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BACKGROUND OF THE INVENTION 1. Field of the Invention [001] This invention
rel at es generall to radio frequency (RF) signal reception, and 10 nore
partlcularl ¥ t|on and separation of cochannel FEEGQHPQMH%ﬂhIated
(FM signals 2 DescrIsztmnbwéﬁc%ﬂm&ﬁﬁnﬁmbﬂﬁi@h@oChannel si gnal
interference occurs when two or nore signals are received at the sanme tine
over the sanme frequency range or band. For exanple, cochannel signal 15
interference may be encountered by a receiver that is receiving two or nore
signals transmtted at the same frequency and at the sane tinme by two or
nore separate transmtters. In such a case, data (e.g., voice data, text
data, etc.) contained in any one of the interfering cochannel signals
cannot be accessed or processed further without first separating the given
signal fromthe ot her S|gnals to aIIOM/denDduIatlon or other further 20
signal processing. This si BAGKGROUNDOE BHENTION t h ai rborne receivers.
Even signals wth carefully planned frequency re-use (such as FMradio
stations), often result in co- channel interference for airborne receivers
due to the much | bngefigldofdbeluventignt | the case of anal og FM cochannel

signal inter f[(RTIPnce"{ﬁﬁ%v%ﬁﬁkl'rélatbﬁgéngﬁllﬂ' Rabib K‘r'éc}ﬁeﬂcfy ®F) ﬁgﬂh&'ﬁ‘é&éﬂtﬁﬂ &nd FM
receiver to copy one_or nore sl na S, typl cal

al/s. 25
[003] IO thenwéﬁs?am%'éaalaﬁ%rr?ﬁpwnaﬁé SPRAFAPR &f m@ne'aﬁﬁiqémcatmqﬁq géc(ﬁw ques such
as spatial ijghf¢ference cancellation have been enployed for purposes of
cochannel signal separation. These techniques enploy multiple sensors to
separate a given signal of |nterest by canceling or nulling out other
cochannel signal s, fromlt R&ied Ri€rest. For exanple, in the case of
beanform ng, multiple d antennas 30 connected to multiple
phase- coher ef02} e@mhmmelssigml mtdrferenceh e |whew liee enmotesignalsarereggiea. at The
signals fro r a way as
fo™T vio 2ot 18 a i YeSEREh Sy e PR Vo ERERAE Rl N, YO
si gnal b&ver ittefardnbe gy balelnmmnwgadt&yea oweiverf tha is receiving two or more signals

transmitted at the same frequency and at the same time by two or more separate

.m

bg—

transmitters. In such a case, data (e.g., voice data, text data, efc.) contained in any one of
the interfering cochannel signals cannot be accessed or processed further without first
separating the given signal from the other signals to allow demodulation or other further
20 signal processing. This situation occurs frequently with airborne receivers. Even signals
with carefully planned frequency re-use (such as FM radio stations), often result in co-
channel interference for airborne receivers due to the much longer line-of-sight. In the
case of amalog FM, cochannel signal interference can result in the inability of a

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

25 [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 einploy multiple sensors to separate -a given signal of
interest by canceling or nulling out othér cochannel signals from the signal of interest.
For example, in the case of beamforming, multiple spatially separated antennas

30 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

1



conventional (single-signal) denodul ator at the beanfornmer output. This
techni que nakes use of spatial structure. [004] However, such past
appr oachesoneguiors2spat i al separati on of sources in addiPCIrars2006/01 44
expensi ve coherent nulti-channel tuners having a nunber of channels

cor r espondigighadis mUGREbutdh SEBEOLEnilnater i the RN, dRwag @lecaiecvf tahan the
nunmber of cochannel signals. Wen the nunber of signals exceeds .the nunber

of sensor s,copyatieny {singleriignal fvprdulagy at Hie baamimece OPPEY  ddiSolpehtigisded.

Per f or manc g, afes hiadtishdt@naluch@anf orm ng and interference cancell ation
techni ques typically fails or degrades in such an overloaded 10 signal

environnent. [005] Parallel Interference Cancellation ("PIC') and Seri al
Interferenc el lation "SIC'), are types. of algorithnms typically used
For ] or nt 1y/ORe Rty R st S apass i Reaia s bt Uet P iR
signal 5. | noshipdhsio caRpéit Gailfi-ohannéNefieds Badvingls tkdhbey ofl chadnele comdsphielingof

co- channel signals, {and eVﬁ{; t hough t he sigtﬂal is d si(gne vm'tlh.co-channel
15 operat i dA & WHehAT SSasRra bl ARt i PhEEaenhEn BgRErPReY Q%Y S'83Pbvi de
better  per{aeAHGRAmMbINTSRNhE eRite RS ndhker beEEd8dhd g elilohinehisaay
Detection ("MJD') algorithns. (glc is one of tiﬂeaHDSt lpg%ll1 r .tgpesd of MJD
al gor i t his, bedrdafegierieed &b pyeflpaded: clzfﬁfgr%“lcﬁ P B0 %F‘EJIB effi® whi ch
refers to Sinted@tdndsantbiBhien tBnéCHPicNy LAdr ds@ads iiBLeh hildReribadéd1gl €
data synbol . 20 SUMVARY OF THE I NVENTI ON [ 006] Discl osed herein are nethods

and sy$t ensSigMAEHRPIBR- | npl enented to separate cochannel anal og frequency
nodul ated ("FM') signals, and in one enbodi nent, in an overl oaded signal
environnment, i.e., a signal environment where the nunber of 25 cochannel

si gnal s excpesps Barallehibserfaéncs afracdlatios €PE0T)sandeSegial v fragrat €ancalletiorms) .

Advant ageousl.y...t he di scl osed net ho and .sy.st ens _nmay. be d in one
exenpl ary e&rﬁﬁ% ) r?‘é%‘fyp?sooga?&?ﬂ@g‘és %lﬁglfya'fsle% rﬁord?lmg g%ug}]a){nlg %fl—tﬁll%?% gﬁgﬁlﬁpr esent
in an overhRadadakipettimn TEMA bipnag. datechohit aplietioh,rthere arsusugilea dhrgnnel
tuner by enploying a _parallel interferen cancel.l ation, (“PIC') algorithm
that is i rrpn}3 togﬁoﬁ}‘%lnf’l;?lwllsn ar &Ve\‘}d{“&]’lgéﬁ?%flgléﬁ?é%%m%‘?%cétsﬁsﬁoh%‘?nnfge
di scl oged nfdiats andnims taathcfdyieddiqued| e TBbinetingso usal WO R00ids 167082
E (C):'glerU gﬁ? Oﬁgg%WZAfAfgnc&ﬁgv fr:]‘stga%gh%lilqsule a?é Ire errr]eadt %\o tagl Ei\/nﬂﬁ-efﬁjsel‘; %ete%cl)& I(‘_‘W?el
algorithms. PIC is one of the most popular types of MUD algorithms, due to its ability to
cope with the long code problem, which refers to situations where the spreading code

spans more than a single data symbol.

20 SUMMARY OF THE INVENTION

[006] Disclosed herein are methods and systems that 'may be implemented to separate
cochannel analog frequency modulated (“FM”) signals, and in one embodiment, in an
overloaded signal environment, ie, a signal environment where the number of
25 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

30 digital signal processing. The disclosed methods and systems may be implemented to



constraint of spatially separated nultiple sources. Digital inplenentation
of the algorithns of the disclosed systens and net hods make them fl exi bl e
and al | owOhemvom32be tailored to focus on particul ar FRCIiuse@ic/obmndw dt hs
and nodul ation indexes to fit the 5 characteristics of particular FM

cochannel ea&dahﬁgmﬂpSel(rﬁmge the ORdE! Edramuli- QAR SdonbMt BADMALAS mEL C- ) -
[007] In one eg%gdi i scl osed herein, PIC may be based on successive

appr oxi mat i 81 ySprté”‘ ¥ nfsPaAiEA  Baltinle souEsR | Regitel ipplemanteien of the

transf or mat higBrithtis G theRBIclRENBysRs ARY net¥lé Aakd Bef flé‘iﬁ,'IEf Q{drgﬁ'b
only a si ngLe channe| of data. This 10 neans that Jant ageously

i npl enent ed % BUPA LR o5t o Rapowles EMysigne! bandiyidghs %émﬁﬁ@lah@rmdms thfitghoduces
out put $ by gli@akdriifics! JfPEAEWISOMic ors.
For exanpl e, the_ di scI gsed systeﬁg{agﬁ%%lﬁg{onﬁﬁ%% %mlﬁeﬁfr%p %E%%%?ﬁgﬂ?n one
enbodi nment h%ﬂdwgdths gicn) gl e channel parallel interference cancellation
algorithmthat requires only a single channel of data, e.g., froma single
antenna. The 15 algorithm may inpl enmented using digital si gnal processi ng
to separat e[&ﬂabhhnroﬁd: dﬂﬂﬂodﬁﬂx@nahﬁ:ldwd ehelaém)i PIOOmeetRl beddkppweeaavef the
si gnal structure %“LA Iat| o(g X&g and, nessage bandw dth. [0081
Using the dfd&pXyea pe F’Fﬁ %‘?‘?"é‘? e MuHeR F%’ff“?"(?rfraélﬁ@ﬁ??t’coﬁﬁi’ igthe

di scl osed pat&irmen twkalrﬁﬁﬁrhﬁdSDGBiﬁforﬁher ibipwErehledsihdle ShdnQ¥ steRal atdion of
co- chalrbnel SI%WSP hout t he rgleed for antenna_ ar rgg or the cost or
si ze, Wwei ght" m‘(y‘ aptaggougly fmplemenigd & fuaption wih dess et thagr dror e,

t he discl QSB&n{fBIﬁﬁb@dS/h&ﬁdprS&ﬁfeE rUiltﬁhfts S?r NGéAmg CIRRRN bmbiRhifib €5€ §%Bally
cancel l ation ma be advantPa eousl oyed to separate FM signals with

poor geonet F§paraedy senserga n Fop_ ¢33 eedthFMhécil‘@Sﬁél syt RTu AL apgtinds rmy be

separ at ed. iﬂipland:rﬁed il oBOBhbherlt Asthf 8dinble QAAInc BRI P B nc LS hiGAVI res a
certain degree f spatial separation between signals to function. In one
exenpl ary eflg B%égweqoi't‘t reqiiEs opbystipdle ghamselidstang. Spm %ﬁlﬁglﬁwyteb@a i #% ement ed
in an Bnvi r ApsERk iy Whibleherdd ugntfgedlgﬁélgsr‘ dﬁ?ﬁ'ééﬁﬁ bo | s a}atgf ﬂf\’P nt

adhere to the sane nodel, neaning that a he si are t e sane
nodul ati on tigjads by egploiting detailqd Wd@ﬁa}f the SllgflahﬁimCh?é¢, insdudipg arogulation

enbodi ment bendihsshRietiWiBihods and systens may be inplenmented in an
envi ronmsntthBO In whéléch t he nodul ati on techni que by which each signal was

created i s known. 3 WD 2006/ 107932 PCTI US2006/ 012444
[008] Using the disclosed parallel interference cancellation algorithm, the disclosed

...u

systems and methods may be implemented to allow separation of co-channel signals
20 without the need for antenna arrays, or the cost or size, weight and power (“SWAP”) of
coherent digital tuners. Furthermore, the disclosed methods and systems of single-
channel interference cancellation may be advantageously employed to separate FM
signals with poor geometry, e.g., even co-located FM signal communications may be
separated. This is in contrast to traditional beamforming, which requires a certain degree
25 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

30 in which the modulation technique by which each signal was created is known.



[009] In one enbodi ment, the disclosed nethods and systens nay be
inplemented to inprove reliability and perfornmance of an FMreceiver

syst em bywenadwliorgg2cochannel signal separation even wheoTtuseoosoniaes of FM
cochannel signals exceeds the nunber of sensors or antenna elenents. In

one exanpl e[00Pheindins @hﬁsﬁﬂleﬁﬁmaﬂﬁslcﬁétﬂm%ﬂ@&ﬁﬁﬁ SFRYmY thad He%FﬁHi%ﬁ'tE@% to
provi de i nproved anahqﬁ I at ors for consuner, el ectronics n anot her

enbodi nent , "THE® r?g’f fAmpacs Afjan FY BHEVHYSEE Dhenablizmeastiannsl r educe

t he cost, Cﬁgiﬂil SeplatayioR BebnOhes itReenidibeABE FWlchb @B RheY SibnAY 81c88sNe fEHeEbNY t he
nunber of sensors and correspondi ng separate_tuner channels that are

requi red t oSUEPRPLANNNg glemspineln quprEingie the dijclpsgdmethndy %éﬁ}’%‘?ﬁbﬁtﬂ@iﬂmt t he

di scl osed ﬂﬁiﬂlﬁﬁ&ts’ﬂnd) BHH R MO cHBIMD Gonh SR A 41 Bbrfs Bnk TR QNG RANGW dt h
utilization for cast FM signals, and potentially allow ng

sinplificat %’Hleaﬁm f|> Wﬁa%@éﬁcwe%m@ﬁgﬂé@eﬁi AYpEams Bgphecimplenntsdde sedpes

est abl i shi ngie ey, EMNESIEARE sEBIPALIFM 1de 91%18@5/@@]?1' 6y rem?&ﬁ fﬂcefﬂuﬁl&%pgf use of
the FM frequency band nay be achi eved by all 6w ng “sel ectt on an separation
of one or n¥PEers t@@g%‘lﬂm@}n@néﬁpﬁaﬁ &imen chenmsler that ago ohewired | toFMpsiagmal s
that are i n¢@RkneNAld Yenalk th @SBkl &qb&f‘m@gﬁ MO HAERYng LG A an
exanple in one exenplary enbodi nent, the oseg S an systens
may bel0i npl BarRe darlgsented de dnpreye bg@mﬁh tuhhzatm f@lababtﬂcestdfM@walsaandqg or

i solating afol.8a8¢ al‘ﬂﬂﬁng Mﬁhﬂ%l n bf éimuhé(i%n%'% gerhﬁagﬁsagh}o%ﬁ%r cess t nnel - FM
signals usi n% a sing sor . enna 6

cor r espondi ¢f¢p !#F}H@ éeWi Hf% hmad@@t Qh@n@ﬂs Bvrmampbl n@teeeﬁenabmsemfﬁhceﬁmn ation
may be util i cei stem si ze,
facilitati ng&ﬁ%s atl l?e C%geh]ecigga?%guel? \géei?mgﬁ%# (gr%ngpgﬁa WO Ioge St% or ns
(e.g., shi p@rgealFM reagoels ﬁunommbes of teoelianssl KM nEigredd tlae rara linteretivnglhye s,

nmodel sl rc&g{sﬁlgﬂegogtﬁesa%%{e uénrggl enentation of larger and nore costly

mul ti-sensor enna - feceive stens are inpractical or inpossible. 25
100111 The di scl osed nethods and systens may be advant ageously i npl enent ed
in one enbodinment to selectively isolate (e.g., for purpose of |istening,
further prot8iWidy an example, dmone rexprpplarydembediniento divainelpsei Mnsthedsatmsl f r om
the cochanngli! ioRalispldiahicd S, RRED: SERA BLES L4 Ak RELRA aS'Fd
signal environment that s unintentionally or undesi [p

such as Meﬁobﬁfpﬁe%tnlﬁ?ﬁé@ﬂe &M mighal| feorp éwe oy arorg @aw%mhwbl Mpﬂgnaﬂs oned 30
bet ween two,dr t t he same
frequency at t k S%S%r:(ﬂsg ggﬁgilgf%ﬁa%%élgsucg%%s ngle Cﬁ%nr?eal rbor ne
vehi cl28- bastadery §¢1gh e@mgleh;ansor gnplementatlon may be utilized to achleve cost savings and

reduced receiver system size, facilitating installation of such a receiver system on mobile

platforms (e.g., ships, aircraft, automobiles, trains, unmanned aerial vehicles, model
aircraft, etc.), where implementation of larger and more costly multi-sensor anterma

receiver systems are impractical or impossible.

25 [0011] The disclosed methods and systems may be advantageously implemented in one
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

30 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



4 WD 2006/ 107932 PCTI US2006/ 012444 | ocated between two cities having
transmtters that are sinultaneously broadcasting FM signals at the sane
f r equencywo[20@1@}93Rlowever the di scl osed nmet hods and systremascwng/oad4so be

i npl emented in another enbodi nent to enable selective isolation of one or
nmore FM si ghaled bbhakn BaY EitibeRNVingDraeRakattbd e ofubaebuslyebiohdvastingyF\r

del i berately created overl oaded signal environnent. Exanples of types of
simlar oveigngaddle @ FeUeReYnodul ated ("AM') signal environments may be
found described in United States Patent Application Serial Nunber

10/ 930, 732, filed August 31, 2004, and which is incorporated herein by

ref erence. [fE2] Howanplte, disoMzed methodeandsysergrnmabsalsmbe ivwpldmangadtin enethdry

transmtted at .the sane.fi vet the sa nge in
nmanner to r?afbedlé‘}eﬂ iq El??ﬁeysrgﬁ C?I ?%Sgl%gﬂneogg BC 3%?4 Ftr%egl e;r%gceﬁ?glﬁ%%}?&?n such
an enbedi mMagparatéd Gomoahmrenabnaly @ idghizdraelpmyeatedi ayerieaded signileenvireramaiti tt ed i n

any manner suitable for creati an overl oad i Vd, rom
whi ch the I'—%aﬁ’agﬁa?mpes?i ﬁﬁasilgﬁ%h)?v%mag%i)élp ?1 %&%aﬁgﬂggt%ffegé%gﬁgfgg%l the FM
cochannel  &iEsahdhts By leoiniDdaatritdd isUnigdtSumesdlatnt Apglitatiet $rodENambersy st ens.

For exanple, the 15 cochann signal.s may originate or a itted

from geogr ai93Edp3- Al %Bglgt Lo@yf”l sva't“g‘ 5.1¥C°H§?r%dz;ﬁe§%nt?’ er?fgregé\edngérﬂ ennas
| ocated in S@RPkak® @HHAE BN sigiald 88 beijtentionally trsinittedl anthe sam¢ Gmaaser ocat ed
in different geographical areas of .the sane city

t G )i /
cocharlfel Fhe SR SPleCtehiedienty FIER 1 MagRert P SRYH etlffli(gﬂﬁlp'z ‘gflrllzg ngeo Oglectﬁe%e

geogr aphi c ﬂr&f&éﬁég Rnge® I suchdY ehdbddis@ht, thelcciantt] AN dpndsmhpediieds atbet he same
radio station 20 or other facjli t{)' [0013] IH ong exgqujl ar%éen%odi ment ,
mul ti pl e comememitied|in pny FaaRes seiahieios crealne st overpasdad sighal Y TYPRAS Aot ed over
the same s e*vﬁi@ﬁ e Vi COUBRSKY sizhdlf By bo s@aRidIand exespbas yf theFbeichantl FM
radio signals that contain public service information (e_g., vveget hlgr-

rel ated infsogmmsmen be Hicomysine e erlosad srathods GRS S}éﬁﬁf‘é?sgeﬁgw’@%’ ¢St
systems' EBS, b bRf g%f‘uél? %agﬁkﬁgi)natw Reriiihmanli faal ée)bFllaf)lﬁadjEra&inow t her
continuously or on an as-needed "basis over the sane selected frequency
range used lvgations (eBatbynagnshtians end spteness Hagated; jog prpdiata afipenbFef 'Y gnal s
(e.g., comerci r g intdi - peb@hpEeR IRhEof thb Samdltige lr9ed

met hods a%%?@eﬁsmﬁ%%%gga%%gﬁg%négé ;tggeg% %w i nt er_?n' tteann{1 Sﬁpbl i ? service
br oadcast s /. the upcimnodlcEMr siguds ofay soriginates pY bptifaaseiftedh tirogy @hcomeft ane

crash, eart rg]&)lé?allgﬁic location (e.g., by transmitters and antennas located at the same radio station

20 or other facility).

[0013] In one exemplary embodiment, multiple commercial FM radio signals may be
intentionally transmitted over the same selected frequency range. In another exemplary
embodiment, FM radio signals that contain public service information (e.g., weather-
related information, highway-related information, emergency broadcast system “EBS”
25 information, efc.) may be intentionally broadcast either continuously or on an as-needed
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,
30 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



30 tornado, hurricane, etc.) to be transmtted over one or nore FM
frequencies (e.g., over a selected nunber of nmultiple FM frequencies) that
may be shwioedodmp793ecal comercial 5 WO 2006/ 107932 PCTPUOSAB0@6012444 FM
radio stations. In such an enbodi ment, a receiver may be configured

according ffy rahiaestﬂioﬁ@ ﬁﬁé‘«‘féh AR hBEEmeAda soteiveimay Be coiflgaied abdstedlnglbd I c
servi ce broadcast from other eochannel FM signals. [0014

over | oadedthsi &srdgsed methodp rahsystams toriselate dhmpulil Sﬁb‘floe bradc ?t\s/{%nbé’ 3 5

met hods angd, %5t ﬁglsq@é sbe inplenmented in one enbodiment in specialized
public service radios that are designed to isolate a public service FM
broadcast signal froman overloaded signal environnment if it should happen

to exist at _time of the i,C ser ice transmi t ensure
that the pl®ALWethgr ag o ‘?&?@?ﬂ Ygha r‘?nYlgonfngEte}svle%ﬁ%é(\)/ngln gleagtdghre 8£e£(£
cochannel  siegHiak aﬁ@ reylstém@aﬁy ‘bel impinehted rin emb edibedintent hESmtahntedsradﬂlQO

nmet hods and syste np ed a art. o I’CI M.} adi o
recei ver £fHice |r%d1?§oth?t| aé‘iuﬁ"ééﬁ“?é) q’é@éﬁe\?é’uig‘ﬁffé‘flﬁ? gMa?rg 165104 c(gst s under
nor mal operatddided S0 ichviRMmentid it shbell hhp‘peﬁltcs exmtmnftmgwfehb pu:bhc seb@ee and
identify intermittent public serv adcast signal.s

an over | oad@asraiFgeTale: %»nt\?l hedmense. tL%JE%p'éb%rceS@@’ﬂ‘i?etFan HESOR és rec }regjﬁ%zle ceur in

confi gur ed ,@erPERERE elothadhély sipha eohdiBorRY bl InCarbéiey iettbobihead d&s ﬂ1s<tlmsed 15

listener. In ady case, a signal enV| ronrrent rﬁ% be OV]"‘EEQF r or. to t he
publ i 40 ser viatkods ppd SETITSTER be FRPIEREIEbaTPELP HYFC 8ew

transm ssi Q0% {AGeREB!th Cre&B¥e/ &BmercaB RSN HFb4ABasty Thdek anﬁﬁ&lSoﬂie@atmgher FM
signals on the sane frequency (intentionally or _unintentio g 0015]

In any caseonditiprsbuthatiis glsacprfigust ta igiajetfdddatiln irmefdng p ’ﬁ }CS m ot her
20 cochan neAro&ElM\s% ki gﬂfg géﬁ‘ﬁéy Qfﬁﬁﬁngﬁ%ﬁ}eﬂcﬁ@& Mg angrosBpal Suarh feceirRF dat a

received in an st gnal environnent nmay be perfaorned in response
to a commndayspe@pﬁgnaﬁg confiigurdddiernrpierentgllyt play &Pevﬁlﬂ’hﬁ rervie frerdeat (hdnnel FM

S i ic
Si onals. " SUGh & GRTHPOM: Wl P SURALE mol B OURABL SO RSO R2

swta for selec sing a given  cochannel FM signal. for
i sol ati on, teangmjssian, hommay (hs eqreatdtobs |Vﬁgleapfd@§|t¥a§%}mé%’émﬁﬁﬁl%ﬂ puhicegi¥cast for

i st ening, %aéﬁ%g”?‘élﬁ S REus ¥ Of)thm%ﬁé?lgls%nstﬁé %@ﬁef@ﬁé}ﬂﬁm&{ﬁohﬂ gagicast

needed for a sp eci 1 task hand, etc I n one respect,
di scl osed hlﬁﬁﬂelmomsll}e) met hod for processing FM signal s, including:

[0015] In any case, selective isolation of a given cochannel FM signal from other
20 cochannel FM signals that have been received and separated from RF data received in an
overloaded signal environment may be performed in response to a command specifying
the identity of the given one of the cochannel FM signals. Such a command may
originate, for example, from any source suitable for selectably choosing a given
cochannel FM signal for isolation, e.g., a human user choosing a desired cochannel
25 broadcast for listening, a computer processor choosing a selected cochannel broadcast

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

30 provide an estimate for each of the cochannel FM signals; and separating each of the



receiving RF data, the received BY data including eochannel FM signals
received in the sane frequency range and at the sane tine; using parallel
i nt er f er eanoao@arnesk| ati on to 30 provide an estimate for peaais2eb/o1iies
cochannel FM signals; and separating each of the 6 WD 2006/ 107932

PCTI US2006 Q324 rveQshanish ofiM ooaatisM kignalobftaes recciodteingdta Bided bgnal s of
the received RF data based on the estimate for each of the cochannel FM
signal s. [ OBerimpty forraehhelthe eshamel FNisigadlsed herein is a method for
transmtting FMsignals, including providing RF data including cochannel
FM signals for transmssion in the 5 sane frequency range and at the sane
time for remap] ipandiferaespecteidiselosedt lieeein éc ei mehod: buftragemisicng BMseigealat e each

of the cochanngl FM signgls, from ot her .coc el FE i S Of - t RF dat a
based on ah“cé‘é‘ﬁ’i‘%’foé(ldl’%r ﬁha %B‘Fuﬁlﬁé 5 aﬂ]é%?lﬁem {sé/:fé)?]'gﬁ gﬂl%rlc%‘v}nd@g by
paral | ¢l i RkBE ffRGEICS 18R Cll| aitheoshme] B &r leveptinnblyer receispe tite, reciiv| osed
herein is a systemfor comrunication, th ste Q_incl uding. teansm t
circuitry CORESUR &y SePa 8@50@% CaﬁPﬁn‘?‘?@%{lﬂﬁn% c%%ﬁ?ﬁﬁé&%elsiﬁ\gnal s for
transm ssi QbR Jrhile SaMhath MAKIEHC yin leatitfite drdeth dfhhe sactentdl M signdlsr ecei ve
and separation_ circuitry configured to receive and separate each of the
cochannel mw%qdﬁaagaﬂﬁflesm%%@rcawéﬁ%e| FM signal s of the RF data by

using parallel interference cancellation to provide an estimte for each
of the cochannel FM signals, and separating 15 each of the cochannel FM
si gnal s fr doo1s] iernethahasee], disMbssiddwedins isof syste fos cempagicrion, gt WsBAsed on
the estimte far each of the coc l. .EM S| I AL doanaRert her
respeib, dilg‘(‘:l}“%g%d gt sirPEy, §° %geﬁgtﬁa‘}%%?%%gs%tang syg%em i ncl udi ng:
recei ve andsigRpafoatrndmisidndnitie samedeghendy range eodpvibe RNGtmg;, andiyeceivecei ved
RF data including.cochannel EM signal s r Lved. | eagency
range and aAndt¥HRATAUGRECIEY! i??élgglgﬁ Yerer %ﬁ‘fﬁ?gggc%cég?é%gg@g%@r ation
circuitry iggm@nfri@uies cochatise FpMasighdlebf theRieddte be sieg partiel inttiersncd o

provide an estiate for .each aof cochannel FM si é}?‘}f and Losseparate
each of thecaaedRUAHE Pr %?‘b?fgfn%%e;}sro?ﬁcﬁf’ﬁ%? cocha f?\tﬁgf& %{'gnafs of° t he
recei vied RR.@RLA 1Ras8Ehnasl IV eigaslt idhi ethérasocleaadl FM sighals ob teaereated RV
signals. 25 BRI EF. DESCRI PTI ON C]:hTH DRAW NE%@E%OOZ FIG 1A is a block
di agr am of detabeseden the cptimatgpr gaehiof e sAdRPed FXERBP ng to  one exenpl ary
enbodi nent of the disclosed nmethods and systens.

[0019] In another respect, disclosed herein is an FM signal processing system, including:

receive and separation circuitry coupled to receive RF data, the received RF data

including cochannel FM signals received in the same frequency range and at the same

20 time; and wherein the receive and separation circuitry is configured to use parallel
interference cancellation to provide an estimate for each of the cochannel FM signals,

and to separate each of the cochannel FM signals from other cochannel FM signals of the

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

25 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.



7 WD 2006/ 107932 PCTI US2006/ 012444 [0021] FIG IB is a block diagramof a
signal separation circuitry as it nmay be inplenented according to one
exenpl ar ywerthadionssat of the di scl osed net hods and syst ecs/USp@BARI4441 G 2
is a block diagramof serial interference cancellation circuitry according
Lo 5 0ne gAapkRLyIeTPQdbbe b W Ainshospto: Redsand syahens. [0023]
FIG 3 1is ck diagramof parallel interference cancellation circuitry
accordi ng implewraedrerwpiing jo emberimmny eabofiment pk teodiedrshb MHERRdSs F1d

syst ens. [Qgs%éﬂls FIG 4 is a block diagram of signal separation circuitry
according to oné exenplary enbodi nent of the disclosed nmethods and
systens. 10 [0025] FIG 5 is a block diagramof parallel interference
cancel lation circuitry accaording . to _one_exenpl ary enmbodi.nent of the

di scl osed NRA2RHELC.2igablpsk dipgrany ¢f5omyl pprsrenge capoghigtion GUEIiLy acgp %%P ®ct ed
audi 0 yol t Jge eNRkIHS efnbiBment[od B2 Clisclokéd methdds add bystemnspl ot of detected audio
vol tage versus tine. [0028] FIG 8 is ais a plot of detected audio
voltage versus tine. 15 [0029] FIG 9 is ais a plot of detected audio

vol t age ver i . [,Q0 F1 G .10 4s.a | li o
vol t age ver@@] LIF:[@ 18 a[bg(ffg%}a“ ogof Iia%aqezmgerfegenge %ﬁlﬂg‘%nag{m gciuggyt %gogg%i 0

vol t age veris e éiemPlary ERSARNENT bONe Aisclotdd WSTRAT bvESYERBEDI MENTS 20 [ 0032]

Usi ng the disclosed nethods and systens, cochannel FM signals may be
separated from each other using parallel interference cancellation

techni ques. ;ohd); 978  48isVID FARGAIALA3Sr BighdIepRiafbD ity aeethh@dy nenne the
cochannel I’—[ signals may be chafacterized as transmitted FM signals having
a known t engremalarysemhedimangof the disdosed medhpds endpysFghal s. The di scl osed

met hods and systens may be inplenented, for exanple, as part of a receiver
or transceiver in any manner suitable for achieving the cochannel signal
separ gpi on [pess]IHe. sascslbdkedagrin of pawule fgerfteéret bancfIBAidR Pirdwitguamotitug

illustrates one exenplary enbodi nent of system 100 as it may be
i mpl ement ediotofe PEERAIATE ©F ?ﬁlWﬁnté’ég’grdéicg)si‘g‘Pﬁﬁ%%?él&ﬁf@%g}Sgnal sslands 2in
an

[0026] FIG. 6 is a is a plot of detected audio voltage versus time.

[0027] FIG. 7 is a is a plot of detected audio voltage versus time.

[0028] FIG. 8 is a is a plot of detected audio voltage versus time.

15 [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

20 [0032] Using the disclosed methods and systems, cochannel FM signals may be

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

8



A overl oaded signal environment. In the illustrated enbodi nent signal s |
is a stronger signal relative to signal s 2. As illustrated in Figure |A,
system 1080i20@/wdsg a single 10 sensor in the form of ecmgiseccantimnna 120
that is coupled to receive and separation circuitry 114 that, in this

exenpl ary estiadim@int the cotbbt@EBEM SERIMBayPEd hafalctetibdd Elfsyl'ralag-rgltte@ Pwélglﬁlst 0
signal separation circuitry 112 1t being understood that an

confi gur at | M2 KRBt (FIPRTRY sEutur dn f‘}tﬁ’ﬁr*’élﬁmgﬁiiﬁ?gyalﬁ‘afhﬁéhsél?é?%yléﬁoﬂﬂﬁat i's

sui t abl e f o#nd spashomay Berﬁiﬂ@n&ftecfrﬂfr%xﬁﬁ 16,38 pirt SNAlec SRR BhdsOvdr3S
descri bed el sewhere her 15, [0034] st em 100 is illustrated configured

as a recei VBIGKF ySuighle |3r’f PW’@ér@elﬁPCha%M\‘@P spRaragjon| r%étsuﬁ@ﬁ@rlh‘td)od t hat
i n other enfiediBRMegit he di scl osed nmet hods and systens may be
alternatively inplenented in a systemconfigured as a transceiver. In
addition, it is possible that nore than one antenna 120 nay be coupled to

receive and ratl n.circuitry 1 anten 120 may be a
single el enen ?ﬁ uer?lr%g st eséﬁ‘ea?ﬁ?'géﬁg qqu P? WSY‘T&‘%I G2l RAYdR st ood
that in other 1errbo i ments, an verl oaded sj gnal envi romrent nmay incl ude
nore than t# nWeF"‘c%liVE;r?& 0 {epRyas) corlinpel BN pigealy 5 n apd gup eing ana,

antenna 120 is coupled to provide a RF data 102 that g A contains a
conbi nat i onowfloaetl tsignhlecnveowiemd IiMesillgstates embbdiamet sig12a1t501 ise etrongerpat h
circuitry 110. Receive path circuitry 110 (e.g., single channel tuner or

ot her suit a@i®il redRiveith Sighdlr ¥). i inQRbi-aw 2hnf01 AT QGRS 08 in @R 9'8% %ﬂs the

received RF data 102 from antenna 120 so as to provide recel ve ta signal
104 (Y., @QSO@{ igi thy Ifert ofiethgtchanteneh )120tthatt is cxoopibt&ﬁ@&ec@@ﬁt}elnﬂe&épmﬂldn pl e

signal s s g 14 '&19‘: ?111 %P?%}Igo eaq’g%%{bgc%m%ln (%rlljcll c{% rrecgldl (pggll cgfcg}t?y ! errent ed

as part of |taI Ssor; or W try)
Signal 9 WDL@I@OG!Ol(S%@@Z smﬁkj&ﬁﬁﬁh@lzmﬂ it @enpgraidembodl ﬂmtuamyyothérZ is

configured VE dat 104 .fro circuitry
170 and o SOpERERGFAN KRRy o aRd oo PRAET GRS wlGhe
separation mnrfoumngroye dﬂrﬁonwf dmarsfgn@jwematio@ t@ko&asda)emlsbwmrehdelhf erentiated

signals s | and S 2 (e.g., as respective separate signals 106 and/or 108)
to other receiver system5 conponents not shown (e.g., conponents/circuitry

for furst her opsfaBs8iN%00 ﬁMlluW%ﬂfghﬁ@mse& Ceckive loLIyV\QL}Jsdembﬁl Fi%ql%r ppood that
separate si 1_glnal s 106 and 10 3/
owever, it will be understoo that in other embodiments the disclosed methods and
systems may be alternatively implemented in a system configured as a transceiver. In
addition, it is possible that more than one antenna 120 may be coupled to receive and
separation circuitry 114, and/or that antenna 120 may be a single element antenna or an
20 antenna array. It will also be understood that in other embodiments 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
25 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



provi ded simultaneously by signal separation circuitry 112, or that only
one of differentiated signals 106 or 108 may be preferentially or

sel ect ablwopo@viodsd by signal separation circuitry 112PCTWSp@8863444 n t he
practice of the disclosed nmethods and systens signal separation circuitry,
such as ci repirhfioh dilcditsf 113 BWosfiduied FB¥cdR fefaNANRRT ﬁghalﬂibmfoﬁméc%w cuit
configuration or conmbination of circuit configurations suitable

separating pat® cﬁEulﬁ?rlQO%ﬁ%%garatG%h Q%}gnglM %' al § €AY showrt & ?ﬁn\éled from

one or nore sensor/s deployed 1n an er oaded S|gnal envi ronmel

exanpl e, in one.enbodine arat 1 cwtr may be confi gured
in gﬁy rrannEPAELeT ST lét‘fgl?r]fﬁ?feﬁdg 185?11 eé?i?f’ﬁﬁ r‘?@lngls M é‘?dgnalgs in

an overl oaded environnent using data obtai ned fromone or nore sensors
usi ng the df sclegseds ﬁ%ﬁﬂ%ﬂfllvelsepmterﬁ&mbnw elai/mem&ituoooth@remhquumtene g.,
cribed in relation,to res 2-5 hereln In

usi ng t ho s de u

one enbrggdl neg?pogés{rlltsgn 5@ @ﬂOncmﬁ?WlﬂfF/f’f‘i}“tiylszBf gh rREOqeRsings i

i npl enent eddmmdaladomldtca) 8 gitiabe PdefeHd Qhat(BSfte sdaldl 1106raaa.t108%a>y bedr i n
addition to E‘E%D " nal 1i},eBar atl ncircuitry 112 may npl ement ed

usi ng any of'f By Engqus §F1&ﬁaé’|°np?l g‘é)’sdll?’s or [%"’63‘?‘]13’ 1ewpf | be
under st ood diffadentii&l $iphals1063sreld s endyasd gredien@dilyrdr GUleSadif ptS iR SFRIARY  only,
and t hat an%aot her .conf L}ggratl on of circuitry and/or sensor/s Suitable for

acconpl i shi ar%'i“ﬁh“é’fcu@’é( ation according to the methodol ogy discl osed
herein is 25 possible. It will also be understood that although Figure IA
illustrates separation of two cochannel FM signals froman overl oaded
si gnallOenvi W@Mﬂnﬁhe piagicdiod (tﬂleo@s;ﬂbsmbmemdds araim;}stsms tsigna sapajattm diroitr¢rent ed

in overl oad i gn [ tha ree re.cochannel FM
signals. In Fi E%Jf&éc " ﬁ\ﬂ fq;n ’a?’?f | eolﬁn g‘fr?eé’Lﬁdt‘fsinfﬂ BTN i gur ed
to separ at eorcx@mmneil oFMramgmmﬁgurstmns anithble Rr asierdtiag pﬁr@\or derd basEnas 10 WO
2006/ 107932Coc qgé 444  se arda%r out ut si naI ) & nd. 108.

However, it HEFSt 584 TR Ye ﬁ?faf’n é’ér}ﬁ?r t {G7PTSi ¢ y?ﬁ‘)}nnaé{y be
configured wmrloﬁd&érm@ﬂb@dhfmﬁieﬁt t Boﬁa{hm’pad, €n Qb MBodin®ne mgﬁﬂcsl’é@ﬁﬁl@in FM

Si gnallsr ecei.ve fron% gver oaded si gnal bg#w rgnment i ncl ud| ng. two, or

nore cochanfet™ Crondeyed magy &g é‘P@ PLACRIGV DL §Pparation of echanngh g s 2
fromthe 5 M&Egneﬁdﬁdn stfegl’baﬂedediWi'rcﬁlﬂtﬁHi\iEt’ﬂélngﬂatd:blg&ih&i #r6m oh® of Rbfe LB d, an

over| oaded si nvi.ro i ncl ude. an iven total nunber of
r&qgﬁgﬁsgosegrpar nteH:E1 Iy ence canceﬂatlon tg/chglques e.g., using methodology

cochannel
such as described in relation to Figures 2-5 herein. In one embodiment, signal separation
circuitry 112 of Figure 1A may be implemented as a digital-signal processor (DSP).
20 Alternatively, or in addition to a DSP, signal separation circuitry 112 may be

implemented using any other type/s of suitable signal processor/s.

[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
25 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



di scl osed net hods and systens may be inplenmented in one enbodi nent to
separate out any nunber of the cochannel FM signals that is equal to or
| ess t harwoheodoresk nunber of cochannel FM signals, asPpPomEysSb@cdesiss ed or
required to neet the needs of a given 10 application. In one exenplary

embodi nent , sepdifte Ghugaid diglR! 1006ReN100f BOGRAINNE wiliMe ShaRabs TRY sRfal
characterized as a.nupber of cochannel EM signals having a recei ved si gnal

strengt h griEBAafon; Hightey B, by, canfigheed 18 ofhep ghodimews ﬁbFWafa(eO‘UQS’EIYPW@ur e 1B
is a bl ock GcRGhaN RPARNGANR %Hﬂb%r%a@éﬁ@@ﬁiaﬂ&ﬂﬁro%e&'lmm SRPGr ation

circuitry 112 as it may be inplemented with initial signal estlmatlon

circuitry ri‘xéfe%%@ha%&vélgﬁ% Q%ﬁ? Qparrsﬁg%hl;f/elf}\dg%‘-ﬂlﬁ 9815‘&5{1390 angP@fal | el

interference cancell ati clrcul eat ur SI gna
separ atsi on averleadied rsygniﬂﬁmrm}ambﬁat oﬂTEigemsnAedIn thisd fegadnyin hﬁéﬂMﬂé@ s@ﬁﬁil/ or

ft figuration s able for performn cr
Zf)sem;?ecggytﬁgﬁn “I%’?ayewg f & §hE™ & gta raber o 3&?‘?%@5@ I gori t hm

of the di scdias®ed ﬁmmbemmekemmws uﬁplymbﬁed mﬂr@mb@ldleu&br@epagﬁ@eﬁtal

pur pose 20 rocessor ed Digital nal cessin
processor s &Wﬁ Era‘ffsﬂ&?lc g a{( S“g“f"llts éf‘teQHa P’é{??st’gar( FB&SIt‘f‘é)n“Hﬂ?F’é‘Pfd

Pr ogr ammabl @ckabe BT disld RPGAS) be BEDON ITFBRIBA tb QBHCE (HoENEL 6F an*&és;)
conbi nati ons thereof, etc. 100391 As. shown 1n Figure 1B, initial nal

esti mali on BPHAGPET 1 990 cxeplary qgbediswpt, iy piven okl dlupber eloichameldBMa si gnal
104 that i ngidesa osTohdaderzb 5é Qﬁﬁhﬁeﬁoflco%ﬂﬁn@l v s@é?ﬁlstlﬁvﬁF 25534 de an

initial estimate of signals s 1 and s as respective signals 170 and 172
to PIC ci régpt fipngberesy thagpgier S?@gqlﬁﬁﬁt&ﬂbﬁthﬁOé manner as will be
described further herein. As further illustrated, received data signal 104
may al so be provided to PIC circuitry 300. PICcircuitry 300 may, in turn,
provi de i 0638} digst ilBaises blbob déagthni@ﬁnﬁmg oe@ eRemyblary fensiodin@dns of signalnd s 2

G T R T R R FENCNE SN
signall5s it 108 preeidéd béimvieerd Feeeived tath el 1®RISiidpdrailel Qﬁteﬂféiﬁlcslogﬁk&llatmﬂ’ e
g:‘ Ots ﬁley S?gﬁéﬁfg”%}rceusm}y Q(?O.t ﬁéja%urgsaol s(lagng{ seE)Qrgﬁ()Sr{ Pc?i&tly ﬂ% may er %lplle(:)&esntedeSt | mat e

using any hardware and/or software configuration suitable for performing the tasks

described elsewhere herein. For example, one or more algorithms (e.g., PIC algorithm)

of the disclosed systems and methods may be implemented using general purpose

20 processors, specialized Digital Signal Processing (DSP) processors, Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs), Programmable

Logic Devices (PLDs), combinations thereof, efc.

[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

25 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



[0040] It will Dbe understood that Figures IA and IB are exenplary only and
that signal 5 separation circuitry 112 may be configured in other

enbodi mrenwe 20w/ 2mat e greater than two conbi ned FM sipgmaisgooshats4say be

present in an input signal such as received data signal 104 received from
receive pathy CBY Gl rﬁvéhjégtuﬁﬁte bf #Bvert fsfal, Stlisfnibbht&hﬁ@lw 1665t rdcant estir@atpr act i ce

of the disclosed nethods and systens, Initial gg es &Fﬂtlon circuitry
may be anpf éhe signal myorg @iqsgima@pqoaslﬁnaieééé? \‘}‘i“ﬁd’a]é‘e {tae ?g@ah % HECVINEI udes

two or noregy &gﬁpbp@lgs&gaﬂ:m signals, and for providing an initial estimte
of each of e two or nore comnbi ned signals (e.g., as respective signals
170 and 172) to coupled PIC ci rcw try. Exanples of such ci rcuitry include,

but t 1] S 1 f Ca
ciroul try. T ingBetingpgpEtos e TRGRA TR AE PR Bl B nPhi b,
| nt er f er engepiatmeditcainyon 2(mat 6e )conﬁlglﬁredl moojhdrreynuohmtentmy dsernatmgmm@nt ed in

one exenpl ary enbodi nent nal .esti mat 0 of
si gnal sepdha ‘iW&ncoc’irf]%“E‘H m\iﬁlgﬁiﬁﬁﬁfn’ﬁ?ég PESPE 0 PR nipF# LENRR Suc a[S re%“%g
enbodi ment , g8l feral {EUeddived 2eh leeivd 1AM iy 190 beﬁomcoﬂreeszmable ssumgl Ia

received data signal 104 that includes conbi.n FMsignals s 1
and s 2 frdhe peeiised theglisclpsed methpds ﬂ%emﬁ*m%é’rgnna ﬁ'ﬁftf(’ln BEVUREEr st ood

that circuigerany %qulﬁ?)éulfa%i‘eeﬂoi/ﬁc@wa@ a%aﬁ@l@alsthgﬂﬁblucﬂd@aﬁ/o Ioﬂﬁiobﬁ(:k&ﬁnlﬂmndbl ned
multiple FMsignals fromany_ other, suitable si %?na%t&fa%urce Furthernore, it

will pe unc@\‘lsﬁ!%‘é]@ ilafor PWV@EW igitbentimein 5 P Ghaiere SOk i on

circuitry 23@%&1&9(@% NQtesPE GO BihAY I ROarISI 73) fo EduplIPIC Yircitdy. Emhlﬂeajoﬂray be
configured |

ot her manner suitable faor I‘OVI din tes of
FM si gnal s ssich lealht!% ielydg, MtEre P?tcltl}P’t“idytOBéB“a APEERTR |¢Fé‘1°?/1 o ?%Ssgblr}gs& bl e
that circui firv t{}p .y be 25 absent fromcircuitry 112, i.e., circuitry 112
may be inplemente only with parallel interference cancel lation ("PIC")
circuitry 300. [0042] As shown i n Figure 2, SICcircuitry 200 includes a

first SIC stage 250 that .is e I G 260.

First SIC s‘coagﬁ Biggyei2ng IaLPI(]ﬂg dgal @ﬂ@%r%lr%%{engﬁ u%a?orég{:&lglrla?ﬁ)lﬁ:t ry %2 t hat

i s confsi gur gebukty HRE Qhabyebé nlﬁpllbmsmtgdlaﬂl oh8 4exetplagys bmbt&hmenth@ injtnl \Agnal

2006/ 107932 PCTI US2006/ 012444 strongest Si r n I | 104,

and to out pEtimaHPy Sy @ ofs sigpg) gparalst © %ﬁtgﬁlé@ﬁ SOﬁlaﬁ{@

i ncl udes phagghphg cABBinbidSICaSc iR RO B shown umﬁfrgyreawrebdﬂm smge receiméd gur ed

to receive input signal 104 and to receive signal 222 from single signal
data signal 104 that includes combined multiple FM signals s ; and s » from receive

path circuitry 110. However, it will be understood that circuitry 200 may receive a
20 single signal that includes combined multiple FM signals from any other suitable signal
source. Furthermore, it will be understood that in other embodiments initial signal

estimation circuitry 200 need not be configured as SIC circuitry, but instead may be
configured in any other manner suitable for providing initial estimates of FM signals s 1
and 3 , to PIC circuitry 300. Alternatively, it is possible that circuitry 200 may be

25 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

12



denodul ator circuitry 202. Phase and anplitude estimation circuitry 204 is
configured to 5 estinmate phase and anplitude of transmtted signal s 1 and
t o out putwohoe/pPsze and anplitude estimate as a renodeCatusdoosiogiad 224
that is nultiplied with signal 222 in mxer circuitry 206 to provide

estimated stron gnal s 1 as 1 an 170. In this regard, phase and
anpl i t ude e§tf9“ﬁgsgf‘1§ﬂa ¢+ PGP i sigmal }Fg‘yarlﬁléopﬁﬁlféh@ﬁﬁtgaatﬁgﬁ %@ab%%; Hifsgori t hm
or met hodol tapl [ 2| [ (o] La smtted
10 signal sg%yls%gb u%?nﬁ?J %%%ﬁgigﬂgﬁte 51Q’l t se gglrngaglg hrcé%gﬁ(‘rgl %Oe f g
squares, et eonfigpEd3p rereivel lnp@tf %gn‘ail g4 tand I¥o g@neeerS,lgrat 222rditosd sinplearigabt

signal s 1 Q4 i r 208
ina nannerhi%&&g? (%rgﬁggﬁg% gﬁs}?%enaa 8’ roﬁétesat%ncu t}Q’ Ohlic?ql} Hma
receiv dag 20 im fi resi dual signal 223
that 1S nextiipl PBREaad rPORag 8 sapiiied g%a.sugn%ooumgtﬁmaﬁ? B
second SIC @hﬁ%d@@@m;h&- hdg lréiﬂ&ﬁla‘@édﬁﬁgr?al éwﬁlﬁk @ﬁﬂﬁﬁ&ﬂb@m Ghdaf9b3 y 210

that is configured to receive |rst residual signal 223, to estimte the

next stronggsler hORAY $06 BIFSR gt

estimate as si grzjnar gg Eﬂ}sa?égg%ﬁb%%gg’l sag ;ldrllc? og?‘ ghbtasen glrllsd

anpl it ude esigandapha:sn aod ramphtudy eﬂﬂlﬁaﬂohaﬁrcm&ymnfmeg}Ub&dnﬁl@mélﬁ&EhMﬁg by St

resi dual signal., 223 0 rec na 230 from singl.e signal

denodul at orgl t(h,ml? ?atg%)tlo%ynsu taetf'}ﬁﬁ E’@"%ﬁ Ritgsg and gmp Hg'é% ogr‘i’dn%‘#ﬁf’qtude

estimation cir ultlqué{.l ghase and anplitude estimation circuitry 212 is

conf i”SWr ed P&"est] n%rfa ARl Qﬁ%P‘ﬂ‘{aﬁaé@‘B’FSlYerlﬁ?ﬁﬁﬁ“ﬁeédﬁ%l gnal s 2 and

to output this estinate as a renodul ated signal 232 that is mxed with

signal 230 in mxer ci rcui try 215 to provide estinated next strongest

signal s 2 as signal 172. [0044] Altho@;r;h not illustrated for the

enbodi ment P43, %ﬂ]r @feznna to Wit dp sstipaed gropaest sigmalt hads @n@l@qdr@mlgnay may be

configured 11()‘9 t Juo signals.
Al amdgﬁﬁfsanﬁlgf 2@5h AR OaGL AL LI stmﬁgdﬁs%i

For exanple |ng ure nex rong es 172

that is ou “fr xer be co fl rst esi.du si gnal
223 in a rra%]gl% oq?he\ﬂffeivﬁégftf 5@?% @2@5@1 ]?Aﬁﬁfre ‘i“f gl@i%

second st rOﬂ@ﬁsheﬁlfmlsecbﬁastﬁg@zeofdfrc:ﬁ&unl%}e@odil&sl111§sln%a| seédm 1858 ezdsbsl ng a
sumer_ sim]ar to sumer 208 of first SIC stage 250), creating a second

resi dual si frkfes ?lﬁg]ﬁﬁﬁl%’r‘ﬂ Spyyadilatoss circuiffy 240 4 %al\?éobﬁﬁﬁecl:é(?lé’éqelvédﬁfs‘such a
second residual signal may be fed to a third SLC stage (not shown in
Fi gure 2) tteaidudlsisael?2B gigresiimalp thelngxt strondestrsignabind pBesedopign:3283,sihdges 250

and 260 for Olﬁ]%&tl tﬂas es?lma%f asasétt}all 2@0 st ée(():gl%e §{C s‘éagen 36(? aTQ)so(lgclzlﬁges Iﬁlase and

amplitude estimation circuitry 212 that is configured to receive first residual signal 223

and to receive signal 230 from single signal demodulator circuitry 210. In a manner

20 similar to phase and amplitude estimation circuitry 204, phase and amplitude estimation

circuitry 212 is configured to estimate phase and amplitude of transmitted signal ; > and

to output this estimate as a remodulated signal 232 that is mixed with signal 230 in mixer

circuitry 215 to provide estimated next strongest signal ; 2 as signal 172.

[0044] Although not illustrated for the embodiment of Figure 2, it will be understood
25 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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shown). Such a nethodol ogy nmay be repeated in additional stages as
necessary for additional signals, i.e., as many SIC stages nmay be serially
coupl ed awoizsowesded to estimate a given nunber of confpcmas26okosisgnal s
present in received data of an input signal to the SICcircuitry. 10

[ 0045] Fi gudseroJahdel u&%&@%&&;geaesigxm@q% MR fiRf RAGA diglar 1298 G{E.%.? LERES

cancel l ation ("PI C% Ci rcwtrg 00 that may be configured in one”exenplary
enmbodi ment FEIHEMHRE 19 NNERGERS ofrBEsk SKSstagerAS0h feregtingnsecordresidedl signali rcui try
112. In the illustrated enmbodinment, PIC circuitry 300 is configured to
further refinndidhsignalstsesant s edeve Isiegnaicelied] Sacida sec@ndugside signaitmaycheeach

si gnal i ndependent.l in each of multjple_stages. Ln this regard, parallel
15 interferigﬁé%aglg@clgq %}?geoﬁot aﬁl"v@"l}’tﬁl&%’%a}fg‘? 1556 1%?341?15{1}% o3finglagndp e
configured to estimate each signal on a data bl ock by data.bl ock basis,
i.e., to eseripdtdCsitaganPodand efhtor pstfrpgtion of arthisd praemges sigaelas bl(dlek ptnh a

non- stream n X h LI CLtr 00 may be inpl enmented
in one enbo |anjr'311t gt&%l ?)r[nge\?hl%gleﬂo@#%?% regésat??dr:r% éé%élt%()fl Xls%%%'?glag%secﬁssa% s 2 for
further procdgenaigsignt, v.ef ianamapntSIOystdeCmag (becseriellly touplDk isRle€dal tocui t ry
300 may be inpl d t dvant age . 1 prove, . A esti es. of. signals s
1 and s 2 oé\?g?latt%g& lr’%sﬁ'r@)se?g}‘ Cgfl%%%c?iral?:/iu%{%r%aggjlfﬁﬁmafnorﬁ%?qunn‘%%ah?fsan Wg‘étgr d, PIC
circuitry 39ghah@thd®I( aiphityyent ed t o provi de superior results to multi-stage
SICcircuitry configurations as they may be inplenented for signal
separation alone. Success of later SIC stages depends on the ability to
accur aoel y o4 aliguté 9NRlsabs G0 dRbdAlE: Bfliarﬁie@ﬂﬁe?feréﬁ%@@éﬂégﬂatﬁﬁﬁ “pRES
estimation errors tend to accunulate quickly. Since accurate SIC signal
cancel | at i GHCREYAOP dhat supyshenonfigired inapne premelaysuibedintesh toogpetitymaltlock

anpl | tudes a6 RNASEST AN hlrm@Rl Rl ONLT (PR HifickOunliBathdi Fic
breakdown of |ater SIC stages, even though these paraneters are usually
not needed f.or. ul at i 1 06/.107932 PCTI US2006/ 012444

Fur t her nor eJ,n(?:l[“tﬁg'iejsl%;jl 3 F?I%%%é’q? Y E?egllrtﬁgrb%gm? ﬁ%ﬁnza?ﬁeoi?aﬁ% |Slg_rl%i _fgriaﬁn%déé ol at or

of SI C ci r cdsiiinbiing d¥eh igh® ikdepéndastly, @Dedch of hRItILSARE e1othis Bied, fafg8ce, and

to prO\gi de a od esti strongest signal present, simlar
to th

te of the e.g.,
& captife G@F‘fee‘i?{lceﬁ?h% Bqulgﬁlf‘iuéfﬁ’a?oolf’l@ll?i‘%‘ {pay be CW’@H“?\?&)“%F“&F?M e
si gnal s have nearly equal power |evels, performance of a single< 5 signal
denodul at orcash signat onja data blpgk hagaty blpck dasis, i.e., to estimate signal s | and s » for

each separate data block in a non-streaming manner,

[0046] Although SIC circuitry 200 may be implemented in one embodiment to provide

A A
initial estimates of signals s ; and s , for further processing and refinement by PIC

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

estimates of signals ; 1 and ; 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
25 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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[0047] Figure 3 illustrates a single layer or stage of PIC circuitry 300
that nmay be configured to operate in block node for operation in a

t wo- si gnavoca&e10793a this regard, PIC circuitry 300 nayPoe/usescioganed to
receive estimated FMsignals s i and s 2 as signals 170 and 172,

respect i vel Burthb@ute, iinisti@baly dmadbleanit tnagiiz\%lasfghﬂcdéhfoamat%{l’gf §1e &rcuitfé‘/hi ch 10
may be SIC circuitry in, one enbodi nent). t hough PIC circuitry 300 of
Figure 3 i P¢ BfoRduRctiop ikthe pessense of eerEesnrsrand i ayide gaedesymateplighes 2 as

si gnal s 170st@Agksldignal bfesentfd 4., dBilM#NGIBESHAOR HRator %Icgﬂ\%infi&ﬁi Filre Ty

alternativel e configured as an internediate or final stage of nultiple
stage Pl C cVRemfwe ¢r moge fignalh heveseeapy caedl mewer tayels3paforngnchof @otipgled t o

recei ve estdigii &ndaMatir 9P 8lScitoutbyaht, erad@s Signals 106 and 108 15 from a
previ ous stage of PIC circuitry as wll be described further herein in

relation to Figure 4. [0048] As shown in Figure 3, PICcircuitry stage 300

i ncl udes anj .feren ancel lation circuit hlock 310_in which

previ ousl ynlgg{%%%ﬁ%sﬁ@mﬂ?? 3 sipglg faves o5 sigsg ‘ga@ﬁ cIEyHpy 300 B8t gy e | east
partially caafigirt&eh dgepatt eBlOcVRBdIRE dp&htiintih alb-dighaBehBESthd0’e28, and 304
to produce wei ghted signals 303 and 305, respectively, that are each

wei ghted  tieedifbuitye300eRBy BE BEnARRA-15 YRleiRCdsBShted IFIN @lpnalk -s€; andkgnal 303 i's
wei ghted toward signal s 2 and signal 305 is weight egnt oward signals 1.
[ 0049[ Sti |gignalsflgP minghd)72, eespécgjueln Bym initiph sighal sétgmedios cB3OBraAl (8@5 widh t hen

provi ded t Ve S] ' I ' Lon. h rgnal , .

Csti i on oy BECTEEFbLE bbbl BRg, ERkIRRC IRy a0 e s 50
is used by signal estjmati.on circyit bl ock~320 to produce ne sti mat e of
signal s 1,8%3nd °8‘i‘%%a1[° 559vS %S%H?%FMS@P Bl Bk s SRR R B0 1 b Rock 320
to produce willn8y @abiidbd &haf PIE 2irdiry\B08 0861 h34A3%BCHE LbRRARGT Q1 2444

[ 0050] Each, single si %nal estimation path of signal "estimation circuit

bl ock™ 320 iHterbefdde op Tigplage of myiinle sagmbilyl ettty 7p which3a®, Plgngircaityi ngl e
signal renodul ator 324 or 328. Single signal.denodul ator 322 and

r enodul at or3092uaysleecoyplad tayigeats astmpted EM/sigmilsgnalan® @5, as signaled 06 amt W8t he

strongest signal s.l prese I,n. si.gnal , ,and to. output this estinmte as
S shona 336 mieyids iR Y Pl RsthiPAso IS St e i m3Sata t

confi gur ed Figurerecei ve signal 303, to estimate the strongest signal s 2
present in signal 303, and to output this estimte as signal 332.

[0048] As shown in Figure 3, PIC circuitry stage 300 includes an interference

cancellation circuit block 310 in which previously estimated signals s | and s ,are each

subtracted or at least partially cancelled from received data signal 104 in summers 302
20 and 304 to produce weighted signals 303 and 305, respectively, that 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

25 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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[ 0051] As shown in Figure 3, signal estimation circuit block 320 al so

i ncl udes phase and anplitude estimation circuitry 340 that is configured to
recei ve each of received data 10 signal 104, signal 330 and signal 332.
Phase and anplitude estimation circuitry 340 is configured to estimte phase
and anpl it yeg20k16denal s s 1 and s 2, and to out put thi pcTastdosreiagsof phase
and anplitude as a renodul ated signal 334. As shown, renodul ated signal 334

is multipliegosby baoﬁlsﬁgﬁls?%aﬂsmﬁaﬂahwﬁ oﬁélgrﬁueshﬁ,xuéﬁc@m{ﬁ@bmpyzodﬁclﬁ‘&&' mat ed
signal s 1 as signal avi n%gcorrect ed phase and anplitude),

nd
remodul at ed &iS§igla signsl demodulaton, 322 jop P26 dndyarstnels; signal f@?ﬁ“‘i“‘ﬁr A?4 &t 3%?1 rcuitry

338 to provi dmgRSignaPdefddSlhte I and remd8ulfbididd lareldBdiaMb RN OLiERE 8@ phase
and anplitude). Each of signals 106 and 108 represent inproved estimated

signals s 1 gngtighate tﬁ@é&on@és?mgﬂi 'Aelcﬂr%gntfn? ElFﬂﬁ' 365 aﬁ@% oI ktlid éflRatedd i n one

enbodi nent, suitable for use next PFC cancellation stage (where
present)3’ In sighals330eg8indle signab éemmldla'@nﬁllﬁ tavd] eenswiulatom t 328 rere icondighted yto 340 nay
be 20 inplenented using any al gorithm or nethqgdol ogy suitable for estimating
phase and 4 rexeivb isignale305f tdt estimatei thd etebngdst) bighat S, presentisn Righad GDBLnAge f Or
exanpl e, | east squares, block |east squares, etc. [0052] Although Figure 3

illustrates GR@Y k@ﬁﬁ@%wvméﬁﬂﬂéﬁ%ent of PICcircuitry 300 having

interference cancellation circuit block 310 and a signal estimation circuit
block 25 320 including single signal denodul ators 322 and 326, single
si gnal renodi®MibAs sigsa in FigueZgsigwhestimationcinawipblpek A28 also tiicindey phasecnd c ui t r y

340 and m xer, ghﬁlﬁé‘ bdinatiche ‘f?:'ftﬂr $408hat it bodHehled *?c? r#gi?? e%oa%%ée%& élgtgy ot her

circuit configuration suitabl e for est| mati'ng her 6/ 107932
PCTI US2006/ 0§@1ﬂ4104r Biftiah d Hyand signpled3@.s Phase and mmiwemmn@immgm s (e.g.,
signals s 1 and s 2) by estimating each signal ,i ndepegndently on a data

bl ock by dat zoifignoid thastirsaterahast endamplinde df signalt ki sandregaeand to siltgutathis

estimation circuit pblock 320 nmay, be any .circujt nfi ation su bl e for
produci ng tmﬁtﬂ?%fﬁhaﬁ?ﬁ@ewgﬂ}égﬁbﬁéq d’t‘]ﬁfgg g h@ t‘@&odﬂl rd one of

t he 5 cochanniighals3ynialbulfislied. withSsighah B305inlmixer arca)uypsaﬁsﬁn;ﬁmwdb ekidateded dat a,
then estimating the strongest signal (e.g., signal s 1 or s 2) present in

each of the tsy@alo§ lapﬁ@aptmaamon&t@rﬁh@,anaaﬂpm&r) 480 Féresdulafg sigbﬂ phase
and anplitude of each of the strongest signals (e.g., signal s 1 and s 2)

to prodyge ansi P RYeRbaasiH HBhPI R in GAER ity R840 RAMSk timated signal 5 ,
as signal 108 (having corrected phase and amplitude). Each of signals 106 and 108

represent improved estimated signals s ; and s , that are corrected 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
20 implemented using any algorithm or methodology suitable for estimating phase and

amplitude of transmitted signals .; 1 and ; 2 including, for example, least squares, block

least squares, efc.

[0052] Although Figure 3 illusirates one exemplary embodiment of PIC circuitry 300
having interference cancellation circuit block 310 and a signal estimation circuit block
25 320 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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signals (e.g., signals 1 and s 2). 10 [0053] As previously described, PIC
circuitry may be inplenented to inprove FM signal estinates over those
made by SNG200q0m32ry or other initial estimation circulPCTyuS2006/01230€

exenpl ary enbodinment PIC circuitry may be inplenented to estimte each
cochannel FM signal independently, in nultiple stages that are coupled
back- t o- badrfiznglestimgies @wnﬁblpiem@ﬁ/@melé@wé@-gom@ﬂ& guiapd y ) by gstimatinger i al
initializatjgn.st whi.ch pr.aovi initial .signal .estimtes for the PIC
lrou try A SRl By ek Bl B LB D6, e P

bl ock of a rggavdigrhiCGstmate ¢imyit bivck Beahag bbyung viduitaohiigatidnl suithige @rher

signal estimates received fromthe.prevjous stage f t he recei ved data
si gnal . [00% ucEﬁgtﬁ'lpeoﬁmg’f?oB\rlgceéﬁeg %g‘@ﬁﬁ){hﬁtr ?ee?’?glga‘feh@é‘%{gl tgyaLg; &W?a?fv par ation
circui%ry 112 that, includes imtial signal estimtion circuitry 200 in the
form of SI CogkaRelisigagls (agdsierdts na% s DETaRetin Foeived eatathrpesstisntiae ter ough
300n which correspond to paralldel lLayers 1 through N of PIC circuitry. Each
of PI C st agtenB80sigiahfagighg800n: may Dercenfin ganhedf thstvwo separeatrecesstlage of

PICcircuitg 00,.e.g., as illustrated and desgribed jn relation o Figure
3 above " Aghely gt faf Sorredding i PRAasp ARG TS s Pﬁﬁ‘?“?r(g the strongest igplsd ¢ o
receive received data signal 104 and to provide initial estimte of

signal s s Xegndimabs gsandeg pbia Producs Pniprsoved (pstipete 26 eacipof thefqophanng) C
circuitry stage 300a, e.g., in a manner as illustrated and described in

rel ati on t cignalye.e, dg@boveandrs g)st PIC circuitry stage 300a is coupled to

receive received data signal 104 and respective signals 170 and 172, and
toin turn provide estimated signals s 1 ands 2 as signals 106a and 108a

to seggnd R iy Cuitr t.age. 3 Second 17 WD 2006/ 107932
PCTIUEQOO6/@§§ﬁi?'Hﬁﬁﬁ%%fF%%P ?gqg?dagugﬁb%a §683@§ e & goﬂglgpﬁeFM%ceived
dat a si gnalsigi@lestindtes egqpelotse wade by §itadisuifyca odredinit(ib bstinatidn tidcuitay. t kar n
provi de estimated si .S . 106b to.one or

i gnal,s ,s | s _2.as signal nd 108
Pore add ¢ i SaeRPRRg bt 206 Suckiel? pRb PRE et SRR R R, RSt age
bei ng r epr evelnnael HM sighd tiidepehdbitlyi, imnahltiple Gtageésrthatiate soupledysckI0back &idnal Pl C
circuitry 5 stage .300n provides final estingtes of .Si |s,s.1 and s 2 as
c onal s oSRTSREE iR gkt et i s R el dePaliont SRAL Sekyurandes
il u?]tnsat eSinir‘c]iuBEigﬁHB%siﬁi(ﬂ@foarﬂje e oddlNt Asfso @hgglatd, SBeP afpat toon sfginﬁlCU: ltrxt/)
112 having three or. np IC cjrcujtry stages. In this regard, it w e
Under ot 0od BRI i PEehar AEER KT Fen PRy AT HBPRTBREOAS Hhest her
enbodi ment ssigral SdinRted rezbined Rorftkife eviudistay fi5iABEreOfivddatiaydat Wo Pl C
circuitry stages. In

[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
20 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

25 172 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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10 the practice of the disclosed nethods and systens, any given nunber of
PIC circuitry stages may be enpl oyed as needed or desired to fit the

requi r emewo0@f10293parti cul ar cochannel FM signal envi r @omaiskooslom4ane
exenpl ary enbodi nent, a desired nunber of PIC stages nay be determ ned
enpi ri cal | yPloycitafttyl §i8eSI@Bab cSRRAM Blb@NeGobsitdtdat Whdal 10480{d BLRAL HuMDers
of PICcircuitry stages to determ ne optinmum perfaormance. 15 10%%%\?1

Fur t her nor eggids ¥ehlan§ 0681986 36 8RRt BRbiaE it Rs dadhid §! UShral & gxefp! ary
enbodi nment SSI%éaSsi gna'{lln separati on cfl{r@gi 1trf coaﬁ?sq% f%gdsf%?l&essi ?Srrsélglilagg; of two
cochannel  FiMbsingA88tstoonp oamdresadditiohal MQickcuirg anghs, witlyhallass PIAGduitBN

circuitry e. confiqured .0 LOGES d separ at hr ee nor e
cochannel W%e ﬁ’ﬁﬁ%ﬁ?re 8{68& l%rleg,byi af) c1r§}1r%§(§¥aﬁ§§?&,n. it ?Lﬁ CIEqUEHal
estimatd on circuitr b rovided in the fermof SIC 20 circuitry that
is COﬂf§I gur ¥ e?@%a%eiﬁgyﬁﬁﬁ %t‘?sc?%éllgn%%éﬁéﬁ‘ﬁélzqﬂl@'}%ﬁlﬁﬁ%n@dépgwm s may be
done by adding a second sumer to second SIC stage 260 which subtracts

second signal s 2 fromreceived data 104 and by supplying the resulting

si gnal fronjopsE Iswiilves undegstaodtthit Figutd CilaisaPes fuet dhe exE@MhlyBMRLinRntbt ar to
first and secorpd S g sta%i?s ﬁ and 1%602)- whi ?h praoduces an estimte of
third si gnal'®% FPAFUGR SFH, %WEF 5895 PG qHCWRY Agpsodn Bigerd: s 1 and
s 2. A si mitavillybarehdepdeddogyt Bigial DRpaRin Eictuitd &ANTEOMRerRintedCin Skt 'Y

with additional,. stages to handl e four or nore cocbannel FM signals. 18 WD
2006/ 107932° PTE’Q%@%P&%%@G Pf‘éelﬁef‘]ltﬂs‘?f?ﬁel%m haveprvePIG plsgitet gag?&ylrbe

confi quor ed the phatdd 6f Hhbrdarlossd ABMEdCAaNFEREak, an?iw|ﬁmb595f BXASRufry an
addi ti onal cochannel] FMsigpal s 3 may be handled by providing an’estinate

of third siJHsr ®ay3be pgRioyst p5 ageded ghdesired to i theorpaiirameants ofya partigular S| C

circuitry) @dahamahmcéisgslumm&pﬁﬁ&xi feshel dethPry MBIHRME NG sERANER AL ON
circuit block of the PIC circuitry i'nterference cancell ation bl ock

. Y (€e.g., 1Nnte . calice .
310 of PIC B¢ #pgee rlpaysb?))i?telaﬁaedovnm@eﬁﬁlpﬂ htgstingesigng seraragipn ckrevitthiwith sumer

to a third sieghensiaRAr PeS bidiily AibeP Rl dudhBN B dum Wetilinfinlde signal
estimation circuit block of PICcircuitry (e.g., signal estimation circuit

bl ock 320 of PIC circuitry 300). A simlarly nmethodol ogy may be applied to

configure ircuitr i th additional. sj | pat to handl e four or
nor e g%c hanﬁé&@l\‘hﬂ@iﬂ&}% ’sw hi{ 1%0% er%nﬁagp‘@gﬁg@ Elir’&]l}f?‘?art‘i/ FOBPIBEY Fi gur e
3 has been dstsdimdedobdigna sefratibn GRitry BFIRIRAIBestiaBod bOk: F3Emel

i npl ementation. Figure 5 illustrates one exenplary enbodi nent of the

di scl osed nm@@gilﬁlsagn daiy 5 Lens tlf?ssre.gérd,r@gﬁapfep5%@%ﬂ¥ﬁ%éﬂoe%h%e@to

process and separate three or more cochannel FM signals. For example, in one

embodimernt, initial signal estimation circuitry may be provided in the form of SIC

20 circuitry that is configured to handle an additional cochannel FM signal ; 3. This may

be done by adding 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

25 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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stream ng i nplenmentation of PIC circuitry 300. In this regard, a stream ng
i npl ementation of PIC circuitry 300 may be substituted for a block node PIC
ci rcui tryw020@007932 si gnal separation circuitry 112 of PCguse@eiof44413 and
4. A streaming inplenentation of PIC circuitry may be desirable to reduce

or subst antjped] siallidy, PaC Rirc@iry May Beh@infibi¥d 86 GaHdi@thrdd QCkoRQUBRALEES Of
endpoints, e.g., due to Fast Fourier Transform ("FFT") filtering during

derodul at i QfnaRUC RoA e Sipha Mgkt HRAIC BR AL Re] 2 SR be mantk Lagdtﬁg& operate

in a continuous nmanner on a sanpl e-by-sanpl e 20 inclu I ng

denodul ati on and signal ,reconstructi on tasks.. In such, an_inpl enentation,
anpl i tude 4" lﬁﬁggg%%‘ﬁter&&%‘% St ?f)e’r (B’HPétb‘ﬁB’ﬁmg CHYRRIOR BT ésﬁ-’ss,lci nst ead
of updati ng; Pethid ek GAMER thd | ' i i: ul ation
conti nuous@zgﬁﬁggk %rognda?g/ﬁgr obl er?s §Eegfe¥éggeu%%&g%?&éJﬂgbbg?raﬁgotc?g)%

r

avoi ded. FUitharwimele aniplerfersace eanecllafpm dlock S0 whthIG rFircwisn SS08), endgyat ed f or
each sanpl &oliflid h@ButEAYFRUAHS silnhfith AnirEsifiele sigral YSiiioR ph hpe |east
squares (" ngsﬁl)n?glprgcetgur_e r at h_e?_t"lan a bllro?clgg_f glglgat s_qualroe_g @%E%‘?%e\gch t hat
derives an “eighin et sbgnghesiinretipns eiragit dddek off PEG chigvitan (b 8- hedgnat essigmtien tingudt f or
each new bjiggkssol R¥ELbiff86H I PG ' %SM@ nat e
enbodi ment of PIC ci r_Clj;ilt_r_t?;i g(_go co%‘t‘?gg}%ﬂ“’@gg%’ég‘ﬁgtbg n g??%@négﬁ% nmode.
In this al tRBEmrarceityibddditional siphat paBetodiandlaifeurpr 808 dealsnasl Fivhsigndler ence
cancel lation circuit block 510 that includes sumers 19 WD 2006/ 107932
PCTI US2006/ 012444 502 and 504 for subtracting or at |east partially

cancellbng [0ess] @ishyplags PiaTek@ftrS BON 3L Biguft Ahes bedddbs&itdd fabord 48 gived data
signal 104. In this regard, interference cancellation circuit block 510

functions st i"l_tbé‘?c%‘é?‘@ﬁc’@%“é‘??@@ltl%ct i e+ dipstratey 9Bk e33Rl Fi gure
3 to producgnyuimdt 66khe H8E8ded DI %Cms hESREF bl UGl I¥merdidiAb eRbRySACH

wei ghted 5 toward the renaini n%) non-subtracted) signal, i.e., signal

i s wei ght e"CHAEd BplgRetatiog p sugHEy 8¢5 i dn vibisgreeedl. t dweiredmsiggnal s

i . [0060] Shipldmdn@high bf P Lifbuitty RAThAOb dbstihited Yrld Mok A0% BOOiRLik gure S,
each of signals 503 and 505 are theri provided to a respective single

si gnallSest i 108t ironigpalt bepetation sitgwiby 11@sof Miguremn 180 riduiand t/hat A pismingt hr ough
signal demgilAldfaibh of $ie BLARK e REHIH 1o SR AbJhndill Eltinbnal OOk

550, phase and anplitude estinmatioh circult
errors that may occur at block boundaries or endpoints, e.g., due to Fast Fourier

Transform (“FFT”) filtering during demodulation. Such a streaming implementation
may be configured to operate in a continuous manner on a sample-by-sample basis,
20 including FM demodulation and signal reconstruction tasks. In such an implementation,
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.,
25 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

30 circuitry 300 has an interference cancellation circuit block 510 that includes summers
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m xer circuit block 590, As described bel ow, weighted signal 503 is used by
signal A estimation circuitry of Figure 5 to produce a new estinate of
signal s W a0udiomseght ed signal 505 is used by signal estTiusattoom4dasd rcuitry
of Figure 5 to produce a new estimate of A s |I. 15 [0061] As previ ously

mentioned, ®achdSiodIheCsudisthial £t 1&&%&3@@5& dﬁbﬁ@@él y EsthnlaiR &

Ci rcwtry of Figure 5 passes through signal lator” circuit ock 540

el aor® G 0% HonPhdBiLA obh ARaDI0: | B7 o gsefeggﬂdb?nqeéeen%{%v st

denodul at or i rcul nal Oof CircuUl
t oget her arcercﬁionﬂdoguﬂe)dﬁmmdnecs&hﬂae Y @&afereﬁ%canbalaueﬁtcﬁraﬁt ®ldches 19t de.OﬂgeSt

signal s | se i 5 0 output this estimte as. 20 signal
525. Simil g‘f@ géf’ ﬁ"ﬂ?m%‘éfﬁléh‘ag é’u%B?a‘S g?#@tﬁ 05b¥681&f1€“%ejbt Fidrsraghareighisdul at or
circuis bltewkrdﬁﬁ@rehﬁgﬁﬁé'l@bnaﬁlﬁraﬁﬁﬂf §iEHa1,9¢,, tsfgnalesz)ghwfeggh@aa&wa‘}@§1 gnk10
estimate the strongest signal s 2 present in signal 3, and to out put

this esti na;ga§§51§ﬁag@@gls@% hte[dQQ@a’thSémllg referring to Figure 5 signal
denodul ator circurt bl ock 540 of streéeam ng node PIC circuitry 300 includes

del ay bl ocks 541 and 546, conplex conjugate blocks 25 542 and 547, and
m xer bl ocks 543 and_ 548 that coupled together in the manner shown A to
estimate f r@?ﬁpér%ly rgfertingdig slipgmiae £ ﬁHP‘n@Y ptagg 300p0f Figure e epgh ¢fstignatsed

confi guratiseg f 505 ARSMeS PFRNRBER & re B&%vslelln %na%ﬁﬁaf?&n r 9fsi &ﬁmgna' s
505 and 503 at a previous tine is WO 2006/ 107932 PCTI 82006/ 12444

subtract ed @ISP’@ﬁ‘ilthélf‘ﬂWd@la‘aVéﬁeﬁoHﬁ@‘éghoﬁﬂgfraés%ﬁ@@ﬂliﬂ@ﬁér sirgtblws® 5549y sEod by
del ayiipg e%&ﬁulzﬁbrga?cjult' Blodid 55’(?%99&:'[ én\deargﬁlt@dé Qifatfor Sl bRAE 566 C4de0r M Ng a

conpl ex conjugate on the del aye inits respective conjugate bl ock
542 or 547 MEpCEWEPleRk Wy b5 dewb@dg pélgwnyeighied sigsell $03wistused he signalel ayed
signal inits respective m xer block 543 and 5 548 to prpoduce signals 521
and 522 thaﬁsﬁme@ne@@nttrya}f Rigure ﬁabe)mﬂucet hlaeWreemuﬂamj sighalsé gral sveightel and s
2, respectlvel dul ator circuit bl ock 540 al so

nal
i ncl udes arff"@ 1? 3&“3%&?‘@5\ eﬁ'&‘ﬁ‘%“%‘éf Uiy © g Buier Rrediet hae R AYIOI ¢ he

phase di ffe}f ence bet ween the del ayed and undel ayed signal is extracted
from signal%1521 and 522, respectively. Each of the

15 [0061] As previously mentioned, each single signal estimation path of signal estimation
circuitry of Figure 5 passes through signal demodulator circuit block 540 and signal
modulator circuit block 550. As described below, signal demodulator circuit block 540
and signal modulator circuit block 550 together are configured to receive signal 505, to

estimate the strongest signal s ; present in signal 505, and to output this estimate as

20 signal 525. Similarly, signal demodulator circuit block 540 and signal modulator 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
25 542 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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10 resulting signals is then passed through a finite inpul se response | ow
pass (FIR-LP) filter 545 or 530 to produce a correspondi ng signal 523 or
524 that we peeomised to signal nodul ator circuit bl ock PEBAISRev6OIE4sBNNET
shown. In the illustrated exenplary enbodinent of Figure 5, signal

nmodul at or g} ' ' SESE 4RIl @maP5BCHS503551dadehdeh and

pr ocessi ng(5 ]{t%gt?g fgﬁﬁﬁ%n%églg%éacéhﬁ whi ch respsgéglti ve Si ngclgls_SZS ggn% 15 524
are processigaltio ibresprstice daley Paekedt lspigifQ) BeEYmIing#icHDIEex §uEAY Fsthe

confi gured 4 . ADOKE; i I WTBAK 54D RCHT, BAd th&ABixiBdDr 544 and
545 consti tdhftazéd;%%g??s%ﬁ 1?3@%%@@%0%@% derrod5ul ator, and bl ocks é5151 and 554
const i t ut e naultiflyngtthelreselt aith-thg prdelaypdieienal &n #p resppiive aHKsF blggko¥iRAn846, 547,
548, 549 a 3 i 1 SGT s 11 M:lgﬁ{gg Atk and

bl ocks§553%g§1§° g@g&%g%ﬂlts%?%ﬁa%gﬂﬁgeggéﬁgﬁc?:ﬁtg%;%dttggftilﬁne M ér?{)'(élullc’glt or.

Signal s 523 and, 524 are.trlle respective first and second denodul at ed
nmessages, agnda%c} éﬁafegpqggge%nd 526 are the respective first and second
re-nmodul ated signals. [00651 As shown in Figure 5, phase and anplitude
estimation circuit block 560 is configured to receive received data signal
104 that hg8063¢ews ghovaesiged domodiddterycityini ditock2B054sp plpdeshamgleuPPestonof ti me

al i gnnent. _Phas nd litude [ } .M edd] L

confi gur ed btl%c%; gégﬂ}%%sgl)léln‘% 1%?%%%%8%@8%%%@ r%lr?g lbgtgn}éfl?tﬁlgggﬁ%g ?%at i on
circuit blaaKapéDsigsal derkirgndeftomosigmlsi 5t endoh2d eespaetivalypl Eaddef die si gnal s
Si a s 2, and to .autput this esti e of b | a
rem)dﬁgat ed® ilt&??aﬁl gs hlﬁgp%sﬁ%\/\tﬁ{ougshr %Hrr%itt ulF%P lggggﬁcglﬁa{&q,ﬁ %Pﬂﬁqﬁgﬁ'? ?c%rl i ed

Wi th signals4325 530 fi $@fudei 4 cotidspondm@ 7sigral Fehvwi de4 tid irRdied /td 6izeal

PCTI US2006/ 012444 est.imated_signal s | as,signa 6. I rected
phase and a‘ﬁB‘i‘ﬁi‘tﬂ’dé)r?mﬁgEOCEr@Dghﬁﬁt gLt g%‘g}vgB?in ijﬂge %@ﬁ%{%@%ggﬁ 1at8fl si gnal
526 in m XegmsddirRstittof ¥ighaBs, tsiniirmoduthior chstit hiatle 50singhd¢sssufnmmsion bipnkd 108

(havi ng corrected phase and a itude). In_Fi e 5 ach. of.  si s 106
and 108 r ep?Sés‘éWtSﬁ%nﬁ?doVQHesé‘gg}B{?ﬁffseg&sqn&élssmgwu@%ﬁéégec Ve Rat a1%§%9
correcfsed f o1 PHARBesdAko prAALES stRatc@BigndlsBNRAdEDG0dI ment, suitable for use
by the next PIC cancellation stage (where present). In this regard, phase
and anplitude estimation circuitry 560 may be inpl enented using any
algorithmo t hodol.o uj le - ' [ [ 5€ and
anpl i tude Oﬁoogzﬁa&%c{:ﬁnﬁg%%dzr} %1%g&oggggghg%%ddgﬁ&g%h%eg@ﬁ%B%iy,sﬁslggg?g basi s

i ncl udi ng, 48 comxtimiel afirstr Bertstime FVedmtodslytraraad bidcko? 1t angh55é penstitute a

first discrete-time FM modulator. Similarly, blocks 546, 547, 548, 549 and 530

constitute a second discrete-time FM demodulator, and blocks 553 and 555 constitute a
20 second discrete-time FM modulator. Signals 523 and 524 are the respective first and
second demodulated messages, and signals 525 and 526 are the respective first and

second re-modulated signals.

[0065] As shown in Figure 5, phase and amplitude estimation circuit block 560 is
configured to receive received data signal 104 that has been processed by delay block
25 541 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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10 [0066] In the practice of one enbodi nent of the disclosed systens and
nmet hods, signal reconstruction (re-nodulation circuit block) of PIC

ci rcui tryworyode7asged to generate an ideal FM signal, wcrhiSeaemnnied us,
i.e., matching what is believed that the FMsignal |ooked |like at the
transmtting antenna. |n one exenplary enbodi nent, an adaptive filter may
be enpl oyedStimateAesigiagnan sesigrit Hfc (Haging( parerisd uphass ond cimdiide),bhwtk) to

del d . : > filteri.ng.i duced,in th
Channel of "TRETEECy AR AR i FRAGELE AR5 B handel oin VBRI nat
amount of 1PPRFf A2 e® fEG SB° Rt Sore R danulihd) Tgitews Sors i n

signal reconstruction and cancellation may lead to an i,nability to extract
weaker si grifcl of signale p@randkiBaieptessgt pprpyedtastimatgd signds spihades arflthtanpl i t ude

esti maki on gj ' k 560 .. be .i npl enent ed i n. qne_enbodi nent usi ng
RLS al gori t‘fc]olﬁge?tlréih #?{g)lhg%nar?gram Pﬁlg%/f angdlég% %nﬁgi‘q]?“é’rsuw%tl%f%HF?/%&HEF‘H@ e tap.
Thi s si ngl ePIl€osmptadbatioapagenivhoe ;eeqaht)ygndt}ﬁ@regdjduﬂiase ampdmﬁluﬁlﬁbﬁaﬂﬁlﬁmgg e. In
anot her enbqdi nen hase .and anpl.itude esti ion cifcuyit | ock 5 may
be nodified'to |$Gé)wg’f'*¥ns°§ oy e&be%q%fie“st“(% By Yeni |‘1fz"éﬁ{1?dél°£ﬁ yHable ife FIR 25
filter wth nultiple taps. In this regard, each of signals 525 and 526

out put f r on§OSPEHRRSLY %ﬂg‘mﬁt Wsec?rrdc%rpﬂ%mkoe%ﬁ%mlwf@elsw edpdd avngn

auxiliary sgpsiny 85384k gqﬁ[ﬂ - t igital tuner output
529 treated glz) a}Jpri rySlseﬁsoﬁg’ﬁoﬁl t |set’;eg%lc‘)’§?ér%§ns l?ar%%ggoél ;inmel?c\'/e filter
may be enployed to estimate the channel relating these two sensors, to

al | ow _f or te cancellation at the primary sensor output. In yet 22 WO
2006/ fé? 93 %iﬁw%e‘?ttﬁi? que embpdiment Og%r%%ﬁ\s?ﬁ viiswaiepd methods, sigmabt | ve

equal i zer n@YyorkudtidE (edeshulafion tBAR blodk§ BPHI dtcaltryGhdyChl dse@tPEterttOm A blind
adaptive te.c‘r;]?glF%e_ may be enpl oyfed, e const ant "nodul us al gori tnhm

(oM, for il R signalntvithoaupediles §pargichingt s ichalisved babthe RN gimnel 5

i 11 ust r at eslogkediikg lafthk B Ridihg 3HBAR. ¥ 01§etJx@ﬁmaﬂrgen%og‘in%nﬂcéﬁ'ah%%iv%%ﬁe@s 't
may 5 be configured in a two-signal case to receive estinat signals s
1 and s 2 JBasbesiapleyed jiythe signal recpnstrustor fieimyeduiation pisgwitibiick) telmaeriehasl

esti maki on ghkcehl ( by WM i |G ' |
enbodi ment). Alt holﬁ’é%&%?trseﬁ?ngﬁé’y\gw&ﬁ% ?%é?‘%c?g 1%%(&)%11&1%%5&1&&’5}& %O?E&Edhom
coupl ed to PeEdrve readuperae ddsaFWeuiformihst more elpstlsmaiches ®i geralved sizdaland 172,
It Wl beymndelesd QoM sibRatart bhSRM ik C hfUhly ¥e 0% IR cRlAEL0 | vel y

be configured as o i
slight errors in signal reconstruction and cancellation may lead to an inability to extract

weaker signals.

20 [0067] Referring again to Figure 5, phase and amplitude estimation circuit block 560
may be implemented in one embodiment using RLS algorithm in 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

25 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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10 an internediate or final stage of nultiple stage PIC circuitry, in which
case PICcircuitry 300 may be coupled to receive estimated FMsignals s 1

and s 2 asoxgnals2106 and 108 from a previous stage ofPCPIUS2@enc244dry as

described further herein in relation to Figure 4. [00691 Furthernore,

stream ng Rhéhed efsmigldry émibdﬁﬁen@oﬁﬁ iaﬂ:ﬁf 198 dgRalbBN Gy bIBGuel #OELiGnal
cochannel sjgnals. For  exanp an _ additignal cochannel FM signal s 3 may

be handl ed dfslowatﬁ? E5ud W@d%lé‘“«‘esﬁ knd adptive, tecinigiqymay b anpleysd eiti al

si gnal est iR hohlhe Misdrithm((EMA), for PleCofdtdn Hobiidd m%rﬁlsaoftﬂtﬁk Ede SUMET
provided in the interference cancellation circuit b streamng PIC

circuitry (e.qg. |nterference cancel l ati on bl ock 510 of stream ng PIC
circuitry and coupling the.o t. of t third sunmer
{o a thi rd%&gﬁf*@% Rl s b et Rl s mave g
signal _estimati ath assing 20 through signal denodulater circuit bl ock
540, sPgnal®® R adveeigntl optedR ogshestiphirdd ™ sigiepla fpl P doerseimliat i on
circuit bl r Y, thgdol ogy
may b applod o 2 anrraued B GifeL cipleP et ciniy B4 Rl Yo RRGT D OFY

handl e f ourbe&IC FTPEE mmmwm@. @ﬁthblgh grea7ioy PIC cheniigh3 ¥ QfLmQHSS
illustrates one exenplary enbodi nent of stregamng PIC 25 circuitry having
i nt er f er endestvamaelipled toomcaiver estintited FYCHgialds andd a ssisgipnhls @30 iamhI”AZQh circuit
t hat passes thro h signal dempdul ator circuit bl ock 540 nmodul at or

circuit bl g6l begmderstand that strramingolTC: sirsuitysi00 aayi Aigmatively e Cﬁ}gftger@ d560 and

m xer 161 r CWintintin@atatd®Ginal $tagefmlultie stidanstcaesnyNatviamca®d el ciehikGui t
configuration suitable for estimating or further 23 WO 2006/ 10793

PCT] US2006/ 438 26 e cae%mor}gqe%tasmat@@ sighil t9 L @%@@@%& 160 &ddlos (e 0.
signals s 1 and”s 2) by estimating eac S|gna |ndepen fently on a

stream ng mgpmubﬁagrqueﬂcmmstdesmbe@@am& hegein Bitreleton toFigirghal
estimation circuit may be any circuit configuration suitable for producing
two or nore processed signals that are each weighted toward one of the A A
5 cochannelyogqog 'F‘ﬁ}tﬁerﬁ@regstreaﬁflrgﬂqﬁbscléu%slna%)lalemoﬁﬁﬁﬂéd forhaB@lG %%r&?& Haka, then

estimating the A strongest signal present in

cach o il -or&{%g@%f%nn%dzg%%'m R0 bR oo

si gnal's

15 by providing an estimate of third signal s 3 from initial signal estimation circuitry (e.g.,
SIC circuitry) to a third summer provided in the interference cancellation circuit block of
streaming PIC circuitry (e.g., interference cancellation block 510 of streaming PIC
circuitry 300 of Figure 5), and by coupling the output of the third summer to a third
signal estimation path of a signal estimation circuit (e.g., signal estimation path passing

20 through signal demodulator circuit block 540, signal modulator circuit block 550, phase
and amplitude estimation circuit block 560, and mixer circuit block 590). A similarly
methodology may be applied to configure PIC circuitry with additional signal paths to

handle four or more cochannel FM signals.

[0070] Although Figure 5 illustrates one exemplary embodiment of streaming PIC
25 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

23



(e.g., signal s 3 and s 2) to produce an inproved estimate of each of the
cochannel A signals (e.g., signal s 1 and s 2). 10 [0071] The di scl osed
systens and net hods may be inpl enented using signal separation circuitry
havi ng a nugﬁ;r of signal paths that is greater than or equal to the nunber
of cochann §P§H5$¥ present in an overl oaded signal enRCTEHABGA12444Nd | n
one enbodi nent using signal separation circuitry having a nunber of signal

RLERE T T ERE T T L R ML

over | oaded si gnal® environnmen - SI
enbodi nent  t a0 Eifhal idepeati @il onSe Bfsaming Wasic infa§ Wet dpldyed.O In this Régardlang SI C

and bl ock node or, streamng PIC circuitr with an adaptable n r of

T gnal _pat he SEpbEE e RO ARFE G B4 P S CHOERAYO SUBLE $5t od t o
mat ch the nueReingfiwe @€ hesdd locsss@nsipmalstbhtest @akbht Weiltedtod@tNbne 6f the, by a
signal activity detector) in an overloaded signal environment. For exanpl e,

si gnal segpar ajobitne isighdls telg/, si%m be 02Q SoRki W Rebiwatdiial Aef BstRatAPER Si gnal
pat hs, and then operated so that only two of the A A signal paths are active

to separate t i n 1 hr i I h I A active
to separate t%@%@e@%%&@l % ér % S§§efe,2ﬂt é&n%gﬁg,f ﬁl@?‘?& Oéél%%e érr?&asi gpt ive
schene nmay bpnaRpimdnted edirebiipUiit Iphiase fand winplithdel 6fadatly of the Gtrongekt digaRonse to
control signals supplied by signal activity detector. 25 [0072] In one

exenpl ary enmyegi, kRail s § hed i 5ab @ERdceS S ingidved R6LimHRS HOSSH TR Yhebdchini®ll ement ed

for separation of cochannel commercial FM broadcast signals (e.g.,

conmmer ci al nQ$%§?E@£§ﬂ§8‘pn?ﬁgga§t signal s received by an aut onobil e FM

radi o tuner) I 'gnal gerféerati on nodel that includes pilot, stereo
sum and difference channels. 24 WD 2006/ 107932 PCTI US2006/ 012444 However,
t he di scl osed systens and nethods may be alternatively inplenmented to
process & wi d80THThedijolesed sysires apg petodymayNiedmplempriedinect engiiepsefieal s
received in ac_if%ﬂ? hatRd h Bloibedof Sl Bt hatSh GRater AR b QDATRE R nubnfdEr/cH
Al t hough previously described herein in relation to prope55|gg of
si ngl e- channetochagngl sigpaly prgsep-inpgoyerlqaded fignal ewirepipeat ardiPre wELOdipEntyi scl osed
systems and nRidgOsshaR)paration circuitry having a number of signal paths that is equal to the

number of cochannel signals present in an overloaded signal environment. It is also

15 possible in one exemplary embodiment to configure signal separation circuitry (e.g.,

including SIC and block mode or streaming PIC circuitry) with an adaptable number of

signal paths. In such a case, additional signal paths may be activated to match the

number of cochannel signals detected to be present (e.g., by a signal activity detector) in

an overloaded sigpal environment. For example, signal separation circuitry may be

20 configured with three or more signal paths, and then operated so that only two of the
signal paths are active to separate two sensed signals 3 1 and ; 2, three signal paths are

A A A
active to separate three sensed signals s 1, s 2, and s 3 efc. Such an adaptive scheme

may be implemented manually or automatically, e.g., in response to control signals

supplied by signal activity detector.

25 [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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alternatively be inplenmented in one exenplary enbodi nent to process
mul tiple channels of received RF data. For exanple, the enbodi nent of
Fi gure 3 wayodeionsdi fied to process nultiple two-signalPCrhsnmwelos24ad
recei ved data by nodifying the configuration of block 340 to estimate the
anplitude omélyvdBasSEe AfiscRRED s chaniéh dﬁf;quaem Thus,
assum ng N channel s_ of _recei%%ﬁggﬁa?ﬁ%?gﬁgﬁyt%e es%t?%lgte an%l%lc\ll %hase
esti mat es rECep? YilsarEetsQf otherdypes of EN%@E@W@MEF M signatsgeceinsfl it uwide
estimates apdeHhrasrerss bibiAtRioiB¥ntbe used to reconstruct the sumof the
two signals present on each channel, and this reconstruction then
cancelled fromthe received data. In this regard, the canceller of block
310 may be ,fi.ed to cancel on.all N.chanpels, instead of qn just 15 one
channel . Iﬂ@%&ﬁlﬁ’f}ﬁgh Piyge BRSO, hsreit 1y e lafipn H@Res’“‘m%&??%iﬁ%]e fay be
modi fi 6d treceimideRBISIRtapit willll bd\ntldrwae! tBatahe RO ?elteﬁlataad meéod kPl e, by
beanf orm % Exanpl es

coherent conbini.n S. I.s enpl.oyed in sonme types o |

20 [0074] l\ﬂg"?’f"iaEFFg%ﬁﬂmI&%{?%{“ B OROPICRREBHCTPUHN A BBt iRmHEIPlerRelst t er 5.
The two eaghasield RINGhiddeth: QRENFIE! @b iBbYimShi ONBiHRENANNDL b to( Si) and
one relatively weak _cochannel signal (S2), although it wll be understood

that the difsefesseytivis Hogienahdha fapgoived ata by impasiiying heepnfiguratiay ¢foaded

si gnal envigleukmintis Bl ehetaniplifide 'EH(% Eheﬁ%f saaRAANEe lkorcsieia&{]@rlaﬁne@ for g4 val ent

strengtbh. 25 [0075] For conpari son, e nul tichanne ata was processed
with

convEnsi asaming Nnehanagds of irgasivee adetae i amplisidg crstimptas taod pY whisge
estimat es ofstikBRs b9 bs i8S, RE ES RN er bhhnhbie - AL LA QU PUL S
are present esg i nst\k%g Flggurets "6- 11 asercflijhrn%/lﬂs %’g%it_a?]“d’lﬁmﬁge%{é{a%ﬁé‘s. e

mul t i channeistigaeamazige aseddo preorstueider gt eighe brpognalstrsesoit oniegehadhasesbar at i on
circuitry t ' ods.:. Jih ut hg si gnal
separati onOJHSStB\%\D%%%%}} %8%91%& %%%%]Llj%ggrf;gl}agj?z%ééﬂve-ﬁc?art%uﬁ? 'r.l%/lﬁal(r%%ar%‘r glse ented in
t he Fi gur escageeller efsbleel Ysmmabe mgdiding ta cabadasall Rabimnek, infieglofem jBstll is a
plot a5 detgel ettt Qaihh. ALaRaMRod bifffie iRy 52, zﬁfd%%?na? pe HRBrda®
performance after serial Tnitl all zaton processing only (i-e., qDy SIC
circuitry) thanakehee sf slbNgbannsisgfiadnceldd datag ferssamygle by @hgrehtapmbiminf asPl C
circuitry r LS int, and the stronger signal is copied
fairly cl egg???g?'%cﬁéﬂrfnggfpﬁégoé%%mfcoglg%nﬁre effect of FM Figure 7 shows the
performance of the weaker signal after serial

Examples

20 [0074] Multichannel data was collected from two cochannel FM emitters. The two
cochannel included 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.

25 [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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initialization processing only. Fromthe poor agreenent between the
beanfornmer (curve wth | ong dashes) and singl e-channel processing (curve
wi t h shorwodae®zy32it nmay be seen that copy for the weakensgoogoatssi s very
poor after only the serial initialization processing. 10 [0077] Fi gure 8
shows the Qﬁaﬁlwa?@gﬁesaﬁedt methétmg.ﬁgsez ﬁ'ag%'we@fﬂa% Ahh kiR ayagh bl ock
node PI C processing (I ter one | ayer of 6roce53| ng) e stronger
si gnal haf%’é@eﬁ‘nﬂElalwot@ﬁwwwdmdoitmVsesmatllsgl ution produced by the
beanforner at this point. The weaker signal has begun to converge, as
Figure 9 indicates. The performance of both signals after a second |ayer

of bl ock Plid76] PGRssé Sbwes theperforthdmRE afidhQerid YEhiSizAonRIrbectndbRE 8SSHHI) S
shown in Fi ures 10 and 11. As maybe_seen, .both signals have converged

vel | at thiMC&iragy) for fheesitppgse gigatln dlo proerreine thamelaysie of Rifefitqusry by be

adapt abl e tRcMAKI £ Uis FORL,fangahd SRshgdndal Eseédﬁéd Mely E184nIE illSREGAS 116
enbodi ments have been shown by way of exanple and escribed herein.

However, i tcaRHEAEcHRE ﬁMdE}%lfeo?)ahqvwdbe peréormarcs e ithynweakengignal pftesadd to be
limted to 1ﬁ1|'t1§hz%90rpﬁtrotzés§ﬂé 8hiyf @f(ﬂ@th@p%&l a%?é%%ent%%&thél%%m‘f&ﬂﬁ@f‘fch% is to

cover all nodifications, —equivalents, and alternatives fall w thin the
spirit and V@@dﬁég dashesh and sinaberehagnel arocessini(prsve with shiest @p@ﬁéh’@é@y b sgers.

voreover, R ooy foPhie ol BERAT, By IR ofbfnlOBE namit{apga%mﬁgﬁm% ens may

be utlllzed I n Various conblnatlons an ependent us t
|nvent|on is not limted to only those conbinations shomn her ei n, but

rat her ncl ude. ot her c i natiQns. 26 V\hat s clainme A
met ho&iof or IW&§@F%8 SERVS n%qrgb itag FfEpnspied aill afigr REmg tlﬁyers‘%]f

recei ved Rblehkirdode @D hidvkRthgqRE haten 6he Tr)drof Y@ bocessRER | MRGtbhget Bigngane
frequency range angd at the sane tine; using paral] e%e i nterference
cancel | at i g#S F5eHRlY copyergad Eihp sapesoiyiong Ceéifbyst?ﬁ‘? andQyeen plBis PRWE-si gnal s;

and separ atTHegv@letsiglal S ésﬁwameﬂgeFM Bb@0 3 mdlhem %@?érf&ﬁﬁlk@rmel FM
signals of A said recei ved RF data_based on said estimate Tor each of said

cochannel Yol ggpphapiier aggeqndilpyes of §loge Plaprocessingdeei 4 tva laygs@fdifoaded
si gnal;senvigrQuamm) is él&?:ﬁ/lﬁ?d Rigdds th £RCAl VRIS eAad2 b&RRRhAIS B ve@bnlegRal first

and second cochannel
well at this stage in the processing.

[0078] While the invention may be adaptable to various modifications and alternative
forms, specific embodiments have been shown by way of example and described herein.
However, it should be understood that the invention is not intended to be limited to the
20 particular forms disclosed. Rather, the invention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as
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

25 may include other combinations.
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signals received in the sane frequency range and at the sane tine; and
wherein said nethod further conprises: providing an initial estimte for
each of said first and second cochannel FM signals, subtracting 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,
subt ract i Nhagds daimedtis:al estinmate for said second co channel FMsignal from
said received data to produce a signal weighted toward said first cochannel
FM si gnal , denodul ati ng and renodul ati ng said signal weighted toward said
second c@chanﬂeﬂ;etlﬁi\zllfs'rgmaésshgwQQMQcammmng oved estinmate of said second
cochannel FM si gnal dul t| ng and renodul ati ng said_si gnal wei ght ed
toward said f|‘ie§ft“““é&l,:ffg?ﬁné‘}‘ RGeS Prgildaftac?oﬁ%ﬂ'ﬂ%éoﬁlﬁ“?%%%ﬂﬁ ©stimate of

said first cochanngle;f Mlﬁ&wlnef&aaénﬁ ggawam@mtﬁﬂg anpl i tude of each
nel

of said first and second cochan nal s, correcting phase and ’

anpl i tude of swsing panrqjhbixmfee@tca natcellabfonstapmvsie@onstlmaigtﬁcnaﬁaded)f s si gnal

usi ng said estimated phas rrpl ¥ tude of said second cochannel FM
signal, and 27 corré’&ﬁqnﬂﬁﬁﬂﬂgég@aén@ anmpl i tude of said inproved estimate of
said first Cosepaiaii®d edclVos b adchbisreN BMShgralsfedr e eebchiRe FRIIgragYfi t ude of
said first cochannel FMsignal. 2. The nethod of claim1l, wherein said RF

data conprises a sis rgceivedrlelate basge o said gstimiforsaahicrf said copbanpsll, wher ei n
sai d nmethod conpri sggig; ﬁégw ding an initial estimate for each of said
cochannel FM signals; usi ng par allel interference cancellation to
provi de at | eawhere)lnearﬁlmsalata nspecired in asdvenaidedfsighabariromhersiai d cochannel

Signal s based al Least AP O el A ERY LN nSARR O "
signals received in the same frequency range and at the same time; and
wherein said method further comprises:

providing an initial estimate for each of said first and second cochannel
FM signals, ’

subtracting 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,

subtracting 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,

demodulating and remodulating said signal weighted toward said second
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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received RF data. 4. The nethod of claim 3, wherein said nethod conpri ses:
using parallel interference cancellation to provide a second i nproved
estimate for each of said cochannel FM signals based at |east in part on
said first inproved estimates for each of said cochannel FM signals and
said received RF data. 5. The nethod of claim3, wherein said nethod
conpri ses using serdogectingtphesecand nowlitudant edid wpproyed(cstimptetod S@id(fmtde sai d
initial estimate for each ,of n E hod of
claiml, wherein said p§Pc eé%i fégéegg g%dggﬁﬁggfg%ﬁeamf%np ?%gzed on a
data bl ock by data bl ockalda®itsochanndllfe sighdlod of claim 1, mhere|n sai d
parallel interference cancellation is perfornmed on a stream ng basis. 8.
The nethod of claim 1, wherein said overl oaded signal environnent is created
by | L0t ens onablom BRaROCARH R foRPaBIRbmPMSLanlcarhi b aigous! v i
the sane frequency range. thod o I erein one of said
cochannel FM signals conprises 28 public service information; and wherein

said met hod further ri.ses i,solati ai,d FM. signal conprising said
public servi cgf ?}P?fgi?%ﬂmf &hef)et‘%%?ﬂéﬁlg%@ A SBPrisERy gl gnal sm(;f salgd recei ved

RF data. 10. pr‘r@vﬂﬁifgfhﬁdmﬁﬁl SliRbIf&: ca¥hef ﬁmo'aﬁalﬂkenmfs%arsummer conprj ses
selectively isolatin gi ven one of said cochannel nal s from ot her

cochannel FM slisg}ﬂeﬂaéalgf mteg%@ir@ce eanspNasign REPI@4idg af hasfteg?)ﬁr%énmr@vw comand
specifying the i de%h&Xte%F%]@Fégf&w&Qh%@l Fl\ﬁfs1g§n§fs%a§e9 E%E‘qkﬁgﬁ/bﬁ' gnal's. 11.

A method for transmttin conprisihg providing

conprising cochanrseid 1Ei’t1la]sesgnmtes fédreach sfasnsinosisdnael FM sighels aadrsaid r equency
range and at the sane.ti for reception by a receiver, said receiver
configured to separrS‘Eeé"eéﬁdaé‘? said cochannel FM si gnal s from ot her
cochannel FM signals of said RF data based on an estimate for each of said
cochannel FM signals provided by parallel interference cancellation; wherein
sai d recefver The m@ié@cg ofialgjmi h vareovenid welded cempping: envi ronrrent wher ei n one

\?\L efg: g Sg?gh?uggnelparaweis genélresncg gaer:elia ion t(PHr% dg a%gconh %gpr'o &) estlmalte O and

each of said cochannel FM signals based at least in part on said first
improved estimates for each of said cochannel FM signals and said

received RF data.

5. The method of claim 3, wherein said method comprises using serial interference

cancellation (SIC) to provide said initial estimate for each of said cochannel FM signals.

6. The method of claim 1, wherein said parallel interference cancellation is

performed on a data block by data block basis.

7. The method of claim 1, wherein said parallel interference cancellation is

performed on a streaming basis.

8. The method of claim 1, wherein said overloaded signal environment is created by
intentionally broadcasting said cochannel FM signals simultaneously in the same

frequency range.

9. The method of claim 8, wherein one of said cochannel FM signals comprises
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further configured to isolate said FM signal conprising said public service
information from other cochannel FMsignals of said received RF data. 12.
The nethod of claim 11, 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 received RF data in response to a command
speci f yi ngullissetvirerinformatioh; and whegein srid orethogffurtkesicamprisgsasoisingBuddiMnal s, 13.
The net ho a r eiving said
transm ttgér?%ﬁgﬁgll[%h%%md Eﬁb g{cgggécgc%annefongﬁ}l%%na §};1§1%ggh{433? 2 fast ?ng each of
sai d cocMméivMHgﬁal s fromother cochannel FM signals of said RF data
based on an estimte for each of said cochannel FM signals provided by
parallel interference cancellation. 14. A system for comrunication, said
system Coppr i StiGmethb@BEdThim sslvﬂfewlﬁ Eaid bl %f@sﬂc&ﬁpﬂ%m&%va@ dat a
conprising cochannel FMsignals for transmssion in the same frequency
range andisalatinghe gyamend mfrﬁard canmanz@l N signale frannbtb@paclmnndr’r“ M isigoals of y

configured.to r.e te each of s hannel .EM. si nals from
ot her “coctihRer“ERRE AR IERRE B Sepmhepe e of RGN ER RS or ence
cancel | at pdaid dcpandvl K sf:gli\aBStl mate for each of said cochannel FM signals,
and separating each of said cochannel FM signals from other cochannel FM
signals of said received RF data based on said estimte for each of said
cochannel {FM sj } IS
coupl ed to rece%@go}é\gfﬁ{as trlﬁg%@!a\f si qsggét{rﬁ ggs@ﬁgig?%;%lg?‘gfg%ﬁw lstlﬁ%n

over | oadecbchamgrebF Mesigriatsdoneatsmisstoariethe ssae d}eqmey ange bikd atab@saoerpné ses at

| east fir t and.second cochanpel .FM S receiv in the sang frequency
Fange andios S PRSI U eET TS, NG EPRI LIRS 0 ST SEEHAR on

Circui trypissiGRnR tan badr éRhafePFUIAeznaR Jf BAill R da@SBdséPdiLarf Qkinfa@cor of sai d
first and second cochannel FM signals, subtract said initial estimate for

sai d firseachof stideorbhnehFM ensls frovdedshy @Bralleémrﬁee@ncaameﬂ@ilq@s vlierem a si gnal
wei ght ed Ea(i) 9 v«?re}s 9pe§aq?n()gr}9 an SQecf'n)adeQJemgnEMr?v' x%nr%ent wherein one of said

cochannel FM signals comprises public service information; and wherein said receiver is

further configured to isolate said FM signal comprising said public service information

from other cochannel FM signals of said received RF data.

12.  The method of claim 11, wherein said receiver 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.

13. The method of claim 11, wherein said method further comprises receiving said
transmitted RF data comprising cochannel FM signals; 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.

14. A system for communication, said system comprising:
transmit circuitry configured to provide RF data comprising cochannel FM signals

for transmission in the same frequency range and at the same time; and
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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 si gnal , denodul ate and renodul ate said signal weighted toward said second
cochannel FM signal to produce an inproved estinmate of said second
cochannel FM signal, denodul ate and renodul ate said signal weighted toward

said first cochannel, FM si.gnal to preduce. an i.nproved esti nat f said
first  cochann@roPui GRURICT i @ fReTitdec dipdssmre sad Wralacn of sai d
first and second cachansefMiMnalsdiRal Sthercotliaatl IM3RaaRkRdsAdRFidatady of said
i nproved estimate of ;said second cochannel FM signal using said estimted
phase and anpl i t ude"s§ig Pasaliehinisteringe eeeliatinn to provide gp sstimatg fpreaehyddct phase
and anplitude of saj,fd L i i . FM si gnal
usi ng said estimat ?gﬁpﬁ}o&@%ﬁéﬁlﬂ\@%}a%ﬁg@%}g émggziagi (?tlssia}sdt&gggc]ﬁgfr}lﬁ{éll FM si gnal .
30 15. An FM si gnal sigmatscfess othgr eochérene] Fdaigmalsif ngjd receved RE datecbasebar at i on
circuitry coupled to regcei.ve data,. said, recejived _data conprising
cochannel FM si gna|‘§‘%351€eéf‘{7‘é@%hea€ﬁ8f§aé ocp?rglaﬁgl}ﬁldl,gqa nge and at the sane
tinme; and wherghdteinahid re@eRIanE s@fachtDBRAE G Y Wtotpled W febdivé RFGaRft@GwAEd t0 use
parallel interference cancellation to provide an estimte for each of said
cochannel  FM si gnaPast oghignsas opergnginangyetoaded signal ecavetiamitl FM si gnal s
fromother co nel. F i 0 i i F sai d
cotimate for SnApnaridriieRledia dbloritlf das MSCds ARt RRRH R, D210
separati on circuitrgigrnal requingddn tHegame creqweac Riandahid dtrtioesaate tilheeasd one sensor
operating in an overl oaded signal environnent; erein said received RF data
conprises at |Whdgingspiddecerspnd SeRIFRIICR SEHHKK A cop ”rggﬁﬂial s received in the

same frequency ranggo@Aldafinidd esth@i®ror e&8 orRd 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,

demodulate and remodulate said signal weighted toward said second
cochannel FM signal to produce an improved estimate of said
second cochannel FM signal,

demodulate and remodulate said signal weighted toward said first
cochannel FM signal to produce an improved estimate of said first
cochannel FM signal,

estimate the phase and amplitude of each of said first and second
cochannel FM signals,

correct 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

correct phase and amplitude of said improved estimate of said first
cochannel FM signal using said estimated phase and amplitude of

said first cochannel FM signal.
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wherein said receive 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
recei ved 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, denodul ate and renodul ate said signal weighted toward

said secopsl cAgbRNNElal FMceisaRaYsté@, RpAlmg: an i nproved estimate of said
second cochannel FM signal, denodul ate and renodul ate said signal weighted

toward said fileetive andcshpatatein qanigiygaepled i rpeeduitle dath, saidreesivad BiSditemt e of
said first cochann M _Si i: e e it of each of
ot et ) LSRR RHREE AT il

said first and secon nne cor anpl i tude
of said inproved esindiathe sehe dmedasecond cochannel FM signal using said

esti mated phase and anplitude of said second cochannel FM signal, and
correct phase WHJICHAHAITEEHS 28 SEIFHON FsFHL S cOBLBYES 0 WF pgr&flal first

cochannel FM si gnali,{gREcSahekiRabh Wr@ﬂd@é]@&%nﬁfé%ﬁéﬁ%hiotf%& cOfhandi d first
cochannel FMsignal. 16. The system of claim 15, wherein said receive and

separation circui t riMisignaleiankd éelseparate eacle plsaidRrochiznng! F¥ongnalssramgbéiesensor

operating in an overload i.gnal environne 17. The system of. claim 15,
Wher i n Sai d recel va Bl AR aF 4 FEATRIS dat bassleR IR Lapar at o
each of sai d cochanaeh ofddidsdoghaingl KMQipnalgi d ot her cochannel FM signals by:
providing an initial estimate for each of said cochannel FM signals; and
usi ng par al | el Wheseia sgid reagive apd seraratian cisehitry isgespRlpd o rgeeiyeRE datgieont atr st

i mpr oved

least one sensor operating in an overloaded signal environment;
wherein said received RF data comprises at least first and second cochannel FM
signals received in the same frequency range and at the same time; and
wherein said receive 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,
demodulate and remodulate said signal weighted toward said second
cochannel FM signal to produce an improved estimate of said
second cochannel FM signal,
demodulate and remodulate said signal weighted toward said first
cochannel FM signal to produce an improved estimate of said first
cochannel FM signal,
estimate the phase and amplitude of each of said first and second

cochannel FM signals,
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estimate for each of said cochannel FM signals based at |east in part on
said initial estimates for each of said cochannel" FM signals and said
received RF data. 18. The system of claim 17, wherein said receive and
separation circuitry is configured to use parallel interference
cancellation to provide a second inproved estimate for each of said

cochannel FM signal s based at || ea in.part on said first . inoproved
estimates for each C(S)fre%a{)?’ Sec*‘d’éﬁ%ﬁé‘\deleﬁ/?aéﬁg Wé?‘éedéeﬁgmgtﬁio S?"gégég?)\l}gd RF dat a.
19. The system of cl ai mchéhannéleM signalngingfsaid@biingied pree end dhplstugnet! s
conprises public service information; and wherein said receive and
separation circuitry is spidrseerad coghsnnsldM signalandsol at e sai d FM si gnal

comprising said publohgeafbi il oidliRlal Bl L intdroVRa BhiBk Fosbamael FM signal s

of said received R systemo 7, wherein said receive
and separation circuitryotlmnheiriMisignalasingisgjd estinated plelseetd amphitudesaf]l at e a

gi ven one of said cochanngl. FM si %n | s fromother cochannel FM signals of
sai d received RF data i r?a%é‘érbtcfr‘?g@ P%F}Ié'@ nd specifying the identity of
sai d given one of said cochannel FMsignals. 32 21. The system of claim 15,
wherein said receive and separation circuitry is configured to performsaid
paral | el 16t er Tearwpiem ddghdn|lPavheoninaidaegieand senakatiop caawiy ifogeledbasi s. 22.

The .SySte@rgéei&e'@ Rt from DGR AL & W%&jo%.efa?lﬁ ';n"a% (W%Flo?a%g‘:slfgﬁ%li irGAhGH! LTy 1S
configured t0 performsaid ralTel “Interrerence canc atron on a stream ng
basis. 23. The system of claim 15, wherein said receive and separation
circuitry is configured to use serial i nterfgrence_ cancel lation (SIC) to

provi de shf-d i HiesyvaFmedclamle Vhreiasaif repeve ad SPGERQA AEFUENAS gnal s. 24,

Si gnal sepafighie@Ry Sdphfatd dabl oFQRY EdHARE! £ sRha TR §6d bBefcRRAHEEFMT T ecei ved
RF data that includes cochannel FM signals, said signal separation

circuitrysigmbpbyi:sing a first stage of parallel interference cancellation
(PIC) circuitry; .\éherei.n .slaip Etegei vgg fRF.ﬂat N colr@\r/li ses, at dI east first and
second cochanndPViERE adjiyHalesimae donsagh ol sajdcochamiel kM signalsand. snge and at the
same tine;, andusingRfslieninkfetbnsé ginatl|Bi0par Jolde aClesist Vhé fivst irsprowsdl | gured to:
provide an initial estimgte for_each of said first and secqond cochannel FM
estimate for each of said cochannel FM signals based at least in part on
said initial estimates for each of said cochannel FM signals and said

received RF data.

18.  The system of claim 17, wherein said receive and separation circuitry is
configured to use parallel interference cancellation to provide a second improved
estimate for each of said cochannel FM signals based at least in part on said first

improved estimates for each of said cochannel FM signals and said received RF data.

19.  The system of claim 17, 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.

20.  The system of claim 17, 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.
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signals, subtract said initial estimate for said first co channel FM signal
fromsaid received data to produce a signal weighted toward said second
cochannel FM signal, subtract said initial estinate for said second co
channel FM signal from said received data to produce a signal weighted
toward said first cochannel FM signal, denodul ate and renodul ate said
signal weighted toward said second cochannel FM signal to produce an

i nproved estimate of said second cochannel FM signal, denodul ate and

r enodul at g sai TheSlyaoml of ORI NG edhdreinaiid rerive ahd &aratiepchanngls FM si gnal to
produce an inproved estimate of said first cochannel FM signal, 33 estinmate
t he phasecanfigurssin parfram sard nagallel igterigeenee ganeelfatign an a dataibpck by datdnnel FM

si gnal s, &8ﬂ£&ﬁE phase and anplitude of said inproved estimte of said
second cochannel FM signal using said estinmated phase and anplitude of
sai d second cochannel FM signal, and correct phase and anplitude of said

i nproved tinpte of said.first cochgnnel FM signal using said estimted
phase andginpl UyElegor e éﬂ‘dSf\V}Pe'g?mé?)‘gﬁ%?ﬁ%Ian‘iiiﬁﬁpgf%ﬂﬁlcl.mﬂg.y SThe si gnal

separ at i Ofbnfishielkd petfoRn saidarBliRtintekerchBeEancNBbA Sh BYtrédhhihg BhsisSi gnal _
estimation circuitry coupled to said first stage-of PIC circuitry; wherein

said initial signal estimation circuitry is configured to be coupled

bet ween sgj d r f or i¥e . i d Lreuittry. 26. The
si gnal se%%rafﬁ%ﬁggfﬁéﬁfﬁﬁﬁ1éfg%$§P%@g%?e&ﬁg?igﬁgggfgcﬁhpﬁygl si gha
est i mat i ogonfigured to fige\seda riqpetfaescesanidedihtion(SEC ¥ te pesvid: adhiailal edtineure oSl C)

conpri si HAOLEmIRTRGEVERE C Gl roul {1y coupl ed (o Said Tirst stage of
PIC circuitry. 28. A nethod for processing FM signals, conprising:
24.  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;
wherein said received RF data comprises at least first and second cochannel FM
signals received in the same frequency range and at the same time; and
wherein said signal 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,
demodulate and remodulate said signal weighted toward said second
cochannel FM signal to produce an improved estimate of said
second cochannel FM signal,
demodulate and remodulate said signal weighted toward said first
cochannel FM signal to produce an improved estimate of said first

cochannel FM signal,
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receiving RF data, said received RF data conprising cochannel FM signals
received in the sane frequency range and at the sanme tinme; using parallel
interference cancellation to provide an estinmate for each of said cochannel
FM signal s; and separating each of said cochannel FM signals from ot her
cochannel FM signals of said received RF data based on said estimte for

each of said cochannel @ EM signals; erei.n sai.d .RE data is received in an
over | oaded si gnal éﬁU@WﬁHﬁ@%ﬁeaWﬁ%W@%ﬁ%§ﬁF%%6Géwp55%@83§$8ﬂ | environnent
is created by intentionabthanndl’PdR6igAS, Nng sai d cochannel FM signal s

simul taneously in the same frequency range; 34 wherein one of said
cochannel FM si gnal§regmbasesiad apphiude o wid impsoyedrestimate o paid seeqd wher ei n sai d

nmet hod further conpri Sesco.&k%ﬂhétﬂl\}f'giﬁﬁﬁiugilng%i/ﬁie&ﬂﬁ"«itfﬁ&g%é hesd eﬁﬂplﬁ@&edof public

service informati on from other cochanne sl gna sal recei ved RF
data. 29. A nethod for padcessidrgcHahhdiFyhsipsal, andnpri si ng: receiving RF data,

sai d received RF data conpri si,n ochapne|. FM si,gnal s, recei.ved in the sane
frequency range andOHECPh Sesaé?ﬂ@g‘lpﬁ}‘r‘g?o K3 'ﬁlpﬁ%‘fegl%fsté‘flat?ﬁlf éar“(f?gfsénce

cancel lation to provide ¢gtha8adliIFNREEndl 9&ing 358 c&fmatsPpiths€ A @RNRIdTIM si gnal s;
and separating each of said cochannel FMsignals from other cochannel FM

signal s of said reedfirsidoRrngeltlMBigseld on said estinmate for each of said
cochannel FM signals; wherein said RF data is received in an overl oaded
signal environment; wherein said overloaded signal environnment is created
by i nt ent2%nal The signabspaadon ciecuitay of domianfiedhefddngirginglisitial sighal aneously in
the same frequency.range; and wherein said pethod Lurxher_cg i ses

sel ect i vefSmaden efquHy %9“@'6%?15% rsptageptd IC ceHinaherpimsaidgitiplsignabm ot her

cochannel eskiMagbdBiRdustnPis coffigird £ Bk ¢8bled between said source of received RF data
and said PIC circuitry.

26.  The signal separation circuitry of claim 25, wherein said initial signal estimation

circuitry comprises serial interference cancellation (SIC) circuitry.

27.  The signal separation circuitry of claim 25, further comprising a second stage of

PIC circuitry coupled to said first stage of PIC circuitry.

28. A method for processing FM signals, comprising:

receiving RF data, said received RF data comprising 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 said
cochannel FM signals; and

separating each of said cochannel FM signals from other cochannel FM signals of
said received RF data based on said estimate for each of said cochannel
FM signals;

wherein said RF data is received in an overloaded signal environment;

wherein said overloaded signal environment is created by intentionally
broadcasting said cochannel FM signals simultaneously in the same

frequency range;
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RF data in response to a command specifying the identity of said given one
of said cochannel FM signals. 30. An FM signal processing system
conprising: receive and separation circuitry coupled to receive RF data,
said received RF data conprising cochannel FM signals received in the sanme
frequency range and at the same tinme; and wherein said receive and
separation circuitry is.copfigured. to.us arallel .interference

cancel | ation t¥$riBvngar ?f?ﬁ]%%cﬂ?'}?ﬁf %I\/IrS&ﬁnageg@ﬂlpmesggPlac %eé‘élﬁ%'r?ﬁ(gfnag% si gnal s,
and to separate eachdof said cochannel FM signals from other cochannel FM
signals of said received RF data based on said estimate for A each of said
cochannel FM sVhgieinsaid 3sethgddbether comprisas dwdating said &M sigazl somprsisg paidi try i s

couped to recel ve gl [fhAtion EAYnd RE:ARNA v ORENAL A 1 0 an .

over | oaded signal vironnment, erein one o cochianne signal s
conprises public serwivd RIhdag.mati on; and wherein said receive and
separation circuitry is further configured to isolate said FM signal
conprising said public service information fromother cochannel FM signals

of said regei vgGhdifoddef proc&ding AM Eylaié,g&at;rimg?ce_ssi ng system conprising:
recei ve and separation circui Fr y couEI ed to receive RF data, said received
RF data conprieedivige B clatan prad recived Bhapie compasipgeodhanieh EMsgigrals r equency

range and at the Samm, i ANd MELel Ri3ahh LSRELYE g separation

circuitry is configured to use pa erence caricellation to

provi de an estusimipardliel ingsafefenot carelthtion ehpionidk an Edvinsdte fualesch ¢fthd t o separate
each of said cochannel FM si anaI s fromother cochannel FM signals of said
recei ved RF data badKfoghanagitMeenplyed™d for  each of said cochannel FM

si gnal s; wher eéepaéﬁigjea'&ﬁGﬁéa\{@c&ﬂ%&ﬁm@gﬂaw&&ﬁ bthkd ddcKardn] EOILRMRA Jf0 receive
RF data fromat |east one sensor operating in an overl oaded signal

envi ronment ; and \shigrre¢aiveddifddatabased en sadiestiopie far eash ofiseid gpehepnéls f urt her

configured to sel eCPtl\i/I\éleglnXls;

wherein said RF data is received in an overloaded signal environment;

wherein said overloaded signal environment is created by intentionally
broadcasting said cochannel FM signals simultaneously in the same
frequency range; and

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.

30.  An FM signal processing system, comprising:

receive and separation circuitry coupled to receive RF data, said received RF data
comprising cochannel FM signals received in the same frequency range
and at the same time; and

wherein said receive and separation circuitry is configured to use parallel
interference cancellation to provide an estimate for each of said cochannel
FM signals, and to separate each of said cochannel FM signals from other
cochannel FM signals of said received RF data based on said estimate for

each of said cochannel FM signals;
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i sol ate 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. 36

wherein said receive and separation circuitry is coupled to receive RF data from at
least one sensor operating in an overloaded signal environment;

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.

31.  An FM signal processing system, comprising:

receive and separation circuitry coupled to receive RF data, said received RF data
comprising cochannel FM signals received in the same frequency range
and at the same time; and

wherein said receive and separation circuitry is configured to use parallel
interference cancellation to provide an estimate for each of said cochannel
FM signals, and to separate each of said cochannel FM signals from other
cochannel FM signals of said received RF data based on said estimate for
each of said cochannel FM signals;

wherein said receive and separation circuitry is coupled to receive RF data from at
least one sensor operating in an overloaded signal environment; and

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.
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