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ioesE di NR&TeirRg to FRire 0f dubb@tbePBtalidn 100 in a wircless communications
system receives transmissions from GPS satellites 102a, 102b, 102c, 102d visible to the
station, and derives various 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. Alternatively, the station 100
determines its own position and velocity from these measurements and values.

[0004] 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
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[0008] However, the shape of a GPS correlation function, in either 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 Nc 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 to 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
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OF THE | NVENTI ON [0012] A nethod is described of
estimating a paraneter of a local nmaxima or m nina of

a function. In one Smml‘nkﬁﬁvﬂ@hbgd begi ns by

performng interpolation on sanples of the function
HI012} neah methodab desoxibed ofrestimaiimga pae&m&ten ofja local amxima or
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Incamahtenpotatedi conl nmmnmmr nAnpred. anet er estinmate is then
Floeorgved fromthe interpol a¥|on of f set . _ _ _
Then, an interpo at1on offset 1s 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 1s 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 to a

plurality of samples of the correlation function at or near the peak, and the peak of the

quadratic function then determined.
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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 1s determined through an access to a lookup
table embodying a pre-existing relationship which is present between these two

variables. This Doppler frequency bias is added to the interpolation offset to yield an

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



vari ables. This peak energy bias is added to the

i nterpol ated peak energy to yield an estinmate of the
whedghse2e¢ t he peak al ong the code phase di nenBCDUIS2003/033122
[0019] In a third exanple, thg paranmeter which is

sought to be estimated is the” |ocation of a peak of

orreJation functjon al ong the ppl er freguency _
EfBafet ontr™® Jebmpr@mpls s BReGpF BTG GRS uICe efmited is the
Ba%ﬂﬁf ek BF FRCBrPRIYE BhclibE al'oﬂé NP &XrRfdEncy dimensjon. An
saitpl ed peaks al ong the Doppl er Trequency dinension. A

Dogpbletiod offgy esndeyived, againeqnaleés gendiffagnteobatWween the interpolated and
inter$ola i on offégt i s determ ned through an access

$Rlef oRsidtsp alengnitee JRBRRISH ritFauCTsY e dEmansioPng A peak energy bias

' i i ch.d : . -
CEIARATN ), L SR RS Sttt S, \BARCHIEP il 5 ppgnisin
retdtemplop avhicn iopfesatt Heovaenethekseatwo esiabimat eThik pichle energy bias is
| ocati on of the peak along t he Dopgler frequency
adeehie fisrintemelzsesboeals saecey pesidusso B {hoheightjof tegpeak along

I .t he paraneter which is sought to
g§12§%?#£%gﬁggggﬁhgmﬁ)éight of a peak of the

o924 k| at | Membtiactahgiblyadratglyinzahdde pyetiesdsf arelreRiealsystems, are also
di mension. An interpolation offset is derived, again
gegHPed- 0 the difference between the interpol ated and
sanpl ed peaks al ong the Doppl er frequency di nmension. A
peak energy bias_ corresponding to this interpolation

of fset is deter nBREH DESCRIRTHON Op THEDRANINGS

(/(@er?leo n Sﬂ#ﬁ%b&&ni{ss iP e ?@t re? ggrcly,fneo? a&gagsgg?lg\/\?)h (secale, emphasis

| es. peak energy°bi a

insteadl PoinapRdePeFdn iB0QFGingtie rirkliflePor tBS triveRdiéh. O thd)Bgures, like
hei ght of the peak along the Doppler frequency _
wiferercs navnergl pdesignaigepies ronding gt thoughouoie diffarerd e ws.

ds, @and rel ated syste are al.so escri bed.
i S R e s S ST PR
peawpnentSiei® 2 he 4 idubras ASrdRl NRGHSIAASH le¥rok Gn a correlation
scal e, enphasis instead being placed upon

funicien dextvied frorheregeivet sighadn e GRShgeolnsagionispsiem| n t he

j es, J.ike _reference nuneral s. designate . .
(B8 < oorkietE ety S1GHUTRIE: e dierUPERtOTAl (RS correlation
fuPeds, Whabinehd fidt dirkkRHMAN B SIS PhaSL @ih&&Rd @ the second
system [0024] Figure 2 is a diagramillustrating
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a received. signal in a S geo-| ocat i system .
(gL FiGEine i faiiie: pheadngls wampis obe GPs eflTon function
4118Rg tierBaspiRekintdRsiopor rel ation function, wherein the
first dinension is the code phase di mension and the

O28hd  Figure S illustrates an example of a pulse of a 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.
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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.
[0041] 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

processor.



i ncorporating the systemof Figure 16. DETAI LED
DESCRI PTI ON [ 0040] As utilized herein, terns such as

wO awas623and "substantially" are intended to BECT/O82003/033122
sonme | eeway in mathemati cal exactness to account for
tolerances that are acceptable in the trade.

@ﬁg&r val Slléﬁ/e,{ﬁ ‘,‘Pg‘gcveﬁaf}f’t ﬁns(;wngefﬁ gglm eyjpe capable %%n executing a

sePieDDF aRdthtibYs ahd iddhgick 2RaB0@f Iidhiadich, 20%erehaubd SR&%l—purpose
considered to be explicitly within t he scope of t

wicaomdcassdrudinife0g4te] mivbrinsvemtroller, umstpubesr eligital tskgmal processor

"sgf&gare" i ncl udes source code, assenbly
@gﬁﬁhﬁg ©bte, binary code, firmare, _
FRel&ontd CeekiafBs Fuffioh ahdBldrp&ihii@Brror OF the |i ke,
or any conbination of two or nore of the foregoing.

[00842] Furigime rihﬂhmt,ratbhm bmmplé o raotwe dimeh g osal tcorrallagion function
roc Efor-readable P ncludlng but nﬁ limte

ch atpngyystemy. g ecc—ayegk&gnal 1s a
33 n@lsgé §1l§nal%nwng[2>\ﬂ@ or Moré l?@mhdn{%%t si@hal€83h transmitted by a GPS

natiron of 'two or nore of foregoi ng, on whic
sapllilee stored a series of software instructions

ut abl a cessor. 04/ 0 6239
@éingZO e(%@'fﬁiﬂon ‘“[CE)‘GRS‘“‘] eﬁ’fgggﬁ FRE® atﬂ?&)@%é‘?&’r"ed gignal with a
PieRHde fo@ bRE of e RMUIAGY ITGR 6 ﬁ’@l@gl)rgs ¢ pgrml‘ctﬁﬁ*gh'ﬁgr #plurality of code

series of 1nstructions an I ncl

phiase taatli Doppler Gregasmal -hypothsgsci dhe plsmptaslen functlon represents the

n1croe£ocessor finite state chi.n conH[oI
1

fergy. gh 4B ordn s (i ALAGH alingdpp, digensipyi. a code phase
Jilh'}éﬁSlO}l '%fi Q%&%lé}m&qﬁgﬁﬂ ifleRlib PN I Hfa%%(hﬂ & iA0rated in Figure 3,

I nterpol ati rror Figure 3 1 rates an
thx aope @hade dintensionliisrbdeati Hed withomuradralt 3aM ahdnbd Doppler frequency

derived froma received si naI in a GPS geo-location
Syrergan istdentiisdey epreeghi*-is a  conposite signal

i si e r. gpa
|?)r gﬁ]; m ttrﬁél dﬁ% e)Qarnzél% 1ﬁu§i Inrt?gil LFI% 035%1%?22'@1@ Doppler frequency

diatensibaBothE um&lam ﬁmcﬁl@f comedtsyf £muihdbbd B0 dndawo sidelobes
recei ved S|gn al with a PN code for one of

00re PG elongribe core phase ﬂwwé%#m%&tlt@o g\anfélon consists of
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JhL} la%%t4r-§ﬁne§1g'ufé f.' AL ﬁovg’n, the main lobe 306b give rises 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, 306¢ give rise to two side pulses 502b, 502c. The main
pulse 502a 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
location 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



the code phase dinension is identified with nuneral
302, and the Doppler frequency dinension is
w0 dwansd28ed Wit h nuneral 304. [0046] In the exedmpis2003/033122
illustrated in Figure 3, along the Doppler frequency
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eak in the code phase dinension, the |ocation of the
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ei e n.ei er di
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samel.g gﬁ@éﬁ pxthe code phase dinension, the
Iocatllg‘r? (notdeshovvn in Figure 6) of the san‘pl ed peak

[0058he Eﬂmodiesmatfanﬁm:munya phracactst, aoch anldcdtivam or scale factor, of the

nor mﬁl i zed ener gy f the sanpled peak, identified
HitgrRolAtsereak 294 20f hegstupl PRy is the ol ypngerry i iy Fighre 6, the

91%1'}9@1@90& réfrots %@R}!’e%ﬁ t‘ﬁ@dacﬁﬁl lﬁﬁh 19&%?&9&’%6519 heights is Az, 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
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[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.
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whbreant & hodetegidyectisinggnd dutdeze isnihasitrer fsihordeokpe talle. In this

e ] RN o
Bdtwehie—0.96ad 08, Bfs expression yields index values between 0 and 128.

[0063] In a second example, the interpolation offset is the deviation between the
locations of interpolated and sampled peaks of a correlation 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 identified
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.
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to a table index, lut_index: |ut_index
FOO(SSht)( (Antexamptf bs ehis+oOkdp téblé Imt:llssm&:dlan) F(glx)e 11. In this
where int is the integer function, and lut_size is the
m@@lweﬁaﬁwlq dhsclapkunaigble hap A3 epiries, assaciated iWih tableangices ranging
| E
13 it ible SRy KB HBEnBhe 10 AU B fehffed with numeral
eMRastei tabble ¥hiey dsrdspotding & indsx baluyveanidenafied WaAB .numeral 1102b;
0063] In a second exanple, the interpolation offset

s table entay, FarrasBending (eidde Kalue £ dxisentified with numeral 1102c; and the
ISR Bl EdhoRRl ST L0, RE 3K, Al i BREPARNL B 1030

UnCtI

0opp] er mem@syofbh@ﬁbtéeﬂﬁﬁraeednﬂIfagur@ms Afedn\Wridd df Moppler bins
[ nterﬁol ation offset which is illustrated in Figure

TRher Tthan lHit edpelralatignshir beaeen ghe |S’<§érﬂf| Ppepiefiabipp and Hz in this
9 de 851 on %gﬁt?%g%;‘ fIrq ﬁi%%%gec he&e %IS 1|s t%fﬁltcg %6] G f{he size of a

curve e

Dsb;ﬂéﬂ Bﬁﬁﬁl 75 bRt V\E@lﬁhti‘bhe(&? abi¥, WaAfH abl @& b3 dqd@niol 33,6faps the
wi th nuneral 1006. As can be seen, for an

intRrpelpadmefifsshingd p sble méﬁ’gl ng between -0.5 and +0. 5,
%ﬁ%ﬁgpp@&%%%%%nc H%gngl%téos %‘f e¥\e 2 l{godel){batlon ‘between
theRb&IRNt F liMBrpdlatdd b SaAwHIBd @eal@shzﬂoﬂigehﬁt ddaBSINage Hitnension. A
ger;?ioe?l:ﬂ%?/ b?ass baears a relationship with this interpolation offset which is illustrated in
Figure 12. The interpolation offset is identified with numeral 1202, the peak energy bias
is 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/Ng, 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
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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.

[0073] An example of this lookup table is illustrated in Figure 15. In this
particular example, the lookup table has 33 entries associated with values of the table
index ranging from O to 32. The entry corresponding 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 1502c; and
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RAERSie 1488 e, e BRRNOEMOES. whROR, ERphalERah | REKE e, he
bk eible ihasedtinahy atenadd €604, SaﬂddﬁfdészUI@G vmd Brocessor 1602 for
nuneral 1406. As can be seen, for val ues oz t he
feieapipwigahe @ﬁramert@eqstlmﬁrg@rn@aqf eomgsponding ¢o -popagticuldievalue of the

ak er which in this particular example is
pn?erP()]gpmgt?‘segl\b and is expressed in units of dB-Hz,

[007gES fr Aembldidfent 6f Hsutls@ibéRktation Gnge Wi T €50 i 0n system
of this exanple, the relationship between these two

vsaﬂuﬁmeesn |Fggtt§¢r%d| Bluis @srtigulpioplbsgribenBiaon isgionfgured t embody or
Qoku qner gy bias is determ ned which

@8??8@% %Igysf%n ?ﬁﬁgurﬁt gr pol ati on offset. This peak
e8Py biRsdib Srahb@iver 30066 tonfidifed B BlodRlart BepRaknformation,

energy to forman estinate of the actual peak energy.

such as voice or data, onto an RF carrier, and demodulate a modulated RF carrier to
obtain baseband information.

[0079] An antenna 1710 is configured to transmit a modulated RF carrier over a
wireless communications link and receive a modulated RF carrier over a wireless
communications link.

[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 link. Baseband processor 1708 is also configured to



[0073] An exanple of this | ookup table is illustrated
in Figure 15. In this particular exanple, the | ookup

wWo al4m342a¢ 33 entries associ ated with val ues oPCTNS2003/033122

table index ranging fromO tg 32. The entry
corresponding to an index of @ is identified with

nuner al t he .en correspon to an i dex of

provide; ‘&?éi}ﬁ%“ 'EFPIW"E‘PP ﬁ‘&fy’fb%‘?sceli oé'g(’éqgon%“ SHPM device within user
L ERSR9EI ng to an index of 2 is identified with

nuneral 1502c; and WO 2004/ 036239 PCT/ US2003/ 033122

[®81he enUsey mmrfaesmdndldmgnmeara plmdaﬂXyoff éké&mtes for inputting or
identified with nuneral 1502d.  Equation g
AetpYttns LiRs dRfoFRA QT RIFP 38 ¥RIFHAT @ﬁt% skpe @@/I%Sﬁw lyllﬁ%@@d within

f Qxéé’i] intef¥ foﬂ'nglu@?atkhﬁiblaﬁf ﬁ%ﬁgﬁgf s@reefgrb Ak V\ﬁﬁl%ﬂ& Anb rﬁ%peake:r

e yle a pea i as

o83k que ntBPs( rediled 1712 i loenfi guret tp(tb@sﬁ mﬂarﬂecakwemwgm GRS satellite

forman estimte of the actual peak ener

HRABTN RIS, apimrewiatgéae flovr-cnvgrpd ésfmawélong@g@irﬁﬁf@r 1718.

85720 CGRARSr § 214 ATohARIPS ARNE g E1ioH BhARnE rom the
e ual ak™ energy. reover,

fafiies pedveddaossi b} SP8hedetver N@1 RSsFommgioew PN digle aimgftor 1720
peak energy is formed fromthe sum of the peak energy
Brodycas i ceRdatiomnfyinedoh 8dichels edediped operny 5Pd%ﬁhase dimension and a

fﬁ(g end d&eﬂ%he%ftl%rco%g 'h%tdlﬂlgnﬁoﬁ)q o% uffction is
SR e PF RS

i ma of unctron 1s’i

defirfedgveea 1:61ge/%$ cbﬂé pﬁdséﬁtvﬁﬁth defifie 8 WBAreMWGOdGW N\S.em the Doppler
?rocessor 1602 and nenory 1604. The nenory 1604

TRGHFIBY yHiraensinm, ke someptians fusction s defirad Y & plurality of Doppler
Pr%ujeg\cr: nu}% t %gclm%rfmgu cffcofrlelgHEn? Is per%rm%? % &rﬁa%cg with defined
embodrnents, | tat I'0ns, th

ebteednt Hﬂilﬁoxb@cﬂi&rcﬁ@ﬁﬁégrhlﬁﬂl pa&arsaggem @d) The processor
is configured to access and execute the software

[0S} uct i @meltltah éﬂb‘i may algd e cerfigyedondariyed gdat-refayptagyrelation

!’ﬂncg?rg r(g;g alrrl Sorrgatl? z%tmér{ovmlgf“ Wig{uhlg t%?]c%/ngetdte té)rlgg)y axiangc%lver 1706.

ThisSeformhti¢is Ke msiyqﬂd: S6bsasber statiokUp abqliteewirklRes communications
| ookup table is stored in the nmenory 1604, and

stEieesi bl e by the processor 1602 for determining the

BT ot o ol oGRS cORPREFE R 5% Bufhel pyspoty provided
it 8YBRGLARNPro6dss@ 508306 uREE Adudde BiRk. 3n Vhé Ela@Ste, where the

conmuni cation system is illustrated in Figure 17.
mmnselrﬁambpbmrer:onwbgmnakb)eencgﬂed $yappals teopliangelr dedodeg is a Viterbi

SRR, %o, LBREPOLBEe DRt S e A 098 e
b@=aRasbnk Bf 861@IItRRal 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 1718.

[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
wo ndoansaB® on. [ 0079] An antenna 1710 i s confi geCEUS2003/033122
transmt a nodul ated RF carrier over a Wwreless
comrmuni cations link and receive a nodul ated RF carrier
over a wireless conmmunications link. [[0080] Baseband i
detemitie & parepisier; eSURBIT STghirwHPID HFEYIRES i pgirgIer mierpolation
biplepr mation froman input device w thin user .
Interface 1716 to transceiver 1706 for transni ssion
[0088] a wi CRUdSFH2 ésocomiiginedttd emsydei thik GPBasedkktidn functions provided
&Egcessor 1708 is also confiqured to WD 200 /03?239 )
pysoveaoni3is o lf’f&a‘ﬁ ths o TR B R d‘“PWF‘bﬁ‘ﬁﬁP ;G¥pd to estimate
. ; H . . L .
PR e S 1l oD miEH) GBS B Figure 7
of anyadfitieyvapfan@ehdressvHiol havebetn disguseed oraupgastedi ng user
i nformation such as voice or data. The devices

t0P8PLal | yCRHc{edswhlsni eonfignesd,glerive nimes f &k [Porplergdrequency
, [ eef, .8y Cr. :
BoSSRONS ol BESbRUEEE o o FERAEYGANALR, GPu 1702 i
t@tguied tadtetiaitg tBOVOE hieakBiuasatedr (RMSEY dsastsated sithreach of the
and providing the down-converted information to _
BsRsuEsTRRTSY. [nhis embodignt. dhse icatuspmanta 804 BMedhyalgsgrasgiprovided
0 [ | :

o BB ETR T Pb Ty DAL ALRTLRRS pyedap e
of ieBofiNpondieg RMSE elaRicpindl héf estima@dsl clesloaatiodr il @dlogty of the
function which is defined over a code phase di nension

sirbgeriber pEASEN dasedr @iy thenwsighiedureaswisments. AlEeragins]yphigs subscriber
L[ ' . r [ ' LS - I.ned over a

ATRLE M 8 RAI0Eh fhR HHSPED LB b p Rl 1) W

j0090he Dowpilervaribhe @udainedtsiempleditntatibis @fd rexbdiplednhave been

function is defined over a plurality of Doppler

dgsedoasndy voll rhe. appgedat it dhosedefaprdimry skidk iromhe grt that many more
erfor 1n,accordance W th fined oherent, . .

BHOBEE i PRREPRT S RSP R B SOl coe o i

faQEktRInat B pakichfar Meybatli :entd @rec pirkibBlwBete tihe SEty@is employed to
pilot-related correlation functions frominformation

estimatd pgrametepy lobtloesl gnaxima pmrominded efofunetigng other than correlation

ranscei 1706, .Thi.s information i s used. t he .
bR oo e RO TbbEFelel (BRI S g rons i
HAEMECRMmMEMOBBhs SBRAREINCIHEHS BT baseQtatisnCadlih@ividad sk&ors in a
decode channel synbols provided to it by baseband _
pubiceeston cell, 20 ®f cordatipmdandtiphy dersved froan pigeals transnytied by in hybrid

s?y)éﬁeprgl gfnpi’c\)@%rgecénqginations of base stations and GPS satellites. Moreover,

embodiments are possible where more than one parameter of a local maxima or minima of
a function is estimated at a time. Consequently, the invention is not to be limited except in

relation to the appended claims.



channel synbols are convol utionally encoded synbol s,
t he channel decoder is a Viterbi decoder. In a second
wezaapbe3o where the channel synbols are seri al POT/US2003/033122

paral l el concatenations of q&nvolutional codes, the

channel decoder 1720 is a turbo decoder. [0086]

Menmory 1704 in configured to hold software

i nstructions enbodying the method of Figure 7, or any

of the enbodinents, inplenmgtghisons, or exanples

thereof which have been described or suggested. CPU

1702 is chmidtigur dfestimatagrepsaandr ekelbatlenaxime ©e minima of a
oftware instructions to estimte paranmeters of | ocal
CHMBCVPPTH M ma in the GPS correlation functions

provi J ; r 7 r .

is al g%ﬂ)(ﬁan %}% 135:?%0&8%1 Cﬁlloﬁ% I eg (JJO Eﬁ% ftuggtﬁgls;t g%%%)?i){%%ﬂ% élma or

miremagpesting th aneihetpodatedicesl lhetiwaen naninayt er pol ati on

error and a paraneter estimte or bias.. In one

exanpfeViRgw iegpolationQfiet CRIPRIL ISR deddios bahrenpgatiops of the

B A B D P A 0ol mysima or inima; and
or bi dsividg ahestarateasfpthe garaneta fam thedniegolation offset.
interpolation offset. [0088] CPU 1702 is configured
to analyze the GPS correlation functions provided to
1 DY2.COrfid ALAbd 3 chfim | AR B Fuldion i0f eI FinGlon.
m nima thereof, and to estinmate paraneters of or
relating to these |local maxima or mnim using the
met hod of Figure 7, or _any of the variants thereof
whi ch3havEhasBehodipkdlaias 2 o hsreins thggegelation [ungee) is@spjved from a
%%83&&& aljso configured derive time and Doppl er
requengy "neasurenments fromthese paranmeters. In
addition, in one enbodi nent, CPU 1702 is configured

to deternine the root nean square error (RVSE) )
assoctat ethanethogatHaigt 2 thereinig seraduisiiying sighcqmprises

SR oSBT R ot P YRR Ao
oihit i peesBiaRu @Mehdss thasathbdey dndehdndeeiviey anaktimbe of the
correspondi ng RVBE val ue, and then estimates the
Paemeiepifomihe DEpveiet Yiagf the subscriber station based
on the wei ghted neasurenents. Alternatively, the
subscriber station determnes its own |ocation and

vel ochty Theonethbd 6f ¢18in04 Mteiedmthe iG] atdh ioffeet\Cariphisss a
enbodi nents, inplenentations and exanpl es have been
drvaationthebiveentlogatipns efdnigmedatethand emptessreaks algpgip gedephase
&gllbohn the art that many nore enbodi nents,
|nﬁ?enehtations and exanpl es are possible that are
within the scope of this invention. In particular,

enbodi nents are gossible where the invention is )
enpl o§-ed Fhe method of claim 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.



estimate paraneters of |ocal maxima or mnima of

functions other than correlation functions, or of
w@ormB@sd on functions derived from signals treeEOIB1033122

by base stations in wreless-,comunicati ons systens,

i ncl udi ng ommi base stations gnd i ndi vi dual sectors in

a nulti-sector cell, or of correlation functions

derived fromsignals transmtted by in hybrid systens

enpl oy i norORtheebf Qiith @@vhb@%ﬁh@tp%ah% balRGs £B8ppler frequency

satellites. Mreover, enbodinments are possible where

bres.e t han one paraneter of a local maxima or m ni ma of

a function is estinated at a tinme. Consequently, the

invention is not to be limted except in relation to

the appenddnghal BFclilid SRS PRE2ERRTIIRAPA TR

16 CLAIM5 1. A nethod of estimating a paraneter of

locatinin afaxienta obthe fumition alwhg she lf)upmen foeyuenaypdimsnsgign, and an

performng interpolatjo a f the function at
SHIRER talsm@gret%a& g fron SLﬁ Plor dig LK% n an
i nterpol ated | ocal maxi ma or n1n|na, deriving an
i nterpol ation offset conprising a deviation between
| ocat 1 onsTbé miethed of nkaen pottaread thopahmeraxbinmisarpenk enengy bias.
and a sanpled local maxima or mi nima;, and deriving an
estimate of the paraneter fromthe interpolation
of fsefy 2 eTIHahsf&?mgnph %@ﬂem t%e PRERRIR Wil lé eﬁﬁﬁatéms peak
is a correlation tunction. 3. The nethod of claim?2
aneegye bind drhesticoite fl tatslpamniettmoi; dmweldsfrcnlm thepedk Emeogy as.
received signal. 4. The nethod of claim2 wherein the

- second deriving step conprises deriving a paraneter
bi as 0
or o ot ot g e a8 r BT LRl S HardiRiFhid 1 prak sperey bias.
these two vari abl es and then deriving an estlnate of

t he araneter fromthe ﬁaraneter bi as. 5. .The @g
of cl mﬂhevmeheql Al ¢lpig Fhivbeist @F.pawnwferrgvéledeaﬁﬁw% is peak

Igé'e X#a&‘&ﬂ Oty &Etﬁfg acg?térq ﬁeﬁ-’\fed Eh%cﬂegﬁ %rﬁ}lﬂg&

pea ong ase |nen3|on
.nethod of cIa|n15 mhereln the paraneter bias is a code
phase bi as. nmet hod of claim6 wherein the

par ankt-er ‘Wﬂl%thw gf daim dwhetein Ge resexptingrelionshipbgiween the
f h atidlo %g%ftgéiﬁraﬁfeﬁ? Bk Qe mBOHe ALY £RbkIPLFIeC!

par anet e
16. The method of claim 15 wherein the second deriving step comprises
directly deriving an estimate of the parameter from the interpolation offset through an

access to the lookup table.

17. A memory tangibly embodying a lookup table, the lookup table
implementing a pre-existing relationship between an interpolation offset and a
parameter bias or parameter estimate, and the interpolation offset comprising a deviation

between locations of interpolated and sampled local maxima or minima of a function.

18. The memory of claim 17 wherein the function is a correlation function.



derived fromthe code phase bias. 8. The nethod of
claim4 wherein the interpolation offset conprises a
waoles4asi2on bet ween | ocations of interpol at ed apdr/UsS2003/033122

sanpl ed peaks al ong a Doppl er g frequency di mensi on. WO
2004/ 036239 PCT/ US2003/ 033122l . The rret hod of

claim8 mhereln t he paraneter blas i s a Dop

f r equEhcyl hegngmoryiqs clammd s ydhereip thy CoéTeé‘ft’r?Péu'\‘/%‘é’f‘ d ferivgd from a

. Which is estimated is |location of a peak of

gﬁé@gﬁ g?lon al ong the Doppler frequency dimension,

and an estimate of this paraneter is derived fronfthe
Doppl er frequency bias. 11. The method of claim5

wher e?th tHee fﬁama%%féfalm 18sVhegein aﬁé%@@s%??e‘f‘@_\lpogﬂlﬁéable yiglds a

éﬁg Eggg of claim 11 wherein the paraneter which is
stim is peak energy, and an estinmate of this
paraneter is derived fromthe peak energy bias. 13.

The nethod of claim9 wherein the paraneter bias is

peak 2hertie memery of lrimmigavhessingn aeqesef%qhﬁf%uw@feeylﬁlds a
anEl which is estimated is peak energy, and
g% B fna%eﬁéf this paranmeter is derived fromthe peak
energy bias. 15. The nmethod of claim4 wherein the
pre-existing relationship between the inter olatlon

of f se22-anbha mempry efirkaier20pyhesein sheintsaprlationeffsst FBIIsES 2
Wét%h b]eﬁx/?e-mgcﬂ%flpgpingﬁ'pogit@d c}lécmﬁg éaﬂs Sllaﬁg §%§@%age

eriving step conprises Irec |ng an-es
@iimenkienpar aneter fromthe |nterpolat|on of fset through
an access to the | ookup table. 17. A nenory tangibly
enbodying a | ookup table, the | ookup table

i mpl ef?nt’t‘l o o?#yg f%ﬁlagZ%ergh% n‘e‘? %tBr p&l Ygeae&dgﬂhase bias.

i nterpol a et an
parameter estimate, and the |nterpolat|on offset
conprising a deviation between |ocations of

intergbl a lmnamarwﬁbql@c%lmfm MESPATRMENET PHtiFIamis @R eglimate of

u ct I 17 wherein the
I RGAiRR of o P e RN BRI 0 2004/ 026250

PCT/U82003/033122 18 19. The nmenory of claim 18

wherein the correlation function is derived froma
recei ¥2d Bhgmemory of claim 24 wherein the parameter estimate comprises a sum

of the interpolation offset and the code phase bias.
26. The memory of claim 22 wherein the parameter bias is a peak energy bias.

27. The memory of claim 26 wherein the parameter estimate is an estimate of

peak energy.

28. The memory of claim 27 wherein the parameter estimate comprises a sum

of interpolated peak energy and a peak energy bias.

29. The memory of claim 27 wherein the parameter estimate comprises a sum

of sampled peak energy and a peak energy bias.



20. The nmenory of claim 18 wherein an access to the

| ookup table yields a paraneter bias. 21. The nenory
wobooaloai2ee 18 wherein an access to the | ookup tedl/@S2003/033122

yields a paraneter estimte., 22. The nmenory of claim

20 wherein the interpolation %ﬁfset conprises a

devi at i on_bet ween Iogﬁ%gﬁns of. i nterpol ated

nd :
sanpl 8¢ pERAEERPBIRS ARG eV hsrEE &he iRl ptisbcompises a
BRIk, i B Pl R TR Bk g DBl
fraquepay ditneionest i mate is an estimate of the [ocation
of a peak al ong a code phase di nension. 25. The nenory
of claim 24 wherein the paraneter estinmate conprises a
sum t [ ] -
bi as. 9&'6. @Qﬁﬁg%&f%@%@l \gllgrrnéggh%ag?&le?lgr @gggpag? eIe(%rer
ht@mntgbias.peak energy bias. 27. The nenory of claim
26 wherein the paranmeter estimate is an estimte of
peak energy. 28. The nenory of claim 27 wherein the
par a er ' r4 ' t -
poak Sior D BeoR SIEAR O AAp N Barghell BBl R o Sagmatc o
theadamidd oMb esl dloneDppplanfeéqenesdingasien.conpri ses a
sum of sanpled peak energy and a peak energy bias. WO
2004/ 036239 PCT/ US2003/ 033122 19 30. The nenory of
cl ai 0 erej | t-er [ : i -
Gevi o ont Borelrf SIS SR A ATRALAE! o AR}t sum
sihp ireerppRdlss offbangd a Dopplet fequdnegtiaency di mensi on.
31. The nenory of claim30 wherein the paraneter bias
is a Doppler frequency bias. 32. The nenory of claim
31 whgjei .er ' i 11t ~
the' | Siat | rigpol GTHA0GHC IR bt KRl Sk ncrgy bias.
di mensi on. 33. The nenory of claim 32 wherein the
paraneter _estimte conprises a sum of the ) )
i nt er pd| at homeBPRsEtclamPB4v Isspip s PFraBefaeeftiynaks iyan estimate of
%g%egg%gry of claim 30 wherein the paraneter bias is a

eak ‘errer gy bi as.

36. The memory of claim 35 wherein the estimate comprises a sum of

interpolated peak energy and a peak energy bias.

37. The memory of claim 35 wherein the estimate comprises a sum of sampled

peak energy and a peak energy bias.

38. A system comprising a processor and the memory of claim 17, wherein the

processor is configured to access the lookup table tangibly embodied by the memory.

39. A memory tangibly embodying a sequence of software instructions for
performing a method of estimating a parameter of a local maxima or minima of a
function comprising:

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

minima, resulting in an interpolated local maxima or minima;



35. The nenory of claim 34 wherein the paraneter

estimate is an estinmate of peak energy. 36. The
woreonanyge20¢ cl ai m 35 wherein the estimate conprPEEESH03/033122

sum of interpol ated peak enﬁagy and a peak energy

bias. 37. The nenory of clai 5 wherein the estimte

conpri,ses a sum of sa ed eak energy.and a ak .

ener g§eThiingan g‘é‘?rp%ag%ﬂ&&ﬁt g 148 % e\ga/tmng}%\gg%ﬁo%m@ns of the
& pOBRIRTYcaPha%in®] &R thifi m¥BRY £5dnpIB@10cRI RSEHAY: nlifima; and
contfigured to access the | ookup table tangibly
enbodidetvilpyar éstinmagerof yhe pa8Bnetéx fremtireyintegpudatiinyoffset.
enbodyi ng a sequence of software instructions for
performng a nethod of estimating a paranmeter of a

| ocal 4('5@)(1"%91501? JBmC39 BherbidMed AR GPRR o R¥on function.
performng 1 nterpolation on sanples of the function at

or near a local nmaxima or mnminima, resulting in an

interpol ated | ocal maxima or mnjm; WO 2004/ 036239,

PCT/ U$2o0Bhomsmoy of mpipiet] Wheigindhe ¢aTreesion  fuRstion inferiveg from a
&gggg&g%gg_a devi ati on between | ocations of the

I nterpofFated | ocal maxima or mininma and a sanpl ed

| ocal maxima or mninma; and deriving an estimte of

the paraneter fromthe interpolation offset. 40. The

menor $2-of L9 BERPBeh gimeddwhereingtigmsecpphdgriying step comprises

: ' i . | aj . .
SRLYE% Bbireler B e IO BT BRL ying SRt FiSing relaionship
whiohi iy pietsait pa@ieen ditse e varibtes ynd tlerdtiag an ddinvheoftha parameter
the second deriving step conprises deriving a
Hapdhe PURMBIER 8126y om t he i nterpol ation of fset using a
pre-existing relationship which is present between
these two variables and deriving an estimte of the
par anmg3.er The menoiyhe ghamadPededreinitisintedpolatidreoffil@nosyprises a
claim42 wherein the interpolation offset conprises a
deXiatian Rshvesetlgrasions slinisrepiatedand saplerbpeskeglong g code phase
samled peaks along a code phase dinension. 44. The
nenory of claim43 wherein the paraneter bias is a
code phase bias. 45. The nmenory of claim44 wherein
the paraneter is |location of a peak along the code )
phase44i nElitsmemoryefctlaim Bsvheraindheoparpmetsr bias Hrieqode phage bias.
derived fromthe code

45. The memory of claim 44 wherein the parameter is location of a peak along
the code phase dimension, and an estimate of this parameter is derived from the code

phase bias.

46. The memory of claim 42 wherein the interpolation offset comprises a
deviation between locations of interpolated and sampled peaks along a Doppler

frequency dimension.

47. The memory of claim 46 wherein the parameter bias is a Doppler

frequency bias.



phase bias. 46. The nenory of claim42 wherein the
i nterpol ation offset conprises a deviation between

wo oeaideds of interpolated and sanpl ed peaks aPONgSz=03/033122
Doppl er frequency dinension.zﬁJ. The menory of claim
46 wherein the paraneter bi as™i s a Doppler frequency
bi as. é/\o 004/ 0362 CT4 US2003/ 033122 21 4@ The di
menor §°-of IBF'HPW?" Whetein (g patameter YRicR s gsymated is
Rﬁ%ﬂl&%ﬁ%éaﬁ of {HRGBhd R Qﬁng“th@%pﬁfr flfegﬁenfcy Bﬁﬁér@{bn%&!%
t he Doppler frequency di nension, estimate of
tdunsatpafr thivgtaeamdter igl derii vegddrdm the Emliﬁdpqqhercyﬂm&q uency
bias. 49. The nenory of claim46 wherein the paraneter
bias is a peak energy bias. 50. The nmenory of claim
49 whgg ei fpt %HR@{{' anaL&] 4Wh€ﬁ1ﬂ l%e?%ﬁahﬁ?etr%gas liSa P@a%kenergy bias.
energy, and an estimate of this paraneter 1s derived
fromthe peak energy blas 51 The nmenory of claim 46

wherein the paraneter s I's a peak energy. pi.as ,

The meYror YIeoNCBPE %0@1 e\ff'é%rﬂ"tﬂﬁfepaﬁarflaﬁﬁ%&cﬁmseﬂwr is peak

B b e N S TR T R B .

The menory of claim42 wherein the pre-existing

relatlonshlp bet ween t he erpol ati on offset and the

par anet-er Tt BEMPY i ‘@w'%ela e irpceabipe!s agpeak gpergy bias.

system conprising a processor and the nmenory of claim

39, wherein the processor in configured to access and

execubz the sequendelam Hovbheseinehd pesdmetet wbiab is estimated is peak

tangi bl y enbodi ed_by the nenory. 55. A nethod of
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a function conprising: a step for performng

i nterpol ati on on sanples of the function at or near a

I ocal 53.melkhenmaeraorynofielaim, 42relartinitingprerexanng retlarthlgﬂ)edween the
maxi m or minina; a step for derivin
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| ocations of the interpolated | ocal maxi ma or mninma

and a sanpled local maxima or mnim; and a step for

deri vbfig Arysahicompesiaf atphecepsar anethe mdniainof blaim 39, wherein the

i nterpol ati on of fset.
processor in configured to access and execute the sequence of software instructions

tangibly embodied by the memory.

55. A method of estimating a parameter of a local maxima or minima of a
function comprising:

a step for performing interpolation on samples of the function at or near‘a local
maxima or minima, resulting in an interpolated local maxima or minina;

a step for deriving an interpolation offset comprising a deviation between
locations of the interpolated local maxima or minima and a sampled local maxima or
minima; and

a step for deriving an estimate of the parameter from the interpolation offset.



