WO 03/ 039020 PCT/ US02/ 34326 PARAMETER ESTI MATOR FOR A CDVA RECEI VER WTH A
SEARCH W NDOW OF VARI ABLE SI ZE AND/ OR PLACEMENT 1. Rel ated Applications

[ 0001] Thw® @ppdazeati on clains priority to U S. Provisi on@aCTAmpkB3¢asi on No.
60/ 336, 187, filed on Cctober 29, 2001. 2. Field of the Invention [0002]
This invention relates to the field of paraneter estimation using
correlation analysis, and nore specifically, to a paraneter esti nator
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subj ect"/8R AL&LEB¥FTons caused by factors such as multi-path. 3. Related Art
[ 0003] The d obal Positioning System (GPS) is a collection of satellites
each of which travels in a precise orbit above the earth's surface. Each
satellite transmts a signal nodulated with a pseudo-noi se (PN) code

uni que-t o thedatedA@plicationsEach PN code conprises a predeterm ned number of
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si gnalon G&bhem@902001N the receiver detects a transmission froma particul ar
satellite by determning the degree of correlation between the received
signal and shifted versions of the PN code for that satellite. If a peak
of suffici J i@ the correlation value for one of the shift offsets
is dej';'ect gigé,ldgﬁglelrﬂeﬁgg?@benﬁ is considered to have detected the transm ssion
f r om t[Re023 dthéd invemtion] ©BBGek] toTthe ficklcefi pacamest estimtationiusmg| cormtatiom abalysist ect i ng
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transm ssion and tinme of arrival. Gven the known velocity of the

transm ssion, the receiver estimtes the distance between itself and the
satelljte. SJJhi.s stti mat ed di stance defines a sphere around the satellite.
The receiv e%ﬁ%%g the precise orbits and positions of each of the

sat el 1[0003¢ ThanGlobeb Rbsitibing | Systed€ €GPS i1 pdadlestido of RaBitey bichsofantlich
positions. Fromthis information, the receiver is able to estimate its
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conmu rﬁrmﬁtdnnhmdsymﬂmmf lehipsapRiiIRS mteieat tepwvensg colnpositel éiogrmﬂ camprising ar der WO
03/ 03911%%81&':3 0 /S}Jg%% s/ 4011%2 te’?:ach of the satellites that are visible to the receiver. A signal
estimator in the receiver detects a transmission from a particular satellite by determining the
degree of correlation between the received signal and shifted versions of the PN code for that
satellite. If a peak of sufficient quality in the correlation value for one of the shift offsets is
detected, the receiver is considered to have detected the transmission from the satellite.
[0004] The receiver estimates its location by detecting transmissions from at least four of the
satellites. For each detected transmission, the receiver uses the shift in the PN code.to
estimate the delay (in terms of chips or fractions of chips) between time of transmission and
time of arrival. Given the known velocity of the transmission, the receiver estimates the
distance between itself and the satellite. This estimated distance defines a sphere around the
satellite. The receiver knows the precise orbits and positions of each of the satellites, and
continuously receives updates to these orbits and positions. From this information, the
receiver is able to estimate its position (and the current time) from the point where the
spheres for the four satellites intersect.

[0005] The FCC has mandated that subscriber stations, including but not limited to mobile

stations, in wireless communications systems be capable of estimating their locations in order



2 to pronote rapid responses to 911 and other energency calls. In response
to this nmandate, efforts are underway to equip subscriber stations with

t he meanswbD®3m®3deomte their |locations from GPS satellitePCTASSNB426 ONs.
Mor eover, since base stations in wireless conmunications systens transmt
pil ot signals nodul ated with uni que PN codes, these efforts al so include
al l ow ng subscriber stations to estimate their |ocations fromthe
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correlation function which is derived by nultiplying the received signal
(whi cHrams GRS/gstadhtie|txsansmissiops s Mareasieg redtice bosgpstatsonsgn avirsloss womnohicatiens

t i ssi f r om.oul ti tellites). w hj fted i f the PN

code rerendrasnl PY stspRrmaditd mib Binth Bl Sofes B GEERT Hondridis, ch

wi ndovmoa«m? ElREriber AtatRAS Mo TBiimbRANEN 160€8as 8eH 1R fARNRMNIdsRIA Beltipeal ues
re
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t he search w ndows used for searching for base stations or _sectors are
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base wifabire1atiét betwB&H Bk rédefiRalsfzndpiiaghasifiedipiabat.ned search w ndow of 400
different PN code offsets for each base station or sector signal. If the
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2-4 seconds. WD 03/039020 PCT/ US02/34326 3 SUMVARY [0009] The invention
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technologies. The search windows provided by the network are optimized for handoff
performance.  Consequently, the estimator will typically exceed available search time
constraints if the size of the predetermined search window is set too large or the window is
inappropriately placed.

[0008] Consider, for example, a detector which attempts to detect 40 different base station or
sector signals using a predetermined search window of 400 different PN code offsets for each
base station or sector signal. If the detector employs a relatively long integration time, e.g.,
26.67 mS, so it can detect the weakest signals, even assuming it can evaluate 16 offsets
simultaneously, the detector will require 26.67 seconds to perform the search, which is

prohibitive given what are typical time constraints of 2-4 seconds.



of a signal through correlation analysis using a dynam cally variable
search wi ndow. For purposes of this disclosure, a dynamcally variable
search wiwomwos®2one where the size and/or placenent of PAE/UMNEW can
vary responsive to a priori information regarding the signal, or can vary
fromsignal to signal, or can vary fromestinmation attenpt to estimation
attenpt, or can vary from defaul t valdies, or any conbi nation of the

foregoi ng. The signal may be a standal one signal or part of a conposite
signal conprising nultiple signalSUMMARYpl es of the parameter(s) which may
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of opeatiaidedby intefepsidemdiserdensity (I)sat.bl e. I n one enbodi ment, the estinator
is provided with a priori_infornmation regarding. a signal, and, responsive
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logic analyzes the correlation function for the signal and, responsive thereto, determines one
or more parameter(s) for the signal.
[0011] Various methods of operating the estimator are possible. In one embodiment, the
estimator is provided with a priori information regarding a signal, and, responsive thereto,
dynamically determines the size and/or placement of a search window. In one
implementation, the estimator may employ a default search window and dynamically vary the
size and/or placement of the search window from the default values responsive to a priori
information regarding the signal which is provided to it. It then derives from the signal a
correlation function representing the correlation between the signal and shifted versions of an
identification code, where the range of the shifted identification codes which are represented

is defined by the search window. It then attempts to estimate one or more parameter(s)

relating to the signal from the correlation function.



a W reless conmmuni cati ons systemin which a subscriber station including
the estimator is enployed. Alternatively, or in addition, the a priori

i nf or mat i WO oamgooke provided fromthe estinmator itself, ePgT/USDL/B43R@
previous search perfornmed in relation to the signal. Alternatively, or in
addition, the a priori information may consi st of a general know edge of
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BRIEF DESCRIPTION OF THE DRAWINGS
[0015] The components in the figures are not necessarily to scale, emphasis instead being
placed upon illustrating the principles of the invention. In the figures, like reference

numerals designate corresponding parts throughout the different views.

High Frequency Circuit In Multiple Domains According To The Invention.

[0016] Figure 1 is an example application of a parameter estimator according to the
invention;

[0017] Figure 2A is a simplified block diagram of one embodiment of a parameter estimator
according to the invention;

[0018] Figure 2B is a simplified block diagram of one implementation of a parameter

estimator according to the invention;



[0020] Figure 3B is a flowhart of a second enbodi nrent of a nethod
according to the invention of estimating one or nore paraneter(s) of a

si gnal uswog3asd®gnam cal ly variable search w ndow whi ch m®ajf/vsar/§43te¢ om
signal to signal; [0021] Figure 3Cis a flowhart of a third enbodi nent of
a nethod according to the invention of estimating one or nore paraneter(s)
of a signal using a dynamcally vari abl e search wi ndow which may vary from
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[0031] Referring to Figure 1, an exanple _application_of a paraneter

est i mdP31 XégBe ity & GOwchart P gan RGP O Al THelipd 2PRAIding 4o { QveRionfe

appl i cat.l i i e TaE i tation
0 1 e e A P o DY Bl i AR o 100
i s a owrnpdescarclowiralowi;r el ess conmuni cati on system such as but not limted
to

[0024] Figure 5B is a flowchart of a method of determining a search window for an initial
search of a pilot signal in the example of Figure 5A;

[0025] Figure 6 is a diagram illustrating thresholds used in the example of Figure 5A;

[0026] Figure 7 is a flowchart of a second example of a method according to the invention of
estimating a TOA parameter of a CDMA pilot signal using a dynamically variable search
window;

[0027] Figure 8A is a time domain representation of one example of a correlation function
for a CDMA pilot signal;

[0028] Figure'SB illustrates direct line-of-sight and reflected renderings of the function of
Figure 8A;

[0029] Figure 8C illustrates direct and indirect arrivals of a pilot signal at a subscriber station
due to multi-path; and

[0030] Figure 9 is a diagram illustrating thresholds used in the example of Figure 7.



cellular, fixed wireless, PCS, and satellite conmunications systens.
Moreover, the wireless comunications system may provide for nmultiple
access i nwagsos®ance with CDVA, TDVA, FDVA, or GSM nmul ti piCe/ 08836
protocol s, or conbinations thereof. [0032] One or nore base stations or
sectors 102a, 102b, and 102c are enployed in the wreless comrunications
system Each base station or sector f02a, 102b, 102c or sector thereof

transmts a pilot signal i i i a repeating pseudo-random
noi se (PN) code which un%&&iﬁ@%#ﬁlﬁﬂ?m&hbase station or sector. For
I S-95 conpliant, CDMA systens, the PN code is a sequence of 32,768 chips
whi ch M&&l@ét—l%ery 26.67 nSec. [0033] One or nore GPS satellites 106a,
106b | | Seb t | i 00. or posi tion
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paraneters, etc. [0035] These paraneters, once estinated, are provided to
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In current GPS systems, the PN code is a sequence of 1,023 chips which is repeated every

o

millisecond.

[0034] The parameter estimator within subscriber station 100 is configured to estimate
various parameters of the pilot signals transmitted from the base stations or sectors 102a,
102b, and 102c and/or the signals transmitted from the GPS satellites 1062, 106b. Such
parameters may include TOA, time of transmission, energy per chip divided by interference
power density (Ec/I), root mean squared error (RMSE) associated with the TOA parameters,
etc.

[0035] These parameters, once estimated, are provided to PDE 104 which estimates the
location of subscriber station 100 responsive thereto. (The PDE 104 may be a sever in a
computer network such as the Internet.) Once estimated, the position of the subscriber station
100 is downloaded to it so that it is available from the subscriber station 100 in the event of a
911 or other emergency call.

[0036] The PDE 104 may estimate the location of the subscriber station 100 from the

measurements relating to the base stations or sectors 102a, 102b, and 102c, or, to increase



subscriber station 100 in locating the signals transmtted fromthe GPS
satellites 106a, 106b. This avoids the need to have the subscriber station
100 underyo osioss®2consum ng "cold start” procedures for | ®@CALSHZ3430e
satellites when it is powered up. [0038] It should be appreciated that nany
ot her applications of the paraneter timator of the invention are
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correlation logic 216 outputs a correlation function which represents the
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size a positi ea c responsive rmati on
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2B, 2 ibbRCdk A QIPR cqleS AR MEnBEADARNERAE nBly R RATATES Sto the signal on a

one-time or repeating basis.

[0040] Correlation logic 216 is configured to determine, using a dynamically variable search
window, the correlation between the signal and shifted versions of an identification code.
Obviously, the greatest degree of correlation will be exhibited if the identification code used
by the correlation logic 216 matches that modulated onto the signal. The correlation logic
216 outputs a correlation function which represents the correlation between the signal and
shifted versions of the identification code which are within a range defined by the
dynamically determined search window. This correlation function is input to analysis logic
218. Analysis logic 218 analyzes this correlation function and, responsive thereto, estimates
one or more parameter(s) relating to the signal.

[0041] For purposes of this disclosure, the term “logic” means hardware, software, or a
combination of hardware and software, and the phrase “dynamically variable search window”’
refers to the quality or capability of varying the size and/or position of a search window

responsive to a priori information regarding a signal, or from signal to signal, or from



estimator according to the invention is illustrated. A signal Sis input in
parallel to each of R correlators 202(1), 202(2), . . ., 202(R), where R
i s an i ntw@es/osfo2one or nore, over one or nore signal |iRera)S028826 Agai n,
the signal S may be a standal one signal or a part of a conposite signal.
In one inplenentation exanple, Ris 386. In a second inplenentation

exanple, Ris 256. Each of the R correlators determnes, in parallel, a

correl gtign Vv r epl: ting the degr orrel ati on between a shifted

ver si oeﬁﬂ% 'y gljgi@)ctttg ﬁ’ﬁggg %tteg?f’d’ Phe° s‘?egﬂ"j{ V&Pﬁ& Shény meHemef $ie  each

of thdoBgaiagrel ators operates using a shifted version of the same PN code,
[0043] In one

Wi th ? cI} orrel ator_assigned a different shift val ue.

exanpl @,4 é%ﬂ@@%&ﬁP@lﬁret & ploghk dizgrpy of & sapindxembodimenthafy & pgrammetghas e
() . ope. i enent ati on correlation
val ue%%,;}n@vifgﬁa}dd%%te%% on Eﬁrgﬁgklﬁ%%aé% : a&nélginﬁ”g Shitppt g WW@Q oBRl Btﬁe whi ch
ar e useulaioss 20%(2),202(2)i . ., 202(R)} aiheke RHAIL ihREE SBdHet mRIolE et P! ex
nunber_ whi ch ﬁn @e §§<pL§ssed as . follows: k+N-1 C(PN,s) _ ZPN(i - s S(i)
(1) Miélgb%‘g Be() 2051 rasapnthaisisnal B pavibiop standalese stenpl pneegraof an ti ne
inteem&g‘icst%rm L 180dnk i SRIRILE . eiye ignal ,.and k. is an
arbit rarI;/ otrei él n. [I(%O(zlr%f] mﬁﬂég secon%(a?{%%’gﬁnééﬁgt ilz{)lngi sgcﬁggéglﬂe@?%ﬁ%(?ﬁ val ue
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condutPRareB i i ddes OF comelatianieycananibiied Yestion phe selestecPNicpenankihge C
may besigudl 48928 iBpldndntRiem; edvhotithe R GrRMtorslo aﬁes%singpel\gﬂiﬁéd §Qr§i8§(t§>ig) I (2)

i=1izk+(j-1)N [0045] The range of the shift t hat desired
t est ethejsame RN eadgy wihepefemirelator fssighed 2 diffebent siRfiofalupor rel ators is | ess than

t he dgmpi | ' Fh | Lt ti be . f by th
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ents the degree of correlation between the signal
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C(PN,s) =k§IPN(i —5)eS(0) (1)
i=k+0

- where N is the dynamically variable (coherent) integration time in terms of chips, S(i)
are samples of the received signal, and k is an arbitrary origin.
[0044] In a second implementation, the correlation value C is a real number which is derived
by non-coherently combining, i.e., not retaining phase information, M successive coherent
integrations, each conducted over N chips. In this implementation, the correlation value C
may be expressed as follows:

k+jN-1

C(PN,s) = Z D IPN(i —5) ® S(i)| (2)

i=1 i=k+(j-1)N

[0045] The range of the shift s that is desired to be.tested is the search window W. If the
number R of correlators is less than the desired window size, W, additional iterations may be
performed by the R correlators until W correlation values have been obtained. The W values
C(PN, s) output by the correlators together form a correlation function F(PN, s), which
represents the degree of correlation between the signal and the shift s of the PN code (where

the shift s is expressed in terms of chips) over a desired search window W. In the case where



the PN code is repeatedly nodul ated onto the signal, the correlation
function F(PN, s) will be periodic. [0046] Figure 8A illustrates an
exanpl e ovowae3geri od of a periodic correlation function PETRNP2/34326 or a
pilot signal in a COVA wireless comuni cati on system The w ndow size W
(in terms of chips) in this exanple, which is identified with nuneral 818,
is 8 and the w ndow placenent is cegntered at the origin 806. The

P L RSO o 0 8 500

f unct iperiodicPN, s) (expressed in terns of Energy(dB)). As illustrated, the
correlation function in this exanple reaches a peak at the origin 806.

[ 004710048 digre B4 dHwstrates mng example of e epatiodeofnt metiodic mertelation i fonctiPN,  s)
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[ 0048] .A processor, 204 is cor{ei gured to retrieve_a function F(PN, s) from
memor Y BipesmeRtis centersd ab thei i 89¢. nEpe orzpptal axig 842 reprpientsdhe shifinat e

ther efr g WRE cBle MRk fefRl ANBERI 81 chit’pﬁjéaz{ﬂ-dnglet \9&&&3 Oa}ﬁsg g?{l er%%?%h Oith%h It

was derived. In oneinplenentation, processor estimate
ti me ofrrelations Alingtic@AF(PN,06)t (erpasssal) i rteminse of EnefBIEE)). ofAst HimsT4Ad, st i nat e,

and energy,.per _chip. divi ded total interferenc ower densit E,/10) for
t he §?‘§%§ﬁl£.)n c{}?fgl SeWPF%e%P%@%B@Q%%t&P? Oqﬁ’éﬁggocessor 204ym(ay dir )ect
t he RPUZWI RebdrAhs baél@{ol]?iﬁmegl‘g bAde deter-min%’(]g & humkQord BEAE §iBusutldiCone

correlation function F(P using a different search’ W ndow si ze and/ or
pl acefemore signal et ed$ andptdredinamemorne2@t. holike mpmmes, the firctioh &(@Nes)or

ot or Rty P olel B BE ERERITAT, & MRt DD 1 "ora R oo

par ametbssd(ia)mezasryl®6and are estimated, the processor 204 may be configured
to output them over_one or nore si %I’]a| line(s)_214. %12049] In one
i npl ei@ﬁ%hﬁ FRcesaR20st Beouligired tyreidevechiimgioHEN s Somhaiemorna0q pyar of

arriv i I bk i f
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t he t refadingf toghe isignlal fram whick ritawhy drévede dnese itnptbnintdtion, thefgrs@bsos 204
correspondi to the.nai ea of the correlation function F(PN, s),
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arrival which is distinguishable fromthe sidelobes mal n peak. In
this signaledf thesattemps isvrsuegpssiol, Biegproeess®, 204 mexakizect ithedR perrdlaturs 262(),val i s
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window size and/or placement. This process may iterate one or more times until the one or
more parameter(s) may be estimated from the correlation function or it is determined that the
parameter(s) cannot be estimated. If the one or more parameter(s) can be and are estimated,
the processor 204 may be configured to output them over one or more signal line(s) 214.

[0049] In one implementation, the processor 204 is configured to estimate the time of arrival
of a base station or sector pilot signal from a peak of the function F(PN, s) derived from that
pilot signal. Referring to Figure 8A, the time of arrival can generally be represented by the
offset s corresponding to the main peak 808 of the correlation function F(PN, s), which
happens to be the origin 806 in the example of Figure 8A, unless, due to multi-path, there is
an earlier-in-time (and weaker) independent arrival which is distinguishable from the
sidelobes of the main peak. In this latter case, referring to Figure 8B, a weaker independent

arrival is depicted in the figure with a dashed line. In this situation, the offset 810



WO 03/ 039020 PCT/ US02/ 34326 10 corresponding to the peak 816 of this
earlier-in-time arrival represents the tine of arrival of the

corr esporMiDreg/opiokot in contrast to the offset 806 corresp®adiusg2/s432¢ he peak
808 of the stronger but later-in-tinme arrival. Consequently, to accurately
depict the tinme of arrival paranet ey t he processor 204 should detect the
earliest peak of the correlation func?i on F(PN, s) that is not a sidel obe.
[ 0050] t ks _808,. 816 depends on, the search w ndow used
o derriranoRiRRiife B o B Rali in Pt SRR b isron e SBa BmH Rt 1 o

set tdie tavespoudinh@ibear ebhtbdomei SFfsei BOGREABIPbALRE Yo PAAHEM SEREF e POt h
of the Eeaks 808, 812 may go undetected. If, on the other” hand, the size

of thér it iptseawtime daval; obonsegrenttyn do tacaurately depietdtheotime axf carrividr ough a
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case, s} thet isinoka silelabe.i val cannot be estinmated within available timng
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det ec{®0] (e prosrpce9t the praks 808 ol Oydanends o1y th scarek windost ysedde idemivethe [ 0051]

Fi gur SoGafaPheboRnIKATRE 6r B sButh LHAILPT PREAGANH! AUSPEdem DL, vieaker

earlier- in-tinme arrival mght be present. ITT'ustrate

| i ne- gfappioghiatehaplacdse bueenbdiasfthegtealts 308, 812 apgtgorund@cted dIfs o GtRE
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due poupWfsignpRttay &teed AR aBIE kiftting bEHAALINRYm' f ead}%ﬁx‘?
obstruction 8%16 (aybui,l((eji ng ian 1t ﬁggexanpllne) arﬁé %gs?%aesg,ei{hsgigp by t ee{1
subscfipet be pequreialyestimatadn Indhe senond sase itntimhaf arfrel cainog bt chtimatedf - si ght
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ke D SR Rafhe Bhtsnkte, B baFarlh WISV el solfgl Praka G 2

obst r be détected 1y timarnd arrbial Eanqgenerallg be hé@RgGeEry afimbréal Which reflects from
816, For, additional jnformation on a procedure for

obstr % . ) ]

di st ﬂ’@ #gﬂ}gﬁbe 3G IFpists-an fxample of @-tigatiorowhengeangndrpprdsas bulr weder earlier-
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direct line-of-sight arrival. The time of arrival of the pilot should be determined from the
weaker direct line-of-sight arrival of the pilot signal (through obstruction 814), and not from
the stronger arrival which reflects from obstruction 816. For additional information on a
procedure for distinguishing earlier-in-time peaks from the sidelobes of the later-in-time
signal, please see U.S. Patent Application Serial No. To Be Determined, Qualcomm Dkt. No.
010376, filed on even date herewith, which is hereby fully incorporated by reference herein
as though set forth in full.
[0052] Referring back to Figure 2B, the processor 204 may be any device capable of
executing a series of instructions embodying a process, including but not limited to a
computer, microprocessor, an ASIC, finite state machine, DSP, or some other mechanism.

[0053] In addition, the memory 206 may be any device readable by a processor and capable

of storing a series of instructions embodying a process, including but not limited to RAM,



of storing a series of instructions enbodying a process, including but not
limted to RAM WD 03/039020 PCT/ US02/34326 11 ROM EPROM EEPROM PROM

di sk (harwoms/osdoeppy), CD-ROM DVD, flash nmenory, etc. [@O0FAJSOR®f36ring to
Figure 3A, a flowhart of one enbodi mrent of a nethod of estimating one or
nore paraneter(s) of a signal using aasdynam' cally variable search wi ndow is
illustrated. The nethod begins wi tht tep 302, which conprises determ ning
the size and/or placenent_of .search w_ ndow responsive tq a priori

| nf or REWVORPROMA; BEREORL AROM, disk{Bardoem SePp oM, 1V By A itsmomni cn
conprises deriving a correlating function fromthe signal using the search

wi ndow deternined in the previous step. Step 304 is followed by step 306,
wher e [@034hRefenmyihg td Bignmedd, tadlovathiartetf ene embodinrent ef suacthodof egtsatmgloati ng t o

the signal fromthe_ caqrrelation function. Fall.ow ng step 306, th t hod
may | PERRIEPYABCLF NS & SR & RARisa GaBoIS fomeh Binda: Folpesaisd ¢
esti nphethod tegis Wak @te,lsnscf,cblvm@l%oﬂl §seR WBteRhinRY B RBEANBLLpa8dmERHIOt  be

estimated. [0055] Several inplenentations of this method are possible. In
one i aptadeniaiovorespeisive teiagmiati inforenapon pigasiighabighal. dhsimehesproceeds

comupi cat | .St e and .the estimafor deternmmnes.the | ze and/or
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the estimator) fromthe system For exanPI e, the systemnmay indicate to
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subsc EBnStF%tllb%% Fltegﬁ%,\’\fhg %&h& ?nally!i% afdl o Jr%érevmhgg"uﬁﬁle*g%hg Rjors to
the active pilot w I'ch thé subscriber station i's currently
comupict@paragete3E akyestimmed Ryt ialdstermdd dladt ¢hd end dremelpacanmdie(s) shatdton t he
si ze gnd pl acenent of the search wndow that it assigns to pilots on the
nei gh %P%UUPEF - for acquisition purposes. (Typically, I'S-95 conpliant

syste gﬁpsgggbw}alt ﬁn%l_l%ﬁeﬂhﬂi&fssoﬂ Mifnf@icadnRe soskibRl B SRR IAPIWeREABH NI Ng &
size of 100-452 chips centered on the first arriving usable nulti-path
conposignal)is alpilot eigpalris @, wirdless esminmeni ecation wystemnandide sstirmator Beerngines thon nmay
assign to e pilot t sane Wi ndow size.and placenent for ar.anmet er

st neh GRUBEPHsEREn! figh SRR NP B o b ehRRtS Grorme BB S5t at i on
or SOEBnAt HBYiddY R NhE eSiARGe(drh sUREMSEkst @RIt @RS, the REtiSYSECffbfbthe

I ndi cate to the subscriber station that the pilot Is on the active |ist,

i . e., systam| For exdmple] e sysigm maphindicaterie the pehsetibas stasion thasrihe sigealrds ent | y

comupi cat | . t han ' i nar
situa Ieor%lé,h%%?s %#g&g glrelglﬁly ¢ gel{gﬁétfqn, Pgé vﬁﬂﬂfrh{eh% 1fdt 8P£1tiot9 (Vhti@l zge Q@%ﬂ&fnfs
to the active pilot with which the subscriber station is currently communicating. The system

may also indicate to the subscriber station the size and placement of the search window that it
assigns to pilots on the neighbors list for acquisition purposes. (Typically, IS-95 compliant
systems assign to the pilots in a neighbors list a search window having a size of 100-452
chips centered on the first arriving usable multi-path component). In response, the estimator
within the subscriber station may assign to the pilot the same window size and placement for
parameter estimation purposes.

[0056] Then, due to movement of the subscriber station or some other dynamic change in
network conditions, the system may indicate to the subscriber station that the pilot is on the
active list, i.e., the list of pilots with which the subscriber station is currently communicating
(there may be more than one in a soft or hard handoff situation), or the candidate list, i.e., the
list of pilots that are candidates for becoming active pilots. If so, since the system will have a
rough idea of the time of arrival of pilots on the active and candidate lists based on network

layout, the estimator may dynamically reduce the size of the search window, e.g., to 20-100



list of pilots that are candi dates for becom ng active pilots. If so, since
the systemw ||l have a rough idea of the tine of arrival of pilots on the
active amdogansdodat e |i sts based on network |ayout, the @€Tiusar/ss26may
dynami cally reduce the size of the search wi ndow, e.g., to 20-100 WO
03/039020 PCT/ US02/ 34326 12 chips, _.and center it on or otherw se place it
inrelation to the antici pated tineldf arrival, t hereby speeding up the
paraneter estimation process, [0057] In a second inplenmentatiaon, .t rle
est i mbips andycepisnduen oxothervise ailacseais ip Helghon totheypnticipap H@Fa‘lﬁ] PR ndow
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pi | ot [0058] Imta third: iprilémentasions @ meavqsk lentity, p-8dlete staionserAscier, R o5 8gfRe h
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large. In response, the subscriber station is configured to reduce the size of the search

windows it applies for parameter estimation purposes and/or modify placement of the search
windows.

[0060] In a fifth implementation, it is assumed that the strongest pilots are those which
originate closest to the subscriber station, and that the other pilots originate from more distant
locations than the strongest pilots. Consequently, in this implementation, if a pilot is not on
the active or candidate lists, or is not detected above a certain signal strength, the subscriber
station will reduce the search window size from a default value and center or otherwise place
it to the right of a reference pilot such as an active pilot.

[0061] It should be appreciated that, in each of these implementations, the search window
need not be dynamically centered on the anticipated time of arrival of the pilot, but can be
offset with respect to this value. For example, as discussed in Qualcomm Dkt. No. 010376,

previously incorporated herein by reference, in order to obtain an accurate estimate of time of



it to the right of a reference pilot such as an active pilot. [0061] It
shoul d be appreciated that, in each of these inplenentations, the search
wi ndow rwed3tsm2be dynamically centered on the antici pat @ITIUSOE343R6 arri val
of the pilot, but can be offset with respect to this value. For exanple,
as discussed in Qual conm Dkt. No. 010376, previously incorporated herein
by reference, in order to obtain an Becurate estinate of time of WO
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search w ndow coul d be detected but at an )
attempt 312 was successful or not. If so, the one or more parameter(s) may be recorded in a

memory as indicated by optional step 318. If not, step 316 is performed. In step 316, a
second attempt is made to estimate the one or more parameter(s) from a correlation function
derived using a second search window which may differ from the first.

[0065] For example, if the first attempt was unsuccessful because a peak of the correlation
function derived from the signal using the first search window could be detected but at an
insufficient level of confidence, another attempt could be made to estimate the parameter(s)
using a second search window which has a smaller size than the first, but which is centered at
the peak detected during the first attempt.

[0066] From step 316, the method may continue iterating until the one or more parameter(s)
are estimated, or it is determined that these parameter(s) cannot be estimated from the signal.
[0067] When the technique represented by any of these embodiments or implementations is

applied to a group of signals, compared to using the default network parameters, performance
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of Step 408 follows step 406. In step 408, the results of the search cycle are stored in a

=5

database.
[0070] Step 410 is then performed. In step 410, a determination is made whether a PDE in

communication with the subscriber station has requested final results. If not, the method
continues to iterate by looping back to step 404. To conserve memory space, the results of
the search cycles obtained through these additional iterations may override the earlier
recorded results.

[0071] If final results have been requested, the method proceeds to step 412, where a
determination is made whether sufficient measurements have been obtained to enable the
position of the subscriber station to be estimated. In one implementation, this is deemed to
occur when TOA measurements having a high level of confidence have been obtained from
at least four base stations or sectors. In an alternate implementation, this is deemed to occur
when a fixed number of search cycles have been completed. If insufficient measurements

have been obtained, the method continues to iterate by looping back to step 404. If sufficient
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f ol | oy step 554 is performed. In step 554, the window size and placement for the pilot are set

to default values, collectively referred to as Wota, which are assigned by the system and
downloaded to the subscriber station over the air. For IS-95 compliant systems, the following
default window sizes are possible (centered on the first arriving usable multi-path

component):



default w ndow sizes are possible (centered on the first arriving usable
mul ti-path conponent): WO 03/039020 PCT/ US02/ 34326 16 W ndow Nunber

W ndow Siwe ogsmev Nunber W ndow Size (PN chi ps) (PN chi peX/us02/a3438 60 1 6
9 80 28 10 100 3 10 11 130 4 14 12 160 5 20 13 226 6 28 14 320 7 40
15 452 For cdnma 2000TM conpliant systens, the follow ng default placenent
val ues are possible: Search Ofset 1Runber Pl acement (PN chips) 00 1

wi ndow size/2 2 windowsize 3 3 x window size/2 4 - wndow size/2 5 -

w ndow size 6 -3 * window size/2 7 Reserved From step 554, control passes
to st - heretan—exti 3 Kt ot ' tine~(El f A is
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For cdma 2000™ compliant systems, the following default placement values are possible:

Search Offset Number Placement (PN chips)
0 0
1 window_size/2
2 window_size
3 3 x window_size/2
4 - window_size/2
5 - window_size
6 -3 * window_size/2
7 Reserved

From step 554, control passes to step 556, where an exit back to the main routine (Figure 5A)

is implemented.

[0075] In step 552, if it is determined that the pilot P has been searched in the current session,
step 558 is performed. In step 558, it is determined whether the pilot P was detected during
the last AFLT search cycle. If not, step 560 is performed. In step 560,a counter, Weount, is
reset to 0, and control passes to step 554. If, in step 558, it is determined that the pilot P was
detected during the last search cycle, step 562 is performed. In step 562, the counter Wcount
is inc1rementedJ by 1. Control then passes to step 564, where a determination is made whether

the counter Wcount equals or exceeds Nw, a value which in one example is 4, although other



t he counter Wount equals or exceeds Nw, a value which in one exanple i
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[0078] If the energy of the strongest peak, E(im), exceeds the threshold T1h, step 510 is
performed. In step 510, the position of the earliest peak within a predetermined interval of the
strongest peak that is not a sidelobe is recorded. (This step returns the position of the
strongest peak if an earlier peak within a predetermined interval of the strongest peak and that
is distinguishable from the sidelobes of the strongest peak is not detected.). The
corresponding time of arrival, RMSE, and E/I, measurements for the pilot are also derived
and recorded.

[0079] If the energy of the strongest peak, E(im) does not exceed the threshold T1h, control
then passes to step 512. In step 512, the energy of the strongest peak E(im) is tested in
relation to a threshold T1n. (See Figure 6 for an example setting of this threshold.).

[0080] If the energy of the strongest peak, E(im), exceeds the threshold T1n, control passes
to step 514, where the pilot is added to a “deep” group, i.e., a group to be subjected to a more

extensive search, i.e., one with a greater integration time, with an indication that the pilot is to
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[0084] Note that step 523 need not be performed for all of the pilots in the deep group. In

one implementation, step 523 is performed only in relation to those pilots which, in step 514,
were added to the deep group and marked to be searched again with the shortened search
window Ws, and a subset of those pilots which, in step 516, were added to the deep group
with the original default window size retained.

[0085] From step 523, control passes to step 524. In step 524, one of the pilots searched in
the previous step is selected. Control then passes to step 526. In step 526, the energy (Eim)
of the strongest peak for the selected pilot is compared to two thresholds T2m and T2h.
(Figure 6, to be discussed farther on, illustrates an example setting of these thresholds.).
[0086] If the energy E(im) is less than T2m and greater than T2h, control passes to step 528.
In step 528, the position of the earliest peak within a predetermined interval of the strongest
peak that is not a sidelobe is recorded. (This step returns the position of the strongest peak if

an earlier peak within a predetermined interval of the strongest peak and distinguishable from



(Figure 6, to be discussed farther on, illustrates an exanple setting of
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strongest peak if an earlier peak within a predetermined interval of the strongest peak and
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distinguishable from the sidelobes of the strongest peak is not detected.).

[0092] If, in step 540, the specified conditions are not met, control passes to step 532, where
a peak not found indication is recorded.

[0093] From steps 528 and 532, control passes to step 534. In step 534, a determination is
made whether any of the pilots that were searched in step 522 remain to be evaluated. If so,
control passes to step 536, where one of these pilots is selected. Control then loops back to
step 526, for another iteration. If no pilots remain, control passes to step 542, where the
search cycle terminates.

[0094] Referring to Figure 6, an example setting of the thresholds T1h, T1n, T2m, T2h, and
T2n, is illustrated. The threshold T1h is set to indicate when the existing results can be used
to accurately estimate the desired parameters during the first portion of the search cycle
illustrated in Figure SA (steps 502-522); the threshold Tln is set at the lower limit of the
dynamic range of the estimator during this first portion; the thresholds T2m and T2n are,



step 526, for another iteration. If no pilots remain, control passes to
step 542, where the search cycle termnates. [0094] Referring to Figure 6,
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is conducted of one of the PNs in a group comprising the neighbor list plus the active PN, i.e.,

the pilot with which the subscriber station is currently registered and in communication with.
A “normal” search is a search for the all of the peaks of the pilot in order to determine the
coarse time of arrival of the earliest peak that is not a sidelobe of the strongest peak (which is
the strongest peak if an earlier peak distinguishable from a sidelobe of the strongest peak is
not detected), and is to be contrasted with a “shoulder” search, i.e., a search for the precise
time of arrival of the specific earliest peak determined from the “normal” search. This
normal search is performed using a search window having a size determined by the system
for pilots in the neighbors list and centered at the first arriving usable multipath component.

[0097] Control then passes to step 704, where the results of the search are used to classify the
pilot into one of four groups, a high (H) group, a medium (M) group, a low (L) group, and a
deep (D) group. In one implementation, the pilot is classified within the H group if the peak
for the pilot identified in step 702 saturated the estimator; the pilot is classified within the M



t he strongest peak if an earlier peak distinguishable froma sidel obe of
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t he pelashodbul ting from step 708 is above the threshold T2, control passes
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control pasSes to step /52, an I ndication that no peak ound IS
r ecor gedesponding measurements such as TOA, RMSE, and E./I. If the peak resulting ﬁom step

708 is not above the threshold T2, control passes to step 752, where an indication that no
peak was found is recorded.

[00102] Turning back to step 706, if the peak detected for the pilot in step 702 is not
classified within the M group, control passes to step 716, where it is determined whether the
peak is classified within the H group. If so, control passes to step 718, where a normal search
of the pilot is conducted using the search window size and position determined by the system
for pilots on the neighbors list.

[00103] From step 718, control passes to step 720. In step 720, the peak resulting from
step 718 is tested to determine if it resulted in saturation of the estimator or is below a
threshold T4. (Figure 9, described farther on, illustrates an example setting of this
threshold.).

[00104] If the peak resulting from step 718 resulted in saturation or is below the

threshold T4, control passes to step 752, where a peak not found indication is recorded.



[ 00102] Turning back to step 706, if the peak detected for the pilot in
step 702 is not classified within the Mgroup, control passes to step 716,
where it wWo odesweon ned whet her the peak is classified w PRITUSORB43RS gr oup.
If so, control passes to step 718, where a nornmal search of the pilot is
conducted using the search w ndow si ?? and position determ ned by the
system for pilots on the neighbors st. [00103] From step 718, control
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t hr esHER 1s analyzed to determine if it resulted in saturation of the estimator, or is below a
threshold T3. (Figure 9, described father on, illustrates an example setting for this

threshold.).

[00108] If the peak resulting from step 730 results in satura‘gion of the estimator or is
below the T3 threshold, control passes to step 752, where a peak not found indication is
recorded. If neither of these conditions are satisfied, control passes to step 734, where a
shoulder search of the pilot is conducted using the using the window size Wxg. Moreover, the
search is biased toward the left of the location of the peak for the pilot detected in step 730.
In particular, the search is conducted over W chips beginning with the position of the earliest
non-sidelobe peak + 1.5 — Wx.

[00109] Step 736 is then performed. In step 736, a determination is made whether the
peak resulting from step 734 resulted in saturation of the estimator or is below the T3
threshold. If so, control passes to step 752, where a peak not found indication is recorded. If
not, control passes to step 738, where the position of the peak found in step 736 is recorded
along with corresponding TOA, RMSE, and E./Iy measurements.
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step 742 results in Saturation of the estim I's below a threshold T5.
(Figure 9, described farther on, illustrates an example setting of this threshold.). If either of .

these conditions are met, control passes to step 752, where a peak not found indication is
recorded. If both are unmet, control passes to step 746, where a shoulder search of the pilot
is performed using the window size Wg. Moreover, the search is biased toward the left of the
location of the peak for the pilot detected in step 702. In particular, the search is conducted
over WEg chips beginning with the position of the earliest non-sidelobe peak + 1.5 —~ Wg.
[00114] From step 746, step 748 is performed. In step 748, it is determined whether
the peak resulting frdm step 748 results in saturation of the estimator or is below the TS
threshold. If either of these conditions are met, control passes to step 752, where a peak not
found indication is recorded. If both are unmet, the position of the peak resulting from step
748 is recorded, as well as corresponding TOA, RMSE, and E/I) measurements.

[00115] The process of Figure 7 may continue to iterate for each of the pilots in the

group comprising the neighbor list and the active pilot.



(Figure 9, described farther on, illustrates an exanple setting of this
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process of Figure min‘é continue tq iterate for each of the pilots in the
gr oup Seofhripdicalg Wxteﬂ F ghsyRetey setstuaﬁtf(q)héreaetqwee pising theydNgs? oseoho

PCT/ Uﬁ%ﬂé@@@he %’t{'reilﬁﬂilﬁhdé?ﬁf fﬂgnﬁﬁf{: al 998,95 2%} tg?’%@%ﬁ?‘esﬂi’?}aﬁ%ﬁ% of the

thresholds TI, T2, Is illustrate
i dent eftinede(s) ate mnmteausn@me Nmnk sedréie plvatnetas; yant eherteesholdes, Lidentificll
groups i.dentified with nuneral (g FImatr ks the bqundary

Do gty i 810158 et ntiCR s e ot P Ssh, TR ol e tier

est i Malcg{dssath@aranetstsat e using the Nenml search parameters; the threshold
T3, identified with numeral 906, is set to indicate when the paraneter

est i mMA3) ar e Inpaticulse e sgampls ll‘llemt@eﬁtedhreslpdd Zirds st &0 —2hée dBhiheshol d

J
estl maﬂ?&:h {d g‘?éﬂae?:?"ur ea%’stlhggﬁteﬁhﬁ@gﬁ 6323 _gé ﬁr@ﬁﬁ@&&%ﬁgﬁds ttetéo—
t hr esho! lsdmtandnmemmshotadrs Misthton BRI HO*@ver] & sh@tld b8 appidbiartiehshfRert he
paranmeter estimate(s) are accurate using the Ncnd search paraneters.

[ 001 1?’fanPIHe§)§FtPPESd|1PI&rS° that thip éx%&@ﬁﬁh@ﬂﬁ pptlg ¢opseepd astianitingeshol d Ti is set -

to -2 ; ngﬁﬁ I T3 .4 s set
to -nggB; the thr ﬁ?gﬁfget%@dsso; glh gééﬁ g ﬁg%%é]ﬁ%g‘f%ﬁletﬂ%tﬁﬁ%%hﬂ? OFIS is
set t biguB25dBinvbbwe lieriting ffalshelatd frebaipitiacthaduetl thbake of hppropaxripkas are
possi bl e, so that i s. exanpl e shoul ot be construed as limting. [00118]
cOnpaB’F?%' f E@tfﬁﬁg fofispe tuué esanlgls s W‘Efé%tﬁ daublecdsieqtiont criteidohet hod
of  FivlibifeBy ﬁﬁtlbf‘ié%hyj%éteﬁ tdBdih ngnflzﬁlaﬁ@ sl%tﬁﬁépse gﬁ{%bﬂolalvt)ideﬁlsg Qfa?t‘dﬁh the use
of apEwoprlately set” thresholds, l'e that of Figure 7 uses thresholds as
wel | 13%doub| Angef @l@tfpmgomgm@hq)(brmay be tangibly embodied in a variety of forms,

including but not limited to, a form where a series of instructions embodying the method is
stored on a processor readable medium or a server in a computer network including a public
network such as the Internet or other TCP/IP network, or a private network, where the
method is embodied as synthesized logic, or where the method is embodied as a computer
program product, i.e., a code segment or module.

[00120] While various embodiments of the invention have been described, it will be
apparent to those of ordinary skill in the art that many more embodiments and

implementations are possible that are within the scope of this invention.

What is claimed is:



whereby a pilot is subjected to both normal and shoul der searches, to avoid
fal se alarns. [00119] Any of the foregoing nethods may be tangi bly enbodi ed
in a var iwDw3esskorns, including but not limted to, a f@®CEUMEBELB2@ Series
of instructions enbodying the nmethod is stored on a processor readable
medi um or a server in a conputer network including a public network such
as the Internet or other TCP/IP net#®rk, or a private network, where the
met hod i s enbodi ed as synthesized |ogic, or where the nmethod is enbodi ed as
a conputer program product, i.e., a code segnent or nodule. [00120] Wile
vari ous enbodi nents of the inventﬁgﬂﬁ ve been described, it will be
apparent to those of ordinary ski i he art that nmany nore enbodi nents
and inplenentations are possible that are within the scope of this
invention. What is clainmed is: WO 03/039020 PCT/US02/34326 25 CLAIMS 1. A
par amet er lest i ndaperantienesilwpiey coBPRYRS at i on | ogi ¢ for determining, using a
dynam cal ly var.i abl e se B I et esenting
the corr eléﬁe%ﬁogg?%z%%@? %%%é%r%%odr}@%g&%&gﬂébﬁ%w ‘%\E}gé‘g%ns of an

i dent ddcffibh Fih o @epieidating tHreonehtion beiwednwsiganldindreak ps more dyfted f or

anal yzing the correlation funcgtion and estinati n9. responsive thereto, one
or novessipnsrafmaddatification egderythip thersgarch gindow:andThe paraneter estimator of
claim 1 copt Anesols: MIBMLRE birdlRIGH bty £l estidnanebhoisiRoS Li on of

t he search w’ndow responsive to a priori information regarding the signal.
3. Thiaetey, an@bemorsparameter(s)klathgtothe signelk ei n the a priori information is
provided froma source external to the estimator. 4. The paraneter
estimator of claim3 wherein the a priori information is provided froma
Wi rel ess COMUNTEALidRStes ¥ofidr iT claliiel RArgIRIR desdnioaltyodetafind them 1
wherein the a priori information relates to a previouys search of the

si gnatizeandrqositioyof tireeseprsharindesy resReHSHER 1912 PripT! IMHEMAHeLIREEdMEdEe | mat or of
claim.l erein the a priori information relates to general network

char al®®¥i stics. 7. The parameter estinmator of claim6 wherein the a priori
information relates to

3. The parameter estimator of claim 1 wherein the a priori information is

provided from a source external to the estimator.

4. The parameter estimator of claim 3 wherein the a priori information is

provided from a wireless communications system.

5. The parameter estimator of claim 1 wherein the a priori information relates to

a previous search of the signal conducted by the parameter estimator.

6. The parameter estimator of claim 1 wherein the a priori information relates to

general network characteristics.

7. The parameter estimator of claim 6 wherein the a priori information relates to

" an assumption that weaker signals occur later than stronger signals.

8. The parameter estimator of claim 1 wherein the identification code is a PN

code.



an assunption that weaker signals occur |later than stronger signals. 8 The
paraneter estimtor of claim1l wherein the identification code is a PN
code. WO WB/0083020 PCT/ US02/ 34326 26 9. A paraneter esti PETASODMIPE i Si ng:
correlation neans for determ ning, using a dynam cally variable search

wi ndow, a correlation function representing the correlation between a
signal and one or nore shifted ver3Pons of an identification code; and
anal ysi s neans for analyzing the correlation function and estinmating,
responsi vé. t heh pa@metiestopalppe@Ppaiegiet er (s) relating to the signal. 10. A
met hod of estjmatin ] j ;

dynam cal I?W%ﬁ?ﬁgﬁ%nggogrd g{?nﬁ%@ogvgcg%&ﬁéﬁ%lwgﬁgﬁ %gll% IhQM gg(?g’raﬂ’i ning a
sear drréiafien WirlcEsn e bacatih@tha cpirtlation betfveemasigoal and egapdimers shitddgnal ;
determning a correlation function representing the correlation between the
si gnatersigns of gnademtifivatien cdesadd versions of an identification code within

t he dynam 3 ] : i iR iHeNEbspéRBROoNSI ve to

t he correlaglgil})(s)%r?%%‘%?‘lgpodri}?elglﬁgﬂg%%%ﬁggrﬁéc@gﬁ(a%ﬁﬁl agfi ng to the signal.
11. Theretoebhoor mbrecparametdifs)wkletieg to thsigealgnal is a pilot signal. 12. The
met hod of claim 10 wherein the identification code is a PN code. 13. The
nmet hod of claim 10 wherein the one or nore paraneter(s) relating to the

si gnal incjgide & dfg Of esBibli@dbnd @dre pRfAiBREreY) of 4 digndinsinges hod of claim
13 wherein the one or nore paraneter(s) relating to the signal include a
root dyramicijyandgableseayeh WwiRBR)cofpristige TOA paraneter. 15. The net hod of
claim 10 erein.the one.or nor r of Lthe: sb gl 1 nclude an
E./1o paréd qallizéf_%tepwgn%% ﬁegrf%o\?ﬁlgﬁg?%ﬂ&rfggi\%’\ﬁ{eoréeﬁl&ﬁ%bS| zlgnand/ or

pl ace@pitlingfa ififasearch  window are dynam cally set responsive to a priori

information regarding the signal. WO 03/039020 PCT/ LLS 2/ 34%26. 7
determining a correlation function representing the correlation between the signa and

one or more shifted versions of an identification code within the dynamically determined

search window; and

estimating, responsive to the correlation function, one or more parameter(s) relating to

the signal.
11.  The method of claim 10 wherein the signal is a pilot signal.
12. The method of claim 10 wherein the identification code is a PN code.

13.  The method of claim 10 wherein the one or more parameter(s) relating to the

signal include a time of arrival (TOA) parameter.

14.  The method of claim 13 wherein the one or more parameter(s) relating to the

signal include a root mean squared error (RMSE) for the TOA parameter.

15.  The method of claim 10 wherein the one or more parameter(s) for the signal

include an E./Ip parameter.

16.  The method of claim 10 wherein the size and/or placement of the search

window are dynamically set responsive to a priori information regarding the signal.



17. The method of claim 10 wherein the a priori information is provided
froma wreless communications system 18. The nethod of claim 10 wherein
t he a priwpiosjosgoer mation is provided froma previous sealPCh/ush2/843e6 si gnal .
19. The method of claim 10 wherein the a priori information relates to
general network characteristics. 20. The nmethod of claim 19 wherein the a
priori information relates to an agdunption that weaker signals arrive

| ater than stronger signals. 21. A nethod of estimating one or nore
parameter(s) of a signal using a dynamcally variable search w ndow
conpri si ng,, det.erm nin 1N ' oI . }i r,yelation
function répres I?q‘ﬁ%m? Rgéﬁlgb?? g’lhglielg%{r?e%&?fﬁglgﬁwgﬂg?%ﬁnlgﬁné‘gg%%gﬁg r nore
shi f tyeglelv@IDhIRsitioadsystkant i fi cation code within the first search w ndow,
attenpting to estimate, responsive to the first correlation function, one
or nore paraneter(s) relating to the signal; and if the attenpt is
unsuccessfyl : dgl Sl BBrat®1 OBt LERMDREARRmM R IRbE GR O f Fer
fromthe first “~'search w ndow, a secon orrelation function representing

t he ceeviehaddatuh dfehe\@gmlt he signal and one or nore shifted versions of the
identification code within the second search wi ndow, and attenpting to
estimate, responsive to the second correlation function, the one or nore
par amet er (£ I ef@t ol Bf Liln $b Wilein #2-a pHtRi iNRiARGoOFelabioBeRdraher ei n the
signal is a pilot signal. 23. The nethod ‘of claim2l wherein the '
i dentndiwaktdharacteoidics. s a PN code. WO 03/ 039020 PCT/ US02/ 34326 28 24. The
met hod of claim 21 wherein the size of the second search windowis smaller
than that of the first search wi ndow. 25. The nmethod of claim 21 wherein
the size ofg.t heTpememdd seahih 1MW tfe a privriigforiaton tdhats tofant he fir st
search wi ndow. 26. The nethod of claim 21 wherein the position of the
seconebseoptierhthat werdwer pignalgipmive deter thep SFAREERSISMIS-t he first search wi ndow.

21. A method of estimating one or more parameter(s) of a signal using a
dynamically variable search window comprising:

determining, using a first search window, a first correlation function representing the
correlation between a signal and one or more shifted versions of an identification code within
the first search window;

attempting to estimate, responsive to the first correlation function, one or more
parameter(s) relating to the signal; and

if the attempt is unsuccessful:

determining, using a second search window which may differ from the first
search window, a second correlation function representing the correlation between the

signal and one or more shifted versions of the identification code within the second

search window; and
attempting to estimate, responsive to the second correlation function, the one
or more parameter(s) relating to the signal.

22.  The method of claim 21 wherein the signal is a pilot signal.

23. The method of claim 21 wherein the identification code is a PN code.



27. The nethod of claim 21 wherein the one or nore paraneter(s) include a
time of arrival (TOA) paraneter for the signal. 28. The nethod of claim27
wherei n tWe 004089000 nore paraneter(s) include a root mnmeanPSHOBOBEH3RE I OF
(RVBE) for the TOA paraneter. 29. The nethod of claim21 wherein the one or
nore paraneter(s) include an Ec/l1o paraneter relating to the signal. 30.
The nethod of claim21 further comp28sing iterating until the one or nore
paraneter(s) are estimated, or it is determ ned that the one or nore

par anet er (2. cafimomnethed ofelpimnat sthefainthetsive of therrgrondssearch WiBHow & of

estimati on r re parapet. s) of a signal using a dynam call

vari asmaéfjegggpglpﬁ%\&fﬂﬁoﬁﬁtgg%ﬁﬁiéw a step for dynamcally determ ni %g,
responsive to a priori information regarding a signal, a search w ndow, a
step for determining a correlation function representi n% the correlation

bet ween th2B. si Ghenethnd obelainge! Neherein Hiersizspl s sSrosseatciaRiAt i fi cati on

code withi,n th nadm .ca . rm ned search wi ndow, and a step for

esti rgﬁ]fgeﬁt}j,anrﬂéagﬁgﬁjsei rgtste%)ﬂct{%g%&of'rel ation function, one or nore
paranmeter(s) relating to the signal. WO 03/039020 PCT/ US02/ 34326 29 32. A
met hod of estimating one or nore paraneters. of signal usin .

dynani cal | 36-var T bpméthed §F el 2 h FAiETan rH°§1tW§:°fale§Fg?}1%f58?rchgﬁg$W?ﬁ ng,

usi ngg.afdk ﬁ% Stﬁgtrmhé/\ﬁ]_@g%ch%i§h6§,¥ correlation function representing the
corre(?atlon &t ween a signal and one or nore shifted versions of an
identification code within the first search window, a step for attenpting

to estimate, responsjv o, the first. correl ati on_function; nor e
par anet er (&} refg?p]ﬁg;oﬁ(g%g]ﬁgngilMgmg}&pt}ieform%eg@@gﬁ%{@?%ﬂcgﬂglﬁg{{f&sfu|: a
step $%dﬁt(?0ﬂgrﬂa%et&%me@ig§gpond search w ndow which may differ from

the first search w ndow, a second correlation function representing the
correlation between the signal and one or nore shifted versions of the

| denti fi Caﬂ';.on %89 fhe .oEi b). Qlair%l B% wieréh %es ¢ lﬂ‘lo% BMete?@?include aroot
mean squared error (RMSE) for the TOA parameter.

29.  .The method of claim 21 wherein the one or more parameter(s) include an Ec/Ip

parameter relating to the signal.

30. The method of claim 21 further comprising iterating until the one or more
parameter(s) are estimated, or it is determined that the one or more parameter(s) cannot be

estimated from the signal.

31. A method of estimating one or more parameter(s) of a signal using a
dynamically variable search window comprising:

a step for dynamically determining, responsive to a priori information regarding a
signal, a search window;

a step for determining a correlation function representing the correlation between the
signal and one or more shifted versions of an identification code within the dynamically

determined search window; and

a step for estimating, responsive to the correlation function, one or more parameter(s)

relating to the signal.



a step for attenpting to estimte, responsive to the second correlation
function, the one or nore paraneter(s) relating to the signal. 33. The
net hods oWoamys3weo cl ai ns 10, 21, 31 or 32, tangibly enbodiPel/tse2/a38er i es
of instructions stored in a processor readable nmedium 34. The nethods of
any of claims 10, 21, 31 or 32, tan%ibly enbodi ed as a series of

i nstructions stored on a server. 3529The paraneter estimtor of any of

clains 1 or 7 in a wireless comunications devicge.. 36. The | ogic of clai
oWl hi 1 32w b e AR SH1e T PEgmoters of & sighel usinga | O am

dynamically variable search window comprising:

a step for determining, using a first search window, a first correlation function
representing the correlation between a signal and one or more shifted versions of an
identification code within the first search window;

a step for attempting to estimate, responsive to the first correlation function, one or
more parameter(s) relating to the signal; and

if the attempt is unsuccessful:

a step for determining, using a second search window which may differ from
the first search window, a second correlation function representing the correlation
between the signal and one or more shifted versions of the identification code within

the second search window; and ,

a step for attempting to estimate, responsive to the second correlation function,

the one or more parameter(s) relating to the signal.

33. The methods of any of claims 10, 21, 31 or 32, tangibly embodied as a series

of instructions stored in a processor readable medium.

34.  The methods of any of claims 10, 21, 31 or 32, tangibly embodied as a series

of instructions stored on a server.

35.  The parameter estimator of any of claims 1 or 7 in a wireless communications

device.

36.  The logic of claim 33 within a wireless communications device.



