WD 2005/ 025249 PCT/ US2004/ 014979 1 METHOD FOR M NI M ZI NG THE MAXI MUM SYSTEM
TI ME UNCERTAI NTY FOR A MOBI LE STATI ON [ 0001] This application clains
priority from copending United States provisional patent application serial
nunber 60/ 328152401 | ed Septenber 5, 2003. [0002] Thi pcirR)SadlbhR970 €1 at es
generally to inprovenents in wireless conmmunications systens. Mre
particularly, the invention relates to inprovenents in nethods and

apparatus for positi ' ' ' | ] Ss

conmuni cati on syswp‘[@ﬁ@?W&@%ﬁm@@ %&m’f@% cally
include a plurality of NMIINCERTAINTYQXEOGR QUMIOBILESTATHONI r el ess network t hat
I ncl udes a nunber of base stations through which the nobile stations
conmmuni cate. "Mobile station” is the termused to describe a nobile

comuni cat i ofygdgi ce, BHE N RBicAiohiCleldth@ ! ni o] sTaTaYCH inoP AGEL, 1| e
conputer, or [t he]VI I ke. A§ba ecstoat icc?n t y%llic?attfl grgl:ﬁnccloﬁ‘g@'snga as?g é%%si on
control | er apohvizsional mtentapplica®aeeria ardbdy 266 00,4230, fidedi Seprembead, 2608. The base
station provi the functionality hat enagpbles a nobile station to access
net wor k se_rvi['gﬁzl over T}H% éﬂvF‘%F’Ht éflﬁéﬁe.ger[eﬁaggqm RETBIYVEents nmadmrFlF'ﬁn to the
conmuni cat i 0RofhificAtRAR ls{didmsO MdTe BhttiGularty, dhd RRentionNehRs K@ ImPBSdndnRCHeased

i nterest in applications for accurajteli/ l ocating the position of the nobile
stations. Thimpthedsiand prparapisefprdpesition logationr gk 2pmobilestatioguinae ovirelessor ces.
In June 1996 Feder nmuni cati ons Conm ssion (FCC) mandated support
for enhanced%"&l?l f £ g)ils%terg'grvi ce with planned phased inplenentations by the
first decade[@)i3] he 2IWirckendoninyunidatod Sistefsaopivatly ingltdeod plafalityoshobilp a

nmobil e station.is to determ ne the unt of tinme. it ttakes for signals
transmtted Es?uw&mﬁram}n&e‘glr%lessrne%ﬁ( eingladesianumbgt of Ragestafioys throdghat i on to

be |ocated. REhIHEMBEPURONE EorhinBedit. FhRHils kaié@Ss Hé tdrBCustd R dkcribe a
I GPS The GPS a

Positioning Satellite ( ) system system has a constellation of 24
satellites (pbils cormemishen deved, educh tagsd celivlal tetophoriee REMWX pagex emgbilk2 hour s

at an altitude of 20, 200 km . Eac S satellite transmts ni gue nmessage
Chat i dent i f Faenyes oh B R dh bask S e opieR ptubist SRR SpBo et or o ot
any particul af mordBsseviakl Bast ebiceiREsstRioh e Hade Bftiondsyalienhe filnca@sRawlyi ch t he

| ocation of a GPS receiver can be determ ned. By neasuring
that enables a mobile station to access network services over the air interface.

[0004] Recently, in addition to the communication functionality of mobile
stations, there has been increased interest in applications for accurately locating the
position of the mobile stations. This desire has been driven in large part by regulatory
forces. In June 1996, the Federal Communications Commission (FCC) mandated
support for enhanced 911 (E-911) service with planned phased implementatiéns by the
first decade of the 21st century.

[0005] A common method of locating a mobile station is to determine the
amount of time it takes for signals transmitted by known sources to reach the receiver of
the mobile station to be located. One such source of transmitted signals is the Global
Positioning Satellite (GPS) system. The GPS system has a constellation of 24 satellites
(plus other spare satellites) circling the earth every 12 hours at an altitude of 20,200 km.
Each GPS satellite transmits a unique message that identifies its position at a particular
time. Multiple GPS signals at any particular time enable reference points to be
developed from which the location of a GPS receiver can be determined. By measuring
the distance from at least four GPS satellites, the GPS receiver can caleulate its position
anywhere on the earth. The distances can be determined by measuring the time delays

required for the GPS signals to travel from the GPS satellites to the receiver.



the distance fromat |east four GPS satellites, the GPS receiver can
calculate its position anywhere on the earth. The di stances can be

determ ned by neasuring the tinme delays required for the GPS signals to
travel frogdhgséRaesatellites to the receiver. WO 2005302R2434/014970

PCT/ US2004/ 014979 2 [0006] However, nohile stations des?gns are extrenely
sensitive to power consunption, and added GPS ci rcuitry for performng
position det l.nation, decreases, the batt.ery operati ti (j.e., the tine
bet ween rechﬁ‘{og%]ng) p Er o qeyf_‘t'{‘}i?nft St p&'ieaf’f%mfﬁ]}gﬁ?’ég@e(tﬂ%of’?erduty
factor). Nevedrsiifptinsand@ided SPSicabhif Sfor@efferiuthg YosRinedetdniinatish ddahdcsr ¥
capacity and nust conserve power consunption. erefore, it advantageous to

mi ni mi ze t hethsphadtery enesatingoiiae (salie tone bpweapeechpiging) rgporpnmihitriie t he
power —consu Atf&ﬂalglue}%tegge.{@]}l?* #agioﬁ'ggvl ﬂﬂelerolggr?iie SRS $e%gﬁﬁgﬂm'lﬁ’tﬂtehs of

particul ar concern eS|gna’l acqui sitton, pecause of the
rel atively | baigryogepaeityl angl husteotseavt power esineidnt Thaefgre, iteandvintage@idsSosi gnal s.
| f power consunptiop were.nof a concern, th %i nme to acquire GPS si gnal
woul d not  beTiRiize e OperAlonah gowIseet of, ey GPR SHIFHIY O TBRIMIGh BsoRHEF onal

node i ndefi pidsghtion[d19RhotiRWRYies., initially, the position of the nobile
station is unknown, both wthin the GPS systemand with respect to the base

station net WR7li n whiReiwer kensupiptioneis efyparéaulasrencere during jnitwl PSS sigrdlons are

synchroni zed_t 0. the tat{' on cl ocks

ane work.syst em ti e . 8. ,.all. e
76 ad) st ed®sRisteB RS s B MR R obirTra i Bt s e B IR LT “baced
on GPS time) GPYkRAala I8 p@nelconsamptionwere nbercoayern, thase & /lhieda @PSIsighgtcei ved
by the nobile station, there is an _assaoci ated unknown propagati on del ay.
[0009] Thus, Vepd agtgbgacritieabyprd theoFPEusEpityncewdd Hieolssr pr GRgiiationsl serds t he
system tine;apgsfl@i Nty and the position uncertainty of the nobile station.
However, in sone pplications, time uncertainty is the dom nant paraneter.
To acquire t H908IPS si dhmievet, hetiallyp Hiel posiivatof the molsite station i mnkrioyynGR@h

circuitry for.a. ti eri od oportiopal, t.o the. maximum pro ati.on del ay
bet ween a ba?étgglttggﬁgﬁ SYStFmy 286 rels%ec?gttoit oS SRE II%&["?@%’B?@%I us a
tinme period pyseRO6hdra8RIAll Bask Reitib@Sart isAithtoned taihetsimemetwiek ewkint 6mst at i on.

Wt hout further information, the maxi num propagjat ion delay is based on the
wor st case Hicstelirhage HaliaRedorka dscadinsied areciply 4o ther merpisTones Ynatwiaeh Wi t hin

its cell COVahbRdfty bhsel- on B8 time). When a signal is transmitted by a base station and
received by the mobile station, there is an associated unknown propagation delay.
[0009] Thus, GPS signal acquisition duration is proportional to both the system
time uncertainty and the position uncertainty of the mobile station. However, in some
applications, time uncertainty is the dominant parameter. To acquire the GPS signal, the
mobile station must turn on its GPS circuitry for a time period proportional to the
maximum propagation delay between a base station in a known location and the mobile
station, plus a time period proportional to the position uncertainty of the mobile station.
Without further information, the maximum propagation delay is based on the worst case
distance between a base station and the mobile station within its cell coverage (i.e., the
maximum cell size).
[0010] Accordingly, to conserve power, the GPS circuitry should only be
activated during a minimal search time window, for example, using methods for

minimizing the search time window for the mobile station to acquire the GPS signals.

SUMMARY
[0011] The embodiments described herein provide methods for minimizing the

search time window for the mobile station to acquire GPS signals. Thus, according to



maxi mum cel | size). [0010] Accordingly, to conserve power, the GPS circuitry
should only be activated during a mninml search tinme w ndow, for exanple,
using nmethods for mnimzing the search tinme w ndow for the nobile station
t o acqui r ewidmoeédisasi gnal s. SUMVARY [0011] The enbodi meotgssesesioed herein
provi de nethods for mnimzing the search tine wndow for the nobile
station to acquire GPS signals. Thus, actor di ng to WO 2005/ 025249

PCTI US2004101497 3c.Qne ect _of the i.nventiaon.. a nmethod.for m nim zing
i mum yst 81 Pt o REGRRIRT b ~Hnol 85 BB HE S oDa SR b loSh9uT vy
par anmet er. Thses NSW&ghtar asericE rwindow Isize INSSE)i aramdterS Sthg ENS WENgatarhdtedisf rom a
base station and a conversion table is used to match the NSW5 paraneter

with a correSeNed g MasePRFANaMItied o aPrge statpund 4 epnversion dahioidiviehic, the
maxi mum pr opggahi(RONSY SYarhmete@h i h b R0muRCandiiR ?d?.ge (Mmg.aﬂat kon
speed. Then, the search tinme wndowis Set proportionally to the sum of the
maxi num pr opagatmindirdent e mainzun piopagation daay it oalctlhted passd oh dtre MAReandai nty of

the nobile station. [0 1 I.n anot her broad.aspect, .a hod for .minim zing
i mum sy<t EiPLETIER ststteriens fe SAGbdEe dpiRt it et i Bt e Thbny |
serving base nfkitin® Prdp2ffiboni délaydeider soniiResatian dorSBS patitibh PAtdiaingbalie are
received from SBS pilots transmtted by the serving base station. An
earliest SBSMeblestalid signal is selected fromthe SBS nultipath signals,
and N altern ase ' r t ' :

mul tipath si ZdnogFE ar e%%g@%&é@%@%@sﬁt@o@{ ﬁg%ﬁgﬂéc\)l{%?%rﬁrgﬁg%éﬁtﬁ ed by the
N ABSs, anduhtegtamtyi wsss néibomplilot pedsiwemegn ANBMar & sereingdiasdstitionnSBRRisN set s

of ABS multipath. sign N, ti .del ays ar.e determ.ned with ea f the N
i e del ays Dermnel drhaBs ahilpaMuiisat Bt ot RESwg rraaiehBstiul 1 pat h
signal s and &Qeingabdsé QbdtioPBRnMeHNdsPZBY mﬁlti?ﬁ‘tﬁ' sigrfdl TRUSEIRBEEA SFbin€ R SBRNge
(MAR) is estimated, based on the N tine delays. In one enbodi nent, the

maxi num pr opaydiiriabysighalsagnd N altamalg baseetptions 6tB Y arctdstauniRed.n setppbpBJat i on
speed. Then, I he 568 I q%chcﬁ'%W NSl OF Aﬁis?gi‘r?cft% kg[{%%tltéé tyPmb R?A%@E’,‘a()f the

. L .
maxi num pr opagat’i on del'ay and a conpensati on posi ti‘on unceft’ai nty of
the nobile ahdN eanliest ABS multipath signals are selected from the N sets of ABS multipath

signals, N time delays are determined with each of the N time delays being a time delay
between each of the N earliest ABS multipath signals and the earliest SBS multipath
signal. A maximum antenna range (MAR) is estimated, based on the N time delays. In
one embodiment, the maximum propagation delay 1s calculated based on the MAR and
propagation speed. Then, the search time window is set proportionally to the sum of the
maximwn propagation delay and a compensation for the position uncertainty of the
mobile station.

[0013) In yet another aspect, a method for minimizing a maximum system time
uncertainty uses a last successful position determination fix (LSPDF). The last
successful position determination fix is determined, and a new fix is determined as the
position of the mobile station at a current time. The time difference, t4, is calculated
from the last successful position determination fix to the new fix. The speed of the
mobile station is determined, and the maximum distance d.,,, that the mobile station has
moved since the last successful position determination fix based on the time difference,
ts, and the speed of the mobile station is determined. The maximum antenna range
(MAR) is set to equal the sum of the maximum distance dp.x and the serving base
station distance dss. In one embodiment, the maximum propagation delay 1s calculated

based on the MAR and propagation speed. Then, the search time window is set



100131 In yet another aspect, a nethod for mnimzing a maxi num systemtine
uncertainty uses a | ast successful position determnation fix (LSPDF). The
| ast successful position determination fix is determned, and a new fix is
det er m ned vaszioh@s2490si tion of the nobile station at a euiieRosbia®. The
time difference, td, is calculated fromthe |ast successful position
determ nation fix to the new fix. The sg]eed of the nobile station is

determ ned, and mum d C hat the stati n has
noved since Qrﬂ%or%'gln% 19?‘%(1 cestt ﬁsﬁlgg%ﬁfm%%p%?%h dgﬂ’ |°Qm§3 SEP the time
di fference, thtgositiuncintdimimpefiie piobildi@ativnbi | e station is determ ned. The

maxi mum antenna. range_ (MAR) is set to e&'g t he, sum of fhe maxi num di st ance
d,,,ax and tW814ervi ndn b erotheriagpech in 4methad & nyniguzing maximung pystsH Weht . t he

maxi mum pr opggekdif a@@d\ﬁg phiameRt GYbR[ved in PASS eq{:bn%lﬁﬁtem 9&9@&93“ on
speed. Then, the séarch tinme wndow is set WO 2005/ 025249 PCT/ US2004/ 014979

4 proporti onMIAlM&\BS ush@tmmedfbytﬂsmgmmonmmlptabbagatamhrthdéIlSéMS parameter,

conpensati on_f.0 .pasi ti.on of .t he nohi | t at 00141 In
yet anot her @gtéﬁfﬁ@ llr%?‘ﬂ%% aﬁ#f 1engys r?é%(lr??ﬁ%e‘iﬁ rﬁ‘ﬁ]%]‘
uncertainty m&wﬁdwrtmhﬁﬁ be KRBE, \a@aiaﬂ EarRestBBS afiftigattadisiil istseRettd om a
base station. MARNSWS i s determ ned by using a conversion table to match

t he NSWS parﬁ%tﬂ@rSBs anlipathsimrls. NARRs as dsteratnedsyd Misete op ABY mwlgpaih s are
received fro i ens nd an
earliest SBS'I r rg‘%ﬁvgfig%\a{?ﬁg}&stgfect eglltkn?r om t#ﬁgg%g& I%@Ha?{h séI nals. N
ABSs are det ﬂatmnm@dBS)aMedmesemSaﬁulm wighdls pxatsblcctsd nml theNsatsrchﬂBS'ed from
N sets of ABS pilots transnjtted t he alte atio ABS). N
var |1 o5t ABSHIPE SRS RN 6 PR LHE PR D Ract e & e leyd

mul tipath siggg SiimadslaPbdtivedn «len afthe Nreerlﬂﬁt@smnﬂmgatwsigha@aﬁd%h@f:arhm N time
delays being a tine delay between each of the N earliest ABS nultipath

signal s and SH® madipathesignal QB"SRNﬂMIisﬁﬁtmﬁt%i bsed on fheRNbmeidslays epdrhedest based
on the N ti cQ&Lfﬁ sui%ﬂ(aatteﬁﬁn&t ﬁx 5 E&EﬁxﬁﬁéduA d%stf'h# fs%ﬁﬁﬁie%tagrt}fp eﬂ&glitg nfixis

det er m ned. new x I'S € position ion at
t he current of the, meikk statiannet ﬂluefo‘uﬁmtnnmc, ird, a fingediffeeenkg s, fremcthe dask ul

position determnation, fix to.the ewf X i s _determ ned he speed of the
obi | o st at | BHESROHBeIOM dreciminafion S pvBeHF 63 deteringhd e PRy P& ence,
E:gl cﬁlngt eghegggigeeg%tgﬁ a]E B&eMRid, Gnd b MARDSBISF 85kd BRURmE WlTRkdnke, tMARR1 S

the speed of the mobile station is estimated. Finally, MAR is calculated, based on a
weighted combination of MARNSWS, MARNPM and MARLSPDF. In one

embodiment, the maximum propagation delay is calculated based on the MAR and

propagation speed. Then, the search time window is set proportionally to the sum of the
maximum propagation delay and a compensation for the position uncertainty of the

mobile station.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figure 1 is simplified diagram of a wireless communication system.
[0016] Figure 2 is a flow diagram illustrating a method using neighbor search
window size (NSWS).

[0017] Figure 3 is a flow diagram illustrating a method using neighbor pilot
measurements.

[0018] Figure 4 is a flow diagram illustrating a method using a last successful

position determination fix.



wei ght ed conbi nati on of MARNSWS, MARNPM and MARLSPDF. In one enbodi nent,

t he maxi mum propagati on delay is cal cul ated based on the MAR and

propagati on speed. Then, the search tine window is set proportionally to the
sum of t he waooosmsmagpr opagat i on del ay and a conpensati opch@lsadoliesi tion
uncertainty of the nobile station. BRI EF DESCRI PTI ON OF THE DRAW NGS 100151
Figure 1 is sinplified diagramof a wireless communi cation system 10016]

Figure 2 is a flow diagramill g @% g usi ng nei ghbor search

wi ndow size (NSWS). [00171 Fig et fLIETpD I% %gr amillustrating a nethod
usi ng nei ghb@o19i | ot Fin@alswemmlﬁied [didghabil ofFa GMiteless}corBmanitdtiow sgistagriam
illustrating d using,.a | ast su cesf | pasition determ pnation fix.
WD 2005/ oz52ﬂg‘°ge ﬁ%ﬁ%ﬁl} 39ue8b 25 virsieps falepporss bR ?"rwefsogéia]l 1% 1 is a
sinplified dicagepmimh d@llk@b&%ﬁe STRRIELRLGAY 120 Thé Yk @Mitibis 1E edlpldl | €
station 10, such as wirel ess tel ephones 10A or wireless PCs 10B, are

| ocat ed wi t hbase statior epritrodlense(PRGe 14fwhiels erestonpled te a ibliq switdedeeleplwne ons 12
are coupl ed ﬁ@ ion controllers (BSC) 14 which are coupled to a
public sw tcﬁegﬁm?zfep ofiﬁté network (PSTN) 16. [0020] At any one time during

operation, smOROINDbI | Atsdngtdrentmd Auiy operatiohx RE ghotdle dadtidnivilh hmiyh e base
stations 12, while other nobile stations 10 may be_on standby npde. In the

embodi ment i $Achangimgr e With daeabase saBpRfuN: @@el@eﬂﬁ Biobtle statignsel 0 @ewbe o 12
contain "aidi mbmcgegﬁlteﬂhgp" bb&%enfhffuamedt pfﬁ'as | dofhniridatdd Sont Ghe @Sépﬁgeup

their acquisrtio apos ion determnation fix
ai di ng i nf ostatisni @ncomtyn T‘Mhyddorrﬂaupn”ematrmlbws theemglsilzostateaan ¢ o speadiopy si ze

( NSWB) par ajge ters,. .nei ghb p| | o freasur e NPM) f var.i.ous base
Statibns’ 12 Be ciighon B (ES Penal, Bioh: HORTEE difeahiiattn e T GHGih: ng
i nformation ﬁﬁbrmﬁﬁdrp\dhéyh%&lﬁﬁr Oor dxhiiple)Mnei3aber( beaoh wWihdiwl g& (REWERXi mum
system tine uncertai nty/ maxi num

parameters, neighboring pilot measurements (NPM) from various base stations 12, or

the like.

[0021] The mobile stations 10 use the aiding information to narrow the search

time window (i.e., minimize the maximum system time uncertainty/maximum
propagation delay), compensate for Doppler effects, and tune to the GPS frequency to
begin correlating the received GPS signal. Upon receipt of the GPS signal, the mobile
stations 10 can then determine their respective position locations using various known
techniques.

[0022] During initial GPS signal acquisition, the position of the mobile station is
unknown. If power consumption were not a concern, the time to acquire a GPS signal
would not be critical, and the GPS circuitry could be left on operational mode
indefinitely. However, as mentioned, mobile stations 10 have limited battery capacity
and must conserve power consumption. Thus, to conserve power, the GPS circuitry
should only be activated during a minimal search time window.

[0023] One method of minimizing the search window for acquiring the GPS
signals is to include a highly accurate clock in the mobile station 10 that is synchronized
to GPS time so that an appropriate time can be determined to search for the GPS signal.
However, including a highly accurate clock in each mobile station 10 that can establish
and maintain synchronization with GPS time may not be cost effective. Also,
accommodating the volume and power requirements of such highly accurate clock

within a mobile station 10 may be difficult.



propagati on del ay), conpensate for Doppler effects, and tune to the GPS
frequency to begin correlating the received GPS signal. Upon receipt of the
GPS signal, the nobile stations 10 can then determne their respective

position | ae@bdogog24¢si ng various known techniques. [ 002 idioliyteni tial
GPS signal acquisition, the position of the nobile station is unknown. |f

power consunption were not a concern tihe ti rre to acquire a GPS si gnal

woul d not be tical nd ..t [cuitr d .be t 0 i onal
mode indeflwﬁﬂg H&!&O@F ‘Q%:s 6":98 °%1F%9t} I‘E Hﬁ&éaf‘rrrited
battery capagiste nrﬁm d’heis,t a}mﬁéﬁﬁﬁbﬁ cmk\em G@Jﬂ&wpﬁeb@ély tol thel Samd Rfg@Rser ve

power, the GPS circuitry, should only be activated during a mninmal_ search
time wi ndow. HPOOWATh d &ymicadly dusess o lmc‘ryfrsrr‘i“ﬁ tlmfé“@%ﬁé%glal RERE Slockcquiri ng

the GPS si 9§}i\£lﬁoﬁ1§¢&t@ rscilﬁrelecmmeﬂﬁaﬁoewre% GAtfGK 12 Bar MG ABRIE St ati on

10 that is s roni ze S tine so that an appropriate tinme can be
det er mi ned t v tsemplite itajrontlﬂeo ﬁiﬁmszreglrmedearch Windewefor the K1Susignaly far fosigioh y
accurate clogck .in each nobile station 10 that can establish and maintain
synchroni zat OGHRi th GPS tine may not be cost effective. Al so,

accommodat i n@otdle Vol GiRe ARCHRNRHatib® HMATIGNBHsS steﬂiorﬁmiae g,gelailyn&@mé ate
clock within a nobile station 10 may be difficult. 5/ 025249

PCT/ US2004/ omﬂgcatr@n{ there4is apropagatien delay/in trbplclmsefoewtomnem@dé)y the
synchroni zed oﬁ%ﬁ%oﬂ?ﬁﬁu@%gés ﬁé’rﬂf%&ﬂo ﬂg}mro%ma@dn', \t;ﬁ%%ﬁixﬁ&x%‘t hon
0 trne, I C 'S

clocks are a ust precrse y same re eren
typically bame;iagano@aay lime. whylessnadmimirigatian kygérh \is desedrat ehecharsk case

synchroni zed , to GRS tine, clock i t|o of t.he stat ons 12 can be
transmtted dlftﬁncterr@“‘fﬁ?ﬂralléasgfté??’b T?S{% HFﬁﬁaQ‘é“ ﬂﬁ@" H‘a‘rtst:?f']vﬁoﬁﬁf&g\?for t he

GPS signal s g PABd 1ArR&t poSRlt icen.- suIeOQ%] estibliciRs L the MBRhR St@k 8Re10 and
the base station 12 are typically not at the sanme |ocation, ‘there is a

pr opagat i on umeaa}mtwnmtdﬂ@nemwmm@mrﬁaﬂplmhmpeoed%ﬂnw mphile station [18. ¥t at i on
10 from the @1 Srﬁax?ﬁl% a& \Afakg‘imn\/\éél%}f W QeU)r(éfJne d a vaiu%%”astfh t\Qerﬁ{T?%' mm

propagati on del’ay 1 n ess nmuni ca sys & wor st
case di st angepirativedslag mﬁehemtdhoﬁmazvmmﬁbv tdid henbe, |1ﬁol§ite&§tatm pdven t hin

its cell coverage This i,.s the | argest possi bl e. cel | si.ze. This establishes

the maxi mum SSPSYTBRH jon; gg¢ minimized. With“the search time window minimized, the mobile
station 10 can turn on its GPS circuitry to receive the GPS signal during the appropriate
time window.
[0026] Figure 2 is a flow diagram illustrating a method using neighbor search
window size (NSWS) for minimizing the maximum system time uncertainty (i.e.,
maximum propagation delay) for improving duration and accuracy of a position
determination fix using GPS. In step 200, the mobile station 10 receives the NSWS
parameter in a message transmitted from the base station 12. The (NSWS) parameter
may be used to estimate maximum propagation delay due to the cell size of the serving
base station. The NSWS parameter is deployed in such a way to be as large as possible
to allow a successful handoff to a neighboring base station. At the same time, the
NSWS should be as small as possible to reduce the neighboring pilot search time (this
reduces power consumption and probability of neighbor base station pilot detection
false alarm).
[0027] In one embodiment, a conversion table listing NSWS parameters and
their corresponding maximum antenna range (MAR) is embedded in the memory of the
mobile station 10. MAR is equal to the maximum propagation delay (which is equal to
the maximum system time uncertainty) times the propagation speed ¢ (i.c., speed of

light). Using the received NSWS parameter, the mobile station 10 looks up the



uncertainty, and hence, the maxi mum search tine w ndow for the nobile
station 10. If the maxi num propagati on delay can be refined to a value |ess
than the worst case propagation delay, then the search tinme w ndow, and
hence, nobiwe2084/@520Nn power consunption, are m ni m zedpcYikhodhReomear ch
time window mnimzed, the nobile station 10 can turn on its GPS circuitry
to receive the GPS signal during the apBropri ate tinme w ndow [0026] Figure

2is aflowdiagrami.l tgat in th usi n i ghbor _seargch indow size
(Nsvey for  rieertefhe MAR T kR TRbR Bt MG 2 S Rp Bt MAECPT D
propagat i on wergalis nfethodii@enored bg MARNSWSN and accuracy of a position
determ natiol{B fix usiﬂlg GP§ IP step 200, the mobil e iétati,o 10 receives the
NSWS  par amet9828li n a Hb8tenge0.the MerimUT: BoppesHel Helap isdetermingdoMagynump o
(NSWE) par angbioatidheld)eqtas MATR (i@ MARNS Wi dividd i edagatonQpedal @y due to
the cell size of the sérving base station. The NSW5 paraneter is depl oyed
in such a waspetdofbightjsIn stepy23Oathe semseli tine windowas se\prepostinnelds bf the stmanfiof f to a
i ghbori tation. At ti 1 h NSWS.shoul d b |1
posei bl e o PeameE e eoRu i SRS oorto biatbt fr o ceee vl B30 pover
consunpti on mokiletaeabi | ity of nei ghbor base station pilot detection false
alarm. [00271} | n one_enbodi nent, a conversion table |isting NSWS paraneters
and their clP?YspondFigaradys miavadiagrmillugimgas amethod ysiaameishe nilett he
menory of t ' @P"ﬁ' . i R Xi pagati on
del ay (whi CEEF%SH}SQJSQ‘? 0 )Itg% ljr?gn;rln%ﬁ% é%s%@#éy%%geﬁgi%%ﬁét?n@g t he
propagat i on mpesdngduration.and sqemdy of a pdsitphtdpterniisation fixhesinpa@RS. VrestefNEWS

araneter, the ile.station 10 ] o up .t he WO 2005/ 025249 .
DT Uspo04/ otbaeene sty el (8 AR Hileal hime Ve SO ARSEoQncebE SETYIRE st ep
210. The corpR6RewuH iDGetdifted\ht RBbIOtEHIFEIORAN rdcSivel Nt XS ANIHMARMNSMEs [ 0028]

In step 220, the maxi num propagati on delay is determ ned. Maxi num

propagat i on fenall vealeaSBS Ninks transwitted resvmingdiase stsign byster di¥agat i on speed ¢
(i.e., spee@oﬂi] LT 9Ny Wl r%&q?ﬁed%%ﬁd .Sb@emﬁﬁ@{tﬁ Qig{nélﬁngleﬁ%ﬁf t!hg nfbile
y e propagati on defay and a

proporti onal o the sum of maxi mim
conpensat i onstitinh I(hecies tHei @icsn 8BS tranltipath cignalheceivadbirbm the akiving. base

station. In step 330, the mobile station 10 receives valid ABS multipath signals from all
usable ABS pilots transmitted by alternate base stations (ABS) other than the serving
base station. In one embodiment, the alternate base stations are base stations (other than
the serving base station) within the mobile communications network that are closest to
the mobile station 10. Although the number of alternate base stations N is a design
choice, the number of alternate base stations N may conveniently be three.

[0031} In step 340, for each alternate base station, the mobile station 10 selects
the earliest ABS multipath signal from the received valid ABS multipath signals. Thus,
for each alternate base station, there is a corresponding earliest ABS multipath signal. In
step 350, the mobile station 10 estimates the MAR based on delays between the earliest
ABS multipath signals from the alternate base stations and the earliest SBS multipath
signal from the serving base station.

[0032] In one embodiment, the mobile station 10 determines the time delay
associated with each of the earliest ABS multipath signals from the alternate base
stations relative to the earliest SBS multipath signal from the serving base station. The
mobile station 10 selects the earliest ABS multipath signal from the alternate base
stations with the largest time delay (Tmx). Similarly, it selects the earliest ABS
multipath signal from the alternate base stations with the smallest time delay (tmpn). In

ideal base station deployment geometry and RF conditions, the estimated MAR should



[0029] Figure 3 is a flowdiagramillustrating a nethod using nei ghbor pil ot
measurenments (NPM for mnimzing the maxi num systemtinme uncertainty for

i nprovi ng duration and accuracy of a position determ nation fix using GPS.
In step 30Qo0 20bde2sp@bi |l e station 10 determ nes the SBS paped200401467@Wn

techni ques. Once the serving base station is determ ned, the nobile station
10 can receive valid SBS nmultipath si gnél s fromall usable SBS pilots

transmtted the.servin se sfation in ste 0,. 10030] Fromt

recei ved val F%a@;gglﬂﬁFVibﬁg}eﬁ%gp 8 ?faﬁmsl?s Qrﬂpa&téoﬁ %ﬁ%’,lc PWL@S EFﬁ‘B‘i 'I Té““?gl_%da{]‘gon 10
sel ects the gmgd pﬁgiga&&ﬁsﬁeéhtq fakdh (mx_gnal,ini.r $6 Qbotet foraiontiba FepIvimen base
station. In step 330, the nobile station 10 receives valid ABS nmultipath

si gnal s f r ongesmetry andipn RF amditigns, sorserveliyplygstimets MHRaisingeguationfase st ati ons
(ABS) other than } Vi n ase station. In one enbodiment, the alternate
base stations ar e““gg‘yz‘iitgt’?co’ﬁ@m(‘dttﬁ‘é)r tmn t he serving base station)
within the nobil aymmmé:]ﬁ%%@aﬁomgwrk that are closest to the nobile
station 10. Although the nunber of alternate base stations Nis a design

choi ce, the numbefhedAR|using s methad is dspeted rMARNRN. conveniently be three.
0031] | t 40, f : t AL O, b I -at i 10
[sel ec]t S nt ﬁeﬁiea%rﬁl i est %?er?rltu%lu'? |é %&%@g?sgcﬁgiﬁg T‘%o%to'f’%(% tP e%@?%gh% ‘TS?‘(L&'?‘ :Bgn

mul tipath si geld S, TomsN tirodelsacdbreiosdingtethoas alishak ibagk, stithms eanldgo a
corresponding earliest ABS nultipath signal. In step 350, the nobile

station 10 efflqchihe smalasbtimppelpy sediran thespme & thee didens. Thea, esiifmaleddAR taBS

mul tipath signals frt .t he alteag.nate (ga§e s{hati ns a t he ear Idi est. SBS
it path s PORETsehOR IS pBRbGHRE b eC 8T ReSinR §irRRe8 B ooy i S et
the nobil e sidadl &ﬂdiﬁ@né?@lﬁ@édﬁsﬁﬁﬁKHb%pﬁﬂoﬁﬁa@&} B¥twead DICARL B6. W fdh-@ath of the

earliest ABS nultipath signals fromthe alternate base stations relative to
the earli est copdibions acppgrvaties esiimatefprdiishe serving base station. The nobile

station 10 s ts th l4:8S . i . Si [ . at e base
stations w tﬁk’? ﬂe | ar grégfé[)tj|6§r’eﬁ]5§5§§/%tph§b§£%°ﬁ1dlgfaa?I1§/fd5t?{ﬁl}sléeqegg4x Es"‘eﬁE‘rﬁe

earl i est ABSpropagatibrpddliy equgisaVlARr @.m, MYRNPMpdiviaded bygsepagbtivini spasi eMitel) t he
smal | est tine del l.n_ ide ase station deploynent geonetry and

condi £ ons. | Eres eENEtR LA RotrEh B SOuEros S P B (ol ST 8 be
appr oxi mat el jhe RixBRinPRPaghtibn deRP ands RRGEALHIOR (GFRBEPosktidn! IBEtAdtyBRthe t M N)

and 1.6 tinmes propagation speed c tines (t,,,ez - Eom n) To account for
non-i deal depw0 on.

[0035) Figure 4 is a flow diagram illustrating a method using last successful

position determination fix (LSPDF) for minimizing the maximum system time
uncertainty for improving duration and accuracy of a position determination fix using
GPS. In this method, the current serving base station must be the same as the serving
base station that determined the last successful position determination fix.

{00636] In step 400, the mobile station 10 calculates the time difference ty
between the last successful position determination fix and the new fix (i.e., the current
time). In step 410, the mobile station 10 estimates the maximum distance dmgy that the
mobile station 10 has moved since the last successful position determination fix. In one
embodiment, the maximum distance dy,x is based on a predetermined maximum speed
Vmax of the mobile station 10 which may be recorded in the memory of the mobile
station 10.

[0037) In another embodiment, the predetermined maximum speed Vo of the
mobile station 10 may be entered by the user of the mobile station 10. In yet another
embodiment, the predetermined maximum speed Vi, of the mobile station 10 may be

dynamically determined based on sensor measurements or the last successful GPS



geonetry and/or RF conditions, conservatively estimte MAR using equation 1.
MARNPM = 2 x e X (tmax - train) (1) where c is the propagation speed The
MAR using this nethod is denoted by MARNPM [0033] An alternative way of

descri bi ngwiohgosahoMe IS to select the largest tinme del gyr/is2e@iadsom N tinme
del ays corresponding to the N alternate base stations, and to select the
smal lest tine delay tm" fromthe sane Rtime del ays. Then, estimate MAR to

be a constant K tines .aropagation speed c. tines the difference between tnm,
ot onst M hedSyetrd S Pl BREA B 3RE e s haSR orl B SRSl ERERE REIE ST (TR,
and 1.6. |n dgpeat Vg al theansbile stadts 10 andCthe site \diffdrdize 5 [n sred 820, MAKIY &t 2.

[0034] In step 360, the Xi mum prodpl)agat ion delay is determ ned, Maxinmum
propagat i on Qeans) thesum of hermprimam disgervg A Vheieving bpreaigRdscE peed ¢
(i.e., speeg Oipd %ﬁ'bﬁhé-baé§?t§ﬁ£ﬁdi§tzgce. d.1Gs $RAliSAnde %%&W@l@‘éfa’v@gs&ke
proportionall'y to the Sumof the maxi num propagati on del ay and a
conpensat i onstiton (Htwngothsilast sncasssfid rposition detefminateon fmybindeths last swessfud035]
Figure 4 is a flow di agr.am i | lustrating a nmethod using | ast successful

posi tion det%qsmoﬂgfﬁc@?f 1% % SPDF) for minimizing the maxi mum systemtime

uncertainty foe3sji MproYh &ep 430, Me MikiMte pAepabidtde el batwRes tHel 180 skgéefull nat i on
fix using S. In this nethod, the current serving base station nust be the

sane as the RBOsiigpdgterminationstinandotie new dixde feterminpdy Magianym gropagation delpy|
coos D ot 0361 | ' ; . 0
DS S et o s ATy el B0 S SRRy iR bR, ed

calcul ates t erence "t ‘bet successfu i on
det er m nat i oof tighy). dnstep K&0, nBesdatch time @indowhe setuproitionatly nejhe shm cfttep 410,

the nobile stat.ion 10 estinmgtes the maxi num di.st ance.dnmax that the. nobile
station 10 hrggm%meyonggqg@lnﬁﬂgy PR ¢ @W@E‘&é‘é‘fmh’f g% PRIIND WRECRMAY Rt then fi x.

I'n one embogdhiRatioh "Fhe WX R i} HiSiBR6LisdeRoted Sy MAREEPRF. 2 pr edet er m ned
maxi mum speed V. of the nobile station 10 which may be recorded in the

menory of thi803%bil e Imamalieontiyeomethoddld MAR cendeisstimatebndéchema weighted
P et o 1= AR AR AR ESS L e i 601 <0 o
pr edet er i neSiARasithemirspeechf MARNSHS] NEARNIRM|2d 4 AR 1SPDE. Dritayhe AR is
dynam cally deter i ed Based, O R RIo TR S SIS Sy, WIS heStmbiss oo U
GPS es , propag ¥ aximum
propagation delay is equal to MAR divided by the propagation speed c. Then, the search
time window is set proportionally to the sum of the maximum propagation delay and a
compensation for the position uncertainty of the mobile station.
[0040] The description of various embodiments hercin is not intended to
represent the only embodiments in which the invention may be practiced, but are
provided as examples or illusirations, and should not necessarily be construed as
preferred or advantageous over other embodiments. The detailed description includes
specific details for the purpose of providing a thorough understanding of the
embodiments. However, it will be apparent to those skilled in the art that the invention
may be practiced without these specific details. In some instances, well-known
structures and devices are shown in block diagram form in order to avoid obscuring the
concepts of the invention. Acronyms and other descriptive terminology may be used
merely for convenience and clarity and are not intended to limit the scope of the
invention, In addition, for the purposes of this disclosure, the term “coupled” means
“connected to” and such connection can either be direct or, where appropriate in the
context, can be indirect, e.g., through intervening or intermediary devices or other

means.



WD 2005/ 025249 PCT/ US2004/ 014979 9 neasurenents. The maxi num di st ance
d,,,ax is based on the predeterm ned naxi num speed V,,,,,, of the nobile
station 10 and the tine difference td. In step 420, MAR is set to equal the
sum of t hewgsésioaenasi st ance dmax and the serving base sp@i/iogisdrance

d, bs. The serving base station distance(ﬂsbs is the distance between the
serving base station (during the | ast % ccessful position determnation
fix) and th t sucepss fi -1, step
430, the najP%ﬂilpropagat%%hod£¥§§%%gpﬁ§§%q% 9%%§?Q§J%§g§£9§ﬁ§ﬂ%8§?tion

det er mi nat i cant from tlu:rfdlldtWiag deawleﬁ|desqr$t1qtemIdrmqmylhgﬁiamﬂng, plrogpegyedricon del ay

(e, SpeediotgRirs gAPRpe 00 ki td Ritaion,t rotoomobP RO AN STBER  ©

proportional érﬂooﬁﬁnéntsearwm Qlevdriledet IBX hrdUdip §H1O REGRSiAEhtidR | i Yvariabs dther
conpensation for the position uncertainty of the nobile station. The MAR

usi ng this nspeets dlswithovbdenarting fomrthesprit andergpa of e dpyentione Avarripglynet hod,
the MAR MARNPM
bng W SpoETE AR T e AR Rich MELOU RGarp BOR AR A b JEIREP NP

and MARLSPDFas ré&tvictive.he MAR is estimated, it can be used to calcul ate

maxi mum pr opagati on del ay, since the naxinun1 propagation delay is equal to
MAR di vi ded by the propagation speed c. Then, the search tine w ndowis set
proportionally to the sum of the maxi mnum propagati on delay and a
conpensation for the position uncertainty of the nobile station. [00401 The
description of various enbodi nents herein is not intended to represent the
only enbodi ments in which the invention nmay be practiced, but are provided
as exanples or illustrations, and should not necessarily be construed as
preferred or advantageous over other enbodi nments. The detail ed description
includes specific details for the purpose of providing a thorough

under standi ng of the enbodi ments. However, it will be apparent to those
skilled in the art that the invention may be practiced w thout these
specific details. In sone instances, well-known structures and devices are
shown in block diagramformin order to avoid obscuring the concepts of the
i nvention. Acronyns and ot her descriptive term nology may be used nerely
for convenience and clarity and are not intended to |limt the scope of the



invention. In addition, for the purposes of this disclosure, the term

"coupl ed" nmeans "connected to" and such connection can either be direct or,
where appropriate in the context, can be indirect, e.g., through
intervening or internediary devices or other neans. W 2005/ 025249

PCT/ US2004/ 014979 10 [00411 O her enbodinents will becone readily apparent
to those skilled in the art fromthe follow ng detail ed description and
acconpanyi ng drawi ng, showing various illustrative enbodi nents. O course,
the invention is capable of other and different enbodinents and its several
details are capable of nodification idlvarious other respects, all without
departing fromthe spirit and scope of the invention. Accordingly, the
drawi ngs and detail ed description are to be regarded as illustrative in
nature and not as restrictive. 11 CCMM$& WAT IS CLAIMED IS: 1. A nethod
of mnimzing a maxi num systemtinme uncertainty using a nei ghbor search

w ndow si ze (NSWS) paraneter for a nobile station in a wireless

coMUNi WRIATORSCEXBMERIS: cConpri sing: receiving the NSWS paraneter in a
nessage transmite rom a base station; and using a conversion table to
match the NSWS paraneter with a correspondi ng maxi rum antenna range (MAR),
further, conmprisi,ng: cal cul ati ng a. maxi hum propagation del ay based on the MAR
and propagat’t Hﬁt@ge dymgngmgs%ﬂ'{aix%urg Sgggfl2}{"6{)\‘%?“%“%5%’%%6'8@5?%?@70& o the
sum of WiRGowBide"INB WS padatete? ol @| MdbiRNElatin ROS IWitddéts Woahinidafibs sytenlne
met hod of claiml| wherein the conversion table is stored in a menory within
the nolempasyeati on. 3. A nethod of mnimzing a maxi num systemtine
uncertai nty reciyit TENARS haireld: in m%&%{éee{}@{a&?téeﬁ'\ﬂf’ch@a abBle FuflRPidse station in
a W rel ess coffmurt cationstsystem conpri si ng: etermning a serving base
stati on ( SBSingraesmistsiog table taimaichttye NEWSBGmrabted with A @r@fpnding miXidum

plurality of SBS pilots transmtted
antenna range (MAR), further comprising:

calculating a maximum propagation delay based on the MAR and propagation speed; and
setting a search time window proportional to the sum of the maximum propagation delay and a

position uncertainty.

2. The method of claim 1 wherein the conversion table is stored in a memory within the

mobile station.

3. A method of minimizing a maximum system time uncertainty using neighbor pilot
measurements (NPM) for a mobile station in a wireless communications system comprising:

determining a serving base station (SBS);

receiving a plurality of SBS multipath signals from a plurality of SBS pilots transmitted
by the serving base station;

selecting an earliest SBS multipath’ signal from the plurality of SBS multipath signals;

determining N alternate base stations (ABS);

receiving N plurality of ABS multipath signals from N plurality of ABS pilots
transmitted by the N alternate base stations (ABS);

selecting N earliest ABS multipath signals from the N plurality of ABS multipath signals;



by the serving base station; selecting an earliest SBS multipath' signal
fromthe plurality of SBS nultipath signals; determning N alternate base
stations (ABS); receiving N plurality of ABS nmultipath signals fromN
plurality of ABS pilots transmtted by the N alternate base stations (ABS);
sel ecti ng wheenslest ABS nultipath signals fromthe N ploarmbeotgi®feo ABS

mul tipath signals; W 2005/025249 PCTI l1J§2004/ 014979 12 determning N tine
delays with each of -the N tinme del ays bei ng between each of the N earliest
ABS nul tipath signal.s. : ' A 3 ’ stimating
a maxi num ant enna ra%é@%@e%%gg£§%h§ ﬁgl e@t@%@%&%’%@%@ﬁﬁghgt hod of
cl ai m 3 f ur thee¥ carloaspABS imdfipathedignalsamnd thy earlinst:SBSumiippatipsigedliaod del ay based on

the MAR and propagatjon speed; and setti sear c i.me. wi ndow
proportional to ?Sﬂ@a@lﬁﬁ BHHR "’H%H%H%E W%gtbaé?qa%&ﬁg:t%e ‘ﬁé}kaas-a posi tion
uncertainty. 5. The nethod of clainB wherein Nis 3. 6. The nethod of claim

3 wherein the N alternate base stations are base stations wthin the
wirel ess coftnuni Bhernehes ofielam h forthes eoraprisingt he serving base station that are

closest in dista - he b | ' ;.. The Lm.3 further
conprising: selec cl?n}]aéﬁ%ﬁlngarxé%% P ?p%éﬁ%gﬁg?y?%eg (fnp%'%nli?%%%? !’O%Iéagg gg?ays;

sel ecting asgme@dl | est tine delay rmfl fromthe N tinme delays; and estimating
MAR to be K tinmes propagation speed ¢ tines the difference between Tmax and

T,,,. $. The net¥@decBmEd sqaph7timp yiaday Rropertignalgto the suedfihe npxigym; m 7
wherein K ig. a@ﬂ&?&éﬁ‘m@%&n‘@ﬁﬁ@n%c@ﬂﬁﬁg 1.6. 10. A nethod of mnimzing a
emtine u [ [ )

maxi mum sys certdainty using | ast successful position
determ nation fix (LSPDF) for a nobile station in a wirel ess conmunications
fs?/)sét em COITng Si nﬂ;ergeeﬂtwedroryc 1Ln “t(hré?eirll ﬁs}h‘successf ul position determnation
6. The method of claim 3 wherein the N alternate base stations are base stations
within the wireless communications system other than the serving base station that are
closest in distance to the mobile station.
T The method of claim 3 further comprising:
selecting a largest time delay T,y from the N time delays;
selecting a smallest time delay 1., from the N time delays; and

estimating MAR to be K times propagation speed ¢ times the difference between

Trax and Trin.
3. The method of claim 7 wherein K is 2.
4.  The method of claim 7 wherein X is a constant between 0.7 and 1.6.

i0. A method of minimizing a maximum system time uncertainty using a last
successful position determination fix (LSPDF) for a mobile station in a wireless
commumnications system comprising:

determining the last successful position determination fix;

defining a new fix as the position of the mobile station at a current time;

calculating a time difference, t4, from the last successful position determination
fix to the new fix;

determining a speed of the mobile station;



defining a new fix as the position of the nobile station at a current tine;
calculating a tinme difference, td, fromthe | ast successful position
determination fix to the new fix; determ ning a speed of the nobile
station; WD 2005/025249 PCT/ US2004/ 014979 13 estimating a nmaxi mum di stance,
dm x, that woeomsphizkee stati on has noved since the | ast peugsRssdius7oposi tion
determ nation fix based on the tine diffgrence, td, and the speed of the
nobil e station; estimating a serving base station distance dsbs; and setting

a maxi mum ant enng.ARge { MBhukPaeaM! alnendra RURCiSIANGS kK snand the

serving base station distance dsbs at the time of the |ast successful fix.
11. The met hibd last sucesstul positionrdetpemingtiorpfik dased ondhd twk aifference. tweanil them

propagati on del ased.on the MAR and propagation speed; and setting a
search tine We?fg%t ep‘?lg?}&ers?ﬁt%?ral to the sum of the maxi num propagation del ay

and a position unggmbtdigitsyrvinkdaseldifionRishace &f; sdai m 10 wherein the speed of
the nobile station equals a predeterm ned maxi num speed Vmax. 13. The

met hod of cl ai m Ietingadpaitpum yateprecbgeeMARRl eanwl the maswawy distance dugx st or ed
in a menory of ' ti-on..14..10 f ' 2 wherein the
o hEFRRP o s i P R Csblhty

pr edet er m ned nmaxi nu e nobile
station. 15. The nethod of claim 10 wherein the speed of the nobile station

is entered bé a user of the mpbile station. 16. A nethod of mnimzing a
maxi num syst Bm t i The meshadiof ghaim I fusther:LOMBBFNE  station in a wirel ess

communi cati ons Sycifcgfélsir?é’?ﬂ{akﬁﬁlﬂ:%r ggdg[é;é%lggy &S%@g\ﬁﬂp@%%@“%%&%ﬁpssage

transmtted froma e station, a rmning a MA ng a
conversi on tspeédkabd match the NSWS paraneter; determ ning a serving base

station (SBS), receiving a.,plurality of SBS l[tipgath si s froma
o o8 LS, 4 Seab e o pronaroBtly o enaus. & D, BAITUE ect i ng

propagation delay and a position uncertainty.

12, The method of claim 10 wherein the speed of the mobile station equals a

predetermined maximum speed V.

i3 The method of claim |2 wherein the predetermined maximum speed Vi, 1S

stored in a memory of the mobile station.

{4 The method of claim 12 wherein the predetermined maximum speed Vi, is

entered by a user of the mobile station.

[B.  The method of claim IO wherein the speed of the mobile station is entered by a

user of the mobile station.

6. A method of minimizing a maximum system time uncertainty for a mobile
station in a wireless communications system comprising:

receiving a NSWS parameter in a message transmitted from a base station, and
determining a MARNSWS by using a conversion table to match the NSWS parameter;

determining a serving base station (SBS), receiving a plurality of SBS multipath
signals from a plurality of SBS pilots transmitted by the serving base station, selecting
an earliest SBS multipath signal from the plurality of SBS multipath signals,
determiming N alternate base statrons (ABS), recetving N plurality of ABS multipath
signals from N plurality of ABS pilots transmitted by the N aliernate base stations



an earliest SBS nmultipath signal fromthe plurality of SBS nultipath
signals, determning N alternate base stations (ABS), receiving N plurality
of ABS multipath signals fromN plurality of ABS pilots transmtted by the
N alternate base stations 14 (ABS), selecting N earliest ABS nultipath
signals fromthe N plurality of ABS nultipath signals, determning Ntine
del ays with each of the N tine del ays bei ng between each of the N earliest
ABS nul tipath signals and the earliest SBS nultipath signal, and estimating
a MARNPM based on the N tine delays; determining a | ast successful position
deternination fix, defining a new fix Ids the position of the nobile station
at a cunrant .t ¢ i j I
succes l;(FA u@a Sﬁ!)eg I q](\)l%‘&gfeé# e@?’ns %’P?%‘%H #]%(awt %&ﬁﬁ]kgeriﬁg\l}\}r%lﬁ; ,o Fé%@erb‘%gﬁétﬁgfggalg’peed
8]‘ f ]E he daﬁahﬁrﬁlé@Naihnh@ﬁelaymléwitl];esidrl:rmﬂthﬂyl tm&vBEtkBRbdm gagaﬁdeméachmmdbmarliest _
ifference, td, the speed of the nobile statiopn and a servin ase station
di st anc“éBgélB’é“l%ﬁth ﬁlg'éaﬁ% Aprpthg eagligst S%mugwe@e%%mman@ estimaiig a d\’[%l‘i@eda
maxi mu e (MAR) based on a wei ghted conbi nati on of MARNSWS,
NARNPM%’?]@EWE@ES%%%?%’ 17. The nethod of claim 16 wherein the weighted
conbi nat i on deerminnga hastrsuncessful pARNS\dS erividENRMI g e fiARIa SRDHIx ds8he fdstiomet hod

of cl ai 6 further conprising: calculating a Xi mum pro tion delay
pased ol P EORRSSERD frbpial Mo Sieikie aiing diernge. doduah IR st edsiiow
propor t pRARh dderhdidutiol iR fto tthe n¥RX FRU BeteiaiRimgad ispéed 8LtiaY nbfle iR drdon
uncertainty. 19. Conputer readable nmedi a enbodyi ng a program of instructions

execut atstimating a MOYRPORIRY baged ogrthertimg diidarense nisathespasd f thor mabily statidnragd &
maxi mum systemtl ' tai i n i earch wi ndow si ze (NSWB)
par arretseepxi%fasgsﬁ"r{g%'} ?‘egg{eacg'i’sg{n%fax%éa %“%e‘ﬁ%gg&ggsg‘mﬁfﬂ‘%‘gu ons system the
met hod conprdaiulging r€aRkinhig dnhendNoXzep@ARPbAsed bn & WeRhdecdnildngivht sfed
froma base station; and using a conversion table to match the NSW5
par anetMAWSWSaMé&NI@\éﬁBﬁMﬁgL%\QF-wm antenna range (MAR), wherein the
met hod further conprises: cal culati ng a maxi num propagati on del ay based on
t he MAR and propagati on speed; WO 2005/ 025249 PCT/ US2004/ 014979

17.  The method of claim 16 wherein the weighted combination is the minimum of

MARNSWS, MARNPM and MARLSPDF.

18.  The method of claim 16 further comprising:
calculating a maximum propagation delay based on the MAR and propagation speed;
and setting a search time window proportional to the sum of the maximum propagation

delay and a position uncertainty.

19.  Computer readable media embodying a program of instructions executable by a computer
program to perform a method for minimizing a maximum system time uncertainty using a
neighbor search window size (NSWS) parameter for a mobile station in a wireless
communications system, the method comprising:

receiving the NSWS parameter in a message transmitted from a base station; and using a
conversion table to match the NSWS parameter with a corresponding maximum antenna range
(MAR),

wherein the method further comprises: calculating a maximum propagation delay based

on the MAR and propagation speed;



15 and setting a search time wi ndow proportional to the sum of the maxi num
propagati on delay and a position uncertainty. Q0. Conputer readable nedia
enbodyi ng a program of instructions executable by a conputer programto
performa nmethod for mnimzing a maxi num systemtine uncertainty using

nei ghbor pig@ieeapasir ements (NPM for a nobile station pPrdsibi@EkHssS
comuni cations system the nethod conprising: determ ning a serving base

station (SBS); receiving a plurality of 8BS nultipath signals froma
plurality of SBS pilots transm.tted t he servying base station; selecting
P ear |1 st sBS. vk et SRGRame SOMRn BORPORY b yne ATSeS (AR At
signal s; det gralhnking ddhAdri@rdgtien BReRainlyat i ons (ABS); receiving N plurality

of ABS multipath signal's fromN pluralify of ABS pilots transmtted by the
N alternate base stations (ABS); selecting N earliest ABS nmultipath signals

fromthe N ral j.t f A nmul.ti path .signals: detern.ni ng N.ti del ays
W Oh e MRt 2! bt ridale Sitalsl ottt 8 BReRim, AR e B Bl
nul tipath si giaperapdgianeroepérforast eIt mpahking £ Rakimandystagt dmat i ng a

maxi mum ant enna range (MAR) based on the N tine delays. 21. The conputer
readabl e medPreeBRng wingnoghkgs @tlel measwemaws AWIMI (o @ mabile ganmn 18 @gvireless

cal cul ati ng g?]ﬁgéliﬁg%%pgg ﬁg@%%ﬂlﬁ%l&%ﬁ}mﬁed on the MAR and propagation

speed; and s ng a sedrc I'me wn proportional to the sumof the

maxi mum pr opagat dedsimitatoy/scevik spastidni(BRSyncertainty. f. - Conputer

readabl e nmedi a enbodyin program of jnstructjons execufable by a conputer
programto perfor‘i’??"é"‘ﬂ%gﬁg‘ﬂalftbfr(’frﬁ% H‘I“k’ip SIENAY %ﬁ\@?é]t“éfrﬁftsi}%l"?m

uncertainty yoif6id dyasd seffofsslistlonposi tion determnation fix (LSPDF) for a
nobil e stati onSH?n a'w rsgl ess com*ruorllllpcati ons system the method conpri sing:

det erm ni ng t he |sEctingioceskdsubBpagiltpatinsiget dom thaphoality ok SBdehulnpatly a new
fix as the pg)lgjg]é;on of the nobile station at a current tine;
determiming N alternate base stations (ABS);
receiving N plurality of ABS multipath signals from N plurality of ABS pilots
transmitted by the N alternate base stations (ABS);
selecting N earliest ABS multipath signals from the N plurality of ABS
multipath signals;
determining N time delays with each of the N time delays being between each of
the N earliest ABS multipath signals and the earliest SBS multipath signal; and

estimating a maximum antenna range (MAR) based on the N time delays.

21.  The computer readable media of claim 20 wherein the method further comprises:
calculating a maximum propagation delay based on the MAR and propagation
speed;
and setting a search time window proportional to the sum of the maximum

propagation delay and a position uncertainty.

2). Computer readable media embodying a program of instructions executable by a
computer program to perform a method for minimizing a maximum system time
uncertainty using a last successful position determiation fix (LSPDF) for 2 mobile
station in a wireless communications system, the method comprising:

determining the last successful position determination fix;

defining a new fix as the position of the mobile station at a current time;



WO 2005/ 02j 249 PCT/ US2004/ 014979 16 calculating a tine difference, td, from
the | ast successful position determnation fix to the new fix; determ ning
a speed of the nobile station; estimating a maxi mum di stance drn.a, that the
nobil e station has noved since the |ast successful position determ nation
fix based wwo toheosreve difference, td, and the speed of ptheswobsheest ati on;
estimating a serving base station distapce dabs; and setting a maxi num
antenna range (MAR) to equal the maxinmum di stance drr,a, and the serving

base station distapg tifg,agﬁm@tdiﬁfé} ok 1B HeN tls@c%&ssﬁ.\ggﬁfﬁc?{%gterfnﬁﬁ%ﬁo@?" The

conput er readabl e nedi clarm 22 wherein the net er conpri ses:

cal cul ati ng #x tethé mwibpr opagat i on del ay based on the MAR and propagation
speed; and setti nq% a search ti r}ghvm rLidI([gw ﬁro_porti onal to the sum of the

maxi mum  pr opagat®EAPAREA PP DB ESGHtincer tai nty. 24. Conputer readabl e

nmedi a enbodyi ng as@hafeAMmBimindidiaet 1D hatke sidbadbBtidiVha8 movedHildehe Pr Ogr am
to performa nmethod for mnimzing a maxi num systemtinme uncertainty for a

mobi | e st at i 6%t siigressfulippaliondetammation Gxbised on thedimadiffergacertat #nddhe gpsedr i si ng:
receiving a i\ W5 a{R%p%E,r in a nessage transmtted froma base station, and
determ ning a Iﬂﬁg aby 'using a conversion table to match the NSW5

paraneter; det ergmatihg adevBig\WaidstNda@istHnad d,QNardSBS) , receiving a plurality
of SBS nmultipath signals froma plurality of SBS pilots transmtted by the
servi ng base statspf@ﬁgawxeewmﬁgten%mésﬁ(ﬁém togpagalihe My Eewn diskAed dfr om t he

plurality of 1] I Of: m.ni I base stations
(ABS), recei a\f‘?% %wpl)r%ﬁr%g‘% ??@dng#&kégdﬁ%ﬁh?%a e%fﬂgi%grt]g]]lcg&?ﬁgﬁ?N plurality of
ABS pilots transmtted by the N alternate base stations (ABS), selecting N
earliest AB ltipath signals fromthe. | ural i of ABS. multipath
signal's, det®tni niPRGORPYIPIEAIGRIeAyAREE ?Mwﬂaflwtﬁ%mﬁrhﬁl ﬁ@hareqoavgléqﬁei ng
between each of thRuliRAL HaRturfBrRpaatkibh BALY biedRa!iRe MR thEpBpEdali&St SBS
mul ti path si ggdal ¥ and estimating a RNPM based on the N tine del ays;

speed; an

setting a search time window proportional to the sum of the maximum

propagation delay and a position uncertainty.

4. Computer readable media embodying a program of instructions executable by a
computer program to perform a method for minimizing a maximum system time
uncertainty for a mobile station in a wireless communications system, the method
comprising:

receiving a NSWS parameter in a message transmitted from a base station, and
determining a MARNSWS by using a conversion table to match the NSWS parameter;

determining a serving base station {SBS), receiving a plurality of SBS multipath
signals from a plurality of SBS pilots transmitted by the serving base station, selecting
an earliest SBS multipath signal from the plurahty of SBS multipath signals,
determining N alternate base stations (ABS), receiving N plurality of ABS multipath
signals from N plurality of ABS pilots transmitted by the N alternate base stations
(ABS), sclecting N earliest ABS muitipath signals from the N plurality of ABS
multipath signals, determining N time delays with each of the N time delays being
between each of the N earliest ABS multipath signals and the earliest SBS multipath
signal, and estimating a MARNPM based on the N time delays;

determining a last successful position determination fix, defining a new fix as
the position of the mobile station at a current time, calculating a time difference, t4, from

the last successful position determination fix to the new fix, determining a speed of the



determning a | ast successful position determnation fix, defining a new fix
as the position of the nobile station at a current tinme, calculating a tine
difference, td, from the last successful position determnation fix to the
new fix, determ ning a speed of the WO 2005/ 025249 PCT/ US2004/ 014979 17

mobi | e st atygne@Rdsgsti mati ng a MARLSPDF based on the tippg dbdolfiieace td,
the speed of the nobile station and a serving base station distance dsb at
the time of the last successful fix; and cal cul ati ng a maxi mum ant enna

range (MAR) based on a i ght ed conhij ion of RNS MARNPM and
VARLSPOE 75 0opls SGOp e PR A A RHO P e b8 A T e Rt hod
further conprited REbile Rbeon A HGerdinf it MR GRawsld,0at dRl @ie BAERDaAN t he
MAR and propagation speed; and setting a search tinme w ndow proportional to

the sum of t HBecqesfl@ingndpr opagati on delay and a position uncertainty.

calculating a maximum antenna range {MAR) based on a weighted combination

of MARNSWS, MARNPM and MARLSPDF.

5. The computer readable media of claim 74 wherein the method frther
comprising: ‘
calculating a maximum propagation delay based on the MAR and propagation
speed;
and setting a search time window proportional to the sum of the maximum

propagation delay and a position uncertainty.



