PROCEDURE FOR ESTI MATI NG A FREQUENCY SHI FT PARAMETER
OF AN COSCI LLATOR Field of the Invention. [0001] This

WO noosi808n rel ates to oscillators, and, nore PCT/US2004/015205
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shift paraneterof an oscillatoror enhancing the
frequency stability of an oscillator. Related Art.
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[0003] At various times, the one or more local oscillators may experience

frequency instability and rapid frequency shifts, 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.



change. This linear frequency rate of change may be
expressed as a sweep rate in units of Hz/sec. Since
wphb®sme1§087 t he i ntegral of frequency, a sweep rBCEUKR2004/015205
mani fests itself as a quadrapic rate of change in
phase, i.e., on the order of If this sweep rate is
known, it can be controlled and corrected for.
for mass market consuner el ectronjc

rtunat el
@J@@fﬁ ces 3% éﬂ’}%%lgasgﬁ» h¢ locplascillator pey sxpgrence a {iggar frequency rate of
S i
ERESSTHE 1806 hbenCP RaD DRl by BORKplcGens B eplSate k in
qulsslf Blzéseby Bokch ehase iothetiiegphotfrequency a stebp ratp kSﬁarﬁ)ﬂeﬁs itself

t echni gues, h as honpdyne spectral anal ysis,
%Sr?eﬂlﬂaé‘g%qcvr@tea? EhAngP Ay PERIRS 16 0B HIE 195¢es & é?n 7 thaarwfeep rate is

R b LR o5 80 MRS B F S
fievtranietdericod suwh as subdctibératations,deisdod beitnsife aad dinéednsuming to

signal is down-converted usjng the oscillator. First
WFBIPE FcHiatok Mg ré%?ﬂmuﬂvclﬂlfeglhgocba@ra@h QfecpeqkingpYens possible
I

BRURORY B¢ PaBbe R, QLOPRLb (BRARRE R oo hospodype specta
aalysie) arel ety ahm@tlhxesSNRatwﬁmh S¢hagdecerize cma@ly GPS satellite

tinmes, respectively. An estimate of the frequency

tngmtsswaf’ -anmeter is derived fromthe first and second

correlation functions. [0006] In one enbodi nent, the
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. 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] In a second embodiment, the received signal comprises a composite signal

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



[0016] Figure is an exanple of first and second
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[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.



"substantially" or "near" in the range of 1%to 20% or
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[0030] The phrase “GPS satellite” includes space vehicles (SVs).

Q

[0031] The phrase “position determination system” means any system for
determining the position of a subscriber station in a 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.



of an oscillator 106. A signal is received over
antenna 102. A down-converter 110 down-converts the
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more of the first correlation functions, using a quality of signal metric, such as SNR, to
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the second correlation functions, using a quality of signal metric, again such as SNR, to

form the second combined correlation function.



appreci ated that other exanples are possible. The
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ahé geliadnediate Girtudiegeband frequenci es. [0042] M xer

220 down-converts the signal 218 to baseband or near
. [eRdddband 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.

[0041] 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
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[MHetht om Theds-spsad sompoEdts are eabls dnprib e sighsl mtdseing dogic 244.
bot h | ocal qscil,l tors 10 222 to, var

el pisR g R 24P b5padn fand Soad e isEdichy. Bcessive values of

efdLS 6B Shehf, QHH SRR oRERR Y ls&mﬁfﬁ%m 0Eesd @J)I@i‘én‘? r}nte ations to
function by associ ati ng Yhe correlation values il

fwrasalbtorreﬁghqnn@bpdhdent ly var y| ng these two par arret er S.

@@%46 Fbgure an exa f a two, di nensi onal
0045 of ar BHSPeTiNG CPBRIGRH oF “r?a b’éteg@i%’rdﬁfi @ Bycrepogessor 246.
MAERPESRssof P86 Q&Fﬁé G- @fmeﬁ%ﬁﬁ Srrelidtofi fﬁﬁét{o%% %fdn? [Ehe correlation
function 1s | ement at i on dependent, SO no
Va]IuBS CQHDVldethoalt frexasighal rbassidg bﬁcﬁl&k ed4asl m@ibitbdl gy pha:ntom
orrelation function in this particul ar exam

hflﬁ érf@wggpr?wswe 2fficoRirpls dhg PRI Wev&rﬁaggtwshﬁt '@@d’é\I code for 2
fgr |

PR sl A8 LRSI 1, L BRI IR 50

25 pt akd cb;ttrcﬂs tefther @rbdiioldral osdllaters (210|a&t1®23 towRfy the frequency

pl.urali of discrete Doppler frequency bins. The
: amgﬁdgl{}{ iFher QVEILY elyspliy of \fhscsgte frequency b){ns 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



i s possible defines a code phase axis or dinmension

302, and the variation in Doppler frequency which is
w@omsiokdoe7 def i nes a Doppl er frequency axis or BCTESRDG0S205
304. Along axis 4-4, the code® phase di nension, the
correlation function fornms three | obes, identified

mﬁth nunmer al s 306b, 308a and 308b, respectively Al ong

rLequenc d S
Cor r ‘é"? (}%, %ﬂﬁq’? T%thF ﬁeea}l%t}c%app %r F@%eg lBgth local oscillators
ovetenphutdliey oﬂﬂﬁ&eﬁ@@ifrﬂéﬁfr fﬁfﬁeﬁby [51803) bTh@ﬂﬂm%féﬁﬁn code phase which

respectively. [0047] Figure 4 illustrates a
igpessible; definesr eadernliase a¥is @ir atimension 302, and the owgatsga i Doppler

r 308b_i.n Fi.gur e
sicgucioy it B Bl Bopall P BlRr ol gt lithigg 0. Atong
aRRd-4QRE codephpRLdinéadivn, tl*?@@dﬁe‘i&?o&h ﬂlﬁctidﬂq’ohﬂﬂhféeqﬁﬁes identified
peak for position determ nation purposes. Figure 5

with gamergise 306b,c3es ard 308bn rf&specttWélyerlenatan 5-5, the Doppler

el I obes, 30
stk rPad, A urbden bl i@ 708 s Ubesp itRtifed with
nbfiéhils $EHAC300Beakd marelsﬁechh&yl rrportant peak for
[&§S|t|on det ermi nati on pur poses. [0048] The

43t opr oyt ilBates 8 atass-sedtionpé dhkescafelation function along axis 4-

AT Pt A0 D ARl F Frsb S BERR Figure 4

peadsiquah e42b, idveadocRspdctinély] wahk ﬁ@l’a fshge fr@o@l!ahﬂ pe&ikt6:0Msition

the | ocation of the peak al ong the code phase
ddﬁemmgilmnpurmsede Higurs Saiblusisatésnatwsshecting o@dalmotcmelatlon function

oloh AR Tr D resnioRsn oS B BT PN RDHves In Figure 5 o

n t I
pbeﬂ&ai(nﬁ S@ZCb[, 508c. Pealk 302G {hb eim@@ﬂﬁ&t cal f&qgtgsgtt?dsﬁ E@éﬁi@%nmatlon

di mensi on 0049] The m croprocessor 246 re
pprposssss for one or nore additi onal satellites by

(RL & e EaRogsa P ctesie GEAH Al hcoprebisaqundipg long
bBthGHEP {&%x%&oz{nd%ﬂﬁ)tpg& fﬂeﬁﬁtérﬁ?%@&n%sﬁ%.gj}tﬁ%fgges Qb estimate of the

arriva asur ene ee or nore
tiset eff hirivek forl the tdatetlita does ghs I¢aatiohad’ the pelle nlongt therdede phase
entity a an al manac (not shown) to determne the
diReEiote NoRSHIo D SHITRHE RTGRY REPRIGH GPIRPEE Shift (quselp Telative

nﬁlsﬁl@ﬁttﬁe?wééﬁtrtﬁ@ Qlfbs%s sor h\éﬁ bffd fatshfelti %Sﬁérﬁ%eel)océt[b% of the peak

cation o € Su er statlon

alon§ dienibodppder feguagylmodimensionat er ation or triangul ation
t echni ques. I.n one inplenentation, the m croprocessor
IOZ’AB req uﬂl% HiETGPFOCETEORBHR TeneAis oisapiorsss | forene oF arpse agditional

CO o‘f:éé ‘ﬁj {J oL ﬁf‘g{ ﬁlgnée%@fa'toqnzﬁf Qﬁ)l&( the/ Pﬁngod% for these additional

satellites. Through this process, the microprocessor 246 derives three or more time of

arrival measurements for three or more of the satellites. 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



posi tion of the subscriber station and systemtine t.
M croprocessor 246 al so estimtes or has estinated any
woosloesost r equency shift due to rel ative novenRer/US2004/015205
bet ween the subscri ber stati oo and one or nore of the
satellites. [0050] In the calibration node of
operation, mcroprocessor 246 is configured to derive

t [ b e. .except that .the i
SR B lantts RO A Bl i B8R e 2 Bofifies of e

pbsidanenee fbBGibet fati®Pshd $ySRHIS t3MMicFPRIRSBALAG also estimates
hypot hesi zed frequencies for the | and signal s 234
Oaﬁﬂés 2sigmpigd Ang Jpeppier ey Hofthiusf tot telative gadvement between the

Sﬁ%ﬁ%@gﬁ#%a%ﬁ%ne %rzr%ﬁf"e][cﬁtﬁ‘ééa‘ﬁ{[g% to be susceptible to

requency shifts or &s of change, and the

[e0s0pose of tHeh@iliBREEH AodealfidpeatibRmiBRsIstodssPRIGAS IcBRfigured to
is to estimate any such shifts or rates of change.

devs e9rralntior dnctipes py beforn skgemd ¢balr thbexkipBOE e slongdnerepresents
] 46 f - di nensi.onal correlation .
b hRRARC PR Biondt, P s Bl M SRR St Jupolhesized

filey@éAcidlefof YHe- TNARD Si AR 238 0138t ih Aglrd PCt ORG ofboth of the local
one-di nensi onal correlation function along the

opqillafoesnihp, a2raregisgmed ta bsrsusdeppiblerte ntraaiton freqesney shifig or rates
o, Fiqure 4  the m croprocessar, 246 derives the | .
of Serig B s oS8 i AR G Fart e R PE SREReR i estimate
af PSR hRAFROrasesf Mafsk. W th the peak of the main |obe
402a, and then deriving the one-di nensi onal
[QA5] el at Throughtlst previously dbicsibed pcpdsathe naicmpgodebser 246 forms a

f ' ' | . th o
oS C e BTeIing uathnclor o RErHBIR SeiieoTbaneis dprvas from the
twé-dihéhsfoal 8ARdLARM ﬁlﬂ@tﬁ&ﬂ £8nélaBhchsidigl Sﬁgﬁﬁtﬁ{ﬁaﬁlﬁctl:io&lnalong the

di mensi on using, and then refines this pea ocat
filegiesmay diraeirsixn. clni ame empleineentations efdrming) teeBiguihvg the microprocessor

T IR TR b, 3 S e e
adsb BBl APA Ine 8k ggﬁ{e%ﬁiﬁqwgﬁ 2484 ﬁlgﬁ‘ﬁeﬂ(rfnlgir’]dgf Snd-finSensional

sane process to rive a second one-di nensi
conoelatedrafunotior atrthisicode plse hlvngsherfrequaney HintehsioRhils one example,
second correl Zﬁé fn function represents_the |ikelihood

t}& MEARPTYEeSSyy cg:ai@lé ﬁ]&, npR-¥eRalaied pgakaok thgecorrelation function
al@h% Rhé&Rde iR WiersioMBuddy aar?le{}{eﬁ Péﬁh%he thlg%tegk (f{)cation known
th Skt | nay be

se one-di nensional corr on functl ons
quaginatizsiaterpalation tocimiqres.nThe oné-dinnaisnaloddirlatioh diinctioh Yefiesents

e R o e FepieB DB SOihes e ar Ly
[0052F S~ COTREhAE5tobdiEoroe HidTiFIe8 BRE 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.



correlation functions corresponding to the first and
second tinmes and The |l ocation of the peak of this
W@ 20081018487 cr oss-correl ati on function is then | PCHUSIHNG/O15205
one exanple, the non-interpohated peak is | ocated, and
then known quadratic interpolation techniques are used
to refine t he Iocation of this peak. A sweep rate for

t hen

one nnre | ocal [l ators 210, 222
[ 6]{3] nmat e he  BIRFOHRCRL a%s‘fdo ﬁlr‘BiEl hicESp é‘f%‘?éé‘i‘?a the, @ngglimgnsional
coatlafion BRRiBhI Qlresphding P ShA it hill QREnEUATPL eandttpe The location

sweep rate estimate is derived fromthe ratio of
o dlask pabcef thisrcitcalep cosseorrélatidn ﬁnpuem ¥5) thetn Vocdted. iy dnla @&xample,

SO T TR
afd gsdde® RAnbBhe Yoﬁa&% bf S hEAL €Al é’\@eeg L@fo?%hé)t)né be mose local

process of estimating a sweep rate assune a -
oggﬂaﬁorspmo SR nsmthen astﬁnléBeCh ﬁ'omethéllqpanen ofittds peak ahid the delta value

l.enentatio g ure 6 lustrates fjrst and
SKERUTE D 2risR PORG: ot SRamble bR P e Tt Pt ndkaived from
IR0 ZatRN A GRS g@ﬁ@ @&%’Elbf{ fEpreSEd i gﬂ’%ﬂgﬁ}z rdiﬁ?lg(g ?)é/ %1%' delta value

to tinmes an bel ng one sec
sepdratitg the dgndshe ana'i t Ul resuld $s e estehatt iofhd swedpi \ate in terms of
ich results fromcircularly cross-correlating the
&t ions 602 and 604. Assumi ng each frequency bi n
espo A AR 6 .

O G TP saeas, ALy E b Bpiled b P Bl (R mating

aaﬂweeptratﬁat]hﬂh B8sulE/ seB(BdBmpmpait dgnd1 09388 ﬂalguﬂigm? And a 2 dB
ond correlation functions,

ustrates first. and f
il EREn 197 h Agie: 64 S07gmten ars oand sacpad Gopelagion functions,
1&éﬁflﬁ@§ mdﬁtﬂﬂerﬁlg %@g Ghét Yig%l éﬁsﬁ)gctf;}gﬁﬁ I%P uéslsg)r ig@ﬁelg ?s%%étﬂely to times

bei ng one secon ter
ticandc tp| avithct,dse$ng one edcand afteff tiNCFigare 6B illistrab&utht TifchaMcross-

C|rcularly Cross- correlatlng the functions 702 and

ceigitations Syictiny vayeh resalie from é’éj‘é}é?fé)y cmSﬁcelmla@Qoﬁm@n@tmns 602
31?@653 AsBEml g%hﬁ%d&%g&é&? RS S§% B, e 16c NBon 608 of the

requency ax ent” ki

peskt 606edlenl theefegeuemtyenxds 2 18G0HIZ, o asistR0 Rl afbgﬁﬁﬁe& 50 Hz/sec.
|Ilustrates sinmulation results show ng the expected
SERI B or in the sweep rate estlrmtefor di ff erent

[O@tS}JeS O{Jigiuﬂao’?{& iﬁﬁs%%% ﬁlrs?\é%(li sgc%%d%%}'rle 1on %mc%n? identified with

numerals 702 and 704 respectively, corresponding respectively to times t; and t,, with t,

again being one second after t;. Figure 7B illustrates the circular cross-correlation
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 results 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



rate. For exanple, assum ng an input signal |evel o

-144 dBm and an estimted sweeprate of 100 Hz/sec, the
we2penises’ RVS error in the estimate of the sweRQI/DS1084/015205
is 4 Hz/ sec. [0057] Once theysweep rate has been
estimated, it nmay be stored and the calibration node
term' nated. The system 200 rmy then be allowed to

the n eration, h the, .
8,0 A i sl S <R it BhesbiaB e sigep fato is 4 Ha
sgg_rred with the estimted sweep rate, may then control
one or both of the local oscillators 210, 222 to
[0QR7t er aéincei thewsvodep wote ibas dueen, eSltimamc%vieepay deestotddr end the

S fically, both are assu to have, a
oA EipefiraSih EBn BRG0P0 o b bp Sl By frtgry resume
tﬁé nbeH] GRRLof BpdPAml O Y rofiBal MBAS of %Bel‘ﬁﬁgn 4R¢€ microprocessor
M croprocessor 246 may use the estimted sweép rate to
Zédg asnedt Wﬁhfth@qsiemdgd ofeapnate rmzbotliana:bntrbﬂesrte bobath of the local

| | til t ef fecti sweep rate is zero or
Iﬁ@&%ﬁésg&gr#@d& ‘ﬁ’e&na RtOT o @sE ﬂilllﬁ %’5"3380% More

ss.s@ﬁeidnfar/e Bbth ¥Ri dsurb et YR eCMaREbIL Sfrégﬁeﬁc';}%fd@f R 834t of the

operation, m croprocessor 246 is configured to

naieropvaeefdor 246 as dhdsscmmdnd phentor lay therlires 860 iand 252.0Miemptocessor
satellites first correlatio

one or GP Th
239 e B%?sthﬁeea?@éféﬁtswt%rﬁt? kS FHBoR CYOaBFEY GIf G ra both of these
t )
R St I eS8 o Prdetermined
aprounbr e frequency hypotheses at a tine displaced from
The Cro rocessor 246 then derj ves

del I
lg‘#@s ik évsg‘rolﬁ%rfénwga%nw & Hrer fysigmy 20fbtsan the G#kbr#fion mode
of(Jj’ foﬁ)?{?g@%:@cgg@gp sSal .’/54% d) g]gfnhéﬁ%' Rive Rt Qﬂfsé%ncfnaf)ﬁelatlon

Ites. one 1 nplenmentati
fonatioaprior eadoof 246 orsmoen GRPUs&dllites. c Thibi fivet Oﬂleelé)ﬂion functions
nore of the first correlation functions to form

represept thgkehepdafione parpEHirequsaey pwothesernt A dimse a@ﬁi the second
CHH‘EI%IIQ[E oﬁse Hagerﬁ(ﬁig ﬁi(é}fho g o&‘ YRE to{ Hove h?%lgeﬁgggfgfo\}heeses at a

secon I ne corre UnCtI on, and

tmteetze@lsplawdeﬁaﬁl t e 4 deleiedlay. snhefmlo@@frmic&mfa theh tdegives an
first and second conbi ned correl ati on functi ons.

epigpaiglof ﬁheafr%%@a%slﬁﬁmp@mw rorpthe firpleangdseeandrcorslption functions
fgt?'q}e o ¥ 985k léréelgis§ elﬁt%% ectively combine one or nore

e "cor re at i'on tunctions using a quality of signal
[0059] In one implementation, microprocessor 246 is configured to combine one

or more of the first correlation functions 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-



metric, such as SNR For exanple, the m croprocessor

may arrange the first correlation functions in
walemsemisng order of SNR, and di scard any wavePOr/Img2004/015205
whose noni nterpol ated peak digfers fromthat of the

first waveformby nore than +/- 1 bin. A weighted sum

of the remaining correlation functions may then be

. ith.. ' i I dt X

R A R A A T S P

v&dﬂ@twg@homﬁle(@nglmn@ c&ra&usﬂ FlREBAS ena nthéh\llﬁel fRhéESwith the
1 vvellghtl ng). The sane process nmay | oyed to

whémgu appled tpoarﬁwms gtaﬁ@fogé being d,etﬁrmm@tbydhe flffesericopstween the
NG ¢HER e PRRSTeE: o s SR UBRF kB SN ek 8 £} odfibiiog). The

séhk prodesy ﬁﬂ?b@ Emﬁb? & Bfseldcaifell R8mbireGHé 8dcond correlation functions.
cross-correl ation functi on as descri bed earlier.

Theobust arde stdemmmemrﬂ@bt@nbﬁmpwso mayntheyr eiradarly cross-

i b t Fi [ .bl k )
L TN T L T RS 1 S—
fRRfioHRY dbRrigedbedii@d or incorporated. Radio transceiver

906 is configured to nodul ate baseband i nformati on,
[Qﬁﬁih as Voe eswton 200ty terantbodiedRE ivtagraiedrwittame subscriber station.

| at dul at d RE ier.t tain b b
R Oni § GI0Ck ARRECHR DL B g BV EiGh LI malaR 200 may be
eﬁﬁ)@ﬂfeatcﬁ"%ﬂz Gralell] adly %ns%el‘%f SO S AT 16 FhdRHlie baseband

i nk and rece| ve a nodul ated RF carrier over a
mﬁormatms smmmmqeairl datas ohfiordn. RF @6z}, aBesiehmdulate a modulated RF

cess 90 onf.i gur.ed t orow basehand .

b T PTG ey ACBIRR (41Dri5 SOy fpsmit o
n%'d@datt&l RERA/EPIOVE a af%egsoéorﬁﬁlﬁﬁééﬁoﬁ§ AR a8d $Ecefve a modulated RF
W rel ess communi cations |1 nk. Baseband processor 908
casienbww acdrdlésg voreaiubioatpme linkle baseband i nf or mati on

fromtranscei ver 906 to an output device w thin er .
lﬁ"?ﬁlér f ac Bagshand (peacesion 098 11a congered dRpPEEs bgscband nformation

d%ce%"f&ﬁ &Ser 1ﬂﬂ’erfh gittb %n%lﬁy bRy fc}r'tﬁgsﬂﬁ&m over a
t|on Such as Vol ce  or devi ces
\m;emsc abhyninitivoetink Bassbahé @rotesdor 908 s hoeohfighed o provide
a display screen, a mcrophone, and a

éﬁi}boaggfomgm ePIraseeYf 3000tpoan §“‘@Bhfi?‘§€ﬁ ¥ithfrpuser interface
916C %Jlsgrel ?egﬂc%jg Y81 d&ﬁv\ﬂ){s%g 5 ut ? tg%&’ﬁHubésefo; fnﬁﬂﬁﬂg%? 'oﬁﬁ%ﬁttmg user

and prov con or nat

nﬁi'OﬁmEtioalt Such94B voiCe ror elagd. OIThR 1deviices agpitaltu irethded wheliih ile user
GPS correlation functions fromthe 1 nfornation
. igedagedaelude? keybggrdapdisplay ssroa agnigrophewe, grdd sRREKeH e

[@(?6'3? to %%g r%Q&VerFﬁrZ 1?0(91{1}%?1?6&3 ‘JBI 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



code, correlator 920 produces a correlation function
which is defined over a code phase dinension and a
w0 e@quessy di nension. In the normal node of opRPCHUB®NG/015205
the frequency di mension reprggents Doppl er frequency
hypot heses. | the calibration node ofoperation, the
frequency di nensi on represents hypot hesi zed
baseband or r bas and si

ST Bo o el R e eagis R tpisd PRy aieieg gae bascband
&hﬁb‘éﬁbﬁ’deﬂ@rﬂﬁhgﬁms HH®n-Lohveeled tyGhe GHYCHbAPer $12d€fi theEode phase

over a range of code phases ich define a search
dimedgion,\the correlptgont fua@ifmm;deﬂn@rbm @rangene code phasas wbich define

AL e’y 86 o Gl Pl Ritondion, dhe bortalifggRition is defined
AREY PARERY VL e8P afins OheERA inANGIIAP rboﬁ@ﬁﬁfn? Nk performed in

i ntegration paraneters (N, M. Correlator 918 may
arcedanes wathf deﬁmﬁéa‘mh@enieand/ adn-polherentrmt@aemn parameters N, M).

orrel ation functions m.i rmatiQ
CRT R Dy R aney B ikcn ReBrack R ghrived el e soelafap dunctions
fr&ﬁq&lﬁ{ﬂaasnlélaﬂﬁgqo Bitot B }ébﬁx%'izicfEE MoSk aay ﬁQnstcglver 906. This
acquire w rel ess conmuni cations services.
16famatén deosdérbyd# subscobri gatied t¢ acgeoo dvaredetsammhmumcatlons
Sﬁgbols provided to it by baseband processor 908 into
&5t yi ng source bits. In one exanple, in which the
nel s I :
@h@ﬂ ¢ e?d%%ﬁerf%@‘é? \;’Hﬂg‘&g@l t]83ﬁe€ Qﬂ%e‘f¥ﬁﬂ%l§ﬁﬁ)wd6d to

e ‘channel deco eco er. I'n a seco
iekpibpdeband proabnscw&&”mtoclhmieﬂgingmme [béts.alreoseedaalple)in which the

b syl Gaororoolipgily trspdts SEserie a0es Herepisa Vitarb
f t '
a8, SO0 LB GO HEEBE U Q83 LAl or saac

donsitenutionofconbluitioNR cdéysi the shinnekecatiel 92048 b @by decoder.
measurenents fromthe correlation functions generated

l996$1he covpmpet YW pownfigyredity hplkl spitvire mstruciions fopaxecution by

3927 IR JTRUPHAGADC GHO9 RS e an

ﬁr¢qu$ﬁcyemb£§iitemﬁihts 268 AhoEoreelstinhafctiths %‘éﬁerﬁ)fe& b @heAcorrelator 908.
frequency shift paranmeter of an oscillator. In this
TaritigererfarilockstWg, 3bD12onmst PL% smbadin ot dvprnoraty gheasystem 200 of
Iﬂ%&r |2ved signal using the oscillator. Step 1004

nprises deriving first and second correl ation
[0066]t | ONFigEemotine AlNUhak AMYRiatifgl aFirSindhbodihiesel 000 'ofta method

and second correlation functions represent the
ofj estimiating @ Hequepey oift 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.



nore hypot hesi zed frequency paraneters at first and

second tinmes, respectively. Step 1006 conpri ses

wa@leosw180§7 an estimate of the frequency shift peCEHDS1084/015205

fromthe first and second cofsel ati on functions.[0067]

The nethod may be perfornmed in a position

determ nati on system such as a GPS position

rmnation s ste | n.one | enent

000 1 2parrEHRA Yo pRroBEL i T nETE diorditadgdpptem such as a

GRRp SR d’étérﬁﬁhatfbﬁ Qyst@R iy 86k 2hS1BAENHEN, PR Be®BIRIRHo®med in

signal representing one or nore position determ nation

agy sra'ibes @tatl@l@s In élus: mnpleneRBtions thielretaieed sigsl bhay b@ atdompos1te
's recei.ver. The first and sec

ST EOPARF B ShiL Pl BRSE PROHIR Seiapitiatioh SR foEgs Sch as GPS
sSeNA&S RRMe 1t tHehRibSRMRr BRRbAS Yokl e "G A SdcBAd borrelation
source, e.g., GPS satellite. [0068] I'n one exanpl e,
fmtcéloomn diris moplenteptativh esdyz ectrdspeniliom the parcapeditors determination
rise one %g e di screte hypothesized frequency
S’rﬁnﬁ OUFGE, ¢ & X%WB’[ %, the deriving step conprises
[6068FY! AT Y JnE OS@nipR, "B e 6r el 1) heﬁ'ﬂgd $R&[BSty parameters
correlation functions to forma circul ar
campese ove ral moreodisératechypmthesizod d’requgncgz bimak biff tHihexample, the

ci.rcul ar cross-cor.re i on func ion, deri ving an
dedyingiep aPmPﬂ%eW@&L@H (FOsTiPqrte ﬁawgaw@t g’fs t @pd feepd correlation

fa&%hé &nf&{n afeﬁcmsla&oes camatfd fh&&bt% 1, 68%RE %Ol?éaﬁlcﬁ{thé’ Rircular

functi on. The osci || ator
cuss-lcbllralatMn [ﬁmcaoxuoalmi daivneg lanresmnatel of ther feexmien®@r shift parameter
the bscri ber stati I n_one confi uratlon, t he
2 fhelagagen ﬂggleye%wﬁgwwwa%we? apgp fingtign.

br at f f s

JEEO g T
receiver nmltheraubscrier gpioal i lanonet btmﬁgnmu&ﬁﬂrﬁ @tillateg has a variable
oscillator is controllably varied using the staored )
fregRengit e PUFHRS uSpllyatiny 19046 a9t ARgration, d%@ sstimated cirequgney shift

p\ﬂaﬁle?er% de'ﬂ:brﬁﬁ{eﬁ ddemeh eGhe %u@?‘éﬁosgﬁﬁf}ﬂ} %Q Jt{ %%%'on the

rate experienced b

ﬁl&q@eﬁﬁy efahp bﬁnlldtblelsfdohﬁbllﬂﬂﬁ vagedusing ﬁﬁﬁeﬁoﬁﬂﬁbstlmated frequency
di spl aced from one anot her a delta value, and the

sifinapapeter toceyiersetingriole orplarmﬁéh@ pifects efaBprueaeweshift ar sweep

t step conprises estimting
%Eg&g%g%ﬂeg%eg@ﬂheﬁgﬂg&é%?l | ator fromthe | ocation of
[0070] peak iDénd dxandpld; End fifst ElidSRoh®tihRRk afd @BplhdédatdR Bne another
and the delta value. [0071] In a second enbodi nent,

by tredelisc ualye cand tp #btinaed rifequency Sefinersimetersis giweep 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



representing one or nore signal sources. For each of
one or nore of the signal sources, first and second
w@oroseisasT on functions are derived fromthe  PCT/US2004/015205
down- converted signal. The figst and second
correlation functions represent the |ikelihood of one
nor e hypothe3|zed frequency paraneters at first and

0? %@a Bt TE ridl SIRREL ISt doPuER ol Ipokrst piirpqcApd correlation

ftuhcrtﬁhs%}%&%@ﬁﬁ%&ﬁhé@igﬁ\évseﬁméynctI ons for one or nore
of the signal sources. [0072] In one inplenentation,

[0072] et hdud ons impplefnentatidn, theamethbd ds pbé(bmrﬂiaml a)aubsatmbbr station,

t one or nore signal sour r atellites . -
D SpEPE TP i SORPIEIRS Sy FARILIES FUDF o spibrcer station’s
BB NACHR! praQine€ of | fbidd)! Sn! AR BARILLRLGLESH, B ederllvmg step may
deriving Step MRy Comprise combining first correl ation

chmpcisé combingmg ﬁwd: honélatme fignctions gorodach hed agiegirahore of the signal

sourCﬁ$ to fo rs gﬁ{ correl atj.on funct%

SPHET M A8 BbEd SORBRtPE futsohs oo e RssaRh gorrelation
ﬁ&ﬁ%ﬂ@c esggﬁ fo 611%90 $h#d %kﬂl%%&%%ﬁs‘tﬂﬁ&s é@fdﬁnaa s%%&?c’[‘&’ombmed
co

I ne atlon unctlon eriving an
ceﬂ‘e]atfam ﬁmtmm I’aad ftheaqimmmg aﬂiﬂsﬁmateai_f aincefrequeheyoshifi perameter from

{mn rreJ ation functions.
%?) eﬁ&’i‘ Cq ined: ¢ 108#e i npl ement at i on
of d: .0 t p hhd t
1 L U ARG D181 e o

edﬁmamgmdi‘quﬁxg:yasmeq;erammmbrsmfgmbscnmmm Stepgl @2 comprises down-
conpaqsite si.gnal, represent ative of one or. nore signal

ceBYFHRS 2 KEeiRed) fignal Camysiigs 2 FORIDPRiR Sﬂl%ls@peﬁ@tw@omone or
b § gﬁ&l | 9 dednc F{eﬁln $104%0o ﬁQeSOfd d@{]ﬁﬁgﬁrsm&& Rbodd Gorrelation
SI gnalr sources a rst an secon

fissioas tbi ehoh ofSba® ot MéreCalimthici sigital Woliwes iav dlrst and second times,
conmbining the first correlation functions of one or
refpeelively- 1 fiep Jilghapmpniess selectively spmpinig the disst copsistip fonctions

of Hrc edfgi@bl%”off éﬁECsﬁ 3! s@ﬁé{&gtoa{o%%é Ut orétk ﬁélf‘l:oﬂ}e‘i&tgdncfuncuon

ive conbrnin

u@ﬁhrgr 1allityoef sﬁg&m hieﬁ‘[tﬁ Sikp ONE8 EFmpeiNes séléctivlél?/ satnidg the second
gnal sources to formthe second conblned correl ati on

CPlIﬂ]@tlplé) Aungsions) of onk arF moye of thy @eﬁan fshl souress dp farm ghe second
(égl%gt{ ngtsc:o?r Parlgiﬁ]\ﬂug 103[1}52“ % ﬁg&lﬁg sﬁ %1 R%I‘ﬁﬂcgggge}é Islri'()fcompnses

defiving! ad | egfimbtenet ltmﬁeqhémz%mﬁnpﬁamexaﬁmhethetmt and second
qual ity of signal netric used to conmbine the first and

cembued ceelatipmfunstiodsunctions is SNR In this exanpl e,
[66‘7%]“ Hr StIn %{1‘9 e)%a%%:p e dchg aﬁghecy %tf Is1gnal 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



functions may each be arranged in decreasing order of

SNR. Those waveforns in which non-interpol ated peak
walpdosmorssT rom t hat of the initial waveform by POFES100486015205

+/- 1 bin are excluded. The femai ning first

correlation functions are conbi ned through a wei ghted

aver agi ng approach, in which the rel ative wei ght

ed tQ a waveformin relatiop to another wayefor
Y R N HE R S .
proew@vef orns. The renai ning second correlation
functions are conbi ned using the sane process. [0075]

[#9E1der i Vibaglesviag sieymepmonmpsise circalailpctoss-correlating the first and
SO SO BB SR TR0 R i o,
1662888 aCtak &Jfahé @chflMBés%brreﬁa‘%ﬁ_tﬁlﬁ&id%h gﬁ@heﬁéin%g% estimate of

circular cross-correlation function, deri vi
thes freqreney gift phranfetos foeniby ledatibn opthegeeit.er from t he
tion_of the a [.0076] In gne exanple, the first

[g@f secoNy OBy Wgsz‘?’gh%ﬁ?glaﬁ EBFONE SERSIFES ai .FFé]rfrW oge another
98] BtV HIME and@ ke B R&E ﬁ@&ﬁe‘?lg¥ ki 5}5&1013@ iﬁweep rate. In this
parameter is a sweep rate. In this exanple, the

edamplej thg dstiwipg stepernpdsesestimating the stvieep saeefthe ascdllabr from the

he | ocati on of the peak of the

th i, || at h
N N T N

e. [ i R o .
o O o e T TR R e PPl gving any
ofitehforkgpingrmethixdsgomenialimentg) iemisrhattitions, or@ka@pREHees f which

t h%eof whi, cg have been _ﬂsscr i bed or suggested. This
79 drasrited gapgessieda WY pusmcsy @Myhs Ragef a system such as that

g r; L y Fi [ - SYS
RN G s 1o, e 5, sVerh 240 Bt s YO BERsAE 202 and the
abevesdescribedemtinbiye dddntifibd én fiheg flgere Writh nime®t ab04 204 thit Rystem,
this system prgcessor 1202 js configured to access
PEOcEsRErtsly 19 sonfigined dx @sease theancseary wW0d dndsedegetei thasoftware

iﬁkﬁluptiérﬁq{eﬁtﬂere{noom] Wi | e various enbodi nents,
I mpl enmentati ons and exanpl es have been described, it

[0078] be Wik ediou Cenibvdtfer®d, Biglémadtitionkidnd &nidl& Bive been
that many nore enbodi ments, inplenentations and
deserhesl: i vaitlebg gRRATHI clot thase af @rdinatii %ill e the @pethof many more

L& 1 nvent | o nt the | tion is not to .
S R BRI 5 S e
iseftiors . Cofbdybentfiathd Fiveht@&in"ROndtSto be limited except in relation to the

appended claims.




1. Asystemfor estimating a frequency shift paraneter

of an oscillator conprising: a down-converter for
walowsocsesverti ng a recei ved signal using the PCT/US2004/015205

oscillator; and logic for (1)gderiving first and

second correlation functions fromthe dowconverted

signal, the first and second correlation functions

representing the likelihood of one or nore frequency

hypot heses at first and s€JoAdMSBnes, respectively;

d. .deriving an estimte of the frequency shift
\8'5?‘[&%@2]23 e‘#lisom the first and second correl ati on
functy ongy gZaterdiNfor SYE hﬁt‘ﬁhgf a Ful %lﬂfta% E{ekq{f an oscillator
determ nation system . [Re systemof claim2 In a

coulpsisingber station. 4. The systemof claim2 in a GPS

posi t |(&n determ nati on stem 5. The syst em of cl a
D wh e SV Sqra erterdex JEn-¢ TYGHME, sTegeivesh B! vaing rrwﬂlator and

[ CPr 958RLNY1 B g FRCaROSIbh Lol BB AN FhHHRL down-
sources visibl e to §he subscri er st at

coyredrimhsignal; it finsbandtsec@idreotfetation dumtiondrepreseigingl the likelihood of
sources are each GPS satelljtes. 7. The system of

OBF AT RPTETEARTY tIRBOWREES oft fiist andl rseerish Bifiiehy FrsPeréively; and (2)
REFinkCRS ee%&{ﬁ%%d 0P b MegBbnd{Plifr Ogﬁg@g@gﬁa{] N fest W8 second

systemof clarm and second
cor;relaﬁbmfumtioxﬁwnctl ons corresponds to the sane GPS
satellite, systemof claim1l wherein the

osci 1% atamﬁﬁﬁ%m%096?3%3P%aPP%HQ%ﬁ@?mﬂaﬁﬂnk%@mnbg|c is
conf ixgur adle LG 0BF halh 38 X ALMLENEGRequency of the
osci I'l at or |

est requency shift

par anet eThe Symﬁ of dain P d GRS positide détdnmthatidh) systdie.
systen1of claim1 wherein the logic is configured to
ci r c@t ar IThe SYEe8 Hrolamag avheran he gceiypd sigaaliip composite signal

%ﬁ‘ége‘ﬁ 519@?1]; I?ll it r#o?sﬁﬁmtc%tér&ﬁ@n%n% ﬁf@o qes V%Sﬂ%lﬁ éo the subscriber

ross-corre unct cat e a pea
statibgul ar cross-correl ation function, and derive an
estimateof the frequency shift parameter fromthe
| ocath on T8¢ sysemplaias 5 twherein rtg@ OB¢ O mygs Signek baur¢esrare each

dBYGhdiRfs.

7.  The system of claim 1 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 shift parameter is set to a predetermined value.

10. The system of claim 1 wherein the logic is configured to circularly cross-
correlate the first and second correlation functions to form a circular cross-correlation

function, locate a peak of the circular cross-correlation function, and derive an estimate



The system of claim 1l wherein the oscillator is a
| ocal oscillator. 12. The system of claim 10 wherein
W@ b®s/01808t1 and second tinmes are displaced in tPOBEURN0H015205
delta value, the frequency shyft parameter is a sweep
rate, and the logic is configured to derive an
estimate of the sweep rate of the oscillator fromthe
| ocatj on of hr_g peak of the cross-correlation function
of e drraugney Sty Resgmeter Jfom the decaipr ¢f the peataef fhy eircular cross-
oHEAUERABhcabLft parameter of an oscillator conprising:
a down-converter for down-converting a received signal
usi nd 1t h&@hesystérh af claim 1l ehetein eievadiliaiog ivd loeginieillaiong a
conpo it%gaidgnal representing one_or npre sjgnal

sour dés; Ji8gio¢ crip 10 ryheaaniths Figt adovecent imes argrisplaced in
the 8P Cadh Vo %ﬁe.gﬁ@éue ersﬁi?lﬁ%ar%%l&%f TR QWégpg gﬁésj’i g d the logic is

correlation fuhction rom wn- conver

cohfigired &t daivd amesstmdtecsstthe batdpofatd oMkt iosdiBator from the location of
epresenting the |ikelihood of one or nore frequency

tﬁ?/gﬂe(r?é rags-qortelation figncsien anditheidelia valpespect i vel y;

and (1&) deriNingean L.mat e of . shi.ft .

par anléf e% £ %%Ht{?g ?S:ﬁﬁgaklggn% ﬁge 3%1{1&3 %%ﬁ?%ﬁ%ﬁ?tg% of an oscillator

cbumpeikingns for one or nore of the signal sources. 14.

The systemof claimin a position determnation )

syst érfownsconygderdos deswnsenvartngs 1epeivad sigaalgtsing the oscillator, the

1101 c| ai i h .
R b s P T —

aflét erm nati on system 17. The system of claimwherein
the signal sources are GPS satellites. 18. The system
of cllegienighey serivingelar sgrle of one enmiage o8 dhe sigaa raoiress, first and

sé%o%lﬁta?o(f%ﬁe[tﬁh%?{gor;suﬂgﬁli Sdé%—ggﬁelﬁgggsigxgir @-‘Ireaﬁfoséﬁmd second

sour ces ormaT1l1rsSt

cﬁﬁél@tibloﬁlncﬁmtﬂslbleseﬁlﬁﬁgﬂ% BeihedBbf & druist iﬁ%ﬂ?erfc?'hypotheses at

each of one or nore of the signal sources to forima

faet @pd gecondiiimes drespeactizelyt jand (2)drstvingnan estithatieef the fregeency shift
i t t f ift t f th )
ot D S MERARE o2l BRI Eebd Bbicot e igma

sdilteessystem of claim 18 wherein the logic is configured

to selectively ) ) )
The system of claim 13 in a position determination system.

15. The system of claim 14 in a subscriber station.

16. The system of claim 14 wherein the position determination system is a
GPS position determination system.

17. The system of claim 16 wherein the signal sources are GPS satellites.

18. The system of claim 13 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 derive the
estimate of the frequency shift parameter from the first and second combined correlation

functions.



conbi ne the one or nore of the first correlation
functions to formthe first conbined correlation

WO 008018087 usi ng a qual ity of signal metric, aneCT/US2004/015205
sel ectively conbine one or ngpe of the second
correlation functions to formthe second conbi ned
correlation function using a quality of signal netric.
20. The system of ¢l aim 19 wherein the quality of .
si gnar- OB | ISPy of gl f%twh&%n b dogie A% GPRiigurgd ge selectively
iR the lohe Mnord bof thEFirSYRhERBh MM WS fhet ﬂ'ﬁt combined
logic is configured to circularly crosscorrelate the
coirelatiom fighctien arsthgc o mioality b fegigad nadttiq narkluseibdctioely dombine one or
formfa circular crosscaorrelation function, |ocate a

ey segond”

PEaK° Fegplation: fgncliopy i dpam i the Spemmét ppbingth gorrelation
fﬁﬁét{oﬁ%sﬁlg% q%ﬁfiW%%%aQ{IﬁE@l%. frequency shift paraneter

fromthe |l ocatron e peak. 22. The systemof claim
13 wér eilhe tshetemnsafi dldiat ©9 wieren tlecqialios of kigailometrik¥or the first

The system of c¢laim 14 wherein the signal sources are
aﬁg§?‘i°¥‘§ﬁ?"6@ft¥i°?rflﬁﬁ§]?b“nglgli{gnal sources. 24. The system

of clygi mpg, I st : ' - 3
i splacedrt o ot Dbl el B o0 Db PRF X ifbutarty oross
cotrelafer the fastcandsdeicdnid panbined esrrélaticn Bxvetignsr tat form angirdule cross-
logjc is configured to derived an estimate_ of the

cefiespon Smetion. logate agepl phathsrelchighriontcotsaiqrofmeiion, gad derive
: i . . i f ' d
kgl 16 FLALEINAaRAL P B BAPHAL

ta va est
f r eq@@nche bystdm pielaitel 8 whefeirtihe @sciilhtbaisarloc dpdiilsbna:
down-converting a received signal using the

osci I%Pat dhe gty ofg olaims tl4awherie othg signple|sguicen are position
Je{églﬁh;ag%s-gﬁﬁ%ﬁljag&qom-converted signal, the first
an

second”correlation functions representing the

| i kel2dhoTHe efstea of OlainiQl evietia denfiryt AdnethirS@sePire displaced in
first and second tinmes, respectively; and deriving an ‘

tgag frag enegmothes by aednliariafues Hief frequgnéinghi® paramstertina sweep rate,

i t r tion,.functions. 26., T nmet.hod
S 8ot SREAAS R A U8B e B A o
t5/15t£10n of The poAR offteltdulf ciokatdhrelfioRaih@omead it dlta value.
subscri ber station.28. The method of claim26 wherein

the Bési i awthpd: of rfsimmetiog a fregeancy sshift 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; and
~ deriving an estimate of the frequency shift parameter from the first and second
correlation functions.
26. The method of claim 25 performed in a position determination system.

27. The method of claim 26 performed in a subscriber station.



GPS position determ nation system 29. The nethod of
claim 26 wherein the received signal is a conposite

W@ 2@sal808Epr esenti ng one or nore position det ePOT/N81000615205
signal sources visible to thg,subscriber station. 30.

The met hod of claim 28 wherein the one or nore signa
sources are each GPS satellites. . The nethod of claim

25 wherein the one or nore frequency hypotheses are

r epr &8enfllg methethef @}alm&@waprgm %@q’sr‘t%@qﬁ@yﬂm@ system is a
@é%goﬁonn@ett&%q?acf{on s%/b m 30 wherein the first and
Ion

Act i ons correspond to the sane

GPS 38t elihe isthetBof dibien D6 tWHeeki® theCleadimeSigiidl 68 & icombbdite signal
oscillator has a variable frequency, and the method

epiesenEng OberpT Mot Pesiiny daterapnaiop ignehspurers Visiklg e Hegsubscriber
f the oscillator until the estinmated frequency shift
Bheter is set to a predet erm ned val ue. 34. The

mst hay. ofThelradtHo 61 WiaRh ©8 Rviidiéin ks ovd BOMBEEHghA)EPlnicEELare each
circularly cross-correlating the first and second
@by Baiﬁlhteﬁon functl ons to forma circul ar

glr ?i g: r at ' ?ﬁgm ' Wh]lel%}c% ge Sr Rl‘é?é(dfer?(iue}lﬁﬁh}éootheses are

ﬁﬁesai@édeas%ebhﬁmfré &@mweqﬁatdytblmr ameter fromt he
| ocati on of the peak of the circular cross-correl ati on

f unct320n Th:esnetl’r ofr@lam 30 gthereimthe first anideseeons] ¢aseelation functions
OSCI|| ﬁhﬁﬁ 1? cillator. 36. The nethod of
%F@ﬂ%‘ é?%? ¥4t and second times are

di spl ﬁ’ceq‘ﬂer}n&tha@ of le@imOrewabeimel du¥ildtolelata %’ﬂiabE frequency,
the frequency shift paraneter is sweep rate, and t

amlruhv ineghast Bypthen ppmpysss c@gtrolmly ivrgrymgethgvﬁé@]pewt @f thﬁ oscillator

oscj.l | r from t on aof the, peak
W st ey shi ettt S e dh G R el
val ueyy, 371’heAmQT%BHQﬁ Qine 35 IviARkdiA Ghé dfaﬁﬁﬁg iy céiliprides circularly

paranmeter of an oscillator conprising: down-converting
aossa@eneladadg shgrast arsi sepopdeousielivn duptions e fowe ei ieanlar cross-

Grrimon. ngiors Gihuihec FPaLor duf | S flar Foe <BREHDY Bppon, and
rivilly 6 égfimta{éeofsthegﬂé’dueﬁé’}uﬂﬁﬁ Parafrefe? rodhe 36&20BH of the peak of the

circular cross-correlation function.

35. The method of claim 25 wherein the oscillator is a local oscillator.
36. The method of claim 34 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 oscillator from the location
of the peak of the circular cross-correlation function and the delta value.

37. 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;



correlation functions fromthe down-converted signal,
the first and second correlation functions
WO e@sessest i ng the |ikelihood of one or nore freQqUESYY4/015205

hypot heses at first and second tinmes, respectively;

and deriving an estimate of the frequency shift

paraneter fromthe first and second correl ation

functjons f one or. nore of the signal sources. 3 .

The . 4P EPSh A P FFRR] TG HEBR SISy fist dnd second

SHeleRitiBh TahdtRRs B BB dAvh-cdVertBB a5 @le flslal 3&ond correlation

performed in a subscriber station.” 40. The net hog of

fuhetioms 3epredenting tha lilelihosd bf one detmrerieqidnon hyystheses it first and

a GPS. osition.dfter Il nation system 41. The nethod of

ErAGHAT WHRFGVAY: ¥ si gnal sources are each GPS

sat el dekil B arf'stimie of B! H’éé]ugﬁcﬁhﬁ’t ?hr%ﬁlem%fo% Bhd B8t and second

deriving Sstep conprises conbining first correlation

domelation fisnctions foaohe of moresvfalie sipuad sofrcéshe si gnal

sour ces for i.r.st_conbhined.correlation function,

combi n é’&f‘éﬂ?éﬂa%{fr“f@ %ﬁl?%%rms%& 3 Perstignydetergimation syyem.

or Moyt afhellifngd &F@a\iﬁ%&ﬁ;ﬁn&&’h{ L5 Bs&itE SN0,

conbi ned correlation function, and deriving an

est i it e The méthod églemc3g shifein firr posiicer déteprination system is a

é'#ést .and_secaqnd. conbi ned correl ation functions. 43.

PAREPHILTEHIIRALONSYSISMs yr t her conpri sing sel ectivel y

conbi )i, NGrRRGREA léﬁm?AIO \Rfﬁ&eifn:%égi rs&ﬁjcéﬁ‘ 4r8Bach GPS satellites.

functions to formthe first conbin correlation

f unct42on Theimethad gfi@lairy37oWhereignthke derivingCstepabeimprises combining
el ectively copbining one or nore of the second

gl Nelation funsTiog iem el 1 o8 oF pheae 96 it eed Fpyisegito form a firs

g ' : I Lng;: [ . Si ri
ST, U5 Al 3 T oo
®igo! ofrier signal SothdBs tet FormT Aeseo@ich 06mbined |catdlaBén function, and

wherein the deriving step conprises circularly
deriying- ayrssumate pY thedrouengy il peewser doemi Wedfirst and second

c%ﬁ{bﬁr@d%hggﬁg# ﬁﬁ}citi?&s to forma circul ar
cr a

0SS-corre ron-function, locating a peak of the

Ci rcul3ar Theas&hedbf elafh 140 fufthdiClonisingdéled e ély icosbimi®y one or
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of signal metric.

44. The method of claim 43 wherein the quality of signal metric is SNR.

45. The method of claim 37 wherein the deriving step comprises circularly
cross-correlating the first and second combined correlation functions to form a circular
cross-correlation function, locating a peak of the circular cross-correlation function, and
deriving the estimate of the frequency shift parameter from the location of the peak.

46. The method of claim 37 wherein the oscillator is a local oscillator.
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50. 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; and

third means for deriving an estimate of the frequency shift parameter from the

first and second correlation functions.



