WD 2004/ 036239 PCT/ US2003/ 033122 1 PROCEDURE FOR ESTI MATI NG A PARAMETER OF
A LOCAL MAXINMA OR M NI MA OF A FUNCTI ON Rel ated Applications (0000] This

appl i cagl j priority to U S- Provisional Appli | Qn 60/ 419, 626,
filed gsr’rt]/b%(@:&gdbsgirﬁi?, 2002. Field or the Invention. 1(%%%&?‘?1"%39?1venti on
relates to the fields of position determ nation, quadratic interpolation,
and GPS geo-location systens, and, nore specifically, to procedures for
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[ 0002] The GPS geo- M@%@%@ﬁ‘ﬁg g@st”‘e@@%}é«iﬁ!r orbiting satellites
from which entities visible to the satellites are able to determne their
position. Each of the satellites transmts a signal narked with a repeating
PN code of 1,023 chips uniquely identifying the satellite. The 1,023 chips
repeat eRelatedAppliegivand. The signal is also nodulated with data bits,
wher e eacg ata bit has a 20 ns duration_in_ the nodulated signal. [0003]
Referrin I'ri gufles applisptigiaigis priopsy todhS 1o visional ApplrdensNeomuni cat i ons
system r%ﬁﬂﬁ%@ti}f[l@cf&%éﬁﬁé?g% bgpm GPS satel lites 102a, 102b, 102c, 102d

to the 'sta an

or

vi sible I on, derives various neasurenents and rel ated val ues
fromeach of four nore of the transm ssions. The station 100 then
communi cates the nmeasurenents and values to position determ nation entity
(PDE) 10Xieldpf ¢w lnvantigt es the | ocation and velocity of the station 100
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determn s own position and vel oci fro ese neasure s and val ues.

(00041 Threrpblation) and QEPSs gaylobstionf G6tems,t ARl $6rs Speifichll g Nioaprpedhies Ybar
satellite by correlating the PN code for the satellite wth the received
si gnal , fHineating @ Parasetey, siich s logaiop 9% seade Betor, 0h A domkaREmn e 20r nore of

7 oot e G SRR Belff e 5121 oS recer ver Lo the presence
first dinension, the code phase dinension, the correlation is

Related Art.
[0002] The GPS geo-location system is a system of earth orbiting sateilites from
which entities visible to the satellites are able to determine their positio‘n. Each of the
satellites transmits a signal marked with a repeating PN code of 1,023 chips'uniquely
identifying the satellite. The 1,023 chips repeat every millisecond. The signal is also
moduiated with data bits, where each data bit has a 20 ms duration in the modulated
signal.
[06003] Referring to Figure 1, subscriber station 100 in a wireless communications

) system receives transmissions from GPS satellites 102a, [02b, 102¢, 102d visible to the
station, and dernives varnious measurements and related values from each of four or more
of the transmissions. The station 100 then communicates the measurements and values
to position determination entity (PDE) 104, which estimates the location and velocity of
the station 100 from these measurements and values. Altematively, the station 100
determines its own position and velocity from these measurements and values.
[6004] The station 100 searches for a transmission from a particular satellite by
correlating the PN code for the satellite with the received signal, which typically is a
composite of transmissions from one or more of the satellites which are visible to the
station’s receiver in the presence of noise. The correlation is typically performed in two

dimensions. In the first dimension, the code phase dimension, the correlation is



WD 2004/ 036239 PCTI US200J/ 033122 2 perfornmed over a range of possible
shifts of the PN code known as the search window W Each correlation is
perforrred over an integration time | which may be expressed as the product
of N. a@ ¥P¥RFEe Nc is the coherent integration ti mECTENIOMIBE2nunber of
coherent integrations which are non-cgherently conbined. In the second

di mensi on, the Doppler frequency dinension, the correlation is perforned

over %ﬂ%ﬂﬁéd S0l Bhge EfrﬁQHSF&%)‘nfGY&QB@P A09r ks ICsLRAULEAG

cor reI ation val ues defi ne di mensi ona cor relation function. The
correl atiV¥n Haulmtbmzlatmrslsspexfmned ovenah mtﬂgrqlmksmolf whikk nmyrhe@btatesmd akunction
| ocat ed aJ ong eac |caII eaks are al so
conpar ed ! &'Bp d”ﬁpg&gta@fjﬁ'n‘e@r? &IF esstﬁﬁls‘gm?eﬂ[é%? 3tl\ﬁéS RUPREL 0% ar m

pr obabi | idoKedest 1ﬁfe§f%rt109§w!v9"6’h Are RISRERAIT @@xﬁbl‘ﬁ@& Ufy ther E&oh@ﬂﬁﬁén%n%et he

| argest peak in the code phase dinension forms a tine measur ement for the
sat el | i t Dopplerifragubycy dinensiot.athe merektiohes perfgesd pealks tange ofiddppjenl er -

frequency d| nensi on forms a Doppl er frequency neasurenent for the :
satellitd i'éﬁ‘é Sneasurenments are al so derived fromthe hei ght of the

| ar gest gggiﬁ in %Ehrcgm{?ng%ﬁcﬁhéﬁevaﬂfesmleeﬁ lwoetﬁlﬁkﬁ's%’rhz'm&a'ug . [0006]

Due to | of synchronization wth the sanpling clo reis often a

di ver gendendidavdhe dohrelatamfinedoaisdampled adndaba lpedla e theodigreldtion B@idiohhe code
phase and CF pl er fre{guency di nrensi ons, and between the sanpled and act ual
peak hei gAtateq Hongeadh dithretyeq G‘H?“S'P%O?XP“Fﬂlter‘ﬁdF&"ESl%ﬁaisg compasd DAl i ed to

the Sa”p"frﬁde? i ﬁ%ﬁ&hg;%kgil%d 9kt BB falle RImS én%BJh&h&c%FrE?ro? R ffaat ely

estimate 't ocati ons hts of the actual

i nt er pol qiredm:nﬁxwd enmmpmhe'lecaquadxf ahé facpasnpeiloin ihe dodetphdsd ﬂ:rrtelihmeﬁ sanples
of ther correlation function. The p §ak of the quadrfatlc function i s éfgen

a nore acfé’U?%% img measuremgptlopthersplgllitg + Signlagyatbe {ocation of the dargeshBrakdn peak .

[ 0008] Ay ep.t he code
bhase  or oanpls FeRbRan diterSobTiRnRe o BB rebdie) ylswhefl fithe
funct i on-sailiée aPtakadnergyaneasb@inents amﬂlsedaivaﬂérom thi hdgbeasfcth@mrgdse*p@k act

filtering uysed in the recej ve c ain of  the receiver and the search
paraneter‘&bﬂf'htﬁ?l 3-185%’#1' LPauenGk dipEnsions| at ed and actual peak

| ocat i onsygghg)l Of t[ﬁ]& & 148 QFan"c%hﬁQEorﬁ%*lﬁé safipifflg Lokl GndRLELRR) gt ed and

divergence between the sampled and actual peak locations, in both the code phase and
Doppler frequency dimensions, and between the sampled and actual peak heights in
both dimensions.

[0007] Interpolation is often applied to the samples of the correlation function in
an effort to more accurately estimate the locations and heights of the actual peaks. In
quadratic interpolation, for example, a quadratic function is fitted to three samples of the ( )
correlation function. The peak of the quadratic function is often a more accurate
estimate of the actual peak than is the sampled peak.

[0008] However, the shape of a GPS correlation function, in ¢ither the code phase
or Doppler frequency dimensions, rarely resembles a quadratic function. The actual
correlation pulse shape will depend on the exact filtering used in the receive chain of
the receiver and the search parameters N¢ and M. Consequently, the interpolated and
actual peak locations will often diverge from one another as will the interpolated and
actual peak heights.

[0009] Figure 2 illustrates a pulse 202 of a GPS correlation function in the code
phase dimension. The shape of this particular pulse corresponds o a particular set of

filters and a setting of the parameter Nc¢ equal to 20 ms. The peak of this pulse is located



actual peak heights. [0009] Figure 2 illustrates a pulse 202 of a GPS
correlation function in the code phase dinension. The shape of this
particul ar pul se corresponds to a particular set of filters and a setting

of the paymopésissNC equal to 20 nms. The peak of this pgheSobsedsesat ed WO 20
0 41035 2 3 9 PCTIUS2 0 03103 3 1 2 2_ 3 at O chips, and the height (in
normalized terns) is |I. Afirst quadrétic function 206 is fitted to sanples
204b, 204d, and 204f of the pul se 202. A second quadratic function 20S is
fitted t P Sfhseandihadeichplp nognalized sams} ist heAplissauagopic fandionci98tison 210 of
the pea | | | an e | t.on 212 of the
peak of t‘f‘ eréhstéggrﬁgleg gﬁ%tglr@???%dg? :agwecz)‘g"éég‘%tzh 'ges%oél eqq"%?rgh’??%nggi Dcation of

t he true 208akfi(iéd whiapmles 208k, 04 dnd,204d of theipglst 2024 TaE IddagoP2RKofohe t he fi r st
guadratic function 206 and the height 216 of the second quadratic function
208 bot h R§ak phthe firpiouadiatic funchien 20p apdthdhe; logatiopdR of the peakpfrthesdcpadl t er ms) .

00101 - : i1 - j ' derived
i[ nt er pol a 2@9{{%2{3{{?){'%2&%: %@ngﬁlgﬁﬁgﬁgﬁﬁy \)/f\?ﬁ%ﬁa%;s?tetﬁgb%u%rei’%/ ng{)rﬁ@.rps)fhe error

i n | ocat iSigiluitg thebdigianf 2 1her the pealebiaht Ginst iquadiaiio funiciod D6 apdithenf2ase
di mrension can give rise to a significant error in the position estimate. In

t he partid@ioithesesens] @uadravgfonetioa 208 both deviate from he heighbpf the trueqsak i ng t he

peak gives.r] . ror of 15 in in the position estimte. [0011]
Mor eover?(ﬁélfjir‘(?rg’r?kl %/dqgglrggl)1 abl e interpol ati on procedures which provide nore

preci si orf0o1An quadfisthucntiyNpesinon ahi a8lodite eakRABS ¥ Evednoi i sedm ng, and
therefore |ess suitable for nass narket consuner el ectronic devices such as

wi r el ess Dsahlesaions agbiweity Wit ofteEbe rypngproNT feommozfin focaingibd peak efdber i bed of

estimati [ .er.o l.oc Xi or. mni.nm of a function. In one
enbodi rre%,“g]taﬁ%‘ ﬁlemt%hg%"biggﬁﬁge gﬁilsﬁer %r?s?no"n%an 't 8P°p81 %\f’igB‘rﬁéS e?é’ﬁ'b‘l‘ es of the
function thé peitidteadtinfatd. 0GR theBpartitulR lexBinpicMustifsd! | Fiddre 2 Mhaeropti@r pol at ed

| ocal maxima or minima. [0013] Then, an interpolation offset is derived. The
i nt er pol de¢abing drefpsak gives mse tavieser efnt bemiadre pasiwniestimatef t he i nt er pol at ed

| ocal maxi or mpima _and a sanpl . L ocal . maxi or m.ni ma.. A paraneter
cat mat o P pen METSE FronD Ha i o2 ropionaps fieh provide niere
precision than quadratic interpolation are expensive and time-consuming, and therefore

less suitable for mass market consumer electronic devices such as wireless handsets.

SUMMARY OF THE INVENTION

[0012] A method is described of estimating a parameter of a local maxima or
minima of a function. In one embodiment, the method begins by performing
interpolation on samples of the function at or near a local maxima or minima, resulting
in an interpolated local maxima of minima.

[0013] Then, an interpolation offset is derived. The interpolation offset is a
deviation between locations of the interpolated local maxima or minima and a sampled
local maxima or minima. A parameter estimate is then derived from the interpolation
offset.

[0014] In one embodiment, the function is a two-dimensional correlation function,
having a code phase dimension and a Doppler frequency dimension. The parameter
which is sought to be determined is the location or scale factor of a peak of the
correlation function along one of the two dimensions. A quadratic function is fit 1o a
plurality of samples of the correlation function at or near the peak, and the peak of the

quadratic function then determined.



[0014] In one enbodi nent, the function is a two-di nmensional correlation
function, having a code phase di nensi on and a Doppl er frequency di nension.
The paraneter which is sought to be determned is the |ocation or scale
factor B WOUEREf the correlation function al ong oRETHF200HR33H3R0

di rensions. A quadratic function is figt to a plurality of sanples of the
correlation function at or near the peak, and the peak of the quadratic

functi on (ohes) det akyThpasbiaid AACHAASAAIEETLLIINNY Stz venfdihe] An

interpol ation offset is then derived, equal to the ditference between the
| ocat i on lofatiohef gegpeabfof theequpdeatic £onationh and ttheolecative doftibe bonpied penkofAt he

sanpl ed peak. A raneter of the peak, such as. its |locatio r height, is
Chen det GRERTIRET 74 B Bk, Sy & Ho/ Batoh B el i Betcframsflctom the '

i pl ement;gleiaioft o8&t €r bias has a pre-existing relationship wth the

I nterpolation offset. In this inplenentation, the paraneter estimate is
derived [0816lg a Iwonstimplementtiss, a fparaetert es pay amet-existigaselawnsidppondi Rg
to the interpol ati o? .offset js deriyed using the pre-existing relationship.

Second, afitkihe ipginolationatiset. Hla thisdmp "F@%@Pig the garapgier esandsisdastved bi as.
0017] | t | | : . ' dis th
[ ] rhs?‘[é:a g\gcggl?%?xocrc&‘? PRG TR Skaniiiflad éor?egwo nhtngn% ﬁyetﬂg 6@%&%&2&@ 's the

| ocation o the correlation function a

di mensi oroffsén is idotiezrdpabiag i the @éksidting eldeonshigpd, Seqowal, dnoedtinatelidk feence
between the | ocations of the interpolated and sanpl ed peaks al ong the code
phase di rRATIMYE S denpisddrosh e pammeter Basy r esponding to this interpol ation

of fset | n determ r . P.t: dying a
pre-exi st 'ohgﬂr el aihl?gﬁks ﬁg"%’r gﬁeg?géglfgegéﬁ?é%éfmsegk ?ﬁie%ees%'\;\ﬂ%kc%vg@gbl es.

Thi s coddophameofba psaki of d@tdadrelaiohhfanttivneslpod did cotleofifase tiniemsiphel Anan
estimate of the location of the peak algng the code phase dinension. [0018]
In a secomnisslalipg ¥ffset ie deryedredusl (Rnthe rifferencs, beivveen thselosgionsedfcei s t he
hei ght of. r | [ ak. 1 he - di nensi on.
An 1 nt or DaTBTRE: Ghq LSRR b e G RRbET AR BIEER, T e

t he | ocatdomespmtlinghe thisninesrpaihédre dffends sherp admpiaeak thrabghngh tdvescada phase

di mensi on. A peak energy bias corresponding to this interpol ation offset is

then det elPRKHERDIEHMIRRTE R RIECRSYNS Erlationship Rifpeh i preserisbiren besy two
pre- exi st QIﬂﬁbfcﬁl ?"Hs%ﬁé" bﬁ)as%'iaghs h&dcarts?ﬁéqitme?ﬁc;lmnoffs@?&)eyiélmn estimate

of the location of the peak along the code phase dimension.

[0018) In a second example, the parameter which is sought to be estimated is the
height of a peak of the correlation function along the code phase dimension. An
interpolation offset is derived, again equal to the difference between the locations of the
interpolated and sampled peaks along the code phase dimension. A peak energy bias
corresponding to this interpolation offset is then determined through an access to a )
lookup table embodying a pre-existing relationship which is present between these two (
variables. This peak energy bias is added to the interpolated peak energy to yield an
estimate of the height of the peak along the code phase dimension.

[0019] In a third example, the parameter which is sought to be estimated is the
location of a peak of the correlation function along the Doppler frequency dimension.

An interpolation offset is derived, equal to the difference between the interpolated and
sampled peaks along the Doppler frequency dimension. A Doppler frequency bias
corresponding to this interpolation offset is determined through an access to a lookup
table embodying a pre-existing relationship which is present between these two
variables. This Doppler frequency bias 15 added to the interpolation offset 1o yield an

estimate of the location of the peak along the Doppler frequency dimension.



vari ables. This peak energy bias is added to the interpol ated peak energy to
yield an estinmate of the height of the peak al ong the code phase di nension.

[0019] W@ Bedifdkszd exanple, the paraneter which is so%mgzg%ﬂgfggti mated i s
ng the

the |location of a peak of the correlation function alo ppl er
frequency dimension. An interpolatioh offset is derived, equal to the
di fference between the interpolated and sanpled peaks al ong the Doppl er
f r equenc\00jensi bna foartBoppingle, thecppuameter Whiagh is smighespbmestingtdadois ttid s

embodyi ndeiEhhp: RS of e oRERUET BREHPRYRAF the s SERNTp BRI Hibe t o
vari abl espnte/BlafioPBitRk Y dehived] U8 MR qlil 38 teHiAEERY HeBrdeRqhéd m&ﬁmk@%ﬁ@n of f set

to yield an” estinmate of the [ocation of the peak al ong the Doppler

f r equencypanplednpéabin. 2lyg 2he Dapdd drequeaicy SI@ENGIIS2008/ PSE1 2Rergp $i8020] In a
fourth exanple, ,the paraneter lv\/nich 1S sought to be estimated is._the height
of a peal®BFSPPRUNG of°r LS ¢ INBAPGHEHARN: % etal'%n%tweﬂoﬁlﬂfp%hf? RIEENEY i nensi on.

An i nt erpakdshipPwibl $€prescht 3REaA the @AV VERURS. tFhit Beadbid &) S s bet ween
the interpolated and sanpled peaks al ong the Doppl er “frequeticy di mension. A

peak enermdgediiodlse intepolashprallienergy ¢o yibidsiniestimatp of thei heigho Df the peaksalaleg er mi ned

t hr ough e-existin rel ationship which is present between these two
vari abl eibﬂ?ﬂi’écrﬁgﬂke'%ﬁg}’ws’&"as is added to the interpol ated peak energy

to yield (062155 | MRetonbs ﬁngb%ﬁngﬁg thdd€ nR)s %@%@Qgﬁﬂg%ﬂm& requency

di mensi on. [0021] Menories™t nmbodyi ng these neth and rel at ed
syst ens, dasaibad.so descri bed. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0022] The
conponents in the figures are not necessarily to scale, enphasis instead
bei ng placed upon illustrating the principles of the invention. In the
figures, like referenceBrsrdyescriresy gnae Drawisepondi ng parts throughout
the different views. [0023] Figg&fél is a diagram of a GPS geo-|ocation

system [O024] Fi Lo somponents g BYTES | 30% Pk FEFRSSATHY éPp%?P’&? EBRSIY or in a
o WO G50 VSRR 8y, T T ool o
corr el at irefierentamandralndesignatesiometjoading patts thraophsutahe differdie vieode phase
di mensi 0?0[?2%(]1 t heFngSr%Olniga diagram of a GPS geo-location system,
[0024]) Figure 2 is a diagram illustrating interpolation error in a correlation
function derived from a received signal in 2a GPS geo-location system.
[0025] Figure 3 illustrates an example of a two-dimensional GPS correlation
function, wherein the first dimension is the code phase dimension and the second
dimenston is the Doppler frequency dimension.
[0026] Figure 4 illustrates an example of a pulse of a GPS correlation function
) along the code phase dimension.
(0027} Figure 5 illustrates an example of a puise of 2 GPS correlation function
along the Doppler frequency dimension.
[0028] Figure 6 is a diagram illustrating interpolation offset and parameter bias in
the context of a pulse of a GPS correlation function along the code phase dimension.
[0029] Figure 7 illustrates a flowchart of an embodiment of a method of
estimating a parameter of a local maxima or minima of a function according to the
invention.

[0030] Figure 8 illustrates an example of a pre-existing relationship between

interpolation offset and code phase bias.



di rension is the Doppl er frequency dinension. [0026] Figure 4 illustrates an
exanpl e of a pulse of a GPS correlation function along the code phase

di mensi gn. 027] Figure 5 illustrates an exanple of a _pulse of a GPS

correl a@?’&qw(l?ﬁ%%’i on along the Doppler frequency di nﬁﬂﬁpﬁ?ﬂwf%y%] Figure 6
Is a diagramillustrating interpolatién offset and paraneter bias in the
context of a pulse of a GPS correlation function along the code phase

di mensi 0;[0031[100291:ggﬁfmisean7cydahim§btrmmupdbh@mm&ﬁ&m&fg (RO rSARAMpRAL Oof a
nmet hod o estimating a paraneter of a local nmaxinma or mninma of a function

accor di ndiigweBhe invention. [00301 Figure 8 illustrates an exanple of a

pr e- exi st.j rel ati onshjp,between _interpelation.offset and. code phase bi as.
VD 2004/ d@‘g%i_g P %&6@3’%@‘?}%2”“ & %f’? aFPES’a‘?"_éS"é‘gi’EIa&H“g&%g?ﬁﬁ‘@%f a -

| ookup t ghefpoldiidh @R tahd DoppRr fr8hidhipmiasi p of Figure S. [0032] Figure 10

il lustrates an exanple of a pre-existing relationship between interpolation
of fset arl@033dppl eFigureeddeillostrdi¢sasn §x@0PB] ofiaginokug ltable | ingtleradnting ahe exanpl e

of a lookup table jnplenenting the relationship of Figure 10. [0034] Figure
12 ill ustrfg'ﬁé'(“é‘?gﬁ‘n"#é'g&l%ﬂﬁ‘ of a pre-existing relationship between

I nt er pol ghg of f | Ry t: [ .00 - ' nEh | as.
100351 Frogel T3 PR F2 alGuatcal bRRRIC ST PIo0i RS, ARFERFIERINEA TN e
r el at i onghterpoddtiokioffisetan 112, colOPizSE dimansion ahd pedl eretgydiisss an exanple of a
pre-existing relationship. between interpolation offset in the Doppler
frequenc oﬁ%&ensi Stetztnd 3 pillriratese agyeXxample of @olopkuptable implementiggthet es an

exanpl e &sﬂg:kérfﬁ:' e inmplenenting the relationship of Figure 14.
[ 0038] F%IS?% 1 |slgﬁgl ock di agram of an enbodi nent of a systemfor

esti mati (@036 par Figuren4dfluaraescal exanplawfa pra-existingofel Aiohshig thetweeaccor ding
to the invention. 0039] Figure 17 is a bl ock diagram of an enbodi nent (t)) a
subscr i bdaptegpolatiog pffset in the Doppler frequency dimension and peak energy bias. -

[0037] Figure 15 illusirates an example of a lookup table implementing the

relationship of Figure 14.

{0038 Figure 16 is a block diagram of an embodiment of a system for estimating

a parameter of a local maxima or minima of a function according to the invention.

[0039] Figure 17 is a block diagram of an embodiment of a subscriber station

incorporating the system of Figure 16.

DETAILED DESCRIPTION
[0040] As utilized herein, terms such as “about™ and “substantially” are intended
to allow some leeway in mathematical exactness to account for tolerances that are ()
acceptable in the trade. Accordingly, any deviations upward or downward from the
value modified by the terms “about’™ or “substantially” in the range of 1% to 20% should
be considered to be explicitly within the scope of the stated value.
[6041] Moreover, as used herein, the term “software” includes source code,
assembly language code, binary code, firmware, macro-instructions, micro-instructions,
or the like, or any combination of two or more of the foregoing.
{0042] Furthermore, the term “memory” refers to any processor-readable medium,
including but not limited to RAM, ROM, EPROM, PROM, EEPROM, disk, floppy
disk, hard disk, CD-ROM, DVD, 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

pProcessor.



I ncorporating the systemof figure 16. DETAI LED DESCRI PTI ON [ 0040] As
utilized herein, ternms such as "about" and "substantially" are intended to
al | ow sagpoheResy | N mat henmati cal exactness to accounﬁcf,ggzoggdﬁ%gnces t hat
are acceptable in the trade. Accordingly, any deviations upward or downward
fromthe value nodified by the terns’ "about" or "substantially" in the
range of 1% to 20% should be consjdered to be explicitly within the scope
of the s8@434 val Tbe teympiprecasre 81 rPU kel de anhdevi¢ecapatiie of exequtingof t war e”

I ncl udes _sour ce. \ | ar g bi nary code, . tirmare,

macr o-i ns rf%c i'ggl[g'?c%r%n%%%?ﬁgﬂl%egt ?’rcl}gg& ﬁrgﬁ g‘ﬁ'é A g?gfay‘of’r SRPALBWECRat i on of
two or npi€ropfocedder, f iRy elaikg malbKiAd 2tontiolie) esomputer, NStal eIghhi’ pRIGBYsHr refers
to any processor-readabl e nedium including but noigﬁlai mg"tﬁgd to RAM ROM
EPROM  PIRBRF). BERAE- di sk, floppy disk, hard disk, CD-ROM DVD, or the

i ke, oy GO AP R b ifon® hnd B o Blsid o OF €001 NG, on whi ch nay be

stored a~st |l e by a processor. WO

2004/ 036 20024PCT/ UB20R33 H8RE&2Rs al k&g lof hNeot&imeBsiontl @6R&IEGN fudttiolcPU  refer
to any devi ce capable of executing a series of instructions and includes,

wi t hout Idpmvaddlrens @, regeivpshuignal in @ GRSpeeorlgeationrsysem. Thegeespredcignsbisa finite
t at ni . { | | t 1 git .S I : , th
" ke: 1 mepargete gl Grosiising ST e e e ShenPBTEEEShy e f ooaa]

Fi gure 3shklliustrates an exanpl e of a two-di nensional correlation function
derived froma received signal in a GPS geo-l ocation system The received
si gnal i $0845] conpbhe casredstipnghnctiony desived by perrdatingghe receivpd signal withgmal s each

transmt a GPS.. satellit 0045] The correlation functiaon is derived
by cor r PSS (e PLER DRI nsieOr Bfonk BreRrresRed puf Ao o ede
satel | it @iase TR DRPpRL FHeg@tity Hypoih@idsOr TRE cOMBlation HLidtidhi fepredénte ke phase
and Doppl er frequency hypot heses. The correlation function represents the

corr el at egrrelpted gyergy.indiB o injlimeds tapny. plodiedwlongrypdemicnsianiga cods phiasensi ons, a
code phasge __di mensi and Doppl er frequency di mensjon. I.n the exanple
i1l u SP ; atdgacqswnﬁngﬂolgogp?er t%equcn?& Finendi& U Y examngle §skated In tFﬁ"gure §, P

the code phase dimension is identified with numeral 302, and the Doppler frequency

dimension is identified with numeral 304.

[6046) In the example illustrated in Figure 3, along the Doppler frequency
dimension 304, the correlation function consists of a main lobe 306b and two sidelobes
306a, 306c. Along the code phase dimension 302, the correlation function consists of
the main lobe 306b and two sidelobes 308a, 308b. Other examples are possible, so
nothing in the foregoing should be taken as limiting.

[0047] Figure 4 illustrates a side view of the correlation function of Figure 3 along
the axis 4-4 in Figure 3. As shown, the main lobe 306b give nises to a main pulse 402a,
and the sidelobes 308a, 308b give rise to two side pulses 402b, 402b. The main pulse
402a is the relevant pulse for position determination purposes.

[0048] Figure 5 illustrates a side view of the correlation function of Figure 3 along
the axis 5-5 in Figure 3. As shown, the main lobe 306b gives rise to the main pulse
502a, and the sidelobes 306a, 306c give rise to two side pulses 502b, 502c. The main
pulse 5022 is the relevant pulse for position determination purposes.

[0049] A peak of the correlation function is characterized by one or more peak
parameters, Examples include the location of the peak in the code phase dimension, the
tocation of the peak in the Doppler frequency dimension, and the height (energy) of the

peak in either dimension. In Figure 6, which illustrates the pulses of Figure 4 at a higher



t he code phase dinension is identified with numeral 302, and the Doppl er
frequency dinmension is identified with numeral 304. [0046] In the exanple

i 11 ust rgbedediidszboure 3, along the Doppl er frequencydp(?fmﬁ%&{al 04, the
Wo srdelo

correlation {unctlon consists of a main | obe 306b an es 306a,
306c. Along the code phase dinension 802, the correlation function consists
of the main | obe 306b and two sidel obes 308a, 308b_ O her exanples are
possi bl e,leed of detiailj thg locativhef ftoe pepki 6117 imhibellcddd phasa ldimermsson isrdénitifigd [ 0047]
Figure 4 il lustrat a side view of the correlatjon function Qf Figure 3

al ong th"?é“'hll‘i"gerﬁ-%a’ ﬁ“éf'&d?oéfnél.‘zeﬂsﬁngﬁéfﬁ ,tﬁ‘i H"eairﬁh'f !‘?“F%B_gdéb’élig@“\f'ég_ri ses to
a mai n pulsendda 6062 itheldRrahdEk GRGBfeA28 %0 as3%B8Ria eﬁéﬁk Pééﬁl R, two side

pul ses 402b, 402b. The main pulse 402a is the rel e€van pufse for positidn

det er mi nd0030] pur fbe smnplpd ol whichus theSambpleudosesitie hie@hsiodhe witeapedik,t he
correlation function of Figure 3. al on he axis 5-5 in Figure 3. As shown,
t he main 'f d@%‘t'ge‘%ﬂv‘& frgerpl g‘iaat oT'(‘%éa'ﬁlﬂF(& PRRl Sechagstesized, By ONR OT IPQE| obes
306a, 30¢ [ ' ' . ' u 502a i $
the rel e%ﬂ?‘%ﬁ%’é%ﬁrgwbﬁﬁﬁ?égﬁﬁéw erﬁ’gnih@?ie@n%ﬁ%%é‘é‘@%% %%]‘%ﬂg C%lgak of the
correl at i phasd dimaxinsion, the hatienc {rext ishewin by Bpaeds) ofbthe qeampled penkaimether S.

Exanpl es i ncl udF the | r(?chat I on of the peak in.the code phase dipnension, the-

| ocat i on BePReTeiTRuSRCY (fimpesion paid the negnRlifed encRdhSf oe sampledh@enlei ght

(energy) iﬁéntyﬂﬁwiﬁ’i%érﬂ gght her dinension- In Figure 6, which illustrates
the pul ses of Figure 4 at a higher WD 2004/ 036239 PCTI US2003/ 033122 8 | evel

of detai |[005He | oThtiedn usiallyhedgvéaion @aBvden thd eamslekd apd ageal pealanduean i s
identified w tﬁl nuneral 6Q4, and the nqrpalized energy of the peak (in
terms of WBpsynshropess natwepl i sHmplingesiagk Bowlatipnde dhe artuataedk docatien. ef er r.ed

" " . . . . h
to as a%ﬁhanﬂiﬁ@%‘uﬁ@%ad’éﬁa%ﬁ bei»@&ﬁgi)e I&ﬁalﬁ@ﬁ%@&éﬁﬁﬁkmﬁ}eﬂss fphe sanpl e

closest in heig o0 the actual pea 'S | ral ©08a_ The
sanpl ed pEglreits farhauamples thezdaibipndreveen tho naualsadphegledqrik prbaomtiar s,

i ncluding the | qcation 610 of the sanpled peak in the code phase di nension,
t he | ocatheRoderRiassisgRsion iy dpd th)deyratipp besveap thecrepish Rnd samived Peasppl er
frequencyh gihrlren%i on, and the nornalized energy of the sanpled peak,
identified ®th Rumeral 612. [ 0051] There is usually a deviation between the

sanpl ed agszct ualapaakpoldidd pe@k is identified with numeral 614. This interpolated
peak, which is assumed to have been derived through quadratic interpolation applied to
the samples 608a, 608b, and 608c, is characterized by one or more parameters, including
the location 616 of the interpolated peak in the code phase dimension, the location (not
shown) of the interpolated peak in the Doppler frequency dimension, and the height 618
of the interpolated peak.
[0053} The deviation between a parameter, such as location or scale factor, of the )
interpolated peak and of the actual peak is the interpolation error. In Figure 6, the '
interpolation error between the actual and interpolated peak heights is As, and the
interpolation error between the actual and interpolated peak locations along the code
phase dimension is Ay,
Embodiments Of The Invention
[0054] Figure 7 illustrates a flowchart of an embodiment of a method of
estimating a parameter of a local maxima or minima of a function. The method begins .
with step 702. In step 702, the method comprises performing interpolation on samples
of the function at or near a local maxima or minima, resulting in an interpolated local

maxima or minima. In one implementation, the function is a two-dimensional



t he asynchronous nature of the sanpling clock in relation to the actual peak
| ocation. This translates into a deviation between the actual and sanpl ed

peak pawymbHesgzsel N Figure 6, for exanple, the devi apépisheiygps the actual
and sanpl ed peak locations in the code phase dinension is A, and the

devi ati on between the actual and sarered peak heights is A2 [00521 An

I nterpol ated peak is identified wwth nunmeral 614. This interpolated peak,
whi ch i s @5slatay factipty ayEgn adepdey dhateh SB0WIHu aad ar i lRoppkere freateacy on
applied t e S e, 8 i 8,..char act.er.i zed .hy . one or
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code phashredi samipies O, ort Mar | 094k BN ten Bbrrel ShdWiyncbn taiéhg Biebpaheatwsl peak in
t he Doppl er frequency di nension, and the heicght 618 of the interpol ated
peak. [OcBmEAsTns, aehthen Jegprmiingihepeak phthe uadeatic fypettpnas | ocation or scal e

i ntor pol AP or , Sep T TRAGFRER 7BEC SO andeliel Ghihe BF PheoBefiEen 1 ne

actual angifsetEieRmeoRtion oftketieihglthFerkisce Adtwean dhd JoRationbfekdialcipdingd er r or
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)

di mensi orlo¢ad mexima pripdeimaedatermanedrivestem Vah and the postign garapled ilgdalist rat es a

flowchart_of an embodi pent of a thod of., estinating a.paraneter of a | ocal
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function at or near a local maxima or mninma, resulting in an interpol ated

| ocal  neRYeHEed) withintherplurality ehiempigs| usedbintthe indgrpolatien pigessi on is a

t wo- di mrenghanal 00410362 CTl US20031033122 . 9 rrelation function,
havi ng o B0 ona L 00 SRRERERT, g R 0 e dRbian B ¢ s
)i mpl enentiaédiions of theRnRRdIAedBAE SSRpIEd tédaD thalirdd of hhinta SUMEtdoRBlatien three

sanples at or near a peak of the correlation function al on%i one of the two

di mensi orfunctigndalengesithgethecailn phase phBopplendreueneiedimentipes: ilo Hawiebifon. [ 0055]
of  Sot . AP D Brpr aRon, R 5 e R B FRMReP6aBrPS oAb i on of
the intergphbRUGHd int@paheAPLANTRIGH: th SUdeBhaRidEheAsGH i n step 702 and the
| ocation of a sanpled | ocal

[0057] Tuming back to Figure 7, from step 704, the method proceeds to step 706.

In step 706, the method comprises deriving an estimate of the parameter from the

interpolation offset.

[0058] In one embodiment, step 706 comprises deriving a parameter bias from the

interpolation offset using a pre-existing relationship which is present between these two

variables, and then deriving an estimate of the parameter from the parameter bias. In

another embodiment, this step comprises deriving the parameter estimate directly from

the interpolation offset.

[0059] In one example, the interpolation offset is the deviation between the

locations of interpolated and sampled peaks of the correlation function along the code

phase dimension. A code phase bias bears a relationship with this interpolation offset

which is illustrated in Figure 8. Numeral 802 identifies the interpolation offset in terms

of chips, numeral 804 identifies the code phase bias, and numeral 806 identifies a curve

which embodies the relationship between these two variables. As can be seen, in this

particular example, for an interpolation offset ranging between —0.5 and +0.5, the code

phase bias ranges between —0.00405 to +0.0575 chips, which translates to -11.87 to

+16.85 meters.



maxi ma or mnima. |In one exanple, the sanpled local maxima or mnim is the
| argest or smallest sanple (correspondi ng respectively to whether a | ocal
maxima or mnima is involved) within the plurality of sanples used in the

i nter pq#,atzm% gcess. [0056] In one enbodi ment, the ‘f’t"ﬁézﬁ%ﬁyg n offset is

the difrerence between the |ocations of the |nterpol a | ed | ocal
maxi ma or minima of the correlation Munction along either the code phase or
Doppl er frequency dinensions. In Figure 6, for exanple, the interpolation
of fset i §0060% di f nepsndmpkinchtiineeot thHie ekample| oins relhtiviiship bametiedhand
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exanpl e, [0d61]r el aneAsHble dfehiveRRup Rdle is ilwtrped & Figure$ f Bahispadictlae code

phase bias is enbodied as a | ookup table. Using this |ookup table a code
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phase bi qg T1b§. 3996f) CotddBordthEIPMaSL LAle 8l Ffeheiild Wﬁn%@ﬁhﬁ%hé‘%@ of the

| ocation o
entry corresponding to index value 1 is identified with numeral I; the entry

corresponding to index value 2 is identified with numeral 2; and the entry corresponding
to index value 128 is identified with numeral 902e.
[0062] The following equation maps the interpolation offset, interp_offset, to a
table index, Jut_index:

Jut_index = (int)({interp_offset + 0.5) * (lut_size-1)) {1
where int is the integer function, and lut_size is the size of the lookup table. In this ()
particular example, lut_size is 129. For values of the interpolation offset which range
between —0.5 and 40.5, this expression yields index values between 0 and 128.
[0063] In a second example, the interpolation offset is the deviation between the
Jocations of interpolated and sampled peaks of a correlatioh function along the Doppler
frequency dimension. A Doppler frequency bias bears a relationship with this
interpolation offset which is illustrated in Figure 10. The interpolation offset is
identified with numeral 1002, the Doppler frequency bias is identified with numeral
1004, and a curve embodying the relationship between these two variables is idenufied
with numeral 1006. As can be seen, for an interpolation offset ranging between —0.5

and +0.5, the Doppler frequency bias ranges between -2 to +2 Hz.



t he peak al ong the code phase dinension. In this particular exanple, the
estimate is in terns of a code phase offset between the sanpled and actual

peaks Wobodslossigul d be appreciated that other forn%(ggwﬁﬁg,og?ﬁgng t he

stimate are pOSSIb|e such as the code phase offset between
|nterpolated and actual peaks. Mreovdr, in this particular exanple, an
access to the | ookup table yields a code phase bias which is then added to
t he int e[@Medht i onlmtbriesiﬂnplememm'rdm ¢fhbis;mainpleod&t iehinosship ipdrebodaaver, it
shoul d be C|ated t enbodj nent s possi bl e in which an access to
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of this eheaapleentry berespbadin®nsintdex vauediidémaifiedsvieh numeral 1102¢; and the

table entry corresponding to index value 32 is identified with numeral 1102d.

10066) The entries of the table illustrated in Figure 11 are in terms of Doppler bins

rather than Hz. The relationship between the size of Doppler bins and Hz in this

example depends on the setting of Nc. In the case where N is set to 20 ms, the size of a

Doppler bin is 25 Hz. Equation (1) above, with lut_size set equal to 33, maps the

interpolation offset into a table index.

[0067} In a third example, the interpolation offset is again the deviation between

the locations of interpolated and sampled peaks along the code phase dimension. A

peak energy bias bears a relationship with this interpolation offset which is illustrated in

Figure 12. The interpolation offset is identified with numeral 1202, the peak energy bias

1s identified with numeral 1204, and a curve embodying the pre-existing relationship

between these two variables is identified with numeral 1206. The peak energy bias is in

terms of C/Np, expressed in units of dB-Hz. As can be seen, for values of the

interpolation offset ranging from —0.5 to +0.5, the peak energy bias ranges from —0.69 to

+0.14.

[0068] In one implementation of this example, this relationship is embodied as a

lookup table. Using this lookup table, a peak energy bias is determined which



| ookup table. Using this |ookup table, a Doppler frequency bias is
determ ned which corresponds to the interpolation offset. This Doppl er

freque L .5 added to the interpolation offset tg forman estimte of
t he Io::\gpizg‘%ﬁ“é?b?he peak al ong the Doppl er frequencf‘%"?f&qgﬁ’%ﬁml n this
particul ar exanple, the peak |ocationiZ2estinmate is in the formof a Doppler

frequency of fset between the sanpled and actual peaks, but it should be
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as in the formof an offset between the interpolated and actual peaks.
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Figure 11. In this_particular exanple, the |ookup table has 33 entries,
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and the table entry corresponding to index value 32 is identified with ’
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of Doppl I'Ns an exanpl e ‘'depends on the setting of Nc. In the

case Whelf@0Mg i s Efthi§ Paruldb exifiles b Gcdss do thORIKEp 1O yiedds2h pdak Equati on
(1) above, with lut_size set equal to 33, maps the 1nterpolation offset

into a t&ne@yibirsewhichopevysenventty tadred i shnintaspolated pepk engiey ta fom of f set i
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al ong the“code phase peak ener ears ar

Wi th thi pobdblemiabh atcedd (oSt 196Uuphable difebihs iRl QB bfimdnt GEBR abdial The
interpolation offset is identified with nuneral 1202, the peak energy bias
i s i dent iPeple@naagy-h Mareqsen| examples ash gosgitde wherectip sefinatg of e prtual @epkt | ng
rel ati onshij . 2se var.i abl IS J.dent fi 1.th nuneral 1206.
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can be sqeor1if or wahyesiDExdne, theiiREPOlatibh Osafit S dhvddidhNgtbdednhe 0. 5 tO
+0. 5, the peak energy bias ranges from-0.69 to +0.14. [0068] In one

i npl enentlegations ofithe Mierpelatgdand sampied peaks atang tkehPepiler feagbenty aimensia.

A peak energy bias bears a relationship with this interpolation offset which is illustrated

in Figure 14. The interpolation offset is identified with numeral 1402, the peak energy

bias is identified with numeral 1404, and the curve embodying the relationship between
these two variables is identified with numeral 1406. As can be seen, for values of the
interpolation offset ranging from -0.5 to +0.5, the peak energy bias, which in this )
particular example is in terms of C/Ng and is expressed in units of dB-Hz, ranges from — \
0.45t0 0.

[0072] In one implementation of this example, the relationship between these two
variables is embodied as a lookup table. Using this lookup table, a peak energy bias 1s
determined which corresponds to the interpolation offset. This peak energy bias is then
added to the interpolated peak energy to form an estimate of the actual peak energy.

[6073] An example of this lookup table is illustrated in Figure 15. In this
particutar example, the lookup table has 33 entries associated with values of the table
index ranging from 0 to 32. The entry comesponding to an index of O is identified with
numeral 1502a; the entry corresponding to an index of 1 is identified with numeral

1502b; the entry corresponding to an index of 2 is identified with numeral 1502¢; and



| ookup table. Using this |ookup table, a peak energy bias is determ ned

whi ch WD 20041036239 PCT/ US2003/ 033122 12 corresponds to the interpol ation
of f set ..wdhbdyoBf3& energy bias is then added to the Wﬁwﬁg gz peak energy
to forman estimate of the actual peak energy. [0069] exarrp e of this

| ookup table is illustrated in Fi guré313 In this particular exanple, the

| ookup table has 33 entries, associated with table index values ranging
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peak energy bias bears a relationship with this |nterpo ation t which
is illusoreireosa of n flogon és llwlstraTcttb]m}hgtacﬂbl Hsi 1Hnstm’tefclsﬁtc s:ysematempnﬁesed with

nuneral 1402, peak ene |s i de |ed neral 1404 and the
Curve: enBRGHG RETERPOaLt B Teek' THOALREIR e &8 Stdent 11 ed
Wi th nurrﬁrsebct;bﬂ%or /;sarfsmngethé%ahom P‘@bﬂée’? of ameof th@taﬁm&;ﬁéﬂ@n of f set
ranging from-0.5 the peak energy bias, inthis particular

exanpl e lmplﬂmentetum on‘cx_dnmmsaﬂndrﬂOE\&émrm@e@en rdesmribed oofsugi8stett, Thenges from
- 0.45 to LOO?ZlUég rgg El engﬂftatlon o hs exanpl e, the reI ationship
bet ween Pﬁ’é%sé Tt o COULBITE 18 AL ESS o HlSh AR RIS NS, SPHERIG MSHBFLONS SangiBIYt hi s

| ookup t ghb&diedbPPdiofNRIdy bias is determ ned which corresponds to the
interpolation offset. "This peak energy bias is then added to the

i nt er pol 8086] peakineorer gyplemwerftatian, am wuch mapaamétet legtimae wal bipebdarerer gy .

relationship with the interpolation offset which is embodied as a lookup table, the

lookup table is stored in the memory 1604, and accessible by the processor 1602 for

determining the parameter estimate or bias corresponding to a particular value of the

interpolation offset.

[0677] An embodiment of a subscriber station in a wireless communication system

is illustrated in Figure 17. This particular subscriber station is configured to embody or
) incorporate the system of Figure 16.

(6078] Radio transceiver 1706 is configured to modulate baseband information,

such as voice or data, onto an RF carrier, and demodulate a modulated RF carrier to

obtain baseband information.

[6079] An antenna 1710 is configured to transmit a modulated RF carrier over a

wireless communications link and receive a modulated RF cammier over a wireless

communications hnk.

[0080] Baseband processor 1708 is configured to provide baseband information

from an input device within user interface 1716 to transceiver 1706 for transmission

over a wireless communications hink. Baseband processor 1708 is also configured to



[0073] An exanple of this |ookup table is illustrated in Figure 15. In this
particul ar exanple, the | ookup table has 33 entries associated wth val ues
of the table index ranging fromO to 32. The entry corresponding to an

I ndex g?olgod;@:,gzg;ntified with nunmeral 1502a; the ent];ézmg%wszoéglggdi ng to an

I ndex s 1dentified wth nunmeral 1502b; the entry ding to an
index of 2 is identified with nunmerall41502c; and WO 20041036239

PCTI US20031033122 13 the entry corresponding to an index of 32 is

i denti f i gdbvwdet basehamé riaforbsiidd frofquatscover (706 @by eurpaipdeviket witlein 18er

I nt er pol atir?Pg ?ﬁ)iet to a table index. [0074] In this particular exanple, an
access t s up table yields a peak energy bias which is subsequently

added torgdagyi Nt enRe! flepdcL a6 CRRIpRYes! @ aﬁltﬁﬁsmﬁ%f &%{cm&enﬂjug epact ual

peak energy, but 1t should be appreciate at” exanples are oSsi bl e where
an acces sutpottinp esdéromfonpaticisueh ds vaod drydavd. €lfsdeaivee sipicatly enchided héthact ual

peak energy. Noreover, exanples are possible where the estimate of the
act ual pél%&sefén@rfasﬁ ngIU§%?%Oﬁ%ﬁﬁﬁﬁ'@ywﬁ%ﬁ'?*ﬁ@?b@aq(a%éﬂwetsi as and the
sanpl ed m? ener SHF%Q ' € | jng a ’
paramater o ]a Io§g§ mﬁ%&?ﬁaﬁégcm ?ndgrfg?éc gg'ffe ua?llg?ji% %ﬁ%@ﬁ?ﬁ%{séﬁ@ﬁe&d I n
Fi gur e 1ranshsissidrisysid mbadingtthedsystaveaahinforaastion py aertaar171802 and menory

1604. The nenory 1604 tan%i bl y enbodjes a series of  instructions for
per f or ni AY¥he nevorEd2ier | Aifyscentigurd togdepve OPSirorelsrilvnshprs from the

I mpl ement. at Lon- . ' vV, | uggest ed.
The pr og@éggdﬁﬁrg?cvéﬁ%&?gﬁlr@gc?gqg%%gygfh? %%e@ﬂ%ﬁﬁggég? "tr\g/\&g{raé??zr@t ructions
t angi bl y prezirbadi eshrdiytionefuncyonl @likh ik MBHGdd bveraneodenpiiagerdithaisioanandian whi ch a
paranmeter_estipate or bias bears a re|latignship with the interpolation

of f set wikiaprier fe@iepey F"&F“é'é‘_“a Ip 8191&963 Phise dimepgion, It%%ﬁ'fflﬁ‘lé?ﬁlf\é"‘ingn éﬁt or ed (th
the memoisddiher 3RheBRFES3 PSR SeRies SASGT white, WO 1n iEDRRAENT N0 ¢
paraneter estimate or bias corresponding to a particul ar value t he

I nt er pol dteqoencyidimetsion, AR Edrrddmicannmdiicre iy defined ouwbacpluixtity sf Bopglar i n a

wi rel ess communi cation sysgem is illustrated in Figure 17. This particul ar
subscri bdequengy o8- | Saghhmdtytiral gorsladom sReTamed ir 8¢ aate WiheBy&d cm of
Figure 16,50048%d WE&cﬁJn@ﬂﬁé‘g‘?étYonaﬁMa&?N& figured to nodul ate baseband

i nf ormati on,
[0084] Correlator 1718 may also be configured to derived pilot-related correlation

functions from information relating to pilot signals provided to it by transceiver 1706.
This information is used by the subscriber station to acquire wireless communications
services,

[0085] Channel decoder 1720 is configured to decode channel symbols provided
to it by baseband processor 1708 into underlying source bits. In one example, where the
channel symbols are convolutionally encoded symbols, the channel decoder is a Viterbi ( )
decoder. In a second example, where the channel symbols are serial or paraliel
concatenations of convolutional codes, the channel decoder 1720 is a turbo decoder.
[0086] Memory 1704 in configured to hold software instructions embodying the
method of Figure 7, or any of the embodiments, implementations, or examples thereof
which have been described or suggested. CPU 1702 is configured to access and execute
these software instructions to estimate parameters of local maxima or minima in the
GPS correlation functions provided to it by correlator 1713.

[0087} Memory 1704 is also configured to hold lookup tables embodying the pre-
existing relationships between an interpolation error and a parameter estimate or bias.

In one example, CPU 1702 is configured to access and utilize these lookup tables to



such as voice or data, onto an RF carrier, and denodul ate a nodul ated RF
carrier to obtain baseband information. [0079] An antenna 1710 is
configured to transmt a nodulated RF carrier over a wreless
comuniwabb@Rssdsy Nk and receive a nodul ated RF carri gc10y8hosthsab €l ess
comuni cations |ink. [0080] Baseband grocessor 1708 is con??gured to provide
baseband information froman input dévice within user interface 1716 to
transceiver 1706 for transmission over a wireless comrunications |ink.
Baseband dgicanias gqraranfod gsumaless laanvhigh cedespondaBo20partiod s2idgrpolation
PCTNSZOOS&O 3122 14 provide baseband information fromtransceiver 1706 to
an out puP fevi ce within user interface 1716. [0081] User !nterf'ace 1716
conpri seppoBsp! ur abpui704 isd&Mﬁg@%d t®inal 2R Wd GPY cOfrelait RUEGIRProVigdd =
information such as voice or data. The devices typically incl'uded within

t he user 4 itbyrchaeltor 12 k8ide isplate tedasal maxirds epindnimachereof, ard Wi astioplone, and a
speaker . 00821 S.receiver 1712 is confi.gured.to,receive and dgwn-convert
CPS s at e PRAMEER 1.3 S0 8, 166se I mPOmar AR SIS e B S for rmt | on
to Ccorr ebahfof Wl fhriah@AR3dor G st Ve BEenldidbsied of affdestied to derive GPS
correlation functions fromthe information provided to it by GPS receiver
1712. Foi0089}i verCPM ¢#fk is calso edanfignred 7@&iveptioduced Roppler dirafuency f uncti on

which is defined d h i i d I
G rons! oCSEETRLS SO Pp BB e S He Mt 375 S BeT BN G L08R def i ned
over a I 5gtuld S RRmAE RStk URhi R (REBES BRI edch of Aife DoDP! er

frequency dinension, the correlation function is defined over a plurality of
Doppl er nfepsugreenty: Ibitins emBadinent thevd thessurammentseindtRMBE ivalupeatt prowded n

accordance W defi ned ..C ent ,and .non-coherent integgation paraneters
(hee N oD oot B S B e e Bt OBy ase
pilot-r ebﬁh?,@oﬁ%&'b?ﬁdiﬁ% RMISE VaRe! dddnded Ea%dtékf ak NBLaiBR ah& vafokitd of el | Ot

signal s provide o it by transceiver 17 is information is used by the
subscr i bewbsstilwr istation dasecloen the weightbd seagwements.c ddieons velgetheisoesrib§r00851

Channel decod&r 1720.is c nfiigure to.defcodg'gch nnel synbols provided to it
by baseb3AROHIITEERG S 0¢3g ad ¥l peily; frgym Bys ndImgtipR:” | one exanypl e,
wher e t hengeo) While various embodiments, implementations and examples have been

described, it will be apparent to those of ordinary skill in the art that many more
embodiments, implementations and examples are possible that are within the scope of this
invention. In particular, embodiments are possible where the invention is employed to
estimate parameters of local maxima or minima of functions other than correlation
functions, or of correlation functions derived from signals transmitted by base stations in
wireless communications systems, mcluding omini base stations and individual sectors in a
multi-sector cell, or of correlation functions derived from signals transmiited by in hybnid
) sysiems employing combinations of base stations and GPS satellites. Moreover,
embodiments are possible where more than one parameter of a Jocal maxima or minima of
a function is estimated at a ime. Consequently, the invention is not to be limited except in

relation to the appended claims.



channel synbols are convolutionally encoded synbols, the channel decoder is
a Viterbi C decoder. In a second exanple, where the channel synbols are
serial or parallel concatenations of convol utional codes, the channel
decoder 1720 is a turbo decoder. [0086] Menory 1704 in configured to hold
software instructions enbodying the nethod of Figure 7, or any of the
enbodi nents, inplenmentations, or eixanples thereof which have been descri bed
or suggested. CPU 1702 is configured to access and execute these software
instructions to estinmate paraneters of local maxima or minima in the GPS
correl ation functions provided t6LAIMBy correlator 1718. [00871 Menory 1704
is also configured to hold | ookup tables enbodying the pre- existing

rel ati onshi ps between an interpolation error and a paraneter estimate or
bias. In one exanple, CPU 1702 is configured to access and utilize these

| ookup!-t abl&gnathed\d SH@aiE38 P3gmEET A1 3 Jo0h 31388 op miniMa gt e fumctie a par anmet er
esti madogpAtindi @s wWhi ch corresponds to a particular interpolation offset. -
[ 0088] CSU 1702 is configured to analyze the GPS correlation functions
provided to it by correlator 1718, to isolate the |ocal nmaxima or mnim

t her eof , arrgripmpiesinterpataton qnesrziphes afitke fofiction atroe her b hgaltngxinkes @idime.al naxi ma or
m ni”&eHﬁhg$1&hﬁwﬁEEQQQmQEWEEQQﬁﬁmﬁm& or any of the variants thereof which
have been di scussed or suggested. [0089] CPU 1702 is al so configured derive
time and Doppl er frequency neasurenents fromthese paraneters. In addition,
i n one enboltiivemtan @RLpolaAOR dffset ompkisige ree devimioo elfeerarn nlecatibies pbdte mean square
error  al e " f t In this enbodi nent,
t hese ﬁe SE%gﬁ%%?@hgﬁggﬁﬁ%@geﬁﬁﬁggﬁgﬁEﬁﬁpggﬁﬁgﬁﬁﬁﬁﬁﬁgﬁ$DE (not shown). The
PDE wei ghts each of the measurenments based on the inverse of its

cor r espondidegviRl/BEnv adstimate anaf t then pesincrat dont héeel omatpobmomnaffel ocity of
the subscriber station based on the wei ghted neasurenents. Alternatively,

t he subscriber station determnes its own |ocation and velocity fromthis

i nf or n&t i orfhe[n@00QA pf ANiinl levhegait beiBinaivh dxchi arerelaten fimgpbrenent at i ons and exanpl es

have been described, it will be apparent to those of ordinary skill in The
art that r nmbadi,nent i .enment.at i ons d exanpl es _are possible
t hat a?e Wi imrr%ﬂ}oﬁgf(g%rg%ewhgfe"{%? %orrgﬁh(\)/nen cltng?ﬂs dFrﬁveggrro £ acrﬁ%F (,?Sl%‘r?%odi ments are
possi bl e where the invention is enployed to

4. The method of claim 2 wherein the second deriving step comprises deriving a parameter

bias from the interpolation offset using a pre-existing relationship that is present between these

two variables and then deriving an estimate of the parameter from the parameter bias.

5. The method of ¢laim 4 wherein the interpolation offset comprises a deviation between

locations of interpolated and sampled peaks along a code phase dimension.

6. The method of ¢laim 5 wherein the parameter bias is a code phase bias.

7. The method of claim 6 wherein the parameter which is estimated is location of a peak
along the code phase dimension, and an estimate of this parameter is derived from the code phase

bias.

8. The method of claim 4 wherein the interpolation offset comprises a deviation between

locations of interpolated and sampled peaks along a Doppler frequency dimension.

9. The method of claim 8 wherein the parameter bias is a Doppler frequency bias.



estimate paraneters of |ocal maxima or mnima of functions other than
correlation functions, or of correlation functions derived from signals
transmtted by base stations in wreless comuni cations systens, including
omi base stations and individual sectors in a nulti-sector cell, or of
correlation functions derived fromsignals transmtted by in hybrid systens
enpl oyi ng conbi nati ons of base stafl¥ons and GPS satellites. Moreover,

enbodi ments are possi bl e where nore than one paraneter of a |ocal maxima or
m ni ma_ of functi is estimated at a time. Consequently, the invention is
not to'he ITHi"e d@ﬁr&]@lms’Wﬁemﬁﬁ?ﬁfﬁ’aﬁtew'wéesawmd% cqpmpispeak gf  CLAI MG | .
A et hie finEtiod atongede iDvgpler BRu0R tidlensddn, andl 20 @&tlmatPofitiiMpHEmdidrnd devefl a function
conpri si ng: erlfg.{rm%rll}%li).nterpol ation on sanples of the function at or near a
| ocal BT E ™Y esul ting in an interpol ated | ocal maxina or

m nima; deriving an interpolation offset conprising a deviation between

| ocati bins Ofhetnit€hod bNélgimpiokiteaiht peahetdiBitb ¥8 podk dikrd) BAs.and a sanpl ed | ocal
maxi ma or mnim; and deriving an estimte of the parameter fromthe

i nt erpol atign offseFL]. . 2. The_ nethod of claiml wherein the function is a
correl & i onFdRfeiod ghelaim TlHisreirsihnprjarester yhich i estimpfed isiPrAkieRBL 8R4 & at i on

f unct i @Ambuts ofh@isipyi@tlettl i9Brded RER N PehkTh@dbias. 4. The nethod of claim?2
wherein the second deriving step conprises deriving a paranmeter bias from
the interpolation offset using a pre-existing relationship that is present
bet weeh-t hesls methgd af haim v wherea the thresxistiag relatingshiprbetrecer thstiatepplatitte par amet er
from t fieeidnl aRBhamed HE.is nbodid@asBbdlAf tBfe. Cl @i m 4 wherein the interpolation
of fset conprises a deviation between |ocations of interpolated and sanpl ed
peaks al ong a code phase di nension, 6. The nethod of claim5 wherein the

par ametéer blhggnathod st elaigel Jowbesen thie secondpderiving stap eqmyisestdirgstlyidssigogier ei n t he
par anefsghatélf Bl pdrim&s toiBhElieclpdlaliratbiartotth a8 aR8aKo hehRRe thkle code phase

di mrension, and an estimate of this paranmeter is derived fromthe code phase
bias. 8. The method of claim4 wherein the interpolation offset conprises a
devi at Fon betgeny tangbltndhedyieg 2 jsprueicp Of aeBrpre fErecsiag ©F PpréuRYEa ong a

Doppl efehbLsteaYinglh PROSIQDT a Beal HAKMABE RBSmOIr aGluRtioh &opRSRei N the paraneter
bias is a Doppl er Trequency bi as.

performing interpolation on samples of the function at or near a local maxima or minima,

resulting in an interpolated local maxima or minima;

deriving an interpolation offset comprising a deviation between locations of the

interpolated local maxima or minima and a sampled local maxima or minima; and

deriving an estimate of the parameter from the interpolation offset.

16. The memory of claim 15 wherein the function is a correlation function.

17. The memory of claim 16 wherein the correlation function is derived from a received
signal.

18. The memory of claim 16 wherein deriving an estimate of the parameter from the

interpolation offset comprises deriving a parameter bias from the interpolation offset using a pre-
existing relationship which is present between these two variables and deriving an estimate of the

parameter from the parameter bias.



17 to, The nethod of claim9 wherein the paraneter which is estimated is

| ocati on of a peak of the function along the Doppler frequency dinension,
and an estimate of this paranmeter is derived fromthe Doppler frequency
bias. 11. The nethod of claim4 wherein the paraneter bias is a peak energy
bias. 12. The nethod of claim 11 wherein the paraneter which is estimated is
peak energy, and an estinmate of th8§s paraneter is derived fromthe peak
energy bias. 13. The nethod of claim4 wherein the pre-existing relationship
between the interpolation offset and the paranmeter bias is enbodied as a

| ookup!®t ablTde memorym{glaip i fylerein the inferpplation isptapmprissea desdasian befepdnyi ng st ep
conpr i 1s@Siondiof Rk poYarddend Yinfplbd PBaks BShd IBEEpHAte diliensRar aneter fromthe

i nterpolation offset through an access to the | ookup table. 15. A nenory

t angi bIOy enbodyi ng a sequence of software instructions for performng a

met hodt¥f  eF FIFBETY Y claimh i witpstinethe Barameter Siag is apads thasediasni ni ma of a function
conprising: performng interpolation on sanples of the function at or near
a_| ocal], MeogEBn oy ThNE IRy 207 §RAMih RGpakdheRR id REMLRQE 3Rtk LiGAthe TBIEI M or

m ni ma; deriving an interpolation offset conprising a deviation between

| ocat i R9Ass diypenpipg and 3y estimee af this Paramelsr indexivedelrast thetate whesabids a sanpl ed | ocal
maxi ma or mnima; and deriving an estimate of the paraneter fromthe

i nterppl ati f : : e ol =Y ctionis a
corr eP%t' i onﬂ? S%Entoﬁgﬁ.daalrg .lsﬁgelnem%mg%n@l ﬁs%c%@p%gé giwr'}an% get%%gﬁr el ation

f unct i leetiprs of wparredatediand sampled Peaks vleek a Rengleafrequersy diressisenory of cl aim 16
wherein deriving an estimate of the paraneter fromthe interpolation offset
conprifes LV ]| i [ Qn.of fset using a
o b ot i e, &t R RleRln R PRarktid Bk R DBRE LR 88 1L Var i bl o8 and
deriving an estimate of the paranmeter fromthe paraneter bias. 18 19. The
menor y2dof ClThaimenb§ offvbrne 2B whereinitivet @ragpeteatvhioh isoffirsgtd is dorptiansd s peekdevi at i on
bet wee i Q i : S e phase

ai meneytae ARt ethe DOBREARGRLEE AHRTLIEIRY B Ao RER®, £ 2 C e
phase drizgl fropmthe Phpplerdmaueycydfiascl ai m 20 wherein the parameter is |ocation of
a peak along the code phase dinension, and an estimate of this paraneter is

deri Veﬂs_ fr Omem%ogooq%lam?sg\ghepéi%e parameter bias is a peak energy bias.

26. The memory of claim 25 wherein the parameter which is estimated is peak energy, and an

estimate of this parameter is derived from the peak energy bias.
27. The memory of claim 22 wherein the parameter bias is a peak energy bias.

28. The memory of claim 27 wherein the parameter which is estimated is peak energy, and an

estimate of this parameter is derived from the peak energy bias.

29, The memory of claim 18 wherein the pre-existing relationship between the interpolation

offset and the parameter bias is embodied as a lookup table.

30. The memory of claim 15 in combination with a processor, wherein the processor in
configured to access and execute the sequence of software instructions tangibly embodied by the

memory.

31. An apparatus for estimating a parameter of a local maxima or minima of a function

comprising:



22. The nmenory of claim 18 wherein the interpolation offset conprises a

devi ati on between |ocations of interpolated and sanpl ed peaks al ong a

Doppl er frequency di nension. 23. The nmenory of claim?22 wherein the
paranmeter bias is a Doppler frequency bias. 24. The nenory of claim 23
wherein the paraneter which is estimated is location of a peak of the
function al ong the Doppl er frequenty di nension, and an estinate of this
paranmeter is derived fromthe Doppler frequency bias. 25. The nenory of
claim 18 wherein the paranmeter bias is a peak energy bias. 26. The nenory of
cl ai m 25 whesees far pailermpiag itasrodationdn gmples obwe fuvaieacht psnegealecal makigyp, and an
esti ”Btﬂ%litgﬁ]a,tr&'uﬁingﬁf RATRLBSlatb Pl Ma¥iRE of M4, he peak energy bias. 27. The
menory of claim 22 wherein the paraneter bias is a peak energy bias. 28. The
menory of claim27 wherein the paraneter which is estimated is peak energy,
and an estmagut Br dériving an ipigrpalaiencetispiscomerisivgd devigion tpeveprelekationsedfyy bi as. 29.
The meDn¥ R ated I @hIMaAdndMIetifid ahdEsaRbRa Rtk Hlakith or flidih:aRghi p between the
interpolation offset and the paraneter bias is enbodied as a | ookup table.
30. The nenory of claim 15 in conbination with a processor, wherein the
processor impanclonderiying ewlestimatg otihe parameter divadiy iotereatigeeflietnce of software
instructions tangi bly enbodied by the nenory. 31. An apparatus for
estimating a paranmeter of a local nmaxinma or mnim of a function

conprising: 19 neans for perform ng interpolation on sanples of the
function at or near a local maxima or mninma, resulting in an interpol ated

| ocal maxima or mninma; neans for deriving an interpolation offset
conprising a deviation between | ocations of the interpolated |ocal maxim
or minima and a sanpled | ocal maxima or mnim; and nmeans for deriving an
estimate of the paraneter fromthe interpolation offset.



