TONE DETECTI ON USI NG A CDVA RECEI VER FI ELD OF THE
| NVENTI ON [ 0001] The present invention relates to

W@ 2@aakoodet ecti on i n comuni cati ons systens. MEEUS2005/038856
particularly, the present invention relates to the
det ect i onTEINE PIEFRETRON USINCAVEDMARECEIVER) a CDVA
receiver. 'ON [ 0002] One of
the key benefits of mobile communicatjons i the

ability to maint aitHEEBREIAPERY YR THHN e novi ng

t hroughout various geographic areas. Different

[000 1? €q§ ?pgébﬁ‘t A EAR NGRSl HERLESE 1rpcfo%{rﬂl§rﬁ!:ati@ﬁ§ 8¢ktems. More

nfrastructures that can Therefore call for the
partictilaslysihie psisent in¥entionetlatsstosthg defestierceldons-haped.o1on-CDMA signals
ent W rel ess comuni cati ons protocols. Because
“SmgGTéISIH{eA‘WF?‘VErrences in the types of infrastructures,
some nmobile units are able to process infornation

accordi ng to aBACKEGROUNINORTHE MVENTION nul tipl e
access (TDWVA), code division nultiple access (CDVA)

d gl obal t f bi |
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areas basBawtdifférenispromicobbaspd mfimbwnttums thah carothiteforanali fardhe

needt exchange .i nf or t|o rd' to th
transtispigaof MClEE HERYS ARPBIEE Lo GHE5P P vireledh ffpn g protocols.
Becat]_s%tﬁ%r(ﬂff‘é’&ﬂées&lﬁ @hedﬂyﬁé‘sl o?%ﬁ?‘as‘tﬁcﬁllﬂ@s Sorne mdbile units are able to
conmmuni cati on standard, which is avai l able fromthe
procedeinéorontion ac@rdiog to agumierof thskioeidatsion n‘(ll'lflpﬂsf accpsse(TDMA), code

d1v131%gfn‘gi;| ﬁgz‘[(@tp.g Lml aBgﬁfg’ﬁLS@ eghﬁo al Ib1 elc§ L%?&attlgﬁ.% GSC}\/I)

stand%@eF&t dx@hpfdMarSTh FOFRAEESp M £h Ak @ﬁllobﬂe {uﬁf ﬂlﬁy @ded 10 exshange
w deband C[BM& The 'nost preval ent w deband

informatiomiwithl §HMétbaa¢ statiensr 190N §rselsi gt \Péffaé,d?!%Mat?aée plgtons can be
S- tand
provalgi it oS AR e Y B el PO Rant B, e forma
in sucYIob&iBn§. UMI'S) protocol, which is an evolution of the
GSM prot ocol . As used herei n code division multiple
(000D RbepiebRIB s s BN by BRe ol S SoR R e Sy eBimeRneation
standhfdl, FROATY A £2bletori ¥R RROEMIm) st H@istty Association (TIA). The

details of the GSM protocol are available from the European Telecommunications Standards

Institute. Third generation CDMA standards are typically referred to as wideband CDMA.
The most prevalent wideband CDMA standards that are currently being developed are the IS-
2000 standard, which is an evolution of the IS-95 protocol, and the uniform mobile
telecommunication system (UMTS) protocol, which is an evolution of the GSM protocol. As
used herein, code division multiple access (CDMA) refers to the third generation wideband
CDMA protocol employed in the universal mobile telecommunication system (UMTS)

standard.

[0004] GSM and UMTS are both European standards and accordingly their respective

infrastructures are primarily located near the same geographic areas, as compared to the

TDMA standard which is a North American standard and is primarily located in the United
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[ 0004] GSM and UMTS are both European standards and
accordingly their respective infrastructures are

wpEerioa@siosy | ocat ed near the sane geographi c arPEEUSHS5/038856
conpared to the TDVA standard which is a North

StatesATRYCRIRh Sthabla st thefefereini@eilikyly to aaédebebivetsithat facilitate
Uni tedSt ates. G ven such, nohile units are therefore

CDMA#GEM| detestipn thanmeeriverewhichdaalitaat DVAMTLVIA deteshipry AgFSM is
eLer h
sconGAGE B, ARG EE ot Iop AR et Mo ot
tone-tiké&docellalaa sippeld thararendColther @M A &rmtab be able to
recei ve ot her tone-based cellular signals that are not

f the CDVA .
o AT S0 T AT S g e
acces?m) QE(PM%)C cﬁ{‘z‘i‘éi1o§1'1ﬁ€ﬁt1ﬂb\éb§ds§ (TOMA) Ph EDAEAES Gser is assigned to

DMA, a user is assigned to and transmts
and tmmmntsaovpoa poﬁmnaff thmﬁewwwu@p die figanenpyespectrum can quickly

uen rum can gui ckl
vecor R ERE¥sSRBEL LR R e OPSAR FELURGS B HRSH ot
incredsk BR nubibeP b ers Whb &4 @s%%egﬁ/étﬁﬁ'&wﬁﬂey, "[tIiMIASﬁ rempl\dsm:dma divide
use a given frequency, TDVA is enployed to dlr\éjdet e

the fréquenespegirapdatortime slats Wlthlwhsqhd%%r%?@ HepsT infarmations As a
can ansm t_infor r
result g}ﬁlt@k € USELS Can s'illa & ea%édugﬁ]cryd %4 @chc'}lﬁ%gxlr éag gr?{%r%lgﬁfélrﬁnng S respective
time §l6W IBagh hées is &[@ﬁﬂ la\barst oﬁ@rns iintvhidRao ranseit or secaisidgiae dMultiple
a burst of tinme in which to transmt or receive data.
burstyamprise @ WSt s conprise a frame. [0006] The GSM
standard calls for two 25 MHz frequency bands for user

[0006{‘] Al c? sfta[ SHEON f&ac% 2@%!&%% RO yREd QAR ubbizdat® The

he upl1 nk anne used for communi cations fromthe
frequenlyiblard beﬁwteen 896 land BaSMIHst iatheowplinkrebiantieh use @;@qunumcatlons

from JEQRO BrUTE A PESRCPORS APHory Pre oy B S oo Mz s

the dMirh(echHﬂﬁél udea T8 dbphritlcaAidds Bowth BiseGhaivnab themobile unit.

divided into 124 carrier frequenci es over whjch
Each @pInduandahx\mdnﬂq chkasel i divided e A24 sarirpirequeagige AV Which

di vi ed i,nt 0 t| I
comifyiiip ke Pt iy Bafity RSN rimBg alled
multi®aes, ahdl Hﬁnlﬁhﬂbﬁleﬁﬁinb@éjuﬂ)blﬁ X Ramad) dEath fismte h}&relght time slots
transmt in one burst per frame. There_is no

called bupis findtacesep oa transguitin oge butst perdyame sThere }Ssn%@’é?d trapsmyjtted
over % 37;% 2&{&% eisolt ?selﬂgcﬁ Q% a?g&ali](?b 8%6%&94&:%4 68N Sbh&S from other

can nsmite carrier fréequencies
signald it cagbe aasmiredidheagicafidqimmoits tecighlber ot theigoard band. The

t hi 1
base Afarwiors G GHUHed S FTBFORICB LT BLTe Hhits oVeF atsighed carrer
frequencws

[0007] GSM calls are initialized by the Frequency Correction Channel (FCCH) which is a
part of the GSM beacon signal transmitted on its broadcast channel. The FCCH is a type of
control channel used for connection of calls and general network management. The FCCH
channel can be used by active or idle mobile units and supplies the mobile unit with the
frequency of the GSM system in order to enable the mobile unit to synchronize with the
network. A mobile unit can detect the presence of a GSM signal by listening for the FCCH

complex tone.
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[0007] GSM calls are initialized by the Frequency
Correction Channel (FCCH) which is a part of the GSM

whemensmosi gnal transmtted on its broadcast cheerEk2005/038856
The FCCH is a type of control channel used for

[ooosfro MESHveRibraf sy a 2eutiveeasy @lly defevnthk praargefiesignal of its
FCCH channel can be used by active or idle nobile

same pet Detntionseippptiesl tymieallyopauies arnedilg wHL iomower wRyd Bneipn of
ool s UL RpRESoptanpRnl Sk Bl e S, whi

commilgicatitig Witk arbﬁ@esam‘zm afmcﬂanSMt hagmgla GHMA setcencxr@nfb@rrequlred to
t he FCCH conp 1_@fﬁéone 000)1 onv K sterrs

powerzai - GR Voot RIFYATG i BEte ) SeBe s S Senel iRy

Howe’vérS tlﬁ?fé@hﬁlé{ is cgﬁfﬁ%ttb% AimcbiR @ atieiNife@dhd Processing demands

res a 'e“unit to power up a portion of
placedlm choanabilshmit, @endeuygmreldssto@nunume@tmg agerfeansmitted between units

v oSSR S0 AR 80 St BBk B B g et

have 1%&&@%@%&@&@ g%agébﬂnlebeﬂswhﬂe ahd RdREvRlin bpxtery gife and
GSM recei'ver hardware to nerely determ ne |f a

increase gnp1100¢sslng demends, whichareat fremithe ewrEe t?j’l}é‘) pgY- éq)gslppg;ally

e_uni .
ol HEL PR b R RIEBRE et v
types gpglfg}i;ﬂg Gdht @emgR Rcdivansm tt ed bet vveen units that are

nobi'l e, and these nobile units are typically designed

to be conpact and therefor V. battery and
processi ng capatﬁWMM%g Qé g%r]i\%ﬁ]tmﬂ(sﬁe reduction in
battery life and increase in processing denands, which

[0009{] eshle F‘Leulﬁ’rf@nt tﬁé‘ FeSatt ifveRtieiR aYMA &c@ﬁ@ﬁ@ahﬁietdét the presence

r oubl esone ere ore there i's a need for a stem
of a tériesbbased sigual (ergh glo@ahsystem foompbile @prrmarm@ugrl&( ) gignal). Post-

proce?%s us, %gaa S (ﬁ)&%ﬁ ﬁ%ﬁ?&ég&a& %AA{% 1111 r%vr?{éll?gnal detection

based' dhvtﬁe *dlat‘aﬂmnﬁu&%ﬁhé 86REIMRIn Fahe fRbReH stgne1 \mﬂeeﬁmﬁ@wb filter, the
tone- based signal (e.g., global systemfor mbile

determmanum € theicorresroading p@Wgwaalye thnbéqterﬁmaétwsqfﬁl@e Hgal pgength; and

the o t I
the efi B0 e eaftbY o st e SoRE v Bl acces
(CDNIAS reF85% ketha ithied gerdtivn widetrind @DMiAgp@tocl eplbhe in the universal
digital filter, the determ nation_of the corryespondin

moblbd@l@commm@athwsm /M RRstrstardf Eppadunegieg fig § PSR [t vention
can n’H:léI?(g @%ﬁ%@&lt‘é@h& MevRite HRG %)Ifeﬁtle&iﬁa%ﬁfs ﬂ(é&gsmgbﬁerﬂaﬁﬁig b

rvision nul € access refers fo

preveénfifig tH hebianey féh daving d[epcam’f upDAMitiomat reeivere tpineyebyl detect the
in the universal nobile telecomunication system
presepesviridpne-based 2pa-CLE B0 ts of the present invention
[0010] According to one aspect of the present invention, a méthod of using a code division
multiple access (CDMA) receiver having a digital filter can be employed to detect the
presence of a complex tone within received signals. The complex tone can have a symbol
rate and can be comprised of a known sequence. In such an arrangement, the complex tone
can be of a global system for mobile communications (GSM) signal. Furthermore, the
method can include the steps of determining the values of the tap weights for a digital filter;
programming the digital filter with the values of the tap weights; determining a correlation

between a received signal and the values of the tap weights; and indicating the presence ofa
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can maintain battery life and alleviate the threat of
i ncreased processing demands by preventing the nobile

W@ 2006/060063M havi ng to power up additional recei REF/ES1005/038856
nmerely detect the presence of tone-based non- CDVA

detect& MBI tdRAADE cAEIafeH Blisties Otheeshside (Theahethbbeqprabmeintlude
Invention, a nethod of using a code diyisj mlglti le .
post-pensessing Wabkiyn beperfaratedipathe guiguaridhe dieite] fily Pesiprpgessing
e oved.to dete d : .
can s GPHPHER i i S B GREREE o e s P colnion
betweSy 2 @bceivddesi@ntiartithe digimbfifter, fedetfminakion ofi tteeguespoading

In such an arrangenent, the conpl ex,tone can b
powergaab%sathesdﬁﬁr@marleg ofrHsi g %?@ﬁ{) e‘é‘i( %ﬁ“{‘éﬁ% °§‘P§ h&&‘?ency
Off-Set.Furthe_rm_)re, the nethod can include the steps of

determ ning the values of the tap weights for a

digital filter; programmng the digital filter with
[0011] ha cvaidirestoafsetdne aspeet wEiphresentiventiangp gededivision multiple

C l.ation bet i ved,sj .
accesso(glilﬁé%lré%ql‘(ﬁé Sﬂh\l\&‘zgct %Srféﬁeé)l\ég of ;?’%(gﬁ | x %&{%e‘glg[ﬁg é&o#@gl signals.
The cAAFTeR $6:RCAA £¥yrhibs1Satclantl Ren BOsEpridell of admbiva eqenee. In

t hreshol d. The nethod can al so i ncl ude post-prqce
such antirehgementbthe gemplsx ipre ean herpctoperbnge S%ﬂngl fheh g? &%ﬁi‘?ba? Yystem

f.i.] ter. Post:-pr [ f '
. Sy SR RS  e BF AL el 040K n e
outpug@' t_ht8 Hlig‘iﬂfaplﬂit&ﬁ Mlﬁlﬁtogéb@ingeﬁﬁ be petfaingdab impobve kignal detection
igital filter, the determ nation of th di,.
based poukes defemmisatiarins (e PaIFSIF R PEOHCRBH e Freetieg analif dng dighl
filter, ﬁpeddett iﬁzﬁ{dn‘@ttﬁeo& pédind {)(ﬁ%%ﬁ%, BE (e Rimida86H 34 the signal
ccording to a second aspect of the present invention,
strength; &@d @helestinsition ofithetfrqpuengoatiss 1aGDNNN pmergemsnt, frrCDMA

reccivgy gTaRSIUOPACIEBh B R GiRes SRV S Gy e IO inable tap
weighg,asﬂhé}@inctﬁé'tﬁf gl ei6tt2fis AGRAND c5RABRIEE reckied ighalarith the

rrangement, e conpl ex tone can be a tone-based i
programgiable tspioiights. tThe GDMifatecsiyst esmatsgrineglpde p gontroller that is

coniggE 16 (5 S OPRE dOERTOt RV Ty el AR B further
be coxgizéfrécp fdjﬁx%glzaﬁ'dﬂe Qaitab BltBEw R HEReh Weights (DVdeteingeahe correlation

ection based on the determ nation of the
betwaepraretavadigita andsthe velves pétheitspricighighdi) antindisae the presence of

digital .filter .the de I nat.i . gn
s confpillo i the S oAl FFRIDT B fef Rt SRRIAATS
and the estimation of the frequency offset. In such an
[00122F I RA@EdTBR to a thvd dshddRof fegiresent ineentionch vt dividiogimultiple access

(Db RaTERopee O s-uriIe BS IOHE HHec B igpaly- The
comp?eqcatgﬁg o Rave Qs bt fitd L LAHRIYRPriSdsTa kv selfihce. In such an
arrangement, the complex tone can be a tone-based signal such as the global system for
mobile communications (GSM) signal. The CDMA receiver can include memory, a

processor and a digital filter.

[0013] The processor within the CDMA receiver can also receive instructions as follows.
A first set of instructions can be stored on the memory and adapted to cause the processor to
determine values of the tap weights. A second set of instructions can be stored on the

memory and adapted to cause the processor to program the digital filter of the receiver with
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programabl e tap wei ghts. The CDMA receiver can al so
i nclude a controller that is configured to: (i)
wa@ledenmose t he val ues of the tap wei ghts, wherPCTUS1005/038856
controller can further be configured to programthe
the tap WG%h{salA ﬁinldts%f o‘f"1ﬁ§ﬂrdctl§n§ S Bk &l S thé nkment zﬁfdfﬁd@pted to cause
correlation between a received signal and th
the prosasares determihe tha pomelaghn bet“(elen iR )reegived pigna andthe Wélues of the tap

welght£ge E%H té@igﬂBag %ﬁgg%ﬁ% F?taﬂ n?i ecr)nssc%?{bgfsltcggd 8f'the memory and

adapted 088580th€ prob 83 &2 to A6di 04te kg pieSerieetddi Iarddnqﬂ@ﬁohe iffth¢ bx@relation
present | hvention, a code divjsion. mil tiple access

calculafedbiyhe digiseli filter sesinfiere duesholle Hidlisiet ol WRTFLOBRETERE stored on
e 5l SR o AREEHRL 0 e cututs of

the d1gi$zﬂ iR CB@sthfbo‘éBthgaran&Mlﬂdl‘@@errMmHﬂghhe c«nmihtem he@M@encthn
be a tone-

ased |
el sl S R R S o
TEAR nd a digita t
theSIgrfaggtiéiEﬂl’heggrocehx%rﬂ%vmﬁtéﬂ é?ﬁfefs%Dl\/lﬁ\ recgi ver clan glrso

_recei ve instructions as follows. A first set of
[0014] i msdeptiding wrsfouath dspest afithelprssent fieventinny  comnptersage pEpduct can

e oSBT EORL )] S B AR B o
tone withif rORIRI%iARM. a‘ﬁﬁ@b&ﬂf}k@ 6@ Hakie apyabebarrantde@an be coniprised

program the digital ter of the receiver wwththe ta
of a knwwh gbquenced Thei imtptistions i thesemapieter endle R?&&l% @anslfeowautsﬁ to

te
prtorty s PR S G 1 1SR b Bo! QB3RS By
and adﬁﬂéﬂ foh@uyathel o Ssséie debgmive i offthd tap vetiglits. ah second set of
I[ter. L fourth set of instructjons can be stor

lnSthtlhl@ enarhsrsiorethon dhe presepty gnd adanteq I0LasHIEPISFSLE B program the
digital i\ e %e( (Ve FOMRlexg &é? '6? 1ﬂs&u&tﬂ)%s can be stored on
g &

ion ca igital I'ter satisfies
the mefhoky) ﬁlﬁBitIhbtéd td\daluﬁé ﬁleq:ﬁ'bcasﬁorltm dbilermmedhs cueahativn betweand

th d d
o B AR RS GOt
instructibhg %?1 beps‘i’&E PhORE SRSty GRA al Afbd ﬂﬁcdﬁ@é BeProvesidr tdrdicate the

ation etvveen the received signal and the
presende @ﬁ 4 edmplet toae i fdla ex)‘rmlamq‘fgsatlhfées(mﬁhr@bplﬁn dibs goppwisr code

produc:t/ 2!@1[" dgtg}eli%i;qs% ?rl] hs% S%l%n 3l A‘f?t@%ﬁ'ba? ﬁ%ﬂ ng{gre? %hl'rt .eﬂﬂ)ry and
adapte@?@gzﬁ{st e e r&?es§619§)eéﬂnd'uet\/1ﬂﬂ€ bfdesstngs mu-bﬁfces&ﬁ@ecan include

can enabl e a code division nmulti ﬁle acces

detemﬁlﬁﬂg/ﬁ)e cozsktion r‘bettwedeﬁ@dpcetlmd sigrad ané thegtigital @Jﬂ%ldéﬁﬁmlmng the
e within rec d. I
comes b AROhE; BN LT AR fomenc

offset.S€quence. The instructions in the conputer code
product can be executed to

[0015] These and other features of embodiments of the present invention will be apparent
to those of ordinary skill in the art in view of the description of the preferred embodiments,

which is made with reference to the drawings, a brief description of which is provided below.



performthe follow ng instructions. A first set of
instructions can be stored on the nenory and adapted

W@ 2006865 t he processor to determ ne val ues of P€TTES108§038856
wei ghts. A second set of instructions can be stored on
the menory gRIFAHHYEEPTION BSEHETBRAWDESSOr {0
programthe digital filter of the receiver with the

tap weights. A third set of instructions can bg “6{?
[0016]orFI€3hélsrﬁémmemm diagamn efla COMAUSee1Y e B it ear B Ul for GSM

: ed signal
signal S ELTAOG g6 B bR IRhERRIR AERRONST, 230
filter. Afourth set of |nstruct|ons can be stored on
[0017]t G iemyexenlag fhivediagromd Hustmtinge mpetbedeSGBM signal detection
gl cate th res,enfg@l of a con‘g* ex tone i f the
20030‘&5 It%%ff?}}"r Qdiment plide present I The conputer code
product can further conprise a fifth set of
[0018] i 'TSIU 86 dro@niplaly ffAndiRgrastifoehtdg aletho®oDpost-pRstessing to
adapted to cause the processor to conduct
improvesignapietetion 308 acrdinge et embedigieatof thagregent invention.
determ n| ng the correlation betvveen the received
Si L r oLmi :
100191 JAPE 8 0 o el by Lt e UBOD Gt hoME prgoessing to
est1ma§:tff6%1ﬁ§id9 ofﬁ@M@Bidcﬁ”ﬁﬁmm ah kembodiaere of theqfréseat invEGinS)
These and ot her features of enbodi nents of the present
i nvention wll rent bo t hose of of tnar

100201; (F1Ehs it SRepRIFEidL et RoRePd hEopPEETPig 0
! SRAR c¥fdi} foemnieend M of AR t
determ raw ﬁg@ &%sbéﬁﬂgﬁ%e%é” pt |Con of which is provid %Iresen
inventibal ow. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0016] FI G
lis an exenpl ary di agram of a CDMA recei ver 100 t hat

oSG S AL S AGEEA h 2sP0

impler@éht 8 eBb@mEnt bPtie @eﬁtamenhbmst ratl ng a method of GSM
signal detection 200 according to an enbodi nent of the

present inventi on [0018] FIG 3 is an exenpl (L%
[002215 BIgF. s i $xeseplars diaeram pbe RO BPogset Lt Beegn brgsedh Jor GSM
t
signal YREQNSSHANR) A5 SRBRPOPBRRRE Molnen | L,

an exenplary flow d| agramillustrating a nethod of
[0023]P OBIG. ;Srmmee;sampjatycxheg'amrdaee]ﬂuleqnﬂwo;k Sﬂqthettutllaes a CDMA

according to an enbodi nent, of t e nven
recelvcfrd‘gxz ll\/g-_q%@a? SieYegt?%rha(é:bgﬁtﬁ tgrag) Frgié):%g}?:pr\ésen 18ntion.
illustrating a nethod of post-processing to determ ne

and conpare signal strength 500 according to an
enbodi nent of the present invention.




[0021] FIG 6 is an exenplary bl ock diagram of a CDVA
recei ver 600 di sposed to inplenent an enbodi nent of

W b@spsmsent invention. [0022] FIG 7 is an exeepUs10ys/038856
di agram of a Post-processor 700 that can be used for

CSIYh st ANdD SOt iPeTORCIPTHEER EPERREBHMBOBIMENTSt he
present invention. [0023] FIG 8 is an exenplary

di agram of a cellular network 800 that util|zes CPMA .
[0024] r de an gbodigrentsiibe pEasent igengien, DY 5iCa1visg St q@pgﬁe of detecting;

e peRERRE IR 8P RO B B3 i e

filter wﬁﬁtappi‘opigfté t:q; wtightsp Theefidre itre/€DM A meceh/eﬂwﬁclimil:lete\kbﬁ: necessity”
is capable of detectin presence of . tone- bas

to POWRIrYIF ieF V! RArdBRIRf fugke g&“ﬁ ﬁ%i%g edpStHICHeRSARA; g SBe the

particuﬁk Zdr%%‘\&if tebdiGld %rﬁﬁuﬁﬁ&'ﬁ&ﬂiﬁrﬁﬂ@ licﬁil i@ééﬂﬁig%anﬂ%ﬁfe%ﬁﬁ&i to

recelver can elimnate the necessity to
improveGigaal-detection daamronl*thc detemmainatfornt Q;f thx earralatiopdfet waerethe received

s B S L el upOPb bl e, e
determﬁ’ﬁﬁ&n of (BE @@hf‘ﬂre%gwl Bfd e etahamsh dfahé ﬁ"@qlfbhey sffgaalAs used
det ecti on based on the determination of th

herein, codcr divistanomultipleeasesst(fPM AL esfers ip thedhizd g%éattq’i’eWIdeband

fijlte he d r t
coMA e S sl & inh B SERRTR IR bBPo finabidRi S0 R ROMTEY
standardNAstuled E@&,imatff@ém@f fotrhetet rsagpaBrinyludd zirgan gnatsthas ad not

formatiefaceaing (e AV Brmoh Qs rameRN 3%? StsSEBr B} Befor i the
use of li‘ @H&@é ré'c{égyne‘g g(? g&w&gﬁ% él% délﬁé 6f cal | RhSysH @@detection of

_ _ ereiln, dr ferently formatted
GSM sigrghalsihgia DM revejves lsgiesdnbeﬂhiashcmlébmmadiﬂymmmdd that such

xR i S R R i b s

of GSM si gnal s.
detect %%&Eégé&% lgegg?g%:?%sgﬁﬂ %ésél?/lﬁglil'gnal S usi gg a CDVA

receiver is described, it should be readily understood
[0025]t héxt pasuadeiertiogdppresdnge pEEEMsipnaly sienalsifiasn the CDMA searcher

nbodi nts of t $ent , lave ti e

can b gRiegied F et ERaR Tar sk e g Eibl ProBGrS nkO asm
signal Wb letedt8) A MAD eBific haflwaeLA RIS %ﬁvdaﬁﬁcaﬁﬂ)eﬁﬂipmnﬁﬁec%l\l‘ecewe

signals, signal's fromthe CDVA searcher can be
and progestihs §5M stgnalsgn p&knewe masnginal s have accept abl e

correlation propert| es. Once GSM signal s are detected,

r

o026} SREFLEL, QLS DANLR SODLIBIRAGRR o of sy ks
three o whiddviiie stesveht refed&iz6 huhsraishiOm 1041. aRtl ®6,1the iﬁp@tmutputs of

. receiver_ 100 can i ncl ude el
which can be coupled to a number o‘} multlp?iers our of w{'uclq A own é:t reference

numerals 108, 110, 112, and 114. The CDMA receiver 100 can also include a number of

-

programmable tap weights, shown at reference numerals 108, 110, 112, and 114, which can
also be coupled to the multipliers 108, 110, 112, and 114. The outputs of the multipliers 108,
110, 112, and 114 can each be coupled to a Complex Summer 124, which can add the output
of the multipliers 108, 110, 112, and 114 together. The CDMA receiver 100 can include 128
multipliers and 128 programmable tap weights. However, the CDMA receiver 100 can

include any other suitable number of taps, summers and multipliers.
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three of which are shown at reference nunerals 102,

104, and 106, the inputs and outputs of which can be
w@owphswmss o a nunber of multipliers, four of WETOSHENH038856

shown at reference nunerals 108, 110, 112, and 114.

[0027] B?ﬁng@yeraﬁsﬁ S MRICHOA feaéivad FD, uig@ﬂawaﬁlpae@ ¢aieE cOlflpled into
progranmabl e tap wei ghts, shown at reference nunera

and clockedghrough thel@scadsd\ arrarng@menhp%qlﬁlﬁahlos}ﬁslmbeloéo%(l &P fnotfle

CDMA rF%eéveEjd b{) g*hle:(?ﬁ]\/%%lp }%%81&} %a?&bé"‘ rr‘ill %_ gﬁB eagﬁé’tﬁs @k chips

are clocke@tbech the delaGaiguke X0BUOHRandl 106, thmfnhqis ce&nbeaxmhltmie:d by the
out put of the_ nulti

programpja v eichiaheTii boekt T 1160 2aind T2 B8 VeB8S of which can
be conﬂ({fﬁg%%émﬁqgce}\%?ég@ RQ}?}I%HH@@A RehRRnYBiedbt the cHRURMEH

recei ver I ncl ude any other suitable
between teTbesival cHippand thelprograsnmalsle tap weighiser s. [ 0027] Duri ng

operation of the CDVA receiver 100, digital sanples

b nt o and cked t h h c C
00281 FFenife e ayeectrdy MgE L HEe] Reftgmmable
tap weighiPYBs ! B@SH Y2 ranaq(i)4 3hin bt €DVh GHUp . 1. U1§7 Edil ﬁiat @amoh'ﬁ portion of
for exampLe 3.84 MHz. As the chips are clocked t hrqugh

a CDMA :hgnaﬂ é.gya mrs@tsipganﬂgm sequencelafa prodice e ik icppslation Vﬂl@n the

Li ed t h r t
covia g b 3t B LAGTIRR s 1 5180061 PROMR G gy,
CDMA REei6@NMI00Qah @@teﬁﬁmﬁahﬂxeﬁ}lﬂh@rebaved vighal 10@mtpalpgred byemanitoring
measurenent of the correl ati on_between the .received

the outpettef the GermplenSumegridhias ieokingoRaipgt O PH98] When

the CDVA receiver is intended to process CDMA signals,

[0029] t\bﬁﬂ%{h‘% Bﬁ&'&g H@s@nw&i ﬂ&@to%eﬂa%n o%@ CIMA 888 for the

hat a known portion
receptio®df GDNDMQl glalg;n‘élle CIDMQL rpctaqurslé)ﬁdxan alsd beusedde d@‘@}:‘c ’rd;lg presence

d
o ton RS G50 0t « BN S, Hh R DG R H0R w05,
110, 112&#% 11“43@196 R&9tYoandeRAEMM A 8pRhNaE wéﬂcasc@smg‘gﬁmm ne

received signal is tine aligned by nonitor

Partlcularlthf( @mmmrlewv«crﬁéo Campsit ébe B@mmmqbémwm&lts dQﬁi ki f1é2 aéld 114
corr 29
o o B RBGE Bl G RbYE  EySOR ey on

yield a rélﬁﬁvélfﬁﬁgé §13A affhe GRIMAt 6f 188 @osapl NSk e @mery d&pidts the
can be used to detect the presence of

processing et cﬁeilslefdregugedafor 8 Pest-pracessasifiOs iFgn HMT 8y ﬂ%@%@ﬁghlp rate is

3.84 MH{ 5RO SSTR fipkEl, 7@1%3% KHL: A bd&ib R nfibfiradolor the

CDMA ﬁdcanal F00 dai HRRE 128 tih@that afeccl R at the EDMTA thiD mtm Bes

e pro bl hts 1
configuratiorcht the CNRgTPcaitor IV toan op BElaic BreS gk sl A 15 t3b¥ over a

time eqth@a%(m tc@ﬁﬂrcﬁﬁ%&? o INT&YBibBIsC A positive correlation over 9 unique

symbols can be present for at least 14 sequential occurrences becawwse the GSM FCCH signal

has a known portion that can be 142 symbols in length. Although & single correlation value
may be sufficient for detection of the presence of a GSM signal in Some environments,
processing the full FCCH signal of 142 symbols can increase the detection probability and
decrease the false alarm rate. A Decimator 702 can be used to sam:ple the output from the
CDMA receiver 100. This could generate a sequence of correlatiox values. These

correlation values can be complex and therefore can be converted to a power and a phase

8



yield a relatively |large sumat the output of the
Conpl ex Summer 1 24. FIG 7 depicts the processing

W@ b@b/osmss be required for a Post-processor 700PCTU82005/038856
UMIS, the CDVA chip rate is 3.84 Mz and for GSMthe

angle W1tﬁ3é@aﬁjcesfaﬁtt8 Pofar 68ve3Rs 7HHZ A Bqiass bbp&weonlneg Uzt beostored in a
the CDVA receiver 100 can _have 128 taps that, are

Shift Reglzﬂtcrcm and acdyeubd by & Bupmes 788 inerder t@cﬁ#‘?@éﬁ%t ing{-gpparator
710, ifa @xregshg‘lal\@ s é)%gxﬁ %Qf%ﬁedl a%% ﬁl%Pef&t%r LALALE 53 @?ﬁ%%@lal has been

_ taps over nme equi val ent

detected. aPIY Slgﬂftl T btyr ’ﬂ)%ﬂ/ltlﬁeyﬁﬁlﬁhﬁr 708, pl@eﬂ jointly, car funlciion@s an
over uni que synbal s e present for Ieast 14

averaging Hgife Hopape wepaise @ﬂ&@ 8@@%0% d19n8f has

accumula%n?QH%\g% gﬁéél (ﬁ&o%f"{/alﬁ@sn R i R%&H&? 796 'cﬂn 58Pgkhch value

e correlation val e may be sufficient
sequentidiigrandelieatd e obfestvatuepmes éreciullohparitgoitiesd Hinél Riegisto 786 is

i SISy RSB L 8 5Bt Shton
values cad®fe ds%l%@ irl e S‘h?i*t RE, %]1%@7(58 r RtRwetvaeEt w@bn@iﬁé t6ahe be

used to sarrrple the output fromthe recei ver
correlatldlﬂﬁay Phicemputel] betpenerafice the SyuentdS. In additioa t@treyiding an

oo U GTrOBSE BB SERTLF ORGS0 BB PR e e

indicatioR 2% @aR Bk StoYddldhdRofphile@ 36 & dulpuPol the Summver 108 ai7fdiffefent
sequence of power values can be stored in a Shift

time. Register 706, and accumul ated by a Summer 708 in order
to determne, in a Conparator 710, if a threshold has

[0030] %‘é lﬁf I?ge ?egg?g%{&ggﬁ)%g'o V%hf)%eﬁ%vél oM £ Eete ﬂoor that

naI een Regi ster 706 and
is commbl’ﬂ9 pﬁh!deEdi by @i sunmeat 124i0fiFIG, 1 when fio potréloomex s,

e et B ek SRS LEGAE e by D
digital c&%ﬂ&“@glgﬁf Af?i@i‘ﬁ%ﬁal ltﬁ@@om?ﬁ‘ﬁto%b'lé tal B ile@yncBfontAion or

val ue sequentially and discard the ol dest
correlatioratiméngimferntation fai GSb/hchBytoahdlpﬁe tightite aReli ¢h the FreH
1 i S rea%({1ed If the Cartesian to Polar Converter 704 is
signal wasAeiealef: t he sequence of correl ation val ues can be
stored in the Shift Register 706. A power val ue

[0031] UeTRIRARIEERSr Y00 ddRleWpepit@bh gt pliaye ditglésammiiﬁﬁ}om the
before or after the Summer 708. In addition t

CartemalptOoR’@ldr Gonventer APbin ardertip deteaning the fpquenay OffFF‘é %ﬁﬂlﬁ gceived

the S
o, Fil e A SRR 2501918 e g
phase beBiéedeq@éntiahsutbut osBelatiofs @le. ﬁtedldpé)ectmﬁlsd bemktebﬁﬁ&ﬁ]m a Slope

The threshold can b t d f
Generatardlld] NaBuiee amour dhas herhs Cranat (ics HeGRBrAIgPeS) detitiga from a

predeten@ing?{b?a§@%@e Satoeetdinbhed! MEAR, AR FRIEREASHSR can be

determined by scaling the input to block 716 based on a comparison of the amount of the

phase change between sequential correlations and its relationship to the frequency.

[0032] Each fréquency offset may correspond to a phase deviation from the normal rotation
of the FCCH tone. An ideal FCCH tone rotates by p/2 every symbol. Whemn there is no
frequency offset, the phase can advance by 4 371, 7 from one phase angle value to another

phase angle 128 chips later. Any multiple of 27 can be ignored in this calculation because

9



Alternatively, the threshold can be set to a fixed
value relative to the scale of an analog to digital
weowseswes (AJO) . Additionally, the Conpar at or PGI/0S9851038856
provide synchroni zation or correlation timng
the expedted ff i SRGEo\Bhisela phiddl dah tek tHAR B . F
ee"Pemﬁ c%@hgyﬁg%ﬁllﬁogna was detsgct gd. [003%]: E%ﬁe 7
an exampPasf theroiseskauer@®itancil sz epkdaBehins arh prosiesssé, the phase
angles output fr t he esi gn _to. Rol ar r
change o338 DE AR P de e ol H IR PETERE e SPPEB A pihe e as
the numbef6EHY P& s Tl BRte usbd $ARH BNCRaGmuRafeectiog | ceiserizamashnet.
stored in a Shift Register 712, and the change in
hase between sequentijal output correlations éi

[0033] gl@p?e;hcu@ma edlldr petvensk 8P0imwaich rthg (P e resshs LGy be
employe%.ﬁﬁgsgl\%)é é%%%ébgé%%i@% 8?@@% {rEmAl g%gaﬁmggl(%'anﬁ 813 Bt are

roma pred rm ned phase
received eh@n@gacElA. [Seorchbt SO8NE B dnd Bil hadrk pe tomebised gummatsysuch as GSM
) of fset can_be determ ned by, scalin .therin ut to bl ock
signals op CHNASEERASTENG b i 37108, 7aBier FREIUGREIGRI st TGSy can be

. & hQHge 66 4 illator 8
e SRELUEL R FREMEoh Tl g 90008 dd o o

FrequenayfDeeh-conyerteo 8i @ Sfhefttequenay SHagerd@ficanisehthe disavengy of the

o, 1 kg Bhae) o e G fub 857be AL e
compens feeigf‘ﬁﬁ%eqﬁgﬁéﬂiffsett 4R REPHRn Gl iByaNGerddy b itprotdd p The
rom one phasé angl e value to anot her phase angle_ 128

frequency m:ﬁ;‘sstl daatberthe affiset that isi estimatstl byghe flostBrocghwr 480 ithFiGh sand
cal c [ t.h . ed - [
can be uiedhas dotbofiots S Rk s REFAEL A SEHEREY ofséo®) 10

For an exanple, if there is a frequency offset of 1

[0034] s hoRG ih 238G GEBMaleeecfion casedesdribed blyasfow hizapgen 200. 1t

could be calculated to_be 37p/72.+ p/ 15 ... Th
should baRngATeioed S AES R AR SRS B R Ao be.
R
hardward) ETNO$IEVRAO instruviivins kot lddeGhivEd ine ery vemplD readgblp nedium and

i g S IS, 2 8 AR E0E GEL 7o
should ngﬁgen%cfﬂssﬂ{slg% ﬁ) 108nit @B paftifh] B hardS@irebSo fh0Are -dp A8are/software

. | ~as GSM signal s or CDMA signals and can be
implemenieationan carrier frecnencies. The carrier frequency can
be converted to baseband by applying the antenna

out put. and a tone f ]l
o035 RSB SO LR, B B 6 05 g e
of the codfle e&gﬁ%{te thevdthiesiug fisy CDMA bhip eane (3.84 MHe) =t siep 284. The
neasur e requency offset, the Gscillator 818

samples gaij typiesdilyths ie Sixpdneint tesplytion hecapyse dis vail twlfcglgf l?egehgi%ital
system. { e%eepatlfyf)g C%l\"fl‘lAi sﬁglafﬁ%éd?ﬁﬁt@@ chgfdfn'énﬁ QH@QuadH{ﬁre phase shift .
keying (QPSK) technique and therefore the complex filter taps need only take values such as
+/-14/-i. At step 206, the system can limit the samples to have a real component with a
number value equal to numbers such as +1, -1, or 0; amd an imaginary component with a
number value equal to numbers such as +1, -1, or 0. Tthe values can be modified if the
CDMA signal for which the filter is designed is, for example, quadrature amplitude
modulation (QAM), and the tap weight resolution is m.ore than one bit. The digital filter’s

taps can be programmed with the complex limited samaples at step 208. Then a received
10



frequency offset can be the offset that is estimated

by ftie Post-Processor 700 in FIG 7 and can be used
w@go00besback to the Oscillator 818 to adjust iPGI/US2005/038856

frequency offset. [0034] As shown in FIG 2, GSM

signal cargﬁé £t fio BRMIAR] ﬁﬁ%ﬁiﬂdbc?&igﬁéd fitel bamutitagba m&ﬁﬁed bt step

ould be understood that tTunctions described herein
210. Nexisthagotrbletion beweemdpeasesivedrsignal andphe valveseiphe digitaljalte’s

ructipons, or,.gan be inplenmented by specially
tapscanlbar%’ ?@Hﬂ%‘ﬁq 1P zﬁz The software instructions coul d

be stored in_ any corrputer readabl e nedi um and
[0036] BK®CUHses dRymplapy ﬂ@ﬁsﬁagfram'ﬂhstrhhmg:a terhaiquieyofestpidsesking to

in connection with the fl houl d
improve gigpel dielreton SUbALCPTGRE Ay SgsRRSh: r}il?esﬂ’rggavﬁfqgénﬁon A

received %&B&lvi@ uPlntd'ie %\?{a‘f% ?t@lf B | (ﬁg‘tﬂﬁil%ﬂfp%&'l@ﬁﬁ)du[:&pﬁﬂep 210.

X conj uga signal can be taken
The powa{ofsehelpdi%ﬁﬁl filteat omtyrup bmsbaxﬂetetrhena;kamtap)a 02erapd gaﬁeeuqmﬂ of

digital ﬁlgqeg @h?p%c%?cgggg%ﬁe& % relart & B vvI czhr tP{Hch ﬁclfe% I%utput
powers afeesst&leﬂtn'l%"ebebﬁ&ﬁéi"'tﬁﬁl B 'Cﬁ)lWA' dhip daied. CBhd 36 nae of gigital filter

system nerally, a CDVA signal is nodul ated
output pererocati bgsunimed end theoroatelationprkisk camegrrespapdyip fap sum can be

compareé]gj fg 6]?ﬂe§1£€§t%lflqpa }gaﬁg%er{n%ragg%ﬁlfmﬁﬁw&ddsl&l %ts%% 304

and 306 &ﬁ%eﬁ%ﬁn@i&b@ﬁﬂlaﬁh@ﬂmﬁb@ andeal aesurholatethe &qﬂﬁ&:le of powers to

conmponent with a nunber val ue equal  to suc
generate ﬁn.e Sun1 Thy presengp of 2 SMrEGChbY g4 6 B gl‘f@e ﬁB‘r’FBgPon

satisfies Q/ o?c%‘c% ﬁZnZt%?qfé%s}ﬁ);f& ﬁ@cﬁgﬁb&s d}scu e(pm r&@r@nce to the

B can b for which
COmpara&&enfollhtFeG s designed is, for exi an‘pl e quadr ature
arrpl | tude nodul ation (QAI\/D and the tap wei ght

A Ay R S SR P
frequenc?%@@ate 0PecSlafi 1898 emmﬁﬁnéi‘lt Bﬁt‘ﬁégy o8t ifhahtié@NFéleowing step
Into the~digital Iter and a digital filter

210 of F‘['(Tut?.p the plase atgie pf thd Ld@'dl ﬁttelsqu@:plt zapbe Nptrrminggeat step 402, and a

eSS PSP S YE LV 470 o e
filter outﬁll’c?pov{fé?g 364 rakd dowhich thengifX AR cutputlipheve Ahglgs are stored may be

l‘ustrating a techni que of post- proceSS| ng to inproy
slower thamghaCDMA iri rate. Mawmphawgcha@g%ﬁ beissgPeRssofsheital gltef

i nve nth ce | i

output p]ga[sa R s P} B2 cé‘ﬂ%e(ga A}dg %ﬂi{g‘?gl?{hg ufp 1§ {H&IH {shepdr}%lg% ce
outputs pHas® &@gleszeﬁ”@ stoirefdlea @ﬁ%ﬁ%’fenﬁfne& @hi&ke@h@ngedhai nhat}etleedub patemoved

can be deternined at st ep 302, and a
from thediveiage phaselchaigeo df peRessapa ﬁhqd@e@ﬁtmaeéﬁﬁ%%eégla%ﬁblafrﬁ@ be
removed 4t s%p%ﬂ/\'{ﬁe‘f’&iﬁgﬁ) ik AbiRptibh bf BIG. QUtRYredetermined phase change
bias could be 37P/, for phase angles of digital filter outputs separated by 128 CDMA chips.
Once the bias is accounted for, the average phase change can be scaled to determine the
frequency offset at step 408. For example, the average phase change for phase angles of
digital filter outputs separated by 128 CDMA chips could be scaled by’ SAMHz/ <6

[0038] FIG. 5 is an exemplary flow diagram illustrating a method of post-processing to
determine and compare signal strength 500 according to an embodirment of the present

invention. First, a cellular signal can be received at the antenna of a mobile unit at step 502.
11



powers are stored maybe slower than the CDVA chip
rate. The sequence of digital filter output powers can
wheoososoesl, and the correl ation, which can corPEEps9ds5/038856
to the sumcan be conpared to the threshold at step
The cellufbg @tgnzﬂﬁ ;E@frbﬁiﬁbrﬁﬂﬂ e BhdeGttions BOD B Nhidibn8@s. epdrequency
06 can serve an accunul ating function and ca
on whlcha@ dqwulcan‘@rltthe celbductignal iy 2 fseoived sigpalfeanch sl e‘tt?fgats%‘?ﬂ S04,

f
o et SRR S SN PGl LIRS g
such as aUHM%@hﬂcaﬁ@e%@leb@ﬂ ayVexsp 60651: |AS1$eellvedh sugefab canbeinpot inhethe
Conparator 710 in FIG 7. OO:%Qp |sflg[)
digital filter apd a0 pqodl&?@tar@gﬁﬂgﬁls?r RBPHIRE S S tle‘? seedsfegethsan be
based on %%"bdlgml%l{ef &?cﬂ e"ﬁfﬂ‘O%eﬁnd“tﬁgs %ﬁ&l%l@hgl% E4h Bdstored for

esent invention | owm ng step
comparisdd € sxfotldr Gigna, stﬁehgthpdmmspoadglgeo efsignabregiegyedain drjothesy
& out put _can be determ ned at step 402, and a sequence
equencypt R k4l filter output phase angles can be stored at
step 404. As with the digital filter output powers,
[0039] tl“ﬁ@ sfgﬁ&lestx@ﬁgﬂﬂ\’@hf? Ha\tehe?o@-ﬁl-dn@'rdﬁtlbﬁﬁﬁp @tpthe cohekgion value of
| és are stored may be slower than the CDVA chip
a recelved a@al Ahezefenc daesighal streesih pyringreaphes hergearriatiqpsbetween the

received Gl @ ot s R i PHRT s PR G SER, el ST,

determin@ibPenDeRidas forang nambar ef Béquendes on phatlevatodsiiede platiews may
change bias may need to be renpved fromthe average
gaglé)nare

transmit gigaale Eordheease whepaeessedrsignalsHiorp mate thah PRRBRSSH
correlate§ Egtgxgaen meacﬁ ?a‘”l‘@ilt*%f W@ﬂm?%ﬂﬁh%e%@&ela%ﬁ%ﬁbﬁ& th®

scription o redet erm ned phase
threshold; fangPMA aseiverl @) & iddpify ﬂlefsmgna;b Iwa&lethargb@sst ofgnal strength,

o o P e LSS 0 B i
the base &?ﬁ&gﬁlaf:%ﬁl‘?ﬁ&f:tﬁla@g A, ﬁ&tlﬁﬁﬂﬁ&etﬁe@e&ﬁmé’d@ﬁ §Xedan

For exanple, the average phase change for
choose arﬂmamaym@hespooﬂmgl tgbased st&ftIOhtBQE 3t pR0S depsadingsepamywhichever

base statppcgangm}tgeggpéj%ﬁrgais‘f ﬂ}fge ]gfea toﬁl%aﬁ gﬁ%‘r}#lz%t o ha{soaoc?’o%elatwn

that satisfet fdnRsHoidost - processing to determ ne and conpare
signal strength 500 according to an embodi ment of the
present invention. First, a cellular signal can

[0040] Mmg(ﬂo BIG. ththeaneaiveraf e comppwiraionlevige 640 gan Compﬂse

The cel | Iar 0 or nore base
memorygﬁgtqgﬁgesgg gis% gﬁ terl@% ﬁld,énf&elgﬁg?cy on which to
down convert the cellular signal to a received signal

[0041] Cle pa6cessdr 604 esh bé imspleperhtédin dither sofivesredr Iirdwaml or a

filter taps corresponding to either a CDVA signal or a
softwarethgfdv g ¥BRISWERREPY-SuCh as a GSM signal can be sel ected

at step 506 . A received signal can be input into the
[0042] The memory 602 can store the values of the tap weights after they are determined.

Exemplary types of memory that can be used to carry out an embodiment of the present
invention include, but are not limited to, Read Only Memory (ROM) and Random Access
Memory (RAM). Read Only Memory is a permanent form of memory that retains the .
contents of the memory even after the device in which the memory is located is powered off.
ROM can be used to store instructions adapted to cause the processor to determine the values

of the tap weights, program the digital filter of the receiver with the tap weights, determine
12



digital filter and can produce a digital filter output
at step 210. Trie signal strength can be based on the
waele@ensidossi | ter output at step 508, and the siPEEIUS2005/038856
strength can be stored for conparison to another
the corrslafBRbetcER Rl ca Qf %nﬁl% RAA ehddp tadight VaBiBSdnd i@aRhteale Piesence
anot her frequency at step 510. [0039] The signal .
of a GSM signajt The anlueavEthe tamucightssaa bestosed wigRpps pehofmemory in
., correlation value. of r A ' | . Therefore the
which dgf%‘g‘i?glbeﬂl?tgﬁ?glpﬁlugglﬁ’ P%él P gg@ét\éggo’t e correl ation
bet ween the received signal and the values of the
[0043] gﬂ‘ﬁé db 606Icke be sohtagliedibythe psesssol Hé4 sidyaalpass sagrpigsof the
. eterm nation can be done for any nunber of
received pigagldp dhedighial TkeE A% ar i ous base stations may
transmt signals. For the case when received signals
[0044] | TROUPRGELHATEL d0RCaANRTBRS theSARrip b AR reeblvE@SidhiA vith the values
between the digital filter's taps and nore than one
ofthetapowclghiatspmﬂleddiyitbﬁh‘mqrhéol-hr eshol d, the CDVA receiver
100 can identify the signal with the greatest signal

S ngt h referri to F ,
o045 SEHEFAF 0GB AR S P GRNPRE I e
place inli6bikAGSstiohhyOiitshallic canaoiude,ast bitadot imjed o, aFwilular

i nstance, the Frequency Sel ector 820 can.  choose .a )
telephone, aquiseless lepfep e8¢ Rersagr! compaise that SomBRnisaiss OReyPofy wireless
and wir?l:i e &%Bﬁélﬁ" *T‘H? H OV GHES RS ALdtRR chi #99dlichA 86

e signal” w the greatest signal strength that al so
Wirelesbaxfswﬁe@,(hlhﬂeheitdrmmmfcaiﬁomhi tefviebfomreendtworkgh @lbdse §tadetothat can

Referring,to FIG .6, the receiver of the co ni cation.
then traggy] oo OO he Ul danesiap hegaobis it HELESegom “ich
the infoln@idithaf is! c%)ﬁﬁnlﬁﬁgate@&qjgi edVdd B0Gry b bf thbBile or stationary

processor 604 can be inplenented in either software or
units inbladithgabet mt limitedfto ywoteh el thizrrtelephqrice arpinteanét Sarver, 00 4 Pprsonal

tThe menory 602 can store the values of the tap weights
compulgkt er they are determned. Exenplary types of nenory

that can be used to carry out an enbodi ment of the
[0046] PTES§REseht MOt odncah Ao e emplinientddeasiit dfiacbingdtel ode product.

Read Only Menory (ROM and Random Access Menory (RAM) .

A compRéerccodn produshesncomprise sepppigerradatle fangpagesig ayroppyter readable

retains.the . .
storses SR SR RN By A e ST el s

code) tROMi@aBs He opertiohotat the @rodesdot tukics acrdingfat averhoodimestef the
t he processor to determ ne the val ues

: . f t tap. .
prosentBYagHES, 1he SQREHIE FEdEEPOREHTIqIn h bp e et @R jawhich the

comput\é/j‘gghef}ﬂgdﬁ&ﬁ)s }eg'hts, determ net he correl ati on bet ween
recel ved signals and the tap wei ght val ues and

i ndicate the presence
[0047] The computer readable language can include, but is not limited to, source code.

Exemplary computer readable storage mediums can include, but are not limited to, ROM and
paper on which the computer code product can be written and then transferred to and run on a

processor of the type, including, but not limited to, that found in 604.

[0048] The computer readable language can be executed to cause the processor 604 to
determine the values of the tap weights; program the digital filter of the receiver with the tap
weights; determine the correlation between a received signal and the values of the tap weights

of the digital filter; and indicate the presence of a complex tone if the correlation calculated
13



of a GSMsignal. The values of the tap wei ghts can be
stored in various types of nmenory in which data can be
wowioboss3 ncl udi ng, but not limted to, RAM [EOHB$200$€38856
A/ D 606 can be controlled by the processor 604 and can
by the d%ﬁﬁ& fiteNRkisHe] tHr&iBolde TRie\Bfhptited Reddable 1dnpaadd @intdldo be
Ilter 608. [Q044] The digital filter 608 can perform
executed precduis therpragesesr G0do cerdiicy Beptyireasatings Rast-prrocssipg eag 1pclude

f.the ta i.gh ' . A [ ‘o
determifgh s BTSN P TUREF B Bt 8 Rl
correspdridngFT drQEthes deshiningethe bighial spleagth, amd astimating tre frequency

stationary units which can include, but are not
offset. |inited to, a cellular tel ephone, a wireless |aptop
) and a personal conputer that conmuni cates over both
[0049] \Aﬁhﬁleﬁﬁﬁ BOS WA Rk LA e BANR] dnboliBeRtebIBE or&Xeat invaitioh will

the communi cation can travel can be wireless or wired, .
be appasentitdt theseskitleshinghe anvim cigw afithe Eregaingdescriptione rAcqosdingly, this

. base station that.can then.transmit a.si r
descriptiih g (S0 “oRuyRLR: TGorHtreb PET o b Tifhelhe St o R
inventiofITHe debflsioTas SRichRcdd 8 virfedGob¥tialfndthoat d€fafiigsfom the

can be any nunber of nobile or stationary units

spirit ofjthe inygniep), and thawxclusiveivse af eld moglifinatians, waiqhgre within the scope
t el e, ap_internet server, or a personal conputer

Ofthea?mﬁag?ggﬁggﬁ?g§%%’&invention can al so be i npl enented
as part of a conmputer code product. A . conputer code
product can conprise conputer readabl e | anguage and a
conput er readabl e storage nedium The conputer
readabl e | anguage can be the set of instructions
(e.g., source code) that dictates the operations that
the processor takes according to an enbodi nent of the
present invention. The conputer readabl e storage
medi um can be the location in which the conputer code
product is stored. [0047] The conputer readable
. l'anguage can include, but is not limted to, source
code. Exenpl ary conputer readable storage nedi uns can
i nclude, but are not limted to, ROM and paper on
whi ch the conputer code product can be witten and
then transferred to and run on a processor of the
type, including, but not limted to, that found in
604. [0048] The conputer readabl e | anguage can be
executed to cause the processor 604 to determne the
val ues of the tap weights; programthe digital filter
of the receiver with the tap

14



wei ghts; determne the correlation between a received
signal and the values of the tap weights o f the
waele@sosdoss il ter; and indicate the presence of BCTURPOENISES6

tone if the correlation cal cul atedby the digital

filter satisfies a threghghMis The conputer readable

| anguage can al so be executed to cause the processor

604 to conduct post - processi ng. Post-processing can
What is datwedite det ermining the correl ati on between the

received signal and the digital filter, determ ning

t r e al
Lo AGEH SRR AR iRl ?%%%%E%@ot%;%tgd@émﬂ N
process ahdt:mfxfedm&;gmthdut hifics icaroies ﬁ&qubrabt, epntaiting a epinpbixrtent @prﬁsented

ent ention will be apparent to those
byaknmglp(ﬁlgp%ldt eﬁnqth%él%qpqsg,pg” ew of the foregoing

d4&3GHinRY Jﬁﬁ‘rahﬁp&f(tﬁﬁjbv@@hl/s fot BiGighfISRlEdrpt i on is to be

construed as illustrative only and not as limting to
ptopemnsnimgehe fligithkfilien \V\eﬁt theplurgiligy otapivaighs; t he

stru ture can be sub
depa&t F%nmgc?rﬁ(tnﬁ IQB Vt'eegf i‘teﬁgéeﬁiﬁév&esﬁ b Ig18&tthedp lopality of tap
wehtsugha/e use of all nodifications, whi ch are wthin
t he scope of the appended clains, is. reserved. %%'\@
indivating & pedsanoecaf 3 compliex tapeifidie correlpdiongasisespethresho
division nultiple access receiver having a digital
filter to process a received signal, at a first
2. Ta@hettRd Jfichamel) dhereirotticailinialigy af tapnypdightstiodetermined by the steps
represented by a known signal, the nmethod conpri sing:
offletermining a plurality of tap wei ghts for a digital

bl ter: f er wwth the
t%rdéaaﬁntl@&g?&@g%itggfl%gt S; rrlnégl{&ng a correl ation
diztizigethetcoinplexemajugaic eetlagm@detannhnte&eatpt urality of tap
wei ghts; and indicating a presence of a conplex tone
if the correlation satisfies a threshold. 2. The
3. df FHid Mwhere 8legirBddi8BmRledraleiis ¥ CBMABEhip rate.
vvelg S 1s detérm ned by the steps of: taking a
conpl ex conj ugate of the known signal; and digitizing

o TR TR Rl SRR FCE g e,

CDVA chip rate. 4 The nmethod of claim 1, wherein the
known signal is a GSM FCCH si gnal .

5. The method of claim 1 wherein the plurality of tap weights are complex values.
6. The method of claim 1, wherein the plurality of tap weights are stored in memory.
7. The method of claim 1, wherein the correlation is between a portion of the received

signal and the plurality of tap weights.

8. The method of claim 1, wherein the correlation is based on a sequence of digital filter
outputs.
9. The method of claim 8, wherein the sequenice of digital filter outputs is processed to

determine the presence of a complex tone by performing the steps of:
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5. The nethod of claiml1 wherein the plurality of tap
wei ghts are conpl ex values. 6. The nethod of claim1,
wob@se5053 he plurality of tap weights are storkdI/iUs2005/038856
menory. 7. The method of claim 1, wherein the
cab N4ttt pRPericOrrEBPoNEIRR 16 e Hightal fiftet f@ptittogirvdme a sequence
signal” and the plurality of tap weights. 8. The nethod
of powerpf claim 1, wherein the correlation is based on a
sequence of di gj I . 1 od of
oZFAFEE haflfict Brbirkly it bl tho cBefitpn i
conibapiilpghé Sorpdlnivags adhieshalé teindinge thepesarent e cofpkex tone if

conpl ex tone b erform ng the steps of:calculating a
theCOH@IB@Q%?at@ﬁ??%%‘?fi{}aﬁng to each digital filter output to
produce a sequence of powers; accumnul ating the
sequence of powers to generate the correlation; and
10. Thomptoidnd ctaire 9c ohereimthiesteptaf acctimudasing the sesuiene efgtoavers is

.the presence, of nplex tone if the correlation
accomph%‘%?@ibé’far“e%veglgi%r%gf@&&: 10. The method of claim9,

wherein the step o f accunul ati ng the sequence of
powers is acconplished by an averaging FIR filter. 11.
11.  THewmethedivgelaih 9 wheteirpthewhmedationt ih e Tsrmenrsire ofrepaived signal

I St asure. of received signal strength for the
strength%rfl&ﬁrgggagpg?frqqua:gency_ 12. The nmethod of claim 11,

wherein the first measure of received signal strength

for the first carrier frequency is conpared to a
12.  Themstwdmfsiimd lowhersiethe Sastsmganire of Fesryed siggpl sirength for the
seegond carr | j
first camC PR GG o o oal GG B sh ol FEI iyt tor o
second cafibsfb cy.he steps of: calculating a phase of each
di gitaci1 filter output to produce a sequence of phases;
cal cul ating an average change of phase between each

13.  TRETHANA & c1AR3S Rurltler tcgfﬁpléi%gl%etﬁﬁ %tegfom%%ﬁa?ihﬁiaffrequency offset

necessary, renoving a p term ned phase change bi as;
by the steps@dfdet er mi ni ng the frequency offset based upon the

ver age chan 0 ha 14. A . code division nulti,ple.
cilpaBass p EarbFaIEIR) Tl S padit a3 pY el
cH1ERI8HNE5h average change of phase between each sequential phase in the sequence
of phases;
if necessary, removing a predetermined phase change bias; and

determining the frequency offset based upon the average change of phase.

14. A code division multiple access receiver having a digital filter to process a received
signal, at a first carrier frequency, containing a complex tone represented by a known signal,
the receiver comprising:

a digital filter including a plurality of taps, wherein each tap having a pro grammable
tap weight, the digital filter adapted to correlate the received signal with the pro grammable
tap weight values; and

a controller configured to determine values of the tap weights, program the digital

filter with the tap weights, determine the correlation between the received signal and the

16



signal, at a first carrier frequency, containing a
conpl ex tone represented by a known signal, the

WO e@elos®ss conprising: a digital filter includi POI/ES2005/038856
plurality of taps, wherein each tap having a

values o rtl‘i’fgfa? RPEEHLE ah@PhdiGit& e, préseeedifai doatplét tonetif thel apireldtidm
correlate the received signal with the programmabl e
calculatechpy ¢hs ¢jsital Fiderisaisfighe thiesholdk r ol | er configured to
det erm ne vahzes of the tap weights, programthe
digital filter wwth the tap weights, determ ne the
15. %gfoﬁle Hﬁtiéi&?mhﬁtpb@@c&eﬁsh@ceieﬁéiav'mg asdigital| filten tb priveess a received
) val ues of the tap weights, and jndicate resence
signal, 2R FSCHRPHACHENR> FERBEHORBIS: ok rapealed b gy Wydenal,

thereceg\}eg!caﬁléﬁgiin ter satisfies a threshold. 15. A code
di vi sion I tiple access receiver having a digital

fuehdogy; t 0 process a received signal, at a first

carrier frequency, containing a conplex tone

P efE¥eht ed by a known signal, the receiver

£Qlfal BltRg: nenory; a processor; a digital filter; a
first set of instructions stored on the nmenory and
afiagstsetofiinstogtions stored ondeewemeryt andpdenicdito sausg theggoggssor to

the ta i ghts:. second set of instructions stored
dete“nlaﬁv?]l‘fggﬂéﬁﬁgy‘%ﬂgﬁgﬁapt ed to cause the processor to

RE8Pnd ¥kt drandhugiib@ strell @ thedhehbsy areicgiaped tweduse thHeeprocessor

tap weights: a third set of instructions stored on the

to prograentheydigitd filtergfitheraceivenwih thefap eidSsor to det erni ne

t he r ' ' '
VUL PyR IR Besforky S el e rgor o
determih6 thid dorfeditioabeiwihraretdivaissigtabamtithervatuee ofithewap weigtits of the

. _adapted to cause the processor to indicate the
dlgltal’é]lt‘%?'sé%e of a conplex tone if the correlation

?%\%@L%{t gg IH?%U&QPEIS gfcogéafeﬁ{ the Inlenfry 988 Bézgiit&f’to%ause the processor

division nultiple access
to indicatecthe pesendewrf tlvempteartpné Hitharoareldtionteakptatest by the digital filter

... instr ci%ons stored on the nenory and adapted to cause
SatlSﬁefﬁEhrﬁﬁ’Li'@ ssor to conduct post

16.  The code division multiple access receiver, further comprising a fifth set of
instructions stored on the memory and adapted to cause the processor to conduct post-

processing on the outputs of the digital filter.

17. A computer code product which can enable a code division multiple access receiver to
process a received signal, at a first carrier frequency, containing a complex tone represented
by a known signal, wherein the instructions in the computer code product can be executed
according to the following:

a first set of instructions stored on the memory and adapted to cause the processor to
determine values of the tap weights;

a second set of instructions stored on the memory and adapted to cause the processor

to program the digital filter of the receiver with the tap weights;
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processing on the outputs of the digital filter. 17. A
conput er code product which can enable a code division
woriobioploss access receiver to process a recei veRCHUNV8$/038856

at a first carrier frequency, containing a conplex

a thidd Set o B 8 SHSREtdRednkne Wiensdrgaal adyted & dautdmdre processor to
instructions in the conputer code product can be,
determine dlxeearralationdetv ennrigr easivadsignsl pedhihegralupsiof thettap weighfs of the
dj'mlﬁhHD§£&UCti°nS stored on the nenory and adapted to cause
&l the processor to determ ne values of the tap weights;

a faursie s irsetctidns iststadust the hsensdrgraad adapted® caeswothy paswassor

. .. adapted to cause_ the pracessor to pr amth . gi
to indicate fhe Prjserpe of geopwles e lgfhwwt{%agﬁgﬁﬁﬁ 3 E‘G%I‘ﬁ%aﬁi fiter
satisfies a PksHYigl nstructions stored on the menory and adapted

to cause the processor to determ ne the correlation

bet ween a received signal and the values of the tap
wei ghts of the digital filter; and a fourth set of
i nstructions stored on the nenory and adapted to cause
the processor to indicate the presence of a conpl ex
tone if the correlation calculated by the digital
filter satisfies a threshol d.
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