WO 03/ 039020 25 APRIL 2006 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] This application clains priority to U S. Provisj nai, plication No.
60/ 336, 187, WO 3#8026n Oct ober 29, 2001. . 2. Field of #gé’l RIER0OMMN [ 0002]
This invention relates to the field of paraneter estimation using
correlation analysis, and nore specifically, to a paranmeter esti nator

enpl oying correlation analysis for estimatin araneter(s) of signals
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[ 0003] THY a itioning 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-noise (PN) code uni que
to the satellite. Each PN code conprises a predeterm ned nunber of chips. A
GPS recdi ver Relted dpRIGAtO88p0si te signal conprising a mixture of signals
fromea i t : i 51 h) . AV e }
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by det epniQOutcbgr 2He200degr ee of correl ati on 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,

t he recgj ver i d ilﬂ%rﬂﬂmt 0 have detected the transm ssion fromthe
satellite. [55%4? iEe receiver estimates its location by detecting

t r ansmi $8003h Thisrioversionirelatss tb dbe field diiyaransaeedsiniation Sng eachitide taadlysid,

transm ssion, the receiver uses the shift in.the PN code to. estipate the
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and  ti pRraffeted(s) b¥dbnaldIubeitt i\ @stoRVAG cHBEE S I¥cts shiSad mamspdgsi on, the
recei ve?ﬁestieﬁ@es hae di stancg betwgen‘i@t?’gelcft gr?da??\ge ggﬁlgalﬂl%ite. Thi s

estimated distance defines a sphere around the satellite. The receiver
knows t he prﬁ%kie 3r£its and positions of each of the satellites, and
cont i nudusly %‘f & updates to these orbits and positions. Fromthis
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time) fromthe point where the spheres for the four satellites intersect.
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predetermined number of chips. A GPS receiver receives a composite signal comprising a
mixture of signals from each 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



wO 03/ 039020 25 APRIL 2006 to pronote rapid responses to 911 and ot her
energency calls. In response to this mandate, efforts are underway to equip
subscriber stations with the neans to estimate their Qgr‘&mi{%&igm GPS
satel lite twamsms®shons. Mreover, since base stations

communi cations systens transmt pilot signals nodulated with unique PN
codes, these efforts also include allow ng subscriber stations to estimte
their locations fromthe transm ssions 3f nultiple base stations or

sectors, or conbinations of base stations or sectors and GPS satellites.
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shifted versions of the PN code for the satellite within a range defined by
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general ly effective for the purpose of detecting transm ssions from
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even assum ng it can evaluate 16 offsets |rru t aneou etector will
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sectors are determined by the network and are not optimized for position location
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
inapproprately 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
simulianeously, the detector will require 26.67 seconds to perform the search, which is

prohibitive given what are typical time constraints of 2-4 seconds.
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[ 0009] The invention provides a paraneter estimator for estimting one or
nore paraneter(s) of a signal through correlation analysis using a
dynam cal ly variable search wi ndow. For purposes of this disclosure, a
dynami cal ly vari abl e search wi ndow i s one where the si nd/ or pl acenment
of the wi nd®® C4#*%ry responsive to a priori i nfornatégdaﬁggl{GO&@ t he
signal, or can vary fromsignal to signal, or can vary from estimation
attenpt to estimation attenpt, or can gary fromdefault val ues, or any
conbi nati on of the foregoing. The signa may be a standal one signal or part

of a conposite signal conprising wé#@aﬁgnal s. Exanples of the _
paraneter(s) which nmay be estinmated , but are not limted to, tine of

arrival f0b0¥) The i@@éntivRProHaLAE ?Qaﬁlféfe@%stﬁﬂmorfegtﬁmhtﬁh@gl dPoenbic Pl Sact @91 Y
per chip 1r(EJ di vided by interference noise density (lo), etc. (00101 The

est i mat opf & &1gpeli theps gb ot ationoanal vty wSingnal danamigsily vizoghle. sedieh windews| daron

| ogic determnes,.a gorrelatign function.qf a signal .in relatipn to a
select edraee o s e Pate iy Rhudle Sbeli HadbY $O8 wifedth dotne
corr el at ii@orf pliehietNof GRS RERIONS cdhPar¢ QEdRhAVE 38 a PRINGSRrhRforSiedidingahe
shifted versions of the identification code. The range of the shifted

ver si onssigialt drecan yant froncsignalrto segnal, wihicet vanyefromnestisation attemiph tosestimasian ch

wi ndow. The size and/ er placenent of the sear.ch. w ndow can dynagi cally vary
Feaponsi VETEE & ARy Horh pEERETAlneS P RRI AL P RY SR SReel, '
signal, mayfdeoinsentialoné isimabidregit of @ c@fposiRt sighalaédBpiding ehulfipenaigpiaul t
val ues, or conbinations of the foregoing. The analysis |ogic anhalyzes the
cor r el at Bxamnleseditheparameter(sh vdichrany beestimatedingbidgebutinse sedimied oy Hmeed one

or nore i ( t ' [ 0 . alk Rg t he
et mat GHTSALTCRO bt nfan sHfrdh 3B (RSB Fo: AR GH R0 Bherl pBRRRELET, |2
priori idividedby imdferagembiseglensisy dgdakte. and, responsive thereto, dynamically
det er m ne si ze and/ or placenment of a search wi ndqow. | n one | .

i npl e_rrenkﬂﬁ% élgﬁze el CHRRTEES ayelalen ng’%me@fa% yiis degif-c HFhf omesiptig dogic
dynam caddimisVa bétfelafibef fuRBh S PIsRREMR telor '&?asﬁ?éc@%i inﬂeﬂgﬁaaﬁbﬁ %a{ahe

default values responsive to a priori- 1 nformation regardi he si gna
whi ch i swhichyvinded embodimenk.tis talf colds: | TiescofrredationHfenstigrizbreaents thercelralation

function representing the.correl ation between the sign and shifted

versi on ey ednite Pgaretd Sufipd rsiios o7 aRanERatios (g0 d beAden st bt faned

i dent i fiGadib@ofaRE RfentilficforoE RleAHER SRR ideled déhbN 8 dedtith WiSdRATES sk NdOW.
It then attenpts to estinate one or nore paraneter(s) relating to the

si gnal fandfart placemsnt dfatheosedromcvindow om Apmmicalipevary responsive to a prion
information regarding the signal, or from signal to signal, or from estimation attempt to

estimation attempt, or from default values, or combinations of the foregoing. The analysis
logic analyzes the correlation function for the signal and, responsive thereto, determines one
or more parameter(s) for the signal.

[0011] Vanious 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 prion
information regarding the signal which is provided to it. It then derives from the signal a
correlation function representing the cotrelation 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.



[0012] The a priori information. may be provided froma source external to
the estimator, e.g., a wireless conmuni cations systemin whi ch a subscri ber
station including the estinmator is enployed. Alternatiyvely, in addition,
the a priori information may be provided fromthe estﬂ@aﬁiJ It 006, e.g.,
froma previous search performed in relation to the signal. Alternatively,
or in‘addition, the a priori information may consi st of a general know edge
of channel c¢haracteristi cs, e.g., weaker signals typically have later tine
of arrivals than the strongest signals. %013] When t he technique

r epr esent edl08121 dhs agariorihisfpamation lTea¥sbe Brovignd| frer a spurregixtsmg! tofhesi gnal s duri ng
a search cyahaa;op%rgf Of NRREE ot ARGMAS dysRRITRAWREn Lol dibePRhddr TaNCE USi ng
the default search w ndow paranet.ers prOV| ded by the network, since the

si ze and/ oringlpdieg tertstimaior eemplenedh AMCMEBAINAIF di apdition; dbe aeBrioBe tai | ored to
an indivi d%forﬁitﬁﬁ‘%ay%%?ﬂ:&& fBmAthd Ek'hhmtbxnlfts@ff ”@é 'ﬂ&n BRI B&rdyne signal .
Therefore, search cyclé tinme i1s reduced v#y Ot her systens, nethods,
features anRPraOwArinagltonfo theesignal o riemati 4befeﬂ@!-‘i=1“°ﬂmtﬁle| agEioBne apparent to
one whth s okl Wy hlist 108 EKATAMEEE oP cndnil dlabibitd i gures and
detail ed descri pt?cgir;\@ 1|Ss in ended thd?lpo © such addi ti %aﬁgsystems

met hods, few&ﬁrémﬂﬁmlaﬂkyém@ggglwf m&alnfawhwtonsqﬁt §§%pl8. description, be

Wi thin the (o8eeRfhef theldnibiby R offcsP fiainBasti€ Bhp¥d doAGr@ipCOMPanyi ng

o ot . | By (R flne b bAER b AR 0015 T’hgpp?orrponen sinthe
figures ar eOfnéignaHeémaﬁlﬂe§fch @yclscaqr@rmaemrﬁawmvﬁsﬁ@%mdb@l g pl aced upon

i ITustrati NQibhGnr dstel kY &a fsem?winaw Maemgfbvia@@bwa efoork,| | ke reference
nuneral s designate correspon parts hrou ut the dlfferent Vi ews.

[ 0015. 1] |nsutcn@e@zawdﬁfgylacq}mm}hcrsp@@rvgndpw @uﬁlns wsed FaaY e taigspd l@at i on of a
paraneter estihMBkON sR6S Sadh b o ok iformalHEREA@Rg tleQibhd] THeRME 2A is a

Si rml ified block di agram of one enbodi nent of a parameter estimator

accordi ng tssarpm@clprﬁwnw@wed[oow] Figure 2B is a sinplified block diagram
of one i npl Qo) ORkt QRtetth, BetRes FEREBY and 3&IahiABds U tRGERLENGIIR dche i nvention;

r WO 113/113911211 )
will become apparent to one with skill in the art upon examination of the following

figures and detailed description. It is intended that all such additional systems,
methods, features and ad\'rantages be included within this description, be within the

scope of the invention, and be protected by the accompanying claims.

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
vwf reference nurnerals designate corresponding parts throughout the different views.

[0015.1] In the drawings: o

[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;



25 APRIL 2006 [0019] Figure 3Ais a flowhart of an enbodi nent of a nethod
according to the i nvention of estimating one or nore paraneter(s) of a

si gnal u5| cally variabl e search wi ndow det onsive to
a priori nflor mat P‘%ﬁ] regarding the signal; [0020] Fi guﬁér&ﬁﬁh‘iﬁ 9 owchart
of a second enbodi nrent of a nethod according to the invention of estimating
one or nore paraneter(s) of a signal usgng a dynamcally variable search

wi ndow which may vary fromsignal to signal; [0021] Figure 3Cis a flowchart
of a thipgignbiedie®ents Phodchit bpsh aﬁswlﬂfeﬂgoﬂ@nkﬂﬁ)d dcBvand t@'ihé)fnv%ﬁﬁdxfr@ft' ng
one or rmre paraneter(s) of a signal using a dynamically variable search

w ndow vdshmhtmg}bnv ar ydre pmagetarispof mnlgaaltmng a dypnasicalipy aeblastaeipyindp@022]

Figure 4,is h | evel flowcat of on rrent ion of an overall

s ance d O FoRIE HoRarRI o PIRAE, RO RE T TR BESEBAT 10029] Figur e A is a
f 1 owcharfposf] BREree¥BNR! £ RfwcRaiRIr rhogec%ﬁﬁoéﬁgdwmﬁﬁ’t bhe ABheAtdcedfle to the
estimating a tinme of arrival (TOA) paraneter of a COMA pilot signal using a

dynani cahventionzefi @bnmtmgmmnmmtqwrm{laeﬂm] ofFa glgnal B8ng 9 dyrfaimpvadlyavariable a
met hod of dﬁt eran r]ﬂ a search.w ndonOteor aﬂ initial search of a pilot

si gnal i R TBRY chymagvary o AEnpldS SEMaki qure 6 is a di agram

i1 ustr afpng Fl@fn%sb(z' F},Sauﬁ&ﬂcﬂaﬂ bhe %@”&hﬁocﬁheﬁt G £ mdhod QP&RHingl @UiIR 7 1S

a flowchart “of second exanpl e of a nmethod according to the invehtion of
esti mat ungenalom@f mmﬁmgeqnecﬁ laOIQDMMrpctbt(s) ofl gsignalivsing aadyiharmgallyavarnable

bl h 0027 f
one. cxanien Sodo P el ey SRS/ An PRSP T B PG [ o02e1

Fi gure 38022) Rigtifeatt €8 aChi gﬂqevéllﬂtav@fart%fg&ie afiplefnehia€ieh @F dneoetedll Pavadedt he
function_ of Flg‘ure SA; 100291 Figure SCillustrates direct and indirect

arri val sFesward binkJirilatesptian (AFLY) Biwss®i i ber station due to multi-path; and

L0530 IOy 258 SR L AR Rag ok sale o

estimating a time of arrival (TOA) parameter of a CDMA pilot signal vusing a dynamically

variable search window;

[06024) 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 vanable 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 SA,;

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

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



Exanpl e Application 100311 Referring to Figure 1, an exanple application of
a paraneter estimator according to the invention is illustrated. In this
exanpl e application, the paraneter estimtor is enpl oyed vt N ubscri ber
station 100wipsulsheepur pose of estimating its |ocati ozs A’KBI!U%@Z I ber
station 100 is a conponent of a w reless conmunication system such as but
not limted to cellular, fixed wreless, PCS, and satellite comunications
systems. Moreover, the wirel ess comunfcations system may provide for

mul tiple access in accordance with COVA, TDVA,  FDMVA, or GSM nul tiple access
protocol s, or combinations t hBESAILERPESCREBIONpr e base stations or
sectors 102a, 102b, and 102c are enployed in the wreless conmunications
system Ezaahplbapeliedtmni on or sector 102a, 102b, 102c or sector thereof
transmt '[Bét.si $I whj ch i s mpdul at ed vvi%h a repeating pseudq-random
noi se (f%?lﬂ& nm% 1gpReq Ly CHagENE PERLICaUN 9t 2 PRsandergstigityacedingrto For
| S-95 copplid jortM e . I : 1.AS
whi oh 1 o P anannigtieiustHEL “TEid Aanithy FRA5s%, SEFHARRER elmalty Rl oo,
106b may withmosubecnibies isktiont b0Q fier gwebmopodecs! sitandting itd Qfcation pOBhe subdcriber
determnation_entit PDE) 104. Each of the GPS satellites also transmts a
si gnal wFiFRaR | ﬁtfdg’i"éP‘é‘H‘)n(‘Mo? A ‘ﬁlrgléﬁe%?’ﬁ’?]ﬂ@mmo@oﬂ@t% Sugh enbyfoot mitedi £ i es
t hat sat ' -adl di r : IS . , 023
i ps- e e s 3™ Mo BB e o1

wi t hi n scisouiibaions sgstérn maoirovste fonhiljipleatces in stcordinee widr COVEA,JEDMi¥et er s

of the pj Si s transmtted fromthe base stations or sectors 102a,
102b, angb%c?rm&utl{'ﬁg ag?eaﬁmogocto?%ﬂg?ﬁr? 18@1%5&%? GPS satellites 106a,
106b. Supb32)PehabRifse BHRY dtifonydf sEeldrs 10PE QN2bl AR SIS Sir® empRRei Gy Ber
chip divided by interference power density (E /o), root nean squared error

(RVBE) awdelessatasemupicafiansesysiem. p Beghrbese statioreor seqton 2632, 108bel Raremssctors,

once est] . pravi t : 104 ich.gestimt the , | ocati on. of
SUbecr; buPRbE andlite RANL SEflal Qplchlis St Uaioh PR B Rao A5 BR8] |
conput er (Mt Whivhaiqsely dentifitethasbast s(Aien of sédtomt B, IStdSecopasiahi ODMA t he
subscri ber station. 100 is downloaded to it so that it is available fromthe

subscr i bBICBEaF BN oasly if A Seqnenes A2, U8 chipsgihich is rsperted eiesY dRALISerl | .
[ 00361 Thﬁ%@%elgﬂnﬁ%’ GPSl dafliifes t B@z%, lhlgggtnlx al?$ bk REsiBIYRE Ghd %scﬁﬁ%%%a?i@gloo

fromthe asurenents relating to as€ stations or sectors 1 02b,
and 102c]00oor, posihion nitemsmtiB@nif/ (F3UN21042 SEABRIfIthe @GRS satellites also transmits a

signal which is modulated with a repeating PN code which uniquely identifies that satellite.

In current GPS systems, the PN code is a sequence of 1,023 chips which is repeated every
millisecond. .

[0034} The parameter estimator within subscriber station 100 is configured to estimate
various parameters éf the pilot signals transmitted from the base stations or sectors 102a,
102b, and 102c and/or the signals transmitted from the GPS satellites 106a, 106b. Such
parameters may include TOA, time of transmission, energy per chip divided by interference
power density (E./Ip), 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
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7 ‘accuracy, fromthe conbi ned neasurenents of one or nore of the base
station(s) or sector(s) 102a, 102b, 102c and one or nore of the GPS
satellite( 106a. 106b. [0037) The PDE 104 may provi& g@&iﬁ@f rns of

assi stance%‘zq)" ‘Hémé’ubscri ber station 100. For exanpl es ﬁWﬁy
continuously track the GPS satellites, and provide assistance to the
subscri ber station 100 in locating the7signals transmtted fromthe GPS
satellites 106a, 106b. This avoids the need to have the subscriber station

100 undgécieacli FBmCBATuibiteed Helstrefileafstof onp o &Rt e thef WHse kQGak(sN6r deBBI(s)
satellites en it is powered up. [0038] It should be appreciated that nmany

ot her bfiﬂ)?ﬂ% ¢82h.dRec end P?%Ofplap%@lrﬁtﬂéﬁﬂgﬁtsﬂﬁ@ﬁﬁ@{ﬁ) lﬂﬁa}i KeSb.i nvent i ondar e f
! . nes: | e .
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enbodi n’@iﬁmc]ﬂé, PDRaIANRLE cofiiuot®Yy @fack @6 OPYI sateikites,tdhd provigh abPfarct to the
illustrated. A signal is input to correlation logic 216. The signal nay be

a st andaibserebesistption 1410 ipdecatiog the smmdobraEniged fam dhefpP$ satelditeniiOopplOsh.
i gnal Se i cati ' j il ot .signal f ,
t ot on Bl RS s REed Bl @ hiEericlBlioh Jod wBlerth Rl ARpui b Bl BT,

conposi p@cedigeador 1@atiag e datedliteO ®héd ARspawaedap. from multiple base stations
or sectors. The signal is nodulated with a identification code which , in
one exalfi9B8] lishoyldmng appersiatediday mamt othercanplisstions of thapargreetsberimata®fdit o t he
si gnal -one-t | 0, ' [ orrelation logic 216 is
confi guir}'gglﬂ%%] %g éér;gn};are]’esfo ‘3’?%2‘3}“ Q%‘&Q@%‘@é %%ﬂég]ﬁs gﬁ'?%’%earch w ndow, the
correl ati on between the signal and shifted versions of an identification

code. I Qusly, e_greatest degree of correlation will be exhibited if
t he ide%ﬁ\(’f’ %&4%#‘@6&%%&9% by the correlation logic 216 matches that
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function which represents the correlation between the sighal and s
ver si onsccofdingte the amyeantipn i illustratest A wignehis ampt i correlation lwgye 1deflihneignbly t he

d ically d i ned. h wi ndow. This. lati.on_functi.on.is,input t
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signal . [0041] For purposes of this disclosure, the term"logic" neans
har dwar eoMmBYRicAkINs, systempandcis Bait 94 & icompotitcagnnharrsessnting tiettiamsmissigng from
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[0040] Correlation logic 216 is configured to determine, using a dynamically variable search
window, the correlation between the signal and shiﬁed 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



WO 03/639/)20 25 APRIL 2006 s estimation attenpt to estimation attenpt, or
fromdefault values, or any conbination of the foregoing. [0042] Referring
to Figure 2B, a block diagram of a second enbodi nent % @mpagﬁwar

Sigha I'S input in

estimat or awsosdismgoto the invention is illustrated.

parallel to each of R correlators 202(1), 202(2), . . ., 202(R), where Ris
an integer of one or nore, over one or gnore signal line(s) 208. Again, the
signal S may be a standal one signal or a part of a corrposite Si gnal I n one

256,  EncriBPopRanAPBLF, effdioh el b RGP AR IEVARRILF L R AR &108 U

r epr esenfordp@iidne degree of correlation between a shifted version of a
sel ected PN code and the signal. In one inplenmentation, each of the R
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quadr at Llcroere(a@rs(z@BPDDGM(S) I n Qm{R) NPh&eRisnhin diteged STWnerahd@Novalone ¢z,
whi ch depends on_the PN code and the shift s in the PN code which are used,
i s coherdpie, signal line(§)e208. nAggindbe signak Tanenbe amtandslone sigmpl ek 2ribef awhi ch
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is the cal°yvar|a re Integration tine
S(i) arexasphglress abo6t tmmemfeﬂhvdd csnrgiamlrs deternines,Sinaparalid)) 4 rcarryladon galue
[0044] In a second | ntation, the correl atian v Iueeqct:gis a real nunber

whi ch i sTepressujing the,ge %0 atiop betwesh3; siffed versign of @ selected BN codgansh
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chips. Inthis inple ntation, e correlation v r?ay expressed as
f ol | ows: thékarke PN-cobd€) With sjchZoxtielahirias$yned(d Jiffefedy shllft:\_falue:k+( j-1)N [0045] The
i, S de tested s th ar.ch.w ndo

f hi ft t
the  nurBf S dme exfraltaearSsani ECe SRR S ok GOBPIS SR B0y o8 ZEPAY O
addi ti ongld §hAHAhieO(Q) ¥BMpBRents. In one implementation, a correlation value C, which

depends on the PN code and the shift s in the PN code which are used, is coherent, i.e.,

retains phase information, and is a complex number which can be expressed as follows:

kyN=-1

C(PN,s)= Y PN(i—s)e S(@) - (1)
f=k+0
where N is the dynamically variable (coherent) integration time in terms of chips, S(3)

are samples of the received signal, and k 1s an arbitrary origin.
[0044] In a second implementation, the correlation value C is areal 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:

M kajN-1

C(PN,s)=Y. ) |PN(i-s)e S() 2)

=) isk+(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



performed by the R correlators until Wcorrel ation val ues have been
obt ai ned. The Wvalues C(PN, s) output by the correlators together forma

correl atioRydunedhan F(PN, s), which represents the A f relation
bet ween t he élgna and the shift s of the PN code (mﬁ*‘méﬁ%t S is

expressed in terns of chips) over a desired search window W In the case
where CVO 03/039020 9 25 APRIL 2006 thé& PN code is repeatedly nodul ated onto
the signal, the correlation function F(PN, s) will be periodic. [0046]

Fi gure 8k BN codt sacpetaily sodnisted oofo tesigret, ithucafeldiqueingincE @D sewit bon
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system FHE % ndow si ze W (in ternms of chips) in this exanple, which is
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the origin The horizontal axi's 802 represents the shif of the PN code
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function F(P is output on one” or nore signal line(s) 210 and stored in
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F(PN,  sportdlafanmaetion ﬂﬂﬁlsce\xempleqeﬁhegaﬁ@dkeat&hem@nlsnee(s) 212, and atterrpt
to estimate therefromone or nore parametewgti1 relatin to the signal from
%
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(E. /1 0) fdrasnthér®N cdidgmnain bé fdetehainad thgnht doSrelmmcz@esls);‘ p02(2), he .prONBISaid 204

may direct the R corrgl ators 202(1), 202(2), ..., 202(R) to re-determ ne
t he cor?@ﬁgtlpé}‘ﬁn?%cto on F(PN, s) using a different search wi ndow si ze

and/ or [ t [ one
gﬂo@ﬁ ces} ﬁoﬁi"s%ﬁﬁ urd® Yo %éngé\?c a?ﬁ%ﬁm?ﬁ: at G {‘:’15}9 hb6 oRer

ter be 8sti nma fromt nction or
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estimate, and energy per chip divided by total interference power density (E./Ip) for the
signal. If the attempt is unsuccessful, the processor 204 may direct the R correlators 202(1),
202(2), . . ., 202(R) to re-determine the correlation function ¥(PN, s) using a different search
window size and/or placement. This process may iterate one or more times uniil 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 hine(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

armival is depicted in the figure with a dashed line. In this situation, the offset 8§10



of a base station or sector pilot signal froma peak of the function F(PN,
s) derived fromthat pilot signal. Referring to Figure 8A the tine of
arrival can generally be represented by the offset s czé ondi n to t he
mai n peak 808 of the correlation function F(PN, s), Aeﬁ,ﬁ% @0 be the
origin SO6 in the exanple of Figure 8A, unless, due to nulti-path, there is
an earlier-in-tinme (and weaker) independent arrival which is distinguishable
fromthe sidelobes of the main peakioIn this latter case, referring to
Figure SB, a weaker independent arrival is depicted in the figure with a
dashed line. In this situation, the offset 810 25 APRIL 2006 10

COr r esponERTREPoNding Weehepeak 81514 this earkrn-trme Arrival rapresenitsribe WMe Plamival ebr esent s t he
time of afkicy@spSiding tpll6t lﬁQBﬁ%QQQIQB' SiBetfbiob QBrrés{S'on%?% e lpeliOsdshg i f set 806
correspondi ng to the peak of the stronger later-in-time arrival.
Consequengtfopgert iyt é?éeé'en‘%!?‘é P-Vl"ele prensequendly.t P rascusttely depictahe tipgrohmEival, the
progessor p:ﬁ'%tﬁ'hﬁw)rgcegs%l; ﬁﬁtshéd?@de%.%f Jhé @a?ﬂes Ellﬁﬁ&(offﬂie doSlatfR bRl E@R function
F(PN, s) that 1s not a sidelobe. he presence of the peaks 808, 816
depends of! hahis nskasidelodér ndow used to derl ve the correlation function. If
theisize @ips6) e 3@%{5&%%&&9& sb§ s%@aep b9 oh AW seah WilowSRAd B etVetROW i S

i nappropri atel P aced, one or of the peaks 808, 812 may go undetected.
1f, on th%ortstaherr ungign,dif therpize of %S@fchwféogewwommfeembwdm@ hi gh,. the

time requipg 1§ PREE orfe! b BotH Bf e pddks BB, sqﬁnﬁygmdéwa@d/ e ¥k aedmayai | abl e
timng constraints. In the first case the time of arrival cannot be

accur at el Yandsthe siae efthe paarch tindoucis et teljgh, - therfime fegwiredfto gaarch\pushanot be

esti mat edﬁr 6#&!3%@1‘{1? éx@@d%v&!am fiﬁ; g@&é&:ﬁﬁk nﬁﬁhe flrdt chB QS @A FhrWandow i s set
so that the peaks 80 can etected, the tinme of arrival can
gener al | yCa9BotAe aerueted SF'-'@%‘F‘F nﬁ‘t‘%se"‘[f’dGﬁf]‘hFPQEPéafB@ dapPchesstimatedanpl e of a

Si tuati onywwhgheaiiddle firid S BAREERS, Ilﬂm&sea&ﬁk;ﬁﬂoﬁesrshﬂssma:w% daky@BA1RcAl m ght Dbe
present. As illustrated, the direct |ine-of-sight pat bet ween base station

or Sect orbi@?%ﬁdh%mPW“B@P“’SE‘*B‘E’P]B?PBEWFCQ"-B\"B‘t‘%d by an obstruction 814 (a

tree in t[pes1)etanddcSdepitldiah Bxaiplett d 3fnRBoniersSdniihdepelit O Wit wealkes aierof t he pi | ot
signal. At the sane tine, due tg nulti-path, the sameté)llot si gnal may

refl ect offFUmF argkzb gt be pesentic A dlostgied: ‘f‘%{d’(ﬁﬁ‘ I"Eﬁ ofpight path Rerveep ha¥ e) and be

(rj ecei ;/eld Elﬂt:oﬁl]tb?seﬁfdﬁltiizrah@ﬁjbsc?x“b@f$!a@6h 10 vldckdy Hy%%?ﬂh?tﬁ?'ﬁﬂ@a(ﬁlae {nhﬁdwh tlhg ]
irect |ine-of-sj arriva he arfival o e pilot shou e
det er mi neEi"aF‘Plﬁ?r'?”f“%bamﬂﬁéFR@Pt s Ay PP*'F?F@ °§)f"°§llﬁﬁtg“%h N{}"&Is“’g‘fn’fl‘h@“epl | ot signal

(through Qhﬁnilﬁllbﬁthltﬂélsa&lg)lm sipal vk reticbim oftah@héitobma&rn sas (a mlimwhn ch reflects
from obstruction 81‘2 EEI"OS%’]f %f erring back B(? ure hhe plLocessor 204
may be ang}"e(fé'ﬂ‘ﬁ!@ ap afé by the subscrib2r station 1 ss attenuauon

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. '
[0052] Referring back to Figure 2B, the procéssdr 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,



executing a series of instructions enbodying a process, including but not
limted to a conputer, mcroprocessor, an ASIC, finite state machi ne, DSP,

or sone other nechanism [0053] In addition, the mam)Eﬁ ég&lﬁ%g&g any

devi ce read®¥¥1 B2 processor and capable of storing

I nstructions enbodying a process, including but not limted to RAM | WO
03/039020 | | 25 APRIL 2006 ROM EPROM,,EEPROM PROM disk (hard or floppy),
CD-ROM DVD, flash nmenory, etc. [00541 Referring to Figure 3A, a flowchart

of one [ 0 th ti i ng, one ageter(s) of a
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nmet hod kegins with step 302, which conprises determ ning the size and/or
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correlation function. Fallow ng ste 06, the nethod may iterate one or
nore ti #BSAGAWIPdeHacHRBSIYNE to hpiHen gHpEmatiosy regsrdinge senal ndhe anedhod propeeds
determ o} Iy . (S ' . 5)
Sever al 1 isP %M uBioed Wit} AUEAGHS (A0 Rl BE SERA! I BRI,
the si pahdos datephiret is iignabvibis AepV S 698 i€ AINTWEd bIstePBOBY Siherd) anfdiéniphe

estimator determ nes the size and/or placenent of a .search w ndow

r esponsiy 8ads 19 SHIEE ONf 05 IRYE| RFFRAREISHS TSI o thei emal fm\the carrelstione
esti nat o riher ' ' Is '

yst om Pt AR SRR E, B ARSI Bfe BE IR (ol Wbl Wfie or oy
t he si gmaireipgrameter(d)are estpnitat & it issdetérorinédhthas thiesmeiop ewors pataneter(s) cannot

W t hin hhe l.i st .of pilots which are neighbors to the active pilot with

whi ch t RE S8YB&%€Ai ber station is currently communicating. The system nay

al so i NQaEY) Selral RApRURKEEORE bf Midtrh&Rod R Pb&ehiandnPhRCANRIBhebtibdansear ch
w ndow that it assigns to pilots on the neighbors list for acquisition
pur pos esignglnigpi pikat|sygnal B owrelsppsaramuncaten systen,sand dhe esimater dhtergtinesi the a

T A e T
Wi t hin si@al phstdedber thetastiinaor ey a aabicgibei 6tatibe ipdluding thdestanieryWreahe Si ze
and pl aggsrtrgrg'_[ l*jo? re:mmple, the system may indicate to the subscriber station that the signal is on
the neighbors list for the subscriber station, i.e., within the list of pilots which are neighbors
to the active pilot with which the subscriber station is currently commumnicating. 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 piiot the same window size and placement for
pararneter 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 1s 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 neﬁvork

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



paranmeter estimation purposes. 100561 Then, due to novenent of the
subscri ber station or sone other dynam c change in network conditions, the
system may indicate to the subscriber station that theagiséﬁ Ls_on the

active list, i.e., the list of pilots with which the s RIL: 28061t i on i s
currently comunicating (there may be nore than one in a soft or hard
handoff situation), or the candidate_list, i.e., the |list of pilots that

2 . :
are candi dates for beconming active pilots. If so, since the systemw || have

a ‘rough irdea of the tine of arrival of pilots on the active and candi date
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size of the sear¢ch window, e.g., to 20-100 25 APRIL 2006 12 chi ps, and
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second |rrpl enentation, the estimator égcon uct an initial search of a
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of arrival, again, speeding up the paraneter estimation process. [0058] In
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t he sear q&pwsadnﬂavsﬁusammastﬂﬁhadﬁyt esMhttl@in aRfidipate@Otithe b ﬁrhealvumﬂ@\fm&n or
ot herw se E}ﬁ'?celt inrelation to the antlcib‘ﬁaéedtl of arrlv% [0059] In

a four t h T &R elrense Pilon reduprtps sitpat thesgarghoyingas foom p defarorlueoandni ¢ al 1y
Segrcpfplckmér&hewﬁmwwdmrattﬂﬁwﬁé ﬁf&ltMI%@ﬂgdﬁﬂém&ﬁiﬂéd%ﬁdﬁMvﬂﬁ sear ch wi ndows
an OortTs Sl e net Wor 0] e 0 Qr UISI |on purposes.
However,, %EO%RM Fplementation, a subsgri E"é“é‘f%‘t‘? S‘B'Fds 'Qé‘li‘t‘%‘ﬁ’ q‘ﬁﬁ?’
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I n response, .the sybscriber  station |f_18conf|3ure to red e size of the

search \BEWIBWE q‘etp’ 5,39 AEsinn PYTPPSEfre HRvevek ARV AU -80S SB¥RY or nodi fy
pl acenentor edetdr [ FDIS @&, Gildry indicaday\the subscriber station that the search windows are too

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.

[0660] In a fifth 'implementation, it is assumed that the strongest pilots are thsse which
originate closest to the subscriber station, and that the other pilots originate from more distant
locations than the strongest pilots. Consequently, in this implementati(lm, 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, to obtain an accurate estimate of time of .



(0060] In a fifth inplenentation, it is assunmed. that the strongest pilots
are those which originate closest to the subscriber station, and that the
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i of - FEchgs i insatepegh iy pEdRmRie o e th ROy S e o 0 Fven
PN code bivke paition efthe fi@agestipesk rather tnatat the stiodlgesgesk, arkddo redatigdsiZe@f such an
earlier pe esir s the search w ndow tqwards the |eft
of "t he p§’§ S?af‘%’nw%#m“%/sﬁg'%g? f)eﬁﬁgg?esf}%tﬁw?cg?'hcét‘o q‘ﬁﬁ%‘tg‘{]m?ﬂrém%eﬁp(? est peak, and
to reducfooﬁnekesfcrﬂﬁg anlgnﬂeameﬁmhchmndowsmd lBabodirhit $>earmbthdbes not extend
ht of the str

to the St. Ref. Fi gure 3B, a
f I ovvchar g5t Baﬁggnéeéﬁ‘a“é’ﬁ%&ﬁ ﬁﬂ% aﬂFTP u%ah fJuyé%"ﬁ ir"’hi wBﬂ nor e
pialr arr?t e :s(:g&smn’eda Th¢ gathod beging Qvith stbp B8 vetddhl opmpﬁxcgs ahih nfatisge oeCdy mum;jow t i's
illustrate ich.c rises, estimating one
or nore ﬂgpetﬂgsﬁggeé'hl S@PQS‘%F\ ‘?%"F"’g?%’ﬁftg?cg?rl" SRy ‘Egﬂgr"’gpg%?a&h W i on deri ved
usi ng a frhe mtthedprockdswe siepdY0, wﬁuecomhifwdsnmamge:mdsr mare pareypeterdd) of shi ch
conpri ses_estina para f a. se ond nal froma
correl atf o?n"dstﬁ?é{ﬂm acodmla? "e%vﬁlgn ﬁméegg'ge'c cfz:%ngé’f’ wm I"VW% may differ
or vary fiffenortviaey fidnr the firstT lihe sezonhdarslewinddw manbkoea myllehameth:m thavaf | er si ze
than tha e first.a a f.eren t.ioned than the
first, i ﬁhequ i} m%%@ b%glgfrﬂg@]f ptljslﬁfr%’f1 %fthg'% e frgt tltjagcg ﬁ%‘lgliﬂe’ ?8“01} he second
Si gnal brﬁcrxmwunn it inaaildbierfot the vdamdeignﬂdnuanq)nhedirst whnfeclhmnoonnfomhakim t he

esti mat oy f.Q n‘(goe‘é@mté’rééé%hgﬁfﬁﬁmgt Bh@?gﬂm&{&#t casL,chQE ﬁﬂg second signal . [0063]

Referring to ure of estimating one or
nmor e panQﬁHtRﬂﬁ(tBr)g bela@(@namrmwlmanamMI dfwtmﬁhmmeeorsm ch window is

| Tustr ahﬁﬂne&@%f a%[EPB%HEQtdy%%m oitidolt éﬁr@l?u%i’d% z%iu@@at&?”ﬁﬁ S€s

attenpti e one " or ‘nore aranete S) Oor a signa om a
correl at pxolwdfmmxttbcm Wity tepe 312y wihivh cambnseswttmpzlm oitimdevpne or 008l Step 312

is foll ope gszsn%@aig ror d borbiGRnd uTa &ence%ugtﬁg s;m gt %@s&her the

estimti n was Success one or nore
par anet ef064] Sm;y?: 18 és fpliovsd by step H4qln step 314 :t is detem:uned whether the estimation

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 secand search window which may differ from the first.
[0065] For example, if the first atternpt 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.
v [0067] When the technique represented b.y any of these embodiments or implementations is
applied to a group of signals, compared to using the defauit network parameters, performance
e

LR [ERE
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menory as indicated by optional step 318. If not, step 316 is perforned. In
step 316, a second attenpt is nade to estinate the one or nore paraneter(s)
froma correlation function derived using a second seigch? i_ndow whi ch may
differ fromthe first. [0065] For exanple, if the first>d} %2%65
unsuccessful because a peak of the correlation function derived fromthe
signal-using the first search w ndow could be detected but at an
insufficient |evel of confidence, alot her attenpt could be made to estinate
the'paraneter(s) using a second search w ndow which has a snaller size than

the firsts gy ilbloGdd. I | parRber, kB ttimet 19%(19&@'%1&@%%5@% garrmieh thee first
attenpt . #0066}:1 om step 316, éhe net contjnue iterating until the
one or gl rea of fime @ ?’FFP&P@CF‘” E}’rblqci to; the BEPERICACA ¥dndoMAt t hese

par anet efaﬁ;ﬁt)pri@@M@ignhﬁfo?&bicﬁmsﬁﬁfoﬁﬂaﬁéﬂ1E b&vﬁ]agﬁa' [0067] When the technique
represent[@%sﬁé grg\y of these enbodl ments or | mentations is applied to a
group of d $ @pd dpleragniatonsyel ¢ arethy t° FEEDRING 958 1 ABPES S, ¥

per f or narpﬁt:ema&(sé\BRh |sxg3&@Qx§m 4 dyBan@éaB9 vhijabie EB4rElY Ghdow fn h@lcbhtxtl ran search time
I's reduced sjnce the_sig or which the esiimtor has a rough i dea of

time of &YFHlIfdvagred FRSW“QUB?‘%&‘P a‘t"’iﬁ“?“lwé%g@‘f""%s%af?’cﬁ WG WeIrElesS or opri at e

for si gn%ﬁnmanMgmﬂ‘hmOw%@gsmon I s unavai l abl e. [0068] Several
exanpl es E?l I enent ati ons of a nethod of _estimating one, or
e Refés

par amet e ringdtp Beure 45 difloychart #f fs pverdl W@&W%ﬁ)ﬁsé‘?‘@gﬁ?% hl"vﬁeﬁdow in the

cont exi @2, ake ARIVIEpRtdss RAMiaRed dCsbV REfipdsiel ko §tég Jmt Rhat uenubdfbel) process
for a CDVA wre|l ess conmmunications systemw| | w be described. [0069]

Ref er ri n§RER qblagg fremthe agtiyg bG%c,sF?g?'l Or S & W@?S&’Is‘la“%@ﬁecﬁf Yith gdichg
i |1 ust r atiqsl curdefitl SrefiBtered @ist binBe AdfkhbodtipMaRSTatibfs dridbctdralt Step 4080RUHeal t hen

passes to t he bscrl ber. statiqgn obtains fromthe active
base. st atPFrg‘ﬁmg} g‘e%‘?p\(l)%% &""‘é“bs“t Lstpion conducts a sparell YSle kot RFINOSAIi ch it is
g UrFe 2 B gyeaic@i@ﬁ ik gmdsor fhe libted baleef st on @B wdlGs bﬂ%ﬂotﬁﬂ;‘ fAb bV bie S ecéI ors.

t ep i s then e s i ber .stati.gn conducts a
search cy@i@s)pr ?tgﬁ?)}qlé’@ 'BF‘rFQ“ﬁ Sezg‘ﬁ'aﬁygﬁ’sd’fq‘sf ?fuég $B§W5 AL i sted base
statio ?s )eﬂ:lh s&ﬁcﬁl&t Eitheread mﬂéalﬁorﬂﬁat&ﬁbq:ﬁﬁﬂli dtidetedtatild) 6r dne bi M?'e bﬁﬁﬁeteﬂi)at i on(s) ho (r]I
sector(s The arc st _of t ts searched,
ond For ok ReP Rl ey Rine el Gl R oimvih Srlther mitterg g ey °

undet ect abl:c&xﬁd@be ianke mA@mﬁmetﬂaﬁlﬂMﬂo()ﬂﬁean sqlared ietngr (RMS(Ebleanjrpér i ncl udi ng
but not mite f arriva a _neasure.o | evel of

confi den5 d'h 'gﬂgy ?Eﬂkmgeégﬁ?ﬂ%etp&"er ﬁsé @}é“)a rra%foni#ghﬂons?{uar &FEdPFor (RVBE) ,
ener gy pdétep 408ifpllasis\steflet6byintseipad08, the esshler dntbe spoohaycld aressibred (iEA) , or any
conbi nat i oLy ) of t he foregoing.

[0070] Step 410 is then performed. In step 410, a determination is made whether 2 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 overwrite the earlier
recorded results.

[0071]1 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 secters. In an alternate implementation, this is deemed to occur
when a fixed number of search ¢ycles 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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Step 408 follows step 406. In step 408, the results of the search cycle are
stored in a database. (0070] Step 410 is then perforned. In step 410, a

determ natia,ra“bﬁmﬂﬁge whet her a PDE in comunication with the subscriber
station has requested final results. If not, the methodS ABRIL2086t o

iterate by | ooping back to step 404.. To conserve nmenory space, the results

of the search cycles obtained throughj4 hese additional iterations may
overwite the earlier recorded results. [0071] If final results have been

r eqw“rﬁ@asn?&ﬁgd??h?@bé&h%@ﬁﬂéd, tiRe SeRfbdipréecciies §ted 4L BY %EE}B‘%H hop siing]_err!ade

whet her sufficient nmeasurenents have been obtained to enable the poSition
of t he reuimcemde reppesntative b tiresat of innEs@dmehts ioribe dupbasean bhtained, fot bach i s

deened cecur en T asurenment s havin .high |ev of . confi dence
nave. o] 08 PIRALE B i BDE oliutre Gmematedh 2P S1ED iopedumres B Crapsiiy
al t er nahe ehfARLEMBA AR in %He: st bﬁlﬁggﬁ&ﬂeﬁtgfﬁewerag 411 8f {HeRehsBUARARs Of

search cycl es have been conpl et ed. I nsufficient asurenents have been
obt ai neshthinreefixet duopwint oftine o€ thetearliesemasserdment.oopi ng back to step 404. |f

suffici 0 03/039020° 15 25 .LL 2006 repents ve been obtai ned,
the notlRla2LFSElden sty shonndTe i ol e A DY rieaipscto e AU R tason
represephéhiVer Rbt APETS?TStiPPfrecﬁ[ﬁ?eﬁW BRAL Sorltfd] Hagedlad 3RSA 81 %n@%@bx%%@ssf or
each PN and 1s provided to the PDE. In one inplenentation, this Step is

per f onriexmingtesh towi captrod hassesatol stapstOdnfionanatieerateration of tlkee methodf measur enent s,
and av I |l of t.he su.e t Wi t hin fi.xed nt of tine, of the
car | | edPOTDEBringto FiEls A TORVERIC phite idudle o § BeBET i rSiomiak B8 « he
PDE i ndiegrthesycleOsttd 806 ubFiputd 8 is Shatrked. A Bubeite®the oletiid Hediss with lstep
required. If not, control passes to step 418, and the process terni nates.

| f so, X¥atwhsre pachsafdhe disted dpndiactivied pilatsds Hegarqhedy asipgra dimantieallysiangble
[0073] Referri t I . 5A a.fl Hant of €. | g, Of hod for
ber of e ot koS S Rlod o ool BARIERE RS8R AR, S0 bl s

i |1 ust radrethtichhRne®sP@PN) &Y i denwddnfoi teach obEhe, listbEPH s hctive dokdes hding @d (and
active) pilots is "searched" uysing a dynamcally variable search w ndow

det er m h@@msplly detrrapnedserk WRdW.net hod of Figure 5B. In particular, a

ot ve R e e ke D Q8 P e PRI e 1 ng
t 0 Fi glrase SBtiot besevixirho te begchrsl, 15 idéntsiedp 60550 s foldwed By step&5hiviotre of t he
is determined whether P has been previously searched during the current session, i.e., since
the subscriber station began the current AFLT searching depicted by block 402 of Figure 4.
If not, 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):



base station or sector to be searched, is identified. Step 550 is foll owed
by step 552, where it 1is determ ned whether P has been previously searched
during the current session, i.e., since the subscriber station began the
current AFLWQAP¥HINg depicted by bl ock 402 of Fi gure28 APRIIN2006st ep 554
Is perfornmed. In step 554, the w ndow size and placenent for the pilot are
set to default values, collectively referred to as Wta, which are assi gned
by the system and downl oaded to the stbscriber station over the air. For

| S-95 conpliant systens, the followng default w ndow sizes are possible
(centered on the first arriving usable multi-path conponent): WO 03/039020
16 25 ARRGF2Q0& - Window NeryerWirdow Size; Widow - NomberyWardow:Stze ( PN
chips) (PN'C @Sﬁ}““ﬁﬁ%"éa 185845 8@2 100] 316H4ePsH -Eizleoz%?é‘l 22%3 62814320
74015452 For—ecdra—2000TM-&arsPPiht —siist ens.—the followihg bl acenent
val ues are pos&ible: Bearch & fset Ninber Pl &cement [PN chi®&) 00 1jv ndow
sizel 2 2w ' X W'rn(&OWﬁsi Ze(2 4= Wi§l|u'uvv STRelr 2 5-dethuvv 5ize 6-3 *

wi ndow 4i ze/ 2 7Reser vid
2 8 10 100
3 10 il 130
4 14 12 160
5 20 13 226
6 28 14 320
7 - 40 .15 452

For cdma 2000™ compliant systems, the following default placement values are possible:

Search Offset Number Placement (PN chips)
0 0
1 window_size/2

t-J

window_size

3 x window_size/2

- window_size/2

- window_size

-3 * window_size/2

~ v ]| K] oW

Reserved

From step 554, control passes to step 556, where an exit back to the main routine (Figure 5A)
1S 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 duning
the last AFLT search cycle. If not, step 560 is performed. In step 560,a counter, Wcount, 1s
reset to 0, and conlrol 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 incremen‘uedJ by 1. Control then passes to step 564, where a determination is made whether

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



From step 554, control passes to step 556, where an exit back to the main
routine (Figure 5A) is inplenented. [0075] In step 552, if it is determ ned

‘that "the pl‘*gqu.laq,s been searched in the current sess 558 is
performed. In stse)p 558, it is determ ned whether the pﬁ)& Rﬂ/«é’gméet ected

during the |last AFLT search cycle. If not, step 560 is perforned. In step
560, a counter, Wount, is reset to Oy7and control passes to step 554. If,
in step 558, it is determned that the pilot P was detected duringthelast
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cycl e. “P?Fs'f mﬂplfoégv@s dﬁ‘?&"eg if dhe P@P’soé‘ﬁlsﬁaﬁ CYQS ﬁ’bﬁ‘ﬁt %gﬁrgﬁ dotierhed ze
whi ch hSingededfBtvidBow e sie F%}ﬁéﬂ i@hRetEoh BRKe¥iBhsIY fa%tecfadl;ﬁsk foHthess va
successi vé searches of the pilot have been conducted with the search w ndow

si ze W\piloGhaesst Nwasusicessivat seerchep mfcthsu mhoteliarvech®nvmndnctnﬂ gWith dbe searethr ough
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function F(PN, s) for the first pilot. Control then passes to step 508,
whi ch (Yéh’ﬁF-i ses testing the energy of the strongest peak of the correl ation

funct{ g A TuGe ekt Fibiilon, et SIBLION R foc e ettothfy,. (FiguEe © to

be d|s 'ustrates an é e settl ist
compnses obtaining the correlanon function F(PN, s) for the first pilot. Control then passes

to step 508, which comprises testing the energy of the strongest peak of the correlation
function for the pilot, E(im), in relation to a threshold T1h. (Figure 6, to be discussed farther
on, illustrates an example setting of this threshold).

{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 retums 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
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



[0078] If the energy of the strongest peak, E(im, exceeds the threshold

Tl h; step 510 is perforned. In step 510, the position of the earliest peak
within a predetermned interval of the strongest peak that is not a

sidel obe is recorded. (This step returns the position ?ﬁé&gmﬂgéﬁngest peak
if an earlier peak within a predeterm ned interval of peak and
that 1is distinguishable fromthe sidel obes of the strongest peak is hot
detected.). The corresponding tinme of arrival, RIME, and E,/|lo measurenents
for the pilot are also derived andigecorded. [0079] If the energy of the
strongest peak, E(im does not exceed the threshold TIh, control then-
passes to step 512. In step 512, the energy of the strongest peak E(im 1is
tested i f® qu@lcféti Footshprengd QCHWCEE’H@PHWH%nlelt‘g@é‘hFPGt{tPEﬁ%dq‘medaﬁoﬂgksénpl e setting
of thi S k8 gl (naf AQ8RMbidinck Dex 8B Bkaih of tnes@;ng Db el E(Im
exceeds the hr esho Ti'n, control passes to ste where the pilot is
added t o has “‘H@B’p’”ﬂefgf’@ﬁtﬂed)l Insone gragple, e sige E)fe‘h%t??b]“@@f’e‘ﬂ"@‘t’!’ Wsipd® ext ensi ve
search, ichigs, butGNghoktd bk a {br&l’a?e‘attﬁﬁ ofhBY SShALs BpdstibIB, sohik Bxamtipld dhigat i on t hat
the pilot Is to 25 APRIL 2006 18 , 14 be subjected to a shortened search
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pi | ot has gﬁeéd" %ggn 0 tag;ésng&l Eﬁj one exac | e, t?te Si zg' of the shortened

wi ndow \\éhep Pastes t"(*E!‘FP P36 Busteri Y16sHe ailey lb@d%dp'ﬁrthfdle&l’ &rpupHut thstdsbpli exanpl es are

possi bl e wisRwisite SnEpARRLR (a‘eta@tuineh mﬂﬁgh b.e mefb@Bf Bgurt 5B) kirdiflned SR81] | f the
energy of the strongest peak, es not exceed the threshold Tin,

control therEpnzpE Bk fﬁ'&@?‘é‘ﬁs@ﬁofmﬁe%‘t“é?ﬁ%@@e the pilot is added to the
deep gr Otmszmsmtstass SR, 314, tand WA6)dBNoOB R pRE t@ls@f,smantn ey, ged through

the nmethod of Figure 5B) is, retained since he straqngest peak for the pilot
has her etdB‘F‘HP‘%?d erdtfa%tr@etd&w@ P“["B@BEF"‘PP&M%‘P%’S 139 comhpas%thd 516,
control PRASHRE: dn@ oSthewe rabhing plloBlieR1eded), Cdnlrol then shedetotrepets Whet her

ditional pilots that remain to be tested. If so, control passes

t here ar
to~step g??““%é?@‘%n ngmopsRUlSls rTRATLP BF 13jed, FAnGPithendasses 8EER 323 Cont r ol t hen
passes t Qo3sER 359823 bridfor foft df GHe pilbt hdded PNhe debp goup e ﬁxbjtbtl:@fo’:‘a ih&eri n to be

tested, control en passes to ste 523, 083 523 ne or nore of
the. pi | ofSeBEHPo-+ R HOLHEGHS U e Lo o %%fatc@ wislEns ve
search, Idet&mlneﬁrl@ thd dilbt. drf @& pi@dtesras adﬂb@@rtwet deémgrbu;rm ,stepI514‘J gaeanze efdheh wi ndow
S¥23? ?ﬁl Bc{fe rf(r)];-‘t qu)]; i‘géet%t? ﬁfts.ﬁaad q’le seamh wurl]deowes posmon at %g (gtrgnggs? the deep
peak prevxously detected for the pilot. If the pilot was added to the deep group in step 516,

the size and position of the search window are set to the default values.

{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 shoriened search

window W, and a subset of those pilots which, in step 516, were added to the deep group

with the original defanit 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



search window for the pilot is set to W, and the search w ndow is
positioned at the strongest peak previously detected for the pilot. If the

pi | ot was ded to the deep group in step 516, the si osition of the
search wi ng‘g\?{) WE8t to the default values. (0084] Notzﬁ5 mﬁstz@ﬂﬁ&% need

not be perforned for all of the pilots in the deep group. In one
| npl enment ati on, step 523 is perforned qgly in relation to those pilots
which, in step 514, were added to the deep group and marked to be searched
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W ndow sheRurefiedisTthe pPBBRE alloURiSE@nDrédorde@nt rol passes to step 524. In
step 524, one of the pilots searched in the previous step is sel ected.
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of t heselidcdnsRa TS on, illuftRektdn dxaniplesedny éthdseitheshdidd pss than T2m and

greater than T2h, control passes to step 528. In step 528, the position of

the ear [[P@SH] IpéhekengrHhEGm ipnetibetwiesn Heege itwie dhrgsholds, coholpaseasdestep P8ak
that is \{A%tre gggzj.kfn%lt?&%diiﬁﬁliEﬁfoq{g?%oré{dhhi s step returns the position of the.
| pea

st rongest péa an earrrer CWthin a predetermned interval of the

st r ongeq008% K thangerdly (i behadehahdse o/ YR afnbdld. b30881PasdR 18 5tepBRS Lwikhd6 - -
t he sidel obes of the strongest peak i.s not detected.). The tine of arrival,
RVBE, aribe Pilpy &5 rergeaechedneit dhe gprrelaton fngtion fer he pilge re-detgrmingd msmsraled.
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step ret ener gy relation to eshol ds
T2h and th@pilot( Agai n,, Figure 6, to be discussed farther on, illustrates an
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two paraneters, control passes to step 538, where the pilot is re-searched,
i.e., tHEOVYIf leanexgy E(@mtisitmtweor theseetwei thrashelds ded éhenghasge irsposifica of the
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540, thengng Fﬂaﬂ_eﬁfrhi’&d G¥inld\e Wi (@RR8SHh oReaimplEEUA thipd), lcopidlt fsdserasleds ch i's
tested in relation to the thresholds T2m and T2n.
step 528, where the position of the earhiest peak within a predetermined interval of the
strongest peak that is not a sidelobe 1s recorded. (Again, this step returns the position of the
strongest peak if an earlier peak within a predetermined interval of the strongest peak and
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 1s 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, Tin, 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 5A (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,



[00911 If the energy E(inm) is between these two thresholds and the change in
position of the strongest peak fromthe old search to the new search, i.e.,

the value jP(im-P(inmold)j, is Iess than a predeter ow W (vvh| ch
i n on exanwba3isoedo chi ps), control passes back to ?ép‘ggﬁld gﬂ%e t he

position of the earliest peak within a predeterm ned interval of the
strongest peak that is not a sidel obe |s recorded. (Again, this step returns
the position of the strongest peak if0an earlier peak within a

predetenni ned interval of the strongest peak and distinguishable fromthe
si del obeapegtvalneths tuppapand Ipwendinygs gbthedyeaspiseyayge ofdupestimator duringethe540,
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any of the pilots that were searched in step 522 remain to be evaluated. If
so, coPArBgtens sugng thig secord psdiEn affilks ssasheyele: t hese pilots is sel ect ed.
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of -26.1 dB, while the dinamc ranage of the paranmeter estinmator for the
second lﬁeritiﬁeérwmbnumﬁ@l & er’éﬁeb-’}‘d Q dB+18e layer Bmifsoighe idynamigrpegeadf thenges
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{0096] Referring to Figure 7, a flowchart of a second example of a method of performing the
search cycle step 406 in the method of Figure 4 1s illustrated. In step 702, a “normal” search
is conducted of one of the PNs 1n 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 armving 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) groui;, 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



dynam c range of the paraneter estimator during the second portion of the
search cycle. In addition, the threshold T2m identified with nuneral 606,
is set at -7.4 dB, the upper Iimt of the dynam c range of the paraneter

estimator qusi5esldae second portion of the search Cychﬁe“?ﬁﬁshﬁ{’ shol d T2h,

identified wth nuneral 608, is set at -30.3 dB, and T2n,
identified with nuneral 610, is set at -32.0 dB, the lower limt of the
dynam c range of the paraneter estima2br during the second portion of the
search cycle. Many ot her exanples are possible, so this exanple shoul d not
be takemgrap ifithe pedg iddriified)in Refpe¥d2 3gatioverd threshold TA dddosvdhisottsaafrata thecond

exanple of a method af perform. h sear cycle step. 406 in the method
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the peaRO+iQBHERYRKY to ftepi/dp (tpdre dissugssddater). {fRalstrntegl mssesda sipd 9ot~ saturat e
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illustr te% E?S()arrpl e settings of these thresholds.). 100981 After step 704,
control ﬂﬂﬁ 98-t o step 706, where the peak identified for the pilot in step

702 is {gmEbed to dﬁh@@&hm&shﬁi\?gtﬁo&mtsﬁ 208 isf dtRde \thd Méshélhem'}/lcslﬁtﬂﬂg;assleg t$0,
control passes to step 708, ere a _shoul der_search is conducted using a
wi ndow §tep e’ ME whene dhe positwneoh dhe- peak detected in step 708 is recorded along with

corresponding measurements such as TOA, RMSE, and E/Iy. If the peak resulting from step
708 is not above the threshold T2, control passes to step 752, where an indication that no
peak was found is recorded.

[00102] Turmning 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 2 normal search
of the pilot is conducted using the search window size and position determined by the system
for pilots on the neighbors list.

[00163] 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.



limting exanple, is 64 chips. Mreover, the search is biased toward the
left of the location of the peak detected for the pilot in step 702. In

particular, the search is conducted over WE chips begi.n t he
positi on ofwohemsgnhi est non-si del obe peak + 1.5 - 9 “SB@]L%@ step 708,

control then passes to step 710. In step 710, the results of the search
conducted in step 708 are evaluated to determne if they caused the
estimator to saturate. control “passes to step 718 (to be di scussed
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control sse 0 step. 716, where it i,s determ,ne her the
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position determ ned by the system for ots on the nelghbors list. [00103]

Fr om st dsaly dgung gnt sten 7[33ts1§e'§°¢tf§e%t3é®7872‘@th rerrespepding IO AN RMEEK apd il i ng
from stne \ijegué% tested to determine if it resulted in saturation of the
estimator or 1's below a threshold T4. (Figure 9, described farther on,

i Il ustrq0erdedn exdphingseick itmgtepf716hifshe peukeddiedte Ior thOpileidh stdp T0Peispak
resultin frogt steé)l_g18 result d in saturation or bel ow.t he threshol d
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722, where a shoul de arch’of th I's conducted using the w'n

si ze V\Exs Mrfermveadrysinghe seechy windpw stmasuﬂpttsnmrdﬂemmnehblt}t thefsystem fbnpacttsmn of
t he %for%he ilot detected in step 718. In particular, the search is
conduct Byek i ps beginning with the position of the earliest

non- si dgb@er] Peak Frodn tep 73 control passes to step 732. In step 732, the peak resulting from
step 730 is analyzed to determine if it resulted in saturation of the estimator, or is below a
threshold T3. (Figure 9, described father om, illustrates an example setting for this
threshold.). '
[00108) If the peak resulting from step 730 results in saturation 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 We. 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 Wg chips beginning with the position of the earliest
non-sidelobe peak + 1.5 — W,
{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./Ip measurements.
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1001051 Control then passes to step 724, where the peak resulting fromstep
722 is tested to determine if it resulted in saturation of the estimtor or
if below the T4 threshold. If either of these conditions are net, control
passes toved emiPE®, where a peak not found indicati A APRHc@006d. 1 both
are unnet, control passes to step 726, where the position of the peak found
in step 722 i's recorded along with cojyesponding TOA, RVBE, and E/lo
measurenents. [00106] Turning back to step 716, if the peak detected for the
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search window size and posmon determined by the system for pilots in the neighbors list.

[00113] From step 742, control passes to step 744, where it is determined whether the
peak resulting from step 742 results in saturation of the estimator or is 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 ummet, 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 Wg chips beginning with the positionlof the earliest non-sidelobe peak + 1.5 - Wg.
[00114] From step 746, step 748 1s performed. In step 748, it is determined whether
the peak resulting from step 748 results in saturation of the estimator or is below the T5
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 resuiting 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.



determ nation is made whether there is still tinme in the current search
cycle. If not, control passes to step 752, where a peak not found

indication is recorded. [001111 This step recogni zesnig%teP%Pé se of the
| ong dwel | wommseswaquired for the pilots that are i W it may
not be possible to performa search of all the pilots in this group wthin

the current search cycle. Therefore, this step checks the tine remaining in
the current search cycle to determne Tf it can acconmpdate a search of the
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of Figure 7 nay continue to iterate for each of the pilots in the group
conpr i sthagsbplds, méulgribarof] Figereghysesniireshpldsaaspivelbtas aygoubly delooian cdtenen, APRI L

2006 whereby a pilot is subjected to both normal and shoulder searches, to avoid false alarms.

[00119] Any of the foregoing methods may be tangibly embodied in a variety of forms,
including but not limited to, 2 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, 1t 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 1s clatmed is:



[00116] Referring to Figure 9, an exanple setting of the thresholds TI, T2,
T3, T4, and T5 is illustrated. The threshold TI, identified with nurreral
902, nmarks the boundary between the L and M groups;

identified with nuneral 904, nmarks the boundary betmégﬁAbﬂ@ﬁ@qgw D groups
and is set to indicate when the paranetdr estimate(s) are accurate using
the Ncm search paraneters; the threshold T3, identified with nuneral 906,
is set to indicate when the paranet &8‘4&“ mate(s) are accurate using the
Ncn2 search paranmeters; the thresho identified with nuneral 908, is
set to indicate when paraneter estimate(s) are accurate using the NcnB
sear ch par brfepemsetenetintater colmpessingl d T5, identified wth numeral 910, is
set to indicate when the paranmeter estimte(s) are accurate using the Ncm
search paranete I j: : | l.ustrated, the
threshold Ti IS&%gpb?ﬁ%ﬁg%ﬁ%ﬁg%ﬁﬁhh@%c?ﬁsggﬁ%F§9%§¥ﬁgR£§g?gﬁo -26.6 dB; t he
t hr eshol d ¢o@reiatiop bttwtegn az&ndledtahbaStlones}ﬁﬁecﬂveTSioil sf sretdentificatid®c@ledB; and t he
threshold Th .is set. to - dB. However, it should be appreciated that other
exanpl es af e pds g?ﬁ?&“@&?tfﬁﬂ this exanpl e should not be construed as
limting. [00118) Conparing the nmethods of Figures 5A and 7, it can be seen
t hat t he met hodangfysis %mjmfoe aﬁﬂyiingdie\pesclhtiim funetgprf enidstimbtimgyregspodsatei | i ti es

t hrough the u f r se thre hol ds, while that of Figure 7
uses thres ge%ga@ m&ﬁﬁ%p gmg gﬁﬁngﬂ@F§@P?0W1crlterlOn whereby a pilot is
subj ected to both normal and shoul der searches, to av0|d fal se al arns.
[001191 Any of bﬂie fcbldkmgmiqagy mmwidﬁwrbie“dr@ngi dftey ssadrboadyzl based vari ety
of forns, not a formwhere a series of

in
i nstructi orpém %"’a‘ gfomf“ﬁon ?P@Pk%‘b‘} y'ena st ored on a processor readable medium

or a server in a conputer network |ncI uding a public network such as the
Internet or other TCP/IP network, or rlvate network, where the nethod is

embodi ed =& 19¢pERBEES SHIMRET of clagm WB?f@ntswé pait FRsdypamicalbyehangings a conput er
program prQoiich chiwifidow & &aﬁgué@mtam%ny@amne LQ@&%@& }4\!&1&&1 y@r i ous

enbodi mrents of the invention have Been described, it be apparent to
t hose of oheseraghywimkpvirespansietossaid a préori mﬁmly:am@gmdbrgdhmmaé and

i npl enentations are possible that are within the scope of this invention.
What is clainmed is: 25 APRIL 2006 25 CLAIMS 1. A paraneter estinmator

conpri si NGB, 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 1 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 1 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.

9. The parameter estimator of any of ¢laims 1 or 1 in a wireless communications

device.



correlation logic for determning a correlation function representing a
correl ation between a signal and at |east one shifted version of an
identification code wthin a search wi ndow, anal ysis 11% gic for_anal yzing
the correlation function and estinmating, responsive t gr‘bﬁB,ILazﬂo@ast one
paranmeter relating to the signal; and I¥gic for dynamically changing said
search wi ndow after said anal yzi ng based wupon a priori information about

sai d si gnall0. The pifunepareatimhter ofdaiaivbereaf said lagimislcomratiel witliaiad | ogi c for
dynam cal ly changing sajd search window is configured to dynamcally

det er ni ne ¥VEIeSLCOMNBURICHG8E HPHFF of the search wi ndow responsive to said a
priori information regarding the signal. 3. The paraneter estimtor of claim
1 wherei n theTl® parantetér ektivhaoras dlgim | Sonfizoned de detedniiifenthe pooitibg of gt ernal to
the estimator. 4. The paraneter, estimmator of claim 1 wherein the a priori

i nf or mat i offaFd BNEQY AeROnY Yo saidviriog posmatnmiserding thignd)ist em 5. The
paraneter estimator of claim1 wherein the a priori information relates to a
previ ous search of the signal conducted by the paraneter estimator. 6. The
par amet er é3tThemammetdr estimator of cldigr béanfighred do getemrine thefserdithiesaancke| at es to

general network characteristics. . .7.. Th arangter estimator of claim1l
wherein th&’ c{Oﬁ?’rrie 0|nS’iVﬁ$°o ar‘é? PRH™ }rg‘?lg{aglgt?{%ga ngtifggﬁ%‘ti on that weaker
signals occur |ater than stronger signals. 8 The paraneter estimator of
cl ai m 1 whé?.ed pareieter desimatér comtprisingcode is a PN code. 9. The paraneter
estimator of any of clains 1 or 1 in a wireless comunications device. 25
APRIL 2006 26 1QrellifnRAdaRl Bl letehiitnid BB Qhreliof kificlbr rephQEfling Sai d 1 ogic is
contained within a wreless communi cations device. 11. The “paraneter

esti mat or ofrradtwinrhetwesonafsignal adl at deastaing ishified velsionpd eh identificdtionivede sear ch

w ndow resQolFsi ve [ saikd priori information regarding the signal. 12. The
par anet er SRYBY "o ™% m 1 conf i gured to determ ne the size of the
search wi ndow responsive to said a priori information regarding the signal.
13. A par anet er argdysismacans fgamplyziog fig: correlation function and estimating,

responsive thereto, at least one parameter relating to the signal; and

logic means for dynamically changing of said search window after said

analyzing based upon a priori information about said signal.

14. A method of estimating at least one parameter of a signal using a dynamically

variable search window comprising:

determining a correlation function representing a correlation between the
signal and at least one shifted version of an identification code within the dynamically

variable search window;

estimating, responsive to the correlation function, at least one parameter

relating to the signal and

a changing said dynamically variable search window after said estimating

responsive to a priori information regarding said signal.

15. The method of claim 14 wherein the signal is a pilot signal.

16. The method of claim 14 wherein the identification code is a PN code.

17. The method of claim 14 wherein the at least one parameter relating to the signal



correlation nmeans for determning a correlation function representing a
correl ation between a signal and at |east one shifted version of an
identification code wthin a search wi ndow, anal ysis _neans for anal yzing
the correlation function and estimting, responsive 2ReABRIL 2006 cast one
parameter relating to the signal; and Rbgic neans for dynamically changing
of said search wi ndow after said analyzing based upon a priori information
about sai dn@hdpaime dfarifalNFORYPapimeest i Mati ng at | east one paranmeter of a
signal using a dynamcally variable search wi ndow conprising: determning a
correlation function representing a correl ati on between the signal and at

| east one $id GEYELAh Pf whbieliROb I Bd HRrfaMG b It Bgnglynam cal | y
vari abl e search w ndow, estinmating, responsi've to the correlation function,
at | east omdudearaowinggan sqedred ¢y (RYISH) dorshgMAIA mamaimeterchangi ng sai d

dynam cal ly variable search wi ndow after said estimating responsive to a
priori information regarding said signal. 15. The nethod of claim 14 wherein
t he si gnal19i Shempthb®bf Shig 4 whdin thé e 188t bthaeimatomht4igsbEineiudest he
identification code is a PN code. 17. The nethod of claim 14 wherein the at
| east one 3p&E/ArRAERetee| ating to the signal 25 APRIL 2006 27 include a time
of arrival (TOA) paraneter. 18. The nethod of claim 17 wherein the at | east
one paraneter relating to the signal includes a root nean squared error
(RVBE) f or20t Tiee éhogpaf caiet &4 whdrdin aldize amdtahpdatembntodfahaseithwhindei aret he at

| east one paraneter for the signal .includes. an Ec/lg par ter. 20. The
nmet hod of d@?ﬂi’ﬁ?ﬁgﬁse\sﬁéﬁ’%sh"e?é 9 & PHAY lﬁﬁ?aﬁ@@ﬁ?ﬁ?{ 1538'63??331@ arch w ndow are
dynam cally set responsive to said a priori information regarding the
signal . 21. The nethod of claim 14 wherein the a priorj information is
provi ded f4othemetfipd of daign bhwhersincthe p prier fermation ppprovided fetod of cl ai m 14

wher ei n tQﬁre?esQE&rﬂﬁxhnchﬁcﬂ{s@étérﬂn is provided froma previous search of the
si gnal . )

22. The method of claim 14 wherein the a priori information is provided from a

previous search of the signal.

23. The method of claim 14 wherein the a priori information relates to general

network characteristics.

24, The method of claim 14 wherein the a priori information relates to an assumption

that weaker signals arrive later than stronger signals.

25. The method of claim 14 wherein a size of the search window is set responsive to

said a priori information regarding the signal.

26. The method of claim 14 wherein a placement of the search window is set

responsive to said a priori information regarding the signal.

27. 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;



23. The nethod of claim 14 wherein the a priori information relates to
general network characteristics. 24. The nethod of claim 14 wherein the a
priori information relates to an assunption that weak ignals arrive

| ater than stronger signals. 25. The nethod of claim 1% 2006 ze of

t he search wi ndow is set responsive to28said a priori information regarding
the signal. 26. The nethod of claim 14 wherein a placenent of the search

window i s set 4RERENS t/&:tihRte AdsPoriverth eel firktHoReHBbh AhctibgdmdbPehotde si gnal .
27. A nethod of estimating one or nore paraneter(s) of a signal using a
dynami cal | Barameiei(apelatingtatbhsighahdddd conpri sing: determining, using a first
search window, a first correlation function representing the correlation
bet ween a si gnailft}a;mdteﬂﬁejsqhsmésgf@;hi fted versions of an identification code
within the first search window, 25 APRIL 2006 28 attenpting to esti mate,

responsive to t first correlati,on functjon,, .one. or re araneter(s)
el ating Lo ¢ heCTRiRiTe g o pSpatuet e whighgiBEuESndre BALEERM ni ng,
using a segRAdwSSHceHd YorRdwnWih@idn dédréRnengd the bdkréIfidn BetledQBE GibnalW Ndow, a
second correlation function representing the correl ation between the signal

and one oranggme os Hiore diftedeyessionscof dhe idprtification ¢adeuithintheseeradicareh n t he
second se%ﬁlpowvx,%]{]pow and attenpting to estinmate, responsive to the second
correlation funttion, the one or nore paraneter(s) relating to the signal.
28. The method of claim27 wherein the signal is a pilot signal. 29. The
met hod of cl ai n#l®MpliAEFesstimatre raspeisivierty herseemdeorelatian finptips dlepeone30.  The

nmet hod of &J@gﬁﬁ%{sgeﬁ\atﬂﬁg%ﬁﬁg a]t_he second search window is smaller

t han t hat of earc - 3l. The method of claim?27 wherein a
size of the second search window is larger than that of the first search

wi ndow. 32 e t ho f aim 27 wherejn the position of the second search
o eow i 528, ThE aithad i ofiim O FHBLi (b e B PASLOST W oloue
29. The method of claim 27 wherein the identification code is a PN code.

30. The method of claim 27 wherein a size of the second search window is smaller

than that of the first search window.

31. The method of claim 27 wherein a size of the second search window is larger than

that of the first search window.

32. The method of claim 27 wherein the position of the second search window is

different from that of the first search window.

33. The method of claim 27 wherein the one or more parameter(s) include a time of

arrival (TOA) parameter for the signal.

34. The method of claim 27 wherein the one or more parameter(s) include a root

mean squared error (RMSE) for the TOA parameter.

35. The method of claim 27 wherein the one or more parameter(s) include an E/Ip

parameter relating to the signal.

36. The method of claim 27 further comprising iterating until the one or more



33. The nethod of claim 27 wherein the one or nore paraneter(s) include a
time of arrival (TOA) paraneter for the signal. 34. The nethod of claim27
wherein the one or nore paraneter(s) include a root nean2ScARRIL 2006r
(RVBE) for the TOA paraneter. 35. The nethod of claim 27 wherein the one or
nore paraneter(s) include an E, /1o par& ter relating to the signal. 36.
The nmethod of claim27 further conprising iterating until the one or nore 25
APRI L 2006 moempeigréaretcesstimpteds @ ibistdeteamindd thet the oné er metegraminmeet(Hhat t he one
or nore parc%gg t%%(etmatg@ﬂ 8tth§ex E%tl mated fromthe signal. 37. A nethod of
estimating at l'east one ararre?gn of a signal using a dynam cally variable
search w ndow conprising: a step for dynam cally determ ning, responsive to
a priori mformath(g r egar. di ng] a signal, a size of a search wi_ndow, a step
for deter mHi Agnghe ?’?@F‘ﬁ‘@f‘%at Eﬁ#&?‘?ed??rar’%eﬁ?fégéﬁtﬁnﬁ’gusa‘%ﬁi%mﬁaﬂ ¥n  between

the signal gpdhakedr8PwinddR&oitpitied version of an identification code within
the dynamcally determ ned search wi ndow, and a step for estinmating,

responsive to the pa[rrelatlonfunctlon one or nore _parameter(s) relating
to the signal; oEERMHGHLY dRisHYINNg: T9sRONS| VS do éPr@’él‘Qfo%f’ftl‘)&bl e search

w ndow aft%ga'}g,hgaspg%gy Ik Bfa sdpdadindpen a priori information regarding
sai d signal. met hod of esti mati ng one or nore paraneters of a signal

using a dynam caI I ri ahl e search w pdow conprising: a step for
determining, usidtf pafOfS TeMIRiag A CRITGRHARRINNCUPTF TEPSEendiBg A SPAEIREIN f unct i on

representingu g tﬁ%g&ah ahd ANeRELNESIRA volHhAls aﬂ@&’en%@at% aaaé w\ |dhted

versions of an identification code wthin the first search ow, a step
f or att enptdyngmicelledetenmings searsbponddwsendo the first correl atl on functi on,
one or nore paraneter(s) relating to the signal; and if the attenpt is

unsuccessful : a ;sk&prot esrtm%hgrreaﬂahﬁge (AR Bt RAGERTICAEEREE phrdow whi ch
differs fromthe first searéh wi ndow, a second correlation function

r epr esent i rigrankser¢s) relatingttp dhe signal; and
a step for changing the size of said variable search window after said

estimating, based upon a priori information regarding said signal.

38. A method of estimating one or more parameters of a signal using a 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 differs 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.



bet ween the signal and one or nore shifted versions of the identification
code within the second search window, and a step for attenpting to
estimate, responsive to the second correlation function, the one or nore
paraneter(s) relating to the signal. 25 APRIL 2006 30 25 ARRILZ290fpds of any
of clainms 14, 27, 37 or 38, tangibly en30died as a series of instructions
stored in a processor readable nmedium 40. The nethods of any of clainms 14,
27, 37 or 3%, ThapgiBiyo QHcRIna$s, 2758 bER, E&frxgib!)}"'é“tﬁﬁdéﬁéd ANSseftogred on a
server. 41. A position deferm ning device, conpri'sing: apparatus for

acqui ri ng angiughens sigredhine progesagrobadabledosdiwh. first size for use in

determ ning a position; and logic for dynam cally changi ng said search

wi ndow to a second size after said acquiring, based upon a priori

i nf or mat i omMoadheimetdidoagwl cRins (4)123] 37 ¢33, khgibposhbddid Aatseried ol ng devi ce
of claim4l1 wherein said |logic for dynam cally changing said search w ndow
i s confi gurBHYCHORHUFAPHA S VHosi ti on of the search wi ndow of second size
based on said a priori information. 43. The position determ ning device of
clai m 41 whar aipositios dateprhiniig devivkogomrising: 1 S provided froma source
external to the device. 44. The position determ ning device of claim41l
wherein the a priori.information i I f el C ni cati ons
system 45. The angsr?ttuls gor{%gg@gb%aﬁflgﬁhzg ‘péhgé{%ggag?h %ﬁg}) %oﬁdf{ rsﬁﬁ'fez?g?rn&% a priori
i nf or mat i ondetan@lmiEes pdsitich; prkvi ous search of the signal. 46. The position
determ ning device of claim4l wherein the a priori information relates to
general network C | Sty T SR t 1.nj jce of

o ai m 41 aher ef HOR YD BHY Fian e st SeRePaBl O SELRAAAERALE, D0,
weaker si grabwiriagdaced wpoara drivainnfinhotigedbosi gitbdcguirdBsigidhe posi tion

determ ni ng device of claim4l wherein the signal contains an
identification code. 25 APRIL 2006 31

42, The position determining device of claim 41 wherein said logic for dynamically
changing said search window is configured to determine a position of the search

window of second size based on said a priori information.

43, The position determining device of claim 41 wherein the a priori information is

provided from a source external to the device.

44. The position determining device of claim 41 wherein the a priori information is

provided from a wireless communications system.

45, The position determining device of claim 41 wherein the a priori information

relates to a previous search of the signal.

46, The position determining device of claim 41 wherein the a priori information

relates to general network characteristics.

47. The position determining device of claim 41 wherein the a priori information

relates to an assumption that weaker signals occur later than stronger signals.

48. The position determining device of claim 41 wherein the signal contains an

identification code.



49. The position determ ning device of claim48 wherein said identification
code is a PN code. 50. The position determ ning device of claim4l wherein

said apparatus and said logic are contained in a wr ications
AsCARye Y

device. 51. A nmethod for determ ning a position, conp Ori ng a
signal within a search wi ndow of first 3dize for use in determning a
position; and dynam cally changi ng said search window to a second si ze,

based upoM@Thepbsifién dddéraiinBg dOAcESTRHImMSBI wheaifl Whill edbnGiiefRn. cois aThe met hod
of claimb5l further conprising determning a position of the search w ndow

of second BY$®d%ased on said a priori information. 53. The nethod of claim
51 wherein the a priori information is provided froma wreless

comuni cations system 54. The method of claim51 wherein the a priori

i nf or mat i o). Teé powtorn detanpmiey devise ofséamch wafer¢in said epprrateslars giblogic55. The
met hod of cl ai rp.51 wherei,n the a F)ﬁrgi.ori information relates to general

net wor k cHA&Y 3%’1@P?%‘f‘iac"§l.r°1g‘°(§.cown PHBAe8¥Eecl ai m 51 wherein the a priori

information relates to an assunption that weaker signals occur |ater than
stronger signals. 57. The nmethod of claim51 wherein the signal contains an
i dent i fi catli- brmetbeé forsigtermringngrrepdsignofoneirsings 57 wherein said identification
code is a PN code.

acquiring a signal within a search window of first size for use in determining a

position; and

dynamically changing said search window to a second size, based upon a

priori information about said acquired signal.

52. The method of claim 51 further comprising determining a position of the search

window of second size based on said a priori information.

53. The method of claim 51 wherein the a priori information is provided from a

wireless communications system.

54. The method of claim 51 wherein the a priori information relates to a previous

search of the acquired signal.

55. The method of claim 51 wherein the a priori information relates to general

network characteristics.

56. The method of claim 51 wherein the a priori information relates to an assumption

that weaker signals occur later than stronger signals.
57. The method of claim 51 wherein the signal contains an identification code,

58. The method of claim 57 wherein said identification code is a PN code.



