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[ 0001] The invention relates to wrel ess communi cati ons and, nore

parti cul awloyg/osm02 f requency tracking in a wirel ess conmuniPCatUSON3BIgst em
BACKGROUND [0002] Wreless communi cati,on systens are w dely deployed to
provi de various types of comunication, such as voice and data

communi cati ons. Thes [ of nodul ation

t echni ques, such as %@%@Q@%@Xﬁ% %: eﬁg&gieﬂggid&%), time
division multiple access (TDVRA), and rious spread spectrum techniques.
One common spread spectrum techni queFE@Qb in wreless communications is
code divi fﬁdﬁ'ﬁ] Mt li P itiB R $AHSs foTAMssTofRIni CHBIHS Bid, Mbre barticiidMly, toul ti pl e
comuni cations are sinultaneously transmtted over a spread spectrumradio
f r equency freqERERY siagriag in Svmelesxeompunigitian systsrconmuni cat i on devi ces (WCDs)
that have incorporated CDVA technol ogy include cellular radiotel ephones,
PCMCI A cards incorporated within portable conputers, personal digital

assi stants (PDAs) equi pped wth gaCREROU@MUNI cation capabilities, and
the like. A CDVA system provides certain advantages over other types of
systens, [0M92LdiWiclesreomamwricaiipatsystraa prectidely depbrygd fo ProFideadgst WhtSay be

desi gned te support..one qr r -(s: _su
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Dual - Mode p¥ied @aanerispr efato g inrtechniiees, suel asSrsquenty diviston 1Bulliblesicaerdar d)
(2) the standard offered by.a conso@)i u%narred " 3rd %ilnerati on Partnership
Proj ect” (HeHpy), imsdivpissaiiple accessdiDMA) AEIRERTSSHPRY REFHE™ Document  Nos.

3G TS 25. ?ejc?%])qﬁ% -eré%q[ éﬁﬁéﬁ sp%% sgrrgct%:ﬁn 2dAnicRB &s&Gn WirdSss2dthn{uni@ti¥LOVA

st andard), ed by a consortium named "3rd Generation
Par t ner shiigxcode diivdsibn MulifdERR2ys @TIMAQ signdi mddilatien. slatCIRMAd ovilfigiat s

i ncluding "C. S0002-A Physical Layer St ard for dma2000 r-ead ectrum
Syst ens, " COHBISAEARTHC ﬁ%ﬁ%@?"”ﬁ%@ms atg e1vo3§ Spr§f“£?‘?aelc}2r}]i18 rgﬁgr%glrw 2 or
cdma2000 FRELAENPPS6inE RinYR viFess cafhuhltatioSd SAO4A WCDERBAMAvET gh Rate
Packet Data ‘AiT Interface Specification" (the cdma2000 standard), and (4)
some ot heincotpomatad EOMAGedmplagy ieqludg qeliles sadiesphenoneat F @M CE4s my use

different in%%gpuolrgttea gvri]thjn portable computers, personal digital assistants (PDAs) equipped

with wireless communication capabilities, and the like. A CDMA system provides
certain advantages over other types of systems, including increased system capacity.
[0003] A CDMA system may be designed to support one or more CDMA standards
such as (1) the "TIA/EIA-95-B Mobile Station-Base Station Compatibility Standard for
Dual-Mode Wideband Spread Spectrum Cellular System" (the IS-95 standard), (2) the
standard offered by a consortium named "3rd Generation Partnership Project” (3GPP)
and embodied in a set of documents including Document Nos. 3G TS 25.211, 3G TS
25.212,3G TS 25.213, and 3G TS 25.214 (the W-CDMA standard), (3) the standard
offered by a consortium named "3rd Generation Partnership Project 2" (3GPP2) and
embodied in a set of documents including "C.S0002-A Physical Layer Standard for
cdma2000 SI;read Spectrum Systems," the "C.S0005-A Upper Layer (Layer 3)
Signaling Standard for cdma2000 Spread Spectrum Systems," and the "C.S0024
cdma2000 High Rate Packet Data Air Interface Specification” (the cdma2000 standard),
and (4) some other standards.

[0004] Other wireless communication systems may use different modulation
techniques. For example, GSM systems use a combination of TDMA and FDMA

modulation techniques. These techniques are also used in other systems related to GSM
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techni ques. For exanple, GSM systens use a conbi nati on of TDVA and FDVA
nodul ation techni ques. These techniques are al so used in other systens
rel at ed two@GINIME 03/ 047302 PCT/ US02/ 37427 2 systens, i necxdisoz3ube
DCS1800 and PCS1900 systens, which opepate at 1.8 Gz and 1.9 GHz,
respectively. [0005] Sonme communication systens are not yet w dely

depl oyed. s;’lgféhseie%%ﬂ@h@ the%élsBO@%g?Pbgtl stethsO SRl PR Y TGS Rl eNs have

general ly-I'imt cover age such systens to large cities. For such
systens, 1.0 GHzdepecthdly to use a secondary conmunication systemto
provi de coverage in areas.in which there is nq W cpver age, For
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comuni cation systens, ch as 1S-95 networks. T10006] Wien a WCD I's in a
W CDVA cabf suahdydttres W BRRitdsg Fat susboystems,ibiskiesirabthe oD aaspngant or m a

i a hando%{ﬁh\}g}ro WW%AO GSM

handover to a GSM.carrjer, For..exanple,.

typi cal | yc%’é@ﬂ?@aWbWS![%f%Vlfl‘éﬁ?/@aggﬁnﬁegﬁlw covérage. The
handover gdaghile0 ol fbtdaee, MFSEUMNsyatelisiTRN 106 2 harenl of GSVEagHes e flls,

i ncludi ng, for exanple, received signal code power (RSCP), signal-to-

i nt er f er emcgaps it PayefageRyeaso Other sEeNyBGY SpgHialerat peoegday CARTREIHGHOR RSS) ) .
The WCD nm erform ove asurenents in a conpressed node in which
t he downl f%f?n%‘f F‘écﬁ‘sarﬁlggélggrhe\{vgérrlf ai ns breaks. Duri ngnPhese br eaks, the WCD
may noni t ooeNe Whed®WECD GSM LWECDBIAS chly abihaiWiiCIDMAESHEsil aaimestweigt h

measurenents. Under appropriate circunstances, the swi.t ches t cal |
to a sel e&wéﬂc@mzaﬁnfvmabmqvem@%cae-?ﬁfei’gf W@W%VM
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system | ot her wrel ess comruni cation technol ogi es,
f r equencycovteraekiThg Handpsr dea@siod ey babestdton ammnbeyof bamloverequency of

recei ved signals and adjust_.the i gnal.s .accordingly. | ticular,

f r equencyTERTIEFECTYS; 19‘211?'1{11&?1' @ﬁgxaé’?@% eceef(‘feé;ltmgrﬁari ‘f‘?fgegp(’&vaef ﬁﬁ%@ Fléﬁéﬁftg' recei ved
over for wWakdrQEndeQUSS B 2,' SHeSreQivddnBory sthéigth Mdicatorar gsThi The WEDHREy Nes
referred to as a downlink, refers to a signal sent fromthe base station to
a Wi r el epsfaronmandogertmeasuthswdntsdn asompyespedanpiain whishrie dogalinkf erred to as

an uplin ktransrrrle1];selcr>r§ ccErRai%s %%e%ﬂsa | Dl?l‘?nngt thfesreqorrne&kg,ethWCb%ﬁ}hﬁomeon%to?trﬂogg'
GSM carriers by obtaining GSM signal strength measurements. Under appropriate
circumstances, the WCD switches the call to a selected GSM carrier until the WCD
enters an area with W-CDMA coverage, at which point the WCD switches the call back
to the W-CDMA system.
[0007] In CDMA, GSM, and other wireless communication technologies, frequency
tracking loops are often used to monitor the frequency of received signals and adjust the
signals accordingly. In particular, frequency errors or variations often exist in the
carrier signals received over forward or reverse links of the system. A forward link,
sometimes referred to as a downlink, refers to a signal sent from the base station to a
wireless communication device. A reverse link, sometimes referred to as an uplink,
refers to a signal sent from the WCD to the base station.
[0008] There are generally two main causes of the errors that can contribute to
unwanted frequency variation of a carrier signal. One relates to what is commonly
known as the Doppler effect or Doppler shift. The Doppler effect manifests as a change
in the frequency of a received signal due to a relative velocity between the transmitter

and the receiver. For example, if a WCD is moving away from the base station as it



[ 0008] There are generally two main causes of the errors that can
contribute to unwanted frequency variation of a carrier signal. One

rel at es twowhas73ds commonly known as the Doppler effect @cThsppbme7 shift.
The Doppler effect manifests as a change in the frequency of a received
signal due to a relative velocity between the transmtter and the
receiver. . i i i r&di base Sdigfdlon as it
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frequency, i.e., a shorter wavelength, than the transmtted signal.
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correctin or Doppler..shifts can _ he ext,re i r ctor in
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Anot her  c 3@tk fREITh nlalRAinERh 0Bt ahd sffective wirsles cehniurietionsystenar i at i on
relates to variations between | ocal clocks of the various devices in the

wirel ess [QWIurinoshar saussydeanT thahedn @aiFibute Primpaated KBRPYEIaa v
produces C%Qtreé %rvaﬁlag% 1§etwé'%f lBgal%lc%E(E GGl QXIEélysrﬁle‘c%k ?r?{hletvﬁﬁéles ses the |ocal
IS I'mng e acC al Cl OCK,

clock of the& device as i Vi ce. h 1 oc owever,

typi cal | y chasmuattatiok savem.t Eadhndeviderinthe swEBs tgpicelly prophicss carrédr aignalel y

| ow- cost | ocal clocks, such as, vol tage-contrqlled, .tenperature-conpensated
crystal o¥&pg Iaaf’feﬂﬁj%ncé’\?@f@%?%ﬁr:thaltﬁlégsetgfj Bwaféleﬁb%fﬁtge éﬁY}g‘??ﬁ &%%E@_@Vﬁﬁ'i fi cant
frequency Eaff [d2hlock, hOGera! thRAIP haNA unkh&Pd Binifis 6G4E WCDS GFek iefhldyo0ps
correct for frequency errors'by estimating the frequency errors an

adj ust i ngrelhgvely guerst Jocof clpasesuchds ypltpesatwntrpled, ssrappyhre-eomifenegietency

di scri m nat oy .can. be omput e an estimate of the fre n rror.
The 1 r oquentIpl BRQIT NG PGS dnFa e FBEretm T pauticiey FEH BPeatt
cont i nuoUgrs iAGiEliIMid@tseshal.he residual frequency errors to estimate the

actual frequency error. A rotator then uses the accunul ated estimte to
adj ust t hd0010d o Rsemigney tracking leeps cestrot fog depuensy evions pyesimatingdher educi ng t he

resi dual frequency errar...T | fr V.: £Lfor |y
conver ges ﬁiegu aﬂgﬁrﬁ Qfsna&(aeald{/m{z}g éh‘,%sfl'rs%gl%kctyhoaft? &tléﬁ%aasé@ &InSuIFé)tr %ﬁ{g@? 164 mate i s
appr oxi matfelyerfdadcrihindthecadtetntd for @eipancan atinmite of the filegsenopaner. , Tiee

f eedback | oop can, correct for frequency errors in a received carrier
si gnal . frequency discriminator calculates residual ffequency errors and continuously

accumulates the residual frequency errors to estimate the actual frequency error. A
rotator then uses the accumulated estimate to adjust the frequency of the received signal
accordingly, thus reducing the residual frequency error. The residual frequency error
eventually converges to approximately zero, such that the accumulated estimate is |
approximately equal to the actual frequency error. In this manner, a feedback loop can

correct for frequency errors in a received carrier signal.

SUMMARY
[0011] In general, the invention facilitates reducing frequency errors during
transitions between wireless communication systems by using frequency estimation
information from one system, e.g., a W-CDMA system, when transitioning to another
system, such as a GSM system. For example, in some embodiments, frequency error or
offset information obtained when a WCD is in the W-CDMA system is translated into a
corresponding frequency error in the GSM system, thereby allowing the WCD to



SUMMARY [0011] In general, the invention facilitates reducing frequency
errors during transitions between wreless comuni cati on systens by using
frequencywesBiomsdt on information fromone system e.g., @&CWUSDMEV48Y St em
when transitioning to another system,such as a GSM system For exanple,
in sone enbodi nents, frequency error or offset information obtained when a
WD is in t i i dirin€ iti 2 SRAMGhOES heequency
error in 9 eg‘ﬁ%ﬁ}ﬁ% e}rﬂrflﬁ)ht% ?@?@Syﬁiﬁaf%ﬁhﬁ‘%ﬁ?m 0 WO 03/ 047302

PCT/ US02/ Batfidricy #ackperlasie i n the GSM node with reduced frequency error

during initial jterations of the frequen rackin . The
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to the correct error correction value can be achieved nmore quickly. Wth
t he frequemneyt erestcormattionrvalue enrhetachievedhmpreequwiplkd VY 1By the SigAveeY i n

1 iti i. lo.t M. , . bet
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acquisition tinme in the GSM system may_ be significantly redyced. Further,
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Fr aquency g dergns akfifldh A58 B Bsm SEMERAPS. St IERG, o
base st at F@fhefRgSheopermidas My desahplaidddy dvoatiehsomepltbe pragessas thatjual i ty.
[0013] In one enbodinent, the invention ls directed,.l.o frequency tracking
met hod. Wi oteyisele l%_l‘ieéﬁn PYAUSRRT Fni§h¥f F@ﬂbi‘é?&‘gfio?’&]&#gq PFSt wirel ess
signal r egﬁﬂﬁgpgisﬁ%ree%?ﬁb& 81 A SN BleceiPertd REOWEC DMVA Bastataiofd b d er i s

perfornmed 1n requency Information is used to configure a
f r equencymhdanioraglibtdeghéreby inpevingrgllgusliyond wirel ess signal fromthe

second carrier. [0014], The inyention may.be. inpl ' f ,
nar dvar o, 19018 g2 Stbofient Kigryaion Ty drgaap » TRUHEY LRAR e
sof twar e, Ffegﬁeﬂc@\é%hhm BB ofl iy Gthigel fréma firsOwitlesy sigred erbived filodi um
carrying program code, that when executed, perforns one or., nore of the

met hods nefirst camidr.apdwedoyen o S3ecand é?é‘alﬁblsé)eﬁaﬁﬂﬁﬂalw]@ﬁlbﬁﬁiﬁﬂﬁ?nqys an
apparat usir}fgr%gatfopﬁsl llijscég P goﬂcﬁgru%et a %r%&fén%? tracking loop for receiving a second

wireless signal from the second carrier.

[0014] The invention may be implemented in software, hardware, firmware, or any
combination thereof. If implementéd in software, the invention may be directed to a
computer readable medium carrying program code, that when executed, performs one or
more of the methods mentioned above.

[0015] An example hardware embodiment is an apparatus that includes a first receiver
to receive a first sigﬁal from a first carrier. The first receiver includes a first frequency
tracking loop to obtain frequency estimation information relating to the first signal. A
second receiver receives a second signal from a second carrier. The second recejver
comprising a second frequency tracking loop to obtain frequency estimation information
relating to the second signal as a function of the frequency estimation information
relating to the first signal.

[0016] Additional details of various embodiments are set forth in the accompanying
drawings and the description below. Other features, objects and advantages will

become apparent from the description and drawings, and from the claims.



to receive a first signal froma first carrier. The first receiver includes
a first frequency tracking |oop to obtain frequency estimation information
rel ati ng wo oslhe73dirst signal. A second receiver receivesPaTAsSows™d2si gnal
froma second carrier. The second receg ver conprising a second frequency
tracking loop to obtain frequency estimation information relating to the

second signal as a fu I Sﬁjﬂf I { i nformation
relating to the first %PE%F&%%&I{I% itl%iﬁa gtﬁglgg of various

erbodi menpe1Ar eFERL if abldekidiegrive ikustatipgayiirtess dorannigstiemeystehe descri pti on
bel ow. Other features, objects and advantages will becone apparent from

t he descracpeidg takle @VetioRgs, and from the clains. WO 03/ 047302
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i npl ement .06 Aoy 5 GAHABGi ddeA5ddoREing G RNEABRIMBRATH igeritonan enbodi nent  of
the invention. T0020]" FIG "4"is a block diagramillustrating exanple

har dwar e [0020]i npl@reistribhapk disgramibusiestias exaaple hdwars A8 LNBIFMFNHRS n a RAKE

receiver. [0021] FIG..5.is fl ow.di il trating an exanpl e frequency
tracki ng Y%@Hﬁ?%ﬁf@t,s Of%dBY%%WBWI l%ﬁ%}%cﬁ%)vlléénent ation of the invention.
DETAI LED [958R Bt ANshARfiafint Nestigser inpixampldfedquencyveackmgsedmbpmi ment s

of the invention are described .in the context of a wreless signal

transni t tasgoxsiing tognphenimmiemprirtionofcthe #5eplihn a base station to a wirel ess
conmmuni cation device (WD). The invention may involve frequency tracking
of signals received by the WCD. [0023] FIG 1 is a block diagram
illustrating an exanpl e spreDERAHED DESCREPEEIN communi cation system 2,

in which base stations 4 transmt signals 12-14 WCDs,.6 Vi or nore

e 1 l00aTk § e srdesasmin Beian saoms ermdaneeot fe MeRtshite deyBtan 1 o

first pat fﬁ{c&%ﬁo#{@i‘tlof%%i?él&@@ign&lztﬁnsﬁﬁt@edaov%ﬁﬁ a1l aRBliAk, GacSRMrdy abakd ecti on
r

of signal om obstacl e ™10. Obstacle 10 may be any structure proxinmate
to WCD 6Aststi@htosswieless communication device (WCD). The'invention may involve

frequency tracking of signals received by the WCD.

[0023] FIG. 1 is a block diagram illustrating an example spread spectrum wireless
communication system 2, in which base stations 4 transmit signals 12-14 to WCDs 6 via
one or more paths. In particular, base station 4A transmits signal 12A to WCD 6A viaa
first path, as well as signal 12C, via a second path caused by reflection of signal 12B
from obstacle 10. Obstacle 10 may be any structure proximate to WCD 6A such as a
building, bridge, car, or even a person.

[0024] Base station 4A also transmits signal 13A to WCD 6B via a first path from
base station 4A, as well as signal 13C via a second path caused by reflection of signal
13B from obstacle 10. In addition, base station 4A transmits signal 14A to WCD 6C.
WCDs 6 may implement what is referred to as a RAKE receiver to simultaneously track
the different signals received from different base stations and/or from the same base
station but via different paths. System 2 may include any number of WCDs and base
stations. For example, as illustrated, another base station 4B receives signal 13D from
WCD 6B. In addition, base station 4B receives signal 14B from WCD 6C.

[0025] System 2 may be designed to support one or more CDMA standards including,
for example, (1) the "TTA/EIA-95-B Mobile Station-Base Station Compatibility



bui |l di ng, bridge, car, or even a person. [0024] Base station 4A al so
transmts signal 13A to WCD 6B via a first path from base station 4A, as
wel | as swQmal47B8LC via a second path caused by refl ecti onprofi/Gsoysabk7 13B
fromobstacle 10. In addition, base station 4A transmts signal 14A to WCD
6C. WCDs 6 may inplement what is referred to as a RAKE receiver to
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illustrated, another base stat] LY WCD 6B. In
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named " 3r ation Partnership Project 3GPP) _and enhodied in a set of
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for cdma2 read ectrum Systens," the " 05 0 A.Zbg% (Layer
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DCS1800 %ﬁé?ﬁ%’&ﬁ’dék ey 19@51%\4@%@531%0%&&&& aGSKDSBichatdasloph FDVA

and TDVA tion te hnl ques. System 2 al so support other FDMA and
TDMVA st anmusatlémmmdvﬂﬁl@umﬁab@o@te& iges- iShsteipst BYY 21spuyPRAEh

::Jgﬁglr tS gl %81%6%15% Eﬂ%mgét S)égg%e base station 4A nmay transmt
[0026] The various base stations in system 2 may each support different standards.
For example, base station 4A may transmit signals according to the W-CDMA standard,
while base station 4B may transmit signals according to the GSM standard. Some base
stations may support multiple standards. For instance, base station 4A may support
both the W-CDMA and GSM standards, as well as other standards, such as the IS-95
standard. As described above, costs associated with implementing W-CDMA have
generally limited W-CDMA coverage to large cities. Thus, a typical system 2 has a
greater coverage area for GSM carriers than for W-CDMA carriers. Accordingly,
system 2 may use GSM carriers to provide coverage in areas that lack W-CDMA
coverage.

[0027] For example, when WCD 6A is in a W-CDMA call, WCD 6A may obtain
measurements of W-CDMA signal strength from base station 4A, as well as of GSM
signal strength from base station 4B. WCD 6A may perform the GSM signal strength
measurements during breaks in the downlink transmission in compressed mode. The
measurements may include, for example, received signal code power (RSCP), signal-to-

interference ratio (SIR), or a received signal strength indicator (RSSI).



whi l e base station 4B may transmt signals according to the GSM st andard.
Sonme base stations may support mnultiple standards. For instance, base
station aomagp4support both the WCDVA and GSM st andar ds pCagiSembi42as ot her
standards, such as the 1S-95 standard7 As descri bed above, costs
associated wth inplenenting WCDVA have generally limted WCDVA coverage
to |large €Syl area for
GSM car r| bié]t thlheB gﬁewéiwéﬁlgk?ﬁeﬁé&ﬂ%%g%? |tﬁgl\§?®a%§gst %ﬁ]ﬁgéggf/ use GSM
carriers do9epievidefbaswatape 4A) VMCHaEA niwtpetfack ahaghivier tcaUGEMagatier, 0027]

For exanpl e, when WCD 6A |

measur emehg-stoaspsieiRmAB; ﬁ%lp %W@ﬁw ﬂ?@ﬂyﬁ’ﬁgﬁg’éﬂqﬁ%ﬁy}laﬂaweéé” B%B11 as of
GSM - si gngl-15k ﬁeéﬁ%rg'tﬂe cB%rQ?esﬁeéBP& bR stBion 4P s@fporBWIEDIR. M t he GSM

si gnal strengt measurenents during breaks in the downlink transm ssion in
conpr esse[nﬁOdeerﬁméNO]ﬂa@ApeﬁmmstahandyVﬂrﬁﬁmdéN-GleAe@@éﬁpﬂt@a i ved
signal code . pover

recei ved %"i‘%‘?{aPs’&quﬁﬁtt equﬁ 2%1506:1&’%3'&%%% )%rf e @gé%&)@)%é@M? 7

[ 0028] V%%ohg%ﬁl%obﬁ{%vcﬁ&h&ﬁa&m&lmﬁ GAﬂéiipﬂhaé ﬁeqmey YWEEhAilni s | eaving the
coverage area of base station 4A, WCD 6A may perform a handover to a GSM

carri er, infrmationce.pafequenel ¢roer informpymm, @Naﬂiﬁﬁ 18 s WoluPMA Wosle v isim anot her

handover e..c hat
supports m S‘T%%?@%’Wﬁn ¢ g\\()g’re?@ ’%%Iﬁgﬁgo%}géﬁ eﬁ%%ﬁ%@\%\/f

carrier tgode M re@ted ifitfuendy sirghinirhedimtelyf afte terteydei.r hrothatywdmeispthesent on
the GSM signal. According to various enbocil menttﬁ?of t he {/ 041 SV\ED 6A

appl i es flreéléuélrififgqué-‘@w ereatiin e fequengydrackne lgoryn the Fecgyehe
| nfor mat | q sta?rﬁé.t@\e;\%[)q%%ﬂei rL 38 M dd M SOLE WGl MQQ £ ﬁ@@ﬁmﬁ: GSM node,

t her eby a OW 0 operate in the GSM nobde with reduced frequency
error i mmahl@ﬁglowp afitleonitenge thahwladrfect frﬂqlmnhE erroneatsctiothealue sorelual

frequency error |nthefrequenc tra i in the.receiv

does not q1§€]ﬁliyt Aétarfél%lb ac‘lf@éstlﬁ%‘} e(g XF e‘é‘r‘??%beh% g tFrYIie?Eéﬁe val ue S0
that the {fSAHeie ﬁé@%ktﬁﬂaﬂo‘ﬁ%sﬂﬂs rbp G RABSHEEGEN tebeivertorire W-UDaauency
error correctlon vah ui ck As a result, acquisition time in the

GSM syst ebasemtation nsdydrei matdsamﬂeyeln@&; tleateby impredag e4lbaiality.equency esti mation
;rgzlgl ﬁr;r :aﬁ]ﬁ}gb agyg?sstéﬁg?y R Pﬁ%ﬁ%ﬁ%ﬁg %léllt qtf‘ggyt\@ wit8S oBhthlnfuBRY O
devices, such as, for example, a cellular radiotelephone, a satellite radiotelephone, a
PCMCIA card incorporated within a portable computer, a personal digital assistant
(PDA) equipped with wireless communicaﬁon capabilities, and the like. Base stations 4
(sometimes referred to as base transceiver systems, or BTSs) are typically connected to
a base station controller (BSC) 8 to provide an interface between base stations 4 and a
public switched telephone network 13.
[0031] FIG. 2 is a block diagram depicting an example implementation of WCD 6,
according to an embodiment of the invention. WCD 6 is designed to support multiple
wireless standards or designs, including, for example, the GSM and W-CDMA
standards. A RAKE receiver 20 and a searcher 22 are used to receive and transmit
signals according to the W-CDMA standard. RAKE receiver 20 incorporates a
frequency tracking loop 24 that estimates frequency error and adjusts the signal
frequency of W-CDMA signals received by WCD 6. In some embodiments, frequency
tracking information, e.g., the estimated frequency offset, is provided to a frequency

tracking loop 26 in 2 GSM receiver 28 to adjust the signal frequency of GSM signals



[ 0030] WCDs 6 maybe inplenmented as any of a variety of wreless

communi cation devices, such as, for exanple, a cellular radiotel ephone, a
sat el | i t ewpadiogt3et ephone, a PCMClI A card incorporated w tRCa/Esopsreabl e
conputer, a personal digital assistant, (PDA) equipped with wireless
comuni cation capabilities, and the Ii ﬁe. Base stations 4 (sonetines
referred fo. SEE) Bl BRdRELHEMA WatbyLLoNNect ed
to a basrteegesltg%&?grelﬁc%%e?r&gﬁe}egr«%{lgggé]g%?gprov?de an I nterface between base
stations éhragtttoa GMdairierswi t ched t el ephone network 13. [0031] FIG 2 is a
bl ock di agram depi cting. an exanpl e i.nple tion.of WCD 6,... according to
an enbodi EA] oﬁstqqécrl%ﬁ@gﬁ@WdH.@W“%Bi"Q@?én‘é%“%ﬁ ARTRS S oY Fitiore
wirel ess ﬁ%?ﬂgif nfhtef$$ e c¥ RabiAs Mbp thAin@¥FeRleSTotitbR ibaMuaibedr W COVA
standards. A receiver 20 and a searcher 22 are used to receive and
transmt ofdepraludatioo dmgeisnay well asvevollagbivaniseliadd temperaipropwensaiask 20

i ncor por at es fre acking. .l o 4 that @sti f requency error
and adj us?rgsWﬁ§°§[%%gW%gﬁﬁ%wna%(%ﬂ&egﬁyg(ﬁfgﬁeémggélzﬁsdvtgéﬁegy WCD 6. In
sone embogicents, whitk d4aRs Yecelved GlgnAl abdr@n@as tiRrestiBagd frdghencesifisent ed
frequency offset, is provided to a frequency tracking loop 26 in a GSM

recei ver 28l may aldp bsepplivd te ihgratatems dyerchelpmeduleton 8pgfial s WO 03/ 047302
PCT/ US02/ 7 receive ' , Ne a
handover @éﬁfl a%(ﬁ% M%%@%@%Méﬁ%%%%ﬁ E}e‘ﬁ&fﬁ%@iﬁm&%ﬁﬁgc i bed bel ow
i N connecyirfns WipdetshdfEhe thventivhi Ol hasiveat sf BIG.t3hie destvibed aoformirgypaieot
i npl enmented in frequency tracking |logp that incorporates rotators in a
nunber oRAKhErgaIvaE ?Q)‘?g KIGagdo sstimpafe @@ﬂ}‘ef%% CHoy; ﬂ‘f%f{‘!)lés-t ﬁﬁrﬁ%ﬁ HEY ey
tenperat uggy gﬁyf«‘e@é@&&@ WEYS! AN s GGl th QT 3, EMEREX Db WIS 688y iBlug a

T¥se plie %

frequency 0o 'S ap to the VCICXO, which adjusts received signals
accor di ngtri@niitier/essivertrenkcéived 3royplef fis et anternadd Orehen ardere 38ppl i ed to

the rotators i h d lation fi. 033] FIG .3 j | '
TR S e R G R e e
I nventi On%Eggdll*grlﬁs{ Srabs of o Ftffor 341 EoR@E6HiE Esb @Geil @ AEY nPFifivalie, FRAKE

recei ver G 2°to estimate frequency error and adjust the signal
f r equency exanfipls; fijteaing, sraplifyingdansl/digitizirg thagecsivedsmigngl. Matiton34 shdwar e of

WCD 6 may i.nclude.a transpitter/receiy r ixer to an
ant enna SGéJ“WI %‘?ﬂ“gﬂ??'aoqggé ?%%%it?/3%003HF€05(%%%%%1§§%X§i c)slrl\%%f fo;i’ lrégé'nlgglgi ver 32
condi ti ongy \hgatide @h 1RE ctodt8 ahd BdPpRASIEEs. Rotator 34 forms part of a frequency

tracking loop and uses an estimated frequency error to adjust received signals

accordingly.

[0034] After rotator 34 adjusts the frequency of the received signal, the signal is sent
to a demodulator 36. Demodulator 36 demodulates individual chips of the signal, e.g.,
by despreading PN codes and decovering orthogonal codes for each chip.
Demodulation results are then grouped into control symbols by a symbol generator 38,
which then passes the control symbols to a digital signal processor (DSP) 40 for symbol
demodulation and data recovery.

[0035] The control symbols are also sent to a frequency discriminator 42, which
estimates the error associated with the received signal using the control symbols. For
example, frequency discriminator 42 may estimate the residual frequency error by
cross-multiplying and accumulating symbols or sets of symbols to determine the phase
difference between successive symbols.

[0036] Frequency discriminator 42 may issue a command to rotator 34 to adjust the

frequency of the received signal according to an appropriate frequency offset.



the conditioned signal to a rotator 34. Conditioning the received signal
may involve, for exanple, filtering, anplifying, and digitizing the
recei ved wognakz3oRot at or 34 then adjusts the frequency of PChaSet/gmal to
account for frequency errors caused, fo§ exanple, by variations in |ocal
cl ocks and Doppler shifts. Rotator 34 forns part of a frequency tracking

| oop and Q@l%?n;ﬁ@lgeﬁitétﬂﬁiéﬁﬂaff a%sgeﬁscgmﬁéy @kcriindghr Us ko bRERI tHePropeAnal s
accordingly. [0034] After rotator 34 adjusts the frequency of the received

si gnal , t Heequenpy=adiussmemnin either gasgethedipduenny et ipelso dunvadaesktiodmadenaydul at es

i ndi vi dual,_chi of ,t h | gnal d I i,n

decoveri ndraé}g‘{l%i%%%é Oﬁ%@ég‘ faua)?d(gté%ﬁ acvl%l?%ge'g ngg’l tg]gpgljra\%‘mr?%gﬁﬁ %&gtreg t hen
grouped i RdseilleRA{VOTCIMNRAFaIBYu tﬁ&&@?ﬁer@?ﬁﬁﬁatt@ﬁdja&the fbquehcy 6N passes
the control synbols to a digital signal processor (DSP) 40 for synpbol

denodul at itesFivaddigneiss as deseried belgw gpgnnveioncwith FEP. 4 y\Whet WGP 6 nerogmgent to
af requengy‘%,dt' A M I i t I wth

t he receive -sﬁ%‘{éﬁa Bﬁ?}l\ﬁémf&%ger‘é‘@rh@uﬁbgf §§%§§§é @pégﬁdﬁéisgﬁ%ﬁg@ﬁ ?ggﬁgncy

di scrim :‘laé@:ive@Z}SMySég&iﬂ iamtclﬁng fbﬁhéﬁ%ﬁ%ﬁilﬁbf offfisetqpbeaingd fiﬁltliierJTEV—lﬁ?!DI\/IA néode.
cross-mnul ti ing and accunul ating synbols or, sets 0 eterm ne
the phase (oA dgs B o dipest {2 PRBIGPOT ﬂf@%@&%ﬁfﬁ%ﬁ‘@iﬁ&

di scri m naf.o% 42 HRKothSSUEb AT hPertRhA R barfitulb FRd] Aflushitgs requency

of the recel velzih%m gnhal according to an appr oerate frequency offset. WO
03/ 047302 hetdlivdusaat SR partdf AIRAIK R acceiver thad ingluwies 3 aumbgr G fmgerst fetmency

discrimnator 42 to obtain, t .oper, frequen dj us . i ther
case, the%fatcgéﬂé‘ﬁws Egeﬂh‘?' gﬁhﬁp@ﬁgﬁ%mt%%@a%%@&%%ﬁ%g%? % a%&{ﬁg | oop 26
of FIG 2-reéeﬁ‘ve@%ﬁ’dgéo91%spcﬁ1d\'t9 ke g8 ragORh ﬂblﬁﬁﬂffe&ﬁtrﬁéﬁfc@é,%&ﬁ'sggﬁhﬁpﬁﬁﬁﬁbﬁﬂ
oscillator (VCTCXO nay al so use the frequency offset to adjust the

f r equency thé sanecssiuyescbw hgviag beenasilawed fpmeanetss ke phicelorirec BRItk h FI G

36 an ust kgl ERk Ry 56l M Lo FRNIARE GOl LRBUERMhd'{ AGHIRGY | 0P

26 adj usts %nﬁle cy or“a receive ccordin

f requency ddctisgihatobioRieRBbting siboMvobMnchmtithal pdtB0Bvdddiida, edbhi fingar B0 ock
diagramillustrating a portion of the hardware of WD 6, _according to
anot her ertbadpsiated voth 2 FtatpidAand leop fifehad-t Feragh finggr 30, thejapjogiafedyt es

e et U3 P bt Ul by lsmun MR

by fi nger sh&fie@fenthef Rakikred in-phase (I) and quadrature (Q) baseband signals. The
frequency offsets are provided to an averager 54 and a loop filter 56 to provide a
weighted average frequency offset to a VCTCXO 58.
[0038] FIG. 5 is a flow diagram depicting an example frequency tracking technique
that may be implemented by WCD 6. During a W-CDMA call, WCD 6 obtains
frequency estimation information (60), such as frequency offset estimations. This
frequency estimation information may originate from various demodulation
components, such as RAKE receiver 20 of FIG. 2, and are tightly tuned. For example,
fingers 50 of the RAKE receiver of FIG. 4 may generate frequency offsets that are used
by the respective rotators 34A-34N for frequency adjustments. In addition, VCTCXO
58 may perform frequency adjustments as a function of the weighted average of the
frequency offsets from fingers 50.
[0039] In addition to obtaining frequency-offset estimations, WCD 6 also performs
handover measurements (62) for available GSM carriers. WCD 6 may perform these

measurements during breaks in the downlink transmission in compressed mode. The

measurements may include, for example, received signal code power (RSCP), signal-to-



receiver may correspond to the signals sent fromdifferent sources, or a
signal sent from the sane source but having been reflected fromone or
nore obj ewDI3/0u7382, a multi-path signal. Each finger 50 may/tusavbuede a
denodul ator, a synbol generator, and ajfrequency discrimnator for
extracting synbols fromeach signal path. In addition, each finger 50 is
associ at eqnidibinée fa@ibQSHg) &a RBEvEd $i80 strbhdtR indehtortRESHa®Rrtbip@er 50, the
associated loop filter 52 estinmates frequency of fsets and causes the
associ at edandaver oreagrements ifj ths comprreseriaedeedlloysoW Cee to ebdeini n- phase (1) and

guadr ature bas nd shgnal s. f requenc ff rovided to an
aver ager %ﬂéa 3“’54%(%% & F’;%FV? @Fsl[eé%wlﬁgg f)rfag}}?%glgaa ga\}\]glflé%mcg\%‘?‘ gﬁs P equency
of f set t o [00A0FT OXQ IS8 .uséNB3 Bindok & mbasufententd OWetirmpicameaePWCCDMA & exanpl e

frequency tracking technique that may be inplenented by WCD 6. During a
W CDMVA calGSMhendeyes sheld be made quenvhendbe repstvicd Vi Minagnad is Ve, such as

frequency .of. t t‘;‘@' . Thi 4ens I | .ORyrA, Of i may
originate n?érléarsr[]ﬁl\ge{[fﬁ%ous dbe?rsgg%vll%]ﬁ%regg@%pone%@%%eamgqﬂégéﬁ \Q/Ser 20
of FIG 2 peffoth atanddahid4), Waned alsbakesakahphddver meapgenentlostlettre RAKE
receiver of FIG 4 may gengn?li;e frgquenc_y of fsets that are used by the
respect i v@aFtul SFM samions lg CedleHugrsa8s #elaklst s. I1n addition, VCTCXO
58 nmay per f j : u i j : ver age
of the fr[te)%fjl ncﬂyjﬁgg? ng%gﬁ r%?na I n%lztre gﬁggl.lés[ %g%ﬂéﬁa Q?ﬁﬁgdﬁﬁlﬁng%ﬁg%?ai ni ng
f r equency-intibki¢questy emors prsent\WEThG G8IVE sigp@rand potentidlgedoueacaeasur enent s

62) f i |.abl M iers, 6..maYy; formth ; t
Gur ) ng. br EREARIPTT HPTESAPIriEe aruaRPL ST e PulERs o S
nmeasur erre@ﬁ\/% %B;é/{%éliﬂﬁérﬂﬂﬁncé@ed.eBg%Bh@ast,ra{%&idi/@qo$ﬁegp}ﬁ1cipl@§’cﬂ°tﬁ@\/\er (RSCP),

signal -to ) 7302 "PCT/ US02/ 37427 10 interference ratio (SIR), or a
recei ved shymiibnsWi@hgehplissdheceamengRsgmatiopantanationge.gh theostimated

measurenemd s in t ONnE €SS bt & ment s
For a covtiguri e SRRRTE e e R PR e delifriih i hen B 6020 oo
6 uses t hdn pamidare theeabmienBejuenépofiet &y tan’Ritathte an @qWiw Al rdquendsSM
handover shoul d be_ made, n the received WCDMVA signal |s. weak,

"ndi oat | ngORER thaSd hrad PRGADHES Enihe T GOk A/ PRIVARTB TR R OF HBHOWCD 6
does Pt L1 A ARIONEorlAALe sV ERESNAL S0 UI5S (LARIRAARY L aBBRIRENCS 10

select a p I cul ar carrrer, | carriers are avall abl e.
first calculating the current frequency offset being applied in the W-CDMA system as a

ratio of the ideal carrier frequency to the current frequency of operation and then using
this ratio to convert the frequency offset for W-CDMA to the frequency offset for GSM.
In addition, frequency corrections applied in W-CDMA due to slowly varying Doppler
effects can be translated to the frequency correction to be applied in GSM.

[0042] By applying the estimated frequency offset obtained in the W-CDMA mode to
the GSM mode, the frequency error between the W-CDMA and GSM base stations may
be reduced to the relative frequency drift between two base stations. As a result, the
acquisition time involved in converging to the correct frequency offset in the GSM
mode may be decreased significantly.

[0043] When WCD 6 enters an area that has W-CDMA coverage, WCD 6 may
perform a GSM to W-CDMA handover. Frequency estimation information may be
applied to improve the reliability of results provided from GSM receiver 28 to the W-
CDMA base station, thereby improving call quality.

[0044] Various frequency tracking techniques have been described as being

implemented in hardware. The techniques, however, could alternatively be



[ 0041] Using conventional handover techni ques, a handover may result in
significant initial frequency errors present on the GSM signal and

pot ent i alwpesfennance degradation. For exanpl e, the acquiPsirtison3tene

i nvol ved in acquiring the GSM si gnal ri?y be significantly increased. By
contrast, according to the principles of the invention, WCD 6 applies the

frequency igghdm@ibPm orfvard aihRare, 8r fhy confinffhi T RRard EROMBRGYe, OFFf Set |
obtained in the WCDVA npdée when perform ng the handover (66). In

parti cul arimpi¢necnsed inraftedre thedehnigues hfaydre empodiedrin progeain p@d@mt@@m val ent
frequency [ and .and applied to the VCTCXO ne or nore
rotators, 56%6%8?ﬁc981pu§e rffgl?ﬁ?ﬁéedf% Bi/ag?rdt% pégl@,gggg EEM gi gnal . This
transl at i ghagiRio-Bftic has@x@dn (f>th615d I€6 tapé AletliAg Foh exaftfi16,8Rd pif ency
of f set bei nagga?pplbiﬂledgl n the %/OCDI\/Ar syIZt em gs a ratio %}dﬂt he IRc?ggﬁiwcarrl er

f r equency o8¢ e#ebe lpededyntd megashag then exseriet iin A DEAFESSOR eﬁltﬁmﬁfm‘gﬁly,ttm s r at i o

to conver f t for
I n addit | IBQ 18 r e&ﬁgzlg ceol%éee?? ]|5t8 r?gé’mg%%efeguwwﬁggﬁ% é{ab?% y var y| ng
Doppl er @hﬂeag EEPR@Me)rtdbmmaaéce@Ivdr@. deteorkrcofneericy. aowatdaded) the® be

applied in GSM [0042] By applying the estipmated frequency offset obtained
in the w@mxa e%aytteﬁal '@ﬁ)(ﬁ%a@e diip @ cprriel WaNe g1 eifpgrsfEangmatied ofe W CDVA

and GSM bag; lggh% fi@gg;jﬁn? cdR rhg'fbé EhBOdivEad £ RAUENGY, dri f T

betweentwo asesatlon acquisitiron tine involved in
conver gi n@r@granﬂmomwldfemmtg@exffmabﬁ)haiﬁy in the GSM node may be

decreased gianificantly..[004 Wen WCD 6 enters _an area that has W CDVA
cover age, [6&%]6 @el é?tfo%‘rlﬁf@he%ﬂﬁ?glwr@mmﬂ ol AP toCeRsoL thak FESFUESt | mat i on
i nfor mat i aRe pRYrAE co@PBhy &qie m folfR lb@!e(%n&ﬂ%%rdc%és'oﬁ@ﬁd ¢dndbeQhteb@fdd Widh BF OVi ded
from GSM recei ver 28 to the CDVA base station, thereby rnproving call

qual i ty. [fooapjrtyip V@Iﬁéeswe@m@mynnm@rc kWigDt excthe ﬂl&@e@hmwonemny descri bed

glst te)reing%J i ve%éeb{eg%@%%ﬁgi%i%é%m@@@é P%%%g‘%r Pf‘r{;}l ﬁf?éﬁ%%sae : gof twar e,

firmware, egectadtybyepticesir cagly daaﬂ@m&eumdhﬁqﬁés\mg@lbeﬂabovmpl emented in
software, the techni ciues may be enbodied in gram code initially stored

on a conpUPe4al g MW@%W‘E%DQ m?é/rla(’lﬂ ¢ yeplgpenaldenstwighingpt i cal |
et o O BRGNS PR T oA BB B OB,
Al t er nat i (BEPGA)tdprogrammable logic device, spemﬁcally designed hardware components, or
any combination thereof.
[0047] In addition, various other modifications may be made without departing from
the spirit and scope of the invention. For example, various other components such as
digital filters can be implemented within the frequency tracking loop to improve
performance. Further, while several embodiments have been described in the context of
W-CDMA to GSM handovers, the principles of the invention can also be applied to
GSM to W-CDMA handovers. The principles of the invention may also be applied to
handovers between CDMA2000 and GSM systems. More generally, the invention may
be implemented in handoffs from any system to any other system, such as a handoff
between CDMA and TDMA systems, between CDMA and FDMA systems, between
FDMA and TDMA systems, or between GSM and FDMA systems. Accordingly, these

and other embodiments are within the scope of the following claims.



program code may be | oaded into nenory from el ectroni c conputer-readabl e
media such as EEPROM or downl oaded over a network connection. If

downl oadew 0 oBlog730pr ogr am code may be initially enbedded i rca/usar/siseT wave
or otherwi se transmtted on an electromagnetic signal. The program code
may be enbodied as a feature in a programproviding a wi de range of
functionality. [0045] If the inventigpAidsnpl enented in program code, the
processor that executes the programcode nmay take the formof a

m croprocessor and can be integrated with or formpart of a

wi r el ess-enabl ed, conput a D, or the like. The nenory may i nclude
bor yRchitigd Gling

random access ne "program code that is accessed and
executed by a prob@ESEf frédueGdy ésyintibn infermvaiondusin heitiadles sthegrr i bed
above. [0046] Exanple_hardware inplenentations nmay include inplenentations
within a IEEWWﬂbﬁO%%pﬁ$Eﬁ¥ﬂ@h specific integrated circuit (ASIC), a field
progra bl e gat r amab | ogi ¢ device, specifically
desi gnglgahar dwar er?((g)&ln%% %%Egﬁorrw%asﬁg&%o i nation thereof. [0047] In

addi ti on, vari ousondfigueing adttqhécgtttaokingivyp foe reveiitng\ sdeond witelead sigmd from
the spirit, and scope_ of the invention For exanp|e,. varjous. other

conponént STEBdhe seeondirggripngs af‘if‘}P%thélé%ﬁB@qnﬁ%P%m{OédnmPﬂ%-t he frequency
tracking loop to inprove performance. Further, while several enbodi nents
have been described in the context of WOCDVA to GSM handovers, the
principles of th2 inVenmnetiodobdamh $owbeempht frequanoy eEBvition i¥oSDiion
handovers. The. gri cipl es ?ff the invention nay also be applied to

handovér s HEIRE a%ﬁﬂ:’k’@ﬁ@ Sfd GSM systens. More general |y, the invention
may be inplenented in handoffs fromany systemto any other system such
as a handoff between CDVA and TDVA systens, between CDVA and FDVA systens,
bet ween FDMVA and TDREs mgthod efclaise 1 bwhereimihGErat snelasphanalys e 64MA

Accor diyngl ; ; i wi thin the scope of the
f ol | owng S@“&? %é%@%?%ﬁ%ﬁ%wﬁg%@fﬁl 12 CLAIMS 1. A method
conprising: 2 obtaining frequency estimation information froma first

wireless signal received froma first carrier; 4 performng a_handover to
a second carri er4 an#he method of claim 3, wherein the CDMA signal is one of a W-CDMA

2 signal and a CDMA2000 signal. !

5. The method of claim 1, wherein the first wireless signal is a GSM signal
2  and the second wireless signal is a CDMA signal.

6.  The method of claim 1, wherein the frequency tracking loop configures a
2  voltage-controlled, temperature-compensated oscillator as a function of the frequency

estimation information.

7.~ The method of claim 1, wherein the frequency tracking loop configures a

2 rotator as a function of the frequency estimation information.

8. The method of claim 1, further comprising obtaining handover

2  information during an allocated time slot.

9.  The method of claim 8, wherein the handover information comprises at
2 least one of received signal code power (RSCP), signal-to-interference ratio (SIR), and a

received signal strength indicator (RSSI).



configuring a frequency tracking | oop for receiving a second wrel ess
signal 6 fromthe second carrier as a function of the frequency estimtion
i nf or mat iwN.0324730he net hod of claim 1, wherein the frequeRCy/Ess2/3TaRL i ON
information 2 conprises a frequency offxset. 3. The nmethod of claiml1,
wherein the first wreless signal is a CDMA 2 signal and the second
wreless signal is a GSMsignal. 4. The nethod of claim3, wherein the CDVA
signal is one of a WCDVA 2 signal and a CDMA2000 signal. 5. The nethod of
dlaim 1, wherei nl0heThe msthodior elin S, Whepet thp sllecaGRMISF glabdecuis dimagehe
second JM r gl | | is a CDVA signal. 6. The nethod of claim1, wherein
t he frézqueﬁoégfsr??sg‘?:g{lbﬁa' | oop configures a 2 voltage-controlled,

t enper at ure- conpensated oscillator as a function of the frequency
estimation infornmation. 7. The method of claim 1, wherein the frequency
tracki ng | oop comti girhgecessoryeadgblgmndigg cantpiyieg propesser xpatslequency

esti maty on_| i.on. 8. The nethod of claim1, further conprising

obt ai nijngqﬁgtgﬁﬁ%grﬁdﬁ information during an allocated tine slot. 9. The

met hod of cl ai m 8btaidiey fequenbpestiaration éformitionadm arfirsiompelesseiznal 2 | east
one of received, signal. code power (RSCP), signal-to-interference ratio
(SIR), S deGeveL R sEFHHS strength indicator (RSSI). WD 03/ 047302

PCT/ US02/ 37427 A3 ¢dibhind BRaEvBOd ecSl@lpi&s aherein the allocated tine

sl ot occurs during a 2 conpressed node. 11. A processor readable nedium
cont ai i ng pr ocesadigusingadiabbrey tiackmgtloencior oersiving a sasbhdivireless figeduency
estimation inft rmation froma.first 'rlerl ess signal. 4 received froma
First carrihOeaPenl s 2 Aot e MeBed s taaion Blomdini- 6 confi gur i ng
a frequency tracking loop for receiving a second wireless signal fromthe
second carrier as_a function of the frequency estimation information. 12.
The processor reddabllec proaessen stdapleanedinm of ghaimel 1In whieein the digavrngy

2 estimation information comprises a frequency offset.

13.  The processor readable medium of claim 11, wherein the first wireless

2 signal is a CDMA signal.

14. The processor readable medium of claim 13, wherein the CDMA signal
2 is one of a W-CDMA signal and a CDMA2000 signal.

15. The processor readable medium of claim 11, wherein the second wireless

2  signal is a GSM signal.

16. The processor readable medium of claim 11, wherein the first wireless

2 signal is a GSM signal and the second wireless signal is a CDMA signal.

2 17. The processor readable medium of claim 11, wherein the frequency
tracking loop configures a voltage-controlled, temperature-compensated crystal

4 oscillator as a function of the frequency estimation information.

18. The processor readable medium of claim 11, wherein the frequency

2 tracking loop configures a rotator as a function of the frequency estimation information.



2 estimation information conprises a frequency offset. 13. The processor
readabl e nedi um of claim 11, wherein the first wireless 2 signal is a CDVA
signal . IO 0Fle73p2 ocessor readabl e nmedi um of claim 13, wheceiusoy/sm2TDVA
signal 2 is one of a WCDMA signal and4a CDMA2000 signal. 15. The
processor readabl e nmediumof claim1ll, wherein the second wireless 2

signal is a GSMsignal. 16. The processor readable nmediumof claiml1l,

wherein the first wireless 2 signal is a GSM signal and the second

wirel ess signal 1% allteowecespegigadable mediunyod C]g?ﬂréclgsg%‘ihe’? CORPANNG PFRCESSQN of
claim 31, 1A A L. T i : L.qur .

Vol t age: e SHETT il Red e A ni AR B R A TG B B ot sime lot,
function of the frequency estimation information. 18. The processor

readabl e nedium of claim 11, wherejn the freguency trackjng, | oop
configures a rottorlhepracesseraeadghlegnedipg @P@&Héﬁcvﬁ@ﬁq tﬁﬁlﬂ?lg‘ﬁvﬁnf or mati on.
WO 03/ 647 : L of claim
11, fu(rét h:eﬂr?%gg%t[él ni %r?’sé?%%lgg%ép&g regégg%%%lg%??%?%gé‘fﬁrgtﬁ?gg)s’rg?%a?y{(?bt ai ni ng
handover iintecfereaté mtiodSIR )y gndareebived sigea strength shdicator (R®SDThe pr ocessor
readabl e nmedi um of claim 19, wherein the handover 2 information conprises
at | east one of received signal code power (RSCP), signal-to- interference
ratio (SIR), anthp regeiNedssireiableThé@RAR clandi10atREreliRBShllocattl tinld1e
processor readable nmedi'umof claim 19, wherein the allocated tine 2 slot
occur s 2durslaigcenrs dnpngs sexiprested mate. An apparatus conprising: 2 a first
receiver to receive a first signal froma first carrier, the first receiver
conprising a first frequency tracking |oop to obtain frequency estination
information 4 rgl atAfngpgRatheorhpristdg:si gnal ; and a second receiver to
receive a second signal froma second carrier, the second_ 6 receiver
conpri @i ng a secbHE Fecsiygeipcipetiyet krshgigraldiom @ fascariers the HIRRFRCGIVESt i mat i on

et ot on BEE R Behii s FrARE ROFRTOND i O in RGN o1

cl aim 22, refagngtothe Hestfsignat; ahd equency tracking loop is

a second receiver to receive a second signal from a second carrier, the second
6 receiver comprising a second frequency tracking loop to obtain frequency estimation
information relating to the second signal as a function of the frequency estimation

8 information relating to the first signal.

23. The apparatus of claim 22, wherein the first frequency tracking loop is
2 configured to obtain the frequency estimation information relating to the first signal as a

function of the frequency estimation information relating to the second signal.

24. The apparatus of claim 22, wherein at least one of the first and second

2  frequency estimation information comprises a frequency offset.

25. The apparatus of claim 22, wherein at least one of the first and second
2 frequency tracking loops configures a voltage-controlled, temperature-compensated

crystal oscillator.

26. The apparatus of claim 22, wherein at least one of the first and second

2 frequency tracking loops configures a rotator.



2 configured to obtain the frequency estimation information relating to the
first signal as a function of the frequency estimation information

rel ati ng wo wloe73second signal. 24. The apparatus of clai mPRT/USAIBT@T N at

| east one of the first and second 2 frléquency estinmation information
conprises a frequency offset. 25. The apparatus of claim 22, wherein at

| east one of the first and second 2 frequency tracking |oops configures a
vol tage-control | ed, tenperature-conpensated crystal oscillator. 26. The
apparatus of cl at'm ZPhe agiperagisrofgtaith @3swhemin ajfleashencfafithe fishandssecomd 2
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second 2 receivers is configured to obtain handover information during an
allocated tine slot. 28. The apparatus of claim27, wherein the handover
i nformati on conp?§.sekheapperatuspiclagnd’ oWhersingho Sandovgiiaforggtien pRMBESes RSCP) |

i gnal -t 0- .rat R ' ' i h
"l caor RS ¥ SYSRHE el AaRhev s IS ChY, SERAME T hERA s BHETIR cd 11 mo
sl ot occuraadduecdiged degml septieidRdtomRISS)30. The apparatus of claim 22,

wherein at |east one of the first and second 2 receivers conprises a RAKE
receiver. 31. The apparatus of claim 22, wherein at |east one of the first

and second 2 reggi fcSarp s FeBi 2%&%%%{10%%tixﬁ@slgp&%ﬁ&t&ﬁ?in

conprising: 2 neans talning frequency estimation Information froma
first & releapresedmeider eceived froma first carrier; 4 neans for

perform ng a handover to a second carrier; and neans for configuring a
frequency tracking |oop for receiving a second, 6 wireless signal fromthe

second carrier agpaf hRusQIt claif 2b! RHLSMCH 168t bR fitROfirst AfdOdedBAd On. 33.
The apparatus of claim 32, wherein the frequency estimation information 2

conpr i Ses recefivasg oamnprjses fRAKE rg#iveThe apparatus of claim 32, wherein the
first wireless signal is a CDVA

31. The apparatus of claim 22, wherein at least one of the first and second

2 receivers comprises a GSM receiver.

32. An apparatus comprising:
2 means for obtaining frequency estimation information from a first wireless
signal received from a first carrier;
4 means for performing a handover to a second carrier; and
means for configuring a frequency tracking loop for receiving a second
6 wireless signal from the second carrier as a function of the frequency estimation

information.

33. The apparatus of claim 32, wherein the frequency estimation information

2 comprises a frequency offset.

34. The apparatus of claim 32, wherein the first wireless signal is a CDMA
2 signal and the second wireless signal is a GSM signal.

35. The apparatus of claim 34, wherein the CDMA signal is one of a W-
2  CDMA signal and a CDMA2000 signal.



2 signal and the second wireless signal is a GSMsignal. 35. The apparatus
of claim 34, wherein the CDVA signal is one of a W 2 CDMA signhal and a
CDVA2000 wDgn@a#7300M0 03/ 047302 PCT/ US02/ 37427 16 36. The zpparsar/sm2pf claim
32, wherein the first wireless signal il6 a GSM 2 signal and the second
wireless signal is a CDMA signal. 37. The apparatus of claim 32, wherein
the frequency tragkiTig dppenatud ofolirh §0) wherainvhé Figd Gvitedst kighdlgda GSM

t enper at ur e- conpensat ed oscillator. .as a function of the frequency

est i mai ofignat Yrdhe pepond yareless sigaglinp gnalaj m 32, wherein the
frequency tracking loop 2 configures a rotator as a function of the
frequency estimation information. 39. The apparatus of claim32, further
conpri si ng nmeans37.orTiekippamntusef cRirh 32 gwkerini thé dequdncgracking gpan al | ocat ed
time slot. 410' The apparatus_of claim 39, wherein the handover information
conpri des copfigires axgltagsrrongplleds (RAEHUIST ORISR e ONAeT 35 RSEpsfion of the

si gnal 'to'.e'%h&{%yee’sﬁi@l%ﬁoxﬁ]ﬁfﬂ)&a@%.R)1 and a received signal strength

i ndi catorﬂ( SSI ). 41. The apparatus of claim 39, wherein the allocated tine
sl ot occurs during 2 a conpressed node.

38. The apparatus of claim 32, wherein the frequency tracking loop

2 configures a rotator as a function of the frequency estimation information.

39. The apparatus of claim 32, further comprising means for obtaining

2 handover information during an allocated time slot.

40. The apparatus of claim 39, wherein the handover information comprises
2 atleast one of received signal code power (RSCP), signal-to-interference ratio (SIR),
and a received signal strength indicator (RSST).

41. The apparatus of claim 39, wherein the allocated time slot occurs during

2 acompressed mode.



