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HYBRI D POSI TIONI NG [0001] This application is related to and clains the
benefit of U S. Provisional Patent Application Serial No. 601483,094, filed
June 27, 2003. FIELD OF THE | NVENTI ON [ 0002] The invention rel at es {0y 7
position defernmination systems, and nore particularly to hybrid posi #I c?ﬂq ng
usi ng w rel ess comitini cati on signals. BACKGROUND [0003] To perform position
| ocation in wireless cellular networks (e.g., a cellular telephone

networ k), several approaches performtrilateration based upon the use of
timng information sent between each of several base stations and a nobile
devi ce, such as a cellular telephone. One approach, called Advanced Forward
Li nk Tri |l at VEETHHODAEND ARPARWIGS FORMWIREIISS WNETWORKDTYBREDC e
(EQTD) in GSM or Observed Tinme Dif pgySrPrrORING rival (OTDOA) in WCDVA,
measures at the nobile device the relative tines of arrival of signals
transmtted fromeach of several base stations. These tinmes are transmtted
to a Location Server (e.g., a-Position Determnation Entity (PDE) in CDWVA),
whi ch conputes the -position of the nobile device using these tinmes of
reception. The transmt tinmes at these base stations are coordinated such
that at a [pé0d] culThis ippitaionds aflaed e and lvhiths tesbabfidaly Uss Jaoiisioasd Parrt h

mul ti pl e base stations are within a specified error bound. The accurate

posi tions @&Pplitadon bersé Net ¥/ 4&5:4atilgd fime 37, PS. of reception are used to
determ ne the position of the nobile device. [0004] Figure 1 shows an

exanpl e of AFE S whe the times of reception TR1, TR2, and TR3
of rsr}jgnal SF%M@T%MQES& ations 101, 103, gnd 105(are nmeasur ed at )
t he nobile ul tel ephone.111. This .tin.ng. data nay then be used to
compute | nESBBLT" T R aipina e oce i Sfioh o dnPrant Bire ey B AR at
t he /mobi | e pdevd QitbhifE hling RireRls @nimfhickfibh 8%, WO 2005/ 004528 2

BACKGROUND
[0003] To perform position location in wireless cellular networks (e.g., a cellular
telephone network), several approaches perform trilateration based upon the use of timing
information sent between each of several base stations-and a mobile device, such as a cellular
telephone. One approach, called Advanced Forward Link Trilateration (AFLT) in CDMA or
Enhanced Observed Time Difference (EOTD) in GSM or Observed Time Differencc of
Axrival (OTDOA) in WCDMA, measures at the mobile device the relative times of arrival of
signals transmitted from each of several base stations. These times are transmitted to a
) Location Server (e. glg., a Position Determination Entity (PDE) in CDMA), which computes the-
position of the mobile device using these times of reception. The transmit times at these base
stations are coordinated such that at z'l‘particular instance of time, the times-of-day associated
with multiple base stations are within a specified error bound. The accurate positions of the
base stations and the times of reception are used to determine the position of the mobile
device.
[0004]  Figure 1 shows an example of an AFLT system where the times of reception
(TR1, TR2, and TR3) of signals from cellular base stations 101, 103, and 105 are measured at
the mobéle cellular telephone 111. This timing data may then be used to compute the position

of the mobile device. Such computation may be done at the mobile device itself, or at a



location server if the timng informati on so obtained by the nobile device
is transmtted to the |location server via a comrunication |link. Typically,
the tines of receptions are comunicated to a | ocation server 115 t@r h
one of the cellular base stations (e.g., base station 101, or 103,3 Jﬁﬁgﬁi.
The | ocat ivwo 2e8yeis 115 is coupled to receive data fromthe base stations
through the nobile switching center 113. The l|location server may include a
base station al nanac (BSA) server, which provides the |ocation of the base
stations and/or the coverage area of pﬁse stations. Alternatively, the

| ocation server and the BSA server nay be separate from each other; and, the
| ocati on server conmunicates with the base station to (1 obtain the base

station ao@mﬁ%e,fvgﬁfgfeeﬁiéﬁhgﬁlfaﬁ{aasmmt&%u by {18 ofTRAL Lok Ll L@ e 113

J provides signals vol ce conmunications) to -line
Publi ¢ SwotaRad serl&l 8RNONENGhMENKof PRIN T8icARAL 1l GARLS of BcBBokOnyeyed 10
and fromthe nobile tel ephone to other tel &phories (e.g., land-Fine phones on

the PSTN eymmfédieftedobi lceatiRl £PRONES XhroudomOBEhe 3BT at BiRe lsQESs @M., IRBYEr _May
al so communicate with the nobile switching center via a cellular link. The

| ocati on saioner01mey108| sol0Fpritedocasioh savanks 5fis osnpleie redeivefdatalfeonh @fcbase
stations in an effort to determne the relative timng of these em ssions.

[ 0005] | nstatioms Hemougip heoaetile svdiching dopter Ai3 TTreelophtichr seirvealmayUDOMls athase t i mes
of reception of a signal froma nobile device is neasured at several base
stations ftetigy almapgey rSFMes Whikle proyides 4B locptien ehthelmse staionsaand/or gl .
Figure 1 applies to this case jf the C) arrows of TR and TR3 are

) . TR2
r ever sed. COFRTAES B1eAi%h §ast StRORR A et vel%: e Aralesares apd theg BRA Ser MRS er ver

h i tion of ile device [0006] Y hird pethod of
doi ng. post@ral Mm-erRRuRR it 48 RrufacBNeR Someiatee S7lh B Se8 A 0y )

for the Upidiethtak &85 80ahaPRP B A SEb) | B CERR wSXSLEMfly ST

Satellite os1 t1oning suc ssl an syst em and

the propoggdideEizARE 30 CRbick 8Qmuimi@HbnY 'to An@ hh NAE 18R-18k Bdlie! dwitasd and

pseudolites. Pseudolités are ground-based transmtters, which broadcast a
PN code (SéspHont NawakCRSTN)gaADat nixgulsaingd Wencondeydd- aatl ¢anl iler ndbiaal

generally synchronized with SPS tine. Each transmitter may be assigned a
uni que PNeteptieneso otisr kelepharesid.g.i dedilind ploats anthb PSANNwliHee mdbild telephones).
Pseudolites are wuseful in situations where SPS signals froman orbiting
sat el | i t elmdogistcaps thinlacation seiver mey dke egnBulicYANithala7mokilp sFaOking gaBasyvia
a cellular link. The location server may also monitor emissions frdm several of the base
stations in an effort to determine the relative timing of these emissions.
[0005] In another approach, called Uplink Time of Arrival (UTOA), the times of
reception of a signal from a mobile device is measured at several base stations (e.g.,
measurements taken at base stations 101, 103 and 105). Figure 1 applies to this case if the C )
arrows of TR1, TR2, and TR3 are reversed. This timing data may then be communicated to
the location server to compute the position of the mobile device. |
[0006] Yet a third method of doing position location involves the use in the mobile device
of circuitry for the United States Global Positioning Satellite (GPS) system or other Satellite
Positioning Systems (SPS), such as the Russian GLONASS system and the proposed
Buropean Galileo System, or a combination of satellites and pseudolites. Pscudolites are
ground-based transmitters, which broadcast a PN code (similar to a GPS signal) modulated on
an L-band carrier signal, generally synchronized with SPS time. Each transmitter may be

assigned a unique PN code so as to permit identification by a mobile device. Psendolites are

useful in situations where SPS signals from an orbiting satellite might be onavailable, such as



3 tunnels, mnes, buildings or other enclosed areas. The term"satellite",
as used herein, is intended to include pseudolite or equival ents of
pseudolites, and the term GPS signals, as used herein, is intendedditi‘w
i ncl ude GPSTt'gﬁy&hgﬂals from pseudolites or equival ents of pseudol q 2007
Met hods whi ch use an SPS receiver to determne a position of a nobile
station may be conpletely autononous (in which the SPS receiver, wthout
any assistance, determ nes the position of the nobile station) or nmay
utilize the wirel ess network to provide assistance data or to share in the
position cal cul ati on. Exanpl es of such nethods are described in U S. Patents
D 6, 208, 290; 5,841, 396;_5,874,914; 5,945,944; and 5,812,087. For instance,
U.S. Pat enttNgls, maneg4buibiangs fusetherbanslosedvaneas. Gihiselerm Hiatejite” aasnesed dureiim isbt ai n
ignals accurate tine information, which

fromcellular i[ion,e t ransm slsi on si | ]
is used in? 8‘?1‘% HaPFsHe WSE%IP%W?@PQ'HJ%% 0?8338@?15‘?5157?’?@}13 teme (ostignabn2besedhe
i . U S, Pat No. 7 4 d ib th t hi . .a. t hod
oo het e e B B A BB oS P B e
i i i ] i cati i nk, to det i th
ety oMk ] b8 PSSl R AUTIL SR s ol Bl LTS L
other thi NSmpRe LG Rs tﬁj‘iﬁ@ﬁ@% theS@Ldchil & iﬁ@ﬂ@g eﬁqﬁg‘?ﬂ‘g’ BetERRAIERE S

data) to a receiVer through a comunication f receiver to

det er m ne iphSHAPSH thé HdbildstRionFdk ey Nize e SifbiRT AedloBO1odfSiE RERanddBAE
other things, a nethod to lock to a precision carrier frequency signal of a

cel lul ar. t ek ephaeén thy pbetion ¢acuution) Exanplds of aichmeh®is gRalesatbel heUreeakmer for
SPS signal acquisition; U S Patent No. 6,208,290 describes, anong ot her

t hirngs, a PORBE0;t H34isI6an, 3Ap ST 4xI. Ml B4l ovdit5i8dR,087. Bor ingammiey BIS. tRatabe Nax. i ne
an _.approxi mat e Doppl er for reducing SPS signal processing tinme; and, U S.

Pat ent No. 3948994 deorikes semqngesher frpgrga rehed @ phtaigJromcalialas phonedranemisaipn

different records of a satellite data MesSage received to determine a tine
at whi ch of&Yf 2CHRG RS magon, i1y B AR C‘antr“%@in\?éﬁ“ e BE toglﬁteﬁ%%r m ne
t he positign of .the ceiver. . act ical ost ..impl enent.atigns, both
the hobi | ¢ theeiiohro et Vo FPEL MRS Chterep B 0E VB s ¢

i ntegrated,i , i | eckronic
ci'rou try. 1968 WinSATReoRT Al nfor R AP et fo BB EHE N

trip del ay {JBlibheti& ti]ﬂi&gﬁi a cofimiic@iG Bnk RletedhmeSR podtd DA RS IRBIS ask@L | on

to the nobil e device an hen are returned. Ina simlar, but alternative,
met hod t he U.QUPHert 'NQ 387409141 Sestaneadahorig sthgn#ifigs, hainedbe 18 afihshitomedie 3 0

AN 2307 almanac data (or ephemeris data) to a receiver through a communication link to help the
receiver to determine its position; U.S.'Patent No. 5,874,914 also describes, among other
things, a method to lock to a precision carrier frequency signal of a cellular telephone system

) to provide a reference signal at the receiver for SPS signal acquisition; U.S. Patent No.
6,208,290 describes, among other things, a method to use an approximate location of a
receiver to determine an approximate Doppler for reducing SPS signal processing time; and,
U.S. Patent No. 5,812,087 describes, among other things, a method to compare different
records of a satellite data message received to determine a time at which one of the records is
received at a receiver in order to determine the position of the receiver. In practical low-cost
implementations, both the mobile cellular communications receiver and the SPS receiver are
integrated into the same enclosvre and, may in fact share common electronic circuitry.

[0007] In yet another variation of the above methods, the round trip delay (RTD) is found

for signals that are sent from the base station to the mobile device and then are returned. In a

simnilar, but alternative, method the round trip delay is found for signals that are sent from the



WO 2005/ 004528 4 - nobil e device to the base station and then returned. Each
of these round-trip delays is divided by two to determ ne an estimate of

t he one-way propagation delay. Know edge of the location of the base
station, plus a one-way delay constrains the |location of the nobil & ldéAN Hé7
to a circWeymsssearth. Two such neasurements from distinct base stations
then result in the intersection of two circles, which in turn constrains
the location to two points on the earth. A third neasurenent (even an angle
of arrival or cell sector identification) resolves the anbiguity. Il

[ 0008] A conbination of either the AFLT or U-TDOA with an SPS system may be
referred to as a "hybrid" system For exanple, U S. Patent No. 5,999, 124
descri bes maieagvicOohBE bdsbisiagsn arl R fondn&d Tacimds thé&e\f‘@in@h;n? h@iaﬂOﬁ idtvi@uy of a
cell based transceiver is determned froma conbination o least: i) a
ti me nmeasbyewsod ddidratine spstmentos the docneayafropagan@l deldy. Hnom%&gcagf&hct ncitha cel |
based comruni cation signals between the céll based transceiver and a

comuni catof i bags tstatipn,griek, a ohg-way tdelay qvesisumsetire decatioradf thepnelsiendesica tbiame of |
travel of an SPS signal. [0009] Altitude aiding has been used in various
met hods f GirclgeametngiaarthgT va Sugh Bleasuspmerts Fromnistine bassvstetions Ahen resele imitdi ng i s
typically based on_a pseudo-nmeasurement of the altitude. The know edge of

the altit deferseption of %%?lr%?% BficH HOHT (censaips dke oeHion tasPainis op dasssasthe

posi tions t he nobile device tp a surf ce of her e. n el lipsoid)
wWithits é@ﬁq é’?eaf%%‘ﬁ?rgd(e&n ap ?“H’ge 8£naf%Y of ik S@é&t Wem‘l%agc’ﬁnﬁ? @"d;ggl ®may be
used to r ?%‘t he nunber of independent neasurenents required to determ ne
the position Yt he nobile device. For exanple, U S Patent No. 6,061,018 :
descri bes {ofUEpNg RtdRbidab 98 ,e;tﬁemkhmwr@ @m%wgﬁ %@sa%%fehyﬂﬁﬂ&si o O

determined fromthe information of a cell object, which

that has aefefibd toSist £ "hybfiansy¥teid. @'orleﬁmﬁﬂmfﬂ FatehONo VS 04D, meddmm:k Larfiéhsl Ce.
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other things, a hybrid system, in which the position of a cell based transceiver is determined

from a combination of at least: i) a time measurement that represents a time of travel of a
message in the cell based communication signals between the cell based transceiver and a
comimunication systemn; and, ii) a time measurement that represents a time of travel of an SPS
signal.

[0009]  Altitude aiding has been used in various methods for determining the position of a
mobile device. Altitude aiding is typically based on a pscudo-measurerent of the altitude.
The knowledge of the altitude of a location of a mobile device constrains the possible
positions of the mobile device to a surface of a sphere (or an ellipsoid) with its center located : O
at the center of the earth. This knowledge may be used to reduce the number of independent
measurements required to determine the position of the mobile device. For example, U.S.
Patent No. 6,061,018 describes, among other things, a method where an estimated altitude is
determined from the information of a cell object, which may be a cell site that has a cell site

transmitter in communication with the mobile device.



[0010] In one aspect of the present invention, a nethod to determ ne
informati on about a w reless access point includes: conmunicating between a
server and one or nore nobile stations through one or nore first wireless
access pOi”BﬁyﬁﬂvﬁuiirsF wirel ess network for location deterninapi%%JBNZMHe
one or nore nobile Stations; collecting data specifying a plurality of

| ocations fromwhich wireless signals transmtted froma second w rel ess
access point of a second wireless network are received by the one or nore
nmobi | e stations wherein D the second wiréless network is different than the
first wireless network; and determning |ocation information about the
second wi rel ess access point fromthe data. The location informtion may

i ncl ude an estimated positi f t second wWireless access point. This
estimated position of the sggB\WQFeEQF&E%QB%QN may be determ ned

PR M e
G stance, PSR 4 -EOLS REDILPL ATl P ALY phO S e 1

second wirel ess acces € SECco W

POSi ti oni NgaliRfsOfhiRch Uhe EYmbBfe A iegé‘ta?&sypoﬁlﬁcaj ¥ %gsts\ivﬂélé’ga AeW6k fR"

signals transmtted™ fromthe second wreless access point and receilved at

mobi | e st atdc@iordtetbRfnARA 65 BRNGHNEr tRE nffbilk NRathyl @letthgOfiath QpakfyRSa I N
one exenplary inplenentation, the |ocation information. 1ncludes a’coverage

area of thelusgcpotiloshionk €oen ahick Sereeh Blonalh Gatdiniesd fromtegdchsividlon Rteskhe
second w rel ess access point which is determned fromthe coverage area of

t he secondpoint oied exendiwoelsss powenk. ard receiged by theexne mpluany mobilt enbotsathenss,
positioning information such as ranges that specify distances between each
of _t he pl uft®l seegndoitplgesangiymek ndifiensat e dhel firsh widless eraslssandpditermisingt he
second w rel ess network g{g&ftbe further collected; and, the |ocation

i nf or mat i ofPAHA agpn A SECPESVHFIET Wees Roitdedn dhtidaldl 48 logatians

poi nt, whicg determned fro ormation and the dat

col | ect ed. lr}%lﬁ?ﬁfn !%ayaWSEﬁ%@a?g]@%ﬁggéo%ﬁg Q:&PEE% é‘_ﬁctonij ﬁWE‘%ﬁs’F SE%% Pf’r\_é‘?hwst 0
det erm ne 'eélfnﬁtéﬁc}sﬁ{&y (@?ﬂ%’gec I BleSS fec f%ﬂt‘&géﬁ@ Hélgxﬁijn%e %&Iﬁ%t\sv&ghﬁg@t a

speci fying a pl ocatlons of no ations a 'ch w Fel ess
si gnal s tr ansidet dregle fIRMiR Jrilb&tiond; rae»kz@lgﬁ RE G8S WeilpBleBlayOhi g ndal Tt baded od AN

2007 WD 2005/D04528 6 wireless nétwork are received durfng determ nation
of the pl upaditidninginfb@@ibh OMfich tfBcatBRA |distance between a corresponding one of the
plurality of locations to the second wireless access point of the second wireless network. The
positioning information may be an indicator of received signal level foi‘ signals transmitted
from the second wireless access point a;nd received at a mobile stétion at the corresponding
one of the plurality of locations. In one exemplary implementation,.the location information
) includes a coverage area of the second wireless access point and an estimated position of the
second wireless access point which is determined from the coverage area of the second
wireless access point. In certain exemplary implementations, positioning information such as
ranges that specify distances between each of the plurality of locations and the second
wireless access point of the second wireless network may be further collected; and, the
location information includes an estimated position of the second wireless access point, which
is determined from the range information and the data collected.
[00111 In another aspect of the present invention, a method to determine information

about a wireless network includes: collecting data specifying a plurality of locations of mobile

stations at which wireless signals transmitted from a first wireless access point of 2 first



stations receiving signals fromthe first wireless access point and al so
communi cating signals between the nobile stations and at | east a second

wi rel ess point of a second wireless network which is different taﬁr} ﬁhe
first wireless network; and determning a |location of the first el &
access poi MO 10yP4a28cover age area defined by the plurality of locations. In
one exanple of this nethod, statistics of any nobile station being in an
area in which wireless signals transmtted fromthe first w rel ess access
poi nt can be received during position dgetermnation is determ ned. The

| ocation of the wirel ess access point may be determned froma weighted
average of the plurality of |ocations; and a weight for the wei ghted average
i s based virlan nbRdic ateatcedfed e dewmsingival of v elurhiay o igands, theandiet t ed
fromthe wireless access point and received by a nobile station at a

cor r esponaiatignomesivng sigealp fromahe fiyst pirelescaresnmint The alsd commumicateigessmakccess
point may operate in accordance with a standard for a wireless |ocal area
net wor k ( &ekveen REROBIpZtations arfdpo I}t 4 sscendovivdessaope of 2 sfcondwirplesssuntivork ]
invention, a nethod for a nobhile.station of a position determ nation system
i ncl udes: vietheisndiffpregt thap the, ustriraless setporisnand deteqminigs gt foegtionqf gfe frst

information of a first w.eless access ppi.nt. of first w.eless network;

det or i ni MG 2pOEshBLInE M ArfPuriAgh ABA JehBE Py e ey PFApraipny 08 Meon’ of
the nmobile_stati in i gnal. ¢ [ rea.of  t.he.first wreless. access
o1 nt - andSBmin s crdby MiGeofSy EhPRERRL SRS phSm uf Ben A S HF TR e
first i de%ignhs%ﬁﬂteh”ﬁ&ﬁ%!fﬂﬂ AedsNfeckdsr g&mﬁ@ﬁ* b QBcelivah OdIRE Sfkitddnom t he
nobi | e station to a server i'ch I's'renote to the Tirst wrelesS access ,
poi nt .  ThelefaniRibC At ddddmined. THY RdgkbnooS®e Ogelvdsr RLAS ?pﬁ@ﬁﬁ%%ep&ﬁteﬁhﬁﬁd a

second wireless network which is different than the first wreless networkO .
| n one exdroph & wefghteliaseragt dfaht pliuafistof pagtidnsy and miveighefor e weightctladvedige &

di stance between the first position of the nobile station and a position of
the first basadainemsindiagtorsfseqoiedtsignalridvel forssigratsstranpo#iet ifiom thafaarcheas aasassi s
determned and transmtted as a part of the first data. The first position
i nf or mat i deirEYd ecixed hyvamebild SHionft Heeregprudingans|of theplwyplih &f locatpns. Ther e
transmtted fromthe first wrel ess access poi_,g]tal and, recei ved atl“%%e first

posi ti on BStHEICSTaEierPUARARIIPCraH PECHITTIFEIN™ & HAndRdI0F 2 pdfelept logs 2rca
2 as i Pt REERIE Pon | i or hmt1 on may” | nel ude O 2005/ 004528 3 U
gésNi ,[2?2; O[?O?Eg :’)f%lbzll i cgtagagne?gﬁf ﬁlgﬁ%&,[eﬁ!fe irﬁeﬂio%t, ANGEHDE FHWEL Thdblle sfakibii lof a
position determination system includes: determining, at the mobile station, first identification
information of a first wireless access point of a first wireless network; determining first
position information that relates to a first positidn of the mobile station in a signal coverage
area of the first wireless access point; and communicating first data indicating a éorrelation O
between the first identification information and the first position information from the mobile 7
station to a server which is remote to the first wireless access point. The commuﬁicating is
through a second wireless access point of a second wireless network which is different than
the first wireless network. In one example of this method, first positioh information indicates
a distance between the first position of the mobile station and a position of the first wireless
access point, and this first position information is determined and transmitted as a part of the
first data. The first position information may be an indication of a signal level for signals that
are transmitted from the first wireless access point and received at the first position by the

mobile station. Alternatively, the first poisition information may be an actual position (for

example, one determined through a GPS "fix"). The first position information may include



position of the first wireless access point; b) a neasurenent of a tine
delay in signal transmssion fromthe first wreless access point to the
nobile station at the first position; and <c¢) a nmeasurenent of a round trip

time del ay w@rp6d@@k transm ssion between the first wirel ess accgre[ﬁ I{)?ﬂﬂ?t
and the nobile station at the first position. In one exanple, the %

W reless access point is an access point of a local area network (e.g., an
| EEE 802.11 wireless LAN); and, the first identification information

i ncludes a Medi a Access Control (MAC) address. In one exanple, the first
W rel ess access point supports two-way communi cation. In one exanple,

Satellite Positi.oni Syst |'S) . si at | t SPS satellit

o T ecel vell to PRI itk bEERE e bRl BF melHl SRIRG AR ude
. of t L] . ] 001 I | e,

The first Do oPBECARE A%, R0 oRle B7h dhbdliEbenh O Acnd PP S calR ©

poi nt. I'n gaakhelonGr A e SirstAfe1dsk E&Iessggﬁxﬁ vt\?l ﬁlﬂ%&fﬁfé@taﬁaﬁ &AL Bt PGt YR

through a second w rel ess access poi ere the first wrel ess access

poi nt is ap) AfERSERA &ta RinddpER deld) R sREIMRhELRA6h WARES hb 6t SSRGS

Wi rel ess access point is a cellular base station. In one exanple, the

mobi | e st akdcess poutttandrthel aiobllensngs: ai the SESiORditodent bid eabipl) thefilt Midelegn of a
second wirel ess access point, and ii) second position information that

i ndi cat es accssqud idapasessipoimt of atdrel mebndterost @tg.,cm IERER02i1d rvdtelso LaNgge
area of the second wireless access point; J and then, second data

i ndi cat i ngaed, dherfist identdisatien indamatioreingladesnt MedienddcbiscGerntoh (MACH rddiessoln  and
the second positign is ¢communicated fromthe nobile station to the server.
In~one exSpEEmRlhethe Mt WiTerss SEEHt POUY SUEPRtSC BIRTHAY CRTERMGREM-t Fe R | e

Tt P IR BTOR e P B LR
e L L R AR

position pf.tdpe ARhidye station in a signal coverage area of the second
W rel ess access point; where the first and second wreless access .points

nmay be a SEW3PACCES Sndekhplé,Cthd firsto@ihist b@nthiisdted e the Rp@r tGuSL eRNErst
identification are comunicated fromthe nobile station to the server

t hrough aaweds| pdisr Iibas@hat aample) the3fifdt dAd iR @OHmuM0220(06/tB0 4&28 through a

second wireless access point,; where the first wireless access point is an access point of a local

area network and where the second wireless access point is a cellular base station. In one

example, the mobile station further determines: i) second identification information of a.

seéond wireless access point, and ii) second position information that indicates .a second

) position of the mobile station in a signal coverage area of the second wireless access point;

and then, second data indicating a correlation between the second identification information

and the second position is communicated from the mobile station to the server. In one

example, the first and second data are communicated from the mobile station to the server

through a cellular base station. In one example, the mobile station determines second

identification information of another wireless access point and communicates the second

identification information from the mobile station to the server to determine a second position

of the mobile station in a signal coverage area of the second wireless access point; where the

first and second wireless access points may be a same access point (e.g., both the first data

and the second identification are communicated from the mobile station to the server through

a cellular base station).



[ 0014] The present invention includes nethods and apparatuses which perform
these nethods, including data processing systens which performthese

met hods, and conputer readabl e nmedia which when executed on data processing
systens cause the systens to performthese nethods. Further, the i3rdvei 108s
descri bed W&28e¥00#3% be i npl enented on different nodes within a system
such nodes including a nobile station, a base station (such ass a wrel ess
access point) or a location server or other nodes in a network or wreless
network. [0015] Ot her features of the gpresent invention will be apparent
fromthe acconpanying drawi ngs and fromthe detail ed description which

foll ows.. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0016] The present invention is

i1 ustrat ¢ebiay Wate QreRxamyeRicANfhci@bs hietioidlah@®hippitatht® whicl Yefsr@findshe
acconpanyi ng drawings in which like references indicate simlar el enents.

[0017] Fi gaetledd, intlodimg atatee paogsbing afystamprwiich peforaethesd afethioed, Wik compined
determ nes the position of a nobile cellular device. [0018] Figure 2 shows
an exanpl ecadfble neasliay svhickhivbén wegcuisd ors datavirbeessihg spstese thusei the evystes.to[ 0019]
Figure 3 shows a bl ock diagramrepresentation of a nobile station according
to one eppdmntsic Brthofe %ﬂ@heénthﬁ invetipnofescigligreirinmr be implpmoniedne
exanpl e of a h¥br' d positioni ng system accordi ng to one _enbodi nent of the
present | UK BRdes POHIY 4 sysfegt FeehonadpiRsluding pHRebile sRHPN & Refe satippdpycy as

posi ti oni n%{j%\{st em accor di ng tg one errbrgldi mant. of %he present invention.
[0022] Fi GUAEIES FCPHAPRR B IGHREONETFE AT POSTECES I ATEY 9Tk Op BUPEFIIF ™ a

W rel ess S i Nt I i f r Lpyention.
(0023] 71 SISF7 Do BREQF B et ARENEH P! BERpafin, H0F B0 35 &b

i nf or mat i ARy esBind WolBhe &G RSiphsh WhicB¢afwl ng to one enbodi ment of the
present invention. [0024] Figure shows a nethod of hybrid position

determ nation using a plurality of wreless networks according to one
enbodi ment of the preseBRIERVBESCRIPTRDN OFRHEDORA WINROO05/ 004528 9

{0016}  The present invention is illustrated by way of example and not limitation in the
figures of the accompanying draWings in which like references indicate similar elements.
[0017]  Figure 1 shows an example of a pﬁor art cellular network which determines the
position of a mobile cellular device. |

[0018]  Figure 2 shows an example of a server which may be used with the present
invention.

[0019]  Figure 3 shows a block diagram representation of a mobile station according to
one embodiment of the present invention.

[0020]  Figure 4 shows one example of a hybrid positioning system according to one O
embodiment of the present invention.

[0021]1  Figure 5 shows another exaraple of a hybrid positioning system according to one
embodiment of the present invention.,

[0022]  Figure 6 illustrates one method to determine the position of a wireless access point
according to one embodiment of the present invention.

[0023]  Figure 7 illusirates another method to determine the position information of a
wireless access point according to one embodiment of the present invention.

[0024]  Figure 8 shows a method of hybrid position determination using a plurality of

wireless networks according to one embodiment of the present imvention.



[ 0025] Figure 9 shows a nethod of hybrid position determ nation using two
W reless networks for comrunication with a server according to one

enbodi ment of the present invention. [0026] Figure 10 shows a nethod to
generate location information about a wireless access point accqndiidibio
one enbodi MaRs20d0edde Present invention. [0027] Figure 11 shows a hybrid
position determ nation nethod using one wireless network for conmunication
and another wireless network for the nmeasurenment of positioning paraneters
according to one enbodi nent of the present invention. [0028] Figure 12 is a
fl omchart show ng anot her exenplary enobodi ment of the invention. [ 0029]
Figure 13 is a flowhart show ng anot her exenpl ary enobodi nent of the

invention. J0030] Fiqgure 14 is a flowhart show ng another exenplary
enpbodi msnp{od%3 t hgfg"iqﬁ\?e‘?ﬁo?’vérﬁ mﬁ@?ﬁlq\fﬁﬁ%&%ﬁpﬁlmém usp OYR MiBESHg
descriptio n i are i|llustrative of..the invenfion and.are not to
be constr ug%%z%%s %ﬁ%%ﬁ%én&cﬁéoni W%}g At FOn-" ﬁﬁﬂ@?’f@ug’ g‘ﬁ?egﬁnﬁ’?(gma‘étt af fre pregent
descri bed {Q.Rigvide a thorough understanding of the present invention.
However, in certain instances, well known or conventional details are not

descri bed jgpzgr dex idhPe AY0dhewe S GldfHol Got é@eﬁ?es ekt RforRhtib SboR" £36 M ess

i nvention. References to one or an enbodi nent in the present disclosure are

not  necess@ty point hdverdnad e ocaerbaBbdmBikLof dHithresSGhvengber ences mean at | east
one. [0032] Recent devel opnent of wi reless comuni cation technol ogi es | eads

to the def02¥imenFiguie ddrshows dhfbrid eotitivh rdeleasinativat wothlsd Wirghosd beteres | al
overl appi ng coverage in sone areas. In the present application, a wreless
net wor k- r efedwerktfer eprerpunigtionindimether adwtess netpoilifos the encgsyrelbas of positionns )
with a sane air interface, operated by one service provider (e.g. Verizon
W el ess oParapeiets pycordingte anp gmbedipsht ofdhe presentiaveniieBess t he networ k t hr ough
one’ of the t of.the wirelesgs gccess points when in the coverage area of
t he net V\Drw;(ﬁ@nd, i?{g%e dri Bn2o O‘f‘:.‘&@n\] m@@%ﬁm% 2’6@"8&6’@43@8]3@6 of 'the

invention.

[0029]  Figure 13 is a flowchart showing another exemplary emobodiment of the

invention. | '

[0030]  Figure 14 is a flowchart showing another exemplary emobodiment of the

invention. -

DETAILED DESCRIPTION
[0031] The _following description and drawings are illustrative of the invention and are not
to be construed as limiting the invention. Numerous specific details are described to provide a |
- ) thorough understanding of the present invention. However, in certain instances, well known
or conventional details are not described in order to avoid obscuring the description of the
present invention. References to one or an embodiment in the present disclosure are not
necessary to the same embodiment; and, such references mean at least one.
[0032] Recent development of wireless communication technologies leads to the
deployment of various different wireless networks with substantial overlapping coverage in
some areas. In the present application, a wireless network refers to a set of wireless access
points (e.g., base stations) with a same air interface, operated by one service provider (e.g.
Verizon Wireless or Sprint), such that a mobile unit can access the network through one of the

set of the wireless access points when in the coverage area of the network; and, the union of



the coverage areas of the wireless access points of the wireless network is
the coverage area of the network. Further; data comrunication refers to the
transm ssion of data in a two-way conmunication system al though, in rtain
enbodi nents, data communi cation nay be a one- way conmuni cation or3ﬂa@\ 2001

i ncl ude exMOAPYW2Bnf or mati on enbedded in a signal which is broadcasted
regardl ess whether the receiver needs it or not. A wreless access point my
be considered to be a cell tower or a base station or other wreless
transmtter or receiver which is couplad to a network of other nodes (for
exanple, the wireless access point is coupled by wireless or wire line to
the other nodes). E [0033] In certain areas, especially urban netropolitan
areas, di flicarosahgairesl o sw wiedews abcesypoiats s0iihs virlcsahdtyoRMSHe 2PRIrAYS a6AVET age.
For exanple, different service providers may offer the sane type of

Wi rel ess ¢l vitwerk( dugher, dai lcoinaunishidore refaysnia thectirisonissionroft daen BaarEvevas.
Further, different types of wireless services, such as wirel ess phone

servi ces Cemgunicalégn syptam althpeaheinsesitgincuepotigrentia daia comingeicationopayhie a k- ,
w reless digital communication services (e.g., wreless |ocal area networks
such as YA CORMMRGKEN o magiBdhde exirachng wifemmhine rmbedded aresignabwhidhaispi ng
in coverage area. For. exanple, wreless LAN (Local, Area Network) access

boi nts | ( S eI el 1 eSS derSbPRRE. e PHERR Shty POBL B8 dEod

W thin t h%célﬁs(i)&'e%dqg%e %rc?]?%w%]; pr s lst%ﬁg%qtsreolé eﬁ'g%q}i?agené %a?;{sﬁt?er ré}e rtg\é\%?%ﬁy i&H o

based on econmunr cati ons I'ndustry S

| ndustrie i ang d Stk i S ors 1S )
such as t%g?!el&{)ase etf))‘}gjh('?'\))[)fl\/ﬁtrh Ti mg ?)fo\rll%sd%gl?ule’l\}[l}{eﬁq %?eess %ggigglg%ﬁﬁlé?ggal
Syst em f oryipdpdat bﬁyﬁ@mﬁgtﬂit&ajm@lﬂga%?_m (Code Division Miultiple Access),
W CDVA (W deband Code Division Multiple Access), UMIS (United Mbile

Tel ecomufgdsal i orln cSytsih ardas, cEpkcBIPMAbLNT meRoRIIVANSAreds, BfREIAt MM@LeSs headiOrks
Division Multiple Access), /DEN (Integrated Digital Enhanced Network), HDR
(Hi gh Dat haRasubjtantoilystvhdappgigriovenage dior gkample ndiffeenkervi¢e0p8iferAtmdyeaffdr one
enbodi ment. of the present invention seeks a conprehensive system which
supports s pameolyion Pt Usiraless tseivice @isspeaiiiiae phenp easmpricationk e ths simgnaes t o
det erm ne asyrenents and to obtain aiding information (e.g., the position
and the cg\'}gg%fg figrenh TPEs Qh WSR2 STVI6Y SECh Bopigrlers Phosgdervicys éne-f edlfasr | n

view SPS %ﬂ(t)r?cl lse!r\t/igess’ fo?Pata?Q(r)}gg%g Ib%th?%tnﬁl )wi}e?esfs %g@al?‘ cgmn'b_‘lll\lln%gt?o% se\llv\ll)c:e%o(g?g/.,004528

wireless local area networks such as Wi-Fi networks, bluetooth, ultra-wideband), may have,
overlapping in coverage area. For example, wireless LAN (Local Area Network) access points
(e.g., for an IEEE 802.11 based wireless network) may be located within the coverage areas of
wireless telecommunication networks (e.g., based on Telecommunications Industry
Association (TIA) Electronic Industdies Alliance (EIA) Standards, such as I1S-95, 18-856 or ()
IS-2000), such as those based on TDMA (Time Division Multiple Access), GSM (Global
System for Mobile communications), CDMA (Code Division Multiple Access), W-CDMA
{(Wideband Code Division Multiple Access), UMTS (United Mobile Telecommunication
System), TD-SCDMA (Time Division Synchronous Code Division Multiple Access), 'iDEN
(Integrated Digital Enhanced Network), HDR (High Data Rate), or other similar cellular
networks.

[0034] At least one embodiment of the present invention seeks a comprehensive system
whiéh supports positioning using these disparate sources of wireless signals to determine
measurements and to obtain aiding information (e.g., the position and the coverage area of an

access point, Doppler frequency shifts for in view SPS satellites, SPS ephemeris data) to form



11 a flexible and ubiquitous navigation solution. In this conprehensive
system when informati on about an access point (e.g., base station al manac,
such as the | ocation and coverage area of the base statlon) i s ayhilhhidbie,

it is used gphoiBysbg enhanced. Wiere it is not, the system may

automatical ly gather and enhance such |nfornat|on for the benefit of future
positioning attenpts. [0035] At |east one enbodi nent of the present
invention uses wireless signals transmtted from access points of nore than
one wirel ess network to conbine informatilon, such as SPS observati ons,

wi rel ess network observati ons, terraln el evation information and others, to
obtain a pog%%#g%mﬁ utlon for ile station. In one enbodi nent of the
present i né 1qﬁgws|n@wggt5{nlsg ligp.- Iﬁt}Hﬁﬁthe}ﬁfﬁéW? PHTL VAR MMIPTORer s

i nformati on, Qver access 0| nts of .nor,e than onﬁlgn ess. net wor k
bofy %Pﬁfe

t wo- way c? gﬁtw%srﬁoutt &t P RabeLAlTaRAs Yich s e ?%a"ds‘f"é’ HApS are
st anpi ng %Eﬁer@ﬁx%ti{)r esen eanﬂsﬁ{sgfﬁnéjﬁ?i%% ﬁlga%g?cfa Whse ORI, ﬁﬁ) Iay B may" ON€

enbodi nment 'nvention t1on or*a position

Syst em per T,k iricdll oS A thhAtRk NGck 1183 Athstida AN BE $e5Fi P Rihste YPositbhihg! ent

wi rel ess networks, 3% communi cat 1 ng mnﬁﬁ%a renote server usi‘ng one-or
nmore of theumhptel ess netvvor ks. [0036] Typically, information describing the
identification, |location, and coverage area of the sectors of a wireless
net wor k i-s [8035F ed Atrleadt BieSeenbetiaidn0of thé PREGE invehtich usbawirblessi ghaBdranfmated|
hybrid positioning systemusing a single wireless netwrk. However, when

di fferent Womedcess potitnel morekban enegwirelelisfrebrakto senine enfpmenivuemush es SPS
different types of networks) have overl apping coverage, a typical nobile
station do@ Seﬁ@im?ﬁa\)@f%é él§§“tﬂé obgerMations.oteham; elavatiep mfsenate@eg@d of6Inte of

the/different. wireless rks, .even though th rel es nal s
t r ansni tte(ﬁ’gtlatnoan?osttWQ 5 %‘% T 3anohile SE?POPh)IE OGPF?’EPQH{EHW genh@’tvﬁﬁt%aar e

h | he. mobi v b h
mobi l o ot atRbie FEf FaTbd MG ‘°§3~°t3"ﬁ‘8‘?‘. bl SRrvdtlceld G oS
network but, .&gﬁaﬂﬂ&@% nefth&r§! Woﬁmu%bﬁtléﬂﬂ?l arﬁs‘?%%@'aﬁa?sﬁn&nhbﬁ spg a

cel | phone een aut orlze access to t wrel®ss networ

(e.g. a celonphange @ Biﬁ@ b eee&%eﬂts%daoﬁ&ro\plaﬁemmﬁ%h@ﬁfobﬁyghuee IY&nkZON
W r el ess) but has not beén authorized access to a second wirel ess network

(€.g. -Spri rinbsdifeh ofithe pRsde invefition, @mdtileatdtibh o aMybed peStiomnsiswar ferfemg. a

W-Fi "hotspot"). 3 0 JAN 2007
measurements using signals from access points of different wireless networks, while
communicating with a remote server using one or more of the wireless networks.
[0036]  Typically, information describing the identification, location, and coverage area of
the sectors of a wireless network is stored in a base station almanac, which has been used in a

) hybrid positioning system using a single wireless network. However, when dtfferent wireless

networks (e.g., different service providers or different types of networks) have overlapping
coverage, a typical mobile station does not have access to such information for _the access
points of the different wireless networks, even though the wireless signals transmitted from
the access points of the different wireless networks are in the air and available to the mobile
station. This is usually because the mobile station is allowed or is authorized to have access
to one wireless network but not another wireless network. One simple example of this is a
cell phone which has been authorized access to a first wireless network (e.g. a cell phone
network operated by a service provider such as Verizon Wireless) but has not been autherized

access to a second wireless network (e.g. Sprint's cell phone network) or to a third wireless

network (e.g. a Wi-Fi "hotspot™).



WO 2005/ 004528 12 [00371 In one enbodi nent of the present invention, when
avai l able, information from small and localized transmtters, such as an

| EEE 802.11 wirel ess LAN access point, is incorporated into the wrel eﬁ][?'l
navi gation solution. In many cases, the |ocation information for Idhede
transnitteVe PB4 wel | known. In some cases, the "al manac" information
descri bing the physical characteristics of a wireless network (e.g. ID,

| ocation, and coverage area of access points) is not available to users who
mght like to use it. Sone network proypders may choose not to share such
information, while still others may not have it available. In one enbodi nent
of the present invention, information for deriving the physical

char act er[i0837jcs bff o aabatxnbéntiof the pidsenteidvdntion) Whdi hexilabia! indhatibaros e

anot her wirel ess network for comuni cation. In one enbodinent of the
present ismedngidivcalimsi ignshistewsi sedhess as iIGHE] 802\ awirelbtseLAN tdeessapaint iom
different. wirel ess networks and the abilities of the nobile station for

posi t i on BeBPHICA Htp i Wigedesy navigaion|soyHom dn wank caseGRi®: loegminvnforoationifoh a |
portion of a GPS receiver), nobile stations harvest information about the
access poPfedragFmitpes 1§ netvislidmov betopescasest (e r dmanaghiinfprmation gessabiae thaay not
be under control of an. operator of a wreless network through which the

mobi [ e stEDPEHCTEPReRtioR o prlsRpeaoR (cmikinioEHoRofhd SHERRAATESF dgress

i nformation | ed. I locati,qn.information (e, g.,.the |ocation,
cover age éa)?rl rétz%t‘)sl 5 ﬁgtoag?l Eﬁeegglé%%%g Og%lggr'\ttlg(,e tc\’/\ﬂ?eclﬁi rg%glﬁﬁqeb‘éorﬁgﬁdg lcieﬁirm% %% hybrid
position l I : H e jobd ] 1.0NS . ne
Erbodi ment T Pherps S lion U SURORAY, AT ATOR m ol MiBbalaPl
i nf or mat | gMh@prba idveREHHC HEYmabe ForRlelitRe R FhyIRM dRralatiQbr Rk if he )
same as the one over which data conmunication transactions are carried out O
[ 0039] A gmiterddefrSthahdbile stdiahs Seapperdnsthetiivirelobendtivo RS SomaRkdMtall 6
interfaces (e.g., |EEE 802.11 [and other |EEE 802 standards such as 802. 15,
802. 16, ameb@Ben2 @f thd presdnd atvention MBingUht rvdrdlisd elpmali] availdDlAAin GsMir GioA, :

W CDVA, UMIS, TD-SCDMA, | DEN, HDR or other simlar networkzg is used in

one enbodiiffersnt wiclessaeprakemd thawbvitipoaf the mehile statibn ifer positionaletesginaomor ks.
Such a nobile station may have, for exanple, seyeral different portions in

a communi @£ 2SR 2BAS BN (ST SHERVRE G tVithie PeTEigh 8k SHSoICARM)- SROHlE SESOPHN of
dat f th di ff. t i cat i Lnterf ._.Thus, or ti,or

nandl e ¢ S0 EHASPR ACOU Y GFEGSSREH Bh it FLcR) Varegeia ng ey WHEER 502 11
or 802. 16§cn%ij m%?%top Bt ug&{rtdogﬁologf :srpgperator of a wireless network through which the

mobile stations typically perform data communication. The harvested information is used to

derive location information (e.g., the location, coverage area) about the access points, which
can be used for aiding hybrid position determination for future position determinations.

[0038] In one embodiment of the present invention, the signals used to provide time O
information and/or frequency information to a mobile station are not the same as the one over
which data communication transactions are carried out. |

[00391 A mobile station that supports multiple wireless communication interfaces (e.g.,
TEEE 802.11 {and other IEEE 802 standards such as 802.15, 802.16, and 802.20], bluetooth,
UWB [Ulira-Wideband], TDMA, GSM, CDMA, W-CDMA, UMTS, TD-SCDMA, IDEN,
HDR, or other similar networks) is used in one embodiment of the present invention to use
multiple wireless networks. Such a mobile station may have, for example, several different
portions in a communication section which support the transmission and/or reception of data
for these different communicatioﬁ interfaces. Thus, one portion may handle the transmission

and/or Teception of Wi-Fi signals (e.g. IEEE 802.11 or 802.16) and another portion of the
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3 0 JAN 2007 V\D 2005/ 004528 13 communication section may support a
cellular tel ephone interface such as a COVA interface. This also gives the
user alternative comunication paths fromwhich to choose when deciding to
comuni cate. For exanple, the availability, coverage, expense, d&tla)BpHéH,
and ease of WR&05Ay28e consi dered when choosing whi ch comunication path to
use. [0040] In one enbodi nent of the present invention, a first wreless
network is used for comrunications and positioning, while a second wirel ess
network is used for positioning and optjpnally comunications. For exanple,
each of these wireless networks mght use a conpletely different air
interface (e.g., different TIA/El A standards), such as an air interface

that is fOfcoﬁlrﬁ.lMi@btﬁﬂll sebdngh@BRipst b cfliPReeltsholle intdMie sEEBMs A EPMEA WHRNA,
‘UMIS, TD- SCDMVA, I DEN, HDR, or other simlar cellular networks) or sone

ot her wi r elThizwlssigives tiearstralmati sehnasniddiah phths B6EOVHENGehBbse ivhekEEci8Rz. 11,
bl uetooth or UWB. A plurality of these wireless networks is used for

posi ti oni nép pumposeds. Brenamplethoniajlabliy, vevenice expaat, watalspemly addecass efhise f or
comuni cations. The advantages of a hybrid approach according to at |east
sone of th@l&Y@ﬁﬁ@mdﬁﬁﬂﬂt@le@f\? edsmgprdeeenminyniestion pathitmodeude: i nproved
redundancy for a nore fail-safe solution, higher positioning availability,
better accmﬁqoégl/ dn@ns swbedimentrf the pressat proUaY, afigghverclessshrsverkgn aseddonp| e

of ahybrld sitionin stem accordin e enbodi ment. of the present
i nventi on. P‘(jﬂﬂoélsﬁgd Pr%"ﬂﬁnﬁlgs ‘?6ﬁe°gﬁ"£7“’lﬁr? eFQI ko lﬁﬁgﬂigoqg?thgmg,a,n that

are transm tﬁo%gﬂl% JRAIE P&%O? %%a 4 Cesgchpﬁ f? 8}%§ q,sarneb%qsrﬁ t s 3

and wirel eSE ess poin 1 €SS

det.er m nat |
st @I on i nE?IH gﬂg@aﬂﬂggﬁggﬁeﬁﬁr ECEI Vi ng{)g%%ﬁg% gth%?’a?& I‘Sggrri;i alFRF *ﬁ%l tes
(e. 9., GPStpdlsabt h tioal RtlesseWPhbRE el OTTRA] Gsm @UMA”?@@WS§ §pd.- .

pseudorange round trip tinme, times of arrival of signals, time differences
of arrival SehMA JIDEN; HDRas etheosimilicceNilbehat®6rks) @ams oftePWirsloe A inkauke, Of
wirel ess networks A and B (and SPS signals) may be used to determ ne the
posi ti on ofuchhee thab i dceorddrat ivoth. IFEE 808.1iidestsdth odUWBLA plunalitgeitbeslwirdash of
w rel ess networks A and B.includes a nunber of access points (e.g., cellular
base st ati beiyoskgdhused foi positiening peeses. gyen mthen 4013 oap oving 8»59 netw¥kahasske wredwor ks
A and B may use the sane e of air interface, operated b){ di fferent
service pr lce@g@ng}atl?weyhenggvagﬁ%qs& fa kyybg approach accordmo to at’least some of the

embodiments of the present invention include: improved redundancy for a more fail-safe

soluntion, higher positioning availability, better accuracy, and faster time to fix.
[0041] Figure 4 shows one example of a hybrid positioning system according to one
embodiment of the present invention. In Figure 4, mobile station 407 uti]i_zes signals in the air
) that are transmitted from both wireless access point 403 of wireless network A and wireless
access point 405 of wireless network B for position determination. In one embodiment of the
present invention, the mobile station includes a receiver for receiving SPS signals from SPS
satellites (e.g., GPS satellifes, not shown in Figure 45. Timing measurements (e.g.,
pseudorange, round trip time, times of arrival of signals, time differences of arrival of signals)
based on the wireless signals from one or both of wireless networks A and B (and SPS
signals) may be used to determine the position of the mobile station. It is understood that, in
general, each of wireless networks A and B includes a number of access points (e.g., cellular
base stafions such as wireless access points 403 and 405). Wireless networks A and B may use
the same type of air interface, operated by different service providers or they may operate with

the same communication protocols but at different frequencies, However, wireless networks A



t he sane communi cation protocols but at different frequencies. However,

w reless networks A 3 0 JAN 2007 WD 2005/004528 14 and B may al so use
different types of air interfaces (e.g., TDVMA, GSM CDVA, W CDMA, UMS,
TD- SCDMA, | DEN, HDR, bl uetooth, UMB, |EEE 802.11, or other sinilardl JANZ2007
net wor ks) , Wp#p¥i0¢i28by t he sane service provider or by different service
providers. [0042] In one enbodi nent of the present invention, the position
determnation is performed at |ocation server 411 shown in the exanple
depicted in Figure 4. Mbile station 4{y comunicates the information
extracted fromthe observed SPS signals (e.g., SPS pseudorange
measurenents, a record of an SPS nessage for conparison to determne a tine
of signal af@BaRty AR uRNSFEELR: thPds O BRlAEARY (L AcTBIA It EBMIDSRISHA,
wireless signals (e.g., the 1dentification of an access point, round trip
or one- way/MT$e TesSSDMATE IDEND IR e blugwbit, cUWR), SRR i 392.140 brafferakinhi®@ast one
of the wireless access points, received signal levels) to the |ocation
server t hnewghkshmgemicdblychavamelseyie patvider kshy diffefentervita mbadas.net wor k A
(e.g., when the nobile station is a subscriber of wireless network A but
not a sub&¥d2ber Iofong pmbedimenfe Phohk pr@pnt Seeviéms thd Positign AdeBermiriatipmiin t he
al mnac data for wireless networks A and B respectively. This al manac data

may si npl pepermed gt iqationseryst 4 { shav i e exmpd depicterhingigare 4. Mahile piign

an i dent AP CRPOFGAE OPPEBRRCE. GRS (0, eSO Ve P OWEE FaomSFF  er,
mobi 1 & 5t SPrs R EEreythd. ¥ RESid St SECLERURY ERRRRLER e8RS, i ne
the |ocat PoReal "FREITRAN GeiBhhdion IR NRDP It sl SRl PRSI ™ )

for examuetifiéMbhio\s abde@dpsiaf, Yeind t4p dr dnelwa} ZinthBeds0faleh@Heivbn Widbak ess
access points 403 and 405 and use those | ocations and the range

measur enmestation 7 ok at leditoat of the diieleanweesd pbivee receitvibsi priblcvels)ab dic locatié 7 and
the points 403 and 405, and the SPS pseudorange neasurenments and SPS
ephener i s seménthnaghometd thalvdrdless aetvopos istdhoms wirclessenstwbikl A (egatwivm 1e7.
U S. Patent No. 5,999,124 provides a discussion of how range measurenents
from a si Aybée fiafen Bsssubsraibarefcvigtess Opigyopk Aulls mahy eahseriben pealess netiyorke
conbi ned al cul a.ppsition.of a nmobile statign, Alternatively, the
| ocation ser &8’?"3’&1%%(1 u‘gl?a; Bk dp¢ edpprag EEF%{ g wireless networks A andl'B
respectively. This almanac data may simply be, in one exemplary implementation, a database
listing a latitade and lomgitude for each wireless access point which is specified by an
identification information (e.g. MAC address or cell tower identifier, etc.). Location server
411 uses the information communicated from the mobile station and the data in the almanac
servers 413 and 415 to determine the position of the mobile station. The location server 411 (j
may determine the location of the mobile station in a number of different ways. It may, for
example, retrieve from servers 413 and 4135 the locations of wireless access points 403 and
405 and use those locations and the range measurements, which indicate a distance between
the mobile station 407 and the points 403 and 405, and the SPS pseudorange measurements
and SPS ephemeris information to calculate a position of the mobile station 407. U.S. Patent
No. 5,999,124 provides a discussion of how range measurements from a single wireless
network and SPS pseudorange measurements may be combined to calculate a position of a
mobile station. Alternatively, the location server 411 may use only terrestrial range

measurements (or other types of measurements such as signal strength measurements) to

multiple wireless access points of multiple wireless networks to calculate the position if many



neasurenents (or other types of neasurenents such as srgnal strength
measurenents) to nultiple wireless access points of nmultiple wrel ess
networks to calculate the position if many 3 0 JAN 2007 WD 2005/ g@gjﬁﬁ%tﬁf’
(e.g. nore than‘%% such range neasurenents can be made; in this c there
i s no need WO 206WP&%H SPS pseudoranges or SPS epheneris_information. If SPS
pseudoranges to SPS satellites are avail able, these pseudoranges can be
conbined with SPS epheneris information, obtained either by the nobile
station or by a collection of GPS refergsce receivers as described in U S.
Patent No. 6,185,427, to provide additional information in the position

cal cul ations. [0043] Network 401 may include |ocal area networks, one or
mor e i ntra@el Sn@dthah® suti@pd eleadu@fmdniecanBeona®me i10 Mie ¥&Banee Pabweedd he
various entities. It is understood that servers 411, 413 and 415 may be

i mpl enent ecbtaia $PS ippgiderasgasvar SRS eghamrisomfaihfi@r. erff SPSr peudorpigegriansPs n a
single data processing systemor in separate data processing systens (e.g.,
mai nt ai nedsaglidien e puaikblchiediphéusiopmyessan b cempnod ik 58P eph@etis informaive,
enbodi ment of the- present invention, different service providers operate
wirel ess n@tm@¢§1ﬂ?¥fawdﬂl§ mghilec fatgre on dwda 19plieckien rfEPS refesmiomeceiyerspasi ti on”
det erm nati on, typical npbile station is a subscriber only to one of

t hem and ‘teﬁﬂsbefjh‘é Ir¥h§brp plenisNgt pof0-f47 ta rpads addineng! ipfarmpatin 1k dheh AQEtiY cess
to) only on reless network. However, it is often still possible to at

| east recef Bhal s fromthe wirel ess network which is not subscribed to

and thus 40543]6" aﬁ t!“!’orlpgﬁi;'ntt)zlrye nEﬁdgrqgceal ra%ggn rﬁ? UL RT&N m re 1 tran (%Wor engt h

neasur enen ess access S7inhthe r k

which i's ngfesilipe 'tﬂebﬁt@orhﬁhorgafctﬁﬂ ’bét\av%enj tfexmh@ efﬁil%ésh s @hﬁ&é?stdoantlgv&gul d

i nvol ve a user of a tri-node CDVA Tel I ul ar phone which can recelve

frequency hane $11998 snd F18GHay3%e infpMm@XeaR |aQingld QM PRy oMrh S ABiferfif LWREK
operated by Sprint, which is a first service providér) and can al so receive

ot her CDMAprsignalis aatmglé hiafa prbcesdneBYstas of ShGEpaaEe dhmarprosedsing eystdmo . he

w rel ess network operated by Verizon Wreless, which is a second service
provi der). mhihtatirtwé an$ eperdtedbisdiffereni deedcegmbyidere). Sprint' s wirel ess network,
then the user's phone (a formof a nmobile station) is authorized to operate
with Sprif@fd44 w epresembudinent lof e present Vieiention' fwmeereee@ PrOVIETS lOPeTBife  user

may use the phone in
wireless networks A and B, which are used by the mobile station for position determination. A

typical mobile station is a subscriber only to one of them, and thus the mobile station is
authorized to use (and to have access to) only one wireless network. However, it is often still
possible to at least receive signals from the wireless network which is not subscribed to and
thus it is still possible to make range measurements or signal strength meesuxements relative
) to wireless access points in the wireless network which is not subscribetl to. Ome specific
example of this situation would involve a user of a tri-mode CDMA cellular phone which can
receive PCS frequency band signals (such as, for example, from the wireless network operated
by Sprint, which is a first service provider) and can also receive other CDMA signals at other
frequencies (such as, for example, from the wireless network operated by Verizon Wireless,
which is a second service provider). If the user has subscribed only to Sprint's wireless
network, then the user's phone (a form of a mobile station) is authorized to operate with
Sprint's wireless network but not Verizon's wireless network. The user may use the phone in
an environment in which only one Sprint wireless access point (e.g. a Sprint cellular base
station) is capable of radio communication with the user's phone, but in this environment there

are numerous Verizon wireless access points which are within radio communication range of



an environnent in which only one Sprint wireless access point (e.g. a Sprint
cellular base station) is capable of radio comunication with the user’
phone, but in this environment there are nunmerous Verizon mnreleiakﬁ&%ﬁ&s
poi nts which are within radi o communication range of 3 0 MN 2007

2005/ 004529 01m05/40k@8 user ' s phone. In this context, it is still possible for
the phone to obtain SPS assistance data (if desired) froma |location server
through Sprint's wireless network and to transmt SPS pseudoranges,
obtained at the phone, to the |location ggerver. However, it will not be
possible to obtain nore than one range neasurenent to a W rel ess access
point unless range neasurenents to Verizon's wireless access points are

obt ai ned. (W isBr'phoReibRGhIRBAER it i18ill foRiEB fdraRe pHdie tPhsEe SPStAlifmceangde
measurenents to the avail able Verizon wirel ess access points, thereby

provi di ng (itdebieald tfroan helocation gerwe dsougbnEing's (veredess deBick as tbeﬁam@m seBe
phone and two Verizon cellular base stations) which can be used in the

posi ti on gsdudotaagésooigainechattthe phonpetofthe ledidnoedet.e Howaeer] itevijp ast bd mmsible t he
phone. [0045] The service providers maintain the al manac information on
servers 413 mee GapAngt einge DGaEHODYH Wwobi Waclsssariagss 2OIRt hiadess 1ange
comuni cati on access to _on|ly one of the wireless netwrks, |ocation server
411 may h&WSSHEEIYS I Yelzon “é‘é‘?lf%ﬁé recess| Boins aresabiaingst  Wadiensqrshodapent &f thenac

dat Af t det h dentit f b t |

toss porhieaton g a#m%ga‘?n%ra%g%bﬁa%%r&%ﬁos e s Xekif B Broteti | o
a1s i ombints, RGN, Brolddfhofan: 3 8 Bed SRRNER (OB Guecd BRWeET B8V
of the bagt Iﬁﬁ}a' tg)aj\éfir% eahﬁ@rrhapee zmgb mcﬁie&ﬁa@h&uqm RRsIC fca'au&{s_ the(

nobi | e st ternatlve y, t’he cooperation between t e service

provi der s iR ag R8I B RSt the poSitibPbf thepRmsary. For exanple, the operator
of location server 411 naintains both al manac servers 413 and 415 (e.g.,

t hrough a[ea4syey Theorpss providbis andntineha kbhmnac irdadngation font Sarv@rsodl 3anddga
harvesting process using nobile stations, which will be described in detail
wi t h Fi gusemargelyasithonghnehbile ytatigr0 Has tomwnec@ivnadease it ondy otchal the esends
invention, nobile station 407 uses both wireless networks A and B for
comuni catierpri, dorationesarese £l apayshave apcess tododin geredrs 43 aud 44 for base wition

almanac data. After determnining the identities of base stations (e.g. the wireless access points
403 and 405) of both wireless networks A and B, the mobile station 407 transmits the base
station identifications to location server 411, which uses servers 413 and 415 to retrieve the
corresponﬁing positions of the base stations, which can be used in determining the position of
the mobile station.

[0046]  Alternatively, the cooperation between the service providers to share almanac data O
is not necessary. For example, the operator of location server 411 maintains both almanac
servers 413 and 415 (e.g., through a survey process to obtain the almanac data, or through a
data harvesting process using mobile stations, which will be described in detail with Figures 6
and 7 and 190).

[0047] In one embodiment of the present invention, mobile station 407 uses both wireless
networks A and B for communicating with the location server (instead of using only one of
the wireless networks for communication purpose). As known in the att, various types of
information can be exchanged between the mobile station and the location server for position
determination. For example, location server 411 can provide the mobile station 407 with

Doppler frequency shift information for in view satellites of the mobile station (e.g., through



the wirel ess networks for conmunication purpose). As known in the art,
various types of information can be exchanged between the nobile station
and the | ocation server for position deternination. For exanple;30 oatlilbn
server 411 eamoptaNide the nobile station 407 with Doppler frequency shift
information for in view satellites of the nobile station (e.g., through 3 0
JAN 2007 WD 2005/004528 17 wreless network A); and, the nobile station
can provi de pseudorange neasurenents for,,SPS signals, the identification
information of the base stations and asddci at ed range neasurenents (e.g.,
round trip time neasurenents) to the | ocation server for the cal cul ati on of

he . iti f th bi | I. .e. g. h h.wrel k I
one enbodt HERESGEHs A3 b HE G it it o R PR G EReB ae D1
comuni cat & st, H‘feq H&l@iﬁgegtgﬁ g{]ﬂ?rﬁatfbﬂ S Mef lsée Sct§tion{§ %@E&és%cié%%%n%@ ln%%%%ﬂ@ntss erver

! ] lfa
when in theErgaover age ar ese W reless ne

trade-of f hef wegm &@?fﬂgﬁ@gas_ﬁf&g{fﬁ{sm@ mﬁmﬂéﬁl&tf& &0 .%Hi'dﬂﬂaﬁgi Jﬂg gyts)gjg% he

server using D one Wi ess networks, Ile using t y for

timng nmeasuhe MRS sa8bn @ HEthrouFR AGHIQRRBk Ok BICH &% i@ of itiﬂﬂ}fﬁ'lesehﬁvm s)
or for aiding in neasurenent, such as obtaining tinme information Trom

W rel ess tmaasishssingubilt rstamioars aseeksoh oomibnhicdtini fifbugh ande NPan bRAStEREENt S
(e.g., for resolving anbiguity), or locking to the accurate carrier
frequency wftwerk toihedbmsen setdr whan indhs eowtagt kwa of tescairelbysaktwigks Hewewoaal
oscillator of the nobile station. [0048] In one enbodi nent_ of the present

i nvent i on, the redq-ofé deiwsen edst arkparppnnee sraytdigpte commyaicetion Wikl thetsexvieusintcat i on
server using the informatio q;g)\(()@{guni cated fromthe mpbile station and then

transnitt eteRfdhe PHClER e Jeingibe aibers oRky fop myne prasupssnts; (Gh other
f'cul ati b f d at t bi | .at i [ I St .
ot or mat  GHEFPSAE e DEST B oYL T8 5.0 Seg 1 B BB AR SAPARS or i
i tell it fas o R OfoP i
G frer ont 1P QBorRER’ BOfE nAREC INELARGLTIART B JBSCETRURSP e, somping
anot her exﬁ@khﬁnﬁﬁts%.ﬁyjﬂfr&&oﬂﬁ% dhtR8i 1YY, &Y&kﬁ@t@%gfc%ﬂﬁ c%ﬁ‘iePﬂ@queﬁW&dd nment
of the present 1 nvention. An access point of one wireless network (e.g.,

cel lular  Rasessctmilidasddion f6r dafiBdtihOthe 1dtal sxeilaton btk nwbilbeM&en mobi | e
station 507 and | ocation server 511. A nethod for determ ning the position

of nobi | e KO4R] onlnbéhe amhoditsent SPHegirepant isventiongthe 1daation shithelrhotiile stZidy s

wireless signals fromthe access points (e.g. cellular phone base
determined at the location server using the information communicated from the mobile station
and then transmitted back to the mobile station. Alternatively, the position calculation can be
perfored at the mobile station using assistance information from .the location server (e.g.,
Doppler frequency shifts for in view satellites, positions and coverage areas of access points,

) | differential GPS data, altitude aiding information). |

[0049]  Figure 5 shows another example of a hybrid positioning system according to one
embodiment of the present invention. An access point c‘af one wireless network (e.g., cellular
base station 503) 1s used for the communication between mobile station 507 and location
server 511. A method for determining the position of mobile station 507 may use SPS signals
(e.g., from satellite 521), wireless signals from the access points (e.g. cellular phone base
station 503) of the wireless network used for data communication, as well as the wireless
signals from access points of other wireless networks, such as those from access point B
(505), which can be a base station of a different wireless cellular phone network’ (e.g.,

operated by a different service provider, or using a different air interface), and from access

point A (509), which can be a wireless 1.AN access point (e.g., a bluetooth access point or a



station 503) of the wireless network used for data communication, as well as
the wireless signals fromaccess points of other wreless networks, such as-:
those from access point B (505), which can be a base station of a different
wirel ess cellular phone network (e.g., operated by a different saryNcR]
provi der, @r 2@@ n% & different air interface), and fromaccess point A
(509), whi R2R%LA952% a wirel ess LAN access point (e.g., a bluetooth access
point or a 3 0 JAN 2GBT WO 2005!004528 18 W-Fi wreless access point).
[ 0050] Typically, a.wireless LAN access point (or other simlar |ow power
transmtters) has a small coverage are8 Wen avail able, the small coverage
area of such an access point provides a very good estimate of the |ocation
of the nobile station. Further, wireless LAN access points are typically
| ocat ed n&érFigrirelassagessipointdi ngs, where the availability of other types of
signal s (Eﬁ(%p} SPS si ?nal s.or wireless tel ephone signals) may be | ow Thus,.
e

when suc | dapicella fswiradessdrsN feeesy pelat \Wr okhep sinalar iy pewerf trappigitery, t he
performa%e of t?e [_)ositi oni.ng sy: grcan be greatly inproved. (1) [0051]
In one enB&u? FBAH CO¥eragh s tave thegimnalk gpverges area o SGhyHAcECs Mo

different _wirel twor.k d.f i tion determnation. For
exampl o, PHOGE FEFDsE GHIPE P Bhioaian of ol it Biehoriind4Adn e

used 10 det RLTbAlfs WRCoREH) 10dafs Rl bRRHAIABN NG, HBCEEIRMT I Sher ! N

are then use ocations an oveér age ar eas
| whehound

correspongy G alo] : ORI Skl j1af
T p T e e B b P I e b e

station) isschawatle@bismisiong ARg Gsed Wit® oMRE ivgies BThiddAR, HRCAdiRRaRE dihdeaccess
poi nt can be used in obtaining a hybrid positioning solution. Wen

appr oxi mapesitiamgesystafnaambt geatly angoyed ecei ved signal | evel, which can be Q |
approximately correlated with an estinmated range) is available, the locatio
of the acd®$d] poilmtone ambbdimgned! the meehivmventionethoosireléss rvignhlstfinen whiflirérs
station (or determne the estimated altitude (D of the nobile station).
Furt her, PHEleRRVeks peryseh for pesifier dppmtnaionter s amele, the sifglepcyigraloliodne of
LA P CE L RETINIE R e I
030t 1122l BAGTBRIS L B0, g B e nd 1A duoPler =1 o1
corresponding access points. When precision range information (e.g., round trip time or signal
traveling time between an access point and the mobile station) is available, the range
information and the location of the access point can be used in obtaining a hybrid positioning
solution. When approximate range information (e.g., received signal level, which can be
approximately correlated with an estimated range) is available, the location of the access point
can be used to estimate the position of the mobile station (or determine the estimated altitude | ()
of the mobile station). Further, the mobile station can use precision carrier frequency from one
of the wireless networks {e.g., from access pointl 505 or 509), which may not be the one used
for the data communication purpose, to calibrate the local oscillator of the mobile station.
More details about locking to a precision camier frequency of a wireless signal to provide a
reference signal at an SPS receiver for signal acquisition can be found in U.S. Patent No,
5,874,914. Further, the mobile station can use the accurate time information in the wireless
signals from one of the wireless networks {e.g., from access point 505 or 509), which may not
be the one used for the data communication purpose. More details abdut using the accurate

time information (e.g., timing markers, or system time) for time stamping can be found in

U.S. Patent No. 5,945,944,



reference signal at an SPS receiver for signal acquisition can be found in
U S Patent No. 5,874,914. Further, the nobile station can use th% &mﬁﬁte
time information in the wireless signals fromone of the wrel esd s
(e.g., fromgarhess.Hei nt 505 or 509), which nmay not be the one used for the
data communi cation purpose. Mire details about using the accurate tine
information (e.g., timng markers, or systemtine) for tinme stanping can be
found in U S, Patent No. 5,945,944, 3 p JAN 2007 WD 2005/004528 19 [0052)
Si nce some of the access points of the di¥fferent wirel ess networks do not
have well-known al manac data (e.g., position of the wirel ess access point,
coverage area of the wreless access point), one enbodi nent of the present

i nvention d8Res Yike samphdle ausess papts of ithipdiffsreat watelesh netyorks doseptihagen
nobil e statigns. Figure illustrat.es e method to deternm ne the position
of o wi r et el GoweaBiir dete e 8o mIPHET b MonE RSO Ot AR ABSd e
invention. |n Figure 6. a lacatiqn server does, not know the position.of
acoess poi Mttt Stk Ml ondoeieRCiol T BRERL PReaR Mo Rer e o Bl oA
the locati @iays feviforfidicldkeSd it RARL! SRRD BmfAlR Ml SdlORbhS] 10

stations an I'r correspondi ng ranges to t access poi nt, are

obt ai ned f hamntiReHEPRLli6h 5t Al/irOBS aefleésk ﬁoiB?ﬁJc_Qllrdmgntg ﬁ@%ﬁﬁb%&@éﬁﬁg%ﬂ&?&nk on

for the nobile stations. For exanple, "a nobile station at positi L1 (611)
det er m nes invengs. RLFE0Ls), 4 RoatRBGESSr A6t Hot RiIWE HRGoERibn of AceEFYihCnsak i on
obt ai ns neasurenents based on SPS signals (e.g. neasurenents of SPS

pseudor angé81.4hccatxtateaibit ipositiaf of SRS agpkeprent] theilodadomadrvarcoirhtes 8RS ositiognal s)
and wirel ess transm ssions (e.g. range neasurenents). The nobile station may
calcul at e pf sneqpergnere girbis stagonshad Measenrsapomding aprges taihsmiceess poinkhevhicboae i on
server the calculated position with: i) the range to the access point

ant enna; afbtaingd o, e rgehile; stafiogs Winle peeleERias perHen datsEraimation i ithy mebilel v,

(e 01 88kt B0 Tkl B ol D50 RBS T b 5 i
(e oo g BN S R 2y DS RER RS Bl o

R2 and R3 gpgdt @so(yfrs%%%@%o?@ sid L8RSt dEot%PY-doh i idh frodfli§ps a
nunber of dat él %gelnnt s are aval ggﬁ)e, ea% 1of‘ﬂﬁﬂ c# gla{]?gs b@%agg%ggr el ates
the positig@gngf) mdhkles ThRlifbmNE. ot MerdeaRBButdns). NEhdTRINiE SitRhi ARy t O
the access point :
calculate its position using the measurements and transmit to the Jocation server the calculated

position with: 1) the range to the access point anienna; and, ii) the identity of the access point
antenna. Alteratively, the mobile station may transmit: i) the measurements; ii) the range to
the access point antenna; and, iii) the identity of the access point antenna to the location
) server, which calculates the position of the mobile station using the measurements and which
stores the range measurements (e.g. Ry, Rz and R and the corresponding positions (e.g- Ly,
1, and L3). When a number of data points are available, each of which data points correlates
the position of a mobile station and the range from the mobile station to the access point
antenna, the location server determines the position of the access point antenna. It can be seen
from Figure 6 that as few as three range measurements (R;, Ry, and Rs) and their
corresponding positions (Ly, Lp, and L) are sufficient to specify a particular location of the
identified access point (which is shown at the intersection of three circles specified by the
three ranges). Various methods that have been used in the art for calculating the position of a
mobile station based on range information can be used to calculate the position of the access

point. Note that the data points may be from a single mobile station or from a number of



antenna, the |location server determ nes the position of the access point
antenna. It can be seen fromFigure 6 that as few as three range
measurenents (Rl, R2, and R3) and their corresponding positions (L1, L2,
and L3) are sufficient to specify a particular location of the iggnakhiwed
access poi MO pHIEF8i s shown at the intersection of three circles specified
by the three ranges). Various nethods that have been used in the art for
calculating the position of a nobile station based on range information can
be used to calculate the position of thg access point. Note that the data
points may be froma single nobile station or froma nunber of WO

2005/ 004528 3 0 JAN 2007 20 nobile stations. [0053] Further, the

accumnul at eshbilattatigei nts of the | ocations of nobile stations show the
coverage area of the access point (e.g., in a scatter plot of the nobile

| ocat i onsJ005Bhen Fuktker, fhesictumuiated dath@omeceiSihe pitidnsi of nidile ktgivss sHolkethe

col l ected data points can be used to estimate the position and the coverage
of the aceceesagsaicen of theeceanpdini feigalin estcatatilarofche tobilp behtidne Whert the )
access point is available, the collected data points can be used to inprove
t he esti miesiéen oftheaccess|powd is o kegwn. dherateetnddia peinsees be asediie esingtmthz nuous
process duri_n&t e service of the |locatjon server-Note that the collection

and enhan®efg ¢ SHFERS O&QE acesPORR- PWaER R Hilep! ssiimatiogiof thepemiion af ey

th th the | ti F l e, .i .enmbodi t. of t
oresent 1 s RO IE PSR YaE PRTR b BB F S Pa Pbre e
. | : . o . . it
por £ of i nGOReERsf and dtinectiof BrEOTRAR 1Ok ESHlbl HBRES Ll BleBhicidr b

However, RicaGhisdeprir Nt fHIBHE Q&le@{imf ﬁf&%hﬁ&eﬁ@ﬁ%gr@ﬁﬁ@ﬁsscaﬁ Qish B? P Qn e, O .‘

avai lable to nobile stations of a | ocation serv Figure 7 strates

anot her matdifferefitOseribe lofleitha thb8odaBEh birOst. | RéOExARIO I She 8mBbdifkRISSF MECESS
poi nt according to one enbodi nent of the present invention. A |arger nunber

of data p@iasts ifvention, theldllectib8 and dihanctdibnt GRBation? e peffornicddn himembd segerof
nobil e stations that can receive signals fromthe access point (e.g., 703)
define a Sd¥emdgd aowmamupieatys , with5)ocationt lservex ceds ipoparforpmgg hybrichrmsgiona
scatter plot of the locations, the smallest circle enclosing the data

poi nts). HMegmuppiondoyepbilsestidioBs, the |ocation server can calcul ate an

ol s IS0 Sore Rt il g I SRS, iy Sop b
recei ved Sa{/'cgﬂlg{e %oer\ﬁ%{)i’le Stations of a location server. Figare 7 illustrates another method to
| determine the position information of a wireless access point according to one embodiment of
the present inveniion. A larger number of data points (e.g., 711, 713, 715, 721, 723, 725) of
the locations of mobile stations that can receive signals from the access point (e.g., 703)
define a coverage area {e.g., 705) of the access point (e.g., through a scatter plot of the  { j
locations, the smallest circle enclosing the data points). From the coverage area, the location
server can calculate an estimated positi_on of the access point (e.g., the geometric center of the
coverage area). Further, range information (e.g., an indicator of the received signal level, a
round trip time) may be used to define a weight for determining the weighted average of the
coverage area (e.g., the closer to the access point, the larger the weight), from which the
estimated position of the access point is determined. Further, in one embodiment, the location
server determines the probability of a mobile station being at a particular location from the
statistics of the mobile stations, given certain range information is specified. Other
information, such as the signal level of wireless transmission from other transmitters, can then

be further used to narrow the possible locations of the mobile station.



round trip time) may be used to define a weight for determ ning the weighted
average of the <coverage area (e.g., the closer to the access point, the

| arger the weight), fromwhich the estimted position of the access point
is determined. Further, in one enbodinment, the l|ocation server Het&N nighes

t he probabi hig MmeHfosdrgnobi | e station being at a particular |ocation fromthe
statistics of the nobile stations, given certain range information is
specified. her information, such as the signal |evel of wreless

transm ssion fromother transmtters, c then be further used to narrow

t he possible locations of the nobile station. 3 0 JAN 2007 WO 2005/ 004528
21 [0055] For exanple a wreless LAN access point is |ocated inside
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station 75kp 'I;Péﬁaltg?? geglg?élé‘fﬂoﬂl dlbylsdté?ih{égl 7th’74§)*‘eﬁ1dpw9&é1§£n%91hﬂ£r n%q%nggﬁnlﬂﬁ

station can e “easi erm ne
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711 - 725, be just outside the building or at Tertalin |ocations

i nsi de theabmﬂﬂelsmon st Be 8%il§ PRtk | FithMit HERWShe sxbﬁleﬂﬁmac{E@&glpﬁﬁiﬂt of
the present invention, the identification of the access point is D

det er m ned763jckt ssendin ﬂm:ahdm seundethe building lieg| tcatdnerv1of- vie whdh ey St aist on
(or information specifying the |ocation of the nobile, such as pseudoranges
to in vi ewostaidel the thadling orr atheertaiie lerndnsamside thé bluﬂéing,omha@esmtsaloeartd/ or
the position) of the access point 703. The |ocation _information of the
access poi MindogsyIn onespehodiyecnh pethe Prreit invsAjone i idsatifieation af Miedoess Bt i8er ver
(or a different. server en a nobile statjo i ngi.de a buil di or at a
poshti on ngeaIPmi“H a@uﬁ)“ﬂi“% e SWFérVé‘ fl ﬁ@ @F@@Réﬁéﬁﬁfmé’b‘ﬁﬁ Léﬂ‘é‘“@?‘%‘agf’ﬁnal s
and’cel | ul ar ne, s nal S curs ocatl on i nformt i

access poi rReCH%’mgg%e Logeaﬂ OP e Obﬂedgltl F i RY GH%OI%S 68&1 tvllegﬁ sat%l?%?}ngorgg%l | e
station. [Qg%nétfon'o?tﬁé%%ﬁéé)ﬁgag lor BR sﬁ&?)eéf%h@%cgésgaoﬂ%o?erh@‘ié{c?aﬂoﬁ rom
one location to anot one nbodl the pres i nvention

server traglf§miaitn 6PIhk 864-86pnASelel ,Q-Bverh%’g REATPbiOh) 2RPYE ARSI RId A BcEsePRPI I e
stations that receive the transm ssion rom one access J p0|nt in order to

det erm ne (dr d diferacesserPOWVikn 4 sobily sdiioFBringdanphiding (@ a8 arpositioyar thonpar e
the old coverage area with the recent coverage area (e.g., through conparing
t he building), where the blockage of some of the SPS signals and cellular phone signals occurs,
the location information about the access point can be used to aid in determining the position
of the mobile station.
[0056] It is understood that some access points may be moved from one location to
another. In one embodiment of the present invention, the server tracks the collected position
") information about one or more mobile stations that receive the transmission from one access
point in order to determine if the access point is moved. For example, the server may
compare the old coverage area with the recent coverage area (c.g., through comparing the
center and the radius of the coverage area) to determine if the access point is moved.
Alternatively, the server may periodically discard old information in view of newly collected
information. Further, the server may weight the collected informatjon so that the freshly
collected data carries more weight in determining the coverage area and/or the location of the
access point and the influence from the data collected previously may eventually diminish
over time. Further, the server may determine if an access point moves frequently; and, if the
access point moves frequently, the access point may be disqualified as a reference point for

the position determination. Further, in one embodiment, when an access point has not been



center and the radius of the coverage area) to determine if the access point
is nmoved. Alternatively, the server may periodically discard old
information in view of newly collected information. Further, the s (\Lv_er may
wei ght the_col |l ected i nformation so that the freshly collected ézgtjz\'cﬂﬁmri es
nore wei ghVq WU EBni ni ng the coverage area and/or the location of the
access point and the influence fromthe data collected previously may
eventually dimnish over tinme. Further, the server may determne if an
access point noves frequently; and, if 2he access point noves frequently,
the access point may be disqualified as a reference point for the position
determ nation. Further, in one enbodi nent, when an access point has not been
3 3 W 1Q@Bseritid idldecoiab4e?i8d 2Piimeltbesoced pbioit isaemevdddidin prrdandasef siinila@y, t he
access point is renmoved fromthe database; simlarly, when a new access

poi nt i s ofserwned actass painkid dbsbrvag. itheadded tibths datalfisasThus the sevarenaympdatepdat e
the information about the access point in an ongoing basis. [0057] In at

| east one faisiEmARgR abgat theyaccpsPomh it INAPENPEHASIS-a nobi | e station can ,
determ ne _ | pqQsitjon without a c ni cation _link. The nobile station has
menory for[mgtiri (r)fﬁa agt gugembddipent & %?SFW%W‘?’FGr‘i‘l%@ﬁﬁaﬁ‘?%‘@nl@ﬁ?ﬂlwéns of
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ata to a server en a conmuni cation 1 n e.g., a Wwre connection rough

a comuni GaletRA sAkllleds drkandeBediBRinefts F 3 hufBeOss \ﬂ:é’l’ésé %g&%z?&&@ @@gf, kqn

through a transceiver of the nobile station) is availabl ternatively,
‘the nobi | ecHilatihone fRYssdor BE intlesSEANNECSSE)O TR mobild§ridn tRisihits theldatbo at he

position informati on about the access point in determning its own positi o@
when needeekver WBiSB¢onkngnicaiod Imkdesg., a Wirnmnaéctior tiirodgtod cdnplammidatipagickt @n
determ nation using a plurality of wireless networks according to one
enbodi nentthemobile stpiiesena virplkeshicpaectiamthraighratransoei8@1of the mulbile sstatival ison
receives wireless signals transmtted froma plurality of wreless access
poi nts of ayfilapler gNferigtively cthe mpbilgstafien may dircctly yse thesstorgd infermationfo derfveer ent
air interfaces, wreless networks of .different.service providers, w,reless
et wor ks dRahStion dPramRaigr Aba: diacrase eittjpiBlermipinedis o nostinh PRE™ Badhy
di fferent ‘?ggiuni | 0 r ot oc e l.n, .operation . 803.. the nmpbil e
station ut[lﬁ I'zes Ifi ellevmgrsgllogé $ %%%aﬁ%ll 1’?8@%,% n(%fe%}(:qlfﬁoPgﬁnﬁo g%t%ré]ggat’&}i A8 S
plurality of wireless networks according to one embodiment of the present invention. In
operation 801, a mobile station receives wireless signals transmitted from a plurality of .
wireless access points of different wireless networks (e.g., wireless networks of different air
interfaces, wireless networks of different service providers, wireless networks operating at

different frequencies, wireless networks using different communication protocols, etc.). In

o

operation 803, the mobile station utilizes the wireless signals from each of the access points of
the different wireless networks in determining the position of the mobile station (e.g., to
determine the identity of the access point, to lock a local oscillator of the mobile station to a
precision carrier frequency of a wireless signal, to obtain a timing indicator from a wireless
signal, to determine signal transmission delay between the mobile station and one of the
access points, to communicate with a server). In general, the mobile station may use the
wireless signals from access points of different wireless networks to perform different
operations, although the mobile station may use the wireless signals from access points of
some different wireless networks to perform a nurnber of similar operations. In operation 805,

the mobile station communicates with a server to determine the position of the mobile station



the different wireless networks in determning the position of the nobile
station (e.g., to determne the identity of the access point, to lock a

| ocal oscillator of the nobile station to a precision carrier fr-ggumqozpmof
a wreless gjg %/04229 obtain a tinting indicator froma wireless "signal, to
determ ne signa ? ansm ssion del ay between the nobile station and one of
the access points, to communicate with a server). In general, the nobile
station may use the wreless signals fromaccess points of different

wi rel ess networks to performdifferent 28perations, although the nobile
station may use the wireless signals fromaccess points of sone different
w rel ess networks to performa _nunber of simlar operations. In operation
805, the HPBEI& kewt Pwsn of dhendifferarlevidlosh netwenky.edypisaliiet Be minglile Istation
position of the nobile station 3 0 JAN 2001 WO 2005/004528 23 using at

| east one GPTFHBICRPT Vih Bseriprusinesulnena /s ditterrpt wipless neptreksbpreersbat i on
comuni cates_ with.the server .usin nly one .of the different wrel ess

net wor ks; HB’\RﬁA Sfton Ry C%‘B?ﬂl%af%vgk‘%&rﬁ%ﬂﬁpu%wm bap gueey Cﬁsﬁgt‘g%rﬁi"ég-, usi ng
nore than .)€ network (e.a. o transm.t the ti. f recepti,on at
o access SoRArCHe TS B o rest P R Ebw hinie g Bbmhe Sphne
transmt a WO g - L0t sl t N ti ¢ : a

| ocati on _Saiis batgyth i dip L) bEBSTIrk AR HOHRRIRL b sk flocelib”

det er m nat k@eryising two wireless J networks for comunication with a server
according to one enbodi nent of the present J invention. COperation 821
receives, §058] noFiduee 9t gow@rh, mMOd Of G1yBLE8 Pobilibs MetctiBBiafitrO BN e fwiftdse SPS
satellites and wireless signals transmtted froma plurality of wireless
accsss poi mné¢tgorksf fomepantuheaicaneity a edresrsaccetdivy ke ofihembodindest of dfei pesamay use
the/received wireless signals fromone or nore wireless networks to aid in
SPS si gnal imyegfising Optratien 3@. rgeeiveso alek mohde sBOHpp|EIS signradguensoytiedfrdmon¢ or i n
view satellites of the nobile station, tg calibrate the |ocal eoscillator of

t he nobi | e MrRPFDFptellites sk wirsless stepals Hgnsmitpd Hewra pigralifyrRl veifclasp agress points
measurenent). The nobile statiolg ses the SPS signals to.dgt er m ne.
pseudor ang@SPE T VIoaHiIlsss aPoPk D ZRPTE IETRR Y A5 L E5eHRa EELhr R S s s

s anals 11 Q0 ohiee] SRRCASERABARAL S SR GHRTMN I 28 R RY LR

to perform r?nge asur e wreless a 5TT0 on
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transmtters’o a Ites and w reless
the mobile station, to obtain a timing indicator to time stamp a measurement). The mobile

station uses the SPS signals to determine pseudoranges to in view satellites, and the mobile
station uses wireless signals from the wireless access points to identify the access points and -
to perform range measurements to the wireless access points for position determination. These
) received signals are typically broadcast from the transmitters of the satellites and wireless
access points and available to any mobile station that chooses to use them. Operation 823
communicates first information {e.g., a record of an SPS message) between the mobile station
and a server using an access point of a first wireless network (e.g., a wireless local area
network). Operation 825 communicates second information (e.g., Doppler frequency shifts,
ephemeris data for in view SPS satellites) between the mobile station and a server using an
access point of a second wireless network (e.g., 2 wireless cellular phone network). Operation
827 determines the position of the mobile station from the communication of the first
information and the second information. Typically, the availgbility, coverége, expense, data
speed, and ease of use are considered when choosing which communications path to use.

Further, the mobile station may use different communication paths at different locations. For



access points and available to any nobile station that chooses to use them
Qperation 823 comrunicates first information (e.g., a record of an SPS
nmessage) between the nobile station and a server using an access point of a
first wireless network (e.g., a wireless local area network). Operaf iJbh?@25
comuni cat ¥ We¥WHESi nf ormati on (e.g., Doppler frequency shifts, epheneris
data for in view SPS satellites) between the nobile station and a server
using an access point of a second wireless network (e.g., a wireless

cel lul ar phone network).  Operation 82%4determ nes the position of the
nmobil e station fromthe conmunication of the first information and the
second information. Typically, the availability, coverage, expense, data
speed, angkLaHKe wikn tenGHiR s&BBS IOSTiIeH el ahionsd i WitieR 160N £R4:hONS
path to use. Further, the nobile station nmay use different conmunication
pat hs at gdtfvbe.ente Inmbﬂbl aison Ry ube the 3viCelebNLARO (e.c VWOh2ROR/ RRARDS 124
exanpl e, when the nobile station is within the coverage area of a wrel ess
LAN (e g. coramiugeae witht thorskiver fdvenfoobaticn $ihatées marmyedl &epish ehroiigiethesigisé AN
(e.g., through internet) to communicate with the server for information

t hat doesstaipan crfeﬂe‘dlr@l@ﬁswaﬁglmt phone gysiarh ée. 9 abepplen iquencyahifa), wid alse & et | ul ar
phone system (e. pl er frequency shifts); and, use the base station of
the wir el 88donce| tﬁ% Wﬁieﬁ%@rﬂél% phensrhystemte Apasit theralormation fhatiinrrlatethio the

related tp the se st at.i an round trip tinme, nea urerrent to_the base
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a set of puth@SnitRiod cost aﬂ&%{/a{lﬁﬁﬂﬂt}* U }4.oné @bodiRfehO8f thy preRAPinOL RA Sthe WabAH May
be specified by a user of the nobile station or nay be set as a default

setting byagsieanbmitvellpiderhanses Rt wdidmicaliof i ideaidir thla shVfSuRs @Ehod to
generate location information about a wirel ess access point according to
one enbodavadabilityf cashepriories end othamswhich mayQeespedifiethb)Bd tised of thetrsobilatstatian nobi | e
station, wireless signals transnmtted froma wreless access point (e.g., a
wirel ess omperbssepai ndefarbetting byrone ohthe wansless witwprkshe | EEE 802. 11 standard
for wireless |ocal area

[0060]  Figure 10 shows a method to generate location information about a wn‘eless

access point according to one embodiment of the present invention. Operation 841 detects, at

a mobile station, wireless signals transmitted from a wireless access point (e.g., a wireless

access point that is in compliance with the IEEE 802.11 standard for wireless local area

network, or other types of ground-based wireless transmitters that tfansnﬁt signals with their

identification information). Note that, in the present application, wireless access points do not ()

include satellite-based transmitters. Operation 843 determines identification information,

which may be a unique identifier, of the wireless access point {(e.g., the MAC address of the

wireless access point or an identifier of a cellular base station) from the wireless signals.

Operation 845 determines the position of the mobile station (e.g., at the mobile station or at a

location server). For example, the mobile station may calculate the position based on the

| pseudorange measurements and other range information; or, the mobile station may transmit
the pseudorange measurements and the range information to a location server, which
calculates the position of the mobile station (and, the location server may send back the

calculated position to the mobile station). Operation 847 correlates the position of the mobile

station with the identification information of the wireless access point. This correlation may



network, or other types of ground-based wireless transmtters that transmt
signals with their identification information). Note that, in the present
application, wreless access points do not (ID include satellite-bp@ggNzg7
transm tter sy f9pgg@dkon 843 determ nes identification information, mhic%
may be a unique identifier, of the wireless access point (e.g., the MAC
address of the wreless access point or an identifier of a cellular base
station) fromthe wrel ess signals. Cp%$ation 845 determ nes the position
of the nobile station (e.g., at the npbi4e station or at a |ocation
server). For exanple, the nobile station may cal cul ate the position based on
the pseudgrange. surenents and ot her range i.nfornmation;, ar. the nobile
station naﬁes?gﬂgﬁg 0agﬂgﬁg%gﬁﬁ%ﬁgﬂﬁgﬁwgggﬁgg$ﬁﬁﬁ%ﬁ%ﬁ@nﬁW@n&ﬂﬁ§@“¥mﬁﬁ?ﬁation
to a |l ocati e i cal.cul. : pesition of i il ion
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station with the identification iInformtion o e W reless access poilnt.

Thi's correlpgint @ MRtes? FdintANNRRH/ stali¥ilc? QP 26422828 teewhdla Sitdst ek a

| ocation server so that future positioning operations of nobile stations may
use the podiypicaly, drccordRnitn thads san té afsevemlelgona looatibat @EveEr,N@ s 063k podn Of
the identified wreless access point. Operation 849 generates |ocation
i nf or mat i orlnspeuteryére whiche fesmtascesmn iphirmati¢re albput teec e@sss painnbasadi maenac,
statistics of coverage area of the wireless access point). Typically, the
correl at i oRuBeracfi Bosgions of png Wemgwer mpkilegstatiens| Halatepom thereeeptionopl signaecess
poi nt al manac seryer)_ which gene[rg%zos | ocation i nformation about the access
[

poi it basefBwpided Homiths acress Rt cEHoTLREPTBRAtioR RROURHIS VHCISIS ACESH POtk at

t th ti f si t Ltted. f int, T
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using the rdnge’” Tnformation as shown i n Figure . ﬁbmever, A b &

station may,ad §0 coddl@dh dhh e MEIRbEQMNnARMGGT 568t HhB Y ifpEakdeR Joifiqe pation
about the wireless access point (eig., fromdata points collected at

di fferent Fofeditdphiatcadikcted BEfREAL BR ihsthResiRThe Tocahe infbi@tioniabeltass
access point can then be used for position determ nation. [0061] Figure 11

shows a hy bidebtsymséss paint chattrnrbienaed fon postidnodttanmimgoone wirel ess network for
communi cation and another wreless network for the measurenent of
posi ti oni _n@()()ﬁl-] Figure 11 shows a hybrid position determination method using one wireless
network for communication and another wireless network for the measurement of positioning
parameters according to one embodiment of the present invention. Operation 861 detects, at a
mobile station, wireless signals transmitted from a wireless access point (e.g., a wireless
) access point that is in compliance with the IEEE 802.11 standard for wireless local area
network, or a cellular communication base station) of a first wireless network (e.g., a wireless
local area network, or a cellular phone communication system). Operation 863 determines the
identification information of the wireless access point (e.g., the MAC address, or the base
station ID) from the wireless signals. Operation 865 retrieves location information about the
wireless access point {e.g., access point almanac) using the identification information. For
example, the mobile station may transmit identification information of the wireless access
point to location server, which retrieves the location information about the wireless accesé
point using the identification information (e.g., from a database, or from another server, such

as an access point almanac server). In another example, the mobile station maintains the

location information about the wireless access point in memory; thus, the location information



paranmeters according to one enbodi nent of the present invention. Operation
861 detects, at a npobile station, wireless signals transmtted froma

Wi rel ess access point (e.g., a wireless access point that is in thapllizéice
with the | EEE 802.11 standard for wireless |ocal area network, or a

cel lul ar cOYEE2E on base station) of a first wireless netmork (e.g., a
wireless |local area network, or a cellular phone comrunication systen)
Qperation 863 determines the identification information of the wreless
access point (e.g., the MAC address, opgthe base station ID) fromthe

W rel ess signals. Operation 865 retrieves |ocation information about the

W rel ess access point (e.g., access point almanac) using the identification

i nf or mat i wreimplgrretriexanfrom, thé henrwPiof eheStrabiloBrati®y Gpeplivni 8671 @i @@t i on

information of the wireless access point to |ocation server, which
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the identification information (e.g., froma database, or from anot her

server, sréfieengle mobde slaldan ydi myviralesperserss poiny of 3 seqond anmqs%netmdw@tg,, athe
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e Reforiall’
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of the nobil e station.
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network are also available, then additional range measurements to these other wireless access

points (and their identification information) are obtained. In an alternative implementation of

operation 903, another measurement (e.g. a signal strength measurement of the first signals)

may be taken by the mobile station without atternpting to make a range measurement using

the first signals. In one exemplary implementation, a time of travel of the first signals from O

the first wireless access point to the mobile station is measured and an identification of this

first wireless access point is received from the first wireless access point. In operation 903,

second signals are communicated between the mobile station and a second wireless access

point of a second wireless network, which is different than the first wireless network, The

mobile station may, in this operation, receive the second signals {which may include SPS

assistance data, etc.) from the second wireless access point. In operation 907, the mobile

station and the server communicate to determine the position of the mobile station, and this

communication may be through the second wireless access point. For example, the mobile

station may, in operation 907, transmit the range measurements and identification

information, pexformed in operation 903, and SPS pseudoranges, obtained by the mobile



points (and their identification information) are obtained. In an
alternative inplenentation of operation 903, another neasurenent (e.g. a
signal strength neasurenent of the first signals) may be taken by Et[hgﬁ\!\l 2007
nobi | e st at x@owd/deliayt attenpting to make a range measurenment using the
first signals. In one exenplary inplenmentation, a tinme of travel of the
first signals fromC~ the first wireless access point to the nobile station
is neasured and an identification of thi,s first wireless access point is
received fromthe first wireless accesszzoint. In operation 905, second
signal s are conmuni cated between the nobile station and a second wirel ess

Foret i P oo to fe SETA oA fe B DnR RS acoll ik, TpEidehFi@htn (olAhalidE c;
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second wirel ess access polint. In operation 1on and the

server Ccongg ﬁraas@re&&na%%ferwﬁnémn@% feirR 1y hBf dBRRhhE R sl orald this
comuni cation may be through the second wirel ess access point. For exanple,

the nobi | emobil@kth@dh Wk, at ildastopateadfitiaddible leadiSdthdntd g, HRNSIS pRAKAREENT S
and identification information, perfornmed in operation 903, and SPS

pseudor angesSP® biteliitee cind yhet ﬂaﬁoenmbaduem&n& JABh2ZO héasuihe@0) b DR Serdebtrial
station, to the server through t he second wirel ess access point. The

i denti fi cawitolesy astess ipainiton Aliesnagizely, the mebileisationmay aleterinie isfpositien Wathet ess
access points to which range neasurenents (or other neasurenents) were
obt ai ned, H198 theserea dping spd\isimgdhe gage ipgapeipeids 38d iSPSapfewsioranges apbpsing

stati on usi at. | east me.,of the,avail measu ts t he SPS
psenor ang o Bavided A 1 SEMVAn POt has Tk et (eaECd gilrsn apoes

ur enent [ hQMS t.err i rel ess access points).
AI ternati vg‘?mts T ﬂneabrbgé'ﬁloghlset% i onnggl‘iv)? 1%ﬁt’ét ermne its position (rather than

the server m&@s g qﬁéﬁfg%lkvgglggggﬁem R %ﬂﬁ?h 3 tﬂesféﬁ’&ap eTele (RAORS, and

usi ng |nforna ion prov Ioca Ion o
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[ 0063] The first wireless network in Fi gure 12 may be a wireless |ocal area

net wor k an®i-Fi isanddad. S Aaasively) eheffirsistiraltss abessk aag 66 3 vapldt cdlhyar bdephone
Wi rel ess router operating according to a W-Fi standard. Alternatively, the
first w rehgwsrnpewneddbyrefrstendcaproatiers sodtbt bedoad wirlespixowerk mat vomiother
operated by a first service provider, and the second wreless network nmay be
anot her (different) wireless cellular telephone network operated by a second service provider, and the
mobile station, which may be a cellular telephone with an integrated GPS receiver, is
authorized to operate with only the second wireless network and not the first wireless
petwork. Various other alternatives, discussed herein, may also apply to this example of
) Figure 12,
-. [0064]  Figure 13 is another example of a method of the inventions. In this example, the
mobile station, in operation 931, obtains an identification information of a first wireless access
point of a first wireless network that is accessible (e.g. within radio communication) to the
mobile station. This identification may be a MAC address {e.g. for an Ethemet local area
network) or a cellular telephone base station (e.g. "cell tower") identifier. In operation 933,
the mobile station transmits, through a second wireless access point of a second wireless
network, the identification information to a server (e.g. a location server) during a position
determination operation. In this example, the second wireless network is different than the

first wireless network (e.g. different air interfaces, different service providers, etc.). Then, in

operation 935, the server uses the identification information of the first wireless access point



(different) wireless cellular tel ephone network operated by a second service
provider, and the nobile station, which may be a cellular tel ephone with an
integrated GPS receiver, is aut hori zed to operate with only the sgcandT
wireless network and not the first wireless network. Various other

al t er nat i WE€ 20030668 sed herein, may also apply to this exanple of Figure
12. [0064] Figure 13 is another exanple of a nethod of the inventions. In
this exanple, the nobile station, in operation 931, obtains an
identification information of a first wgrel ess access point of a first

wi reless network that is accessible (e.g. within radi o conmunication) to the
nobi l e station. This identification nay be a MAC address (e.g. for an

Et her net {codakrnaineahe Nietadhkdf ake Firgehlinleds dcedsepivamie (Wase iR Hen 9.

"cell tower") identifier. In operation 933, the nobile station transmts,

t hr ough ahmesedtoltael beaghoetnss gacnbeddferan, sedoadn Wigiet 885 Thaetmer foay t he
identification information to a server (e.g. a location server) during a
posi ti on algwtivopération 835, apeethel dita (d.m AN pseadameese deteimEngkeaenGPlireeies s
network is different than the first wireless network (e.g. different air

i nt er f aceWhichis inEeend igiorte webik vaticnang heartgnymittp émthe serverd fredesaringre 985, t he
server uses_the identjfication_information of the first wirel ess access

]E)0| nt 3 OPOFHNNYEHe moplesiwiong os servegmay, JOH%’E% » GEMPIRE th%zlja% P%Hd%ﬁnﬁ;he
through. nil i SReRaegene R e" rebdl ROm TR RRYT o8 oplobRime T hos ity
al so, in &9%@&1@ n%ﬁ&méﬁau%lpat e§§‘§?ﬂ5£l§h&dﬂg§@a?%§%§ﬁ?ﬁ@@%ﬂl g;{émed at

a GPS recelver Is inte I-on an

transmi t t peladdis b e SAkIQE )acde@s e (PR RGin tROSdsE 6P WirBesd ]b&NMidh%a% ati Oh
The server may, for exanple, conbine the SPS pseudoranges wth

nMeasur enestosicOBighalgRaks).f ranarotier \WEbess 12 ep&essonP93 ) ke Ts@rv&ehﬁﬁf ni}rﬁﬁdé he
position of the. nobile station. Alternatively, the SPS pseudoranges may be
conbi ned wustshantdhdatk@@uihel locéivn ohthe dirst tirelass pedcssgmird cod passiply otha data such

(particularly in the case of wireless LANs which have ( shorter signal
ranges). #nDeppdar H’eﬁﬁ far BRY srialliipe int Gew pé thettehileggsion i) Behs/mobilastatndv de t
assistance data (e.g. the location of the first w.rel ess access_point and

possi bl y @Frﬁéweaé?%s %m%fedésmogmﬂﬁ 4he srobdpgtaion:ealiet. dhe mebile sftst t he
D! e BB o SR TR R PSR erdRE bR ©
pseudoranges, range measurements or other measurements relative to the wireless access
points of one or all available wireless networks) and the available assistance data from the
Server.
[0065] Figure 14 shows another exemplary method of the inventions. This method
ultimately determines positions of wireless access points so that future position determination Q '
operations for mobile stations can be performed using multiple wireless networks as described
herein. In operation 971, data is collected. This data specifies a plurality of locations of
mobile stations at which wireless signals, transmitted from at least a first wireless access point
of a first wireless network, are received during determinations of the plurality of locations.
The mobile stations may, in operation 973, receive signals from the first wireless access
points and also communicate signals between the mobile stations and at least one second
wireless access point of a second wireless network (which is different than the first wireless
network). This communication with the second wireless network may be for the purpose of

providing information used in collecting the data which is nsed to determine the locations of

wireless access points of the first wireless network. In operation 975, the location of at Jeast



perforns the position solution using at | east some of the avail able
measurenents (e.g. SPS pseudoranges, range neasurenents or other _
measurenents relative to the wirel ess access points of one or al | YAVANI 2881 e
Wi rel ess netypksd8pd the avail abl e assistance data fromthe server.

[ 0065] Figure 14 shows anot her exenplary method of the inventions. This
nmethod wultinmately determ nes positions of wireless access points so that
future position determnation 1 operatigns for nobile stations can be
performed using nultiple wireless networks as descri bed herein. In operation
971, data is collected. This data specifies a plurality of |ocations of

nmobi | e statjopns, at which wireless signals, .transmtted fromat |east a first
wirel ess a&%’e LBBSIRTS acGsS Roipt 5 tw&sﬁ?éf’s% 1 disdppmner shown,ig digure g

determ nati 8%%0@%%_%%%&%&%%émfa?ibr#ﬁﬁ%%gsns. The nobile stations may, in

operation g Teceive si ITst wreless access points and
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Wi rel ess access poi a secon el ess “net wor erent than
the first wxel 8StrioReimBédidentd BE $heCRBIMN GBI ANFY EAnile o8 SRR Bl eSS
network may be for the purpose of providing information used in collecting
the data whraeht Ns. 3)8aBX60tHEetREMN20¢) hbe profRldsafancefdatadutie hePSpEECaSAhdR0I Nt S
of the first wireless network. In operation 975, the location of at |east 3
0 JAN 2007 satv¥xe2B6i5ia0@4dR8toXBe GPBarefdives tin wimobile sstians de sddigion,rdr altsmd@tedy,m ned
(e.g. in the manner shown in Figure 6) fromthe coverage area defined by
the pl ural itheysawe spryerariaghfereptoensl mpy gerfamzhe finslpositior saeniationghther thart the
processi ng s%stem_vvhi ch may be used as a server in various enbodi nents of

t he™ pr esent™qbHE &i3tPD fAftersrcevingrpspedorapgey esethendatp framyvhich ppsydempgagsan be

5, 841, 396, the _ 201) . MmRY . DK OVi i st data such as Doppl
ot horsai A FRTRLEERb mObIRAUSD 3% REodnY BLRRI Tt Poic et R, 1
ddi ti on, | i vel v, i 1ferent
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(after recqluinsResUSOLRAeS sé}frer?;tﬁfd'allg%?]@ucfé QBRI 6IS BUHQL NgescRAR De

determ ned fromthe nobile stationh) "and then may forward this position

det er m nat ipfidlefn® ot hétwollOintdtRich IR 16¢48ibh QEve mbPbs 0BEpl&l taed nEisd @Mdiffdientdat a
processi ng systemas a server (e.g., a l|ocation server, an al manac server)
typi cal |l y mnesloddethronghmomimmidaton devites 212222, modemsass other network interfaces).

Such networks include one or more intranets, the network, the cellular switching center or
muliiple cellular switching centers 225, the land based phone system switches 223, cellular
base stations (not shown in Figure 2), GPS receivers 227, or other processors or location
servers 221.

) [0067]  Multiple cellular base stations are typically arranged to cover a geographical area

| with radio coverage, and these different base stations are coupled to at least one mobile
switching center, as is well known in the prior art (e.g., see Figure 1). Thus, multiple base
stations would be geographically distributed but coupled together by a mobile switching
center. The network 220 may be connected to a network of reference GPS receivers which
provide differential GPS information and may also provide GPS ephemeris data for use in
calculating the position of mobile systems. The network is coupled through the modem or
other comumunication interface to the processor 203. The network 220 may be connected to
other computers or network components. Also network 220 may be connected to computer
systems operated by emergency operators, such as the Public Safety Answering Points which

respond to 911 telephone calls. Various examples of methods for using a location server have



nodens or network interface. The |ocation server may be coupl ed to a nunber
of different networks through comrunication devices 212 (e.g.

ot her network interfaces). Such networks include one or nore i nt r?aﬂwé@f%Zﬂﬂ? he
network, the cellular switching center or nultiple cellular swtching
centers 2280 2B@043ahd based phone system switches 223, cellular base
stations (not shown in Figure 2), GPS receivers 227, or other processors or
| ocation servers 221. [0067] Miultiple cellular base stations are typically
arranged to cover a geographical area 3pith radio coverage, and these

di fferent base stations are coupled to at | east one nobile swtching
center, as is well known in the prior art (e.g., see Figure 1). Thus,

mul ti pl e RRgedesaialia NSurMRSsdURe 10060 IRNER: Y. sdlp%e&tsby%@ﬁﬁwts mlmlz;ed
together by a nobile switching center. The network 220 may bé ¢onnect ed to
a net wor k5,012 08f e &6 48PS receivers which provide differential GPS

i nformati on and may al so provide GPS epheneris data for use in calculating
t he posi t[0668lof Whbsdreersiidt whieh isThéormeoivo dita ipsocesingl systemhinelighs 4 hes pdtlem or
ot her communi cation interface to the processor 203. The network 220 may be
connect edwhigh isgtoipled ¢ AplicteprocespOrEt wod k W@nd yolajle FAMSA0RaNR 220- may be
connected to_conputer systens operat ed errer ency operators, such as the
Publ i ¢ Sa¥®ttile msspey A% ﬁtﬁ PIPCeshi20R is ¢ eomempw Hhesndiowal inghe

Vari ous exa es s, for..usi n alo atl on server have 3.0 2007
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Pat ent s 6 7 4 a 215, 44 0068 he server
201 whi chiEpEe 2 3 indfle Ryl m%%i? Rt riltifeg ARV R A0S 8 i ¢,

is coupl eﬁ%ﬂ%’m dghgrlgg{g%%ﬁggesggg W%&Zc& d {ﬁﬁei ke%ﬁWeﬁﬁ& agg4@.

non- vol atile nory 2 e proc e nenory

as shown jpay tolifize 8@XRAAPIRHN ndeh@bf evh?eh lmemet&fraﬁ%hé R s%ﬁ Oéﬁéﬁ%sa heeRRK

vari ous conponents together. Wile Figure 2 shows that the non-volatile
Menory i ssterag® dadicedwitichds couppdded tHé de@tpryceting bgichetirouph 4 hawotkipontaos s in
the data processing system it will be appreciated that the present

i nvent i -onsuch as apnpdemiok Efhermgt msmbavs [The bhe20anay ipcluid orte drsnare hwses cdmmocted he
system such as_a network ~J storage device which is coupled to the data
processi nt eagks oides thrpugh grrieps haidgrss kortiellets fapd/er adapters as is well known in the art.

In many situations the location server may perform its operations automatically without .
human assistance. In some designs where homan interaction is required, the I/O controller 209
may communicate with displays, keyboards, and other J/O devices.

[0069] Note that while Figure 2 illustrates various components of a data processing
system, it is not intended to represent any particular architecture or manner of interconnecting
the components as such details are not germane to the present invention. It will also be ( )
appreciated that network computers and other data processing systems which have fewer
components or perhaps more components may also be used with ﬂ)c present invention and
may act as a location server or a PDE (position determination entity).

[0070]  In some embodiments, the methods. of the present invention may be performed on
computer systems which are sifnultaneously used for other functions, such as cellular
switching, messaging services, etc. In these cases, some or all of the hardware of Figure 2
would be shared for several functions. |

[0071] It will be apparent from this description that aspects of the present invention may
be embodied, at least in part, in software. That is, the techniques may be carried out in a

computer system or other data processing system in response to its processor executing



such as a nodem or Ethernet interface. The bus 202 may include one or nore
buses connected to each other through various bridges, controllerﬁ gﬁ%ﬁqr
adapters as is well known in the art. |In many situations the | ocad il !
server may Reyhedydks operations automatically without human assistance.
In sonme designs where human interaction is required, the 1/0 controller 209
may conmuni cate with di splays, keyboards, and other |/O devices. [0069] Note
that while Figure 2 illustrates various conponents of a data processing
system it is not intended to representfgﬂy particul ar architecture or
manner of interconnecting the conponents as such details are not germane to

th , t i tron. It wll also be C i.at t hat t Kk
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conputer systens Icn ar si mul t aneously use(f or otner unctll NS, such as
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the hardware of Figure 2 would be shared for several  functions. [0071] It

will be appaieate dicomytad Soffese hoptd @Y Jahtithlad SPEEs for Uhe tReudBb@S@&REuttdYENt i on
may be enbodied, at least in part, in software. That is, the techniques nmay

be carri edtigudata proaessingrysttrar Is yddigon, olroughver tidatiescppiine vaiag fegcioamand
response to its processor executing 3 0 JAN 2007 WD 2005/004528 31 :
sequences @peritinss rage dpwribed o tbaing exgrionnede by roy  cagsed hbya sof RGIWE 2005 tw sinagtlify e RAM
205, non- vol atile nenmory 206, cache 204 or a renote storage device. In
varnous em9suTpRES: Howaysh diipyee gkiBed dnyjthe yartyall ecompizg Whatc Bnisiearit Porsugh t h

software instructions to Inplenment the resent. invention. Thus, the
Cechnt ques CHFESHEE S AN FRFoLL S8 PREILER M D RY GDIORSPE MG the
circuitry {-}E sgrf%)glare nor to any particular source for the instructions
execut ed b@ the U3t a processing system |In addition, throughout this

descri pti Olgo7¥pr i %uﬁlaéj‘lfl‘%)clte-h ﬁ@&ium f rb@td-s&f'& ?6 8 %@g{eiaﬁ’xﬁﬁaﬁﬁvﬂ% %en
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is that the functions result from execution of the code by a processor, such

as the. present invention. This executable software and data may be stored in various places
including for example ROM 207, volatile RAM 205, non-volatile memory 206 and/or cache
204 as shown in Figure 2. Portions of this software and/or data may be stored in any one of
these storage devices.
[0073] Thus, a machine readable medium includes any mechanism that provides (i.e.,

) stores and/or transmits) information in a form accessible by a machine (e.g., a computer,

network device, personal digital assistant, manufacturing toolr, any device with a set of one or
more processors, etc.). For example, a machine readable medium includes recordable/non-
recordable media (e.g., read only memory (ROM); random access memory (RAM); magnetic
disk storage media; optical storage media; flash memory devices; etc.), as well as electrical,
optical, acoustical or other forms of propagated signals {e.g., carrier waves, infrared signals,
digital signals, etc.); etc.
[0074] Figure 3 shows a block diagram representation of a mobile station according to
one embodiment of the present invention. The mobile station includes a portable receiver,

which combines a communication transceiver with GPS receiver for use in one embodiment

of the present invention. The combined mobile unit 310 includes circuitry for performing the



processor 203. [0072] A machi ne readabl e nmedi um can be used to store
software and data which when executed by a data processing system causes
the systemto performvarious nethods of the present invention. This

execut abl e software and data may be stored in various places incl ug %Nf@@'/
exanpl e ROM 207, vol atile RAM 205, non-vol atile nenory 206 and/or c (@h 4
as shown i WORPGPE2S Portions of this software and/or data may be stored in
any one of these storage devices. [0073] Thus, a machi ne readabl e nedi um

i ncl udes any mechanismthat provides (i.e., stores and/or transmts)
information in a formaccessible by a mdhine (e.g., a conputer, network
devi ce, personal digital assistant, manufacturing tool, any device with a
set of one or nore processors, etc.). For exanple, a nachine readable

medi um i néingtiess req@utsd dertpiredessing GP8 signdlalos evelieslihe fimctigns reaiaal fonprpcessingr y
(ROM; random access nenory (RAM; magnetic disk storage nedia; optical .
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functions required for processing S sign as th uncti ons

required fa@des@?&ﬁt@%@ grn&omcawms Hofi@ {360 TorSwielads I A1¢ Gl ¥Reh bive®WahoR352 for
communi cation 1ink he communication link, such as comrunication |ink 350

or 360, i sellutqighaht yemcehdheactﬁmaqetemyweomwmseaépMe lahdh Idistiact @redhinefor ( N
conponent, such as base station 352 having comruni cati on antenna 351 or —
Wi rel ess recaNingotgels idliffire8GR infetfhceanFertha, 86 tompinth mggiverringyinse sBparate
illustrates_an enbodi nent that conmmunication antenna 311 is used for

recei vi ng28¢ gisting compereatsiipeaidatst aypaeipl procoising| b she resivask wirplessriianalsang. |
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ntennas for.
ant ennas 2t interfaces: For example, the combined receiver may have separate circuits for the RF

signal processing and share same data processor resources. From this description, various
combinations and variations of the combined receiver will be apparent to one skilled in the
art.

[0075] Portable receiver 310 is an example of a combined GPS receiver and a
communication receiver and transmitter. The communtcation receiver and transmitter may be
implemented as multiple receivers and transmitters for the different wireless networks. For O
example, the communication transceiver 305 may include a transceiver portion for receiving
and/or transmitting cellular telephone signals and another transceiver portion for receiving
and/or transmitting Wi-Fi signals. Receiver 310 contains a GPS receiver stage including
acquisition and tracking circuit 321 and communication transceiver section 305. Acquisition
and tracking circuit 321 is coupled to GPS antenna 301, and communication transceiver 303 is
coupled to communication antenna 311. GPS signals (e.g., signal 370 transmitted from
satellite 303) are received throngh GPS antenna 301 and input to acquisition and tracking
circuit 321 which acquires the PN (Pseudorandom Noise) codes for the various received
satellites. The data produced by circuit 321 (e.g., correlation indicators) are processed by

processor 333 for transmittal (e.g. of SPS pseudoranges) by transceiver 305. Communication



receiving signals of different air interfaces. Further, the conbined
receiver nmay use separate and distinct conponents for at |east a parti al
processing of the received wireless signals and nay or may not share sone
conmponents in the processing of the wireless signals of different &g jAN 2007
i nterfaces. woahseyaapl e, the conbined receiver may have separate circuits
for the RF signal processing and share sane data processor resources. From
this description, various conbinations and variations of the conbi ned
receiver will be apparent to one skilleggin the art. [0075) Portable
receiver 310 is an exanple of a conbi ned“GPS receiver and a comuni cation
receiver and transmtter. The communi cation receiver and transmtter nay be

w el ess narie R Joaofeh SRt e SARE ol i fobles e Dty Sorouemly
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including acquisition and tracking circuit 321 and communication
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GPS antenna 301, and commruni cation transceiver 305 is couple

conmuni cat foo proaessiagnEoBihiinic4H3S sipnaivad e {msmittedStognproce3?@ 368 argbpagaedd fo om
satellite 303) are received through GPS antenna 301 and input to acquisition
and tracki mgdulatpr 334 end3fraquandycepnaetai 336s Pover Aplifips 3fd Dicepasto rthd\giis @f trodes
for the various received satellites. The data produced by circuit 321
(e.g., cor?isiehiq Yranprririastleyes fordrespisser ioshage Bpton}Bdes kowirdes LAY access -
transnltta9@£§ﬁ% of SPS pseudor anges) by transceiver 305. Conmmunication 3 0
JA@)ZOO? 5/ 004528 33 transceiver 305 contains a transmt/receive
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communi cation signals are’input to commnication receiver passed to
processor gadoothOUWE, GIESEDMA, BENUMHRATDMA SGVAEPMA, Wechiamitrsed: f rom
processor 333 are propagat ed to nodulator 334 and frequency converter 335.
Power anpl éthéreimidadhetvitks) dseoniohti@don (0F., thitigh sbigiahichifondhka ppo apd Bel)e
| evel for transm ssion to base station 352 (or to wireless LAN access

In one embodiment of the present invention, communication transceiver section 303 is

- capable of being used with one air interface for communication and capable of being used to
receive signals with other air interfaces. In one embodiment of the present invention,
communication transceiver section 305 is capable of being used with one air interface for
communication while also being capable of being used with signals in another air interface to,

) extract timing indicators (e.g., timing frames or system time) or to calibrate the local oscillator
(not shown in Figure 3) of the mobile station. More details about the mobile station for
extracting timing indicators or calibrating the local oscillator can be found in U.S. Patents
5,874,914 and 5,945,944.

[0077)  In one embodiment of the combined GPS/communication system of receiver 310,
data generated by acquisition and tracking circuit 321 is transmitted to a server over
communication link 350 to base station 352 or over communication link 360 to wireless LAN
access point 362. The server then determines the location of receiver 310 based on the data
from the remote receiver, the time at which the data were measured, and ephemeris data
received from its own GPS receiver or other sources of such data. The location data can then

be transmitted back to receiver 310 or to other remote locations. More details about portable



D point 362). [0076] In one enbodi nent of the present invention,

communi cation transceiver section 305 is capable of being used with a
nunber of different air interfaces (e.g., |EEE 802.11, bl uetooth, %

TD- SCOMA, | DEN, HDR, TDMA, GSM CDMA, WCDMA, UNITS, or other simid adAl 2007
net wor ks) WO2084HAIHi cati on (e.g., through communication |inks 350 and 360).
I n one enbodi nent of the present invention, comrunication transceiver
section 305 is capable of being used with one air interface for

comuni cati on and capabl e of being usedi4do receive signals with other air
interfaces. In one enbodi nent of the present invention, conmunication
transcei ver section 305 is capable of being used with one air interface for
conmmuni catréceivemshititieing h somwehioariadpddlae befodnd imy. U Bsentis. 15,896 gnal s i n anot her
air interface to, extract timng indicators (e.g., timng frames or system
tine) or tH78hl i Bnate emhedimontadf the pickdrna iroentiqun Gte bimediGPSHegeive i8)ludds t he
mobi |l e station. More details about the nobile station for extracting timng
i ndi cat or $0to¥s G@APled rtak ﬂrﬁ’@tat]ﬁ@cqsﬁj@&ls}’ﬁ%i (elRatiopereens! Batafassisianti ar o, /Ortablgt ent s,
5,874,914 and 5, 945, [0077] In qne enbadi nent of the conbi ned

GPS/ conmmui§PRERPGNTRS, %RROB?SS’in%éé?t%‘Erm@E@S a %t@lﬁbﬁépwl%t%@%ampgqsmron and

tracki t 321 tt tion |jnk 350
to base sl fﬂi]eew 6o BERE TR Ak SR IosBEmEE) v o PBs A AR S o s
t 362, d
s TR SRR B8 S B A
d . f h
Sour ces. of S asR darges T BentPaRaaty dofly iy 8‘@@%%@"‘?52 Sty
recei ver 3 BiowkOinOhbeikt. rmauﬁl@ rhAC Biciu@8 Sone P iordl fudds! Sonplasd top@a:cha&h@f 3 00

JAN 2007 WD 2005/004528 34 receivers utilizing a comunication |ink can
found in WhbugiPairimt tdgesS c8mtblRisdand/ @Oxkptetsnasome veslbkabwreid tief art. e gaeesent
i nvention, the conbined GPS receiver includes (or is coupled to) a data
pr ocessi ngowypdinem, (@egdata prepesdug alystdat nchdles spmmupictionn poos t@lg.ea USB
conputer). The data oce55| ng Sé)stem i ncludes a bus which is coupled to a

i cropr oc é&lgldﬁrsalaﬁm v periy2 pert tpr TERENPOY bmwn@tu:wwln Ars-esdinent o thenor v)
The bus interconnects _various conponents together so interc cts
these comPsieRh wveniion, mes’ﬁplé"\[}’ &*BW?IP §toresy fhe 16chtons an cnulicatlons (e.g., MAE
address) of wireless access points (e.g., according to the types of the wireless access points)
for extracting and enhancing the location information about the wireless access points using
the memory and software program instructions stored in the memory. In one embodiment, the
mobile station only stores the locations of the mobile station and identifications of the -
wireless access points for transmission to a server (e.g., through a communication port, or a
wireless coﬁmunication Iink) when a communication connection is established. (F)
[0079]1  Although the methods and apparatus of the present invention have been described
with reference to GPS satellites, it will be appreciated that the descriptions are equally
applicable to positioning systems which utilize pseudolites or a combination of satellites and
pseudolites. Pseudolites are ground-based transmitters which broadcast a PN code (similar to
a GPS signal), typically modulated on an L-band carrier signal, generally synchronized with
GPS time. Each transmitter may be assigned a unique PN code so as to permit identifiéation
by a remote receiver. Pseudolites are useful in situations where GPS signals from an orbiting
satellitc might be unavailable, such as tunnels, mines, buildings or other enclosed areas. The
term "satellite”, as used herein, is intended to include pseudolites or equivalents of

pseudolites, and the texm GPS signals, as used herein, is intended to include GPS-like signals



and display device and to peripheral devices such as input/output (1/0
devi ces, which are well known in the art. The bus may include one or nore
buses connected to each other (1 through various bridges, controlleﬂiJ 7
and/ or adapygy fodmake well known in the an. In one J enbodinent, t held
processi ng systemincl udes conmuni cation ports (e.g., a USB ((Jniversal
Serial Bus) port, a port for |EEE-1394 bus connection). In one enbodi nent of
the present invention, the nobile station_stores the |ocations and
identifications (e.g., MAC address) of Wreless access points (e.g.,
according to the types of the wirel ess access points) for extracting and
enhanci ng tPe | ocat i on intornatifn a&ﬁUt the wirel ess access points using

& Pst

the menory EH8PEYENIEY S eBvisEFLHP %% ons stored in the nenory. In one

enbodi nent, bi,le station onl tares..the | ocation f the nobile
station andoﬁgﬁnt in}f)‘i tbatpf%cﬁ m%fd?stcﬁgl‘?/r\lﬁ'lﬁéP@EO%gﬁ%Bgenp‘é‘isﬁi‘_s@gf‘ﬂﬂj SRR Osi on
cormuni cat | SRS bot B Un e SR CAR pBHBRAL 5ol GRYTuRR SR toug o
Gescribed R Poreranear PERBar k| (ol SRl VY SR SRR 1
descri pti Ongsiahe RAURpAcaIBPEL RGSRAECT ONAES! Lo HBY34REE MitbSdhn ditdoze
pseudolites or a conbination of satellites and pseudolites. Pseudolites are
gr ound- bas eS¥stera MEEGLOBIAS SYsieh fimaile dsferstr INGPSd§stég iimibatihe Eiss@n&Rom
signal), typically nodul ated on an L-band carrierdgignal, general ly
synchr oni zeliffevettsatellRS 4 nifferBacied framsmetanethenby ulibziags slightledlifferant cpunderPN
code so assgo pernit}%gggti%£é§th§% by a@;;ggte‘ggc?iésr. Pseud?ggtééhgre
useful in slraguencicgnrst pU % fiditedng pyen noedsies. ilp ghis shraken substangt be
unaD%ilable, such as tunnels, mnes, buildings or other enclosed areas. The
term " sat el ecircyy gag #lgpeituns, descabsdprevigesdy e smRbtable Thedeab| PPes tend
equi val ents of pseudolites, and the term GPS signals, as .used hergin, is
Cntended t e Bt EPR e aelTh Prilionde oo douitouss BESY om
pseudolite [ f }: 080] In the preceding

s(g]g(éNl g8l s?eilr%%hﬁ 51'% %u[e?cz[%la{g @ahfeg %gs Lrg

di scussi on nve escrib Wth reference to application

upon the Uniphgq Staiuief @babpdRithl | ANHRY aSeChddtyfosl RONGEHTE T blocitfioul d
be evidenpp nowever, that tﬁ%se neflogg gre eqﬁgﬁ%§ aﬁb%}cab%e to]%?n?Iar
satel lite peglcht@Nifdeh 18Y HeSiptiodNH Will B&rabpebihfl, thhth Sarfdus Sdifieteel 6P¥ARRN
system and the proposed European Galil eo

sequences and variations can be used without having to be limited to the above illustrated -

examples.
[0082] The above examples are illustrated without presenting some of the details known
in the art; as pointed out in the above discussion, these details can be found in publications,
) such as U.S. Patents 5,812,087, 5,841,390, 5,874,914, 5,945,944, 5,999,124, 6,061,018,
6,208,290, and 6,215,442, all of which are hereby incorporated here by reference. |
[6083] In the foregoing specification, the invention has been described with reference to
specific exemplary embodiments thereof. It will be evident that various modifications may be
made thereto without departing from the broader spirit and scope of the invention as set forth
in the following claims. The specification and drawings are, accordingly, to be regarded in an

fllnstrative sense rather than a restrictive sense.

‘What is claimed is:



System The GLONASS systemprinmarily differs from GPS systemin that the

em ssions from different satellites are differentiated from one anot her ﬁ
utilizing slightly different carrier fggquencies, rather than uti| 8 &iJAY 20
di fferent pseudorandom codes. In this situation substantially all the
circuitry and algorithnms described previously are applicable. The term " GPS"
used herein includes such alternativecgalgisl i te positioning systens,
including the Russian GLONASS system and the European Galileo System
[0081] Although the operations in the above exanples are illustrated in
specific séquendescthofditpasterniing infeseatiopabayha wirelespiapdessqwirdphy wethed eahptibiag:
various different operatlon sequences and variations can be used w thout
having to be Ilnlted to above il trated 2] _The above
oxamples are 111 HuEPuidhaf et Soreatibhal Hss SRR guR R othinR T
the art; asﬂoowmﬂeﬂaammgmnmnﬁefmhouebdneouseﬁmnmmhhemﬁnmﬁm&mbﬁﬂeane@e f ound
in publlcatlons bis tt as U S. Patents 5,812,087, 5,841, 396, 5,874,914,
5,045, 944, BOYdWO53iWS051 018, 6,208, 290, and 6, 215, 442, al| of which are
hereby i ncorporated here by reference. [0083] In the foregoing

speci fication, tRhgiekihg r@%'s@é&f?ﬁ? aee@ﬁqﬂ&ﬂm;&@qu mlkmw&a&e@%ﬂeenmm@@ecI fic
exenpl ary enbodlnents t her eof be evident that various nodifications
may be nadéowé?@%wwlpn@eﬁesomrof p ﬁ?gorfdr\mﬁleheetwrésa&elﬁce\ﬁﬁm thegheoBdpe of
the inventi Qlﬂbl@esgtzﬁiﬁﬁq \Lﬁérréntf'the'séboh@@lrélﬁgs n@oGs GirRteiBron IR HRSGFIGRIMAR and
drawi ngs are, accordingly, to be regarded in an illustrative sense rather
than a restﬁmktlve sense. What is clained is: 36 3 0 JAS 20:01 CLAIM

A method to deternine information about a wireless access point, the nethod
conpri $ing: - comuynlGah g S INGENM SELUES AN FRROLIPLE AL Le gghat i ons
t hrough one or nore g CCéss points PSt Wi ess
network for |ocation determ nation of t he one or nore nobi | e statlons,
collecting data spesbthyd 613 ladmp] whadih the I@btidnds@ihaRS cahpivdd alesiihited g8 8ion
signals transmtted froma second wreless access point of a second

wi rel ess nef ?%*%F@“Fﬁﬁeﬁvgﬁpﬁvtthe one or nore nobile stations wherein
the second wireless network is different fromthe first wrel ess network;

and 3. The method of claim 2, wherein the estimated position of the second wireless access point

is determined from a weighted average of the plurality of locations.

4. The method of claim 3, wherein a weight for the weighted average is based on positioning
information which indicates a distance between a corresponding one of the plurality of locations

to the second wireless access point of the second wireless network.

5. The method of claim 4, wherein the positioning information comprises an indicator of
received signal level for signals transmitted from the second wireless access point and received at

a mobile station at the corresponding oune of the plurality of locations.

6. The method of claim 1, wherein the location information comprises a coverage area of the

second wireless access poini.

7. The method of claim 6, wherein the coverage area comprises a plurality of locations at

which signals from the second wireless access point can be received by the mobile station.

8. The method of claim 6, wherein the location information further comprises an estimated
position of the second wireless access point which is determined from the coverage arca of the

second wireless access point.

9, The method of claim 1, further comprising:



determning location informati on about the second wirel ess access point from
the data. 2. The nethod of claim1, wherein the |location information
conprises an estimated position of thezgecond wirel ess access poingi I8\ ZUﬁFle
met hod of claim 2, wherein the estinmated position of the second wireless
access point is determned froma weighted average of the plurality of

| ocations. 4. Theolkednagdsitdning mfdﬂmamn\mﬁ{fﬂhg\dﬁtami; Bttveduaci sTahd\Righy ol
average i s based on FOSIt on i nformation which jndicat gs a di st ance

between a c F“F@%?ﬂ‘i‘& s Wé”’ff‘fegi?féesbpff?taqfﬂle?e"cﬁ’l'}d“’% BBHC K o the second

wi rel ess access point of the second wreless network. 5. The nethod of claim

4, wherein the pesibinQk 1B&ibR @SR BMERIP L S8R prnQﬁttl@rse&ild wiBiegl ved
signal level for signals transmtted fromthe second w rel ess access point

and recei ve®cat PORL Npish iedetyrnined Homithe mreedepinudiph i thydanellested he plurality
of locations. 6. The nethod of claim1l, wherein the location information

conpr I ses a 6: ove rénq‘gﬁ% \M?_f% 8 ﬁet%hﬁehﬁforlﬁeﬁ%ﬁ gg{) HY\'!] &%ngé%e%ﬁg ?h% I ei?llloratcpmgrlsn%%

met hod of cI aim e coverage area conprises a plu
| ocations at which signals fromthe second Wi rel ess access point can be
received by the oakifing datadpiciRingd plufdigy drebdanshs of o inidrSmodiReTatibm at BRich

| ocation information further i ses.an estinnate osition of the second
h vl bas hob g T DS TS RHo RS DB A0 SREIAss Gk B ¢
second W r el®sisciueiag Set@rfiitition 8 thel flerai®lon RBatdhs, @leahdbild stafishs trdreiving@IERAIE Si Ng:

37 3 0 JAN 2007 golle ting positioning infarnmation specifying distances
bet ween eacHOBfhe e Vﬁmﬁsmcw PR 31 dlep PRPBUFIINE P cellbeirrila b eenat Bes oss

poi nt of t hgnsSEeRNALbN s@EHES Ind AU Ksec oM WirRies dchtds {)&ﬁ‘t@)ﬁ@é&ohd\&@élé@hbﬁﬂrk
conprises an estimated position of the second wireless access point, which

i s determ nddi *ﬂ“dlﬁf?fﬁﬁﬁroﬁﬁb"eﬁish‘f’tﬁ? arsAkafY the data collected. 10. A
nmet hod to determ ne informati on about a wirel ess network, the nethod

conprising: col Lacti tﬂﬁg aﬁ%@wﬁ%?&%fffls't Gvge@ss%ééﬁsgl ;1[&\1‘(1'091]‘ Jo@& ea?&%eﬂﬁefd;% gt or

nore nobile stations W T el ess si ransmtted from a
wirel ess acdespgxrapm)v oft loafioss Hasadsat lwtmbz&ssnmdwmechda@ comagaicued beweinrgid

det erm nati Otnlesz Pc%dR{/ H:'ie%!; élclcgss ggm a%ﬁ%%uh 9ﬂ§a3¥ cgngg)ggga?‘nﬂngﬁle sia?iul ons receiving

signal s from oln SO comuni cating said
col |l ected data between at | east one of the nobil e stations and at | east a
second wireliess ageaswopeidMimab, fartlse canghiswigr el ess net wor k

determining statistics of any mobile station being in an area in which wireless signals

transmitted from the first wireless access point can be received during position determination.

12, The method of claim 10, wherein the location of the first wireless access point is

determined from a weighted average of the plurality of locations.

13, The method of claim 12, wherein a weight for the weighted average is based on an
indicator of received signal level for signals transmitted from the first wireless access point and

received by a mobile station at a corresponding one of the plurality of locations.

14, The method of claim 10, wherein the first wireless access point operates in accordance

with a standard for a wireless local area network.

15. The method of claim 14, wherein the second wireless network is a wireless cellular

telephone network.

16. A method of operating a mobile station, the method comprising:



which is different fromthe first wreless network; and determning a

| ocation of the first wireless access point froma coverage area defined by
the plurality of |ocations based, at least in part, on said collec ﬂ ﬁl Qﬁ
conmmuni cat ed between said at |east a sggond w rel ess access point E 8 2 d
at | east one of said nobile stations. H. The nethod of claim 10, further
conprising: determning statistics of any nobile station being in an area in
which wirel ess Sﬂ@ﬂ@iﬁlﬂng, trtenaobitetsedod, fiemidetrfichtignsihfonhatioh @6 5 finc e dsss pakesit can
be received d ng Eosutl on _determnation. 12. The nethod of claim 10,

wher ei n thepcfuﬁ) Oéfl GhVBFPRE™ MY st wirel ess access point is determined from
a wei ghted average of the plurality of locations. 13. The nethod of claim

12, wherein a wej@hidfiQ, atthemvBicaRities fdd p6AR ihiSrASH thaLR1aRH to 4 M fositior  Of
recei ved S|gnal | evel for signals transnmtted fromthe first wreless access

poi nt and fidbenokils SW"%‘"@DSEﬁHPJeCUWé&ela&%Oéfheéfsé@’ﬂffﬂ@%??d? PRiNtoHE of the
plurality Otenllrﬁ‘tﬁﬁ’ctahﬁ%‘ﬁrfst deth indiBRiInPR LR BE b&ly8dnthel Brst MERHABA O ikTErmfatibSind

Wi rel ess access poi erates in accordance wth a standard for a wireless
| ocal area Hefifdpesitiongnformgontomdy agbile sation ta 2 serypiayhishrs remetededisrtstni r el ess

network is @ \h&ale GRlshidl LieheB e 19&%}4\@ perating
a nobile sta#l orsls% t%ﬁp‘)nﬁf oc?allhmu lr+t3|gng:gt E&E&I&gg%@“ de%hce}g&ﬁgfﬁg at

the nobil e seerd wireless ngtwerkiveightis ‘ﬁliffél&tlﬁt thanffirst wiglesp peteprka first wirel ess
access point of a first wireless network; det erm ning, at the nobile

station, fi E?t p?l?' t tﬁ)ocf f%Ia m tv!ih%pemt tpne? hrs[ peos 101f11 f%‘%afl on mcf'hcéstes aD cf e:!mtcé on

t he m)bl | e station SS access
poi nt; and baweeamiim tarattposlgorf oﬁth& mdateatanmdmﬂatplomgmaofamﬂted waitdlenadsetswemn t he

first identifica tion osition information from
the mobile & ‘é{fm]&)}}ﬁﬂg dﬁmg‘éqqlafa?o%‘s?ﬂhe st p@ﬂh?rbm{ MR- first  wirel ess access
poi nt, said comrunicating being through a second wireless access point of a

second wirelgss MR MR Miaeh 17 Swildif @€ BRE pdshidR idthighalibd Slmpikds@h aRfcati@t g¥or K.
17. The nmethod of claim 16, wherein the first osi t| on infornmation indicates

a di stance 2 Biatahiss! fpignpls thaf arg anspitisd from the Hrshiselpss aegessRod andgeeiveflabi t i on

of the firste\Wdigh@Rs RUREISHIRfdn. Wherein the first data further
conprises the first poSition information. 18. The method of claim17,

wherein the first position information conprises an indication of
19. The method of claim 17, wherein the first position information comprises at least one of:

a) a measurement of a distance between the first position of the mobile station and the

position of the first wireless access point; or

b) a measurement of a time delay in signal transmission from the first wireless access

point to the mobile station at the first position; or

¢) a measurement of a round trip time delay for signal transmission between the first

wireless access point and the mobile station at the first position; or
d) a measurement of a pseudorange to a Satellite Positioning System (SPS) satellite; or

¢) a measurement of a distance between the first position of the mobile station and a

position of the second wireless access point.

20. The method of claim 16, wherein the mobile station has a communication section which
includes a first portion which communicates with the first wireless access point and a second

portion which communicates with the second wireless access point.



a signal level for signals that are transmtted fromthe first wreless
access point and received at the first position by the nobile station. 19.
The nmethod of claim17, wherein the firgg position information comarli S 204t
| east one of: a) a neasurenent of a distance between the first position of
the nobile station and the position of the first wireless access point; or
b) a measurenment TRf méhdd TR IgeH QywHerbibh@nal ddd 8 B &S LAY b HRMedBahbigisthe
Wi rel ess access, point to the npbile station at the first position; _or c) a
measur ement SGPYa TGS AREET PPIRT 4rig 2 getiinp detsrmigign aperpiioferdedamyynaiet (igen t he
first wrepggmnaccess point and the nobile station at the first position;
or d) a neasurenent of a pseudorange to a Satellite Positioning System (SPS)
satellite; or e) a neasurenent of a distance between the first position of
t he nobil e 3%ati dbe methodo! i 21.ivdheredt the fiest wisdles dcogisrpeing sangewsesswinpof ait . 20.
The net hod 1G 2l [ . I I 1.Qny ni cation
section whi %&al%%cﬁg%g(éa%w?{egg%n%gﬁ%}?%%wvﬁ@rﬁ%&%@rﬁﬂﬁgtﬁeﬁﬁwh the first
wirel ess access point and a second portion which communicates with the
second w reless Alxcegboddichim 1@FudheDcadhiis®@07 21. The nmethod of claim 16,
wherein the first data is communicated to the server through the second
W rel ess access point duri Fg a ,Posi_ti on deterni nati,gtg op_era}i on for
det ermi ni ng the §%raYning aihe mghile stasion. perandidentpigaten ipfoupation ot 2 Rd wapksst he
first wrel gg8sspERESIPRkIWirdlss Adwakeggs point of a local area network;
and, the second wirel ess access point is a cellular base station. 23. The
nmet hod of claim 1.6, further conprising: determning, at the nobile station,
second identi fi cetnmimoyni¢atif@yeeitd dafa indicating mpqreglajpn bétwesn thesseadddepbificationf t he
first wirel ] , mﬂalm]' | i ndicating a
correlati onﬁ\?@{n\%}g{é}\r’l&?#g@% 8%9 | enﬁ?ﬁoggﬁ%%ﬁ’%ﬁ??%ﬂ on and the first
position fromthe nobile station to the server. 24. The nethod of claim 23,
wher ei n t he24.i r sthamnehses@itn datwhesiiethe Grmndiscané dath srervimenicaabirdnethet at i on
to the server, | h.f,ouﬁhtf gell\%lar tellﬁghgne base stt%.t_i on. 25. The net hod of
claim 16, whPE YAIPRE 5 segyer {irotsh 8 LA Llplons Dases 419 an " access point of a
| ocal area network.

25, The method of claim 16, wherein the first wireless access point is an access point of a

local area network.

26. The method of claim 23, wherein the first wireless access point follows one of:
ay an IEEE 802 standard for wireless access;
b) a bluetooth standard; and
¢) a UWB (Ultra-wideband) standard.

27. The method of claim 25, wherein the first identification information comprises a Media

Access Control (MAC) address.

28. The method of claim 25, wherein the first identification information comprises an Internet

Protocol (IP) address.

29. The method of claim 16, wherein the first wireless access point supports two- way

communication.

30. The method of ¢claim 16, further comprising: receiving Satellite Positioning System (SPS)

signals from at least one SPS satellite to determine the first position information.



26. The nethod of claim?25, wherein the first wireless access point follows
one of: a) an | EEE 802 standard for w rel ess access; b) a bluetooth
standard; and c) a UMB (U tra-wi deband) 4gtandard. 27. The net hod ofd ki&Y 07
25, wherein the first identification information conprises a Media Access
Control (MAC) address. 28. The nmethod of claim 25, wherein the first

i ﬂent i f ihcgt Ban : Mhomhehsdd L(iﬂtleﬁ:rﬁﬁp,l’vi/]&@r% @ea ﬂfsﬂp(ﬂl’tiﬂ{&ﬁnforﬂfaﬁbmﬁmipriéeka)1n@§ldélﬁé&1$. 29.
The nethod of cl aim 16, rein. the.first wireless access point supports
two- way CSMEﬂ‘é?@ﬁ?\égg.(Seﬂlge W&wgéﬁ/“&%&i%ﬁ%, further conprising:
receiving Satellite Positioning System (SPS) signals fromat |east one SPS

satellite tgdet epdhmBifod R Idith 16 wIRASH fhk BRt WIS FBELsPdint 88mptisBs b 2Ofnt 31,
The nethod of claim 30, wherein the first position infornmation conprises a

neasur ement 9oF lopd aigaBHEAGe to an SPS (Satel lite Positioning System
satellite. 32. The nethod of claim 19, wherein the first wirel ess access

poi nt conprises ! | . . T od of
claim 32, vvﬁ%r ei ?;H? ]ﬁglﬁﬁs(?fsc% ?rhg?’aW]%gellgtg%rﬁﬁsﬁ%iaé%%g@“‘?rg%m {(ﬁ%onfmein}otegﬁ% ahgon to
t he server tdthowghr dragh hatlblar teddpbpledne dpdise st ati on. 34. The net hod of
claim 23, wherein the first wirel ess access point conprises an access point

of a local area pnetwork, 35. e nmethod of claim 23, wherein the first
position inf rma? F%rﬁ %%ﬁr‘:?aé‘agﬁa‘fhefeélb p fiEshwirgpss acceys poul BUERFSEHANCOST PRt

di st ance bebielem bRendtivbki position of the nobile station and the position
of the first wreless access point; or h) a neasurenent of a tine delay in
signal transmssion fromthe first wirel ess access point to the nobile
station at Bhe fThametpeboticlayn 23 orhessin te Hshesitiomiferngtiomcanguines af lepsh oed ofe
delay for signal transm ssion between the first wreless access point and

the nobile stati a he fi .. position: . [
pseudorange to a%l)néalfl éeals{'rfl';% eemIS(F)%??ﬁ@cﬁibhggggggﬁgéﬁ%ﬁggt}? &%W{%?t%{&ra R ttla]f a
measur enent paditica ol ile tfan evrelpest asemenpditteorf | r st position of the nobile station

and a

b) a measurement of a time delay in signal transmission from the first wireless access

point to the mobile station at the first position; or

¢) a measurement of a round trip time delay for signal transmission between the first

wireless access point and the mobile station at the first position; or
d) a measurement of a pseudorange to a Satellite Positioning System (SPS) satellite; or

e) a measurement of a distance between the first position of the mobile station and a

position of the second wireless access point.

36. The method of claim 23, wherein the first position information comprises an indication of
a signal level for signals that are transmitted from the third wireless access point and received by

the mobile station.

37. A machine readable medium containing executable computer program instructions which
when executed by a data processing system cause the system to perform a method to determine

information about a wireless access point, the method comprising:

communicating between a server and one or more mobile stations through one or more
first wireless access points of a first wireless network for location determination of the one or

more mobile stations;



position of the second wireless access point. 36. The nethod of claim 23,
wherein the first position information conprises an indication of a signal
l evel for signals that are transmtted ffomthe third wreless accgsrﬂsmrppmm
and received by the nobile station. 37. A nachine readable nmedi um

cont ai ni ng execut abl e conputer programinstructions which when executed by

a data processi ngau%mwma@gaéﬁﬁngBglusay@t&u@chﬁbn@%ﬁmmwwﬁaés@@ignatmrﬂl%%an ne
i nformati on_about a wirel ess access point, the nethod conprising

conmuni cat i M BEsRa Hirgless@pipey Poitk af Hsonswirrksenshneikiae regester bh ﬁwt(’ﬁ? PUBHC one

or nore fi pgkildMdiiehOsifrds B8 S&oRPhM18ss Abtwdrkf it fifbreld ) B Firdd RhiMREKnelvik:
| ocation determ nation of the one or nore nobile stations; 41 3 0O JAN 2007

col | ecting tk a specifying a plurality of locations from whi ch wirel ess
signals transmtted froma second wi reless access point of a second wreless

network are recejygg i, bioR ity dERLNS WShAL B0S: BIR Ryl g, second

wi rel ess network erent fromt irst wreless ne

determ ning | ocatl on i nformati on about the second wirel ess access point from
the data. 38. Thie debinof @iim7awherdil thewhatiai iafolhiioheemprisanar afimat@t i on
conprises an esti pated osi.tion of the second wireless access point. 39.
The medi um BFWES %%Omgﬁg?l%sisﬂcc(e?fé’c’@%tl mat ed position of the second

Wi rel ess access point is determned froma wei ghted average of the

plurality ofgl ocahd Q8fum 4PelaitisR, WEIEiH MeQbtirtdt@ Jsia oS EBo Y AirdiRL fhatssf Or the
wei ght ed average is based on range information which indicates a distance

between a cB¥piesgrsHenneg fiome wishistkaverpen dithenjurality pblegatiodhs  to the second
wi rel ess access point of the second wireless network. 41. The nedi um of

cl ai m 40, wher ei n 0 | j . i.ndi cei ved
signal |evel &f or?éﬁ Iggdl rﬁl ?&H}nn{g %%%‘hg ?V gﬁgﬁ%y@g\%@ﬁ%dﬁ%ﬁ%ﬁ%iﬁk%ﬁ%&{g@ oi nt
and recei vethfatmatien Wffod:h lhélcattsa{dlmncabetwm agonespeplirgting gf tha eluoflityt clfféoqahcmsal ity

of |l ocation di um of. e location infornmation
Commr s obb nhi & ol MBI, Bhinfl et fr WREL SRS | ocat o T RO TR

medi um of claim42, wherein the location information further conprises an

estimated ppsit ii“ﬁkﬂmélfluth BECISBCANFhatih elet Sife ATFCABT oD issdtah elilidator £ er m ned
fromthe coverage area of the
received signal level for 51gnais transmitted from the second wircless access point and received at

a mobile station at the corresponding one of the plurality of locations.

42. The medium of claim 37, wherein the location information comprises a coverage area of

the second wireless access point.

43, The medium of claim 42, wherein the location information further comprises an estimated
position of the second wireless access point which is determined from the coverage area of the

second wireless access point.
A4, The medium of claim 37, wherein the method further comprises:

collecting positioning information specifying distances between each of the plurality of

locations and the second wireless access point of the second wireless network;

wherein the location information comprises an estimated position of the second wireless

access point, which is determined from the positioning information and the data collected.

45. A machine readable medium containing executable computer program instructions which
when executed by a data processing system cause the system to perform a method to determine

information about a wireless network, the method comprising:



second wirel ess access point. 44. The nmedium of claim 37, wherein the nethod
further conprises: collecting positioning information specifying distances
bet ween each of the plurality of |ocatipns and the second mﬁrele%ﬁlggpﬂﬁﬁ
poi nt of the second wirel ess network; wherein the |ocation information
conprises an estimted position of the second wireless access point, which

i s determ ned frametting daaspdcifoing pglutatifyorfiahiicns obnid dr kercastdlecntibat @fich 45. A
machi ne readabl e neaiun1cont?inin exe?utable Qoqgu&erwﬁrggran1iggtructions
whi ch  when “EXEE§IERYS BYPsTitrd (oM eauiigleinacesss PUR Yad s WHESSIFEY Ao perform
a met hod tOredﬁfzeﬁ!l’dﬂﬂ‘iﬁ@detérmilﬂfidim&f:tkli)erplﬁbﬁlybg @cz\ﬂoﬁ@ﬂ@slfsobnew@crnk reckiRg BRhHOd
conprising: .42 3 JAN 2007 callectjn ata specifying a plurality, of

ekt i ons ol OBl BROMHSIES HoBe PaTSEd e fn Rt Hev s herrip aions
transm tt edadd@meaa afsédosd witkle® 28%8 RaE 088sepidMireRls @ethbrk SthioMi¢ @less: thgt wor k
are received during determ nation of the plurality of |ocations, the nobile

stations ret&iNs ¥gCEIgREIE 8¢ om the first wirel ess access point and al so
comuni cating signals between the nobile stations and at | east a second

wirel ess access H)e%rﬂ\tini%ﬁi’ {?f;ﬁiglfj] gf‘@e (i HRLIGS %cc@%}ﬁwﬁ KoM S r!ti% éjl?é%afdfeﬁr{e‘a R, than

the first mﬁreless net wo etermning a l'ocation o irst rel ess
access poi nthepheatitaolderatemadescdras fpastef paneon hgnalstriasived efrsaidiat pashp s¢coedat | ons

based, at | Qﬂ?i&ssiagﬁeﬁﬂoﬁr}téﬁ&e?&e?ﬁ%h%oﬁsgﬁ%o}éﬂgstﬁ{ n§.ai d. at |east a second

W rel ess access pol m at [ east one of said nobile stations. 46. The
medi um of claim45, wherein the nmethod further conprises: determ ning
statistics of. anYhambélihe obtlsitd Snwheeintheinmetlad fatleacdnprisés: ch Wi rel ess signal s
transmtted fromthe first wireless access point can be received during
position determ nation. 47. The medi,um of claim 45, wherein the |ocation of
the first wirel eddergirpsdatistsspf apsmobilesiation st i pdRFFRInYENgh ’éeéFSé%’?aiﬁge of

the plurali tns@fitte Goat thONS: witdess AR8ssPBRk tiMbRfectivad d0rthg posifi@l RieAni@atl ght for
t he wei ghted average is based on an 'indicator of received signal |evel for

signals transmtted fromthe first wirel ess access point and received by a
mobi | e st at #6n affhamedun eSgaimd Snghaeie theflodatien ¢flthe fabt wireless adcers apinbins. 49. The

medi um of cl,ai m-45,. I AN I, [ Ss point operates in
accordance dﬁ#ﬂﬁxﬁfgﬁgﬁggpﬁmﬁ%gn%égﬁﬁ% egggﬁﬁgg fEJggea networ k. 50. The
medi um of cl aim 49, wherein the second wirel ess network conprises a wirel ess

48. The medium of claim 47, wherein a weight for the weighted average is based on an
indicator of received signal level for signals transmitted from the first wireless access point and

received by a mobile station at a corresponding one of the plurality of locations.

49. The medium of claim 45, wherein the first wireless access point operates in accordance

with a standard for a wireless local area network.

50. The medium of claim 49, wherein the second wireless network comprises a wireless

cellular telephone network.

51. A data.processing system to determine information about a wireless access point, the data

processing system comprising:

means for communicating between a server and one or more mobile stations through one

or more first wireless access points of a first wireless network for location determination of the

one or more mobile stations;

means for collecting data specifying a plurality of locations at which wireless signals

transmitted from a second wireless access point of a second wireless network are received by the



cellular tel ephone network. 51. A data processing systemto determ ne

i nformati on about a wirel ess access point, the data processing system
conprising: neans for communicating between a server and one or g maplzh@
stations through one or nore first wireless access points of a fir P

wi rel ess network for .l ocation determ nation of the one or nore nobile
stations; ne@ns nfos melcls@Ebisvehetbdt Be SREE FMIRInAWBIKYE @lftled: Rfm OGAL i Ons at
whi ch wirel ess, signals %ransmtted froma second wirel ess access point of a
second wi r ePUEESSHEMRER RIS e received by the 43 3 0 JAN 2007 one or nore
nmobi |l e stations wherein the second wireless network is different fromthe
first wireless n f r about
t he second wirel @E%@a(ggcdgggﬂgm ?t({l%tlgrngﬁn?ﬂﬁﬁ%ﬁ ggdﬁgmg Sécgﬁcpﬁlréq%}gtagge%r%ggﬁng
syst em of cihgid@ 51, wherein the |ocation information conprises an estimated
position of the second wireless access point. 53, The data pr oce55| ng system
of claim52; V\/ne t he est | ted posi | ess access
point is det erm rrqge om a Wel Sﬁ‘? d %‘\f}‘egrla ger%'f‘ ﬂten%cag?n ma(trfnfmon "PmP'aseéf‘t ons.
54. The dat asnpmmdeessmmngafﬁ)e%cemd@zﬁreketsalcmsﬁmmtv\her ein a wei ght for the

wei ght ed aver age is based on positioning information which indicates a

di stance bet orrespondi ng one of thﬁ plurality of locations to the
second wirePess a@"c TOGPHE e I‘?g"ié‘gb%nd Wlflélleé‘é%mﬁ@t RRsiten o5e seppd gat a
processing sysk8mQfs i deRAmindB6R 2 Weldhd RAsideiod tie PUird IR OF 1BRLLAN coNpri ses
an indicator of received signal |level for signals transmtted fromthe
second w rel ess access point and received at a nobile station at the
correspondi Af onéhodata precepiingabtempt gpinl He whéreing webpht foTthe veiahied groegessi ng
syst em of Cbﬁbméﬁmﬁéﬁﬁ i J«lﬂ%‘imﬁﬁeé %@QM%E&Q&&%H& %ﬁ—‘cﬁngﬁme%?tﬁ@r age
area of the second w re ess access pol nt . The data processihg system of
cl ai m 56, whleradiyrofidvatidne tathe Emomdrﬁ'!mim&qceﬁﬁ phigt afilea secandnpireleseretamkest | mat ed
position of the second wirel ess access point which is determ ned fromthe
coverage ar of .1h econd wirele at a roceSS| ng
Cystemof "crdi m i TR UG CLPAG: e rEn Brrog G et PR 2 BP ST ng

i nf or mat i onaspeecitbyifngeediignt esclbatwael teaalhitedffrothBe second wireless access point

and received at a mobile station at the corresponding one of the plurality of locations.

56. The data processing system of claim 51, wherein the location information comprises a

coverage area of the second wireless access point.

57. The data processing system of claim 56, wherein the location information further
comprises an estimated position of the second wireless access point which is determined from the

coverage area of the second wireless access point.
58. The data processing system of claim 51, further comprising:

means for collecting positioning information specifying distances between each of the

plurality of locations and the second wireless access point of the second wireless network;

wherein the location information comprises an estimated position of the second wireless

access point, which is determined from the positioning information and the data collected.

59. A data processing system to determine information about a wireless network, the data

processing system comprising:

means for collecting data specifying a plurality of locations of one or more mobile

stations at which wireless signals transmitted from a first wireless access point of a first wireless



plurality of |ocations and the second wrel ess access point of the second

w reless network; wherein the location information conprises an esti nated
position of the second wirel ess access ppint, which is determ ned fgmomNtn?
positioning informati on and the data collected. 59. A data processing system
to determ ne informati on about a wireless network, the data processing

syst em conpnrdtsomgic reears dirig derthiaatidnrg thd plutalispadodayibmgthampbily ddtichy  of

| ocati ons of one ar e ile. stations.at ich wireless signals

tranom 1 ed P o Sep i (R R BirgRis RS oop i Mirebatinaf iy dgs Sy
JAN 2007 nabbierskiiafsand acleisyeskeoidrwirdessl edcess phinadfiagecodfl wirbRssletwoalt whigh af

| ocati ons, %I&e thbel I%egl itﬁ%ons receiving signals fromthe first wrel ess
access poi nfIEH HIsBe L WIRFELEMRES 8Ynal s between the nobile stations and
at | east a second wirel ess access point of a second wi rel ess network which

is different fromdkhg dichShinghIRLEHDIARINA WreledNRc BN K 2 AREGETIE NO a
| ocation of the first wirel ess access point froma coverage area defined by

t he pl ural i #§fingd by e akuragifysof Iggtionphe dat a processing system of clai m 59,
further conprising: neans for determning statistics of any nobile station
bei ng in an areain;whi i L I irst
W rel ess acg(gss y&%&m&éé%s%ﬂg Sﬂe@é?@%&&?f‘ ﬁ]ﬁg&%g% t"sltj%%?glge Sgﬁqn%}e%gﬁng%. 61. The
dat a pr ocesshtmgessy stiemplofe stitian beifdin ankes @i whithreirdles sighadntrambmtittae frbinrtist first

W rel ess acce pai.nt i eterm . from. i ght ed average of the
plurality O?V"?loséél °|%<S)5 s?.““gﬁ’. T %Wﬁgﬁg{mﬁrpgéﬂé%sﬁ%g@%tg ‘em of claim 61, wherein

a weight for the weighted average is based on an indicator of received

si gnal | evekl.for Tk Gfairscekdiisssteh beslain Wwhdiein tiensdativi sfEhERSt RigdRS Scce90i Nt
and received by nmobi stati,ogn at a caor re?ﬁ rondi &% one of the plurality of

| [
| ocati ons. BRITE er@g}@g%‘ﬁw&\@eg%htwgwg‘%q@ﬁq gy PhPedo S herein the first

W rel ess access point operates in accordance with a standard for a wreless

| ocal area pet WOk, abfhrockingd§titm BF ALESE RHersi% 8 LRPhPor e PR aviMlgliei N the
second wireless network conprises a wreless cellular tel ephone network.
65. A nobi | based et anondieasart Fespivest signaldeyed fos signadvinapsmiticd firwrhosiast wisiess ecesscei ve

W reless si g@gﬁr fid bde om'ytérﬁ@biﬂ‘ersfamx?atfaicsé%sgon\aiu%%hséﬁh@ﬁﬁﬁﬁ@ PRcHonf a first

W rel ess ne and toreceive a first entification information fromthe
first wireless access point; and
63. The data processing system of claim 59, wherein the first wireless access point operates

in accordance with a standard for a wireless local area network.

64. The data processing system of claim 63, wherein the second wireless network comprises a

wireless cellular telephone network.
65, A mobile station comprising:

a wireless communication section to receive wireless signals transmitted from a first
wireless access point of a first wireless network and to receive a first identification information

from the first wireless access point; and

a processor coupled to the wireless communication section, the processor determining
first position information that relates to a first position of the mobile station in a signal coverage
area of the first wireless access point, and the wireless communication section communicating
first data indicating a correlation between the first identification information and the first position
information from the mobile station to a server which is remote to the first wireless access point,
said communicating being through a second wireless access point of a second wireless network

which is different from the first wireless network.



a processor coupled to the wirel ess communi cation section, the processor
determning first position information that relates to a first position of
the nobile station in a signal coverageysarea of the first wreless A CRA 7
poi nt, and the w rel ess comunication section comunicating first data
indicating a correlation between the first identification information and

the first pesitiom métik s &fmih 6OMWiehen HORIst foshloalifGthation RdSQEVLLisuMbCch s
renote to the first_wreless access paint, said c ni cating being through

> 1. o .
a second wi PEVeESshefuaesitiheiihe Bebily selianmd apprEeeshefuphipraless firs RS
different fg@mthe first wirel ess network. 45 3 0 JAN 2007 66. The nobile
station of claim65, wherein the first position information indicates a
di stance between the first position of the nobile station and a position of
the first wirel eyBergsgedystdatadirthengpinprihsdiedingt posidors infosmatipmt a f ur t her
conprises the first position information. 67. The nobile station of claim
66, vhereingthe £)J 8ROl SdRkBIIRIGOR, SOFRLIRE T ARacbldhtatlon of a
signal level for signhal's at ‘are transmtted fromthe Frrst W reless access
poi nt and mdeaioneda aigndl heselffor Sgnapolsit brie omanspytiddfenmbb fitse witlagsiaoeess @Bt ailde
nobile station of ¢laimé66 rein.the.first position information conprises
at least on&" ﬁ%.atgl)e%ést Osgisgﬁ\rlgg eﬁ?&é S0 st ance bet ween the first pog)ti on
of the nobile station and the position of the first wi reless access point;
or b) a meagylr eNeRd mlilcBiatibd1Sr HHdh &Y, Wikretd GO &bst pdsRIE MESa@6n EdnpMsdshi€lehdtr St
W rel ess access point to the nobile station at the first position; or c) a
measur ement °%f%Ta round tri p tine delay for signal transm ssion between the
first wreless access point and the nobile station at the first position;

or d) a neasur eg@%&fgwanaﬁ%f@&ag .g%e&\@e,ﬁh%;s@%dsiﬁbﬁoméhtgi)@mﬂgn ABhem (SPS)

satellite; or a neasurenent of a di stance between t Irst position of
t he nobil e pesitioh@hthamiest wirelpsssictasoprimfort he second wirel ess access point. 69.
The nobile station of claim®65, wherein the wireless comunication section
includes a firs ortion whi.ch ¢ nicates wi.th the first wreless access
poi nt and a seco&r’o‘P 'B%e\s‘t‘rfngﬁm\f\’/h?ﬁﬁ‘e géglﬁg’unlr‘%ﬁlrﬁmggrtaléssm IWC}HF{%{W@W gg&:‘gﬁe Wreless
access poi npointd0 the Thvbilembidnest the dikdt positeh; @ ai m 65, wherein the first data is
comuni cated to the server

¢) a measurement of a round trip time delay for signal transmission between the first

wireless access point and the mobile station at the first position; or
d) a measurement of a pseudorange to a Satellite Positioning System (SPS) satellite; or

e) a measurement of a distance between the first position of the maobile station and a

position of the second wireless access point.

69. The mobile station of claim 65, wherein the wireless communication section includes a
first portion which communicates with the first wireless access point and a second portion which

communicates with the second wireless access point.

70. The mobile station of claim 65, wherein the first data is communicated to the server
through a second wireless access point during a position determination operation for determining

the first position.

71. The mobile station of claim 70, wherein the first wircless access point comprises an

access point of a local area network; and

the second wireless access point comprises at a cellular base station.



through a second wirel ess access point during a position determ nation
operation for determning the first position. 71. The nobile stati

claim 70, wherein the first wirel ess acggss point conprises an accggsﬁ‘bozlmt
of a local area network; and the second w rel ess access point conprises at
cellul ar base station. 46 3 0 JAN 2007 72. The nobile station of claim 65,
wher ei n t he7ii r elesisolglrntion ofa:ﬂeiimrﬁs,sdmtdixorhe melei;s\oemnsetmmctiodmbiivésiacati on

i nfornmati on_ of W|ree int of th t Wi r.el ess
R T s s R L SN A SO R TR R it N
a correlation between the second identification infornmati on and the first

posi tion from t hehsreliteeoflaiihicOibntsectiol ComSeivRs sechbid dathBrdRdig sofibladidnon  of
claim 72, erein the first _and second dat re communi cated from the

mobi | ¢ st at PARCaAhS HEnddiepuficting Biramatenaat g 5yt Pe R HIh e BRbik Latigp fuhe 74,
The nobil e s&akion of claim®65, wherein the fi rst wireless access point

conprises an access point of a |ocal area network. 75. The nobile station
of claim74, wherein the first position information is communicated to the
first wirel ébs abkewebissiation eficlam 7acuterair ha fipeendsesond dofd atctsemmuvpisatedifrome| ess

access poi ”Fhe%o@ﬂ@éaﬂo‘ﬂ% rhegerér%%merc%mgr il Eﬁh%ﬁé‘i?a%é QRiAS an indication of a

| ocation of the first wreless access poi nt. . The nobile station of claim
74, wherein the first wirel ess access point foIIovvs one of: a) an | EEE
802.11 standard f me&ireelae'srsol%udmms’é wheyeimthb lfitse vorolbds asteanadrtdompnnels @) a UVB

(Utra- wrdebaeb E)afnaq 9'1 wt rrlge nobil e station of claim74, wherein the
first identffreatiion 4 nforrats on conprises a Media Access Control (NMAC)
address. 78. The nobile station of claim®65, wherein the first wrel ess

access poi nyssuppRy¢ inSbile\Wert by ol ML 1he irst f&itioh MEforitibh B cSindhihiddteddb
cl ai m 65, further conprising: a Satellite Posifioni ng System (SPS) signal

recei ver cothsif %%!ithl@'ﬁ‘fsr?eceﬁr6%*&%6#00616"%&@6%%% PS signals fromat |east one
SPS satellite to determne the first position infornmation.

the first wireless access point stores the received position information as an indication of

a location of the first wireless access point.

70. The mobile station of claim 74, wherein the first wireless access point follows one of:
a) an IEEE 802.11 standard for wireless access;
b) a bluetooth standard; and
¢) a UWB (Ultra-wideband) standard.

77. The mobile station of claim 74, wherein the first identification information comprises a

Media Access Control (MAC) address.

78. The mobile station of claim 65, wherein the first wireless access point supports two-way
communication.
79. The mobile station of claim 65, further comprising:

a Satellite Positioning System (SPS) signal receiver coupled to the processor to receive

SPS signals from at least one SPS satellite to determine the first position information.

80. The mobile station of ¢laim 79, wherein the first position information comprises a

measurement of pseudorange to an SPS (Satellite Positioning System) satellite.



80. The nobile station of claim79, wherein the first position information
conprises a neasurenent of pseudorange to an SPS (Satellite Positioning
System) satellite. it 47 3 0 JAN 2007 @1. The nobile station of cl3l A7
wherein the first wirel ess access point is an access point of a |local area
network. 82. The nobile station of claim8l, wherein the first data is
communi cat e, f r orfetnitdileBbiidnf cRinfbs, Meled thdfrsSeFNRE adcbds Quiihisan 6Rkdspbint

t el ephone bas atlon 3. The nobile station of claim72, wherein the
first wirel §$“ﬁ PESE™HBEnt conprises an access point of a |ocal area
network. 84. The nobile station of claim 72, wherein the first range

i nf or mat i 0ngoCONMDrHe$5bild Ratidn i BRE BPthglfcmafheSﬁlgtrlﬁj[a it @d(ﬁhuﬁcl&'fedqfogﬂ?xé fobiltat are

transmitted fromthe third wrel ess access point and received by the nobile
st ation. station to the server 1hr0ugh a cellular telephone base station.

83. The mobile station of claim 72, wherein the first wireless access point comprises an

access point of a local area network.

84. The mobile station of claim 72, wherein the first range information comprises an
indication of a signal level for signals that are transmitted from the third wireless access point and

received by the mobile station.



