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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.
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[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
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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, tq, 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,, and the serving base
station distance dgs. In one embodiment, the maximum propagation delay is calculated

based on the MAR and propagation speed. Then, the search time window is set
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[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.
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[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 difficuit.
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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 c (i.e., speed of

light). Using the received NSWS parameter, the mobile station 10 looks up the
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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 (Tma). Similarly, it selects the earliest ABS

multipath signal from the alternate base stations with the smallest time delay (Tmm). In

ideal base station deployment geometry and RF conditions, the estimated MAR should
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mobile station 10 has moved since the last successful position determination fix. In one

embodiment, the maximum distance dn.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 Vi, of the
mobile station 10 may be entered by the user of the mobile station 10. In yet another
embodiment, the predetermined maximum speed V. of the mobile station 10 may be

dynamically determined based on sensor measurements or the last successful GPS



ti mes propagation speed c tines (Cniax - Tmn). To
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Mrecific, dethild her nthdi piepaseabdbl @rovi@ingay therough 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.



dynam cal |y determ ned based on sensor neasurenents or
the | ast successful GPS WO 2005/ 025249
wWERODsSE2004/ 014979 9 measurenments. The nmaxi MUPECT/US2004/014979
di stance dmax is based on thenpredeterm ned maxi mum
speed V,,,ax of the nobile station 10 and the tine
f’ﬂ(ﬂle renceokiflr ehBodifiieRts AR betdiie | 'réadﬂ? pdrént 86l ¥tse Eﬁﬁed in the
sum of the maxi mum di stance dmax and Re servi ng base
sit ditoinothe dolintveing detaidedotescrifftion ead eéaompbaigeg éltaartmg; showing various

d ist di st be th
SRR i d et A GulSHiR S sumpIGR! Sther aff Witeren
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determination fix. [0038] In step 430, the maxi mum

BAsDERsSy alluvaﬂlouéd@ﬁnbmfme fthe $périy ans scepeoefethe fnpention. Accordingly,
g'lgtsdert?%%%%gn %ﬁé’leﬁ ekcn t1 )éreac %e rg%a]r%)?\%s é%‘%}gjﬁtz"e rrlgxr}annlﬁ?n and not
dé seb@aee.dmax (i.e., NAR) d|V|ded by propagation speed
c (i.e., speed of light). In step 440, the search
time window is set proportionally to the sum of the
maxi mum propagati on del ay and a conpensation for the
position uncertainty of the nobile station. The MAR
using this nethod is denoted by MARLSPDF. [0039] In an
alternative nethod, the MAR can be estimated based on
a wei ghted conbination of MARNSW5, MARNPM and
MARLSPDF. I n one enbodinent, the MAR is the m ni num
of MARNSW5, MARNPM and MARLSPDF. Once the MAR is
estimated, it can be used to cal cul ate maxi mum
propagati on del ay, since the naxi num propagation
delay is equal to MAR di vided by the propagati on speed
c. Then, the search tine windowis set proportionally
to the sum of the maxi num propagati on delay and a
conpensation for the position uncertainty of the
nobil e station. [0040] The description of various
enbodi nents herein is not intended to represent the
only enbodi nents in which the invention nay be
practiced, but are provided as exanples or
illustrations, and should not necessarily be construed
as preferred or advantageous over other enbodi nents.
The detailed description includes specific details
for the purpose of providing a thorough understanding
of the enbodinents. However, it will be apparent to
those skilled in the art that the invention may be
practiced w thout these specific details. In sone

i nstances, well-known structures and devices are
shown in block diagramformin order to avoid
obscuring the concepts of the invention. Acronyns and
ot her descriptive term nol ogy may be used
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IS | me of mnimzing a nmaxi num systemtil
ngendmianteymarangg MARRI ghbor search w ndow si ze
(NSW5) paraneter for a nobile station in a wireless
comuni cations system conprising: receiving the NSWs

par amghemetrdd 3f BRES 296 tiier aOapidiagd from a base
station; and wusing a conversion table to match the

NSWS paecuatbigea maxinhun peepagagmoteddynkpsedrar ithe M Ak ead propagation
range (MAR). 2. The nmethod of claim1 further
%%rising: cal cul ating a maxi num propagati on del ay

basedag séthfg MARarRAkiRE ARG ipedhostRaRl to A seRtdfi the ndaximum
search tinme w ndow proportional to the sum of the

weopagaiion deleypad arpuionielcgfaigiyd a position uncertainty.

3. The nethod of claim1l wherein the conversion table

is stored in a nenory wthin the nobile station. 4. A

Bet hoGhemethdd 6F Zlafig lawheeelnTth® Syiséreiohttable ibseeed &i Atniemory

usi ng_nei ghbor .
within the mobile station.

4. 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;



pil ot nmeasurenments (NPM for a nobile station in a
W rel ess conmuni cati ons system conpri sing:
waledosnzs2zm Nng a serving base station (SBS); recCBCWUSDIOE014979
plurality of SBS multipath skgnal s froma plurality of
SBS pilots transmtted by the serving base station;
sel ec dta'glilﬁ?g %Igtfsrhé 8ahysSHth fa¢h b BRIN tiflcABlys Béiﬁgb&ﬁl}@en each of

plurality o mul tpath signals; detefm ning
the Deeankiese ABSgrultipath isignals anBBE carliestiBA myltiNathsignal; ard
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(ABS); selecting N earliest ABS nmultipath signals from
the N plurali tQ%I/'SlO'f ABS nultipath signals; WO
2005/ Dixspathodaiivlaigpd futhon aumgising? determining N tine

coch B0 e Rl oAt RS 0% YRS M pgecin

gred;i est SBS nul tipath signal; and estimating a
maxi mum ant enna range (MAIQ based on the N tinme .
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wi ndow proportional to the sum of the maximum
ropagation del ay. and _a positjon uncertainty. 6. The
thoﬂh%me@Pngra@%@’lh@ieﬁlNllqé 3. 7. The nethod of
claim4 wherein the N alternate base stations are base
stations within the wirel ess communi cati ons system .
Bt her Thehmethod eofodaimi 4 yhomsethet N taltomatetzise stationscdre Hasst stations
in, distance to the nobile station., 8 . The nethod of
s, S TooR S mBISTH P SeSterl AR s SFYPEES st that are
geiyintdxnct i@ Menidildstatio® del ays; selecting a
smallest tine delay Tmn fromthe N tine del ays; and

8st i nhhe mgthpARL elainbé fucther pasvptfsitghagat i on speed ¢ times

the déefle]:cc?nrlge g(faergebsﬂiﬁl\l% Qla}-r%}naa),f fr%rr}ldth-erm fine delays;

selecting a smallest time delay T, from the N time delays; and
estimating MAR to be K times propagation speed c times the difference between

Tinax and Tin.
9, The method of claim 8 wherein K is 2.
10. The method of claim 8 wherein K is a constant between 0.7 and 1.6.

11. A method of minimizing a maximum system time uncertainty using a last
successful position determination fix (LSPDF) for a mobile station in a wireless
communications 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;



9. The nethod of claim8 wherein Kis 2. 10. The

met hod of claim8 wherein Kis a constant between 0.7
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time uncertainty using a las successful position
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the tine difference, td, and the speed of the nobile
station; estimating a serving base station distance
thbs; Thamethed of dgjmal Infixther AoIMPRs®Eha range (MAR) to
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speedemsf ul fix. 12. The nmethod of claim 11 further

conprising: calculating a maxi num propagati on del ay .

basedscHmat Hesm HAY B’F’&P&’gé’(‘?ﬁ?ﬁ“or’é[)égd, © aSHP <t fhep graximum
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13. The nmethod of claim 11l wherein the speed of the

bi | e stat.iqn ual s .a redet er mi ne Xi eed

o B PSR Y SR8 ot o
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nory of the nobile station. 15. The nethod of claim

13 wherein the predeterm ned naxi nrum speed Vhax is
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sbhatii@ R nehoppbethe thobile aatistser of the nobile station.

15.  The method of claim 13 wherein the predetermined maximum speed Vi, is

entered by a user of the mobile station.

16.  The method of claim 11 wherein the speed of the mobile station is entered by a

user of the mobile station.

17. 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,
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
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determ ning a speed of the nmobile station and
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to the sumo maxi mum propagati on del ay and
pespagitivn dehayent aiposiyion uncertainty.

20.  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).

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;



20. Conputer readabl e nedi a enbodyi ng a program of
instructions executable by a conputer programto
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23.  The computer readable media of claim 22 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.

24,  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 determination fix (LSPDF) for a 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;
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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,
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, 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, tq, from

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