WO 2005/ 018087 PCT/ US2004/ 015205 1 PROCEDURE FOR ESTI MATI NG A FREQUENCY

SH FT PARAMETER OF AN OSCI LLATOR Field of the Invention. [00011 This
invention relates to oscillators, and, nore specifically, to procedures for
esti mat i ngwa 2005@gao8ncy shift paranmeter of an oscill at or peryenbangio’dg t he
frequency stability of an oscillator. Related Art. [00021 In an RF
receiver, one or nore |local oscillators are used to down-convert a received
signal to baseband or near-baseband frequencies. In a direct conversion
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process. In a super-heterodyne rA st Iocal OSC|IIator I s used
to down-convert the received signal to an |nterrred| ate frequency signal,
and a second |ocal oscillator is used to down-convert the received signal
to a baseband or near-baseband signal. The frequency of the first |ocal

osci | | at or Fieldofthd Imvelgondi f f erence in frequency between the carrier
frequency and the intermediate frequency. The frequency of the second | ocal

oscil | ator 080Met t Jhistiavention elatesde atcallaare gudragre spe: , A0 progedutss ot i mes,

t he one or c % Lence, fr.e i nstahi]ity and
rapi d frequency hﬂ%’a ﬁ%%ugﬁcﬁ)uﬁf?%a?@ | ous P &?{a&q,rsor gﬁ!@ﬂmﬂgﬂ’ﬁ %penc%ﬁ%h#y

condi ti ons, offlobddlorf | uct uati ons and the |ike. Depending on the application,
t hese frequency changes can cause significant problens in processing the

down-converted signal. In GPS position determ nation systens, for exanple,
frequency Sﬁélfafeﬁ xperienced by the one or nore local oscillators used to
per f orm dovn-conversion will rmanifest thensel ves as phase changes in the

down- converfoesjsi gndh an RFGeciveRame or fded 186 odtiBatuRdeshdcdth Bowesaiies at hey
limt the size of the coherent integration tinme, which in turnlimts the

sensi ti vi t yreesivadngigubdoJeasehand ror reezbasphand fovquagaiesem Ena ditest comyetsiony t o
det ect Wealﬁ'e%:‘ %rf?gﬁge 1b&1 %E&Pzﬁ&rshavmg a frequency set to the carrier frequency of the

received signal is used to perform the down-conversion process. In a super-heterodyne
receiver, a first local oscillator is used to down-couvert the received signal to an
intermediate frequency signal, and a second local oscillator is used to down-convert the
received signal to a baseband or near-baseband signal. The frequency of the first local
oscillator is set to the difference in frequency between the carrier frequency and the
intermediate frequency. The frequency of the second local oscillator is set to the
intermediate frequency.

[0003] At various times, the one or more local oscillators may experience
frequency instability and rapid frequency shifis, due to various factors such as power
on/off conditions, voltage fluctuations and the like. Depending on the application, these
frequency changes can cause significant problems in processing the down-converted
signal. In GPS position determination systems, for example, frequency shifts
experienced by the one or more local oscillators used to perform down-conversion will
manifest themselves as phase changes in the down-converted signal. These phase
changes are undesirable because they limit the size of the coherent integration time,
which in turn limits the sensitivity of the GPS position determination system and its
ability to detect weak GPS satellite signals.



WD 2005/ 018087 PCT/ US2004/ 015205 2 [0004] In sone cases, the |ocal
oscillator may experience a linear frequency rate of change. This |inear
frequency rate of change may be expressed as a sweep rate k in wunits of

Hz/ sec. Since phase is the integral of frequency, a sweep rate k manifests
Itself awwe@2@smthosti c rate of change in phase, i.e., dCrbseovedswsof k2. |f
this sweep rate is known, it can be coptrolled and corrected for.
Unfortunately, for mass narket consunmer el ectronic devices such as
subscriber stations, it is too expensive and tine-consunming to attenpt to

estimte k ' a i mum | i kel.i roach of checki ever oss bl e
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GPS satellite " transm ssi ons | ON 100051 A system f or
esti mati ng wnitsoéGabsewySinhe phasp i theristegral of fr&we@smalsvmmatekmanﬁmm&d A

recei ved si gnal do verted .usi n t he 9sCh Ei.rst and second
correl ation ‘&%“?”cﬁ? V\%r%to?qug?/E’dplfaF% 8 B e&oﬁt\}gr HE S SYRSD TateTie £ r st
and second Mrﬁlcaib@ébﬁuunsd b\ orieiBd f52€ Unforft@atelyk RlrintR9 thafklet QUASURE NMOT €
frequency hypot heses at first and second tines, respectlvel y. An estimate

of the freqtleamopicglsvices pighassubseribes statiensi ¥ isctop exprnsive and tme-copmimsrg-tond
correlatlon f 00061 In o

d
correl ati on® "&h ?fﬁ@agél%uwggﬁ?aﬁn %p@é’gg% rpgﬁha?ef tdt'c‘gﬁ]%%gv%ﬁ'egogcgfher to
forma circhpdthesis OF SheCpiirirBttat kO@tﬁdﬂ gﬁ&slma techRRued) 8adh & hdrh@iyhid Efedtralr

cross-correlation function is | ocate and an estimate of the frequency
shift par anelssisi gredinefipetiver abogher v (SOBRst MBishoeharacierize et Qmesﬁiﬂ}l@ul ar
Cross- cor rﬁl atlsn function. 100071 In one exanple of this enbodi ment, the
frequency s T‘"fspglaf’l%meter Is the sweep rate, and the first and second times
are di splaced fromone another by a delta value. In this exanple, the sweep
rate is estimated fromthe | ocation of the peak of the «circular
cross-correl ation function an®UMMARYDF THE INVENTIPNH0081 In a second

enbodi ment, [GtOHEI rece \é%qerﬁlfgp %étm?zﬁﬁgrd REqueftcy glﬁ’ﬁofdrztuﬁetgll gPA oscillator is

described. A received signal is down-converted using the oscillator. First and second

correlation functions are derived from the down-converted signal. The first and second
correlation functions represent the likelihood of one or more frequency hypotheses at
first and second times, respectively. An estimate of the frequency shift parameter is
derived from the first and second correlation functions.

[0006] In oné embodiment, the first and second correlation functions are circularly
cross-correlated with one another to form a circular cross-correlation function. The
peak of the circular cross-correlation fiunction is located, and an estimate of the
frequency shift parameter is derived from the location of the peak of the circular cross-

. correlation function.

[0007] In one example of this embodiment, the frequency shift parameter is the
sweep rate, and the first and second times are displaced from one another by a delta
value. In this example, the sweep rate is estimated from the location of the peak of the
circular cross-correlation function and the delta value.

[0008] Tn a second embodiment, the received signal comprises a composite signal

representing one or more signal sources. First and second correlation functions are



representing one or nore signal sources. First and second correl ation
functions are WD 2005/018087 PCTI US2004/ 015205 3 derived fromthe
down-converted signal for each of one or nore of the signal sources. The
first andwvagemsdiseer rel ati on functions 'represent the |lpdeaidabnngseé one or
nore frequency hypotheses at first and; second times, respectively. One or
nore of the first correlation functions are selectively conbined using a
quality of signal nmetric, e.g., SNR to forma first conbined correlation
function. e or_nore of the second orre] ation functions are sel ectively
conbi ned, %%Y‘?% T g‘”&ﬁ&‘?’}vﬂp flg%*}lgwa?achs%fo%?r rgre ofdhesignal sewises- conbi ned
correlatio | | : 1501 [l S
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be included within this description, be within the scope of the invention,
and be pr otcentlatiorhiunetitms atecssinstively nepbined, again BRER qDaISERIf PiEndhedrc, ToiE

DRAW NGS [ Q010] The gonmponents in.the fi.gures_ are not cessarily.tpo scal e,
erphasi s {REE EaiPo0R RGERPALGATHBHRR THIcHOLr AR ROPRG O PRCPBRELfifhe

i nvention. dafinichtd if degive®from! th& Brst kff REGRTBMBIHEE CahrSlatliSfuffng. Ccor r espondi ng
parts throughout the different views. [0011] Figure 1 is a bl ock diagram of

a system f dP0093t i maOtheyorrelatedpystamy, méthdds, feghures ard advaotagesof ducinventionr .
[0012] Figure .2 is | ock di agram of s.systemfor estinmating.a f uency
shift pard tl’éer?ro‘Fﬁ]a&IcBElglaPBgrg'l“ﬁoa‘lnSrm%éﬂhﬂ%él?et %Hpﬁ%%@ﬁ“%%‘}“i %{nt%gyst em
[0013] Fi guysBowing StighifesCxfITRESIIES deschip@odi B RS Raded CBh 81 abiPRddiBRA 1 On as
produced by a subscriber station in a position determ nation system [0014]

Fi gure 4 | systerosanaffiads featureaand advantagasibsindhided vvithin this deseniptiondys within oss -
i nensi onal,.corre f unct

ion of th . Lat ] on of. Fi 3, and
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BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The components in the figures are not necessarily to scale, emphasis
instead being placed upon illustrating the principles of the invention. In the figures, like
reference numerals designate corresponding parts throughout the different views.
[o011] Figure 1 is a block diagram of a system for estimating a frequency shift
parameter of an oscillator.
[0612] Figure 2 is a block diagram of s system for estimating a frequency shift
parameter of a local oscillator in a position determination system.
[0013] Figure 3 is an example of a two-dimensional correlation function as
produced by a subscriber station in a position determination system.
[0014] Figure 4 is a one-dimensional correlation function derived from a cross-
section of the two-dimensional correlation function of Figure 3, and representing the
likelihood of various code phase hypotheses



WO 2005/ 018087 PCT/ US2004/ 015205 4 [0015] Figure 5 is a one-di nensi onal
correlation function derived froma cross- section of the two-di nensional
correlation function of Figure 3, and representing the |ikelihood of

vari ous Doppl2ers/isoejuency hypot heses. 10016] Figure 6A psr/@soedddRise of
first and second correlation functions 4representing the |ikelihood of
various frequency hypotheses at first and second tinmes, respectively, and
assum ng a sweep rate of 50 Hz/sec. [00171 Figure 6B illustrates a circular

Cross-corre L.on f [en_derived fromthe. first and second correl ation
functi ons oifﬂal‘é]gur e%é Fdﬁ,f@ﬁ,ﬁfﬂ&ﬁl}s‘p%c?lgeladt}?ne@gmnedwe& %} 2 £H¥Ssecond
correl ati onsebtigic bf eStwordHAERSGTAI cOgelitid funlii @ppfguﬂfs,Vﬁﬂi repiRsentifig WRNCY

hypot heses at first and second tines, respectively, and assum ng a sweep

rate of 100lkeliheedof yagousdlopplay frequerBy hypagessesat es a cir cul ar

Cross-corre j,on f ' derived fr,om first and second corr.el ation
functi ons o‘foa{liﬁgure%%%é ﬁ%bbzlglaq:ieéﬁ?@%o# g?%f gréc{isgoso fC %&?”1 &‘Hﬁé?l?sati ng
the expect egpfebdatiag tiay likeNhSUE® 6P varidis SredGéricilyBSihéses al/ Bifst QHS sécddhd tinkk onal

| evel s and estinated sweep rates. [0021] Figure 9 is a block diagram of one
embodi nent EPestivaly; gud pasaming agwegp rate ¢ s gure 10 is a flowchart of one

enmbodi nent met estimating .a fregue hi f.t paramet er ,of an
oscillator. R’Pb@ZSl E? urgéﬁusﬁrgfégaﬁug%gﬁs-cgpe%ﬁén ?‘Pﬁ?ﬁ‘%@ﬁ?‘é“gﬁwﬂ%‘? a
met hod for #&t andakiond codelhi@Ofibbons SPFigire®y.amet er of an oscillator in which

the received signal is a conposite. signal representing a plurality of
si gnal sour 9888l and Figwe plAirial an wxampleoef dirgdt awh speandt terralationo fimeigrendi ng t o

ot mat i ng TRSR g IHEEABRRY Br SHGR ooty SIBICES gl et $50 FEOT B
di agr am of @gpeeﬁmﬂiaﬁ@agsu@ingeamﬁmépmoqwge@ti ng a frequency shift
paraneter of an oscillator in which a processor executes software

i nstructi onORYl d i FigrerdRdllystraigpazgoslanaesspreBlirySagtian debredSrom the
first and second correlation functions of Figure 7A.,

[0020} Figure 8 is a series of plots illustrating the expected RMS error in sweep
rate estimates for various input signal levels and estimated sweep rates.
[0021] Figure 9 is a block diagram of one embodiment of a subscriber station.

. [0022) Figure 10 is a flowchart of one embodiment of a method for estimating a
frequency shift parameter of an oscillator.
[0023] Figure 11 is a flowchart of one implementation of a method for estimating
a frequency shift parameter of an oscillator in which the received signal is a composite
signal representing a plurality of signal sources, and the plurality of correlation functions
corresponding to the various signal sources are selectively combined in the course of
estimating the frequency shift parameter.
[0024] Figure 12 is a block diagram of an embodiment of a system for estimating
a frequency shift parameter of an oscillator in which a processor executes software

instructions held in a memory.



5 DETAI LED DESCRI PTI ON [0025] As utilized herein, ternms such as "about",
"approxi mately", "substantially" and "near" are intended to allow sone
| eeway in mat henmati cal exactness to account for tolerances that are

accept abl ayonodslogsogr ade. Accordi ngly, any devi ati ons upp@fgsabaoiseenwar d
fromthe value nodified by the terns "about", "approximately",
"substantially" or "near" in the range of 1% to 20% or |ess should be
considered to be explicitly within the scope of the stated value. [0026] As
used herein, the term"software’ includes source code, assenbly |anguage
code, binary code, firmware, naDESARERDESERIPEION njcro-instructions, or the

l'ike, or angompnbi nakiyAlzéa hetdth) ﬂ“{;}ﬂé‘ﬁfﬁ“ﬁ%@?ﬁ r'}’?ﬁﬁ%g%lﬁu%f ;«ﬂ[h%%?gghu she term

"menory" refers to any processor-re g t limted
to RAM ROvnd Epgdivire iROMed e RIRGNsomiE ddewaf immptheniatidal exeetitss i asbounCRr ROM

DVD, or th | ke r. any conhination of t or, nore of the foregoing, on
whi ch may b3°]]§f“8?ééd&§t &L IEPIYYe Iy ?A/HP‘if’-i Ting]Ye REY dexiipns Rvas] of
processor. 4ok@Q28 68 W "RilgeP', g "R & s 1 - device

capabl e of gxecuti ng a seri et? 0 |ﬁ§ft)rba,cﬁp%ns and a?’hc Ud(gg,ﬁfa\%\nm?aﬁéggg

| i mitation,“sebstpatialily]or “oear’s petheahngeuf[ios to 20% or byss slwadd be corfsidetddato deat e

machi ne, caontrallet,.c uter, . digjtal, signal processor (DSP), or the Ilike.
[0029] The cg&gﬂq#lymnéﬁe CQP%?fsﬂlFﬁtgiehﬁP]@ﬁ'ent ations of functionality in
hardware, [g@idivar e AsOksed Wer&GR MatieN firin0 r &%8 030] The
phrase " GPg saét]el lite" iencletﬂ%]g’s spg%ig v%gﬁ?g*kgsﬁ?%@%%l %%%PWT%SSG%%I ase
"position deigeags pade, bmasy sedepifimmars maryo-mgstations, anicratatstractions,ngr thee

position of,a subscriber.station in a wreless comunications system and
i ncl udes pdietPIGRY g Q?a"te}.ittﬁ’ﬂ°§9’§’f“e?\fm‘%€’é%°’é‘igd ‘onto or integrated into

W reless qe@mni carhO RSmSYREBHE" I | [ oL L GinaSsi st ed
s oAl E‘EO, mob) | e@as‘%@ﬁe@mﬁg Togiiflp BeinglORbhfing ) O] ©
di ff erence tot net limited t¢ RAM) ROMCERROM) PROMEEEPRAGM, i disk, flopAfiskpkarti on
determ nat Id?sq(, Cﬂﬁbﬂﬁj\f& or the like, or any combination of two or more of the foregoing,

on which may be stored a series of software instructions executable by a processor.

[0028] The terms “processor” or “CPU” refer to any device capable of executing a
series of instructions and includes, without limitation, a general- or special-purpose
microprocessor, finite state machine, controller, computer, digital signal processor
(DSP), or the like.

[0029] The term “logic” refers to implementations of functionality in hardware,
software, or any combination of hardware and software.

[0030] The phrase “GPS satellite” includes space vehicles {SVs).

[0031] The phrase “position determination system” means any system for
determining the position of a subscriber station in & wireless communications system,
and includes position determination systems overlaid onto or integrated into wireless
communications systems, Examples include the GPS, mobile assisted GPS,
GLONASS, GALILEO, mobile based, network based enhanced observed time
difference of arrival (EOTA), and uplink time of arrival (TOA) position determination
systems.

[0032] The term “subscriber station” includes mobile stations,



[0032] The term "subscriber station" includes nobile stations. WO

2005/ 018087 PCT/ US2004/ 015205 6 [00331 The term "wi rel ess comuni cati on
systent includes wireless comunications systens enpl oying any multiple
access nodwomoosedsecol , such as but not Ilimted to | SpeprsedodsiosCOVA
2000, WCDWVA, GSM and GPRS systens. [00g41 Figure 1 illustrates a system 100
for estimating a frequency shift paranmeter of an oscillator 106. A signal
i's received over antenna 102. A down-converter 110 down-converts the

recei ved si usi the oscillator 106. lLn.one enbodinent, the,

dom_—conver@@?ﬁ]llo cq%ﬁpr_e’éne‘s 58 1 ORPIIRUIHGSHER na??tﬁwgwi F‘ﬁl_uﬁ“ésci FUgiesT 106,

but it shottsindfc-ApRY Seiab @ﬁpfo}?ﬁ?aﬂ} PQltipRaRER sﬁ:@d@alepreﬁégl, ik as bAYLE 108
a

derives first and second corre ion functions fromthe down-convert ed

si gnal 112, linpited tpil$-9f (GRMA)CHMA 2008 WIRMAoFSMiaud GBRS sysipnesent t he
i kel i hood . . t hesi zed . t .at first d
second 11 me0aBoe CEde £ ROl B S 100 f s ing SRR i f ettt oncy

shift parangf &1 odciltuort 108. f Arsignap idres&l¢alehves AhfeRhA1 00N Af HERA-cORRrted PA35] N
one enbodi nent, the signal received over antenna 102 conprises: a conposite

si gnal repr&@yaheonygtoie geelvas sgedl g tho geaildator Bfan I one embediment] thedown-

converts th i a. i 8. der4,ves Qr .each.,of 0 0 re.of the
si gnal sour%’e@ug&f Frrtesrt ﬁg)nléo ergs(g%gmé%rr idéﬁ ‘F"&ﬁ’“?ad‘r%t‘f’%lhe?"‘ﬁﬁ%f 5?¢3{u?étnd

second cor rghoald b afpraidted it dfRY Bxarisley BeaRksiblee Ligieh 0§ dedvaf figinmmdor nore
hypot hesi zed frequency paraneters at first and second tines, respectively.

Logi c 108 ecpnshgaseslatinn fynclepfelien) thewdawn-pnverted signal 4 bin Theofirst andssecendd second

correlation £1.Q E) . t [ Qurees, 100361 | n one

I npl ement at ?%#@%%ggﬁwf% r%@%%%ﬁ%ﬁ%’g Jr?gorn% (%pﬁ{’r }ypf’@gﬁlzedc%?qn@(ﬁ't i on
functions tparinétsisat fitst atid ssooil tiaes, espectivallyl Qogic 08 tdefives ANdtiRfARs one or
nore of the second correlation functions to forma second conbi ned

corr el at i onfrequgpetshifhparimsefeitrarp ghefast apd seqond cordatimfayctionsf t estimate from

the first a econ | reel ati f tions.. In example, logic
108 sel ecti @gf‘? corﬁ(%itll ﬁ%g%\%%&gégeﬁ@???ﬁgwﬁrog t %‘E}rﬁr’r?l g(?bleg%mi’%%ﬁ'tai ons,
using a quatdniposité sighd) RepreseBiing 6ne GrUfidre 3iEnaNBurde® Db@hiBohgtet iLIG HowsThi ned

correlation function, and selectively conbines one or nore of
converts the signal, and logic 108 derives, for each of one or more of the signal sources,

first and second correlation functions. The first and second correlation functions again
represent the likelihood of one or more hypothesized frequency parameters at first and
second times, respectively. Logic 108 estimates the frequency shift parameter from the
first and second correlation functions for one or more of the signal sources.

(0036} In one implementation, logic 108 combines one or more of the first
correlation functions to form a first combined correlation function, and combines one or
more of the second correlation functions to form a second combined correlation
function. Logic 108 derives the frequency shift estimate from the first and second
combined correlation functions. In one example, logic 108 selectively combines one or
more of the first correlation functions, using a quality of signal metric, such as SNR, to
form the first combined correlation function, and selectively combines one or more of
the second correlation functions, using a quality of signal metric, again such as SNR, to

form the second combined correlation function.



t he second correlation functions, using a quality of signal nmetric, again
such as SNR, to formthe second conbined correlation function. WO

2005/ 018087 PCT/ US20041015205 7 [0037] Figure 2 illustrates an enbodi ment
200 of a swetesrmoigms7 esti mating a frequency shift paraneceusmbs@sosscil | at or
in a position determnation system In fhis particular exanple, the system
I's enbodied or integrated wthin a subscriber station, which in tamis part
of a GPS position determi nation system but it should be appreciated that

ot her exa are SSi The system 200 fuynctjons jn two nodes of
oper at i on,rrpllgsi-@r nal r\%ﬁ%tﬁl %ﬁ%escﬁi%’?w??t;%e& FrEYSHBY A © i3 1 be
expl ai ned fréqusheyf it paRehelty offag ddeillaidr h@asilﬂsgaeteﬁmaﬁdn ysteh OB thisS

na

recei ved over antenna 202. The received sig is a conposite signal

repr esent i ngprdgarcexamplee theosstenois erehadied eraintegrated within & suhsedler\station] e t o

the subscrj tatiaop. LN e Le illustrated he ;one. o r,e signal
sources ar eévg'?é hl?1 él%éqgé}aél ?tlt ? egﬁggiﬁfnoﬂoﬁ%%m DEO%&W’ sl?uﬁl% Sﬁ%ﬂ? hbee
subscri ber gipedciael that' e ieXiipledlart PEssitle, EBRGSte@200 Farffiondiltwb tmodbett d be
appreci ated that other exanples are possible. Each of these satellites

transnits aORsFaiien) a permabgode.tand 4 calibratien mgdeNTkeememet medowdl bhexplainedni quel y
I denti fyi ngﬂ&&&@%&)#ﬂﬂﬁ%ﬁ@%ﬁ%ﬁ@gdes for the satellites are shifted
er. e 1,

ver si ons of ™ "one ano chi ps repeat every mllisecond. The

signal is ajoessnodul ptigahl iykebbivetbéver Bhfefina 202¢ MEheqacived 3l ghabista daposite20 N5

duration in the nodul ated signal. [0039] The received signal is
down- conver #igepl repragenting Oneret imare pPAtew datepmingtion sigealrsoprsay dtsitde tod®. In t he

parti cul ar | e Jl.lustr ~canver 0 LS a.,m xer
05 1 - comptmagItsh ol @b Sprble iR BB TR ol Bl PREREAR SR e

| ocal oscil GRS GateBités 20, 20} Bed d04d BEBRCO the sibiseAbiR Retioh Bt reesver il éhe' €Cei ved
signal and the internedi ate frequency. [0040] The down-converted signal 212

i s passed tpressmghof risepbidt shopldde appuecipted that pikerenemplesarepagribler Faeh elonponent

f the d . ' di gt b . :
[00a1] The Hee HIOUE SHER 5 MemL ACRR Ao Bl of HOR N or

228, uniquely identifying the satellite. The PN codes for the satellites are shified versions of

one another, The 1,023 chips repeat every millisecond. The signal is also modulated
with data bits, where each data bit has a 20 ms duration in the modulated signal.

[0039] The received signal is down-converted to an intermediate frequency by a
down-converter 206. In the particular example illustrated, the down-converter 206
comprises a mixer 208 in combination with a local oscillator 210, with the frequency of
the local oscillator 210 set to the difference in frequency between the received signal
and the intermediate frequency.

. [0040] The down-converted signal 212 is passed through low pass filter 214 to
eliminate the high order component of the down-converted signal 212, and then
digitized by A/D converter 216.

[oo41) The digitized signal 218 is passed through quadrature demodulator 228,
which divides the digitized signal 218 into in-phase (I) and quadrature (Q) components.
In this particular example, the quadrature modulator 228 comprises mixer 220, local
oscillator 222, 90° phase shifter 224, and mixer 226, but it should be appreciated that
other examples are possible. The frequency of the local oscillator 222 is set at about the



which divides the digitized signal 218 into in-phase (1) and quadrature (03
conponents. In this particular exanple, the quadrature nodul ator 228
conprises m xer 220, local oscillator 222, 90 phase shifter 224, and m xer
226, but iwo 3deewisdsbe appreci ated that other exanpl es mreuRos@isde. The
frequency of the local oscillator 222 ig set at about the WO 2005/018087
PCT/ US2004/ 015205 8 internedi ate frequency of the signal 218 to allow the
de- nodul at or 228 to down-convert the signal 218 to baseband or near

baseband fr.equenci.es. 4 . wn-canverts. t ignal 218 to
baseband o r&%@éﬁ%ﬁr@%‘%ﬁ gi%‘ﬂrl%%é%% 3 ?ggo %@W\S‘et ﬁ'éﬂ(’&}faﬁﬂpﬁg ? © g%\gn-f:%rgft
osci |l | at or Be& RUR tobashand of ndat BiseRud ffeqhémeies. out the hi gh order
conponent of this signal to formthe | conponent 234. M xer 226 down-
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the satellites. XOR gates 240 and 242 XOR the | and Q signals 234, 236,

respect i velopnvestsithe sigaal (48 do hasebandeor nopy baseband freguensies wsingdhe A pbaggd Q
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conbi nes M successi ve coherent int egrat ions to forma correl ati on val ue C.

[0045] SucdB8live cBNgenerptopg3y s@ RN godsy fov precef the satgllites pXORLakesr 246.

M croproce r f - i ' I rrelati . ' fr t he
correl ati Oﬁﬁ%\/ﬁgﬁﬂl@% @%&%%/%‘gbt@o&ﬁs%b%g%réﬁgﬁ% 0(‘:’%@2@ %S’ﬁg‘?"r‘%m r y 244.
As i ndi cat egfeblis phé@nsmead the Tthdd3 Bomporenepr ocessor 246 controls the PN

generator 238 to shift the PN code for a articular satelljite within a
search wi nd8044l As Tha dewspicad copponeatstasaach1aRut 18 Gignaliprogessing jlegi, 44

oo S el bS8 AR PO A el il ey
correl ati oreach ¢6@borent, byid avaechatntigcdnitingsoMr @ilcedskion culdreitt Sntefratithsresul t by
i ndependent|y varying
form a cofrelation value C.
{0045] Successive correlation values C are provided to microprocessor 246.
Microprocessor 246 forms two-dimensional correlation functions from the correlation
values C provided to it from signal processing circuitry 244. As indicated by phantom
line 248, microprocessor 246 controls the PN generator 238 to shift the PN code for a
particular satellite within a search window W. As indicated by phantom lines 250 and
252, it also controls either or both local oscillators 210 and 222 to vary the frequency
: applied by cither over a plurality of discrete frequency bins. It forms the correlation
function by associating the correlation values which result by independently varying
these two parameters.
[0046] Figure 3 is an example of a two dimensional correlation function which
may be generated by this process. The particular shape of this correlation function is
implementation dependent, so nothing in this particular example should be taken as
limiting. The correlation function in this particular example is the energy in dB which

results by varying the code phase, i.e., the PN code shift in % chip increments, over a



these two paranmeters. [0046] Figure 3 is an exanple of a two di nensional
correlation function which nay be generated by this process. The particul ar
shape of this correlation function is inplenmentation dependent, so nothing
in this psidbmsbmosexanpl e should be taken as |imtingecrhigos@iées ati on
function in this particular exanple is dhe energy in dB which results by
varyi ng the code phase, i.e., the PN code shift in V2 chip increnents, over
a WD 2005/ 018087 PCTI US2004/ 015205 9 search wi ndow W and varying the
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306b, and 306c, respec ivelq\é. [0047] Figure 4 illustrates a cross-section of
A

t he corr el afihopumengls: PO, 208 angdx3ABby -respectiviely. t Hhleng |asise 8-530B86 D@pBa, 308b
in Figure Ifest th | ves in Figure 4 a ks ,402a,, 4020, d 402c,
respecti ve%@%@%@%ﬁé&%ﬁ ﬁ{.‘g?qlar%&%; .onpag%&fqrglg 8§i1? eBhideﬂ%%‘glrm ation
pur poses. Iﬁhﬁlufa@s@bh,ljm,tg[natmsc,aesgém section of the correlation function
al ong axis 5-5. The three | obes 306a, 306b, 306c mani fest thenselves in

Figure 5 ad004Jbaks Bignwe 4 Blosimatessowess-soetion aihxcareslation fingtion elong apisdk f or
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the satellite fromthe location of the peak along the code phase dinension.
It deri ves dgierainptigmpurpeses.afiguiop pilustraies e grassregotion of the epmeelation fenciion ve

moverent DS, SHRSHEL R 3 0 A i i B 0t on

peaks 502a, 502b, 502¢. Peak 502a is the important peak for position determination

purposes.

[0048] The microprocessor 246 locates the peaks of the correlation function along
both the code phase and Doppler frequency bin dimensions. It derives an estimate of the
time of arrival for the satellite from the location of the peak along the code phase
dimension. It derives an estimate of any Doppler frequency shift (due to relative
movement between the subscriber station and the satellite) from the location of the peak
along the Doppler frequency bin dimension.

[0049] The microprocessor 246 repeats this process for one or more additional
satellites by controlling PN generator 238 to apply the PN code for these additional
satellites. Through this process, the microprocessor 246 derives three or more titne of
arrival measurements for three or more of the sateilites. It then accesses (or has another
network entity access) an almanac (not shown) to determine the precise locations of
each of the satellites. It then estimates (or has the network entity estimate) the location
of the subscriber station from this information using known trilateration or triangulation

techniques. In one implementation, the microprocessor 246 requires four or more time



[ 0049] The m croprocessor 246 repeats this process for one or nore
additional satellites by controlling PN generator 238 to apply the PN code
for these additional satellites. Through this process, the m croprocessor
246 deri va® dohd/@eosdr nore time of arrival measurenent $cirAfs2doiopgo0r nore of
the satellites. It then accesses (or hgs another network entity access) an
al mnac (not shown) to determ ne the precise |ocations of each of the
satellites. It then estimates (or has the network entity estimte) the
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operation, mcroprocessor 246 is configur ed to derive correl a functions
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frequency shifts or rates of change, and the purpose of the speci al

cal i br at i ofscilsirs 310,5338raze asswmpdstorthy susqeptible éo unwanted fequendyf shiftsoor rateg es of

change. [0 r r evk cribed process...the, m croprocessor
245 Tor ms. X PGSR PORA by it SRRFen ol PEF Rughl i et

sat el | i t e. ayheeich klifts 6f fak of EHadBR.t he  two-di mensional correlation function a
one-di nensi onal correlation function along the frequency dinension. |In one

i mpl enent afl084] r ef Brpughythe prewioysly deseribediproaess thp miereprooessor 246 famrs a/es t he
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one exanple, the_m croprocessor 246 |ocates the non-interpol ated peak of
t he corr el Sequshcy dinenpigp. In one implementation, referring to Figure 4, the microprocessor

246 derives the one-dimensional correlation function byv locating the code phase
associated with the peak of the main lobe 402a, and then deﬁving the one-dimensional
correlation function at this code phase along the frequency dimension. In one example,
the microprocessor 246 locates the non-interpolated peak of the correlation function
along the code phase dimension using, and then refines this peak location known
quadratic interpolation techniques, The one-dimensional correlation function represents
the likelihood of one or more frequency hypotheses at a time t;.

[0052] The microprocessor 246 also utilizes this same process to derive a second
one-dimensional correlation function for the same satellite. This second correlation
function represents the likelihood of one or more frequency hypotheses at a time t;
displaced from the time t; by a delta value. Both of these one-dimensional correlation
functions may be represented as one or more discrete correlation values corresponding

to one or more discrete frequency bins.



al ong the code phase di nension using, and then refines this peak |ocation
known quadratic interpolation techniques. The one-di nensional correlation
function represents the likelihood of one or nore frequency hypot heses at a
time t1. pPRG01EE M croprocessor 246 also utilizes thicgasatRophe£ess to
derive a second one-dinensional correkation function for the same
satellite. This second correlation function represents the |ikelihood of
one or nore frequency hypotheses at a tinme t2 displaced fromthe tinme tl by
a delta val Bot h_of these one-ginensional correlation functions may be
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signal, a ®fioi se figure, and a 2 dB inplementation |oss. Figure 6A
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axis, 2, is consistent wth an’esti
t; and t;, with t, being one second after t;. Figure 6B illustrates the circular cross-

correlation function which results from circularly cross-correlating the functions 602
and 604. Assuming each frequency bin corresponds to 25 Hz, the location 608 of the
peak 606 along the frequency axis, 2, is 50 Hz, consistent with an estimated 50 Hz/sec.
sweep rate.

[0055] Figure 7A illustrates first and second correlation functions, identified with
numerals 702 and 704 respectively, corresponding respectively to times t; and tp, with t;
again being one second after t;. Figure 7B illustrates the circular cross-cotrelation
function which results from circularly cross-correlating the functions 702 and 704.
Assuming again each frequency bin corresponds to 25 Hz, the location 708 of the peak
706 along the frequency axis, 4, is 100 Hz, consistent with an estimated sweep rate of
100 Hz/sec.

[0056]) Figure 8 illustrates simulation resulis showing the expected RMS error in
the sweep rate estimate for different values of input signal level and estimated sweep
rate. For example, assuming an input signal level of —144 dBm and an estimated sweep



sweep rate. [0055] Figure 7Aillustrates first and second correl ation
functions, identified wth nunerals 702 and 704 respectively, correspondi ng
respectively to tines ti and t2, with t2 again being one second after ti.

Fi gure 7Bwéobmsprseses the circular cross-correl ation fpowtsoaomtosh results
fromcircularly cross-correlating the fignctions 702 and 704. Assumi ng again
each frequency bin corresponds to 25 Hz, the location 708 of the peak 706
al ong the frequency axis, 4, is 100 Hz, consistent with an estimted sweep
rate of 100 0056] Fiqu il lustrates si ation results show ng
t he expect éﬁteﬁéﬁgwci’ﬂléwgggm ?réqrén&f’[?sﬁﬁla%? ® gV PP ‘Viﬂues of
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operation. In the nornmal node of operation, the m croprocessor 246, arned

with the esibnammed witkdhe estimated exeep mete, wmay thesl coghel ene Grobdth of thehlecalocal

oscillators 210, 2 t unteract, in le or | rt._this,s rate.
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and 252. M croprocessor 246 may use the estimted sweegzrate to adjust the
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sweep rate 4,5 zerQ o reduce r 1_ned nmount . 058 n_a second
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functions for each of one or nore GPS satellites. The first correl ation

functions aeqwibsent the |ikelihood of one or nore frequency hypotheses at a
time tl, an[%gé]e Se(iﬁ)g%econd embodiment, while the system 200 is in the calibration mode

of operation, microprocessor 246 is configured to derive first and second correlation

functions for each of one or more GPS satellites. The first correlation functions

represent the likelihood of one or more frequency hypotheses at a time t;, and the second
correlation functions represent the likelihood of one or more frequency hypotheses at a
time t, displaced from t; by a delta value. The microprocessor 246 then derives an
estimate of the frequency shift parameter from the first and second correlation functions
for one or more of the GPS satellites.

[0059] In one implementation, microprocessor 246 is configured to combine one
or more of the first correlation fimctions to form a first combined correlation function,
combine one or more of the second correlation functions to form a second combined
correlation function, and then derive the estimate of the frequency shift parameter from
the first and second combined correlation functions.

[0060] In a second implementation, the microprocessor 246 is configured to
selectively combine one or more of the correlation functions using a quality of signal
metric, such as SNR. For example, the microprocessor may arrange the first correlation

functions in descending order of SNR, and discard any waveforms whose non-



correlation functions represent the |ikelihood of one or nore frequency
hypot heses at a tinme t2 displaced fromtl by a delta value. The

m croprocessor 246 then derives an estimate of the frequency shift

par anmet er Woowddigeshi rst and second correl ation functi opgrykefos@idsesOr nore
of the . GPS satellites. [0059] In one i enentation, mcroprocessor 246 is
configured to conbine one or nore of the first correlation functions to
forma first conbined correlation function, conbine one or nore of the
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applied to a_qgive ef orm bei det erm ned the difference between the
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wei ght i nQ) . fihbfon xaBBride@efsis, My be enpl oyed to sel ectively conbine the
second correl ation functions. The first and second conbi ned correl ation

functi ons niPélihen dhesystem|200 anayds-embodied lonintepratechwithine: subseiberstgtionhi f t
parameter dgrived.fr he circyl ar .cross-correl ati functi as descri bed
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whi ch the system 200 may be enbodied or incorporated. Radio transceiver 906
i s conf i gur mformation duthaasevdicesertsatad onto mhRHreariion and dahodatate/ o modulated R a, ont o

an RF carrier,. and denpdul ate a_.nodul ated RF rier Lo optain baseband
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carrier over a wireless communications link,

[0062] Baseband processor 908 is configured to provide baseband information
from an input device within user interface 916 to transceiver 906 for transmission over a
wireless communications link. Baseband processor 908 is also configured to provide
baseband information from transceiver 906 to an output device within user interface
916. User interface 916 comprises a plurality of devices for inputting or outputting user
information such as voice or data. The devices typically included within the user
_ interface include a keyboard, a display screen, a microphone, and a speaker.
[0063] GPS receiver 912 is configured to receive and down-convert GPS satellite
transmissions, and provide the down-converted information to correlator 918.
Correlator 918 is configured to derive GPS correlation functions from the information
provided to it by GPS receiver 912, and provide the same to CPU 902. For a given PN
code, correlator 920 produces a correlation function which is defined over a code phase
dimension and a frequency dimension. In the normal mode of operation, the frequency

dimension represents Doppler frequency hypotheses. In the calibration mode of



carrier over a wireless comunications |link. [0062] Baseband processor 908
Is configured to provide baseband information froman input device within
user interface 916 to transceiver 906 for transm ssion over a wreless
comuni catworeeosioisie? Baseband processor 908 is al so conpcgussdsésdr ovi de
baseband information fromtransceiver 99f to an output device within user
interface 916. User interface 916 conprises a plurality of devices for

i nputting or outputting user information such as voice or data. The devices

typically in d.withint user interface,inclyde a keyhgard, .a display
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down-converted information to correlator 918. Correlator 918 is ‘configured

to derive Ghinepsiopethgcpmelatiomfvnstionds definedioner 4 rahge afedde phases whicheltfine it by

GPS receive Vi t 1o CPU 902. FEor a.qiven. PN. code,
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phase di meeséron pidiify 6f GEYEREY bMisieNFaéH) individhdl CcotRididh WOstefoRhePRET at i on,
the frequency dinension represents Doppler frequency hypotheses. In the

cal i br at i ona¢forianes With defmsd cobaet mdmaSHberent iremgion] parapetewst Non M)t he

frequency dt‘éﬁ@ﬁ. Lepr nt.s L zed frequencies of  the baseband or
near baseban _S|{g°(ri1”a£11§ %%ﬁ%—ﬁgobﬁyébrﬁ@%%t gvii‘gﬁ?érg@ e F’nlfﬁ""?“ﬁas code
phase di n’emmmfoxttﬁmioﬁqiéraﬁh%tm Pilof wipgils Providedd S itMBE naMReiver vefgerd code
phases which define  a search wndow W In the frequency dinmension, the

correl at i onHERAPB s used dry Hedsubsqriner $tabionrtgl saapire fwirelesguesmapuitivations Each
i ndi vi dual é%irc% ation is performed in accordance with defined coherent and
non- coherent intéegration paraneters (Ne, M. Correlator 918 nmay al so be

configured {oD6dpri vedhRideDecodiraRo s @afip@ledtd @tolddiEhh@RmbAlE gmvidaa% mation
relating to_ pil ot signal s provided to it by transceiver 906. This

i nf or mat i onitiby basehgng procprsosisinto urderlyng sugee hits. de que pxanyple, dn adish the
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source bi tsdedoder0N®n @x@bideexaniplajtih Gihiét éhe channel symbols are serial or parallel
concatenations of convolutional codes, the channel decoder 920 is a turbo decoder.
[0065] Memory 904 in configured to hold sofiware instructions for execution by
CPU 902. Through execution of these instructions, CPU 902 derives times and
frequency measurements from the correlation functions generated by the correlator 908.
In Figure 9, blocks 902, 904, 912, and 918 embody or incorporate the system 200 of
Figure 2.
[0066] Figure 10 is a flowchart illustrating a first embodiment 1000 of a method
of estimating a frequency shift parameter of an oscillator. In this embodiment, step
1002 comprises down-converting a received signal using the oscillator, Step 1004
comprises deriving first and second correlation functions from the down-converted
signal. These first and second correlation functions represent the likelihood of one or
more hypothesized frequency parameters at first and second times, respectively. Step
1006 comprises deriving an estimate of the frequency shift parameter from the first and

second correlation functions.



channel synbols are convolutionally encoded synbols, the channel decoder is
a Viterbi decoder. In a second exanple, in which the channel synbols are
serial or parallel concatenations of convol utional codes, the channel
decoder 92Qo0iw0smidoer bo decoder. [0065] Menory 904 in cpofiygpengsisice hol d
software instructions for execution by 15CPU 902. Through execution of these
I nstructions, CPU 902 derives tines andl frequency neasurenents fromthe
correlation functions generated by the correlator 908. In Figure 9, blocks

902, 904, and 8 e d r i ncorparate .the system 200 of Figure 2.

[ 00661 Fi gj;‘l’éﬁ"io i's e PO e BRI ARGSIEOR gt BIHERSITOBE of a
method of GBS poBkdd\Ekt@miragieh 6y36am. Shi e iRplefithlalbn, e ﬁ@ﬂle&fdﬂe!rﬁhﬁfd inl N this
embodi ment, step 1002 conprises down-converting a received 'signal using the
osci | | at or .2 Sthegribep Gtation o A this éoplagmentetiony tli¢ reseiverh sigsd cnayibe arcomipeatifeon
functions fromthe down-converted signal. These first and second

correl ation" Eﬁr%si‘?gmfgeﬁ?eegléﬁ‘[mi R%mil&g?tmﬁwﬂf Sigitfe "Bt Ay BPhesi zed
frequency phtellifed, Qigiblato tHe subsciier SREAPFrdchivBS  THEAREGAd YRbNd cordRion1006
conprises deriving an estimate of the frequency shift parameter fromthe

first and fRectiond 1edhis dmplermsntation stay esrespand 2005¢ 6480 pTsi@T delsEioation15205
15 [0067] The t hod na rformed in a position determ nation system
e Tk v e S,

such as a ation system In one inplenentation, the

nethod i s p@ES) Med I None dex2HPRS 'the Vne Sérdiriof hypdihdsided fdRbRdyepirahbion. the
received signal_ may be a conposite signal representing one or nore position
det er m nat i @mpsisg reae Womesediscreigcypathenrd frsauesty binss, I ithis tskample, thee

subscri ber gstation's receiver.. Jhe first a second,cornrel atj on ,functions
T eh s R, SrF SRERaYS CarPRas smefsrionpiting 356 M R SrOULARRAIRAL | on
si gnal  sourffictiods Jo forePS cEBHIR! drbtsCoonleRBES lfudlion AN Wbk diftBe eR@QIRT NOT €
hypot hesi zed frequency paranmeters conprise one or nore discrete

hypot hesi zedossreorglatiosy figickien, and danivingesm aptineate ofighe Hequensin ghiBtpapamenterpr i ses
eLrouLr Y GRgaR HRoRREhRIFat P Bl e By [t ons Lo
[0069] The oscillator may be a local oscillator in a down-converter within a
receiver in the subscriber station. In one configuration, the oscillator has a variable
frequency. During a calibration mode of operation, the estimated frequency shift
parameter is determined and then stored. During a normal mode of operation, the
frequency of the oscillator is controllably varied using the stored estimated frequency
shift parameter to counteract in whole or in part the effects of a frequency shift or sweep
rate being experienced by the oscillator.
[0070] In one example, the first and second times are displaced from one another
by a delta value, and the estimated frequency shift parameter is sweep rate. In this
example, the deriving step comprises estimating the sweep rate of the oscillator from the
location of the peak of the circular cross-correlation function and the delta value.
[0071) In a second embodiment, the received signal comprises a composite signal
representing one or more signal sources. For each of one or more of the signal sources,
first and second correlation functions are derived from the down-converted signal. The
first and second correlation functions represent the likelihood of one or more

hypothesized frequency parameters at first and second times, respectively. An estimate



cross-correlation function, and deriving an estimate of the frequency shift
paraneter fromthe location of the peak of the circular cross-correlation
function. [0069] The oscillator nay be a local oscillator in a

down- convexbedosiugoRi N a receiver in the subscriber stapdROS20040190€
configuration, the oscillator has a varjgable frequency. During a

cal i bration node of operation, the estimated frequency shift paranmeter is
determ ned and then stored. During a nornmal node of operation, the
frequency of. the oscillator is contyollably varied,using the stored

esti mat ed f‘?féhﬁgﬁ"?%em% Pasepeliets dhen derry rff‘E‘Fét&ﬁ]ishWﬁW«Q“%FOWa%‘&rt t he
effects of BndtRYERIY of Mot ofe SPRERUrdcRt € being experienced by the
oscillator. [0070] In one exanple, the first and second tines are displ aced

from one an@dTMr by @neldiplamentation, theehethod ie perfomeddinf a suhsenitey stabipi,t

ter i te. Ln fhi he deri i '
Dot Pt | n TAIHE ol el finioes ST PPS Seselibs sharotn dd B sBbEPd Bhonfte. peak
of the cCircidbdiverChOfR- frefdnsd dFime! Uﬁpﬂiggfhnﬁléﬂlehﬁﬁoﬂeﬁkade%dgesteﬂ 41l In a

second enbodi nent, the received signal conprises a conposite signal
r epr esent i nepmptise combiving Sist) nerrelafny fsetionEdor eachrofomeomemore ofithe sighalt he

signal sources, . fiurst d secand, correl ation. functjons are derived fromthe
doem- converOBEFes ife) fomm a%t ccfl?ctflg%jd 5‘?%?133@80%&% eSS P?IB% epr esent
the Iikeli hpasidb ceﬂ&p@ﬁdu@foﬁme Ry RRtd 31 B8nd]l SARHRNS YorkAd SRBAECombRted| | I St

and second tines, respectively. An estimte WO 2005/018087 PCT/US2004/ 015205
16 of the feoaxgiation furshon,tanptheadetiong as estinete ofithe freqheneyshift paramietes fromnd

second corrglation, fungctiqns for e or nore of the signal sources. [00721
In one i rrpl@ﬁg?:ﬁté?‘}%eﬁ?n fREn etdﬁ(ggeﬁﬁorbﬁpp%%d in a subscriber station, and
the one or yyH Si 9Tdurs QUr €5 fRWEhdeof 28k ShnpiehRAtarib® 11006 Jf0 hlemogudyscri ber
station's receiver in the presence of noise. In this inplenmentation, the
deriving stespimatiyg aciequencyeshifd piviamietey of iangiscidlator.e [Saapi b1P2f enmerrisendownr each
of one or npre of the si ail SQur ces tao for m.a first co i need orrelation
function, cBBFAFRS TEEY Signal, COMPASHE 2 FOMReSt Jikc ‘8%?%5%%‘& n‘bfc‘fnc? Bne or
nore of themgiedBizhals WHkGRS Bfepl PION SorifesRs desi0mBi R and Odeteldatbreslatioanct i on,
and then deriving an estinmate of the frequency shift é}gr ameter from

functions for each of one or more of the signal sources at first and second times,

respectively, Step 1106 comprises selectively combining the first correlation functions

of one or more of the signal sources to form the first combined correlation function

using a quality of signal metric. Step 1108 comprises selectively combining the second

correlation functions of one or more of the second signal sources to form the second

combined correlation function using a quality of signal metric. Step 1110 comprises

deriving an estimate of the frequency shift parameter from the first and second

combined correlation functions.

[0074] In one example, the quality of signal metric used to combine the first and

second correlation functions is SNR. In this example, the first and second correlation

functions may each be arranged in decreasing order of SNR. Those waveforms in which

non-interpolated peak differs from that of the initial waveform by more than +/- 1 bin

are excluded. The remaining first correlation functions are combined through a

weighted averaging approach, in which the relative weight applied to a waveform in

relation to another waveform depends on the difference in SNRs between the two



the first and second conbi ned correlation functions. [00731 Figure 11 is a
flowchart of one inplenentation 1100 of a nethod of estimting a frequency
shift paraneter of an oscillator. Step 1102 conprises down- converting a

recei ved \wb9hilo148yPr i si ng a conposite signal represenp@figyRoHiisRRe or nore

signal sources. Step 1104 conpri ses deﬁ ving first and second correlation
functions for each of one or nore of the signal sources at first and second
times, respectively. Step 1106 conprises selectively conbining the first
correlation functions of, one or nore_of the signal sources , to formthe
first combPFAwdomus: rEhesemaining secendoserrelption functignmptetopmbined jusing| thergame ¢, Step
1108 corrpr'gl%g%ssel ectively conbining the second correlation functions of
one or nore& of the second signal sources to formthe second conbined
correl ati of00ffSinct i dfhelderinmgastepumby cympiiseSéipndlyreeddsicorrelating the1flSt aahpri ses
deriving an estimate of the frequency shift paraneter fromthe first and

second cofRsPrtgombingd carelatiory gmetionsnte, formoy gircyly erpes-eomsiabion fundtiengual ity

of signal e i s e r | uncti ons
' SR 1 ey R (e SR ol Brklaioh s8R, SN AV ER EELAIRT L 10
each be ar thedfigqoericy shifipamasetas Gront ithe locafiorSdfithe gdakse waveforns in which
non-interpol ated peak differs t&r mthat of the initial waveform bél nore than

+# - 1 bin (W78 excllogse exaprle. therirsh apdsacond imepate chsplaced fpmnene atckr e
cob’ ned { BY 84lla Ja1ulCidhe daiNALA AR AP R Hathmddd ¥IH0c8 e, " B Bd Ve

wei ght app 0 a waveformin re er waveror m depends on the
di f f er enceexampi)ise degivitigesteptdomptivgs e¥inARTHO 8P FateCT dD6i(dioDfidbmAke 17
wavef orms.  The renmi ni ng _second correl atjon funct ié?]gs are conbi ned using the

sane pr oclesation eidhepealr gEthg splafgossicapelation ths dedtg valuey
] Lo0 ! . _ . et _ t
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cr oss- cor r ef te ifemegdingaicthods, oaatdbetiments, impldrenetivngyat exandplesttheredfivetetency

shift paraneter fromthe |ocation of the peak. [0076]. In one exanple, the
first and BeEdgn deirEbedPrsugeesida c s MeBPrp RSy B Per X 2 system such 2 that

illustrated in Figure 12. In Figure 12, system 1200 comprises a processor 1202 and the

above-described memory, identified in the figure with numeral 1204. In this system,
processor 1202 is configured to access the memory 1204 and execute the software
instructions held therein.

[0078] While varicus embodiments, implementations and examples have been
described, it will be apparent to those of ordmary skill in the art that many more
embodiments, implementations and examples are possible that are within the scope of this
invention. Consequently, the invention is not to be limited except in relation to the

appended claims.



by a delta value, and the estinmated frequency shift paranmeter is a sweep
rate. In this exanple, the deriving step conprises estimating the sweep
rate of the oscillator fromthe |ocation of the peak of the circular
cross-correlation function and the delta value. [0077] In one enbodi nent, a
menory hol ds software instructions enbodyi ng any of the foregoing nethods,
or enbodi nents, inplenentations, or elanples thereof which have been
descri bed or suggested. This nmenory nay be part of a system such as that
illustrated in Figure 12. In Figure, 1 ystem 1200 conprises a processor
1202 and the above-described nenory, ntified in the figure with nuneral
1204. | n Wint 5 chirgddesy  processor 1202 is configured to access the nenory
1204 and execute the software instructions held therein. [0078] Wile

vari ous enbodi ments, inplenentations and exanpl es have been described, it
w il be apparenymmoﬁthﬂmaﬁmgaﬁaﬂhmasﬁﬁ$khmamhmaﬁM£Mamtmmmaﬁnmany nor e
enbOdl ment S.’ agg)\k ?COHV%I’%“ %09‘ wr?@o%vgr%(a%rg)rece Vg Sl na L?S?lSItEe OSCI gor lla € \M t hl n the
scope of this Pnvent T on. e’ Fhvents of"t o be linited
except in reIa@uohr(b:khengap@emﬂsmomﬂamﬁhumﬂ&naGMAﬁmﬁthN%@Wnumv@kalned iS:
. A Sys HA!f ﬁ)ie ﬁﬁténﬁgéogtg cghel%n%ﬁ]Lfﬁd{zggnssrgIresentfartQMLcﬁlhood oo eoc§rcl|n(|)r| at or
conprisin own- converter or a recelved13|gnaf usi ng

t he osci Ihtealtemy hyapitiese0gi tostfapd sqedyd tihess] espagiveiyr € cmwthrls econchrettingthat i on
function A V. fi n .correl ation
funct i Oni‘ 1 g%@g&%ﬁtc?ﬁ%mﬁqq]cﬁints?(gﬁnﬁ %n‘?”lar cFob? corre{a§ J_:m ﬁ]pglo% e(g)glogatlh%/a ot heses
at first paskdfdecondartcrasesorrelaégphiottioneing (4) @Qr)vntg an@@timd ¥ tberfm@semmmfel ating
e o b Dbl AEE A0 ARRLPHB LR hUBELLPOS: LB Afhe Cu! 2

Cross-co at'i on unc I on, l'ocating a e Circular

Cross- correlation function, and (4) deriving an estinmate of the frequency
shift _parameigr LT L | AG3IAR RlnliffioRge,0f the circul ar
cross-corfelation function. e systemo faimi in a posi tion

determ nation system 3. The systemof claim2 in a subscriber station. 4.

The system of 16l glilinar Lifinfe {RSuRGHe! ilidndet erm nation system

4, The system of claim 2 in a GPS position determination system.

5. The system of ¢claim 2 wherein the received signal is a composite signal representing one

or more position determination signal sources visible to the subscriber station.
6. The system of claim 3 wherein the one or more signal sources are each GPS satellites.

7. The system of claim | wherein the one or more frequency hypotheses are represented as

one or more frequency bins.

8. The system of claim 6 wherein each of the first and second correlation functions

corresponds to the same GPS satellite.
9. The system of claim 1 wherein the oscillator has a variable frequency, and the logic is
configured to controllably vary the frequency of the oscillator until the estimated frequency shitt

parameter is set to a predetermined value.

10. The system of claim 1 wherein the oscillator is a local oscillator.



5. The systemof claim2 wherein the received signal is a conposite signal
representing one or nore position determnation signal sources visible to

t he subscriber station. 6. The systemof claimb5 wherein the one or nore
signal sources are each GPS satellites. 7. The systemof claimI| wherein the
one or nore frequency hypotheses are represented as one or nore frequency
bins. 8. The systemof claim®6 whereil® each of the first and second
correlation functions corresponds to the sane GPS satellite. 9. The system
of claiml wherein the oscillator has a variable frequency, and the logic is
configured to controllably vary the frequency of the oscillator until the
esti mat ed1.f r equesyeym shithin | PRGEMRE GFst bl sS&hd tlmesaar@ﬂ@a@te@nmmq a@lve. 10.
The systemof c{alml erein the oscillator is a |l ocal illator. 19 11.
The syst EM'OMCIERFAY SUHSPEMIIE ffe? PY9eR rata i disclorE it F"r?@%“fs € ¥pMhced in
time by astialetd thewdletiLratetofiehefos@pi@mayh wbickitiopar maptarofilf Rosst@RPuicAt e, and

t he Iogig i S confhl gqred to derive an estimate of the sweep rate of the

osci | | at OFFPSH {HEE084ET on of the peak of the cross-correlation function
and the delta value. 12. A systemfor estimating a frequency shift paraneter
of an oscillator copprisin a down nverter own-converting a received
si gnal u ?ng £ t%'égop f Bf?g ?W@enrc%%f?vgﬂmteé|°E|?1’aqsc'ﬂ%§f‘&ﬁ9l“§f‘%lbg a cgrrp05| te

si gnal repr eseﬂdswmgmwrtaerm e)nsmgrrgad re&ﬁ)d.w @1@133,1 uﬁ:ligihé @fglll@tof Otte réckjvedler i vi ng,
for each of gsnat S L econd correl ation
functi ong' g?%?ﬂ‘&* '&888%?’086 S\/%’PVS'%{ S ﬁlﬁgl’eort"ﬁoé Sf‘%'}a iouréfﬁs : cond correl ation
functions rep)rgesfentl) rdgntnli@ fori deel dfthoecr m‘foreoﬂethomgm)rsmrcfes effysteand sedoygpot heses
ta:] ef :c Ir ?tst angzﬁlog 118tr110ns grglljn rﬂe’lff a?wn-(%n}lertﬁc Flig%;ai’li Sﬂg t) rsC A %econd gatlgns ?ungt%w el ati ng
Cross- cowpedsamng)mef lﬂwbhoodmt ((nB)orIrmnatfneqxgn@ maihesmt at ﬁest (ancr seghi@l times,
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system i S

13. The system of claim 12 in a position determination system.
14, The system of claim 13 in a subscriber station.
15. The system of claim 13 wherein the position determination system is a GPS position

determination system.
16. The system of claim |5 wherein the signa! sources are GPS satellites.

17. The system of claim 12 wherein the logic is configured to combine first correlation
functions for each of one or more signal sources to form a first combined correlation function,
combine second correlation functions for each of one or more of the signal sources to form a
second combined correlation function, and form the circular cross-correlation function from the

first and second combined correlation functions.

18. The system of claim 17 wherein the logic is configured to selectively combine the one or

more of the first correlation functions to form the first combined correlation function using a



16. The system of claim 15 wherein the signal sources are GPS satellites.
17. The systemof claim 12 wherein the logic is configured to conbine first
correlation functions for each of one or nore signal sources to forma
first conbined correlation function, conbine second correlation functions
for each of one or nore of the si gnal sources to forma second conbi ned
correlation function, and formthe cidlcul ar cross-correlation function from
the first and second corrbl ned correl ation functions. 18. The system of
claim 17 wher nthe ic is.configured to selectivel nbi ne the one or
ror e of | YUK Gt AGrmdee bR Fl e P ek gt T or FeEonBT

corr el at icofarnf inedcbaitombinadcoareRflon fqreabn tsyngafqualitgdignalhetiic, and sel ectively
conbi ne one or nore of the second correlation functions to formthe second
conmbi ned correlation function using a quality of signal nmetric. 19. The
system ofi%.cl aifa gBtemherogiim i8hehecpirathietqpalof of sigmdimenet foi theffbt dnti@echind st and
second gfupdﬁgofm na‘i’s: Nﬂnal s is SNR 20. The systemof claim 12 wherein the
oscil | at Gcal Joscillator. 21. The system of claim 13 wherein the
signal sources are position determ nation signal sources. 22. The system of
cl ai m 13, ypher t I mes |l aced in tinme from one
anot her ng/ma ’ghﬁ%wﬁ fél&% lt2 ?mﬁe Orggnémr shi P?Ig%ﬂg?r?gter is a sweep rate, and
the logic is configured to derlved an estlnate of the sweep rate of the
oscil | at fr I h ul.ar _cross-.correl ation
functi onggnd ?ﬁgeg)g‘%ﬁ%c%& Ol% ¥ eéé"b% S?EI%E oi)fum% grgtp%&{] n déerml roen ﬂ n[:y shift
par anet efoupdes.an osci | | at or corrprl sing: down-converti ng a recei ved signal
using the oscillator; deriving first and second correlation functions from
t he down-converted signal, the first and second correlation functions

r epr esené¥-ng ﬂ*@wme?@ﬁmdd vderepylbe st and pasordrtisps erecsplagedon hes &em opt fi r st
and secongl .l §E§a}elt5€z§9@%'f§é Hey HIORRRERE rsqlsagépr}gtetpgtﬁehgg%ctls angoserond
correlation functions to form@a Cross-correlation unct1on nd eriving an
est i mat etoferivetearf eseigiaie wé yhestvicsnt rappatdhteeseillaby Gom tthreloeation of dworpr-fétl &tthon

functi on el crosS Bl AcheRin Sl Mo MedaRer fOormed in a position determ nation
system

23, A method of estimating a frequency shift parameter of an oscillator comprising:

down-converting a received signal using the oscillator;

deriving first and second correlation functions from the down-converted signal, the first
and second correlation functions representing the likelihood of one or more frequency hypotheses
at first and second times, respectively;

cross-correlating the first and second correlation functions to form a cross-correlation
tunction; and

deriving an estimate of the frequency shift parameter from the cross-correlation function.

24. The method of claim 23 performed in a position determination system.
25. The method of claim 24 performed in a subscriber station.
26, The method of claim 24 wherein the position determination system is a GPS position

determination system.

27. The method of claim 24 wherein the received signal is a composite signal representing

one or more position determination signal sources visible to the subscriber station.



25. The nethod of claim 24 perfornmed in a subscriber station. 26. The net hod
of claim24 wherein the position determ nation systemis a GPS position
determ nation system 27. The nethod of claim 24 wherein the received signal
is a conposite signal representing one or nore position determ nation

signal sources visible to the subscriber station. 21 28. The nethod of claim
26 wherein the one or nore signal soutlces are each GPS satellites. 29. The
nmet hod of claim 23 wherein the one or nore frequency hypot heses are
represented as one or nore discrete frequency bins. 30. The nethod of claim
28 wherein the first and second correlation functions correspond to the
same GPS 23at elthé inethoddf.clalies WRIrfIQ the Gfie & IndirdWighal WheEQkdeat NEPOSEILat or has a
vari abl e frequency, and the nethod further conprises controllably varying
the frequency of the oscillator until the estimated frequency shift

par anet en9i s gaé mtBodofRfGAlel @ndikined odddrie Bduenth ﬁyﬂ'éﬂkﬂ@dre@épréﬁér@éd% 23
wherein cross-correlating the first and second correlation functions

conpr i sed e RAUF APqSC BrUEEY B8Frel ating the first and second correl ation
functions to form a circular cross-correlation function, and wherein

deriving the ti mat 1 freguen shift aranet er conprises, | ocating a
peak of 9he cﬁﬁ%@ggw?@g%ygggﬁpﬁgﬂépi@%EWﬁﬁﬁﬁFﬁﬁ?dgﬁWfH@WPWVﬁ@“P P estimate
of the fregueacyssdulfit. paraneter fromthe | ocation of the peak of the
circular cross- correlation function. 33. The nethod of claim 23 wherein the
oscillator is a local oscillator. 34. The nmethod of claim32 wherein the

first andisecahemeihoisf i 2diveplemaBdosciflatht iE afvhiisledRRuenan Qhd ek nlyhodt del ta

val ue, the frequenc sﬁi t..paraneter is swee ate, and tﬂs deriving step
conpri sed"H¥t iCﬁﬁ?“i‘Sﬁ ¢! ré’h% ep” st tz’e ijeq'ﬁl?@’ 886#‘1 PG F P ten &Ma%dt i on of
t he peak fefudnbyeshifi pacatleser is semnos predddrmkdtdl@n functi on and the delta val ue.
35. A nethod of estimating a frequency shift paranmeter of an oscillator
conprising: down-converting a received signal using the oscillator, the
recei ved 38i gndhe aatpdi & dgma23 eboposirts-cardganial thefirse sedisedogd aopllatioal i ty of
fS: ?gtal a?] ur{sc é%%ﬁanqgr%:@s},’ (I:e‘{%g_'?fl)](;) (%Bss%%rq"gat%fg ﬂ%r}‘larst%{]d Srgtg(g]% cgtfreletltn)% ﬁ?nic (l;]nas'lto Enc")n%” ces,

a circular cross-correlation function, and wherein deriving the estimate of the frequency shift

parameter comprises locating a peak of the circular cross-correlation function, and deriving the

estimate of the frequency shift parameter from the location of the peak of the circular cross-

correlation function.
33 The method of claim 23 wherein the oscillator is a local oscillator.

34, The method of claim 32 wherein the first and second times are displaced in time from one
another by a delta value, the frequency shift parameter is sweep rate, and the deriving step
comprises estimating the sweep rate of the osciilator from the location of the peak of the circular

cross-correlation function and the delta value.

35. A method of estimating a frequency shift parameter of an oscillator comprising:
down-converting a received signal using the oscillator, the received signal comprising a
composite signal representing a plurality of signal sources;
deriving, for each of one or more of the signal sources, first and second correlation
functions from the down-converted signal, the first and second correlation functions representing

the likelihood of one or more frequency hypotheses at first and second times, respectively;



functions fromthe down-converted signal, the first and second correlation
functions representing the likelihood of one or nore frequency hypot heses
at first and second tines, respectively; 22 cross-correlating the first and
second correlation functions to forma cross-correlation function; and
deriving an estimate of the frequency shift paraneter fromthe
cross-correlation function for one o2 nore of the signal sources. 36. The
met hod of claim 35 performed in a position determination system 37. The
nmet hod of claim 36 etforngd in a supscrjher station, 38. The met hod of

cl ai m 36 wher éfoﬁs“f%‘glaﬂ'&fh{:i 5% 2B EEPHA FRatelabon Byetoatiq By agpessserEsiatiopn

det er m naticoon; syst em 39. The net hod of claim 38 wherein the signal sources
are each GPS éatellites. 40 Tpe nethoﬂ of clﬁin1%g wherei n the deriving
step compri seSTCSHEIIITRES P 8% reFce PRTliPBAM Py S SEOSTeTelaiehiUpgiopne or
nore of tftrensbignat otibelsigassoti@ed orm a first conbined correlation function,
conbi ni ng second correlation functions for each of one or nore of the signal
sources to forma second combi ned correlation function, and

cr oss- conrdsel affhaigethboficlais BS pafdrseide nposition de@hadationsybtemct i ons conpri ses
cross-correlating the first and second conbi ned correlation functions. 41.
The met hod of claim40 further conprising selectively conbining one or nore
of the fi3fist Toemetbbddfictim Baumaioronisn & eubkwibenstalien.f i rst conbi ned correl ation
function using a quality of signal netric, and selectively conbining one or
nore of the second correlation functions to formthe second conbi ned

correl ati38n f Uhetetnd ubclaign 36 gbakintthe phition gaednimeon setemdiz.a Jiepastibhod of
claim4l %hﬁanhggmquality of signal netric is SNR 43. The method of

cl aim 36 erein tthe cross-correlating the first and second correl ati on
functions conprises circularly cross-correlating the first and second

combi ned 1gor r ahah bl od 654 ARGk B kAN AEL LE Ul ALARIAGReCOr T el ati on
function, and erein &er|V|ng fhe &t nate o e Frequency shift
parameter conprises locating a peak of the circular cross-correlation

function ’40and TPQ ﬁé}fé\}{% g%lﬁlm%é %te}enﬁhg de?ifvinE Qf%p fc&#[gﬂgsnc%%bﬁlmgff{rst Qgirrezf‘ﬂ%ﬁ er from

the location o
functions for each of one or more of the signal sources to form a first combined correlation

function, combining second correlation functions for each of one or more of the signal sources to
form a second combined correlation function, and cross-correlating the first and second
correlation functions comprises cross-correlating the first and second combined correlation

functions.

41, The method of claim 40 further comprising selectively combining one or more of the first
correlation functions to form the first combined correfation function using a quality of signal
metric, and selectively combining one or more of the second correlation functions to form the

second combined correlation function using a quality of signal metric.
42. The method of claim 41 wherein the quality of signal metric is SNR.

43, The method of claim 36 wherein the cross-correlating the first and second correlation
functions comprises circularly cross-correlating the first and second combined correlation
functions to form a circular cross-correlation function, and wherein deriving the estimate of the
frequency shift parameter comprises locating a peak of the circular cross-correlation function. and

deriving the estimate of the frequency shift parameter from the location of the peak.



44. The nethod of claim 35 wherein the oscillator is a |ocal oscillator. 45.
The nmethod of claim43 wherein the first and second tines are displaced from
one another by a delta value, the frequency shift paranmeter is a sweep
rate, and the deriving step conprises estimting the sweep rate of the
oscillator fromthe | ocation of the peak of the circular cross-correlation
function and the delta value. 46. A nZhory hol ding software instructions
enbodyi ng any of the nethods of clains 23 to 45. 47. A system conprising a
processor and the nmepory of claim 46, wherein the processor is configured

t o accesstt he Thempihgd ofistiina X e whitrein the@scdlistar ieirleca] essillrtatt i ons hel d in the
menory. 48. A systemfor estimating a frequency shift paraneter of an
oscillator co rising:‘ first neans for down-converting a received signa
usi ng t hé”oscillPf fegrd of clind nihgredn i rfirgtent veood fimes preadisplaset 5A8 Werrel at i on

funct i onsinéth@bytHeeid Qume, tﬁ@ﬂyfg.@ﬁ@%mi Edeter 1L sk dep Thie, 2Md (REGORMHGRPT €l ation
functions representlng the |ikelilhood of one o requency_ hypot heses

r nore f
at first AREISEEYRAtng hpwveer pieRidie vgliaer fiof) thyyloption &f the peak b deckeidrel at i ng
t he firsteranehrefeontinGRh @l @t §oh viitictions to forma cross-correlation
function; and fourth neans for deriving an estimate of the frequency shift
paraneter fromthe cross- correlation functions.

46. A memory holding software instructions embodying any of the methods of claims 23 to
45,
47, A gystem comprising a processor and the memory of claim 46, wherein the processor is

configured to access the memory and execute the software instructions held in the memory.

48. A system for estimating a frequency shift parameter of an oscillator comprising:

first means for down-converting a received signal using the oscillator;

second means for deriving first and second correlation functions from the down-
converted signal, the first and second correlation functions representing the likelihood of one or
more frequency hypotheses at first and second times, respectively;

third means for cross-correlating the first and second correlation functions to form a
cross-correlation function; and

fourth means for deriving an estimate of the frequency shift parameter from the cross-

correlation functions.



