WD 2006/ 050055 PCT/ US2005/ 038856 TONE DETECTI ON USI NG
A CDMA RECEI VER FI ELD OF THE | NVENTI ON [ 0001] The

wORraR®Bsess Nnvention relates to signal detecti orpdiys2005/038856
comuni cati ons systens. Mdre particularly, the
present | 0 IR ELIAORTING NeCOMRRECRIPER
t one- baset; = ei ver.
BACKGROUND OF THE | NVENTI ON [ 0002] One of the key
benefits of nobi| FIEDOMTHEINOMRNTEINhe ability to
mai ntain communi cati ons whil e noving throughout
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particRifly! the bRfseriteneditionr@ited foahe Hetaetion cftomrbasid, won«ITada signals
~ signals according to different wrel ess comunications
uSlng@(g?Mmeé’@WelBecause of the differences in the types of
infrastructures, sone nobile units are able to
B e I or MBWCHGROPRIORSTIR IRTXAeNc! the (i e
di vision mul tiple access ( , code division
mul ti pl e access (CDMA) and gl obal systemfor nobile
[00023 o rOneruf dlaet keyrisencBEME mobile naramawications is fherapiliy teaintain

maj or, metropolifan, areas, a nohile uni.t .
commR RPN ROV RGN FeriRen Rt pinY Jfferk Beographic
areas SRR A8 tent FoRcHEbas@l i astniohiYedhatcaalthdrbforscatiaor e

preval ent and a nobile unit may need to exchange

transthis§ion nhiwirolessigiganlsl nevgrding to etferemt wiselpgstco gus protocols.

| i ons.. [ 0003], Th i | . |
Becny? s dereheti e O it oy S ARG SR e
procebsinfbli@bhcotdingtd £§ ohe bt divisiomnultiptistesy (TDMA), code
. .. Association (TIA). The 3 detai |t§ of _{ he GSM pr ot o%als
divisign swdiiple rensse(GM) erdelebslsyeam fPemobdnfrAmERicatnns (GSM)

r | i i . i . ;
sand Y8 g o B 5 0 G e
informpationatienCDMLA dasastatEhhN\Coreanstdy, ds othea breas, €S0 baserstdtions can be

bei ng, devel oped are the 1S 2000, st andard, .whi ch i
provalsgbntka DI UhBAy Gegho SKORBEL ISR REHRE &f fhe Csi Tormat
: Lke . tel econmuni cati on system (UNI TS) protocol,
msu‘#/\{hq?églﬁs?sé an evol ution of the GSM protocol. As used

herein, code division nultiple access (CDEMQDﬁ\) refers to
[0003] h&beldetais g ther ERMdvprojode iamdiscieppdinghaiSo b cospprygaien

it uni ver.sal. nopi te ' '
sanaf 48y SRR R R LEE PP R ADASKBRRER . The
detail EHf BB ERM ptADER apS avallsbl@aea the Batopebi Teleconpapsications Standards
infrastructures are Schi marily | ocated near the

a
Instityje o GhispaeneraiondsDMfs ra@itypisally seferred to as w1d§bag5 CDMA.
- The most prevalent wideband CDMA standards that are currently being developed are the IS-

2000 standard, which is an evolution of tﬁe 18-95 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 fo the

TDMA standard which is a North American standard and is primarily located in the United
_ 1 | -



TDVA standard which is a North Anerican standard and
is primarily located in the United 1 WO 2006/ 050055
wBCiicdS@ABe5/ 038856 States. G ven such, nobil eparmii$2605/038856
are therefore nore likely to need receivers that
em | t th B6& 168&iFerdiithat kacilitate
State% 8@‘[}3& %Lg{h’e TDVA g%%eg‘g{elrﬂgﬂe 1ik@ﬁ(GSM IS a
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frequency division nultiplex access (FDVA) and tine

di vi si on mJItlpIe access. ( TDVA), , auser.is .,
[0003] s Shhg kesMimaedia Aerepy sheme ise @mmaéwa&f g@%ﬂﬂ&b’ diyjgion multiplex
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onme’sat urated since only one user can access the
and tﬁﬁﬁmg;l’tﬁﬂér b pemwhaﬁe@enmmec&mo Atle frequency spectamecan quickly
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becon ngéﬁaﬁp neJISER Gap ecess gxér@zﬂe&g cgreag &%’?ﬁ In order fo
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the ﬁ'éqleq@ﬁmyu’umnﬂtodanh slots mﬂmawhmhwman @%nshn’gmfnfglatmn Asa

res tive Each isS as

resull, FORIRLSER G DA o G pad o oS el fespective

time Qw Hash GRIRS a@pgfr@d hbaseof tirﬁ@ﬁﬁmmo Folhat andesice ¢as.l Sultiple
for two 25 Mz Trequency bands for user data. The

burst§ ¢ompuiseerapzad bet ween 890 and 915 MHz is the uplink
channel , used for comTunl cations fromthe nobile unit

0th ' y n
10063 g3 LR 200 25 RErL BRAHGRF Yol Bk HREN The
ﬁ'equélivjﬂhiulﬁﬂ B@twﬁemslsvo a;@di QIithd dsﬁleaiphm{ olmtmlel ukmldﬁmmmmmncatlons

nit.  Each uplink an 0 [ nel,.i s di
from fhoesbile Anitdp dhbase slatiths ﬁew? wfhaeﬂ b Whgﬁq POMHz is
the ddwER o Lxﬁ‘fe? usg?‘?(g' c%ﬁﬁTf atlgﬁseﬂ&ﬁ%ybdsé sfdiidh #ele nfib@e unit.
ti mesots ’cal franes, amltifrane is
Each oplitdk angl dofvniikfchamees is dEad¢d ibtntad Ma&egncnmq:wes wbtcb
called b , d a user. can tra n.one,burs
mugicefion A5es HRbe o catien Beauaek i e ined B Bl
mulhfrhrﬁ% Pl i Blifra@es id thadeipWTOY BSndd. PdaH Halamds &ight time slots
separ ate the GSM signals fromother signals that can

calledimirsts, and giuserehngrangmit in efe bur@tqwe fremes Therstis Ae dafatgpstaited
over t%g gfsg ﬁ%{}%{ g;gg d. T b as 8&% g%hai‘gté ﬁz Q}W%%nlals' ffom other

e units ov

signaR ¥t BAFRE Sadshhieed oﬁ Eﬁﬁételi’ﬂueﬁme{ &Qﬂ?dgﬁﬁﬁf\/bﬁ did glaﬂf and. The
initialized by the Frequency Correcti Channel

base sigtionrvithin g cel) ag essigned foecommmieate with 4 §|1m%t? qHE ~°t1 cartier
frequgz{&l'ts br oadcast channel. The FCCH is a type of

_ .[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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control channel used for connection of calls and
general network nmanagenent. The FCCH channel can be

wo2est/dsypsacti ve or idle nobile units and supplacaaus2ns/038856
nobile unit with the frequency of the GSM systemin

[0008? L gﬁ E:%I]ie'vt%\%glrﬁﬁﬁ 'sgsto%rrg% ial'i‘P&Ne?calﬁrHrHy HecSMRE H}e@éﬁhé 8f Mkiptnl of its

e unit can detect e presence  of

same typ&SMesdctjnm bf byighal $ymcallygeduires gimeotilemmit te pAFHEAR & RFEOR of

W T s AT G

comnRnf3IBRE Fifla AsS itaie, adobilt Snit Baviag bYIBMADetdwdricambefeqaired to
signal "typically requires a nobile unit to. power ugﬂta

powera its G Mbfeceier indware thmerelsdeieaina tiaCsy sigppkis Pres
t he .correspondi n > f +Si . i.
rowBE R EERRE PR Bt B ek PRk SRR ol demands
placed '8y tHRGnabifeRM. r@sRiaVIg] wiéesshenmagtiéatiods tie trapowitted bgtween units
its GSMreceiver hardware to nerel getgrm' ne jf GS%/I
that axgjrgpbile, pad heeasmpbile mmmlpﬂlbh?l%slgf@ At P ERERagt ?515‘313?59 ore
. i. . i . i e | 1 H I. f d
v g R o AL Qbl St B0y e o
increasira] ireprsassing demahds whivhsesitefram Hresovintentigchnologyeis esprcially
that are npbile, .and these npbile its e typicall .
troublggaing n BRerelere et seed rspiren 7 Lo 1a0hf dnfl L Eftcet verous
wesgg%igfgélyuﬁﬁ 2 RIBfSSsling, capabilities. As a result, the

=]

ron Tn battery life and increase in processing

demands, which result fromthe current technol ogy, is
especial |y troBINMARY OFMBHBANNVENHEMN i s a need for
a systemthat allows nobile units to detect various

£ g | . ndl Lo _
oo 5t A St B £ty SR iFpcsncs
of a tdrRMRREd §iBnal ge.él.DM‘ébﬁ emefor wabileedramunichigons (@SR signalf Post-

a tone-based signal (e g.,. glqbal a}/stemfo_r nobi Iﬁle i
procegsing e heceriommed ey inghaf e disdial Bltgy 6 smmis gEndl desgtion
based¥ the ﬁgfglqu&gfrpﬁ U LR oF iR J@béi\ré@éi ghdl WitBlhd digital filter, the

i nprove Sign etection based on the determ nation
deterinatiie o£ibe etradponding powtreratuec thevdetbrmiinghian offhe wignplestrength; and
digital filter, th det erm pati on of ..t he .
the esiien BE I HRgUERGEoia Araiscd haote bl FIYR GHHIRIe pRogss
(CDI\%}?%Z%G & Aﬂé@ ﬁﬂfcggen@fhﬁpn WiRbast CORMA PRotetollehpldyee Githeayiversal

used herein, code division nulti gi!hg access

mobile GRkymmerdicationtsystema UMITS)stagdansy Fn eai8 phikia Presia invention
t, | in,t i i e,
con Bl S B NEAI D O PO ) BB S s

. preveﬂtfinoé {h€ iSRS QAlt HoRY BRHASID podNupBiditiahdl rerivesrty nerélg detect the
_ and alleviate the threat of increased processing

_ presenterdiots-baged pereCERASENAlEe nobile unit fromhaving to
power up additional receivers to nerely detect the

[0010] According to one aspect of the present invention, a method 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
_ : 3 : :



presence of tone-based non-CDVA signals. [0010]
According to one aspect of the present invention, a

woRbdsmdoss using a code division nultiple aceIsus2005/038856
(CDVA) receiver having a digital filter can be

detect&f'?c#}rﬁﬁl%g 1 fﬁﬁé %Sf'reltaﬁ saﬁfs SENEResDIdR THR MR dafBRo include

Fecelve e conplex tone can have a
post-psoceiin g whidhecaa bel peﬁmmtﬂd cmdhp pittpaichfahe digiteldilter.sReplPrREESSINgG

can bﬁ'@?%&)&ﬁn an o aﬁbﬁgﬁ gpqegtti h elilmﬁ(ﬂg%glt ég 0 %tﬂé%? oib(ﬁe 861'[['8312101‘1

betwe ﬂfefieééi@écﬁsz %ﬁahﬁid el aed] SR, tleCetedairation of thp Soméspondlng
eterm ni ng The val ues™ of thetap wei ghts for

powerdiagic, te dﬂtd:rtwtaﬁon of thgrsignal siepnetieanr ’@plegymﬁt;qrq(gale\,ﬁrqqpency
the values of the tap weights; determning a

Offsetcorrel ation between a received signal and the val ues

of the tap weights; and indicating the presence of a 3

[001 1WA&Q&?AI§$@Q}%CWSW 00teqashEnvativacd ede (dumpbremultlple
tone |

e correlation satisfjes a.th eShoqth{ al
access (SN A) cereivr 8 doieqt thepregsse O%r &G\XSH cpeiFed tienals.
The cc%@é]teﬁg LR ARatd sycHﬂS géte Qhd Eﬂ?béjéo%ﬁr&led bt & kfwn sequence. In

rocessing °'can pe performs to I nmprove Slg
such adeirﬁﬂgctmmtbﬁe eainp}exttdma wetberartomeabasoh s1gna1tsheh as the global system

correlatiqn . i ved, si
for mqhﬂ@,cpg}mqqlpqh@ps #ﬁ@? ﬁ’ﬁtg? T BYSTEF “‘%%“ﬂ 8 g e the
outpumz}\ﬁ% fter! b@stﬁﬁb@és%ﬁ 3hi BEp&@forinbe teingitave Shrak d@hétlon

estimation of the frequency offset. [0011]
based An ¢ioe dktemnination of Saovrelativndietwion thsrepeivedsignal Ardsihe digital

N

strengf; aﬁ@lﬂﬁe esnilﬂ?!ﬁoﬁ enpb @éqﬁ@m@ ofERe, flﬁb‘lﬁzhaansafﬂihgémamtthe GiMA.
can be conprised_ of known sequence. such an

receiver ¢a@ngelndm1 digfkieseviag ARWRLI (27 cach et mpggrammablo tap

weighf s S8 Pl R RaERRH 1T U HReoctRR S al it he

progra@@iable 1RLweighive The COIVIA receiverichn allo il‘mhlddsl agloﬂtitbliﬁﬁ' ithat ég .

Post - processi ng can_ be rformed, to
configyeaddet (id ﬂeteﬁraa%ﬂlecyﬁlqeﬁ eP @»@tt%n Trights; h ?a‘éfm“%ﬂef can further

be confiHh %ia@tﬂrggéﬂe : %"E%ﬁglt i@?er RAAEHY 86 \ﬁél@lﬁ@" (ﬁ?ﬁé{eﬁrﬁﬁ‘e the correlation

o [hs] eterm nation of
betweaws keepeddigngl szivthe vala¢susf the tap vebdghds; (i) and indicete tbqa]presence of

a ngieg‘g%%e if ?‘%‘FI%% tigp Cglg?fﬁ%agﬁéh? gltﬁ@%oﬁ%ﬁ} %g%%gsver can

include a digital filter having a plurality of taps

- T0012f a%e&%g‘ﬁ BhRd A§PeRNOTahE Breb@n inveBiie) b codd @ivision rhiiiaple access
- filter 1s adapted to correlatetherec ive

(CDMS”L)gnemvw aah deleet the prosensmed B lcampley toms Withia recPW s. The

A I AT
arrangéepl) 5o coMisieLione CAEhE @ tinedakel sigreah sidhrds ey 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
: . 4



be configured to programthe digital filter with the
tap weights; (ii) determne the correlation between a

woeowios®ds si gnal and the val ues of the tap weipghtss2005/038856
(ii1) and indicate the presence of a conplex tone if

the.correl.ation - i git il
e o WPB07 8 BT s o b e 0 ce
the pro@é?sflﬁ&b ldetfenﬁjhe tipe esedlation beneena recaived g'@mﬂ andghewalues of the tap
multiple acce CDMA) receiver can,detect the
weightpplee Risialilis. @bAMEk It s HTS BB SPEd i memory and
adaptedl%er%u&ptﬂp bg%egsgﬁ% SficdieMR FreSoebera E:ﬁltnglneﬁ RsheGRthelkBrrelation

rsed a known sequence. In such a .
calculatedbyrbe digits] filtchresatisfigd ethresbold. dafifthsetofiinwactiensegn be stored on

o meSyTad AR S B e g op i ovows of
igf le i AEBSRQectcrEhifg diedich@latibh bétereen the
ﬂaed1g1‘f%84ié§? Pr‘%%%‘%%’é@%éfaﬁm t hi net he CD%/A receiaver cain al so

received eigealandithedigiial filies dstenminiingths cormpsponding pewer yglue, determining
. lnstrugtions can.be,stored menory and adapt ed
the sign StE%{’t@b @ﬂ?nﬁsgg%%ri%?%mn%?%%?ﬁ ne val ues of the tap
wei ghts. A second set of instructions can be stored on
[0014] t MRecoFBRDIoY: fonekhasdpaited tiiepresns mveintorp neompster cads product can
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O cause processor to determine the
of a kn6wh s&juehie0 Mhedistracticnsrie de coapusirgndé producitcae by gresuted to

o ok LS 5 et o g e
and ad%m%uste%%%%sédi‘% BERERDS Q’Eltuta@of Mitgpiveightoe A gecond set of

resence of a conplex tone if the correl ation -
instructiaiscah bt sorddyort He miegornand ddapted te gauseftheprogessor to program the

. . re ld. .Afif set of. j nstr [ . ¢

aigital e HHES asibiryihdng FinaPeahto A Al s T ARl tored on

the meipBROHEL adggtsd toPERERIBE PRbcaot Paddmsthiing the@brrelbtien bétgietmh
fil'ter. Post-processing can incl ude,determﬁg%n vt he

received signel zndi thevaleenebthertap weightseohthe digitghtiltery opfh set of

. digital filter e L] _ i na. dicate th

mstrucl‘j]c()i%d:gl’l lba g{qreerdrﬁ% iﬂ:gegﬁlg éllﬂgan(faa Bf%gﬁ(‘rj’ é%%?%%asmw icate the

presenc®fiartdiiphé toieif thequashyion titsfics a fitedwld. ABwoodipwiertcode
fourth aspect. of the present i nveption

product PR EaEPTisg HEh aH108 IFUBHRNS %%Péﬁ%'i?gﬁ%trg)fg‘ii’g memory and

_ adapte(%fé%%ﬁgexl&l%séﬁﬁ oY fiduck goggxg&%siﬁ .%?&?F?@d%é‘s@n@émﬁnclude

i'nrecerv signal s he conpl ex

- determinfiipethe aorrélation besyorhdhe reacized signdamdibe digitdrfiltpsdletgymining the

kngwn sequence. The instyuctiqns in,the c ut e
correspRPGREOWEEY e deiumniting thesiepl SFereiP S PRI @5%%%@@
offset. instructions. A first set of instructions can be

stored on the nmenory and adapted to cause the

processor to determ ne val ues of the taP_ wei ghts, A
[0015] s @hessarsktheyffeatures 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.



instructions can be stored on the nenory and adapt ed
to cause the processor to programthe digital filter
woOhodshgoosecei ver with the tap weights. A thirdcays2005038856
instructions can be stored on the nenory and adapted
to cause thﬁRffE]Q R?I@' FsrAGENER rel ation
between a recelved signal and the values of the tap
wei ghts of the digital filter. A fourth set of
[0016]i MTEG: arxm&nqﬂazyhﬂeagam néadCBMA meceinesird 0§ thahernehfeyseddor GSM
0 cause the proce % icate the py esence of a
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The conput er code product can further conprise a
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menory and ed to cause the processor to conduct
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si
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inventigfrbodi nent of the present invention. [0017] FIG 2 is
an exenplary flow di agram illustrating a nmethod of GSM

nal detection accordin an enb nt
100211 G ey eV Blesk dqgmen 6f & ERIAToq 6 G110 SBhisiaty
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[ 0020] FIG. 5 is an exenplary flow di agram
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di sposed to inplenent an enbodi nent of the present
i nvention. - ' ' :




[0022] FIG 7 is an exenplary diagramof a

Post - processor 700 that can be used for GSM signal
woeb@msosn according to an enbodi nent of the prE@EEND05/038856

i nventi on. [0023] FIG 8 is an exenpl ary diagramof a

cely ﬂﬁkj HE PREESRRESPABODINAENES
for SI gnha d%t ectl on accor Ing to an enbodi nent of
the present invention. 6 W 2006/ 050055
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erein, dlff rentI for [
we of §PERARSEEH B LSl RN B R o
GSM sﬁ@faﬁ%mgg@DEﬁ@ AaeRvet ﬁ%&sdri%edj e sHouliask rem@atrmlefstdwl thav such
use of a CDMVA receiver to detect the presence

an examplem@hgﬂhis@atlw tHnohngimenttofitbe prasend anvsntiomepild bg Hgdto
d, it should b
deted'i?‘ggﬁqgﬁ?e%egs obag%daétg%agsg %éellgeexaln'plz ’s merol y

illustrative. Enbodi nents of the present invention
[0025] C QAH phriif deseRting che Hedonedt o GEMpigmbnsignalé fromitbe CDMA searcher

t one- based sign [ 1 0 art of
can be geaceseed IR LISHE YF b Signals b et éﬁ‘a %@Tﬁﬁ&l’ﬁ%ﬁ@% (Grfe GSM
51gnalsta|i]§d %QM%?] < a?@élﬁc RARwWRR RERE SSERAe ko BORMSIBMSHEN to receive

gnal's cepta e correlation properties. Once
andprdﬁ‘&dlthesG@NﬁblgndsmdanmdnneﬁSM speci fic hardware
and/ or software can be inplenented to receive and

rocess th nne
10026) S SRORR IS bt EEVMEpe e EOCH SFRRRE purh Rt blocks,
three of'HHféﬁ breddhot@l 2 YefeteR6d®umerhlo 1162, 104, Ml 106, thednplie wid aitputs of
reference nunerals 102, 104, and 106 the i nput s __and

which esnthgiepupled to aniahercefmBiiplisy gpwfvdich sg ﬁh@l’n gt reference
numera'fu Mg Hé 1 E fdo P, olthe%m éESvmmaﬁalsﬁ & R W humber 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 eutput

. 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, sammers and multipliers.
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numeral s 108, 110, 112, and 114. The CDMA receiver 100
can al so include a nunber of programmable tap

wmb(g;hisa]sssh_ovm at reference nuneral s 108, 11GcTthi2005/038856
and 114, which can also be coupled to the nultipliers

o i SRS UL S sl

and clocﬁﬂil”lthi'cml)ghmbadbﬂéﬂ angeireint cﬁdﬁl@dhlocﬂsd Oé,u {lpéit andoO6tin ghe
nul tiplier

CDMA fogritsroD s CHYIA Pltb (ke (i b Far sF it Al €55 5, AR chips

~are cloc gﬂ{;a &1& od&110011194, HRMEIE the chips cERWR thekBliveby the

i ncl e aniv) ot her suitable nunber of t aps,
Programmamnswarghtmshlompn lotks 108, W9,23861069 345 the values ot which can

be cont‘ﬁﬁgg/éﬁg\%g%%\% SIES%YQI&B&E#BRJ%CG AR S@‘gemge‘(i)ljﬁp ﬂgé r{:ﬁa and
between%é)&lsﬁded BHip4 8l thé progrsensiadt wagmnrent of del ay

bl ocks 102, 104, and 106 in t CDMVA recei ver 100 at

the CDVA chip rate that can be for _exanple 3,84 MHz
[0028] A&h@rh@eémw reaw@erém&x@edfwr%@ﬂﬁ qwcﬁa“%aésﬁhsewmable

tap Welgﬂlg%OS 1% %?ﬁ‘é%m% cﬁrnﬁet scemoﬁﬁ%‘?(ﬂr e g(&:’;{(téooﬂhhte@kﬁﬁwﬂ—ﬁ&hon of

pr ogranma s 108, 110
a CDMAlé;@nal g, ibﬂeudofmdvmlsemnoé) oah podﬂucamm@ecamﬁam@i when the

CDMA fifual §E PUET<g P Bp HESHEIEMS 1P Rkl b PHAJ Ao RFRpHEnel: the
CDMA 1%58%&'66&% Qefe] ﬁﬂm Qi reb Q0SB '%nﬁé%h?@d%ﬁ monitoring

ecelver Is Inte to process i gnal's
the outpmrocﬁ@tesmmplea Sunmp:enm gind Bokdg, fona peakcemrelatiogn. 114 can
be set to UO Ul, U2, ... Ul27 so that a known portion

L a signal ;(e..q..
o029y S PRes AL o Ertha R oRTEHITI AL B RECHBAER) 65 e
receptloﬁ bi‘.‘@DMA dnpadis\he CDMA récibvene 00 Bius alddik ustddtoldetect ﬂ[mbresence
Accordingly, the CDMA receiver 100 can et e[ &r;t%gog

of a tonerie! fiBEALIBRRISALSH signal. By changingihe gragsrapym
110, 112 glgq(% A Iieg lvér'lz%n ﬁ@ﬂgw Jl%és%?elﬁ{g dSM‘&L@ﬁlsf qh a

or egoi ng
parhculad,&ﬁé:C]jMA ré&&v@ﬂeo Qiri senﬂ-efprbgmrxﬁﬁlkﬂ% watghis/HI8, 100, ¥13; and 114
receptlon of CDVA sjgnals, . the &g&% receiv

to Go, Gn g-m al@ey 9dhaiargest aipga E.P(é\g% sguence ?herem%an
yield a r 1%% F;Pﬁ?ggé’s&ﬁ gﬁftﬁé \Agtpghfbtfgﬁelggﬁﬁﬂéx Sk 1 3 FlRTdeptts the

;d—n

110, 112 and 114, "t he
processingthed caarbecraqnutﬁtfena P@Dprocsspn 0. Ber WM[FS aibe CENMA. chip rate is

3.5 Mefsdd oo inaBriaboliriht 27008 Ko A SN Eoriidnfih

CDMA 1vé1;]100% have %ng&ﬁat&ﬂ@&loéké&&%e@hdm@ rHeVihg a

own GSM sequence therein can yield relatively

- conﬁgurhimngrf the M&rh@lmﬂmcmmadﬁée thsirpreisedsigaalrand e taps over a

e caufn P S o0 55 e Rk ¢ G

. symbols ot Be pfesent for at least 14 sequential ocourrences becarse 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 cotrelatiozrn values. These

correlation values can be conmplex and therefore can be converted to a power and a phase
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3.84 MHz and for GSMthe synbol rate is 270.833 KHz. A
possi bl e configuration of the CDMA receiver 100 can

woavendi8st aps that are cl ocked at the CDM A Qigimas2605838856
This configuration of the CDVA receiver 100 can

angle mt?lodréﬁjé&h% th %Ia% RORHRE 764 9RA ?éﬂge B@\ﬁ&%lu@é’ &hn @e stored ina

uival e to approxi mat synbol s.
Shift Regisisi ’106; and ad‘,uuaitﬁitte&hy mSmmﬁr 763 qlmdersty |dbt@tmm©aﬁ1 %Qompafamf

710, if bl hasdess Sl andy ooty Bkt ¢ KL EERES gl 1 B

detected. 1f'§e §Hﬂi0@é%stbﬁ7d6%§‘tﬁb SubhinBPYEH) u@dﬁbﬁﬂbeca@%ﬁ@h@i i

e sufficient for detection of the bresence

averagng ﬁmie iﬁpﬂdsev g:ﬂpdnse F IBb)ﬁbele mehiehoeamsaty out he SEstianf t he

FCCH
BN O
sequentldlﬂrt #d d?so@ﬁ?ﬂl%ldé&t vaRié 088 tHeefull $eshoitp of tirrshift Rigivert TOf is

fromthe CDMA receiver 100, This coul d generate

reached. JEthedrastesion te BpleeConvesisr V4 1scsmittath dagesequence o gorskation

s Y Sy B 7S, R Gpbsaioticd

correlatwélgiﬁéjdsa G&ﬁbg@& 86fore cnticethel S:c:dmmerG@BI ﬁfﬁédltubmtc?gfmdmg an
nverter 704. A sequepce of po val ues, can
input to the GEwParA0TSY 1 O6fHEionPRbG e SPS /0% e BICX i LeB) sprgngth

mdlcatloiw&} ¥9 gto A es{j‘n Qﬁg zﬁ' gﬁh Bof th SAmERYRS 3t Al different

tlsfled and, therefore,
time. Whether a GSM FCCH signal has been detect ed The
Shift Register 706 and the Surrmsr 708, used jointly,

o021 EBRAREH B S5 BT P PR 3PS

is comméi:ﬂ? produatd B@thelGmaRa YeNEEF, IP@M&VHOVMwn'E&&stﬁhI ft
Regi ster 706 can store each val ue qthentl allly an
o

Altemaumls,cfap @m*i@hbt@évtseva|a@méﬁ@@etlﬁléhm g sgplecpfon afwﬂf’ﬁéo
aigital copSptgr @TRYSPECR. e CFRE: 710 coblfo il HER A Rion or

correlatidhoimnBlgibf@mativieloaGSMasediversh drdichtd the ttilma Shitfich the FCCH
Regi ster 706. A power val ue corresponding to the

signal wassietestesk | on may be conputed before or after the Sumrer
708. In addition to providing an input to the

[0031] ‘Eﬁ%ﬁ%@ﬁr@éesl&%otc&? algY B?ﬁlate% thOBhasy ﬁH?ES RBut ﬁafn the

a signal streng i ndication That can
Cartesmrﬂbd’roézrf Gouverterffdrie drdenta dlﬁtemun@ﬂme fistruertsy ofisetnef ﬂTPGBC%YGd

signal. ACHGBFREAT hatASgls 61 B THieBdp ST RBOYe” B ABOLDE Hhapge n
phase be %&nﬁﬂmﬁﬁmt ¥ortdiAthi ¢ e ke §15196) SHAERE bd aétdifnm_dcﬁn dlSlope

correlation exists. Alternatively
| Generator mmchxt;i theeamduet et the ph@sefqhaw (kerlthephase aiorpvé deyiateg from a

e, of an an al
ot 5 R A e AR R4 e o
* determinS¥/Bf Eﬁaﬂ’iﬂgm inﬁﬁlt t@block 716 based on a comparison of the amount of the

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

* [0032] Each ffequency offset may correspond to a phase deviation from the normal rotation
of the FCCH tone. An ideal FCCH fone rotates by p/2 every symbol. Whemn there is no
~ frequency offset, the phase can advance by 4 31,5 10 from one phase angle value to another

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

8



correlation timng information to a GSMreceiver to
indicate the tinme at which the FCCH signal was

woeiresmgs [0031] The Post-processor 700 can @caAus2005/038856
operate on the phase angles output fromthe Cartesian

t lar Copverter 704 i :
the expedt b fiiuftogy SR ksl Shteh Dot Shitdd fabiMan 27 . For
an example, Oilpthh%ﬁ?is%rfﬂéq@%@&ﬂfsﬁ@ﬁt lgfllfﬁhdi 128 cl5ipk faii'e; Iﬁlegéssfde thefstdse

an e Change | se et ween se entl al out pu
chango codeloalonbis! 1o bed it N | BiSHEaT CLIPDE RIS G B figgare as
the numl:;'lgﬁ g@]%&%g hat %ﬂﬁg@& : el ﬁfﬁz mAEXtem PR RSP Hferih KAk ndee

ange (1. e phase slope) deviates froma
predet erm ned phase change can be determ ned. Finally,
[0033] FIG. § slequeneylubl heteioric 800 newhide ke GDMA. tiggeiverdl0 mpy e

' bl k 716 b [ h
employe{ BiscSaiaRsa0S cYin g D B AHOTO g AT S 0% Gy 0o iy 3 e
received ?f;‘%léérﬁl% d18! ?2@9@%@8}%1@ atd'81 7 £28068 s-basé0SighalEarh as GSM

uency off'set may correspond to a phase devi ation
signals of CDM A Isegnatsramd lcan lo¢ seni om carpifr fi¢grquercis. Tha sarrigniipgueney can be

t t 2 I '
convested{p basp SR OpD B 2R it e s A B Rt B1g to o
Frequenéi'tDévD%_ bRNLtePRES Tha PedqBeNd/ StiectOr 82®EHEset tihRameanygifdhe

28 chips later. Any nultiple of 27t can _be jgnqred in

tone. If theriegs 8 ancasured fregneney: effass, the Peritlate Yfomyde adjusted to
P 2005/ 038 - fr '
conpen TR AR e o SRR B a1
frequenc{ off9st ca Be GicaoTkethat i eitieated bytlac PostdRronesgoofdise FIG! 7 and
Hz and 128 chi ps_are processed, %Ihe $hasc$:r§ change
can be used g5 Eredbackdp dha 5%%%?@1' 8o agiystzais dregpency oGl nunber of
phase angl es can be the sanme as the nunber of powers

[0034] %@?@oﬁggp.%@gﬁgﬁ%mib%&%M§ RMlo% dib@hin200a3t

ows a cellular network 800 in
should bevbidestbdnbtheCiuactions desceibed bereimaysing thesfipw sjegtampeande

e i o 0 RGP o s
hardwareo THeAL BB instPdfionPeih BB storl iR GnyUdengraadadabipatdium and

such as GSM _signals or CDVA sjgnals and can bgl sent
executed by aqroedseor. fThedunstionalify deyraibedsiag pepnacHen ydHcie dqW diagrams

st 0 e PRI RERE P 3 oA

implemefd@tibsconverter 816. The Frequency Sel ector 820 can set
the frequency of the 3 tone. If there is a neasured

10038] ok boegais oty GENLE G BuHE i PP 40keD A atep SUL Y el

| ot | : ; j
of the co@gﬁekhctgﬁitﬁ‘gﬁ é:%ﬁ gé fﬂ%ﬁ:ﬁ gﬁhb @ﬁm%lp ;r_g't% é3.8ﬁlﬁ€em%§‘ sostepl (BetThe

t 1s estim y t o
samples Batypicaldy bsmolixed@dintmesohEionbecanse thimwitktypirelly bea digital

systomn. Gorgais s SBMA S § tiodiBlea i xlirf e trohdeBinak SAUEREH |

' keying (QPSK) technique and therefore the complex filter taps need only take values such as
H-1+/-i. At step 206, the system can limit the samples to have a real component witha

number value equal to numbers such as +1, -1, or 0; aad an imaginary component with a

' number value equal to numbers such as +1, -1, or 0. The 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 mvore than one bit. The digital filter’s

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



[0034] As shown in FIG 2, GSM detection can be
described by a flow diagram 200. It should be

wonelRsdee9d that functions described herei n uSidigyb@e3ssse
fl ow di agrans can be inplenmented by software

. Instructions pr. i '

signal oxf BE eF i % Bl A o (LSRG Gt GREES Foiced o stop

210. Nexethe tofreldtibh betdayn thenpusived sigaaldad| the vatdes of thedligital filter’s
executed by a processor. The functionality described

taps can hedetgnraed #6tPW1Eh the fl ow diagrams shoul d not be
construed to be limted to particul ar hardware,

[0036] gfé YRR Rbm %g@@%@@%ﬁg{&&%ﬁie@mﬁqﬁébwm pro@RFB] to

conpl ex co si gnal can be taken
improve gigna defecA623¥hatconting wsin epfbotlimeent offiicareseh jnigatien.cAn

et S5 B By G ol o 206 0

The pow&rSTRhtH ERRaORER E§ut BinSheMekdrminelia€ feh $0DLark dli@juende of
system nerally, a CDVA signal is nodulat

digital filter cutpuitsggnthe stared afusten 300y The grtaatewhishthe dj ;fﬁ&er(@%i!é)

t echni f fi .
powers afs oy A iRk T b GOMEA B i e flnce 33l e
output poWWesd & Keastinirhed, bnd tie ceasiaties viticheanecosres pand wothp swarvan be

with a nunber value equal to nunbers such as +1. -1 304
comparedio the thyathokhatistapgiOfariyic SRS ARhFuNIINE S cHaRbuiti

t . ; T

w306 G4l BUTRBO SR oo il T REpERL s o
generate il sUf6 i Tvastedence 60u GBNBRPCH signabchneieindicatq if thedwrrelation
e vk oo 1% mne Wb R A o 83% S e

' with the conplex limted sanples at step
Comparaff HOYIVES. 7 cei ved 10 WO 2006/ 050055

PCT/ US2005/ 038856 si gnal can be input into the,
[0037] HIG4 wlfidw diagranpitlystmataiggi method ofl past-ProgesRIBS Eneptate

r o at ste 210 X e |
frequency 35t D0 nERer BB G e e o/ RS R FRLYRERE step
210 of FIQ. D! #e phasd &k ¢fahc Bigitslefiley bupeticantbesiotnrnined af 98602, and a
FIG 3'is an exenplary flow diagramillustrati

sequenceiof digitalfiktcoputpiy dhags aneles srhbe serediahipd fes il“g%‘é{ﬂg i digital
filter out@.ﬁ éggr%z{‘s? ﬂle%gi,% o SR @(?igft& ffler 8@8%1?5@9 Em%fes ahestored may be

Inventr on. cei'ved I's Tnput into
slower thii ¢hedCOM A bhipirhte e Ancuverage ghage thdngeiolf ther saaprepes of digital filter

produced at step, 210. @ The power, of. each digital.
output pHpps Aok 30 P CHIGRIF 0 dep ADfr et gh ths aie s the fgite fitter
R hYy bl $hedbmoved
oupus GRS o o Bl T g oy e st
from the posegesplake clsinge. i meagssiry, the predeterrthid phasariaage hias can be

s LRSI A 10t B s
bias could BE PREPREPhAsR ahBRs §Pﬁﬁgﬁﬁfﬁlﬁﬁoutputs separatecl 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 384 MHzy, (.

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

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



conpared to the threshold at step 306. The storing and
sunm ng functions within steps 304 and 306 can serve

weno@asoussl ati ng function and can accunul at e te@E/US2005/038856
sequence of powers to generate the sum The presence

The celifr ?%}%%4 g %oﬁ{ A @8 b dﬁﬁhﬁ gﬁf B0 4 addAs 806. ﬁ] grequency

cor Isfies at at step 212.
on whicH thrdesinaofivartthe ctihwlar sigreal et asmu&sedj smlr@lé}eeﬂ@lﬂ@tqdcﬂt stge 504,

and a st gf QR B FRSCPHOHIRG iR e EHIR AGTD WUt Re LB ERipageg sienal

such as al MERER] cdntRBRREH aPbthp Sb6 4 A0reBEiGET ﬁgﬂﬁl &a@ trinput info the
odifrent of the present invention. Il owi ng step

digital ﬁmandfcam:p@du@ a dlggalmims eufantﬁt stepf2 i0hd b sgsnaé |str¢mgﬂ@ éim be

based Ongﬁe@%@tiﬁp ?ﬁpd Eﬁ?tsgﬁt r@ﬁ‘gé%l angﬁgés can g‘lrllg ce

comparisdh 8P adkfter sihal¥tiefothn@neimndiak to hislgnalr re@éiw&dfonmmﬂﬁs
the rate at” which the di gltal filter output phase

frequencuatgtesSHe stored may be slower than the CDVA chip
rate. An average phase change of the sequence of

o1 05 ki Wi RS UG i Sl S i o

a receiveQdigael STmt’a'ae thagf e sﬁe@tls tariedrease qsrthdevba'ﬁ}atlne Hefyregn dhe
change as.m ee e .renoved fro

received mg&@ﬁ%mgéues#%%ﬂg@@&ﬁvr { s "emset o e RERS Eeh

deterrmn&{i}ﬁp%ﬁ bold pt | o%np b MRGuaicisd GPwhiRh va%h@ bhdeMatiods may

of FIG 7, the predeterm ned phase
transmit sipaaigeFoithaease eibled romeidd signals fiom pieasthasryledwsestation are

ital S separated b |
comottofh bl Bh 4B AR BRI oA A e
thresholcp ml\/ﬁ@fhcﬁ%lsﬁﬁj & i8éntigeihe sTEnaPwith ¢he beacidesigyal strength
fset at step 408. [For exanple, the average phase

and refemng byEIG. & thetFaemeneyyPelecter 820agiselert the | freguengy ssresponding to

the base M %%te T’%%g%e%&]l%%b@af ?ogznsg%gﬁ,pdﬁhg %ré‘_iﬁ]?é V\? P%gt?)g ?SnﬂO can

choose alﬁle W&oy dotragoadifp tdbskeatatipn S02, rﬁO@i&ESQG ndgptnding epes whivhever
conpare signal strength 500

base stationtoBNRERE thersignsb vifhdbe greatest stzoal FERE ARG o 33 a corelation

nal can be recei ved at the antenna of a
tha‘tS"]"“S"ﬁ‘%rfh]#e um dgat step 502. 11 WD 2006/ 050055
PCT[ US2005/ 038856 The cel lul ar signal nay be from one

[0040] RefarringtdBIGe 6sthatrewmner 80the c&@mmmnon dguie 6R0fcpn goRaptise

memory P dmyatrsst ks Srrti v apian DTG 204, ' and

set of digital filter taps corresponding to either a

[0041] %&e%%omm%élﬁmdn%i@aadoﬁme lar BardevaEsdd a
signal can be selected at step 506. A received signal

‘software/bardwiage ivpplementafion.t he digital filter and can produce

a d| gital filter output at step 210. The signal

[0042] eg%og’y%gfg% shm%ﬁeegalﬁé% :fr 1 P%eg@%s fak%efﬁl% Qi itkrrdthed.

I 'gha be sto ed for

- 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 digitai filter of the receiver with the tap weights, determine

12



conpari son to another signal strength corresponding to
a signal received on another frequency at step 510.

wd 96b3kooske signal strength can have a one-t OpTAIS2005/038856
relationship with the correlation value of a received

. ¢ . I .
the corfib8 brwbphKelVed] slotfls h P o LERAPY JuGId UAERGRR chcnce
of a GSMakiges. Thetvamesbfilieasp Weighiscas be sjpsedi in aras éypes Phigremory in
.. Signal strength  determ nﬁlatlfl O‘ﬂ cMe done for any
which datasebegrritenageiudmesut dat e o us base stations
may transmt signals. For the case when received
[0043] STHRAUD H06h BRLEnt4IRA b Wee HRTEssE 6T B cad Pass samples of the
correl ated between the digital filter's taps and nore
received signaldo éhecldigite] Biltenf0&at i sfies the threshold, the
CDVA receiver 100 can identify the signal with the

rovse SR BHF AELos BOnESF PRt G o

of the t#p0KEIgHR QUEHIA Hyahe hittobpse2.st ati on that transnitted
that signal. For instance, the Frequency Sel ector 820

can choose a frequency_correspondi st at. on
[0045] §BtectiomotqithrstaapOrmeLn S eams, Fan e A i TS Sigh Pyjoke
place inﬁ{x@&?erﬂrtstz ?.‘unﬁﬂﬁ.}xﬁﬂs h M iflcHhde bef 8 hElmBedAB24 cellular
stre at "al'so ha

ngth t s a correlation that satisfies
telephond)a wikdes haptop apd peForRbEanputagthabcomr@migitestayer both wireless

o i TSR B R S,
wirelesP8; ek, 8RO thd QA nitRNRER 6868 GForR @ hetidik 6 base station that can

I mpl enented in either software or hardware or .a

then traswoit waizsshewer Heer wirelegs| chainel tn themotiilonan] Thwdeviespiyp which

. . h | f '
the infoftpidiEalih Sl el el R Be A R SRl B sty

mnits indlE8Re! But G [idnited to, aRometellule plephioné, ke ifter@skesetver, or a personal
invention include, but are not limted to, Read Only
compuigfenory (ROV) and Random Access Menory (RAM . Read
Only Menory is a permanent formof nenory that retains
t i ' b Product.
rooda1 | i3 R o LR LA S Lt fnsRcoct pro
A comphter ¢séeipiodusitoan eoinpsise eonifuberseatthlvtlenpuage wipswnehser readable

prqcess to determ ne the val ue of t ap..wei ght
storage ieqiitar b EOTBPYER FERdaHIq REUage o Be 1558 JI PR . Souree
code) thafRicRdsIRE SperdGRiHMAR PrécddbdriARY LoR8B to an embodiment of the
PCT/ US2005/038856 the correlation between received

present Fivgntérs Hircargutereadableginragaimedismyens bietle logationtipavhich the
resenc of M signal . The values of the tap
computé)@oaﬁpgoea&lﬁwsg@)rg ‘ored in various types of nenory in
whi ch data can be witten including, but not limted
[0047] ! Phe BAdputer 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 runon 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
detefmine 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




[0043] The A/D 606 can be controlled by the processor
604 and can pass sanples of the received signal to

wohess@st al Filter 608. [0044] The digital fipdeus2065538856
can performthe filtering of the received signal with

fift AREBEY
vy e ALy HEOMAP R SRRt
executed it@ cmiss ihesprobasa& G0Heo mwmtw@naimg &%mt—p@k@ssn@ ca:@ include

dormshe T G st S0 D sl e

corresp&%@ﬁoﬁé%aﬁmo ﬂét%ﬁﬁﬂnﬂﬁgﬁ%hﬁrsubﬁﬁh 400 EBAkR Ated ma f&q@a"ncy
both  Wwreless  and wireliné channels. The network over

offset. which the comunication can travel can be wreless or
mﬁred and the communi cation can travel from a network

{0049] gﬁne?(ﬁ: g c{lﬁfgéetgoslﬂs é}r?] a{i}lﬁeﬁ'ﬁ Ve ﬁﬂ%dhﬁ%ﬂf&g th% ?réér%%ention will
be appaf&’t’ tecthofe ekillathinche art hﬁmbﬂfdflﬂlimfdr@mﬂg‘thmnmon Accordmgly, this

conmunj cated origjnates can be any puober of nobil
descriptineie Fopa Pynsiryed pEURREIIYEORY, 20510t 45 Lo to dep $egpe of the

n I
mvenuo% %J%%fa?ﬁ olf 'tﬂeﬁs'tfnéfrcﬁﬁf%o&ﬁevarﬁg B%@fg% Fﬁt@éﬁtﬁ 7 ﬁﬁiglg hﬁom the
spirit ofahs mvbtionyphé ttmrmxehhsnfe upaof albfodifivetignas which atewithin the scope
A.co r code product can conprise
fthe@@%ﬁgﬂf@ﬁ“? $anguage and a conputer readabl e
st or age nedlun1 The conput er readabl e | anguage can be
the set of instructions (e.g., source code) that
di ctates the operations that the processor takes
according to an enbodi nent of the present invention.
The conput er readabl e storage nedi um can be the
| ocation in which the conputer code product is
stored. [0047] The conputer readabl e | anguage can
include, but is not limted to, source code.
Exenpl ary conput er readabl e storage nedi uns can
_include, 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 determ ne the
values of the tap weights; programthe digital filter
of the receiver with the tap weights; determne the
correl ation between a received signal and the val ues
of the tap weights of the digital filter; and
i ndi cate the presence of a conplex tone if the
correlation calculated 13 WD 2006/ 050055
PCT/ U82005/ 038856 " by the digital filter satisfies a
t hreshol d.. The conput er readabl e ‘|l anguage can al so be

14



executed to cause the processor 604 to conduct
post - processi ng. Post-processi ng can incl ude

woeb®igsgasng the correl ati on between the receimeGus2005/038856
signal and the digital filter, determ ning the

correspondi ng power valdﬁtlhggterm ning the signal
strength, and estimating e frequency offset. [0049]
Nurrer ous nodi fications and alternative enbodi nents of

What is dldimeppisesent i nvention will be apparent to those
skilled in the art in view of the foregoing

d LpLion. A .di nqgl i d .1 pti | S
1 Asaged Bbuetis e SRR B roatrrcnar Sl el Hiter o
process A3 PRSP at bTRst chiti¢e Welhcy] bentaiRigi 4 Somiplek hene represented

structure can be varied substantially w thout
by a knowe pignel; the metbed coraprisspgirit of the invention, and the

xcl.usi ve ;use. o I & ] ich are within
R b ) B o BT P 2 ! "1
22t AhO 8hdtaPilld WE200E hRBAHG 60T thh Alehfhts;\Wiat i s
' clained is; 1 A nethod of usjng a, caode division .
mul t Seipraninmeescoricltion betwasn e decsived signal apd fhegiurplify of tap
wg{gﬁ&eggda received signal, at a first carrier
equency, containing a conplex tone represented by a
indivaiing s pgsahce dfaecompldxadneifitheiceiralption satisfies nithngsheld.
plurality of tap weights for a digital filter;
programmng the digital filter with the plurality of
2. ThéR MR YHcBrim A WRERIH YhB PhRalfSf &18hp kBt Bf d¥emifdddby the steps
recelved signal and the plurality of tap weights; and
of:ndi cating a presence of a conplex tone if the
orrel at ilon Sati%f@ gﬁthresho .d. .2, The net hod of
tefngia oDl BPEPERS AR FOTR FSPeLA%ap wei ghts i s
dRREAdThE @mPlext PRjuShE RE a pRidetérdlihdilrate. conpl ex
conj ugate of the known signal; and digitizing the
conpl ex conjugate at a predetermned rate. 3. The

t hed ,of. ¢l ai r.el : ' I .S a
5. ThepRrens ofaufd Whsre e B ABRE R AU DREN cRifiale?, 0
known signal is a GSM FCCH signal. 5. The nethod of
4, Tﬁ%ﬁ{g&}g o wherain the kaown sighat is & GER $Ck Yehal.

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.

T The method of claim I, 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 sequeryce of digital filter outputs is processed to.

determine the presence of a complex tone by performing the steps of:

15



6. The nethod of claim1l, wherein the plurality of tap
wei ghts are stored in nenory. 7. The nmethod of claim

wo 20060880085 N the correlation is between a port irr/o2005088856
received signal and the plurality of tap weights. 8.
loMiihe tYBEAE bt BUESURIAS bRAubSa sequence
¢ gggtgﬁo%ﬁ%\’%gﬁ%ﬂige oig di gitg%lfilter t@{ljt pgts. 9. 'Fhe
of powerstet hod of claim8, wherein the sequence of digital

filter. oufputs is processed to .determ he.presence
sprlagiagiheseopenss oBpORER o =mATS e RPEPtobE | o
¢ 00 oS fETInUS 2 ARREIVIS B8 Sndicat et preddnge af pevmapplex tone if
corresponding to each digital filter output to produce
the correlatiomspisficea thotshpldwer s; accunul ating t he sequence of
powers to generate the correlation; and conparing the
correlation to a threshold to indicate the presence of
10.  TRe RIS i ®, wherelr e aRp el Aivpnlsingitlsd segaerme of powers is
threshold. 10. The nethod of claim9, wherein the step
accompligifeddycamayesasingf IRHttSequence of powers is
acconpl i shed by an averaging FIR filter. 11. The
met hod of claim9, wherein the correlation is a first
11. Themsthod offclar Sgiwhedisthg saireltionds g thstfoeastiteef i¢oeived signal
carrier frequency. 12. The nethod of claim 11, wherein
strength fop theffirplqarier fESGPENCYs recei ved signal strength for the
first carrier frequency is conpared to a second

measure of received signal strength for a second
12. Thamethed df clindibcwhere®. thd isstmoedsute of rectingdwignal styengtipfor the

PR AR S T M R IR T T
second cgﬂigltﬁéq&_ﬁgﬁut to produce a sequence of phases;

cal culating an average change of phase between each
sequential phase in the sequence of phases; if

L T A e A

by the stepy8f:age change of phase. 14. A code division nultiple

access receiver hayi_na? a digital filter to proc s}s1 a
cal@adatingsaiphase of each digital filter output to produce a sequence of phases;

calculating an average change of phase between cach 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 tai) s, wherein each tap having a programmable

 tap weight, the digital filter adapted to correlate the received signal with the programmable

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

Woe0®/0serssconprising: a digital filter includi roxr/es2005/0338856
plurality of taps, wherein each tap having a

values Of (A8 k) WBIBhS, antaRdiv@e el predefi@ ofiadionddled ionk ethackapdftibn

to correlate the received signal with the progranmable
calculated pywhe digitahiiltan satisfigna thredolk r ol | er configured to

determ ne values of the tap weights, programthe

digital filter with the tap weights, determ ne the
15.  @oéddelditision nigtiple accekheceiecrdiaving asdigina filienth fdroeess 4 fecdiDed
. 2006/ 050055 PCT/ US2005/ 038856 _val ues of the. ta .
signal, gled H¥st SATTIERGUARGYE SPIEAIHIE AFOBWIGTCIONG Fepaesesﬁg PH%PBWB signal,

[+ ot elation calculated by the digital filter
therecéégc%ric?ﬁ:llpgigfn "threshold. 15. A code division nmultiple

amoesy; recei ver having a digital filter to process a

received signal, at a first carrier frequency,

eBMEP¥¥ng a conpl ex tone represented by a known

sidghnal filtet Ne receiver conprising: nenory; a

processor; a digital filter; a first set of

p figstrsaef inwsicomy gored on theememenyrapd adaptad speapse the peargsser to

det 1 he ]glrocfe@s?r ta td_eterrri ne val ues of the tap weights;
etermigie {alugs AT 08 fa WIS | ctions stored on the memory and

2geddina def ¢F iksliuSBoris iorBd 66 EImorlyAnhag gitaditol datsethg ptdessor
filter of the receiver with the tap weights; a third

.9 A ! P
to progegis thefdigited fikkercafitbmesceiver wigh Big tamhweigbWory and adapt ed
. .t . .

BREERS Se dEndtcBE SORRHonl e S M Rp AR S PAKE U rBkssor o
determine tighdosrelftioh betwedh girtcdivellisighel andahel valuéooff théitap ateigifts of the
.. .lLnstructions stored on the nenory and adapted to cause
digital filtes; cessor to indicate the presence of a conpl ex

. . A g,

b ) ot bERRERIR Holbolift m g diebig 19t fe processor

to indicatelthé pleserme 0£3 sompler itareerif thewotriletionw oatpulated by the digitalHfilter
) seﬁ%%%g@ nstructions stored on the nmenory and adapted

satisfieg g, ‘the processor to conduct post- processing on

the outputs of the digital filter.

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;

17



17. A conmputer code product which can enable a code
division nmultiple access receiver to process a

woeeis@ds si gnal , at a first carrier frequencyBCT/US2005/038856
contai ning a conplex tone represented by a known

a thir8 et of iIVASERHES stdreed diSthe WEdnh@ant Rdifted HUARLH BE pRRESOr to
product can be executed according to the follow ng:

’ a
determinefthe eerrefationdietyveen a reeivdssignabpedithsivalues ofithedan weights of the
. . ed to cause the processor to determ ne val ues of
mgnalﬁh%ﬁgﬂ ap weights; a second set of instructions stored

a fourth bet dﬁ&lﬁ&&gﬁﬁﬁ%ﬁ?ﬂ;ﬂp{rﬂﬂe mfmxﬁg&ad bigptal ocassdhe Ir:to@essor
. .. programthe digita ilter o e receiver th t
to indicatq the PreseeAsed 2 complgs Sersoif Fiscpss\abon eksping hydbe digtabplter

mﬁhﬁesa@%%ﬁﬂﬂ&et of instructions stored on the menory and
adapted to cause the processor to deternine the
correl ation between a received signal and the val ues
of the tap weights of the digital filter; and a
fourth set of instructions stored on the nmenory and
adapted to cause the processor to indicate the
presence of a conplex tone if the correlation
cal cul ated by the digital filter satisfies a
t hreshol d. 18
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