTgP PRy L b e TP R il RS

@Y exgensite colstegnmlltiedhahed Afefithaving @ojumBar & dhehnels corresponding

I nterference Cancel.l atign " Pl C')han[E Ser al hannel sienal

PN SPFEFTe SEn 5 539l Qegasrythan the pymher of pochannel signals.

W B thé BtvabdrbPkigadld kst Ghd @intiePbiMehsorss Hei sifabl digirctahent may

bits for pulti user ead- spectrum \ .Si |s.. In
ecRhagprterpsst i %?atqvﬁlﬂaﬁcher %e ey, | W@u?lﬁgg capiorpape and
Qhte@Oehdiadingdllatod Rohfqued RhiQNe fafleligdprddes itf b@hadn d'rloaded
desigﬁned wi th co-channel operation in mnd, advanced
SEPRAMIYHeY-e sonetimes used to provide better
performance. These techniques are referred to as

Mul ti-User Detection ("MJD') algorithns. PIC is one of
t[0@5] MPatallglofnttrfarent ey PescetiftiolLDPHI 'Y @nd tSeria , Inteference Caneellation

bility to cope wi.th the |on de.nrobl.em. Lch .
Aaicy Ll OF el [ e RE b St g A B for ot
nRéesprdrdipectminngD¥ Al siganls y ibich afEMERYOOfhefdHie usually a large

| NVENTI 006] Discl osed herein_are t hpds and.

Rt peR IR HEA A TGE £ Cerphi g e Vi sg phanne
aspatatign f e anied) C ydvabebd! adchalqies FMe) sahdingds Susedneb ipmovadee better
enbodi ment, _jn an_overl oaded si gnal Lronnent , .i. e, »
egfogpencee nﬁqsﬁ ARG B7CeT de@nﬁemxtf'bg%gﬁ SHe fMuD”)
Sd1gHRkSs. ENCae6kEe oF IRUAKE poriiar $RRAG BVE DeAR R Dlirs, {d8e B.ifs ability to
separ ate antennas). Advant agequsly,. the discl

sed ..
rROPRAHE! thi dongycofe RV, YHECH TR HeHiUatens Tit5ffothe spreading code
SpERTh &Y AR S ®I syhoRChi eve separation of
cochannel FM signals present in an overl oaded
envi ronnent using data obtained froma single channel
tuner by enpl oyin [y e
cancel l ation ("PI @, Dg.g&gb?ul.f ‘Wﬁﬁ@ﬁpl enment ed
digitally using digital signal processing. The

dj e hods and.syst e i
R, o EeotE R AR A5 RoslURS R TR B Rfied to pepaee
cairtimil afatueditamencandodultted (“FM”) signals, and in one embodiment, in an

overloaded signal environment, ie, a signal environment where the number of

cochannel signals exceeds a number of separate sensors (e.g., separate antennas).
Advantageously, the disclosed methods and systems may be implemented in one
exemplary embodiment to achieve separation of cochannel FM signals present in an
overloaded environment using data obtained from a single channel tuner by employing a
parallel interference cancellation (“PIC”) algorithm that is implemented digitally using

digital signal processing. The disclosed methods and systems may be implemented to
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constraint of spatially separated nultiple sources.
Digital inplenmentation of the algorithns of the

waelec@weha®er systens and net hods nake them fl exi BCBEUS2006/012444

allow themto be tailored to focus on particular FM

Seid}yﬁlﬁhgebﬁﬁi]ﬁ%hﬁhﬁbﬁe ahel reed UbAth@o- chﬁﬂl@P( @8hdiéht f hdrdW A€ and the
charact er stlc parilcular FM cochanne

SHPORtFa Fgﬂu{l éepaf% 1{iplg | sopicema d digital Fippplementation of the
bagsdithidd BiSthe Gisé?loged SE&%& ahd'mOMEdsSANQAhFR Abxifi Sk Qﬁ@\g them to

ased on successive approxi mati on

Q%Jeﬁﬁ Pl C may be

iﬂef("f“lsrﬁfl erdR e M signalhendwidths pnd mpdilationrdexes to fit the
t dhaRSkASH¥R b ShioMi: ¢ I
beanf or ner, %ﬂ? Wi th gﬁ%%ggpé?ﬁg#géﬁ%gﬁggbﬁhfk%ﬂ%KmmmﬁFh{

gwﬁ@§n§c that PIC may be advant ageously i npl enented

to function wwth | ess data than a beanforner, which
produces outputs by creating |inear conbi nati ons of
sipéTli anl (yneseplbbthhﬁdt slisoRerds hefelt, BXCAMMyE bet Bled on successive

e SRS TERES R TP lon v

Ipmtﬁerrﬁsea &3k GintiRn &e? IbZdnhiBﬁnéil ’@Qrvlrlﬂhdiﬁlfr B%Ingfee(ﬂidhﬂe@ Sf @hY This

a sin ann at a. singl e antenna.

T el PR R i it P Srarig 0 AGEAN VSt dats than a

pfeﬁm&&ﬁlbﬂ Owlich S;ﬁ&ﬁlf:@t Sutp@s ign @ﬁlatu'f%\]/lliﬁbeﬁ NenSbit¥ions of spatially
I0| deta | ed knowl edge of the signal structure,

Rarlet ?Pﬁ%lul P SRaPRie t%%&l%@é%dagéstﬁaﬁoﬂmdﬂwthopwsay be

Uﬁ‘lp[b@*xeh’t&ﬂ ilorfecdnbo@ihddehdhd £ind 1O LR HEAAE 1&@1@&’@[110]6 %Eu'lc@ﬁatlon
ar,\%_]Jrlthm t he dlsclosed systens and net hods nay

TR ek dequBesa P n i sg@&a?lameé Rt 8#2.c%8.c g etinglé glﬁam@ The
VMl doih nﬁé?emﬂ)ﬁ%@nfe@rusﬁlﬁt cﬁ%ﬂf}‘ s@?&laﬁﬁcesﬁﬁ fohfe %Qt%t cog{xannel FM

si.ze, weight and power coher ent
tSigvals by eploiting: W]éd @ﬁ@leéges@ﬁ b8 signpletiieiyts, m@dy;gsmedréauon

quesdnagllm@ga ggg}glmdtﬂt erference cancell ation may be
vant ageously enployed to separate FMsignals with

poor geonetry, e.g., even co-located FM signa

cat | on b par ted. This i.s in contrast
(08T T R o7 I e R cPealel T l2ar BBy i lisclosed
Cb@gélﬁe afd nepRds Alay SRPRPMhARINB MBRNscPABIG §f ERchannel signals

qw @n %P one exenpl ary enbodi nent, the disclosed
bise arey 1oy atienta apays Bl (FpYt SFrBiFR- Qtpighih anghpower (“SWAP”) of

QM RNIEIRA thikrdVNiFaRhdHnbrd iR 8is80R0 SmBh&BEM éy@teﬁllé] %f smgle—
enV|rfnnent adhere to the sane nodel, neaning’t

ams] dptepicsench apcellRiEons Bk heorivpagcoRsly ywloved eto semr@te FM
Alidnake Mg 9(5@' ombify, ANOt frh c%zi&m%'daifM s?gtf;@pgdrﬁﬁﬁ]ﬁl datfoﬁsemay be
di scl osed ods and systens may be 1nplenente
SERATMER njétH% is m contrast to traditional beamforming, which requires a certain degree
of spatial separation between signals to function. In one exemplary embodiment, the
disclosed methods and systems may be implemented in an environment in which all the
signals present in the environment adhere to the same model, meaning that all the signals
share the same modulation type, ie, are all FM signals. In another exemplary

embodiment, the disclosed methods and systems may be implemented in an environment

in which the modulation technique by which each signal was created is known.
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in which the nodul ati on techni que by which each signal
was created i s known.[009] In one enbodi nent, the
waele@welhe®er net hods and systens nmay be i npl enenP@USH06/012444
inmprove reliability and performance of an FMreceiver
s[p&ﬂ]eﬂm bie enbdilimag, e dialbaal nah@Rahd SERRisAhhPBe ﬁﬂ}ﬂ&nented to

hglfnbﬁ]ger of .FM cochanngel SI nal s exceeds the

E’%"é(F a an} Berfyrmance gf an %}46 WEE SYSIHR B esnablipgroghannel

ts@a&e@ﬁhﬁﬁ@eﬂ%@@ﬂﬁ néflerSof Wé&hi@ﬁﬂ fEnalREQAE Me€dmber of
Iégg)row de i nproved _FM denodul ators for consuner

F5: 9 APtgana qlements, In ape exappln the disclogdangihads 2pd gigtems may be

rﬁhbh:ﬁiéﬁteartd p‘xysﬁa@ MEpFoRYd 8/ | RRbEITRBECHr L @nsB C8ediBBics. In
cosﬁ&1 conpl exi and/ or size of an FMreceiver system

éfo?i’&‘?%@nﬁtnﬁéz%@ﬁﬂdéﬁed grethodnansh systame may be dsplsmaited to reduce
SBP B IRMpURRY 2£ABNAL) 8 A RESyd: GYh §Y rg&cﬁfgpt‘ﬁé ﬁﬁlﬁber of

cochannel FM signals. In yet another enbodi nent
FFeCrsogRY %ﬁwea@n&rﬁ%@%t why reaande thep PEsnESae tt@ separate

|c@@l{a@ﬁ{ﬁ m@%\%lgt it %’ét'ahbtﬁéién%d{n%t k?lﬁé)@igtﬁt?séﬁ nfebflods and systems

gnal s oten | owm n cation.
énaan% ml@mertsqd %@@@Wam@mh a@wmrormrm@s FMb nsxgnals, and
teaRhilySiHoReha \eMh
o e 1 e vty AR rocess for
seablishing ey BM| yapdegstshpmelsi dier amjnlﬁepaomtafﬁmemms«a néthe FM
chann
AhielRier Hhal R MR oAl RIHAD R RopSL R Pireor more
derget FMe giguale yirong Oﬂmﬁl}lbeksofamwmawb [FY] sigmalsnidatie xenintemtiynally
sed met hods and systems nay be
?‘glrrent egle%\%ﬁ%ﬁ%iu erver systemthat is capable of
separ ating or isolating at | east one FM si gnal from
or nore transmtted cochannel FM sugnal S using
sl,P‘Hé’ﬂ &ssEh&EIRle L ones pxRyrRary rahedimens ol | dsrlased anethods and
%9§tér§§ REKdbN Q‘nﬁhﬁ&h@d 6aNR&kvet W&Em tﬁé’rd@ ]é%})le of separating or
SI ngl e-sénsor i npl enentati on nmay be Ut
%@geﬂ desst O@aF/Mnfg@aé gy M@emomew@ﬁmé‘ied pchaanel FIM esignals

fu@ﬁﬁgl | §1ﬁ‘%lé @&sbﬂﬁ%l didid Qﬁ]cﬁlﬁlfa) §M%!ﬂadato oﬂeg}%{ndﬁ%ssﬁ %’ln &%nnel

ttmlﬁf n§u0hmmﬂe@salemnpédmen@hom iney be miilikel t@pehievatcbst savmgs and
I nore cost |

%Cﬁlciéd_ léeé\%g%(r%y%% 81%%2@%1%%%%n8£11a'&81§ gk sucﬂaa gecelver sa/sttemcogl mobﬂe

elatfonpe $e£-blskips, [ G61af], aTtveobilsc Iuams;dummlahexﬂ selaai dvehicles, model

n ousl enmented.in _one

SRR bR SRR 47 ey B0, S g entenna

oécelvies sypvimsgre ifnprachiesl opmgossidé.ng, etc.) one or nore

desi red cochannel FM signals fromthe cochannel FM

signal s that have been separated from an overl oaded

OGN RITHE DEILRATRAhod¥Bhd bybtyl Riyan é&%&éeﬁuéﬂ; implemented in one
undesi rably

embodiment to selectively isolate (e.g., for purpose of listening, further processing, etc.)

one or more desired cochannel FM signals from the cochannel FM signals that have been
separated from an overloaded signal environment that is unintentionally or undesirably
created, e.g., such as when a permanent or mobile receiver is geographically positioned
between two transmitters that are transmitting FM signals over the same frequency at the

same time. One example of such a situation is an airborne vehicle-based receiver that is
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created, e.g., such as when a permanent or nobile
recei ver i s geographically positioned between two

W@ e@esi9st ers that are transmtting FM si gnal SPOWES200é1€12444

sanme frequency at the sanme tinme. One exanple of such a
RlchtbtBbét@Ben tvodditicdi HabiRp MAnshahéss ket besehltaeemilydroddbasting FM
i sl ocat ed between two cities having transmtters that
sigealssat e e mA &§8%56Y br oadcasti ng FM signal s at the sanme
frequency. [0012] However the disclosed nethods and
systenms may al so be inplenmented in another enbodi nent
[(mw]nﬁbdvezeseﬂe elaxblomi methd)chtand) pysteinsawry abo heomplefivnted in another
I s that been r [ t

HeP a8 £ ) e18° over g (% 1@{5%” J‘%‘Vﬁﬂg%”n%{g'e oeen

Eéﬁﬁm‘.ﬁdeﬁorﬁ)fantlmpﬂﬁomﬂy st m11baratedw erchtod deatloadql §ignadi environment.

dul ate " AM' i ghal v nnen 2] I
SUEPIPY, e‘% i eTJn‘?’ft @H% ?Vegl ?—é\? e n’f]plf&%%{q%:{ ac?&atécp QM sigoal
wﬂb@meﬂx@hﬁgf Bc 7T@Rd dbickibell iAlbtited SAfes Pmpp@ndlomﬂenﬁ Nu;nber

d h F
1B Brangsoid A, oh EERGR mepPor Rl IR p e, For
R H&Ro b AredMdsighblle nBig e nﬁﬁitﬁﬁeﬂsrdrahsmmmé Hﬂd}ﬂe smaglme over -
in manner to pore effici entlaé/ﬁgtl

e tpReneeeotedrigRINCRY SHEh T RITh &Y PieEe Hg{eﬂéy 38 gﬁ A epiected

NG SAngP 8nge. "RYsubl hidbABddEmETt, tﬁ@cdchﬁﬁﬁWMts@nais Imaamylglnate or be
manner sultable for .creating an over

REES f
oS By A O GH PTG RSB Tl P e from

SaRal @t et alRbardkl JiSAK MBI RparhBe akMtteshaRnAlthesigratimnnel
may be isol ated using the discl Osqu net hods

SimpelerTaEy R oBEATE. e HclSsEh Bt ) SPGTAL o Grfgample, the
Q: E}&hﬂétm%g&% Ha?rltﬁ{glﬂatee dr bE APmaRRed FRM %@J}é‘r&phﬁd@.ﬂptremote

|'ocations (e: by transmtters and antennas | ocated
ilpcagioma (e ,ebﬁd:icaa@rgﬁlprscmd, grgennpy, lqcated JR sepatpte aghiagent cities, by

Q:Ea%g DR hd Ccl'ﬂ‘{eﬁlgas'l afbiafif QIR g; Feteut %&%&{ HARRI £8ds AltRA@nRfcity, erc.),

sane cit e cochannel FM signals
rmuWoo rtheg nomlamlerb rFl\@emgnabnl@m otigigate r nbea tragiigd from a common

ef) nﬁﬁg] hGatid %f% %Sf tgaﬁnsrgrtters l%}{dta BSTdchRA St B%ame radio station

oca e sane ralo station or other
faoiter fagility)] 0013] I n one exenplary enbodi nent,
mul ti ple conmercial FMradi o signals may be
i ntentionally transmtted over the sane sel ected

f 106 £ R Qe e ry! dnHABRIE rmﬁﬁﬁ%bﬁihﬁéroﬁlﬁﬂw irdo tsigndMmay be
radi o si gnals hat contain ‘% service i rr}for tion 1
(@tegﬁonmapmlﬁ@d o dh; AP SR CIURRGY HRRSF: rBPAPIAY exempary

5}{1 iR OVt ﬁ%rﬁﬁﬁﬁythpcr QABGAIbIR Yeetvis® infBRation (e.g., weather-
in

ormation, etc.) nay be intentionally br oagcast .
eielatealy infoomation vy velated nfprmation caREEFIEE LradeRTksysiere TBS

S%?%m%ﬁene %{cﬁquyr ‘t?eqﬂ%ﬂﬁ%aﬁ?Bﬂ)@ddéﬁee@th&yoonﬁ’ﬂuoﬁﬁ§‘br B®Mn Beneeded
basis over the same selected frequency range used by, or that may be used by, other
transmitter/s of FM signals (e.g., commercial FM radio transmitters). For example, the
disclosed methods and systems may be implemented to allow intermittent public service
broadcasts (e.g., upon occurrence of a catastrophic event such as plane crash, earthquake,
tornado, hurricane, efc.) to be transmitted over one or more FM frequencies (e.g., over a

selected number of multiple FM frequencies) that may be shared by local commercial
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transmtter/s of FMsignals (e.g., comercial FMradio
transmtters). For exanple, the disclosed nethods and

WGEywbaam3nay be i nplenmented to all ow i ntermn ttREL/US2006/012444

public service broadcasts (e.g., upon occurrence of a

BaLARL sRARMAC 1B%aS ar§éiﬁl5bdﬁ§erﬁ| PREeiGdr kY, beentifersd k&ording to
tornado, hurricane, etc.) to be tr sn1tteq)over
tbf« dirlogcdrmpthpdershwisiems (te igglate Hig Ec SBIVISE thgpd H’gté?}n other
e[}}lﬂlaltf*l\ﬁls%nﬁ@/' frequenci es) that may be shared by
ocal commercial FMradi o stations. In such an
enbodi ment, a receiver may be configured according to

t h ' t .1 t
D VARAS S B0 AT b e aioms
Hb®O@ snd FRREA]mMhet hﬁpleﬁanteﬂ/m bmeadmtioémgmtalh specialized public

eeeg‘}/l;;f{)g:gmng%t §§Fs‘i nt erzintﬁ or bcrﬁg 1ce§71\q broadcas? ggnal from an
SFERREREnal hveBRaEANT i€ @d)upﬂﬁdppéh exist aenmadf s publét service

are designed to jsolate a _pu c service EM.bro
oo gy & T6 GPFGE 168 8 LT SGRGT FGRGRICH B I vel even
sy dvdiad B&fh(aﬁﬁel &¥dnsl C@Idlttdnﬂje Of ahbtBer Hﬂﬂbd)(hmsﬂr the alisclosed
transm ssion

.g., to_hel ensure t hat P@@ § or
gethpfy and ?Yéﬁ%%@’ Tfnimple eéh% i35 &4 é\f@nCOE}H’&"é?la Jpdig receiv
ﬁﬁ? hanpeticu$dd B lre e R didninigial raldfd BRAAdESK Lﬁfdbﬂdbﬂf&tﬂltoperatmg

e di sclosed nethods and systens 8, oJene %F
aendiinns, W thet éoHsresaiigrredin &S%la‘ie&nii 2%@?1 ellnte(“ dient Rublic service

%R)gfléagpsrl 1stv%eBQﬁe%' 06EurGR BV eFlodded's hlcbnbfr&ﬁﬁ’eﬁﬁs&&h a receiver
er no operating conditions, but that is

S
wﬂfb@g@p’f@daltyocmlfl@ll@d do grrderetiaily iplay themubls sergise %b%g‘r‘%% to a
‘T’lgten% C& B{afoc%gé: @%f Sl SR th&Ry bd16VrI8sded pribNtodRe public service
overl oade Benvi ronment .- Such a receiver may.. be
ophsnaissd1, y)rcrrmf bygreetddily prtas of bt pragsmjssigmagf theepublic service
Eﬁu gsl, |1Csu§ne£1¥1|uﬁ§negﬁ f’adoqf?e?tFM Qi l% b LRNGne_ frdueHly (ﬁl@eiﬁonaﬂy or
AP eV Y onient be o oaded prior to the
mdintdntiosdlyyi ce transn133|on or may be created by

virtue of the transm ssion of the public service

transm ssion sinultaneous to other FM signals on the

S[@(f%%flﬁ GAYRASY stleivnkoiital bf a Qiveanédthamikl Glﬂ}ﬁlsigyél from other
I'n” any case, selective_ isolation.of g 4
soghvanel &M Rehss fAeliave PesmIeRCHE ALRRAATE FropnE i g ved in an

tRafod2RY Sighf %Hvﬂfcﬁﬁﬁ:'ny ﬁgy B\ PerfRRad A REpohEeOid aREmﬂﬁna spec1fymg
received i'rn an overl oaded si gnal _environnent .my

gch fidempreydof the r@g@owgeeoﬁ the ézoel&%n}a\/ls%g@}sf yi Pf’él g ﬁgmmand may
%{alt yfo{J fexﬁlj;ﬁle JiR%EN 2B oitfe sliRLKO Gdta B ablMcBoBING| & . given

onmmand may originate, for exanple, fron1ag
SwxhimeclsEM; sipiob Tobisols e ctebh s 889T rifoasing g gfgsired cochannel
C:pd% 08k F%I‘ﬁl!lg qgéonrgg.{er ﬁ)g%s"é‘&‘ Mdosifg 9- seleed) UHBRBNI4P Boadcast
osing a desited cochanne
needed for performing a specific task at hand, efc.

[0016] In one respect, disclosed herein is a method for processing FM signals, including:
receiving RF data, the received RF data including cochannel FM signals received in the
same frequency range and at the same time; using parallel interference cancellation to

provide an estimate for each of the cochannel FM signals; and separating each of the
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broadcast for |istening, a conmputer processor choosing
a sel ected cochannel broadcast needed for performng a

wG@p®eil67982 t ask at hand, etc. [0016] |In one resperUS2006/012444

di scl osed herein is a nethod for processing FM

&cﬁﬁﬁkﬁFM'sgﬁhlﬁ oR O thdr @6@aMieaN BMRITgr R0 thet ioevived Rl daecbaléd on
data inclu cochannel FM signals received in the

@Qﬁﬁlmﬁ%ﬁ%éﬁffﬁ&ﬁ@@‘amlw{ SIgRE- same time; using

parallel interference cancellation to provide an
estimate for each of the cochannel FM signals; and
ROPArat inoghee acshewdf ditdiesed bhwimisl a ol din lrgnsfritsime G esignals,

f.th
RGBSy Ly B K R

§EL b queicya b and betpesing tiies bl asegtidebei |arre¢qsvea the receiver

od for transmtti cludi n

ﬁ?rajx?ﬂl@rlnf@ e AR 5 n‘??df%a@gﬁﬁgﬁ gt AE e gfter cochamnel FM
LibAdS B $8d /I ddta bbf@d Sang bstiagtefis yearlang eheavatharnet EM signals
sane time for re tion hy a receiver, the receiver
eronvided by geralle) 1 ‘?i 6e SAESAMOBt t he cochannel FM
signals fromother cochannel FMsignals of the RF data
based on an estimate for each of the cochannel FM

$00g 8 hlsanurtiey ircke@bt,b@isqudiherein is ptsyptprariene@nmunication, the system
Caﬂ&e L) agrlal(l)srr]mt i cu%try] cén'ﬁg@m@g L ﬂovﬁcﬁsﬁ? Qltal a 1Q&1§&hg%§glannel FM

ommuni cat i on, e system
ista@hls dcbﬂ’t@nsﬂiﬂs&nﬁ i the @ame fmdlueycscmnga guir%dhq @nwrtﬁm @ad pgeeive
d a i ncl uding, coch
P?f@‘r%}}émf”%gﬁ e é%}lrer atr? rgcea‘ﬁe 3 S%P%géseg&nggﬁﬂene%&&ﬁml M

rsﬁg@’lﬁlls \fRynd Bthes eqadinie] BV sﬁgrratsmftthe/ Rfodatal @uumg pzualieé dderference

and f%@%{;’[ﬁtgfmle Cagﬁgérpég rgegc h (TQEE%I ]tlgai\l;l% )ﬁi a%ﬁ]separating
réaé}abﬂ @b cbéHabidl Ene ﬁig@lgﬁm eitﬂeaboahanﬂeb Fpt mgnaﬂseofathe recelved RF
estimate for each of t goch nneWM signal s, and
Seppdrad Cr’i’gth%%?‘ilﬁla?fffo’f i e%t ?1%1% SIEgR: 1 s from ot her
cochannel FM signals of the received RF data based on
the estimate for each of the cochannel FM signals.
[[oomp]m hmthmmd:sbext dimpethereinisso| D4 egndl eraspHinesyem fpfluding:
nal brocess €& Vifie 30%ived RF dat
§8 2\ ?‘F ﬁepéu r cu HCX%% Ple %ggéeg%eﬁi\je B data. the
riaeledive dodRantta Fa slgmtlunhcnged:mdhasmnﬂ frgavendygiaagesand at the same
receiv d sane d tR tgqg@ Tlel
the; 2 Wllé‘rtg“? ﬁe‘iehvg arnece %@%ﬂ %%a‘tx?% CI&I‘ cultry
I ﬁte@‘i@ﬁhbegbtfnedlahﬁn lttSﬁropﬂB ahlegtimate far dach efithe cochannel FM s1gnals,

cancel | ati on rov estl te f
oo i PP PR ST R0 SR L s o
CRENMITEF dithbsse@bihs eitfrﬁme m baeeh of telkactnenel EM sigmiral s

of the received RF data based on the estimte for each
of the cochannel FM signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1A is a block diagram of a system as it may be implemented according to

one exemplary embodiment of the disclosed methods and systems.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0020] FIG TAis a
bl ock diagram of a systemas it may be inpl enented

w@ewonaiosy t o one exenpl ary enbodi nent of the POCBUFmSE02444

met hods and systens.[0021] FIG 1B is a block diagram
@ f’] FGINg 1sS§|qﬁ&9<t Hﬁ@raﬁi bEWi bibdal 38pdrtioNBYirddfry as it may be

enented according to one exenpl ary enbodj nent of

mkpéermnsqdl @gerdmgeﬁomse@mla@ygmb%melrtoﬁz@f dﬁF]&Sedsz@m%S and
%JS%% di agram of serial interference cancellation
ircuitry according to one exenplary enbodi mrent of the

di scl osed net hods and systerrs. [0023] FIG 3 is a

bl ock dj agram qf paral | el . erferenc nce
OBk 5 S erieg o o AEisPAt FoesHBB Fheh B P orpipe o
GheSSleRPRE) SREJARANE 3Nte B¥SbSTBnetddD2d] sybibfs. 4 i1s a

bl ock di agram of signal separation circuitry according

to one exenpl ary enbodi nent of the discl osed nethods
BRAAFYE) ST p pioP el ram B RE e RRIAT Ry gecording
tooreReceplenntoinenbadhadintosef netheddindsysieed met hods

and systens. [0026] FIG 6 is ais a plot of detected
audi o voltage versus tine. [0027] FIG 7 is ais a

@}(%}1] ng detiec! Sﬁcl@@dg?arﬂ Art AGR1 LBpaFationt ¢iftRitryl Bé¥3fHing to one

Is ais a plot of detected audio voltage versus
ekeneplay GORodinentef tip 41%?1%‘3‘? oo 49d sp¥edfet ect ed audi o
vol tage versus tine. [0030] FIG 10 is a is a plot of
detected audi o voltage versus tine. [0031] FIG 11 is
0231 BIR| 0k 2 BlocH Alagineel @idieDintenlcteacrecanalstion ¢ifcpitry according

AT SIS el e

signal s nay be separated from each other using
parallel interference cancellation techniques. In
JOesIFDE disatis 2 plbeofdeetiah melio FNiags gmsiséimeny be
characterized as transmtted FM signals having a known
tenporal structure in the transmtted signals. The
do6£H 236 L HBLNPHSt Gidtcs¥s biil® viTRYe Dasisileeent ed, for
exanple as part of a receiver or transceiver in any
manner suitable for achieving the cochannel signal

AR i sors bRy SERERL AR PR URRRARR Tt o e

system 100 as it may be L L

[0029] FIG. 9 is a is a plot of detected audio voltage versus time.

[0030] FIG. 10 is a is a plot of detected audio voltage versus time.

[0031] FIG. 11 is a is a plot of detected audio voltage versus time.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0032] Using the disclosed methods and systems, cochannel FM signals may be

separated from each other using parallel interference cancellation techniques. In one

8
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i npl enented to receive and to separate cochannel FM
signals i and s 2 in an L overl oaded signa

wepwsnesent . In the illustrated enbodi nent siPBCEHUSH0§/012444

is a stronger L signal relative to signal 2. As

icnibogiinteait, @t doohAninglUNM sighals S5 bR Bhd@@eriZeq lab @8 Smadd 1N sfonals
ignsor int e forgwof single antenna 120 that is

Upe édm@%nr BERI e eSS epfaf-' APnoHed FighAls r yhe disclosedmethods
aRd bybteinsad BN idiplenRIRAKoNBRInpld, ACpaHdTs rERERE Uﬁra'ﬁ@éenfer in any

C|rCU|tr%@%10 coupl ed to signal separation circuitry
famen dory ﬁﬂ@?‘é"&% dhe t ‘I‘?S]@anﬁﬁy Slél"’ﬂ efePABHON garuis | dnscribed

QlisetvB&8hMBinand separation circuitry may be enpl oyed
that is suitable for perform ng one or nore of the
si gnal separation tasks described el sewhere herein.
s illus a onfl ured as .

03 b oen?§mé“ys§ ‘i P G o Ro RGeSO 1 a5 Tpmay be
under st ood t hat, t her enbodlnents the di sel osed

FOPKBGREA 1 E5RYS ?ﬂ%do fyersEte codippngl i KM | Senatspl endift ez in an
|n a systemconfigured as a transceiver. In addition,
ioverlaadexd sighdd leavirdnatentrofrethe fildustratad emhodimaat IRA1 @ayis Aestronger
coupled to receive and separation C|rCU|try 114,
apaaokiatibato agtae N2 A2QnRBMedR ﬁgt?rb rigx %ys@én@ rf@(mncludes a single
antenna or an antenna array. It wWll also
§ereber én disdforinaef mnglgtahennaeﬂrﬁbdnanemt:sum @chélwdmﬂ separat1on

Srengy IR B B e TR PR BAAL-HIR: BRRERRES 10
TRUpleds to otighaddseparatior windeitrg  RI2, diat beidd Amtibratood. that any other
%8{}1%%&%1%n%5 Cr?&p}ena%tdls gara fotan:lilrc%uI | e rgc%ﬁ]\éle}qeﬁgt %ﬁ Wgul%lb?e for

0 receiv h™cCir
patfornong enei drmyord 40th¢ egxyal sepafarigh askshhmﬁbd ¢lsgvdieredierein.
other suitable circuitry) is configured to process or
condition the received RF data 102 from antenna 120 so

36034P SPHAN | 1@@ lg ‘%ﬁﬁén‘éﬁ:@ &Lﬂh §d 998 redQk-&fly err%erﬁsigehgure 1A.

si ng Fe tuned channel ?H L contains co

rﬁﬂ“tevﬁﬂa & gﬁlbbﬁavgdeéstqodathﬁ ig opher epibgdigeats the giselatedonethods and

%ﬂ/ité‘iﬂé by bd hRerhivdl 11ﬂpﬁgﬁlle%{5ﬁr1£ &d QcémQ:%lflﬁ Wla & QHQI;SE&LGI‘ In
nal processor or ther ‘stitabl e &l rcult

Sid ﬁalll’eeﬁa?oailblé ﬁhaélnm@ |ﬂtar130nq 2otenm I:Q@rmmgber eqiipled to recelve and

Sﬁ%?alti\éﬁ c{rglﬁ Ve élqaltoﬁthﬁ{ ﬂﬁ&%’l }961 fnta? %an s%%ﬁ: e){?méﬁt %ntg nna d)r an

Cl rcwtry to separ a
2ntepen artayvul, w@a@sqdje understood that in other ernbodlments an overloaded signal

environment may include more than two cochannel signals.

[0035] As illustrated in Figure 1A, antenna 120 is coupled to provide a RF data 102 that

. . . = . . A A .
contains a combination of multiple received FM signals s ; and s , to receive path

circuitry 110. Receive path circuitry 110 (e.g,, single channel tuner or other suitable
circuitry) is configured to process or condition the received RF data 102 from antenna

120 so as to provide received data signal 104 (e.g., as a single tuned channel), that

contains combined multiple signals s 1 and s ,, to signal separation circuitry 112 (e.g.,

implemented as part of a digital signal processor or with other suitable circuitry). Signal

9
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.as descr

L separation circuitry 112 is configured to provide
multiple differentiated signals i and Ls 2 (e.g., as

WO e®preMBYe separate signals 106 and/ or 108) tRPCDUK®NG/012444

recei ver system conponents not shown (e.g.,

GepHRRIva S hialy r1q0ii§ ynfighfed fidl idchiRE rdteRE@ AftaRnal M4 from receive
denodul ation, etc.). It wll be understood that

pelaEiRfufirs i INahS 1o Q&arid n%g‘%éé:gﬁﬁﬁ sPI ayd ded Af 1%1,0“’8? signal

si mul t aneously by si‘gnal on circuitry

t hat .only ane .differentiated signals. 106 or 108 may
se s EP chefy afe j* tengurdla derge peliedistipdra g s s and
separation circuitry 112. [0036] In the practice of

tthe (8igs AsosarpciEs Hedwrtanignaly 306 mador gifg) ts efer atiedmr system

[ itry, sugch as,circuitr 2 of Figure |A may Dbe
FRlsPlls! mo? Ued® (Go) ittt O e proctssing, EM
dembiulatidnparc)f B iwill %tuﬁ&@%b@ ﬂ?akérﬁf;:& ﬁg?dlﬁ@d)@ axﬁcD!I(l)S may be
separati.ng,.two qr nore conbi ned cochann FM si gnal s,

&r gv.“,ie%r élgglilt%’éeémq?’ o™ 5}gg§lo§epﬁlgpgn LHRYEY glzd Pl B?Ed’n}yn one of

aiffasiatedatimdissliog pall 02 mdy be prasitntialip or MM EprokAedBE signal
inEnt.siggﬁl separation circuitry may be
y

enboq
SERFFHGTHCEE manner suitable for achieving

separation of cochannel FM signals in an overl oaded

envi ronnent using data obtained fromone or nore

4@036d s the giravgjice hethd idisclossladethaisaint ey sténmd sigiab sepaetion circuitry,
cel |- ati ni ques, e..d.. si ng.net hodol.o such .

SRR B0 1 BEPIM S g ista TEhR Bher o ipfecion

enooabimetiin ofs¢igunilcostigueatians atitable rfonisepantidgl Bveodr Mmbgombined

| A.ma i npl enented as i gital -signal processor |, .
e vt PR 2k Sedived farliind] o o s Baps Epfheg in am
$eﬁamdmi@m?ﬂjmﬁMbmhmméPﬂnnaymbf,hﬂbheeﬂmbfﬂwmsﬁgglaaxmumn
ot her t S sui.t abl e si gna rocessaqr/s. [Q037] It
it e} B Soratiayieg 1p A TRET TORPLIE 9 e TR BRI E cophannel
Pﬁﬂ\g?i!gﬁalt h arﬁo@i(lfeméﬂ aﬁwlyo(ﬁﬂlleij(t, usﬁ@ﬂafa%taiﬁbﬁyfrdiﬁ bﬁf or Gllmre sensors
configuration o i.rcyitry and/or sensor/s suitable

fi5Pe &%c%ﬁiqsr@mfﬁl&? &g, éﬁfn% %ﬁ&ﬁ%%fl%r?cgz%l&%ﬁ-&gmw rpgipodology
RedhRdesRByd @Eﬁ&ﬁ@@i%ﬂs@-ﬂh&r&np asSientodintentVisighal 3b@ation

0

be under togg t hat al though Figure IAillustrates
SEPYIAL oL diieytid A Beh A HRPlemwiist g &1 detalsignalnprocessor (DSP).

QURE80El9d o8 1 BNtV kd ANMRR! sighle sefabfibR SGRuIBL RPHSmay be
and systens may be inplemented 1 n overl oaded si'gna
SMDICPERiRR HE1BS FRARther e @é siitgble 812841 DRRsicBsO¥Bchannel  FM
signals. In Figure | A signal separation circuitry 112

IS shown

[0037] It will be understood that the illustrated embodiment of Figure 1A is exemplary
only, and that any other configuration of circuitry and/or semsor/s suitable for
accomplishing signal separation according to the methodology disclosed herein is
possible. It will also be understood that although Figure 1A illustrates separation of two
cochannel FM signals from an overloaded signal environment, the disclosed methods
and systems may be implemented in overloaded signal environments that include three

or more cochannel FM signals. In Figure 1A, signal separation circuitry 112 is shown

configured to separate cochannel FM signals s | and s , and to provide these as

10
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L L configured to separate cochannel FMsignals s
and s 2 and to provide these asseparate output signals

wao®ean932108. However, it will be understood tPeE/US2006/012444

signal separation circuitry may be configured in other

eéﬁamﬂe [Rpus sigalS e8I Bide1 6Bt HWeYerd BE weld Waami¥e}stdol that signal
nal recejved from an overl oaded si gnal environnent

FARGPR S T 1e qonhgred Ebethemrtodingyatossepaatg out pgy one
%S&ﬂﬁl@i EVDBikial TddeSied B sh dveRbaddl G13aA1 e%v@oﬁﬁe%mﬂcﬁ@mg two or

over | oaded si gnal enV|ronnent of Figure IA In this
1RRALEhafkl QAL 02 n§ MYsidAaglsud
any given tO#%F gb coc g%ﬁé?@gﬁlglqﬁ 1%HF from the

tohaloddab tslgﬁaﬂdenmbﬂnmis odrldglﬁysltée nﬂnrt‘ﬂiy I’B@rsﬂ ngal evala)h@aﬂ signal

.one e t o sepa t he
oA RN e A ERET I Sty ST o BRREEM bigktlS g e
tgisbbbedgméfb@is anfl symﬁmmbe ﬁMlﬁh@tb@ lg ,oanSchﬂﬂm&ﬁ to separate out

esired or..requi t the needs of a
G Pt OF e el 1D e ot r e s Mo oL umber of
lcodlahnd) (R¥D @ignals, 60efaRMRedesirdd & eHaned fRMhebiOthe needs of a given
&@ractertzed as a, nunber_ of cochannel FM sjg

IAEeT FetRs empliny fa odw?rénaﬂerglﬁnéatabpum?ﬁawf éo@%ﬂ FM
$ie8M8 magt veedHatddtetipddeshD hehnbdr Q9 38dhafohed YNE sighhil fadndh 9&dsived

dla ram show ng one exenpl ary enbodi nent of signa
%rsgﬁli‘%%gf@'fl‘ie"c@}fﬂt@91"&11%%“@@%’9@3’@4 npl emented with

|n|t|al signal estimation circuitry 200 provided

bet ween received data signal 104 and parall el

i[¢38F FenentR ic anlded:kl dih'gnam §HoRIHE" dneC exeppldry wmBO@iment of signal

Feat W es. of. SI rati,on itry, 112 e . .
STRRRER LT a PG A5 R PnaPath G b P FRtmaton circuiey
Q00 for@ytidedt be@sﬂe@unetﬁiﬁddedafta) Eigie 100 rand grallBleinteafekedice cancellation
; leed eI re herein.. For exampl.e, e or

ACE i 0y e G S gt P UKy 4T L o b qpfemented
slymg ey andyae tahd}’dﬁ soRyard ohfgur 108 Nfuasblel $b Qerﬂﬂﬂﬁfgaﬂle tasks

PRSIy R Rciye iy BELGEBRE, o IRSHIBR AR FIC slzortim)

lofi tReg ﬁﬁbbﬁb&}’st‘dﬂlst sod( ASIEEY mafv_'l ® ﬂnﬁéﬁ@ﬁm&l e@fﬂilepurpose
Arrays ranmabl e Loglc Devi ces (PL
SHHB Sﬁ’éft ?Pﬁﬁ’é %eﬁé?lél&g SigaplcProgespniDIAS PEYGERRAIS] t?upnhcgteﬂne’ﬂpemﬁc

Begrbfdll ton@hnSS(m@!;), eild PRElafmable Gdié hwyea@cmy Pb@grammable
present ' to recei ve recei ved data signal 104 t

MewlRFéfsce%G’ﬂ%?Shéamm%qr@ﬁ%ﬂr@ €% and s 2, and to L L

[0039] As shown in Figure 1B, initial signal estimation circuitry 200 may be present to

receive received data signal 104 that includes combined FM signals ; 1 and :s\' 2, and to

provide an initial estimate of signals s ; and s ; as respective signals 170 and 172 to

PIC circuitry 300 for further estimation in a manner as will be described further herein.
As further illustrated, received data signal 104 may also be provided to PIC circuitry
300. PIC circuitry 300 may, in turn, provide improved estimates 106 and 108 for each of

sighals s ; and s ,based at least in part on signals 170 and 172 and received data signal

11
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provide an initial estimte of signals and 2 as
respective signals 170 and 172 to PIC circuitry 300

wo enosfiemsher estimation in a manner as wil |l bePCT/US2006/012444

descri bed further herein. As further illustrated,

{RC By aingadad sitmdd ofkOdvdiBygnal, %Gs Mearp fiay ihd etbst @cdil Stimate
Ci rcw_tr}/ 300. PIC ci rc_wtr)i/ 300 m%é %qﬁturn tlgrovi de
olvibe Pignal @99 Fiaseds AR IRARS st Valis, oh thsrsignal thap g pregious
Sstima®6F the dofafised at least in part on signals 170 and

17 [

2 and recei ved data signal 104. By an inproved
estimate of a given signal, it is neant that the nost

B@g&]gl& p’ﬁﬁﬁ)lg ggéq%%gc{drtb%%\}éir%gﬁg Flqu) L% age:! e%%%k%{yh%n%y gnd that signal

BdpRationl Siresiry Mat enayfbet tumfighgdan otHed @AB)diinbntwitd lestipete greater

under st ood, t Figures |A and | B are exenpla .

Hivd Tenaomeingn M Sefih G ey B Pty By Sy RS ioR b Yeceived
ashit& Eiopsried ré’ncgivea g&h réRbe @hﬂl’ﬂ%ﬁhﬁt@ omatﬂtr)mmbmexgauﬁaﬂesoume. In
t han two conbi ned FM signals that. .be_ present in.an

e RaRetice i QgiordAecthodl and Steri NG g SYBOPL gl Bhmey
bE QRY ERERY QuitRBlk HorGhdctitihd & Matd $@nlrthdtimindes bves osmbreabinbined
source. In the practice of the discl %s%d t hods and bined
F)E signals. andifer ppviding aa inisaissimete &F ceqhratihg P gy otf ombimne
AUNal€ (8. LS fe¥pceiivd ARlaR 170Tand @0D) t¢icBE@pled BRY circhitgnaixamples of
that | nc_:l udes two or nore caonbi ned glli/l i gnals, and f{g‘gm,,
SHOFISHG WAL RE ATe RS IHES dootereh SHeroeR S oo (SI1C7)
@H&ﬁt{%oéi‘pi ned signals (e.g., as respective signals 170

and 2) to coupled PIC circuitry. Exanples of such
circuitry include, but are not Iimted to, Serial

| Il ation ("SLCL) . Gil.Cui , ‘o (“SIC”
(B FSRrG e B Bl O A St b bt (i
| oGy efhen §Ry Ganiegldmdnitednin( &% Etgmpdary camtiodimenhat inigipl signal

be i npl enent ed i ne exenpl ary enbodi t i.nitd al .
<SSYRaNOTe SETYEY i28ﬁ i%‘ﬁfﬁ%@% B P gnd Oggﬁ thlugon In this
CxE@iiaty dmBoliBngik, SFE ghiwtry B0 ik Bhdw @néixeapioareseive single received
enbodi ment, SIC circuitry 200 is shown configured to
rﬁ%géi%ﬁéslbm a8 idcRiISd V&bt AuBibBNEav si@élst%@tandi rc) fiekeeceive
conbined nultiple FMsignals s \ and s 2 fromreceive
paitth cicéuiyil10.y Hob@verHipweillee, undersigod| thisecitgnidior 20008ey receive a
that circuyitr 00 recai. | ,008khet hatible signal
e S AR N AP RSP o0 lt e o
sdvuutcab| Puriegnab, #owiticke. uiderstdodr thr i, oth¢r spntddinprats initial signal

under st ood that in ather enbedi nent g4 nifi L anal, b
eSHPHEE" GRewY éﬂ(} P?G%‘ ‘fgé’ °ee guﬁ%qe ai)gldc gfrr](gdll% rbi"é Boadmay be
C(I:orn(f:ilé:lrtegl ¥ﬁ anky)/uc}thelr rﬁ%tnge%%uita e fgre pr%viding initial estimates of FM signals s 1

and 3 , to PIC circuitry 300. Alternatively, it is possible that circuitry 200 may be

absent from circuitry 112, i.e., circuitry 112 may be implemented only with parallel

interference cancellation (“PIC”) circuitry 300.

[0042] As shown in Figure 2, SIC circuitry 200 includes a first SIC stage 250 that is
coupled in series to a second SIC stage 260. First SIC stage 250 includes single signal
demodulator circuitry 202 that is configured to receive input signal 104, to estimate the
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configured in any other manner suitable for providing
initial estimates of FMsignals i L and s 2 to PIC

w@reoend198y 300. Alternatively, it is possible PEEUS2006/012444

circuitry 200 nay be absent fromcircuitry 112, i.e.,
B AR e &y S by Rt 2. i
_[éi@42r]age“§5§ Wik Ra& BhKE aﬁgsﬁl@hﬁgﬂ?r&%ﬁﬁéﬁ %leitlr% 204 that is

includes a first SIC stage I's couple
sepfigiyed ¢ zeceiwe gt Sigaks { @dyend B0 recaive signl L22s framesiRBO signal

i i i il at Qf. Cl. i 1. 2 that
i g2 98 F TR B U288 i

th r ongest Si |, S resent .in signal 104, and to
ARk RS o rBGRER st SRR, o g e ana
Zpplialde Qstimste UM @SteR{4a81BeA NhnAIMPI4 AR BSkpHERL B signal 222 in
circuitry 204 that is configured to receive input

C

A 20 SR il 4k 13 R, 0
gsgardhagnani aroplittdey estithdtion citanty QU4 edytte agpldniated using any

phase and applitude of transmtted. sign i and t i
S e 28 R Bicle S i e g e Rrrogte appide o ansmitted
renodul at ed..si gnal 224 that is nultiplied with signa

Fgpal § 1 Jpchuding fqr example, leasksaqueres FsyrsiE least santrew e
strongest signal s i as signal 170. In this regard,

phase and anplitude estimation circuitry 204 may be

I npl enent ed usi ng any al gorithm or nethodol ogy ]
slﬁ%i@“ﬁ refsprngdte i%ﬁﬂfr‘i’ age%mes sirAeReaineel Wdels gombined as signal
o . D L Y " | ' ¢
B R T e C S L
r fi Ei gur St i mat trongest .signal s.i

SR el BN afe BB TR R0 B3t 2
ShaTiEfiex2R4 16 FecBndBUPRL60 SPciR%ityP00 RS BlusBHtbd, B0 SIC stage 260
strongest signal s 1 fromthe received data of input

SPgdes e stealufiemedylatoy diichdly 2 Wsthabias cenfigiead omoeive first
that is next fed to second stage 260 .,0of circuitry 200.
Assidya] gignal 32 do esbimatnitie SIXCsixangess sR60 § mpiesrdée s SgmyPaS, and to

signal,.demodul at or _ci ity t hat j onf.iqured to
PP R e el p S G536 s 1 FRnithe oo ana
reeogllitislt restivgaidh chogingl213 it presffired o BécdatirsPsiduaRknal 223
to utg%t thisliﬁ}hnate s.sig;gl 0. Second_SIC

9 48 Sty 18! T e el it ARpo Y Pt i ¢ gtpver
Girhitdtith piyas@ dad hhplitudesestigBfidrOdifceyt204) B8 MR dniplfide estimation
residual signal 223 and to receive signal 230 from

Bt 232 BNRhHAREPRUALAE phisk G Sdiitdder tﬂaﬁsﬁag@ag&ﬁ s 2and
simlar to phase and anplitude estimtion circulitfry

20 gutppithis estumade asgpiemoddated signal@t2 tat is imixadiwithysi@ihP230sin mixer
configured to estimate phase and anp|itude of

toiramispi2t § echreviganestinmted naxt@trongest signal s , as signal 172.

[0044] Although not illustrated for the embodiment of Figure 2, it will be understood
that SIC circuitry may be configured in other embodiments for estimating greater than
two signals. For example, referring to Figure 2, estimated next strongest signal 172 that

is output from mixer 215 may be combined with first residual signal 223 in a manner so
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to output this estimate as a renodul ated signal 232
that is mxed with signal 230 in mxer circuitry 215

wo eoopnarsre esti mated next strongest signal 2 BST/Bn@12444

172. [0044] Although not illustrated for the
Q5o dhi¥BNtecOid Eidhyse s2gnall §7o0Mrbih f*ﬁ@t MGden C@Qﬂzweég Shding a

circuitry may be configured in other enbodi nents
SehMFRHMHY tgseamer 2Qhefisi g Cstagn 3PQ), crringaaemidagsidual signal
referring t@ Figwe 2, estinmated next strongest signa
iwwhichaignals sowandust 2 haverbeer oaecellzclSSm;a seeond aediduabsignail tiay be

t resi al 223 a €r sQAas to.cance
R ot ElGhars Ty B s e ST S, iy ama
223 ée. ., using a sunmer simlar to sumrer 208 of
F?qog S§? @fag%%@é? aziéc%ﬁo for estimatiop af & dunvirongast sigaal s 3 (also not
I b
canc I I e ésﬁlgﬁ{%(ﬁg con %re ng | Sgﬁﬂgﬁd é‘ﬁ@ﬁ%@e & g 4P for
additiprad S@hﬂS,st eaga fagy SED Gtagesi may-ibg Usblaal]&) cauplet] dsSs needed to

%&g-[tdégg @gnsﬁu{ﬁ 96@5 gllll%d asnFﬁ%ra %cr:%s?% nlll eresctelvgﬁ1 giﬁél()% San:);nput
(¢mhsldo fetSI€koowilry. Such a net hodol ogy may be repeat ed

in additional stages as necessary for additiona

signals, i.e., as many SIC stages may be serially

Geu4B| euRS3 {IBsthRadrd ethoﬁﬁ{ehmyﬁra‘ﬂelgihféﬁ@reﬂém%elﬁﬁon (“PIC™)
conmbi ned FM signals present in received data of

CHpHitY 39¢ hat mﬁb be kenfmureddn oag pramplary ephelimenigo roeergte in block
inhdde sk rakese Q%lﬁ @%o%ul% 1Rar %ltﬁé 11![13&%5%%&%9@1&%’[ PIC

cancel ["ati on ) circurtry 300 t

b? léb@ qs k&f%ﬂ%d%%e@rrgf %nps?%ag? rJ)tf e%c% QB&h at e I (?l 5 2 by

node as part of Si separation ciregi tr

lestirhdiigichd S Erianindepenadmi] Mmeath oﬂ:ih@tlble lstagés, QUlithik Yeg@ﬁoparallel
.S onfi%ure to f %rgher refine estimates of each
dnigrigpncg cqnegiiion (Fliy) pin0) AGFgweH maaygtoniigured to estimate
I ndependent | in_each of nultiple stages. In this
cagaTenal pap fedilogkfivedataeblerle kasisahe ol cslipgn signed] C1yand s , for
C e configured to
g}é{hl %%%5% Egt%%bg{( ﬁﬁ{go Sqﬁegm q‘%){na(%a? a bl ock by data bl ock
basis i.e., toestimate signal s 1 and s 2 for each
&arate data bl ock in a non-stream ng manner. [0046]
AV446b AdthoushSIE; cirepitry 2P0 2Ry beeipplsmente e prengralpditent feprovide
embodi ment to provide L L initial estimates of signals
gnitiplgesmates of sigbals ver apd ocebsifghea pebcesingrradenfindmenPbC PIC

circuitry 300, PIC circuitry 300 may be implemented to advantageously improve

estimates of signals ; 1 and s 2 over the results of SIC circuitry 200 alone. In this
regard, PIC circuitry 300 may be implemented to provide superior results to multi-stage
SIC circuitry configurations as they may be implemented for signal separation alone.
Success of later SIC stages depends on the ability to accurately cancel signals from
previous stages, meaning that SIC estimation errors tend to accumulate quickly. Since
accurate SIC signal cancellation requires substantially accurate estimation of signal
amplitudes and phases, any SIC estimation errors tend to lead to a breakdown of later

SIC stages, even though these parameters are usually not needed for demodulation.
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circuitry 300, PICcircuitry 300 may be inplenented to
advant ageously inprove L L estinmates of signals s \

w@nwes0@3nver the results of SIC circuitry 200PEl/osm06/012444

In this regard, PIC circuitry 300 may be i npl enent ed
mrtmr@mtdj & 1S BPRailP Hedit@BIb koS tHeQsinPlk-dibna3 UaEEduhSr of SI((Jj circuitry

% U|tr conflguratlons as they be i nplenmente
ble o e QAR PP SHO P R or iR HEkto QFovidR Fefoodiegtimate of the
%&a@@& stRREREEnO B gt RRMiRAPId the YaphRe 8E&H 684 @én)(feﬁ“tﬁﬂglqiM receiver.
nals from previous sta meani ng that SIC

ERSNHO; Fnmerer %glgﬂ% lavg ne %’a%@hﬂ‘l"ﬁ?réetﬂlﬁ dlerformagpqefa single-

AN RERdwihior §f GRRlrcGiBPaRY Wakhan requires .
substantially accurate estination of signal anplitudes

and phases, any SIC estimation errors tend to lead to

PR LBl e e P E RO 5ot
demfixied oo | opBrafelin tilk HRvdR  fori bpettioh YiDh Gabkignslesid allthis regard,
that the single-signal denpdulator of SIC circuitry be

@it Rirklitrh BO0 trhNbd FonkibeHESRBGE cqfmdiat BAF QEANCE., RS , as
to provide a good estimate of the strongest S|gna

pizagle 470 and 1§2, resfientived, fiom initiel signet estimatidrf @uityf204 (e.g., which
e
R \él%nr%glg?{l ‘15'8% F$nk eehl\ﬁg&l }ﬁg Qxlﬁﬁgg%hf 1(:”8&%1&? ?ﬁaclfSF igure 3 is

power or mance

esi | dennd ulato circyitr _—
SO Fo et SRR Lol fgieBi Lt T EAR G2 1
RHT 6 ufdbrdtbod 30 HIOadirciiy BE0 @R higsRdell Obd e&{f?gh%dl £1s an
bl ock node for operation in a _two- sﬁggal case. t hi

regErd Il pigs ot Uil ey He <iswiy giir weich 6aSP é’é%.cvemtry

estimated FMsignals s i and s 2 as, signals 170 and

P99 may bg selmlfrdﬁelr?cel\fle ieefimates EMesignells gnandes tiassighanl06 and 108
rCU|tr be, S| I.I cUi

o5 Pl Sad B RIE R TR CPPSe0 e b om0

Figursfhiown coupl ed to receive estimated FMsignals s \

and s 2 as signals 170 and 172, it wll be understood

that PIC circuitry 300 nay alternatively be configured

048] AsNERLAE 8k 803 flbI@,alcué.E?%est% Y tnm{ 3 @ogﬁerference

[CcCircuitry, in whiéh case cuitr

C stimate als ~and,s 2
R R G 038 n PR AT e BHEY Sie” G v cach
Ghibitfadieli foY aBReadMpattialle cARSIE! sl rechi'vEch 84ta BRAA 10411 summers 302
relation to Figure 4. [0048] shown in Figure 3, C

PI
apd ebd to L)mékwsg*éel%@@ ﬁlﬁ@isuﬁ)ésanﬁﬁoﬁaﬁ’?meﬁ"é‘feb’n @@t are each weighted

toward the remaining (non-subtracted) signal, i.e., signal 303 is weighted toward signal

s 2 and signal 305 is weighted toward signal ; 1

[0049] Still referring to Figure 3, each of signals 303 and 305 are then provided to a
respective single signal estimation path of signal estimation circuit block 320. As

described below, weighted signal 305 is used by signal estimation circuit block 320 to
produce a new estimate of signal s ; and signal 303 is used by signal estimation circuit

block 320 to produce a new estimate of s ;.
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L L cancellation circuit block 310 in which previously
estimated signals s \ and s 2 are each subtracted or

wa@eoobaerss2 partially cancell ed fromrecei ved dapeEr/ssnadi2444

104 in sunmers 302 and 304 to produce wei ghted signals
BIDSO}E\E@bh%’fgle sigmp ekiniatieh ya,th bhﬁgna& EQIn@W6H ciﬂ&iﬁghécﬁd}ZO includes

t nin racted) S|gna
Oﬁ% 5@?3 f{e?na)aﬁt@h?%% ekt signal rglaﬂ%ﬂ@?rg%% or 328.
30i1d Senaeighidatitdr OPRELH I‘éingmﬁitto§324 ate &&@g&kd & debdive signal 305,

referring to Figure 3, each of signals 303 and 305 are

tNEBnRAEOME gﬁ&g%é% s%n!@le.sS RedstMEn §1gﬁ£|3@5 ngnt@ louﬁisﬂhﬁaetsﬁlﬂgte as

pat h of signal estimation circuit bloc
sigadr 339e d Shgleosignabeieglotdatos 326 ahd 3&5odu$atmsm by @infpakd to
estimation circuit block 320 to L produce a new

extiveaigabB035itgRatimBe the Addgst gigadl sg%rés&ltl«iﬁ%ﬁhnﬁyw.% and to
signal  estimation circuit L block 320 to produce a new

auiPpithisestgpate agsigm@bd¥P} Each singl e signal estimation
path of signal estimation circuit block 320 includes a
singl e signal denodul ator 322 or 326, and a single

S[ﬂ(lgmhhs slesvadin Faguod 3,3RhalosstidiBon cﬁcﬁ@bl@cl&ﬁl}f&)ﬁo mcludeg phase and
de | at or 322, an dul. at or are configured to
FERBT e SuREaaf cubaty PIU I iatioRg 1S s ear of frabed data
bigpalelDensignah 350 gibdignd0332. aPighsé @ndd ]Fliiﬁdet KtimaBst siraits 204 is
as signal 330. Single signal denodul ator 326 and

ceIMAHdah WstiddB pﬁﬁs‘% @ UHae &f s@nkis recaiqve ShANR! output this
303, to estimate the strongest signal s 2 present I n

9$tglmi¢ oBpiBise ambarnplitedet g1t retrioilglated Elgﬁt3é4a$$qhgwaJ reB8@ulated
1

TRE T S A e

Figbl et b Gt 16 eg%é#gfanég@pﬁmﬁe%%ﬁ%@? ed signel

Phase and anplltude estimation circuitry 204 is L L
é@)‘hf& rguﬂtleldedt witle @gmalrﬁ%nphaslemmmryaﬁ&to praédectstisatgeh aﬂgsal 52

IneRPLE G Pt P wheiiodehd Pesa 3Ll Sof'sha 108

renodul at ed si gnal 334 |s nultl ptied with signal 330
PRSP R FIRP YoE Lot e Fienels fnrlo%vlﬁd«é 2el8¥ FFgGogrected for phase and

amplitude, and in one embodiment, suitable for use by the next PIC cancellation stage
(where present). In this regard, phase and amplitude estimation circuitry 340 may be

implemented using any algorithm or methodology suitable for estimating phase and

amplitude of transmitted signals s ; and s ; including, for example, least squares, block

least squares, efc.

[0052] Although Figure 3 illustrates one exemplary embodiment of PIC circuitry 300
having interference cancellation circuit block 310 and a signal estimation circuit block
320 including single signal demodulators 322 and 326, single signal remodulators 324
and 328, phase and amplitude estimation circuitry 340 and mixer circuitry 336 and 338,

it will be understood that any other circuit configuration suitable for estimating or further
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L signal s i as signal 106 (having corrected phase and
anplitude), and renodul ated signal L 334 is nultiplied

wowaok/1ei9gnal 332 in mixer circuitry 338 to proRCTES2006/012444

estimated signal s 2 as signal 108 (having corrected
phase and anplitude). Each of signals 106 and~108 L L
reé‘mr@seéhma%@frlwéﬂle saghapngl signals gmlsgnglsw atidl & 2pby ergimating

@{}[‘% sk af it ep%ndenﬁ\éng Q %?ta b?ocg b? %ocg ﬁ%m%a 191%{ JE‘enenqg]loyed. In this

use

&@aﬂﬂe blga%ﬂ Ieetnnaﬁioag&c(n‘l\hleﬂe3m msyebet Jny diruit hoighegiah duitable for
nd amplitude es natl circuitr 40 may .be
PR e & Bairh e oA B R 6t A HOABFS g ara o of the
suitabl e for estimtirng phase and, L L anplitude of
FCRARI Figarls Qer%n%g"sa{ 5 afidS ¢) Prepet I rgreed T i t@&ﬁﬁm@}ng the
| east squares, block |east squares, etc. [0052]
Alrarigosiglenkl @, esi@al klust 5 a) psseaohi exk wp kertyoenmhoate pesvessed

of PIC CUItr havi ng i nt rence cancel | ati on
Septt ST HAS SR er G o0 o HectfepEest Signals
bl ock 320\|nclud|ng singl e signal depodul ators 322 and
526, Sighdlgl e 284 gnal PO rrERdise RatBPRVed st aberch a{le caghgnnel
anplltude estjmatiqn circuitry 340 and m xer circuitry
Sigbala (. 33l & t; amd Isl,).be understood that any ot her

circuit configuration suitable for estimating or
furtherL L refining estimtes of nultiple cochanne

BHBERS o5t SRS, Ll 5o8) P BRAHIEL 0 o

Isigsal&stumgtemeeﬂlpkmm byl S‘Ithlmcmtry egathet, 1nmamainatlon circuitry. In

stimation citc F e an CIrC
%on ft‘,lxarlr}]rala ion[’s&ljll ntb I f%rFul 018 u}(,: i ﬁgl epie cfr%o estimate each

pocdnmsd EM sa'gighiaﬂdSpehﬂmiﬂyanem&aﬂh stugeets gHat ad cb@wmhcmrebm( and

hannel nals (e.g.,.signal s 1 or s,. .
P ang o AR pnce B vty el il e Vi provides
sitiglngeat eﬁmgitbmfo( Ghegf’IC &tcgimgl As lo Oénfﬁgu&)i ﬂfeeﬁ@nttoi asignal
each of the t rocesse and .t

ETHREOP I CHEM lﬂgc aﬁs aSﬁargpquaé( g % teggé/ﬁu%racfl%al? the other
SichRg@SiteSlealdSrdm the previous stage from the received data signal.

[0054] Figure 4 shows one exemplary embodiment of signal separation circuitry 112 that
includes initial signal estimation circuitry 200 in the form of SIC circuitry, and that has
multiple PIC stages 300a through 300n which correspond to parallel layers 1 through N
of PIC circuitry. Each of PIC stages 300a through 300n may be configured as a separate
stage of PIC circuitry 300, e.g., as illustrated and described in relation to Figure 3 above.

As illustrated, signal separation circuitry 112 is coupled to receive received data signal

104 and to provide initial estimate of signals 3 1 and 2 2 as respective signals 170 and

172 to first PIC circuitry stage 300a, e.g., in a manner as illustrated and described in
relation to Figure 2 above. First PIC circuitry stage 300a is coupled to receive received

data signal 104 and respective signals 170 and 172, and to in turn provide estimated

signals ; 1and 2‘ 2 as signals 106a and 108a to second PIC circuitry stage 300b. Second
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(e.g., signal s 1 and s 2) to produce an inproved
estimate of each of the cochannel L L signals (e.g.,

wGer@ead7932 1 and s 2) . [0053] As previously deRCr/iUkmde/012444

PIC circuitry may be inplenented to i nprove FM signa

FHCI diRLIET sieB00h AS@uPRE o Pitei® Fectived hth MmN 10T R respective
initial estimation circuitry. In one exenplary

QIR 10BN hin Pl GEbC L ek  t 904 5 5 as sign
eE?iwate ééch gb?ﬁgﬁﬁgfmg%?%?gﬁgﬁﬁﬁkggggﬁgé%ﬂ?$%si%gsmgnds
b apl E08bttagesort hat addidomb BT eicbuligckageq-witcke RBOPIC circuitry

e ?%?%3%%@%#%‘ S APLRRR A Fhty %teéqe%ﬂf%h-;'fﬁlﬁ%ﬁ@ :'try
' . PI C ci [ . As~ [
SRt Ol dosghedfesdipeRal Feist + e 28t DRl on S WS-

PI C stage may be created by subtracting all the other
signal estimates received fromthe previous stage from
t[0@s55] ld!r,\eill\m;hbrﬂga_fsﬁos ithgn ?igur_e[@@l?é&atéﬁi j@ilofe éxePMS eMBEdiment of
exe ary.embodi of. sjgnal- se tion circuitry.

R SRR Y LA RETing MRS 2FOTB.LLs HERCRBHPHeR ol dsyesard,
206ill rbet ndefswiot thit Shal Gépagdtioh rdrcuidiOmb @t iBd%mented in other
nu%}Lg%e Pl C sta e§ g&ﬁa throu%h 300n whi ch correspond

{08 dimgPfs dp ?V&fei%ég o PEHTRSHgR siee Pr forheve PRt qispuitiz stages. In
afie Pablicet AGRS d3O0RAtTEIAE and BPeniiR YnyP 8ive® Rih B4 FPI8 S irBuitry
separate sta of PIC circuitry 300, e.

Y g., as .

ISP T4 08 Py o 8 ePdrd P osined) ta Higfhe yiediiemante of a particular
albenagnel A/ kilghdl Shviedn@fént. SthHA8 kxh§RAY dinbOBneht & Wedifed nddBer of
is coupled to receive received data signal L[ L 104 and
tHC pHaghs 8wy s determined iqmparically by dpsying | signal yepaations cipagiry with
[@PRER nbi¥Bers bOPRI Srchitd BB 8 G ' ki tTY
st age SOOa? e.g., ?n%gsngnﬁéraggﬁ?%%%g%?a%é%ﬁg%%%
described in relation to Figure 2 above. First PIC

j itry stage 300a.is coupled to receive received
Jogssr Epifestiotto dt Y Pecpriopd Gy giees 7t fiptgie, xemplary
antboliment3 dfsighalpseparhiitdh Efchitipdoatigilred fdi c@@htfonSor k@8 Goshannel
2as signals 106a and 108a to second PIC circuitry
WG@naﬂ_g)Qbr an@&C ONHR{ 16dab & Wigh&be i ARR BOARY ity 60 WhkiESred to
to receive recelived data signal 104 and respective L L
SW‘ZPR%?I Sn@.@@fmdm@@b,m@ndcoﬂmnmi_ FMr migpalovikbe example, in one
%ﬁ{bbﬁ[iﬂ'feﬁfj 1§1k191n91g%éfetsﬂlmﬁ[$ﬁ %ﬁc?ﬁrglsrlp% %% Sprg'vq e% an e\%gl?r? of SIC

to one of nore I Ona ry stages,

P B i, SpFphP b bR Rt BRa B B a1 s may

Qe dolé b Ydding a second summer to second SIC stage 260 which subtracts second

signal s ;from received data 104 and by supplying the resulting signal from the summer
to a third SIC stage (e.g., configured similar to first and second SIC stages 250 and 260)

A
which produces an estimate of third signal s 3 in a similar manner as first and second

signals 5 jand s 5. A similarly methodology may be applied to configure SIC circuitry

with additional stages to handle four or more cochannel FM signals.
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30

L L stage 300n provides final estimates of signals s \
and s %as signals 106n and 108n. [0055] It wll be

wapaenstsnd that Figure 4 illustrates just onePCT/US2006/012444

exenpl ary enbodi nent of signal separation circuitry

10637 8ithilgly! PICEEirditry g bPlconfigurédiol KandRt 86 or thdte bhékRnnel
regard, it will be understood that signal separation

§i Ll t RE ah t B6hadnHe10f e S
R L R S LT e

SR U EOBLARR B e FEEDe, oc
Shagey) t%%lllﬁﬁs@rﬁﬁ’ér%/&@deaﬁn ﬂﬁq{;@f}‘e@ﬁcedﬁ%eﬁ%ntcﬁcﬁﬁ blobh&f the

requirenents of a particul ar cochanne

EHvicietrE e & pebience cangsilation @ﬁ%él%@hﬂc alr@@w AeQ), and by

QePNRE t1Rf Ui oB B USRI HBYnR & & BfiQIHg Au [ﬂaﬁ@{ f)a)fh B¥ovided

testing signal separation circuitry h diff

MHiitrieths signalmsimetioncairowit hlogk aHRIC Qlts‘«uﬂ@'t (e rgmsmal(ﬂ@tlmm circuit
URt I t

e o 0l P g Betspdldih shay6 MR & A

g paguike ik addidgmatiignalipathsyto @@ﬁﬁfp fpur exdndro cockenrieh B sigmals.

of two cochannel L L FMsignals s and s 2. In this

regard, signal separation circuitry may be confi gured

q(msm Eﬁﬁﬁ}ﬂa@rﬂc&ﬁféai%@t Ot ST EGurer3 AR ek ARABAEhDITMas it may
nals For %ﬁﬂwg?dln one enbodinent, initia

mented {in g Plo MPEPENAESR. b & iPiD v Hlwsiats puseexemplary

%ﬂﬂbmhﬁfent%f@lel-dl&ﬂdsgdﬂnﬁﬂh&‘dst Malydten R '?ﬂ‘ﬂl%eelﬂlpteﬁlelﬂéﬁ & &nploy a
an additjonal cochannel FMsignal s 3. This may

dusrepy srRytabion edo MAC s GirsHEY t390se c:]é'n dhis) @g@ﬁiag’e sireagning

WahleheRiHd SIS $LEIRYB0b ni PeAkbsinded foP g’b‘i(ﬁﬁ GhE q’Ié rBuitry
104 and b¥ supplying the résulting signal fromt

S00misr sigesl asepHpticn Sraitst ddge ¢fe Figurescbhf 1Burmsd 4S| m |strpaming
tuﬁplfehiéﬁtatl(ﬂpgf Prec 8%1@' 1?&1? E@Qgﬁragl%oco q‘@(ﬂlcé Q)p )su‘t}sta\ﬁﬁélﬁfhehmmate

produces an estimate of third signal Inasrm
reAisethabmayi eoser ainblogle bowatlatied os iegdpaligs,se.g., anel tQ. Faﬁt Fourler

sl'l,rémsi‘o%l gF%Pt) ﬁﬂ%ﬁgg %rlfr;g%ﬁelgfdu?agi;&hlt Eﬁﬁfl 9 eg{nor%:‘l{mgarle%lentatlon

circuitr tro and
my ebec owtfighied | to Pptweiegnad SQI[t@O@iS] m&irgt loaral sampi- '@—sample basis,

‘}ﬁcﬁlﬁcﬁﬂ'ﬁt’]ﬁ% cfgﬁxy)dlﬁﬁo%oagﬁ s%H&lechoﬁthrJ}%}QQ J[agk h &0 i) ementatlon

cocC
amplitude and phase estimation is performed on a continuous basis, instead of updating

once per block. Because filtering is done in the demodulation continuously, block
boundary problems are reduced or substantially avoided. Furthermore, amplitude and
phase estimation tasks are updated for each sample to allow continuous tracking, e.g.,
using a recursive least squares (“RLS”) procedure rather than a block least squares
approach that derives an estimate on a first block of data, and then repeats this for each

new block.

[0059] As described above, Figure 5 shows an alternate embodiment of PIC circuitry
300 configured to operate in streaming mode. In this alternate embodiment, PIC

circuitry 300 has an interference cancellation circuit block 510 that includes summers
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L signals. For exanple, an additional cochannel FM
signal s 3 may be handled by L providing an estimte

w@boobho982 si gnal s 3frominitial signal estinmapCDOS2006/012444

circuitry (e.g., SICcircuitry) to a third sumrer
lD.@‘dhdj 86k o stifieaclify 6 19bRD ﬁﬁn&’lﬁn&%!:élﬁg p%&l'sfycééhﬂnated signals

| ock of the PIC circuitry (e.qg. rference
an Pat 0 . Rl.G Cir 3 and
?OUQ{R# ng tﬁlg Ig%e?gégt (33%, si al 09 fg tﬁllé r%ééfd g%}fe¥ aarpéellatlon
si_rmgﬂ Blosk gsmalmﬁsﬁ)hsrrafmm t@aﬁtbrf@é@w dd8eklugidnh blﬁ’ctﬁthElock 310 of

Lgnal estimatio f PIC c U|tr
P e S L el et oS g e sbo Bt sisieech weighted
Cowaedl tHerrym&(ﬂQ))g (ndh—ﬁibl‘fh&t&i’) | s}gnﬂl‘?? hogal09y3 ﬁ&ymglﬁe(ﬁﬂﬁ}akcﬁggnal
to configure PIC circuitry mnth addi tional signal

F%ai Al sﬁ%ﬁﬁﬁqé RelBied toWardRERI QOC hannel FM signals.

[ 0058] enplary PIC circurtry 300 of Figure 3 has

been descri bed above as it may inplenmented in a

glo k-gﬁde i pl ementation. Figure 5 illustrates one
ﬁJpﬁ Jeiemipe i MERming PYherytecyiRgs et tiigue Sapagh of signals

SE@ hRITS0 P sre thenFBrYviB&1 fo PSR AN LN @ s@ﬁm leQ¥mAiohtJaRANR J‘anal
npl ementatjon of PIC circuitr In this regard,

§%tF’éaé¥?P rigrerfiphedneasest theyeb fsignp d@Tl?(Bltlﬁerr gircaiioblagl) SHE SIgnal
%Hﬁﬁia‘cotr Wieekt foick 3550] Brdte TRA %nl%hﬁd@'e@t?rﬁéﬁ(ﬁlymgbqg Bl&:k 56 , and

signal separation cifcuitry 1 gures A,
mixXex csltcw@éﬂﬁch959pnp$%ﬂ@ﬁmﬁdu bstpvo fweightede sigraliiSOP \is n@;ﬂ tbemgnal
desirable to reduce or substantially elimnate errors
ettamationpiroggyof &igub! 5 ¢k ploduredandve sstorateoiipgiahtss;, agl g'el,ghted

due Fast our r JTransform filt r|ng duri

e ofls i b Sl esia s ?fﬁfgw)ﬁé R BIORERS ey dstimate of
oonflgured to operate in a continuous nmanner on a :
gahpl e- by- sanpl e basis, including FM denodul ati on and
signal reconstruction tasks. In such an
i npl enentation, anplitude and phase estimation is
maﬁpmggévmwz 15RAbARAUSAE sPBRI sSonal REiEASh Sfth apﬁgﬁan Bimation

once per. bl oc Because filtering is done in

QEFHBE CEETEE & dreseh (g aeshy sigs éelv@w?rd@fcyﬂdﬂm é‘wsaraﬂr ggnal

RRAURER cREniEBIBSE $9ut | A hécreaibdRd;, 5151‘:’51 H&%&&m{t& c1rcu1t block 540
ég@lltude and phase estinmation tas are updated for

FieRad i dalatas cgplrlbwoelbﬁiq iqgrsRes are eomkipyred tceregewe gighah §os, to

a recursive | east squares ("RLS") procedure rather
eHtanaie thel deokgdst sighal squ aresentdp pignalciOSt ad todeutpwidhis sstimate as

F’ﬁfl%lr%f Sglga%ly;%épa&)flbl ocfulfator c1rcu1% gloclgglg) g(asglgnglelgog tlator circuit

block 550 together are configured to receive signal 503, to estimate the strongest signal

s 2 present in signal 503, and to output this estimate as signal 526.

[0062] Still referring to Figure 5, signal demodulator circuit block 540 of streaming
mode PIC circuitry 300 includes delay blocks 541 and 546, complex conjugate blocks
542 and 547, and mixer blocks 543 and 548 that coupled together in the manner shown

to estimate frequency of respective signal s ; or 5 ,. In the illustrated configuration of

these components, the delayed phase of each of signals 505 and 503 at a previous time is
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[ 0059] As described above, Figure 5 shows an alternate
enbodi nent of PIC circuitry 300 configured to operate

WO poost1032mi ng node. I n this alternate enbodi nePCT/URI0G5/012444

circuitry 300 has an interference cancellation circuit

BloRGkted &8t Jﬂé‘hn&él@le&' d8ske D4 MIEPEHDO digAd1 505 509 by delaying each

subtracting or at 'least partially canceli ng prevj ousl
dendl mtefdspﬁ?t@‘ﬁaie@ysblqckaﬁﬁé o 530, RepiRFPIBg @ SPEwlecfAogugate on the

&él%@l 31%1%# in! % Eé%b&u@@%ﬁﬂgaté MRKS enepe st antetleat kg or
circuit O functions simlar to |nterference

mahwéhnathedﬁwéﬁ Wlélu fhe yidlaved Figmabin s yepestive miepplogh cd> and
EGitda ¥t Yne fARENCRHIOR signal
eacﬁ%&gﬁlﬁgg%gﬁé ?mllargsgagla?%?gf(ﬁl?%g (ngn subet r%@t%@) signals
sign? . eygnal 503 is weighted toward signal s 2
Anid? igﬁ’éFSpgﬁgl s wei ghted toward signal s \ [0060]
Still referring to streaming PIC circuitry stage 300
of Figure 5, each of signals 503 and 505 are then
[0068] ele dthown, ssignels peaddulator @ﬂrnlgt blosk §hkrlse srdlydgs japale sairastion
I | | d
Blog AR B R il G g RS B Oty an
ahddlayietl sigmatks 6BOctepame signas Hapl anduiPd, esspéatimely.onEach of the
C|r ui t bloc 560 X I
ofiesia B Bt onsr e By i Pyt A (L) fiter
685 oM EB0 QD produce iat doyreqionding urgealSSZSoorpﬁzﬂdtlaa‘ewaprn@ﬂpd to s1gna1

t t f I 2 nd
e {m :1:1?Cé1gf Jplﬁaia 58§ i, tﬂg J\ﬁ?ri,r&/r 8?0\191 gur o hg ?l%stka%edu %}?&nplary
%nfﬂv@&ln%ﬁf biMEigre 3f sifndl modfu@fdo &i]rcu@lsblmﬁﬂomﬂh@es summatlon blocks

ment i oned, each si.ngl.e.si naI

SR bma ST MEd ey 260 Sh- i e s RRbde el i ond
Sha R pro@ERd 4 plodiceGhtirfattd s1§11a13(5|&5 24d05znd si gnal

modul ator circuit bl ock 550. As described bel ow,

signal dermodul ator circuit block 540 and signal

rfggéﬁ] a9 conﬁ r?dj gggcb'i 1RGKaR r@oeh%&%%ﬁﬁ{emaﬁ%cl%%ﬁ | Qyr &f 501 and

erve s g to estimate strongest’ si gnal s
548 rceﬁmutte b firs idiyoate-t5 OB Malkhodwatoy apdibloghsi 55 1 @sd pyfpgaastitute a

gt? Q %rg -tgﬁeg FN? mo#ulaa%ry’ Pﬁ%&?@l bi’o%ﬁ?%%aﬁﬁ 5:21'8r @l tand 530

St gnal nodu or“tircui t Bl ock
togeattiera m@daﬁmﬁat@bme ﬁM dem@u@ﬁoremsh ok 553)Bnd ﬁﬁ constitute a

est | e t h n e

R e e e L
Slebbrld a@h&KulatddgmbRagdes gandesignalss b2 and d2etuthatrespective first and
circuit block 540 of stream ng node PIC circuitry 300

i SFEPRFe Ay i: SiP8iks 541 and 546, conplex conjugat e

bl ocks 542 and 547, and m xer bl ocks 543 and 548 t hat
coupl ed together in the manner shown to estinate

f j0063lehe phoin ireFjguot by phast gndlanpligide sstimation PlFf‘éllt block 360 is

| clzcln%sguregttg gecggzgfrécg%ﬁltdhtg rélg(ﬁ;l 104 that has been processed by delay block
541 for the purpose of time alignment. Phase and amplitude estimation circuit block 560

is also configured to receive signal 525 and 526. Phase and amplitude estimation circuit

block 560 is configured to estimate phase and amplitude of sigrials s 1 and s 2, and to

output this estimate of phase and amplitude as a remodulated signal 571. As shown,

remodulated signal 571 is multiplied with signal 525 in mixer circuitry 527 to provide
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t hese conponents, the del ayed phase of each of signals
505 and 503 at a previous tine issubtracted fromthe

wapaelienperl phase of respective signal 505 or 5PGI/D§2006/012444

del ayi ng each signal in it respective delay block 541
or . 546, performng.a conglex_conjugate on the del ayed
Srtipapd signpk & 1 @8 pienal 186 cGaying soEesed phas4and amplipde), and

SR TN 3 APl T bl S e
T B R NP T

respectively. [0063] As shown, signal denodul ator ,
CPeef sigmslsolde amd d 08 remwesericimperysd astiphatedesignalect iiond s » that are

49 in,wWhich th | f . h
qpiese R B0t Bhe B ot Suiimial pulable B iy the next
& rcanteBaiohrstage Swhevalpses&iZll BndisG2ghrd, phagemt iavglitade Eaiation

f 1. [ 1] [ [s i.s th assed through a .

P S Folh R i AEDPRRR e s o
530 d, ondi signal 5 or A

Erpiiewtp pRTATaE Phoecg ARG :Lﬂ?ﬁqaaw‘%’w gl b oexd S50

[ : ] . r

By RRE B und Tl A AShEPL B AR Mg

550 i ncludes summati on bl ocks 551 and 555, and

' bl.ocks 554 and 555, in which respective )
Q009E Pt v oicone eapadiestelkibe distloedrotiiseanknrtadsepiznal
stpnahstisGe-atdduieds cilcd Bitlck s monidaby ety bl ukdieo ggnerate an
a oygﬁgescrlbed enbodj ment, bl ocks 541, 542, 543, 544
Sira EXGSEehorh o dduiy 3. wrSOREnEt F religyorl that the FM signal
deyred ukedtaho traABEitRALA D Sth (ﬁl@@xééﬁ?& QH%F%I%E%@ %ﬁ%‘fabﬁ% filter

di screte-time FM nodul ator. Simlarly, bloc ,
gy besmploysd ) thegembircersigstion tremedulaiiesrrirouit block) to model and

dbues shBndli et Ml et rintr(ﬂﬁge(piln%% ﬁl%f 0P ’PRont end
FM nodu r

constitute a second discrete-tine iFat or . _ _
G} grfisr d0 Brrduegnan Koo wgveformethptenpre sldsely matehes thmrpceived signal

seeRNiledemmdilaiat: %&ﬁ@g?%geﬁﬁkd i’faig r'ﬁgal_}rsntgag%ﬁélgt?dg% beaflse even

are the respective first and secon ted

slight grrers ip gged|remsstsisiom aidhcappgilatien Bay fhd seamindbility to extract
Lddasestimation circuit block 560 is configured

to réc%ﬂvg recei ved data signal 104 that has been
processed by delay block 541 for the purpose of tine

' t. Ph d ljtude estimation circuit.
B Refinecaticls YHGHT g bist S8 APoBRG S-SpaHeR| i besly 560
2. bPhasiemans APl EtbRIiRSH ARG 108 Glgbfhd il-tHe manner of an

adaptive filter with only a single tap. This single complex tap may be employed to adjust

amplitude and phase. In another embodiment, phase and amplitude estimation circuit
block 560 may be modified to allow this structure to be generalized to an adaptive FIR
filter with multiple taps. In this regard, each of signals 525 and 526 output from signal
modulator circuit block 550 may be treated as an auxiliary sensor located at the
transmitter, and the digital tuner output 529 treated as a primary sensor. In this
embodiment, the adaptive filter may be employed to estimate the channel relating these

two sensors, to allow for accurate cancellation at the primary sensor output. In yet
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bl ock 560 is configured to estimate phase and
anplitude of signals s \ and s 2, and to output this

we@siobirenos2 of phase and anplitude as a renodul aP@rUS2006/012444

signal 571. As shown, renodul ated signal 571 is

Aabther Pdxe@lavy Tehlb&ﬂlﬂiéﬁﬂ 2 BdaptivdVef@lliz& hayli Eer YacRrdd tif signal
gro%%deestlnat d signal s. i as Si gnhal .106 (havi ng

Lt L5HY DEocknfa Pltq?desapﬂ\&nwcm%d@%% iy e.g-
8cbtahSmbaHls a%dnﬁgn YeiiR) shiofebonzidbt rh&iu‘lﬂs)é%aﬁ lof ﬁﬁﬂ dakey
528 to provi estlnated signal s 2 as signal 10
(having corrected phase and anplitude). In Flgure 5,

f sigpal s, 106. 108 ent oved

ke 53%5#3?& gt Svar & 558 RET SR TR0 Py aq0s ey
ghaiﬁggpg |tud and in one ngodlnent ,~Ssui tabl e

B ks Casp & fE%Fﬁ%eeqSP‘at‘tF ﬁMsStl%e { WAt & 2 as signals
Mgk #S@?#‘Eﬂ?tfﬁﬁﬂ i AR AAATRM Y R e 5, "hich may
be ¥ eirdwyoin onepmb@rbm@@ty Alihaugh Iseeaﬁmng U@mucn@mﬁ@pwf Flgure 3
estimati ng phase and anplitude of, transmtted signals
is shoein soplainto aecsvaehtemdigd EMnsjenels kxasimxl § neb sighaig]70fad 172, it
exanpl recursive | east squares algorithm etc.
W@SB%}m‘ieﬁSt‘t‘%]ethﬁr%‘Gi‘m’éé FAE ot ABd siakeHerngitvelnie configured as
thh 5ftdrS @ehe DY Fihfl g BEmIR 'F)fé‘%dfge PEG Giddlitryf, RERNRH EAKS IO Bircuitry
(re-nmodul ation circuit block) of PIC circuitry may be

, t

@é@&a& Be 9&1&%&3& \%ﬁgl?'e Fgﬁgaéedm giggﬂﬁgt %Mdeéh Qsossl %%;1 08%nd 108
lﬁomkzemie‘ho&s&tm of PIE dircaitiynis titscribpdafnttlem hereinl in rédaten to Figure 4.
exenpl ary enbodi nent, an adaptive filter may be
enpl oyed in the signal reconstruction (re-nodul ation

TOO%Q}JFﬁrt}EhQ&E) stie@niMBIEE ROMY BHY 6 STt %Eﬁd@‘&fh&e or more

caused by filtering |ntroduced i n the channel of the
f
Flabbnlighne 10 2640, S ORIANNS IR SOt e hanat

there .S a S|gn|f|cant annunt of filtering. This
5% PrRvidingd estipated durdeyiar! §) 5 fymp g siegal; sstigptim aqmm%v (eg.

BRSBTS b AP B Rl Al B sfénFéa%%%?la%é# clfcuftblock of
afgeeining &1Gicgravigry Se. gp hiatseferenet eanpéliationl dleskt $iPacof ereaming PIC
I 6 e t
B R B S
ﬁlgmleﬂstlmmttdm reth of asignah gitienatiam circHi (8. gs isipghleestoatuinepatht pgssing
e n h
ano Qlesrl&gpn%e%edgdattcg C%Q‘hg Yzl‘ée)cléggg)l ﬁ%ﬁﬁ %tlo%afe:ajttogs 1t lglocﬁc 550, phase
@hd emplitutd edinabi6n) cirent tecknidi, ndohiten ca&dmbi(od:lhﬁﬁi)) A similarly

b | R, fi
ST o 2o BPLTbR P R URB KL bl oo o
5@ﬁﬂaﬂﬁr5ﬂﬁmeub@ﬂmmﬂFNnm@mgnal modul at or circuit bl ock

550 may be treated as an auxiliary sensor |ocated at
t he

[0070] Although Figure 5 illustrates one exemplary embodiment of streaming PIC

circuitry having interference cancellation circuit block 510 and a signal estimation circuit
that passes through signal demodulator circuit block 540, signal modulator circuit block
550, phase and amplitude estimation circuit block 560 and mixer circuit block 590, it

will be understood that any other circuit configuration suitable for estimating or further
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transmtter, and the digital tuner output 529 treated
as a primary sensor. In this enbodi nent, the adaptive

wo pdobae798my be enpl oyed to estinmate the channePCT/US2006/012444
relating these two sensors, to allow for accurate
cancel lation at the primary sensor output. | m L
pfibiap ostheatesef emitinde socharmebitignats (c.gapigatlast i apd seg) Py ssUBRting
may be jingluded in signal .depodul at or cij it bl
o5 R PR P T RENH G TRy Sb TR, I i foperd, o
SRASIAN g destinatiad gatiit may( GMny éiowitt benfigmrtemmntitable for

nodul . us signals of this case., [0068] . Fi gur
PPIERE B O J0% PE TRy EraD 1o At cre W REL Rvard g, of the

circuitry 300 as_ it ray be configured,i t wo- si_ gnal
eashannebsigradselege el fratWds m’fgﬁeﬁg% fgceé"ea dgﬁdﬁ’gn pd ating the
signals 170 and 172, respectively, frominitial signa
ednicedisigan (@igr, Gigntlr y 1200 ()epresent intrach ofithy tiye osmEOre processed
circuitry in one_ enbodinent). Although stream ng Pl C.
sieny oo YhaopsFiTE QoS T SHRUHCCObaT 15 TaRel e
esti mated. FM sixgnals s \ and 2 as_signals 17% %ng 172, |
(¢ g.wkiEhal be 1 andier Stto aroduseen dmproxed Ajinmtecolpacl Attt “yc%”ée‘me
may alternatively be configured as an internediate or
g@ﬁﬁggéégggmpﬁlquhkbple stage PIC circuitry, in which
case PICcircuitry 300 may be coupled to receive
estimated FMsignals s i and s 2 as signals 106 and

108 from a previ ous sta f PlC Glrgui : :
Ry iTE?e@le 1&5? ﬁ%ﬁ?erwea,nginﬁe%cgis Fréalygéteingﬁfétﬁgﬁttﬁ%’ 3%%@81&:1&11 separation
[cQQtfﬁQﬂf hE\bHéé Bﬁﬁtﬁfﬁdﬁrg)l.f si‘ghﬁlq&lﬂisr’tgatﬁ’d Gieater thlra]llil tr gquaktp thenumber of
configured to handle three qr.nore coc . Si :
cont oot B30 bR ORGSO G
g@ifng %@bﬁ&p%’?&f @Yduﬂ}'yﬁgax&lﬁg gsiinbat & Gfnal pathel tist gneduakto the
rominitial signal estimation circuit e. 0. -
Aumbes o %chfrgxe]amgt}ﬁlq, Presef L A0 By%{ﬂageedgmgrhaﬁ t%ﬁxélronglent. Slths also
N I Ecs%lg &h @HE %X&f’(ﬁflﬁ:l?l én@ﬁ_oidﬁﬁbn]? itd configutd ﬁigrkall Gép@ﬂibﬁalliﬂcnig’y (e.g.,
circuitr e.g., interfer e. cancel.| ati ocC
ngubng SIG Ao hds T PEDE JG 65 AR G LBy g Rimber of
ky, QPPBM.”% e PUiRUEdRhorhhSighdlipaths SHEYTEY adtivadttbimadch the
signal estimation path of a signal estimafian ci.rcuit :
(e ojoghrancl P et BarPPRISF Ry Y ALY rdgecton in
dempail, AT sidal EMlitonRbMC KFRAGampled RithalnRgath@dOtircuitry may be
circurt block 550, phase and amplitude esti tloq ¢ th
cdonfigired Iutith Shre® 0 mozm gigwal spaths.cand dhen onsradedcsosdah only two of the
simlarly nethodol ogy may be applied to configure PIC
cigalipithyaraittivead sippiatntaio sshgyd algngatshsandos hahge signadpaths are
or nore cochannel FMsignals. [0070] Although Figure 5
| 1diVS 1 @bRiSieQfiRe SrRemlidiaYs $hod] aeng ,0étc S Bticthedm digptRicGeheme
circuitry having interference cancellation circuit )
binayg foe Sirfplenrvdtcd manyaldy oestiomatisals, ey duirespersgt toFukelssignals

Lgﬁﬁﬁ%ﬂg55§$f%ﬁ§§y§$%% tor circuit block 540, signa

[0072] In one exemplary embodiment, the disclosed systems and methods may be

implemented for separation of cochannel commercial FM broadcast signals (e.g.,
commercial network radio broadcast signals received by an automobile FM radio tuner)

using a signal generation model that includes pilot, stereo sum and difference channels.
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550, phase and anplitude estimation circuit bl ock 560
and m xer circuit block 590, it wll be understood

W@ b@b/160992 ot her circuit configuration suitabl epdDUS2006/012444

estimating or furtherL L refining estinates of

Mbhleb @] eheC @ﬁﬂa&ﬂeéyst%ing rh%hsmétﬁe(ﬁ mayP 18 NHefhad A idbleR¥nted to
estlnﬁtln each nal |nde endent on a streamn

BESPSS eﬁ@‘le@hgﬁ dpes pf EM.S@@L@-@ oF F1Y signale saepied in a wide

SSARbf @fbleABlidmalerhb s, MY be any circuit
configuration Suitable for producing two or nore

processed signals that are each melghted tomard one of

cochannel
ML A SRR e b suRh et of i chanmel
%&ﬁﬁ@@&‘t de&h L0 &1 be . @derstob At tie @EclSsed sy gt mbthods may
nore proces ghal s, and the

h of
ety lmﬁeoﬂﬁﬂtgé @ %{W&XWF‘%EHS’QE’&“@Q@HO%?S iEple chanmels

of [RBIES RISAMNAIFS: bxadmpls 18 emBddii@t of Figi?dd May?he hRdified to
produce an i nproved estimate of each of the cochanne

EI%G%SH@HBP% tyersignal clanggly of gecgiied datappy moflifigna fhepRpfiguration of

@lo‘éfé 1306 elesHimtcME aR ﬂu&@iﬂ@%ﬂﬁsé@ﬂao‘ﬁ?mg{m f@){r@aﬂﬁl%@iaﬂfﬁi @tgdata
gnal separation CIrCUItr havi ng a nunber of sign

Eatlfh sespuaing i chpagisepf feﬁ&‘ﬁe% data i pmplifudd, éstmﬁ’meﬁndoN phase
CaRRANRhy 6 gé?l@}aﬁadpzr EShB tpe1l é'haﬁx'ﬂ:l OTﬁéste QA gﬁﬁd@ b@l?fﬁl'tes and phase

envi ronnent , i n one enbodi nent usin

§€B%%ﬁtm@hbeclispé tﬂ regapstivgy thqgma ofihetywe sighals prgseat op eachshannel,
Lh@tnik Sre&ﬂl%‘ﬂctlt)f? tﬁéﬁe eg‘lg&gt%ﬁrﬁ&}ﬁ th& Qé’l;%ﬂlé&' da‘?‘a' 9 Tx?lﬂ’?is regard, the

present in an overl oa S|gna envi ronnent.

atgellgyed Plasked 10 mayrie reedifipsl aropneshion dll e chanids, Gustdar giioe just
§€ i

BhO0RnS AL 1l r%%%gmg%ngg?&t blol:l&)%JZ%%bﬁ G26hify Bhodified

dmpkabieeofnlltbeanodls of @neﬁllefb dethsfor exnnyple; fry aolmem combining as

@g%:; be activated to match the
er o?kcoc ﬁéﬁgéggh S8 detected to be pr esent
(e.g., by a signal activity detector) in an overl oaded
signal environnent. For exanpl e, S|gnal separati on

circuitry may be configured HMFlashr ee or nore si gnal
pat hs, and then operated so that only two of the L L

%(ﬁaﬂ\/lu@t?éhgﬁle@ rd;_?téa "éﬁ;etss: éé)ﬁlgclgt@dp gtt%ﬁf;‘fvgér gocthmﬂle? ¢0P eRhitREINFNS two
cochannel 1ncluded one relatively strong cochannel signal (S1) and one relatively weak
cochannel signal (S2), although it will be understood that the disclosed methods and
systems may be implemented in overloaded signal environments having two or more FM

cochannel signals of equivalent strength.

[0075] For comparison, the multichannel data was processed with a conventional blind
adaptive beamforming algorithm to provide estimates of the two signals present in the
data. The beamformer outputs are presented in the Figures 6-11 as curves having long
dashes. The multichannel data was also processed using components of signal separation

circuitry of the disclosed systems and methods. The outputs of the signal separation
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L LL active to separate three sensed signals s \, s
2, and s 2, etc. Such an adaptive schene may be

w0 pbaomst ed manual |y or automatically, e.g., PCI/US2006/012444

response to control signals supplied by signa
@&Ja b SleleRehah thd §6:{Ads 4-11 ape REE TR ¥h&f"@£’ b

uﬁcﬁ scl %gec tenrvs(izg%lnS nmet ho g may nzél nmpl e n%ngg?wh of
thﬂregépidrlm P]@ho teglod hudinedltago mereysdingd.  FM br oadcast
signals (e.g., comrercial network radi o broadcast
signals received by an autonobile FMradi o tuner)

mnamlguxslmam e peffatiaase JRErial Aalalivatich lpﬁtsesssﬁﬂgloﬁty (i.e, by
m and di fference. channel s. However, th

%@éﬁ%&% i tbp N RiEHAbt NG AROCRINPaRY b et Xig) gjecuitry has

bmh@aremlﬁm ik, RA® GRSStrofgdMsthRalVAldoplel Mitly Qdagly, mﬁ@@e&mg the
of FM si S and/or FM signals received in a w de

9%Wlifete§fecgfof §M-t Sewrt? dogh fic repormaneeehths wepkrypggnal after serial
Midi1OMIR 6&;@@&419/ ﬂ%ﬁﬁtﬁé P& BRERED bthveEl?lch@tbbﬂﬂfohﬁer (purve

proceSS|ng of sin -channel received RF data, 1t w

dhlengedesheslzpd tswal% -Ghpgn ebpr@e@sagg@uwsmmoaﬁashﬁ@mm@sbe seen
Eravc@ytf&rtﬁ@%m YelisivIR) &({P{% glﬁlgreheoj%ﬁa@gﬁmaa&y rocessing

ment to process miltip S recei
data. For exanple, the enbodi nent of Figure 3 may be

ed t roc ss It| nal nel s
T2 btreuS oo BaPTGE O e aPetn aiEEc TP ot Spilp dgger of
Bk hfbd@ BIa ﬁiﬁt&ﬁh@ﬁ e@fmlleﬂ 61%d§yeﬁﬂﬂPI%}ﬂS@sﬁﬁg)bQﬂ15 stronger signal
gnal s for each channel o at a
SWFFQP%I Yotonyaged o de ??HF&OIURP%WB@?CFQ gé t}@gie?‘ﬁg”@% 2 fids ppint.
Theseales sighit RS baBMh RECOBRREY, Ak Fihurd 9 GadicAARE PR performance of
g@snnel These anplitude estinmates and phase estj mates

sigmalyadigr ¢ gecrre bivet pluRleck RS wosRsHpe £’We ofigtve lgners &f PIC

BfoReR F) RELRALH AR and ANAAL Biaf bé 5‘&,9 NSHH HEkall OHvE BGRerged
cancel l'ed fromthe received data. In is regard, the
wisH abthisstage n the Bokesse. nay be nDdlfled to cancel on

all N channels, instead of on just one channel. In

addi tion, the denndulation circuit blocks 322 and 326
P07 S @ hite dhef Ineehtion mBke: uduptable talvaribhschadifiedtionofind alternative

ancelle faor, ex | e, by coher.ent

G Sle Eh L b TR Siov D by N Rt o ed herin
[Hb@/ﬁ’dér, thd&ﬂﬁb@ﬂlﬁt&kst@ﬂ&?_aﬁ%m@@iﬁbﬁ(rl‘-]d €A nlitélﬁmi ltt(V\Be lémlted to the
coc emtter e _twp cochapnel 1 nc e e .
PRIGHR dygpsg f"nsglﬂi?dco%ﬁelihes}“dﬁ%‘m( 5/ Jo &AYFF o> modiications,
e@livdiéntg| dndvRlnagREhanme! wisig Rl sk hnd dkdpa0stOthe ithvention as

wi || be understood that the disclosed nethods and
deﬁned by the appended claims. Moreover, the different aspects of the disclosed

methods and systems may be utilized in various combinations and/or independently.
Thus the invention is not limited to only those combinations shown herein, but rather

may include other combinations.
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systens may be inplenented in overl oaded signa
envi ronnents having two or nore FM cochannel signals

w@booeqeiosal ent strength. [0075] For conpari SOnNPCT/H82006/012444

mul ti channel data was processed with a conventiona
A lepinvEepopanf orm ng al gorithmto provide
estimates of the two signals present in the data. The
beanf ornmer outputs are presented in the Figures 6-1 1
as CUNVAShO@Ir BibcbRRE FIASHRE, cothifisigl ti channel data
was al so processed using conmponents of signa
separation circuitry of the disclosed systens and
net hogds.qivi . : ' ' WF Gl LTy
R R T T e i R
short dashseivedigttheghmEiliggueasy Bngelandst the ghme timé;
detected audi o voltage versus tine. [0076] Figure 6
shows the performance after serial initialization
pr oc eysingpgaralid] yni¢rierence camgelBlich toi providd anstifate foreach of said
stronger S'&ﬁﬁhmlﬁﬁsgéﬁg%iﬁing by any layers of PIC

at

circuitry has occurr his point, and the stronger

signal is copied fairly cleanly, illustrating the
capt ur f.f of. F i gu 7. sho t he perfor e
or ¢ nehABLREBlen O litbochy BT B 5B i i BS RATRI Srats of

pr ocessi ngsahteyeivddrRiFddtheaspbar saidgsammerfor daeti wfsaid cokieannel
beanfornerF%ﬁ#r%F with | ong dashes) and si ngl e-channe
pr ocessi ng Ve with short dashes) it may be seen
that copy for the weaker signal is very poor after
only the serial initialization processing. [0077]
Figure 8 shows the performance of the stronger signa
af t er The sietigh ef tlaytel, vdlkrdd] RIKRIOML isREdeiRE BCABSIeFIGded signal
gine., a[ter one |layer of PIC processing). The

e ‘si gnal has essentially converged to the sane
solution produced by the beanformer at this point. The
weaker signal has begun to converge, as Figure 9

i ndi cates. The performance of both signals after a

gecondné adiod Of clRinPE kvilletn RIOCE St Binfirise€a sindE El?aﬁnél\g? data.

| ayers of PIC processing) is shown in Figures 10 an

11. As nmay be seen, both signals have converged wel |

al t hiThe {808 of Naid’E WAEREERR Alhod A fBkes Vi | € the

i nvention may be adaptable to various nodifications

and alternative fornms, specific enbodi nents have been

shown Byi Y arGhit X AFRLE AR GS6HIBaR A FRI er,

It shgula b%?unherstood tha% t he fnveﬁ?$o§1$§mﬁggﬁy

intended to be limted to the particular forns

di scl 3 ' ' ' caver I

moc 125 Pl RGP deDURRL Bbrbad 8168V Pypppigyes

wi t hi n t heestipiatei for euald ofui@clsne] FM bigradsnbdsethatdsast in part on

defi ned by_the. , |_ai,ns....Mor egve he .

di fferent %%g@gggggﬁg%%gﬁgggh 3?g20§mnmﬁmeﬂgmﬂSMMSMd
received RF data.

3. The method of claim 4, wherein said method comprises: using paraliel

interference cancellation to provide a second improved estimate for each of said
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nmet hods and systens nay be utilized in various
conbi nations and/or independently. Thus the invention

WO 2000007982 m ted to only those conbi nati ons shoRET/US2006/012444

herein, but rather may include other conbinations. WHAT

b nhd) MRidndls bhsedAt 8BS BOSh B saRIRE8ESINE] EMuBied AR eSeh of
conprising. receiving R data, said received RF data

safpehameh Madsnals sad sairessiyREdgtacei ved in the sanme

frequency range and at the same tinme; using parall el

interference cancellation to provide an estinmate for

each of said cochannel FM signals; and separating each

8f sargt GORBARNGmPMALARALA LdRB RENGT SRGAAAE d

S| gnadlrs o?tﬁsai d recei v.e% _%F éateg)g%asglgagn galé%] easlt:MSt_an

sssopdreqebaringl FM sitgnalg recsiypdiindbedamedslqudaky singe adsat th, saffin gme,
of - [ ' aid RF data is received in

gﬁ&%}f\;%?@g? g%kﬂgdg?}%#@g%@r%%nent. 3. The net hod of

claim2, wherein said RF data conprises a single

chann ta. 4. .T nmet hod of .cl.aim 2, wher ei

o a ey o ool s o0 o P SePond DfeRhdl e

for each ofigmbi d cochannel FM signals; and using

paral l el interference cancellation to provide at |east

one first inproved estimate for each of said cochannel

FM si givahgingasiddnitid] ekt@asé for Raif first cochasmd] M siphal &bm said

31 d T ecoi VR R BOIG= orGa RO ROEE BB Sl cochanne

wher ei n safM sfgailhod conpri ses: using parall el
interference cancellation to provide a second inproved
estimte for each of sai dGochannel FM signals based at

| eaﬁt st%bﬁa@ﬁfgd tsai@ﬁniﬁﬂiedtlirﬁété Sdr sa’timlrcaﬂ@@b @ﬁhﬁerémwﬁgﬁaoﬁgm said
each of said.cochannel FM signals and said received RF
data. 6. Trﬁ%elwét%ao grodygez signsl W%@Pfgtowagdaﬁaai relcarkpapel FM
RF data cogigfai;ses at |east first and second cochannel

FM signals received in the sane frequency range and at
the sanme time, and wherein said nethod further

CONPI §§RSHulaphe Hﬁdjﬂeﬁﬂdlﬂﬂiﬂg%hi‘%lis%naﬁ%ﬂg T8 B whlsafiaedbn@f
said first and second cochannel FM Signals; )
cochannel FM signal to produce an improved estimate of said second

cochannel FM signal,

demodulating and remodulating said signal weighted toward said first cochannel

FM signal to produce an improved estimate of said first cochannel FM

signal;

estimating the phase and amplitude of each of said first and second cochannel FM

signals;
correcting phase and amplitude of said improved estimate of said second

cochannel FM signal using said estimated phase and amplitude of said

second cochannel FM signal; and
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subtracting said initial estimate for said first co
channel FM signal fromsaid received data to produce a

WG e@nab799ei ght ed toward sai d second cochannel PFY/US2006/012444

signal; subtracting said initial estimate for said

secon domuﬁ@m@@bnd@ﬂpame af sdid REPr&Ri sthRAEbVEH ﬁettc%cﬁa‘ﬁnd
produce a SI gna ghted toward said first cochannel

FM si gnal ; ]LHSH{glsFF& cgifertebphgeR A uda pEsad Gival
wei ght ed t@%ﬁgrglemqlggﬁgond cochannel FMsignal to
produce an inproved estimate of said second cochannel
FM si gnal ; denodul ati ng and renodul ati ng sai d signal
wei ghted toward said first cochannel FMsignal to
produce an inproved estimte of said first cochannel
FM si dghamethed of dein T gvhersin pidnsenlighigicaimenéet aatesllofionsiac h
Plritlel obladif UL L3 GERRICLBERANNE! FM signal s;
correcting phase a arrp Itude of said |rrproved
estimte of said second cochannel FM signal using said
sti 0 hannel
% S:Tg‘hg eﬁt}@gfg(g?ﬁr}lgzé?&{ﬁg}e J%Qﬁpa?glleglﬁ{e%eﬂ%&% cggceglg{‘f Quis |
n)ﬁlrfﬁwé@n@sstrﬁmn@b@fs said first cochannel FM si gnal

usi ng said estinmated phase and anplitude of said first
cochannel FM signal. 7. The nmethod of claim2, wherein
said parallel int erfer ence cancel | ati on i s perfor nmed
gn a q’gé %\Iﬁm&) 81( %lg) élal herg}naa r'm?c %4 COP}pé‘Fees uglélg senal? m(‘éer?erence
cmbzhtioat(smj to ﬁroplde fad mm:hl estinatesor @ahioNgidashsmnelOFM FHpfals.
nmet hod of claim4, wherein said nmethod conprises using
serial interference cancellation (SIC) to provide said
initial estimate for each of said cochannel FM

gp?kﬁ‘ag’a‘glg? aﬂgill \yv%g of o ovpgl %F%évhg%é glltl)\grogr%er?t is created by

méxemaamnmbwam@ a4l¢ asdhhii@] B sehne i GhhanasdoubiiVibihe Bahs

sl nmul t aneously in the sane frequency range.
equency range.

11. The method of claim 10, wherein one of said cochannel FM signals comprises
public service information; and wherein said method further comprises isolating said FM
signal comprising said public service information from other cochannel FM signals of

said received RF data.

12. The method of claim 10, wherein said method further comprises selectively
isolating a given one of said cochannel FM signals from other cochannel FM signals of
said received RF data in response to a command specifying the identity of said given one

of said cochannel FM signals.
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11. The method of claim 10, wherein one of said
cochannel FM signals conprises public service

w0 pdoenomsi on; and wherein said nmethod further PONP8108€612444

isolating said FM signal conprising said public
§8r Vi gendtRdPforBhdsRitihg PM‘ signbﬁ rcoﬁﬁ‘ﬁ%g Bﬁlwcﬁ:ﬂ\é RE gzﬁ@l:&nﬂ{smg
said recei ved RF data, he nmet hod of clai
Rprdpaich F%ﬁlala#?etbh%@smﬁw é’rth% #Asr fragiaency aange @nd/@qﬂye same time
b RpliobyPa Bodi6h, QRfreQiver BhifichRE AR RN !
from gtlher)a%ochannel EM‘%lg lgﬁ of s &gsﬂaereeclg?f%e (_:%cl:‘—hannel
HAE signals frem ghws eochanngl Ei‘érsmﬂa ofsq@@cmf Jatmbaseden prlestitiateyfor
%&h&ﬁ'sﬁd%c}iﬁﬂm‘?ﬁﬁx Blnaf @&ﬁ%ﬁ%gﬁg{élﬁél fiMSb @b Foetion
method for transmt signal s, conprising
provi ding RF data conprl si ng cochannel FM signals for
transm ssion in the sanme frequency range and at the
same time for reception by a receiver, said receiver
dénf i Ghe wdthod ofdpiar Bt wheraimisaid frecsiviedis operhtingie kn Bidrloaded

ot her cochannel FM signals of said RF
gfggﬁ%ba%e egk an estimate for each of said cochannel
FM signal s provided by parallel interference
cancel lation. 14. The method of claim 13, wherein said
receiver is operating in an overl oaded signal
éﬁvi r ¥henmathod dbclaihied, whétincne bf idiochabdel EMi eiggdlficameises

Ipu hscasr?gvtlc?egc ormartlug)lnm%le r@]‘ na%ﬁddr%? gger : isléph%um tléﬁulr?ﬁletf) 1sofa?e said
Eohiipopl cadptising sl pbbc savick infdrmhtipmattons ofiipr doshangelFM signals

publ. r i nformati on from ot her cochannel FM
Qrﬁaﬁ‘gf%el&?a/@gﬁﬁfar ecei ved RF data. 16. The nethod of

clai m15, wherein said receiver is further configured
to selectively isolate a given one of said cochannel
FM signals from ot her cochannel FM signals of said

necei Teémbfhod af dlaii 3, %ﬁ@ﬁ%@ldtr&:eﬂ'eﬁﬁ TReHRElc i@ Gilell YO Rkctively
the identity of said given one of said cochannel

FM
ot %Weqvne offieid qethadng! BY! stgnals dosothegicesheppel &M genals of
RBHhQRivbd RETR1 iff APk R% dofffind ki@ifHiak thelidAlf/ Bfishi@divBH one

data_conpri sing cochannel FM signals; and separating
oheaid BCfCh%%HebIF igalinel FM signals from other cochannel
FM signals of said RF data based on an estimate for
each of said cochannel FM signals provided by parall el
interference cancellation. 18. A system for

Gommu 'Thg Aetnol of Q& d55 WhbEM & ﬁo%l' fglghetr CEHG el; receiving said
circuitr conf I gure to provi ta cohprising
deimaitp@RE @pa comprising cochannel FM s1gna1s and separating each of said
cochannel FM signals from other cochannel FM signals of said RF data based on an
estimate for each of said cochannel FM signals provided by parallel interference

cancellation.

18. A system for communication, said system comprising:
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signals for transm ssion in the sane frequency range
and at the sane tine; and receive and separation

w@Reoe0198y configured to receive and separ at e PEADOSWN6/012444

said cochannel FM signals from other cochannel FM

si gnakgnsafit By Rbnfilaké B rovileRF dd ddpBkink @Bﬁfaﬁ%‘i f’ﬂlc e
cancellatiqn to, provide an estinmate for each of said
cochannel F&#eLs ightsgnsmisgion e samea fregyerey canes pnd aj the same time;
cochannel &M signals from ot her cochannel FM signals

of said received RF data based on said estimte for

each of said cochannel FM si gnal s. 19. An FM si gnal

Pr oC e Livg aﬁ&%ﬁ%on@ﬂaﬁﬁ&%b rJd G?éc&@e Qxﬁgs SRRAMH qg id
circuitry coupled to recéive ecei vedp F
dat a conpr¢oshangeldod signele IfrOFlMﬂzﬁr gwéamgle} BWesignels of srid RE data
same freq t

el d 1 eoal o e AR B0 Rhod (i A b pHRidcHSHEE it
use par al | ef saidrpoghahnel M sigundsn el deparptog sach ‘P)ﬁ'S@ldl adehaanel FM
estimate f

separat e eg%h%gi?&g gil‘halsco%wn%%?ygl lss‘lﬁl\ga rg&?‘lregm 0 ﬂa fased
cochannel ¢iMagl gtimbts f@feaslabﬁjsaid@oeﬁauE@FRFSIghaﬂa based on
said estimate for each of said cochannel FM signals.

20. The systemof claim19, wherein said receive and
separati on circuitry is coupled to receive RF data

f pom %t ast opo% sensor operat .ng in an overl oaded

SI gna envi | NES Y S e y“f% of cl ai m 20,

wherein sald recelve and separatlon circuitry is

coupled to receive RE data from a

oper at§°Rg° f‘?\desgﬁar%%’r(i“&é%%& O‘Qlegdr?g Irecg %lﬁdjﬁﬁe g?ﬁew@ﬁ}gs data
syst em of edngir¥ing@ochahesl EMsigialsdeded@e ity e 84t frequency range
separation_ ci rclﬁltr%/ IS c nfigured to separate each of
sai d cochaffif B from sai d other cochannel FM
signal s by: providing an initial estimte for each of
said cochannel FM signals; and using paral.l

i nt er FOPERCEdISEE) and s3ar e CfuEDy) ig eorg‘tguyeéé%ﬁsem@ﬂel

first inprowereasd LABIRLESO0 pPRsde Mfesiaitgd f&%&d’]ﬁff@ﬁh c5Mannel
signal s based at least in part on said initial

esti mat es Y¥rsigalsrandfio ssppigteccaeinefisaidcoronag! gihsignafgom other

sai d cochannel FM signals of said received RF data based on said estimate for

each of said cochannel FM signals.

20.  The system of claim 19, wherein said receive and separation circuitry is coupled
to receive RF data from at least one sensor operating in an overloaded signal

environment.

21.  The system of claim 20, wherein said receive and separation circuitry is coupled

to receive RF data from a single sensor operating in an overloaded signal environment.
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received RF data. 23. The system of claim 22, wherein
said receive and separation circuitry is configured to

waiz@opendt | el interference cancellation to proRCHESHE06/012444

second i nproved estimate for each of said cochannel FM

$bh gnalrge BRRGMLRHaith QQ%he'ré]n BAf tecQPe 5‘1@4 sgﬁrétfo%tm %V ed

estimates for each sal d cochann S|gna

senfipureside sspathtRpack af: %fld @ghaniH &M signadnirah saifl ather @@hannel FM
[ebir said received RF data conprises at |east first

arnd second cochannel FM signals received in the sane

frequency range and at the sane tine, and wherein said

recei : |t |s gl red to

or ovi é@vgdn a%q{? i) agsﬁrg?c r?}ciar techﬁr t‘;s%d %mm%efl FRM s&g}alsr %I%d and

second cochannel FM signals; subtract sald initia

esti flrst C hann nal .from sai d
rece F@gelgg %%ne %nterferenae uc ancéﬁ"n('é'?mg{rﬁ])aﬂr OVAls aé Eetagto? NP Sk PR 9y
second cocé¢sanmatel foﬂ-_d‘dblsoﬁg!amll coclemhd] FAL sigisds ehsedvitldaat in part on
estimate for.s co,cC anne al

sai d recelﬁ%%m'%F%%F%%ﬁgéaﬁ: 5mgF%%%WE§E§Gﬂ?%& g%ﬁ?d
sai d fi rstrecaeddRihédta. FM si gnal ; denodul at e and

renodul ate sai d signal meighted toward said second
cochannel FM signal to produce an inproved estinate of
said second cochannel FM si gnal ; denodul ate and

ate sai d SI Wei ed toward said first

oS hahoh o iclmp ﬂzshe;s% it Eosive PHCRRFEIPISEETIE e of
ﬁamﬁigufddrts hs&ﬁa@dlaﬂiﬂ%kfeﬁ%esdaﬁmhﬁmrﬁs pkdVRte® sebhd RApHGeaNd

npl it ?I & @gh gld first and second cochanne
Pﬁ?“’é‘?t@ |e§° Sl KM signgls bpgsrliet lger gpartog; sgud furst
P00y bt ek f@reschqff sBAksthaRfe Ptk s@%%ii@ AnD&diq FebbisdOR@Hata.
usi ng said estinmated phase and a tude of said
second cochannel FM signal; and correct phase and
anplitude of said inproved estimte of said first
cochannel FM signal using said estinmated phase and
afpl i Theieystsm of s fZPf\gher% s reaeived R daty prihprispsat lepiifirst
NS LB PEochiREITM Qrgnéﬂ@?e%&'véh R b€ BRhYeRcF e and at the same

separ ation circuit
time, and wherein said rece1ve and separation circuitry is configured to:

provide an initial estimate for each of said first and second cochannel FM signals;

subtract said initial estimate for said first co channel FM signal from said
received data to produce a signal weighted toward said second cochannel
FM signal,

subtract said initial estimate for said second co channel FM signal from said

received data to produce a signal weighted toward said first cochannel FM

signal,
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configured to performsaid parallel interference
cancel l ation on a data bl ock by data bl ock basis. 26.

wab@eay®sem of claim 20, wherein said recei ve BCTUS2006/012444

separation circuitry is configured to perform said

par al ighodul®iddatRbESatE ?aﬁk?ﬁ}gﬂaﬁvb%ﬁte@ Bovihr® {i € &b ochannel
basis. 27._The systemof claim?2 wher ei n sai

recei ve antMsigpaliapraghceanyimgrovedestimatenifig secend ceshumel FM
serial intggference cancellation (SIC) to provide said
initial estimate for each of said cochannel FM

signal s. 28. The system of claim 22, wherein one of

sai d 3&&3@%@&nd§%§&1ﬂﬂ@éa§d Q%P 1% fed Rk GifBIY (';o%ﬁannel FM
i nformati on; and whereln sa el ve and separat|
circuitry Signal tormreduce ewinfirgied egtinate piswelddliret osahadnﬁﬂ?lM signal;
signal conprising said public service information from
ot her cochannel FM signals of said received RF data.

29. Thetimajesthe phasé awd aphitRi of sdvh 0€haid Sait ahdrseoeid wectamebl FM
separati onsgd fcuitry is further configured to

sel ectively I'sol ate a gi ven one of said cochannel FM
signals from other cochannel FM signals of said
trﬁge: Xen ! Fhagea n%a mp d&%ggg Sr?l onté)?OV]%d gshinnte %szHigeCanX ﬁﬂﬁlannel
signal s. SEMs@ngkmingsmﬂastahatﬁptmsd@dlahmyuﬂelf sagileeshdt o
be coupl edC tc a %ﬂﬂrce of received RF data that

i ncl udes cSCRERSEIMERrYi §dal’s, said signal separation
circuitry conprisi ng a first stage of parallel

i nterference IC) circuitr
si gnafo%eggétfaﬁef? F#‘H’fp)‘%qeg??ﬂ% é’/ffS@l‘rd’(]FH%trco‘:ha‘nm’l M
conpri si Ngsigai tlsnag safd @ﬂmhte@ ShdseBid Mp1Hide®tbdid Yirst 0dtRheMd]
to said fi age of PIC circuitry; wherein said
initial %Wzﬂgné]stumtlon circuitry is configured to

be coupl ed bet ween said source of received RF data and
said PICcircuitry. 32. The signal separation
circuitry of claim31l, wherein said initial signal
os! i Mahd QRief &CUith DY, CIRARA LICRSHE aﬁl sepﬁat%fc%{:ﬁ&‘; &
cancel l ation (SIC) ci rcuitry. 33. The sign

seiguERd; to Redrpsgid natalisk intsrfafepseFanceflpfiqninara @Eﬂhi?qkémdgtaa
$ReRnskistage of PIC circuitry coupled to said first
stage of PICcircuitry.

26. The system of claim 20, wherein said receive and separation circuitry is

configured to perform said parallel interference cancellation on a streaming basis.

27.  The system of claim 20, wherein said receive and separation circuitry is
configured to use serial interference cancellation (SIC) to provide said initial estimate for

each of said cochannel FM signals.
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28.  The system of claim 22, wherein one of said cochannel FM signals comprises
public service information; and wherein said receive and separation circuitry is further
configured to isolate said FM signal comprising said public service information from

other cochannel FM signals of said received RF data.

29.  The system of claim 22, wherein said receive and separation circuitry is further
configured to selectively isolate a given one of said cochannel FM signals from other
cochannel FM signals of said received RF data in response to a command specifying the

identity of said given one of said cochannel FM signals.

30.  Signal separation circuitry configured to be coupled to a source of received RF
data that includes cochannel FM signals, said signal separation circuitry comprising a

first stage of parallel interference cancellation (PIC) circuitry.

31.  The signal separation circuitry of claim 30, further comprising initial signal
estimation circuitry coupled to said first stage of PIC circuitry; wherein said initial signal
estimation circuitry is configured to be coupled between said source of received RF data

and said PIC circuitry.

32. The signal separation circuitry of claim 31, wherein said initial signal estimation

circuitry comprises serial interference cancellation (SIC) circuitry.

33.  The signal separation circuitry of claim 31, further comprising a second stage of

PIC circuitry coupled to said first stage of PIC circuitry.
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