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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.
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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
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Packet Data ‘Air ce Specification"” (the cdnma2000 standard), and (4)
sone ot hernostromatad @HMA technology include cellular radiotelephones, PCMCIA cards

incorporated within 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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[0004] Other wirel ess conmuni cation systens may use di fferent nodul ation
techni ques. For exanple, GSM systens use a conbination of TDVA and FDVA
nodul at i owotoeo¥msdues. These techniques are al so used i n ECAASIFYRRENE
related to GSM WD 03/ 047302 PCT/ US02/ 34427 2 systens, including the
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transmission contains breaks. During these breaks, the WCD may monitor one or more
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



wi rel ess communi cation device. A reverse link, sonetines referred to as an
uplink, refers to a signal sent fromthe WCD to the base station. [0008]
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Wi rel ess conmmuni cati on system [0009] Another cause of error that can
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conmput e arRyBatih MR @nedr sidi@l.f requency error. The frequency discrim nator
cal cul ates residual frequency errors and conti nuouslé(J accunul at es the

resi dual ﬂety&merfggqt@nﬁbmcm@g loops prrtast fon dregeengy|erorLhesiegatise thyy . A
rotator then uses the t t cy of the
recei ved eﬁﬁ%‘)y “HRET E}mdng E %r%lgllé%ao fiede ﬁgc% %is ﬂ?)? %5@@8’£cy error.
The resi dlﬁ%huéﬂc@‘dib@ﬂﬁﬂna&diﬁ’ @h be used to compute an estimate of the frequency error. The

frequency discriminator calculates residual frequency 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



eventual |y converges to approxi mately zero, such that the accumul ated
estimate is approximately equal to the actual frequency error. In this
manner, awbDeadpmek | oop can correct for frequency errorsPCh/s02/8ewel ved
carrier signal. SUWARY [0011] In gengral, the invention facilitates
reduci ng frequency errors during transitions between wreless

comuni cat | b SrforBl iR initid) iRfiehe ONther om one
system ?ﬂg?ﬁe?%%ﬁ%gg?g%&e\%ﬁ%gﬁ%itioni Egﬂ?o anot her system such
as a GSM Bypicacy tréchingdweppl €, in sone enbodi nents, frequency error or

of fset informatjon, obtained en a i.S.in the ViS

transl at @013k ol emé’B‘i‘t}cE’srB%\é\ﬁ?Fga ?ng%&ﬁégvaéqargg?. %‘r?ar\]uglnéé?tﬁtqg%d em thereby
al | owi ng é,Jfbgs g\%qg Be MRNULATI0 o f BT dd0Rd v RIhgdoomRenArgerica td the GSM node
wi th reduce requency error during initial iterations of the frequency
tracki ng doompt ek @@oEctifmevalupaantbecehiersd wprecquicklyuMEkrthe fregespskt ages. By
reduci ng fr.equenc errors duri e Lnitial. | t ] frequency
tracki ng ?338%:‘1088%9@?36’8%% ﬂ:feg&]!f ﬁ@l\}[‘gg}(srt %%Elsegdrlrn (#fa%%:%%{r@g? ?gfr? (\E/%ilque can be
achi eved gRfet qati &dmple, Wet thedubcyf &restbefestn aSNtCDRIA baseistitionnmd b@BMn t he

W CDVA systemused in transitioning to the GSM  syste for exanple, the

f r equencybase satiobarwbe redicwd toba relative Seaependih Betyeesiie BHad85st ati on may
be reduced to the relative.fr : rd { ducthat i ons.
ps o rosutttionse ot B i HESTHER G U SRRy by Eahiu duts
reduced. FinthdrN@SM Spidtiopermalibe simplifjedisy aioidihg $dneciofthie auasestenthatone of the
processes that mght otherw se be.invalyed i cqui.r.ing, a.GSM signal. In
addi t i on, mighs ofheavise he {pvobisipAasqUEHS %&t?’ﬁ?g?gpi‘?g@i{l%%%ge%ﬁw ecei ver to
the WCD'V%%- ' FEEERYE th Bld WOCDMA Badeaitdtiontayohs ng cal |
quality. 6’%@%@%@%%@%3 9rrltaent, tre\e invention is direct eld to ygcyi requency
tracki ng netihore reRatdebkerelyy esprowing el qualityr mati on is obtained froma first
wirel ess signal received.fro a first.carrier, ond
carrier i Emgéff & H%equm?ﬁ&}{eﬁ@v?nrn@al’,lse%&?lte%i B ore@%&\rﬁ[ﬁ{%&gs@%ﬁ 0

confi gur epaqfitRYUSHEN I Redihidboh 20dbtdiAeEd fre@el fisngirtlesatgndreceivee tfiess si gnal
fromthe second carrier. [0014] The invention may be i nPI enented in
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information is used to configure a frequency 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.



conbi nation thereof. If inplemented in software, the invention may be
directed to a conputer readabl e nedium carrying program code, that when
execut ed,wpasfonns one or nore of the nmethods nentioned 2b@ws02/3R@015] An
exanpl e hardware enbodi nent is an appag at us that includes a first receiver
to receive a first signal froma first carrier. The first receiver includes
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[0019] FIG. 3 is a bl.gck di agram,il | ust ' xanpl e hardware for
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tracki ng techni que, according to another inplenmentation of the invention.
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of the invention are descri hBETAFLED®ESCREXYIQAN a wirel ess signal
transmtted over a forward |link, such a
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station to a wireless 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



[0023] FIG 1 is a block diagramillustrating an exanpl e spread spectrum
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[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).



system 2 may be designed to support other standards, such as the GSM
standard or related standards, e.g., the DCS1800 and PCS1900 standards.
GSM syst ew® 0awi30y a conbi nation of FDVA and TDVA nodul acamsoeshal ques.
System 2 nmay al so support other FDVA and TDVA st andards. [0026] The

vari ous base stations in system 2 may each support different standards.
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ot her st afglatoase §{‘/i8ﬂng : V\%@I% gay s¢ S&ﬂ?ﬁi’?@ .pe%mﬂié%%tﬁ?@f&g%‘b%y&encost s

associ at ey KR én”geﬁé ﬁi@%g%tra% Ca@%m\éﬁaﬁoﬁ% Gabgovts W rabeEh, W CDMA cover age
us, ypI

to large cities. system 2 has a  greater coverage area for
GSM car ri @029}t havhehdlv Ol ©Dbkrfomis d ndovedoon diWdIYMA eaygerdmaGhdy use GSM

carriers to . provjde coverage in areas that |ac o] 0027]
For exanptdiCifg CRUENYFTEPT rg%ﬁnt on %@%ﬂﬁ&é?%ﬁ%ﬁg t
measur e%ugfem%%@ﬂmhv&hwpwwfﬁmp@ a5 fegleaty eflindaionas wel | as of

GSM signal strength from base station 4B. WD 6A rr\gyy erformthe GSM
si gnal stinémgtationeasfreienelt erefinforgation skipinad in He M ade SR ssi on i n

conpresse . T r enent,s AT ale . r . i ved
si gnal cog’éﬂ% g%e%WIFW né?q&'jl g El‘fegg-i;%'i 2 0er’{é e teSthgl‘__B ?g‘%%ﬁ%‘é Ggfﬂ a
recei ved gihadahthStdRRg HRqidney eabOIMHMEESE)y. afAOHH04GTR0M GO WISER/ 187427 7

[0028] When these handover mneasurenments |ndicate that. WD {s,leaving the
cover age sidaaldtedygney groatn Big fmﬂ,uewf‘t?}imréwlb@r%F‘?‘?F’é(eﬁ%m?At‘g’e% GSM

carrier, .6 b 0 DA fb haflnAPer OO RN AHRSBINATLS HeRREEPT M anot her

handover enters the coverage area of a base station that
supports &R oop BAR bnwhgmnio BB Grech red g eaoheomioiren vilnomoze W CDVA
carrier to.a GSM carrier, .a.significa f reguenc rr.or..may, be sent on
O o Nt St e B SR re R SRR ReREs e, oo
applies feghig ﬁ%gﬁén_%gfegtﬁﬂaﬁdnrffaﬁﬂﬁ%p&&d b5-tHe GSM RASBCY thE WOCDMA

i nformation, obtdined ih the WCDVA node whén WCD 6A switches to GSM node,
t her eby abdsewtatignWEy eAnads roprereliabld, tharehy iggppving call quality.

[0030] WCDs 6 may be implemented as any of a variety of wireless communication

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



node with reduced frequency error inmediately after the handoff. In other
words, the residual frequency error in the frequency tracking |oop in the
recei ver wh 00IX36A does not start at zero. Rather, the ree€irdisat/3meT or has
an initial value so that the frequency8 tracking loop will converge to the
correct frequency error correction value nore quickly. As a result,

acqui si ti I%Eei%d‘@% M PG §%ﬁ&r§W(’?f?36 Pefotth@ B hhAdRBE fr¥m 8HUCBIA | N

addition, Trequehcy estimation results ‘reported by the GSM receiver to the
W CDVA  basgersbatGSM oamjerbe nmade nore reliable, thereby inproving call

lity. [0030] WCDs ¢ be .i npl nt ed f ' f owrel
Commun caleA© dedeeabed BHON BEonReoRRarpG i avartexinorsiihone. o
satel li tepagh %@iﬁﬁ@ﬁ%ﬂ% ﬁ‘@(ﬂueﬁ%ﬁciﬁgfﬁ)&ni tRAGhIRPhIREroMbR ifl adBdet abl e

conputer, a pers I gital assistan PDA) equi pped with wireless
conmuni cabf demaimfeaion!fingemsas veelbias eolisgkeontBalind, tomperagurs-compersaiask | nes

referred to base t LV systens, . or. BTS I i y connected
to a bas®YHpLYC ﬁt%dw(é} e{@s%fmg{%oﬁ?ﬂu%?yaog}sgﬁlsi Hﬁ%%tggﬂéé bet ween base
stations ¢caek@, whidhhiljasts YéckRRedighgls @pEaRgne thidskma®d ffeafaitl JFs&, 2 is a
bl ock di agram depicting an exanpl e inplenentation of WCD 6, according to

an enbodi amhmayptlse he appliedite iherotapmpisedch dgmodylation fi82Zupport nul ti pl e
i | i i i , t: -and W CDVA
5t andar ds (VAT RaRES Slsa a0 D3erah T EOS oAb AR for ihISERbART V) T

transmt ygidisaksechCTakdlinention. e hddsRvoS FER dais descRBEEay focminggrartaef
incorporates a frequency tracking | oop 24 that ﬂgqs%{.nnt es.fr?guenc error
and adj usRAKHeecsivgnl) of kIfGe 4 i@ RRynye Iipdesnior sury jyst the ! Byd 6. In

some embod} X Jg%rec{eiélgcgygm gt rACHINS ih BTET Blat@are 8 WGD Bhﬁ‘aﬁ%&fuﬂf@hecj

frequency 0o to a frequency tracking loop 26 in a GSM
recei ver f@nshaittadjeosvert(hrensseigad|32faoepied heyn aite@BMO0s i When antemad9/ 047302

PCT/ US02/ 37427 8 .receiV by GSM r ecei yer .when WCD 6, perfor

handover FEBHPRAMICORES lg‘gﬁgfi@_r trwcgvﬁf%ﬁfoél?%e_[rﬁ%‘ﬁq A%naglggcgﬁ?%%sd bel ow
I n conneciy %Bn&%tifoﬁecféi&alﬂo 2 YShitoP 95, EsRAEGLSInG thd faeeildvaEial ety ifieylvd)dor

i npl enent eg in frequency tracking |oop that incorporates rotators in a

nunber  ofxaeptedilteainigormplifiiger and digitingng tha secgived sizagle Radwior 3 thea,

Lemper at ur . compensat e, £RYSLAL @8 ek P ol TP Ahrs H ERk LEBRER,
by variations in local clocks and Doppler shifts. 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.



VCTCXO, which adjusts received signals according to the estimated frequency
offset, and nmay also be applied to the rotators in each denodul ati on
finger. [WO33)4BG. 3 is a block diagramillustrating exampirashasdenr e for

i npl ementing various aspects of the inyention. The hardware of FIG 3 is
described as formng part of RAKE receiver 20 of FIG 2 to estimate
frequency gdrRiteRNEbiaASt 3ial BEesd ﬁ%éy SdseAEMtor ab tS bRl te pRPEF ved by WCD
6. As shown in FIG 3, hardware of 6 may include a

transm t t dreqnencsi aggustinenta s eidhey ease, e frequpndifset igalsa pravadesd tadrequenay

antenna 3Q_recei,ves,an.q m.n = signal . tran i Ll t he
ecel ved STEREE e AUHEE R A it e UGS ¥ Bborituf SpbisgRa

Condi ti onigagillhide (VETEXEinsy gsdhsetBY freqiedly offsétas adjastanglirequehty bEri ng,
anplifying, and digitizing the received signal. Rotator 34 then adjusts the

fr equency Tefeitedesigialas deseribracslan it ennneeticieitl 1@ r4: oWher MA@ perkgrms
Pranple. @Y CBMALY BRY hihdo062 loRlAEY Badlile IRBRSHANDL RegfRLobEs 4

fornms part of "a Trequency rac op an es a na requency
error to aejeirsdd GENEdiged asdopdiag & the diegakneglofiset dbidst] in Alid Wi-CDM Atmosde34

adj usts the frequency of the receiyved signal, the signal is to a
denodul at dPO%4, q%ﬁdﬁlaé’ﬂ‘&k dW%WP%?%éPPWGP\Pg&?ngYﬂIBQf%?&I% si gnal ,
e.g.. by aglgﬁg L AGHENFORRR R R OMRIonN In BAkiBRGO 'F?d}.l £9fRgator each

chi p. Denodu on results are then grouped 1hto control synbols by a
synbol gererdwaye 1188 formshyagho i RAK P asme=r that inchiries e husbhedaf] “fngers3 Sdigi t al

si gnal praocesso DSP) 40 for..s | . d dul ation and_da I ery.

[ 0035] Théraﬁlgﬁ{f{f%lgm%@%t{l%r@%e@é?ﬁﬁg a%eﬁ& t’%gﬂ%ﬂéégc‘i??@ﬁ- ator 42,
whi ch  estrbdEN@dy @rREfdHd 18 Sf0stAl SdniVréi differehoficks Gr Sisiinal seusfiba t he
control synbols. For exanple, frequency discrimnator 42 may estimate the

resi dual fthespueneopres ushating besngs8ested Pl griemy nzavel obiselsma - MAG-B3bol s or

ts of A30) t t ecLpine . ' '
synbors. - FO0gk EAP RIS el Bboafils, £5RE0 RALMESWBCRERRISE
34 to adj uidcrintiBatof fo@ @uEMEMgRIMbbIE ffoaceichatbml pahl Inaiditioh, sg-htftnggns50

appropriate frequency offset. W) 03/047302 PCT/US02/37427_ 9 Alternately,
rotator 345Adgciaeasth 3 %%f%’rft@ndoﬁ logp ffiehed-of orgach Engel; ‘ili‘e_taﬂ%"’ﬁ’tt@per _

to i equentyp MR tstimlfbs bl PR oh ol B GRRKSR Sflor 3 BLifispr ov! ded
vol t age- cah¢ freddendy of erpisediniplese (rpedg@tdeature (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-



oscillator (VCTCXO may al so use the frequency offset to adjust the
frequency of received signals, as described belowin connection with FIG
4. \WWhen WEDoG/opBrforns a WCDMA to GSM handover, frequen®gTtusavkisey | oop
26 adjusts the frequency of a receivedyGSM signal according to the
frequency offset obtained in the WCDVA node. [0037] FIG 4 is a block

di agram i lihjdfbreatd RfioFSION bt PRec@ied ﬂgnz{l@fréﬂ?h%d?éatdf@s% PREBRRAENG to

anot her enbodi nent of the invention. In particular, FIG 4 illustrates
har dwar e thaadoweommswamﬁnt@fn Téle RAKBTeseedaneds alfovwest WORLS teorbiaia nunber of

by 1+ nger & gmebRaSEAREM FFh vaICRRr Rl self W EREA g8 onf fFom

di fferent [6640]CEWCIDB wdesthe naidosartheefsummen&m d‘éﬁiﬂﬁuféﬁ#l{eﬁet WUCDhax kg been
reflected fromone or nore objects, i.e., a nulti-path nal . Each finger
ﬁAMAaSIgmg

50 nay i néFMdiandenarsbrildbemade e t@é rieseded -
di i on.
cach 11 ngdp e ERETES IR G MEHEE *&&“%%ge??%%ﬂvﬁ%?%% Fo

each fi ngeerfofin atafd@ss 064) AWED 6 hopsés tht AandXeestasoaiests toagieerrcy of f sets

and causes the_associ ated rot 4 to adjust e frequency of received
i n- phase ERticHky GRM &ﬁ%}e&rlng%P %C&g%%ﬁe@aﬁ?}%‘f@a{;%e frequency of fsets

are provi o] i i ght ed
Srar ot 080 SRaperagtn i AkgeRyd ol PRobgy RS fhance o1

depi ct i ng imiakfkeqehey émaqumscgt onrthezGﬂh’gs@a@lmdqpumnﬁalmrfonamme i mpl enent ed

by WCD 6. ri.n WCD,.6 btaln uency .estimati o

h or mat | GREEEOTEL RTRHEPy L aeHEg ot fis BT et HEnE H GV B hency
esti mati onydydeodi E‘bﬁﬂgﬂiﬁ&ﬁr QJ&QB RbBirast WFMAL QY ShSRRGIALfitR  component s,
such as RAK reéglﬁvler FF 9 and are tlgqhtly tuggd For exanpl e,

fingers 50nntipheWIRAKE aplelé,f@IﬂWaﬁ'e%‘ﬁnﬂf @timptigaynigendion egt thepsimeledof f set s

2 ust nont el LefieE cBRERGEHESY ChR R bRat it RO G RETHERR (601 as

function ahphitieulse tBdtaiinasefragenef offfteis ti“a[rtsntwﬂl’tﬁ)ﬁn@ﬁﬁﬁﬁbﬁt ﬁerqwmdy ngers 50.
[0039] In addition to obtaini g freq uenc -of fset estimations, WCD 6 al so
1

per;or s SHAR e G dand anbapdied G’Z‘)herdF ‘537:9 faPAIEOT CBNF E‘&P@F%P&bo"h@) 6 nmay
perform tgﬁﬁgt (HERRRHERTER R AN €1 Y3 Bl ggfesffapg@m fnﬁ%PE hANSa4: | on in

conpresse asurenents may or exa recei

si gnal codestpaivatatinBBYurrent foqlentpolfdt Bam(gzaiﬁlﬂéd 1BEY WSOMZB[X&QQem]a@ 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



interference ratio (SIR), or a received signal strength indicator (RSSl).
Perform ng handover neasurenents in the conpressed node allows WCD 6 to
obtain rmwavaersents for a GSM system whil e mai ntai ni ng aPcalusoy/sr4ehe
W CDVA system [00401 WCD 6 uses the ndover neasurenents to determ ne
when a WCDVA to GSM handover should be nmade, e.g., when the received

W CDVA si giflerhént¥eksoftwiald igdvhRd of ABL coMihflionSorheRN Rarfsodiviee, et D
W CDNI A covérage. \Wen WCD 6 does_ performa handover (64), WCD 6 al so uses
t he handoviewleeented wreefitvere, Siedethmpgues may detentheidied iGBMetam cods initiallynul ti pl e

GSM carriers _are avail abl e., 1.004 Usi conveni i onal handover techniques,
a handoverSt?‘FS opgsczﬁpjpuﬁeﬁg?aélﬁ#lﬁr%e e %uﬁgﬁ ﬁﬂarﬁr@ﬁé’ﬁwgﬂa}cﬁgﬂcﬁﬁ’esent on
the GSM siga@etcanstid) phaRidhahee)6f StBENBEIES taf€BleaRaFop Bxanfé, tRXpidtn t he
acquisition tine involved in acquiring the GSM signal nmay be significantly

i ncr eased.Cogy ceibhe loaded infrwemgrhandtthen erecpier i p prassssef. Alenativelwibé on, WCD

6 applies r { i i i .2, t 1 d
frequency p})r??r g%%%%%gglﬁhybﬁ ggaéeﬁgﬁgﬁw%%n%%@%gﬁ p ?t%%fe%]&?%é g%éle“handover
(66). | n speki bs EBPROM., tdieloealdated ettrametusieynedctiset Ifidowinlcaded,ahed to an

equi val ent frequency error.in the GSM band, and applied . to the VCTCXO, to
one or norECFERLAEIayde igipHy prbedded s a camier fage 0Epthvase ransmitdon ed GSM

signal. Thj (=Y y %gﬁg i : i he current
frequency ry(r)lfse f1 %scgl‘t%ﬂ%g? %{:}coég pli gg‘%’lﬁ t 68%%@5?{5@%%8%%%%{%05 of the
i deal car mregrafrpqudmgya woletrirzead fuetibnilitgquency of operation and then

using thi ti 0. convert.the frequency offset for W to the
frequency [§?4§etﬁft%‘?l OfIp WQ&H‘F{“F@H} plpg%gqffeyﬂ@dnppqgéﬁqr SX3%Sed in

W CDVA dughd prostaiydeidhy ke t@qaﬂh%;fanﬁéﬁﬁ?%&s&a&l@&ntﬂeq&%gﬁtﬁ%ﬁpof he
frequency correction to be applied in GSM [0042] By applyrng the estimted

f r equency forfnh part 0f bvarelrss-chabledeonyputen WicBeot the likee TiBSNEemotemay he

f . h b ' b duced
the r o at rode mAARAESEt RSN Yokl aE P bl 88, T e

acqui si ti eRedtéEby ByRIce&dr ioca§vue @i agoiOtct b qeRrdegdibell bBseeNCy of fset in
the GSM npde nay be decreased significantly. [00431 When WCD 6 enters an
area that [ﬂ%@]wﬁﬁwlééﬁ@%iﬁfelﬁlp&wféaw maydpelgdedmplastaiongyatimanandover .

of *rasu 3 SRR o sBEFR FAIBY oG RREY S @ pigHRAHBE Bl P 1Y
t her eby i (BPGW) mpoatdmmatit Idgjc ddvi@ddiecifallp desigedduatverye tompdienty, or

t echni ques have_ been described as being
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.



i npl enented in hardware. The techni ques, however, could alternatively be
WO 03/ 047302 PCT/ US02/ 37427 11 inplenented in software, firmvare, or any
conbi nat iwo 03f041302 dwar e and software. If inplenented in ®Pofftusaz/aja21 he
techni ques may be enbodied in programcede initially stored on a
conput er -r eadabl e nedi um such as a hard drive or magnetic, optical,

magnet o-opti c, phase-change, or othegpydipgsor tape nedia. For exanple, the
program code can be | oaded into nmenory and then executed in a processor.
Alternatively, the programcode may be | oaded into nenory from el ectronic
conput er -readabl ¢ nmeqi_a ,, such as.EEPROM or downl oaded over a network
connection. |f downl éﬁ%g?&?%%pr%sg’%gram code may be initially enbedded in a
carrien wave or gblagfing Seqichenestibiatied iformabnatas brhsmgaatdscighpnal . The
program code may be enbodied as a feature in a program providing a w de
range of fIG¢EY® amiq@r.stwty%] If the invention is inplenented in program
code, t4he proces§] o&xﬂﬁ%aﬁéﬁd%%ﬁ%as%@&cf«{}aﬂ%r?ﬁ}cfmde may take the formof a
m croprocessor and can be Integrated w or ormpart of a

W r el ess- enabl edcatfigouiihg fa, freaudMeh, trackini eop fok eceiftirg aresrond wireless sipedlude
random access nenory (RAM storing program code that i.s. accessed and
execut &d by thi seedd erriasafupghion ff theEequeney getinationinfyraeifescr i bed
above. [0046] Exanple hardware inplenentations nmay include inplenentations
within a DSP, an application specific integrated circuit (ASIC), a field
programmabl e gat 2. ar Tlaymehpb®GAjlaina 1 pwberemrtia flegudnoy estindgiondeforspeai f i cal | y
desi gned hardware co onen%ﬁg or any conbination thereof. [0047] In

addi ti ¢n, Wﬁ?ﬁ%ﬁ%aﬁ?%ﬁncm fii cati ons may be nmde without departing from
the spirit and scope of the invention. For exanple, various other
conponents such as digital filters can be inplenented wthin the frequency
tracki ng | oop to3i npFlesmethed pbelamndevh@aintthe first whrclass sigudriag CEMIAdI nent s
have begen ' .0 the of to GSM handovers, the

princi % ess(?%%? &éﬁgﬁsgebﬁ%‘ﬁhglﬁ&g%tﬁ%%lslg at)c}eé%a{%d to GSMto W CDMVA
handovers. The principles of the invention nmay al so be applied to
handovers between CDVMA2000Q and GSM systens, More generally, the invention
may be inpl emenfed The mahaeef dam dnvhersindhe CONASIgnalisong ef 2 WSIIMA such
as a h%”dQQéudQ&i%@ﬁﬂﬂggwﬁ)ﬁgﬁﬂTDWA systens, between CDVA and FDVA systens,

bet ween

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).



FDVA and TDVA systens, or between GSM and FDVA systens. Accordingly, these
and ot her enbodi nents are within the scope of the following clains. WO

03/ 047302WB@30WS02/ 37427 12 CLAIMS 1. A nethod conpri si n@CTASOWsARNI Ng
frequency estimation information fromal¥irst wirel ess signal received
froma first carrier; 4 perform ng a handover to a second carrier; and
configuring a frequency tracking |loop for receiving a second wrel ess
signal 6 fromthe second carrier as a function of the frequency estimation
information. 2. the Foe methodiof elaim & wherginethe jaHoeated Hine slobersyrsebringat i on

i nfor io ises a frequency offset. 3. The nethod of claim1
mherer?th%r%?rfsésg vmord§1 ess signal is a CONIA 2 signal and the second
wireless signal is a GSMsignal. 4. The nmethod of claim3, wherein the CDVA
signal is one of a WCDAAA 2 signal and a CDMA2000 signal. 11 5. The

met hod of claim 1l W@@%Sqrﬁ@ada%@ﬂedmmé%@gn@@rﬁaﬂssswsexaa@m signal 2 and
t he second_w signal is a CDVA signal. 6. The nethod of claim1,

wher ei (r?ot ﬂlg%c?é)ﬁ?éﬁogy tracking |l oop configures a 2 voltage-controll ed,

t enper at ur e- conpebiaatigglfrepenty aftiaratias idfofrmiatidn Hom affirkteirdlessgigaary
estimatjion inforpatiop. 7. .The nmethod of claim1, wherein the frequency
tracki dg 168 VE‘[)‘%E ISECAUNED rotator as a Rinction of the frequency
estimation infor ggkda0ns § hadReBi R carlidt Fi?dl, further conprising
obt ai ni ng handover 2 Tnformation during an allocated time slot. 9. The

met hod 6of cl ai m eonfigvemgiarfragnendydradlimngroomfoo reveivinga sewopd ivseksatigtal| east

one of recgiv si gnal code wer ( , signal-tg-interference ratio
COR et e S r ERCR R o T Thaitoly S Riea BB Ba/ 647500
PCT/ US02/ 37427 13 10. The nethod of claim8, wherein the allocated time
sl ot occurs duri ng a _ ) _

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

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 conmpressed node. 11. A processor readable nedi um containing processor
executable 2 instructions for: obtaining frequency estimation information
froma fiwetosmiret ess signal 4 received froma first carPCEUSOPEHELDrmM ng a
handover to a second carrier; and 6 codffiguring a frequency tracking | oop
for receiving a second wireless signal fromthe second carrier as a
function of the frequency estimation information. 12. The processor

readabl e nedi um of claim 11, wherein the frequency 2 estimation

i nfor mati on conp}d-sekheprpeassrraprdablempedivm of glainpdd, FrberpostHinpg RENEBFSET medi um

of clai,m | he fd W I el 19R i‘-’ﬁ g COMAR 4. The
pr ocesszor ]e%g%%%g% glsﬁegg| u%%#é%?lﬁn%%fﬁ?&v%éfg n 1t%kle SI grﬁi%]'d%gé ?lgtl'one of
a WCDMVA signhal and a CDVA2000 signal. 15. The processor readabl e nmedi um of

claim1l, wherein the second wireless .2 signal is GSM sjgnal . 16. The
processor readabt® i RIRTESEordpadahiemaedivikof @laﬁntlﬁeWﬁ?rPgltl\{Le\Jﬁf@ngrs 2 signal
is a GeM sj | j ; i |l &‘%C' 17. The
proceg;?orq{rl%glg(g%?}g&n%ﬁ?%gg%&gloﬁ érﬁf%éﬁs&?’el el r?ogtii%&?,requeggz’%%twr%ki ng | oop
conf i gur ednterfehtagtiod SR x ahd ecbceivedrpignatstreasth anpestea®SIcr yst al 4
oscillator as a function of the frequency estimation information. 18. The
processor readabl e nediumof claim1l, wherein the frequency 2 tracking

| oop configures & rofl abcRSordedddnlelr QRualof then fOEGHERAMNE Bl d ARItRRe

i nformation. WO 03/ 047302 PCI/ US02/ 37427 14 19. The processor readabl e
medi um2of stdtaceurs durifga compresspdimaddsi ng processor 2 executabl e instructions
for obtaining handover information during an allocated tinme slot. 20. The
processor readabl e nmedi um of claim 19, wherein the handover 2 information
conprises at |east oAgapfarite€ednv@ikigd:gnal code power (RSCP), signal-to-
interference ratig (SIR), and a received signal_strength indicator (RSSI).
21. Thé processot st Eeghrrtonserivas Gt sigaplfion a figpearich the Brshrecgvst ed ti ne

2 slot Oc%ldﬁl%ngﬂlrgiangrsﬁﬁgﬁféﬂéfﬁ%f{ﬂlﬂ%gﬁ to obtain frequency estimation information
4  relating to the first signal; and

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.



22. An apparatus conprising: 2 a first receiver to receive a first signa
froma first carrier, the first receiver conprising a first frequency
tracki ng woamp/ossonbt ai n frequency estimation informati on PETrEShzs74RY to the
first signal; and a second receiver tolbeceive a second signal froma
second carrier, the second 6 receiver conprising a second frequency
tracking loop to obtain frequency estinmation information relating to the
second signal as a function of the frequency estimation 8 infornmation
relating to the 27.r sthesapparatus of3lainTd, wherainaat deasbonedighefizpandgesend n t he

fi ; [ I i £l d [ he, .f
et mafl onor Tt Rerorore S bR Ao CRE P Gl R elale g HRE Y 1

frequency estimation information relating to the second signal. 24. The
apparatus of claim 22, wherein at |east one of the first and second 2
frequency est i med§-onlheAnperaiisi of slaée Ay Whetsinghe hagdoyaicipfgmpaten comppriseshe
appar at,us ' - F e] I f_tihe .fi : d 2
frequorcy TiatiisPersshRaR Rl o poRBR (RS, Benllfibf Blon A id PSR,

t enper at uradd aEEE VSRR gthl senesi Aldicake (RE8MHor. 26. The apparatus of claim 22,
wherein at | east one of the first and second 2 frequency tracking | oops
configures a rotator. WD 03/047302 PCT/ US02/ 37427 15 27. The apparatus of

claim22, whereifyaty egaﬁﬁﬁra%eofgiaiﬁlbq Fhésin BP9nSE&AN e dof ﬁlisy&ﬁ'ﬁéi S

configured to obtain over information during an allocated tine $lot.

28. The appangiresedfmodeai m 27, wherein the handover infornmation conprises

2 at | east one of received signal code power (RSCP), signal-to-interference
ratio (SIR), and a received signal strength indicator (RSSI). 29. The

apparatus of cl asgh 2fhe #¥paFa@ishrichanab! WaakRthtiédFEo®) HthORRUAR dbid'd 2 a
conpressed node. 30. Thé apparatus of claim 22, wherein at |east one of the

first and reeeivatgicomprisesai reusisr-i ses a RAKE receiver. 31. The apparat us
of claim 22, wherein at |east one of the first and second 2 receivers
conprises a GSMreceiver. 32. An apparatus conpri sing:

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 nmeans for obtaining frequency estinmation information froma first
wireless signal received froma first carrier; 4 means for performng a
handover wo oa/0¢Bennd carrier; and nmeans for configuring aPCTABOESY7
tracking loop for receiving a second, 16 wireless signal fromthe second
carrier as a function of the frequency estimation information. 33. The
apparatus of cl ajgn 32he apparafisftlgn Beekheanmythe Sikdt Wtdl@s sighdlas a@SMN 2
conprises a frequency offset. 34. The apparatus of claim 32, wherein the
first ireigal t@ﬁaworl@vare&gmgn@h%a&liﬁ%a%@ he second wireless signal is
a GSM signal. 35. The apparatus of claim 34, wherein the CDVA signal is one
of a W 2 CDMVA signal and a CDMA2000 signal. WO 03/047302 PCT/ US02/ 37427
16 36. The appar3t. u§[1mfapph1&hmo$21a1mhé;‘eh¢re?nﬂ”theﬂeqs&ncyvitﬂaelﬁﬂgk)opi gnal is a
GSM 2 S|gnal and the second rel ess signal CDMA sig 37.. The
appar afus COPIgYTss v ebageygoatall ¥\f1 toxaperat %&réﬁwnﬁt%@k&w&t@r&éa nfé’@ﬁqu fifres a

vol t age- ccg%t{lg{ngeegumtaﬁ gireintienconpensat ed oscillator as a function of the

frequency e fon In orrratl on. 38. The apparatus of claim 32, wherein
the frequency tracking loop 2 configures a rotator as a functlon of the

frequency esti i nfor ar.at us of further
conpri si ng meagér Wﬁ’aﬁl}gﬁﬁ@%@fﬂgﬁu‘aﬁﬁ%&ﬁ? gpﬂ%wxﬁagla ﬂ?]ﬁpan al | ocat ed
tinme shot cof}@gm&@r&ﬂﬁam ﬂﬁmﬁa‘m 61 Bk MedPoncREtiBhtod Rerhangever information
conprises 2 at |east one of received Signal code power (RSCP),

signal-to-interference ratio (Sl R) and a received signal strength

i ndi cator (RSSI),qs 4 The_ appar.a f C erei Jlocatedtlme
sl ot oceurs dur|3r199 eapgara%% e°£ < é‘l ,dfurthgilég prlsn\ﬁ]meansr}ml&?al

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.



