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systens, and nore particularly to hybrid positioning
using W rel ess comunication signals and Satellite
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pRiHomAg Sysiemy -ar instance of tine, the
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t el ephone 111. This timng data may then be used to
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These times are transmitted to a Position Determination Entity (PDE) (e.g., a location

server), 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 a
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 determining the position of the mobile device.

[0003] 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 mobile 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 timing information so obtained by the mobile
device is transmitted to the location server via a communication link. Typically, the

times of receptions are communicated to a location server 115 through one of the



times of receptions are conmmunicated to a |ocation
server 115 through one of thecellular base stations
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[0005] Yet a third method of doing position location involves the use in the mobile

—

device of a receiver for the United States Global Positioning Satellite (GPS) system or
other Satellite Positioning System (SPS), such as the Russian GLONASS system and
the proposed European Galileo System, or a combination of satellites and pseudolites.
Pseudolites 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
remote receiver. Pseudolites are useful in situations where SPS signals from an orbiting

satellite might be unavailable, such as tunnels, mines, buildings or other enclosed areas.



Each transmtter may be assigned a uni que PN code so

as to permt identification by a renote receiver.
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froman orbiting satellite m ght be unavail abl e, such

as tunnels, mnes, buildings or other enclosed

areas. The term"satellite", as used herein, is

i ntended to include pseudolite or equival ents of
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5,874,914 al so describes a nethod to lock to a
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tel ephone systemto provide a reference signal at the
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NocaB74hlbilsadessvibes/emethodde denkrtp repregision pamief fraqeency signal of
Dole er for reducing SPS signal processing tinme; and )
ycslulgrtelsphonqsyssBpOBHe dastareise sigmaket e acqeiyer for SPS signal
conpare different records of a satellite aat a nessage .
pesisiiemy S detenk Mt 6,891,290 desarifeét Bieforeloauts 4R dpproximate
ich one of .the records is recei ved. at receiver i .
P S68 st en e IREoRT APSKaHet: RRPPRE R Siong SPS signal
ractical. | ow ¢co i gpl e tatd ot h.the nohil.e
BloPFeing tpsoich T B RRL R 420, Mot PRl compare
&tferdnt’ I‘e%gfd@to?q daflifte 'R ﬁ@ﬁ?ge%%i@éd"ﬁtedifferent entities 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 enclosure
and, may in fact share common electronic circuitry.

[0006] 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 similar, but alternative, method the round trip delay is found for signals

that are sent from the mobile device to the base station and then returned. Each of these



and, may in fact share conmon electronic circuitry.
[0006] In yet another variation of the above nethods,
wo b@snasesl trip delay (RTD) is found for signaPGr/ubmn4/010307
are sent fromthe base statiog to the nobile device
and then are returned. In a simlar, but alternative,
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has a cell site transmitter in communication with the mobile device.

SUMMARY OF THE DESCRIPTION

[0009] Methods and apparatuses for microcell beacon assisted position
determination are described here. Some of the embodiments of the present invention are
summarized in this section.

[0010] In one embodiment of the present invention, microcell beacons that are

based on low cost, mass market electronics for wireless local area data communication
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enbodi nents of the present ingention are summari zed in

this section. [0010] In one enbodi nent of the present

i nvention, mcrocell beacons that are based on | ow

cost, mass nmarket electronics for wireless |ocal area
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(e.g., an rdentification mber~ of an area
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in a position determnation system includes:
dentification htbértof aprar&RS (Satel lite Positioning Systen)
signal receiver coupled to the control circuit to
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received at the nobile station; a local area
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circuit to extract identification data fromlocal area
deyetcter iconpled dm Ahescanttoh sirpuit ¢l genesate HPSopesiticaingainformation
communi cation signal transmtter, which is in close
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mohi | e statjon
recetver coupfrfl d £ 'the' control circuit to extract identification data from local area

communication signals transmitted from a local area communication signal transmitter,
which is in close proximity (e.g., within 10 to 200 meters) to the mobile station, in
accordance with a standard for wireless local area data communication (e.g., IEEE
802.11 or WiFi, IEEE 802.15 or Bluetooth); and, a cellular communication signal
transceiver coupled to the control circuit to communicate with a remote server; where
the mobile station has no capability of transmitting local area communication signals to
the local area communication signal transmitter. In one example of an embodiment, the
broadcast range of the local area communication signal transmitter is less than 20
meters. In one example of an embodiment, the mobile station uses the cellular

communication signal transceiver to communicate with the remote server to determine a
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signal transceiver coupled togthe control circuit to

communi cate with a renote server; where the nobile

station has no capability of transmtting |local area

comuni cation signals to the | ocal area communi cation
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GRITME qatb@muBicneh Sport todpRAdEX¥AMAPkR PherAdyy, through which the
enbodi nent, the beacon station further includes: a
tentiBiciteat daa pordd ¢euhbetheitoty dahe beeemifipurddhfueighan external
which the identification data stored in the nenory can
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[0013] In one aspect of the present invention, a method to operate a position
determination system includes: placing one or more beacon stations within a site, which
are configured to broadcast radio signals containing data identifying the site that has a
known location; and, adjusting transmission strength of the one or more beacon stations
to adjust a coverage area of the radio signals transmitted from the one or more beacon
stations (e.g., transmitted according to IEEE 802.11 or WiFi, IEEE 802.15 or
Bluetooth). In one example of an embodiment, the one or more beacon stations are
programmed to broadcast the data identifying the site. In one example of an

embodiment, a database is maintained to associate the data identifying the site with
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beacon stations within a sitey which are configured to

broadcast radi o signals containing data identifying

the site that has a known | ocation; and, adjusting

transm ssion strength of the one or nore beacon
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pENTHBIb LAk infubilei shtidh SF&edxagple) tiecidentifivation datalineludes at least one
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embodiment, the SPS positioning information and the identification data are transmitted
from the mobile station to a position determination entity through a cellular
communication link to determine the position of the mobile station. In one example of
an embodiment, cellular positioning information is further determined from cellular
communication signals of the cellular communication link, which is transmitted to the
position determination entity to determine the position of the mobile station. In one
example of an embodiment, the local area communication signal transmitter is located
within a site; and, the mobile station automatically receives web page information

related to the site through the cellular communication link. In one example of an
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street address of a site withign which the |ocal area
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pashilinates agsocieted withothe édempiprationf dafa énsentivednthrougie a cellular
| ocal area communj cation Si %,nal transmtter is |ocated
oemmuAicatien link; andy the RBS mgsitioping: nferanatiqn tagdeati least| gpe position
recei ves web page informatijon rel at to the sjte

Wﬂr@@@'ﬁ Ao et et erB PR e OgFHER of @0111{% Sation. In one example

BTy eI LU L L0 Bl i

ndi cati.ng apn al.{. e of a location in close
E%Sﬂlﬁr?rtlfl Sf‘)ﬂ}aﬁébpm%ge??% station); and, the SPS
AL . : . o TP
RAB3SH { oilh U iRt O BRecBhint o€ Rictdelin it B a server to

$4rad b 3Bmold mBBEe SHATRiE aQfosidn IR FHiRBh  sydbm| §RIdeRNRceiving
position coordinate associated with the i gent Ification

firhafiédioh @l %ot Her Ruidie dndbak|sttidh BAMEHN 6&tul8Ncommunication
l'ink; and the SPS positioning informati on and at | east

fifile, the flehiifithtion Qath tedeedraeted anhenethoteoomdbil€statiniefibiclocal area
position of the nobile station hi one exanple of an
esrbmdhivetidn sighwds baoswidad tfronaa decab freh lveninoordatian sggnal transmitter
comruni cation signal transmtter is I ess than 100
metepslangO@it)a standind fersyielessofocalharep date mommunieationdp.g., IEEE
a nmethod implenented on_a server to serve a renote

8obil er ik IBRE; §02al porsBluctnotine tred detaaningg apesitien of the remote
i ncl.udes; receiving identjfi aati on data from

J he )
meke stationi yeng the idsmtifipstiongfata. Bk ong| xpme RRcebsliment, a
link, the jdentjfjcatian dat eing extracted.at.th
Fodtiaterosiog s oakeEhp ARats 1aabie aratins i gaisiton data I
§5'1 %gaugqltp ;cﬁg%mpﬁlég&ilmfeﬁg MefulaP $3kitBHE3 SRTHALE X Qher received

—

from the remote mobile station through the cellular communication link; where the
cellular positioning information is generated at the remote mobile station from cellular
communication signals received at the remote mobile station, and the position of the
remote mobile station is determined using at least the cellular positioning information
and the coordinate position. In one example of an embodiment, SPS (Satellite
Positioning System) positioning information is further received from the remote mobile
station through the cellular communication link; where the SPS positioning information
is generated at the remote mobile station from SPS signals received at the remote

mobile station, and the position of the remote mobile station is determined using at least



in accordance with a standard for wreless |ocal area
data communi cation (e.g., |EEE 802.11 or WFi, |EEE
wW@0s5186503 Bl uet oot h); and determ ning a posi t PCINUSF004/010307
the renpote nobile station usipg the identification
data. In one exanple of an enbodi ment, a coordi nate
position is | ooked up froma database according to the
identification data hi one exanple of an enbodi nent,
8! $eK PbsiAGih |iRfdrgtib hAd TR 88 dirditd Eééiﬁ'&[. ne&RI Yefinple of an
fromthe renote nobile station through the cellul ar
eabdtinichntad ar Withis wiltar e trBfokehbbil@ktaies iit 16WAtdddis determined
information is generated at the renote nobile station
fisingnat éddstibae of:otheLidemtifidadon Siagnand theepesiti@t ofitthd hegnote mobile
renote nobile station, and the position of the renote
steiibdn; endtdatd oateds tal Gteesite seuitarsativgllpttrahemitedttbehe remote mobile
cellul ar positioning information and the coordinate
gafson thoough the oelénlaxeomheniodticanlinkivogspomse fo SHAgermination that the
(Satellite Positioning System positioning information
- Mgbg ek et dadig. R eeihen exale pEameBbedimsnagisEnis determined
ni cation |ink; where the SPS

h h th Il ul
ﬁ%éf a é??tﬁh SI_M‘? aFo afri@%?ﬁg;]é% &t g fheapositipn e il Epmote mobile
B8 andla nied, R Stets i rnicBiy (sogstn it 18 b ERIS mobile
' ' t ' d i.ng. at.. tt he SPS .
S B S LT EARE P ESHRRT ) derpippion o o
{rﬁbﬂ@ﬁaﬁms%fiﬁe?n enbodi ment, a site within which

e renote nobile station is |ocated is determ ned

[0R160 alTHeeRtenPNBv@itiont iB@lu}iQse idiffdds adrid0 Qpﬁg%ttﬁsgé NShith &erform

position of the renote nobile station; an

theseabRthotls) ihblRdibist ®itd proveisaibystemhd Whichagteforht @6sd Rethods, and
the renote nobile station through the cellular
comnpuier readdblnmediakwhich visepodxseuttd ol dies prodes’iigl §tehli3adause the
the nobile station enters the site. In another exanple
gfstears tephdoinmthesg matheds.e i s det ermi ned using at | east
one of: the identification data and the position of
[00&7F en®dtherndiritimes softthonpresend dwentiore| wtlledbet @ppirent from the
site is automatically transm tted to the renote nobile
accempatying dowiestang i%m thg|dgtailed desgriptien whieh| fpligws.n
response to a determnation that the nobile station
ﬁg g ' : 0016 s 9\£ ent i nvention includes

] ‘ whHeR—Per f orm t hese net hods,

t!?@ #]ggls dlpats%nﬁglggn 156“?1i ig 911113 ﬁ{eﬁ'ﬁz \}VAQ}II (c):}1 eﬁ%;flé’ gm B(t;tel?neiitation in

the figures of the accompanying drawings in which like references indicate similar

o 2}

z-at= -

elements.

[0019] Figure 1 shows an example of a prior art cellular network which determines
the position of a mobile cellular device.

[0020] Figure 2 shows an example of a server which may be used with the present
invention.

[0021] Figure 3 shows a block diagram representation of a mobile station according

to one embodiment of the present invention.



conmput er readabl e nedi a whi ch when executed on data

processi ng systens cause the systens to performthese
woredohoas23 [ 0017] Ot her features of the presentPCT/US2004/010307

invention will be apparent frmnthe acconpanyi ng

draw ngs and fromthe detail ed description which

foll ows. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0018] The

present invention is illustrated by way of exanple and

not limtation in the figures of the acconpanying

draw ngs in which |ike references indicate simlar

02PNt Fighit04 Showh GUnEordcetinBdBor hceoraiig! 8 @fe anbédifknt of the

art cellullar network which determ nes the position of

preb@bidvented.l ul ar device. [0020] Figure 2 shows an

exanpl e of a server which may be used with the present

[0028Nt | dRigufed® SgwsForguaxemplesvenaricaohisicgmikiracplldmacons according

representation of a nobile station according to one

endedinmdimett of He preseeinventivhent i on. [ 0022] Figure 4

shows a mcrocell beacon according to one enbodi nent

H02¢he drigueené illmsiestnsi Rosiiion dstermingtipe sgstemolRs th docation of a

exanpl e scenari o of using njcrocell beacons according

hydseieacedrdBigi thene egpo lﬁiénb%ﬁ%mewrﬁ\%%‘fﬁiﬂ%. [ 0024]

Fd{n)%ggﬁe%llgh% %I'I:L]p%%ﬁegrgarﬁgﬁgé i(lf 81298/2%: @;{F&%ﬁgis%ﬂ%ewigéseggcording to
5%8@2%%&%%%&6%%5??’35%%11”?522{ "on based servi ces
RiB8L;" Arghit. 8foRS A3 RERba T, (A £ RBRloh MeERhipRon system

- ' Wa¥yn e enbodi nent of
%%%@%e%%ﬁ%?% RO BTN [0027] The

foll owi ng description and drawings are illustrative of
D ATESTHESCRATION

[0027] 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 necessarily references to the same embodiment; and,
such references mean at least one.

[0028] Recent developments in the technologies for wireless local area data
communication, such as Bluetooth and WiFi (Wireless Fidelity), lead to low cost, mass
market electronics for short range wireless data communication. Such low cost
electronic components can be used for short range wireless data communication in
accordance with wireless communication standards, such as those developed by the
Institute of Electrical and Electronics Engineers, Inc. (IEEE) (e.g., IEEE 802.15 for
Wireless Personal Area Networks (WPAN) and IEEE 802.11 for Wireless Local Area
Networking (WLAN)).



are not to be construed as |limting the invention.
Nurmer ous specific details are described to provide a
wa b@soogks under st andi ng of the present inventiP@T/US2004/010307
However, in certain instancesy well known or
conventional details are not described in order to
avoi d obscuring the description of the present
i nvention. References to one or an enbodi nment in the

@Egﬂent Fok & BltRe BlfetSMh tBEASSPPiovYdek SORE ‘P&g téoﬁ@exity, low

same enbodi ment; and, such references nean
pRAEtan@new do0zd]o Raeent niwileldepides) tvehiti ist 1A basis of IEEE 802.15
technol ogies for wireless |ocal area data
stantad)i Blatiooth, raiie paates| inethe ainficansdd WM (Indhstahle $eientific and
Fidelity), lead to | ow cost, mass market el ectronics
Medicslhband rohd€Hri LeWwessved as@of suvinanbanlt is aHow&lieithbuatva license.
cost el ectronic conponents can be used for short range
Rivetobtis progidea acthwrmangats-on 19 wendmotetatoc ) wietdr, extendible to 100
Wi rel ess communi cation standards, such as_ those
meiges).o freduengy-theeping skadioy disk dretweesc deyvieef, designed to replace cable

EL A0 S DS b BT Bt o
et e et bapeAng 486 p and S S2RikSe Akles sisneh wipg Gaussian
BENEE St R ne (ESROMBE Y mals B RRYH aftikd B'hopping to o
A2 kS oy it GldEmicind R08Rng PRI AR ABI: fequoncies, many
Bﬁgtowﬁfj&&/iﬁ%& B0t @Bb sAné %lﬁuenkwm&pfq% Ryitki&ds aata%ﬁ&é@écaﬁon. A

band s allowed without a 'l cense. Bl uetooth provi

BlustootH trirdfter(tBinSmits 3 InkRBEGISHE1IY”, tehidiis'REE o create:a hopping
extendi ble to 100 neters), frequency-hopping radio

pattetn. e tFHES: (Frdqusnc e Hoppal Snetirdmizatien) pecket toliged to transmit the
connections with radio links for nobile devices or

dlookeaffwbe \frame svhichhthe Bhasetvaditih thedahippinggrattern cantblealetermined so that
digital baseband data to and froma 2.4CGHz anal og
twitiyndeviessi dipkedubdsi an BlnggetbneyniBisiibn  Katyi hep (1GESKgr for data
nmodul ation. Interference is avoided by hopping to a
ePEpAed9Bncy after transmitting or receiving a

@acket. By changi ng frequenci es, nmany Bl uetooth

B30]c e s Blugioqth coppaunications pay frepedit siaut £ oMegghitep@ssecond, not

S R SR 5P AN bl SRS SRSt 5
é]egpg%ieé] % have as low cost as cables, single chip CMOS Bluetooth radio may be
obtained for under $10.

[0031]  WiFi is based on the IEEE 802.11b standard and can be used at distances up
to 305 meters (in open areas) between the transmitter and the receiver. WiFi can
transmit data at a speed up to 11 Mbs. Like Bluetooth, WiFi also uses spread spectrum
frequency hopping and operates in the 2.4 GHz range. WiFi was designed to form
computer networks without the need to run cables to individual computers. WiFi is
compatible with existing Ethernet technology. Access points can be directly connected
to existing wired networks. For example, a user can use a wireless router (e.g., for about

$70 to $100) to set up a wireless network access point and one wireless network card for



pattern. A FHS (Frequency Hoppi ng Synchroni zati on)

packet is used to transmt the clock offset, from
wokioshodshe phase within the hopping pattern canChes2004/010307

determ ned so that both devicgs |inked by a Bl uetooth

connection can hop together for data comrunicati on.

[ 0030] Bl uetooth communication may transmt about 1

Megabit per second, not including headers and

bRt Je. gt t Qi Buth St £ e RELekOndIRbAT éard)sion&ﬁmect the computers
Bl'luetodth i's designed to have as | ow cost” as cabl es,

wirBRhkgy ma@h%ﬂﬁbu@imemrd@%&ewmﬁte obt ai ned f or
under $10. [0031] WFi is based on the IEEE 802.1 Ib

f0azdar A aGESc dasdie pusitidnatdettinainations syserh 00805 hylirkl Sposition

(in open areas) between the transmitter and the

detemiingion dfsm canprovatesimghlydatizbletnd psgpésedovgiionanfctmation for

Mos. Like Bluetooth, WFi also uses spread spectrum

faobije statienstin prish geagmephipenrvatossents. thexzemfoaelxamalngm the deepest

W Fi was designed_ to form conputer networks wtho

indeormwirongents,the Jasatien iy viekd ismuchreduendsineds she bquﬂiage of GPS
sting Ethernet technol o

'?i%&éig E’v%é vihes %Mﬁg%géhv%eqw%m%@mwé i ﬁ%ﬁidﬁ@ supplement
%{§€$ r;§t%$%rg<s ,O‘Es?é%m'ﬁ E@@i’%&? %tygrléf l?llﬁ}llm g&gtem resultlng

re ess_ne [ wirele

b Ber ok Mo B BeoRg obullly 085 il TGRS besea
gg;{,%@gk card) to connect the conmputers wirelessly to
each ot her through the wrel ess access point. [0032] A

fdas3pas ad oROSinbb@her e LthFHRALA YAV YiSh, ecHé ﬁ{lc@caybéab&l broadcasts
position determ nation system can provide highly

{dehiifdkien 3ABrREESH 68 Bratiigne IDfATHRAEN{RF, Bbdt Qddress, an
stations in nost geographic environnents. However, for

Risanilof a domnidreiatigepeshich bgoby ued\to lavkdnos a pbblﬁon coordinate of
| ocation fix yield is much reduced due to the bl ockage

the tERASmittqynThes iddatifinatidnemfomratibe dsoaiehdt Ldt ghe microcell beacon and
comruni cation systens are utilized to suppl enent the
@PSved st themehily. statirgi mgy A LTrther tFEOFDjitddnremthe madile station to a
position system resulting |location fixes may still

TRBIOtR BETeT §1g8@ rasisgrdetemanpdion édantify) usiieihe cellulgcepnimynication

bhased servi
link of the moblle statlon to determine the position of the mobile station. The cellular

communication link may be in accordance with Telecommunications Industry
Association (TIA)/ Electronic Industries Alliance (EIA) Standards, such as IS-95, IS-
856 or IS-2000. For example, the cellular communication system may be 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. Alternatively, the microcell beacon transmits its location coordinates so that
the mobile station can choose an optimal location for a particular environment by

combining the location information it receives from various transmitters (e.g., microcell



[0033] In one enbodi nent of the present invention, the
m crocel | beacon broadcasts identification information

W@ e00g/1965ehe unique I D of the transmtter, a stPEBUS2004/010307
address, an identity of a commercial site), which can
be used to | ook up for a position coordinate of the
transmtter. The identification information broadcast
at the mcrocell beacon and received at the nobile

BlaRbAL PRt DGt S UEARSr dondRSEAdRObdsE %fﬁ_tfo?%h TPickSnple, altitude

station to a renbte server (e.g., a posit

RESrBTafbA BrbstastdeNtthd YhicttsReN heabsh €8h el ded for altitude aiding in
conmmuni cation link of the nobile station to determ ne

ddeniinisk thopositfontdfehambbilestati@t.i on. The cel | ul ar

communi cation |ink may be in accordance with

[DOB4)c o minat atti mresenhbuditaentyof/Abs prdseartiioventidh,A)de or more microcell
El ectronic Industries Alliance (EIA) Standards, such

beachis- 986, usbGwidss vade psadocudion Fysteny angdl as a thiybrid GPS system, to
cel lular communi cation system may be based on TDVA

Provide Dregissi lematian tfixeh einadighdy )blodsl cayismaientsy gchsrg there are
for Mobil e _ communications), CDVA (Code Division

samupersial and/op saftety b@seémp{l 1985 iRy gawlepimicrgcgl) beacons can be

s A ol W S e i pptstion o

A RBBAT AR ER I SR L Bl A5 6 B b s vt

RS By B dlogS Bl AR DLl qr ity gocurty dovies

{Ce%,aéécﬁﬁ%ﬁ%ﬁ&hﬁﬁ{ & 280 Whalk thb ?ré@ﬁbxﬁ Gnf AL 1QBHERix yield are
opti1 ma ar

hoose a [ ocation for particu

RIAUEIIUHIRD theBloRBR PGPS SifiRld. Aas, tlobR{d o¥af d6bild dtation from
recei ves fromvarious transmtters (e.g.,

Whith g ehlebgacpbdl (LD 193 ieplhdddasn be@uickiydidentified in the these areas
communi cat1 on base stations). For exanple, altitude
whérerthebiookader @A signals mhe otheewne prdvehiea damh and prdedse location
used for altitude aiding in determ ning the position

wient fiationbaded ostoaty tha wifl©@®4 Jochhomsystemast one

enbodi ment of the present invention, one or nore

8085 celln onepdhodimend afsthd papseht invighiden, anistoce dea¢ans use short
system such_as a hybrid GPS system_ to_ provide

mneeidaa transmiticsh that sape based ongmiass Mlagkek slscamiry &fneptlsarea data

SR HEER i S0C151 5 BRAR @, WilicBEse HeotAh i sl fhareas where
%ﬁ%‘gig? gtgcaﬁélgsg{%f gg]?e%}e?gﬂ%ls:ta?l@gte;rls Lvaaﬁ%ﬁlet 8asréavoen gorfn%se%cizangr safety
reasons. The mobile stations are equipped with the capabilities to receive the microcell
beacon signals (e.g., using Bluetooth chips or WiFi based electronics).

[0036] In one embodiment, the mobile station supports only the receiving capability
of Bluetooth or WiFi to further reduce the cost impact on the mobile station.
Alternatively, the mobile station may have very limited transmission capability for
wireless local area data communication so that effectively the mobile station can only
receive data from the microcell beacon but not transmit data to the microcell beacon

through the Bluetooth (or WiFi) radio. The limited transmission capability may be used

for data communication with devices other than the microcell beacons. Similarly, the



ener gency responses (e.g., an area of a high crine

rate or accident rate). For exanple, mcrocell beacons
woreyshessehst al | ed within |ightening fixtures oPCWUB1004/010307
security devices (e.g., securj4y canera) in an area

where the precision and the location fix yield are
reduced due to the bl ockage of GPS signals. Thus, the

| ocation of a nobile station fromwhich an energency

ffrbediEb&icon 5 )ezl%ﬁox@loﬁﬁﬁﬁle%sﬁﬁss%'ﬂ &%%Ui&'gg@f‘Wiﬁ 86 Bluetooth,

in the these wher e the bl ockage signal s
bEhootheaewdivifig BARBARY, t8 rédst tidsPr eci se | ocation
identification based on only the wide area | ocation
P3TEM Hi@d56 illistae © postibnesterinatibie spit@aefdl the location of a
i nvention, mcrocell beacons use short range data
hangdsgriccomding tchate ambodiamat of tharpeesentenkattioal &c Figure « mobile
for local area data communi cation, such as Bl uetooth
gatioy 607 hahbsewapabalityrnd recadving SIRY biguals firoay GRS satedlites (e.g., 641-
recise locations of the nobile station are valuable
A reehifestetion 6Q5 isdafacpesitiatnwbers. GB signelicre be received to
&t at i,on%ggre equi pped w th gehe capabilities to receive .
fiermine FSedositvamedniosmghen &-g-epypudorgagsido pr tisotellites or time
C

SRS %isﬁa?ﬁ%ﬁh? 'af%il%?%ﬁﬁfs Eb%@l?? S@ﬁ%ﬁ% formation s sed
i a . e

ek BRI hie oo HRSRLD % dtation

OST ca R ERL b, bR 200 B e TRLAIENE of Sobmpnicating with

RE AR AR er 62 MIMAE GREHA% SnthBfbatflid lﬁﬁéﬂe‘f\%éh ﬂlgﬁéf&mdn%m and

station can only receive data fromthe mcroc

cfbﬁl&!‘a@ n%Mte bk dtitans a0l UBER he hbBildTsakies ehhy _Q%glﬁﬁ the GPS
roug

t he Bl uetooth (or WFi) radio. The limte

poséiming Bifermatian 4Bk, ithie/psodylotaggdssiodn fvidw @FSsatellites, or copies of
comuni cation with devices other than the m crocell

GBAcigml sGinplesptd Yocatidre serven 621.1 The devationrsyrvet fifear domputes the
only the transm ssion capability of WFi or

Bisttenoeftthe mabile station ukieg ré teastvthe gufoapeion thatyis tragsmitted from the
reduce the cost. [0037] Figure 6 illustrates a_

1pekile isteHow de dhemleratipn seIIgE %@ﬁug}o thet erdlulas cepmmniedtioa link. The
handset according to one enbodi nent of_ the present

ToRRIOR: $eBYET NAY ﬁsugl%ﬁr disg othggpnfamation. figh @@ﬁpﬁa@e% data extracted

ESREEIS, SnsL ESSRUATY GBS ShA0E SbiaCT e o oion, i
dinpulting ROFSHAbASH ST SaIN3! S can be received to

[0039] In an environment where the reception of GPS signals is poor (e.g., in the
urban canyon environment, such as within construction 603), using the received GPS
signals along may not yield a location solution of sufficient precision. The cellular
communication signals can be further used to derive cellular positioning information
(e.g., time of reception of cellular communication signals or round trip delay), which
can be with the GPS positioning information in a hybrid position determination system.
The additional cellular positioning information may improve the accuracy and/or the
yield of the position solution of the mobile station.

[0040] According to one embodiment of the present invention, one or more



determ ne GPS positioning information (e.qg.,

pseudoranges to in view satellites or tine of arrival
Wo@R00SR®523 gnal s at the nobile station), the GPRT/US2004/010307

positioning information is usgd to determ ne the

position of the nobile station. [0038] Further, nobile

station 607 has the capability of comrunicating with

| ocati on server 621 using a cellular comunication

i FcMEbYREA NS $e 3t eﬁe'a&?h 603) aRdscd&ilvb kaﬁseﬁh@nﬁrther provide

base station 601. the nobile statio

bositsiing idfben4ER8 o8 St ac@mﬂafegpmﬁaf dekiAiatiéh 6f thd Abile station.

pseudoranges to in view GPS satellites, or copies of

TRS tsdagnal statiorples) 1dw t@taniaen ﬁlefheerelﬁcﬂﬁomc'ﬁh dor wireless data

| ocation server then conputes the position of the

cohinbecstiau (eq Blsdtogth ar WiEastdiesh¢o broladeastiniformatioat Thesmicrocell

transmtted fromthe nobile station to the | ocation

bescor ptatipn bagyh shorbrange (e frogbaniem inesters ém ldss tan IAaneters) such

| ocation server may further use other information,

St fedgosetieret he gaveragsea of admicreelldreoe) gtnmrs can reduce the

received at. a GPS receiver_ coll gcated with, th
WHSBAE ph e POFIls B Hiergobo B ae tIf‘HH‘ebfm’fCﬁ‘é’eHdlﬁaP@ 605 may

oA SRR oL TSRO BRSPS T BN ot e
6

GRS SR U SR  2rFR) eHRRa cacon

tgt‘li:cﬁf fa?lnbl%%éétsf e a‘i’tfltuﬁé“coi‘ 'acf'lcf%gtof Ry ﬁl%i(ﬁljrl%afthﬁ -ght'ﬁe m1&rocell beacon

conmuni cat1 on SI gna can use

A8dVe isSAlled! ®he ﬁ@@rb&élpaua% 13 PR 'b%d&arst is 1octaﬁ&ﬁc&>frdmates
receptlon of ceI ul ar communi cati on signals or round

Which cf baYeighté kdavil @gﬁﬁst\@PSWpésJﬂ@orﬁf’gsuﬂ&ﬁiattlbﬁ eAted from weak
i nformati on | n a hybrid position determ nation system

&hs skadist i onal cel | ul ar positioning information may
i nprove the accuracy and/or the yield of the position
BOHLL i ofFopkxdrhplenmbddte@nsniag itlenlochtidiiof thaanahiki stgiohpthe position
one enbodi ment of the present invention, one or
oifo thenindenocell |bebeas oif kstosm, oran. be . weightod alwmamily Cepinat eveak GPS
selectively used to further provide p05|t|on|n3lle
Pasitiming indermasionaln adeast sguerqppiceduwn tel eletarmine cmsﬁfon of the
the_nobile station, The beacon, station use | ow co
Wﬁé%e ﬁaﬁ%t Fugihgr, celiwpe osiiigning indpraaajiog{eg., the range o the cellular
F

0615 e Etl iq%f%&qﬁgqqslﬁjléﬁ%gg ; %ég\/\{lq hlegs%(rjelnges t o} gmeasurement of
the time of arrival of the cellular communication signals at the mobile station) can be
used with the location of the microcell beacon in determining the position solution of
the mobile station in sufficient precision for location based services.
[0042] In one embodiment of the present invention, the positioning information
derived from the GPS signals, cellular communication signals and the microcell beacon
signals is transmitted to location server 621 for the calculation of the position of the
mobile station. Alternatively, the mobile station may perform the position calculation
using the positioning information derived from the GPS signals, cellular communication
signals and the microcell beacon signals. The location server may provide additional

information to the mobile station through the cellular communication link between the



beacon station has a short range (e.g., froma few
nmeters to less than 100 neters) such that the

whp@dhedege of the coverage area of a m crocel | POEESING/010307

station can reduce the uncertginty of the position of
the nobile station. Further, mcrocell beacon 605 nmay
broadcast an altitude of a | ocation where the

m crocell beacon is |located so that the altitude

b e F‘lﬁﬁbrpﬁhc{:@i@ c@ﬂulh!rsllﬂ%nta PhseAdthtidnU #6r &tathpdg thdRlcation server may

exanple, the mcroce beacon station can broadcast

1038 ul16datiefl @oSrdirtutds! fRth a@ataBadetbabél Grftheli@difichfon information the
m crocel |l beacon station is installed. The m crocell

hrdllestatiayrekeived fombhe atdaasdl]l bdasod.ocat i on coor di nat es,

whi ch can be wei ghted heavily agai nst GPS positioning

[00B} matlh one dmbbdiatknt, themobiddkst@RB is iagguaiesl. to b6 @tthk pbsition that is
exanple, in determning the |location of the nobile
indicaiedrby theempuedelli pacarf statien miben dhfeﬂPSb%a@@:h are| fot available (or
known, can be wei ghted heavily agai nst weak

podng poianal sireresh %ﬁlpiwoﬁ ﬂnrﬁshézlfr salge)- §9n awnplleowéam itgistdgtermine
deternmi ne the_position _of the nohile statio

G@F thg| a5euraes pf # afﬁlﬂ@n sofrnmgidegraded iqy thrpshold lgﬁée(etgo due to the
N U= e MRl R —
45548 1P 0 AT R o
aln E{ 91? ﬁtﬁcoﬁ%ﬁﬁl{aﬂ a{r@rqui‘ifg& 'ﬁl@ bé}gerts r&? tl&oédv'éf g@ a:reas of the
sSSP SEF OnCoF

atiron 1I'n surficlient prec

;:?51'0% ACabien Bagsd S8l WeCOSiohlA04&Lhidifly 90ehe mgﬁmng signal
k. on

e present invention, e p05|t|on|ng I nf or ma

ciedriceth tERAhink anCEEinSitd Bﬂ'tl% p6tidnt bR FhE OB sdioh OPurther, the
signals and the m crocell beacon signals is

hii@oedll bdagen iyl ANsabioadcasethe @fanbiiksibArstrehigth dedet Wb diat @rrange to
of the position of the nobile station. Alternatively,
theemivatsellebesicar ican heagstipaiddofromt fhe tpmsiissom strength level and the
cal cul ation using the positioning information derived
faceived bigniliR8esgthheniel at thehlobilastaiommuni cat i on signal s
and the mcrocell beacon signals. The |ocation server
(@044 br ovindme e adimenl of the drepert ventipn; anieinsielldeacon station is
statl on through the cellular communicatjon i

Sk dh at § rreea%cpﬁaw BRSiEAY splbopg of Jh%\mmgn%ta% are highly
sta | on,. For the |l.ocation seryer

0ROt GEr e SPPRBHof raBesE s leo o YR S10t, a coffee

Isltljoepr,]to}’ faI e%grltr(r)lgntl s%r%f nnlaatyI vgar}lt to galn access to users of mobile stations. If a

mobile station can determine whether or not it is within the site, location based service
information can be provided to the mobile station depending whether or not the mobile
station is within the site through the cellular communication link of the mobile station.
For example, when the mobile station enters the site, the base station may transmit
information (e.g., coupon, special of the day, or a web page) about the site to the mobile
station (e.g., according to the preferences of the user of the mobile station). When the
commercial site is partially or entirely in an area where the blockage of GPS signals is
severe, microcell beacon station can be placed within the site to argument the position

determination system. From the position of the mobile station and/or the identification



nobil e station received fromthe mcrocell beacon.

[0043] In one enbodi nent, the nobile station is
w@s®aned2i o be at the position that is indicatedl/bg2004€10307

m crocel | beacon station whenthe GPS signals are not

avai |l abl e (or having a signal strength bel ow a

threshol d value). For exanple, when it is determ ne

that the accuracy of a position solution is degraded

itn@orﬁlahbﬁ SeRRaLd hER! beﬁ@ongstatlcglu fodaflot B&vEY @lk@&ﬁdéi’émﬁ?esrehably

signals), the center of the coverage area of

Wh&h&fc&l xhothﬁamlléts@_ttioﬁﬂs wSithit e dite. mgemlsg bh @He position of the
solution for the nobile station. When beacon signals

iobille BRtien,tdbatend BEveri62s Gektlivebe peoridestlatition speeific content to the
received, the centers of the coverage areas of the
nmobilostetion eamaticllydiasethen tdendedityeif diet Stb, shddr maynge bb interest
the correspondi ng signal strength to determne an

wsthe maereofothetrhebifsosiatidno Confent kervem 62y & eamaettod with a database of
Further, the mcrocell beacon may al so broadcast the i
lorativsriipseifis wonlepkoryt Whicdhmpy 8o updaied By therppsrater efifhe commercial

oce beacon can be es |rrat fromthe .
qlteéa@h%égpwrg Ol 2 g8 Irrt@ve 1R GOBHWHSF &d 1sT@w&n may not be

stren l.evel at t nmobi Ie on. 0044
I RS Rt kemaintai & Sepadptp WArcless content

GRS oAt i i uF T it ol Flsfreffe Hif Yfifgrstood that a
&??ﬂa{eawn?ent %Qf%&g @%%rﬁ 'cah tAii‘so ch@? ?I?et ﬁﬁﬁgéellabe%ggﬁ@tﬁﬂdrgl as wireless

ore, a co

Q:%Qﬁr HARRL toSHAIRE léaiioﬂ\@ﬂéedt PSR ioAC FE5 %x %1%5 $ien Ghe mobile

nobil'e stations. If a nobile station can rm ne

WYednR Fwiftin AR sitel tHeSbadk bfation trigsnSitst ﬁfoﬂr@ﬁ@ﬁ 't@ﬂlet}ﬁ&ﬁli station to
service information can be provided to the nobil
miRhicOthatdieedititang ifoahdtdh specifiottotthe sii®l heikbRrt ﬂhﬂﬁhgh Swireless
within the site through the cellular comuni cation

locallared ddtdh eommininicatied. atheaner oy thexdrmpe & thetopiion o€ further use the
nmobil e station enters the site, the base station may
wiralessriotali axéapdata tcommupicatjon liok (pgn Blegeathalr WiFi) tveobtain further
day, or a web page) about the site to the nobile
wfgmatign.(e. g., according to the preferences of the

user of the npbile station). Wen the comercial site

["94% t iMicrapel beagan stadfops can Be Piaced e Ede H@amlb&f%@éatlon or
Menthcasion TP TRRIR Wb SHqeLarEh Do G YRR NS Bp S AN 7 hybrid

system) to increase the speed to obtain a position solution. For example, the position

coordinates provided by a microcell beacon can be used as an initial solution in
obtaining a GPS based position solution. In areas where blockage of GPS signals is
severe, microcell beacons can be used to improve the solution by providing additional
measurements for the position determination process. Further, microcell beacons can
provide information such as street address, identity of the site in which the microcell
beacons are installed, zone identification information, etc., which can be directly used
for the emergency response purpose (e.g., for fire, medical, or police responses). Such
information received at the mobile station can be quickly relayed to a service station

through the cellular phone link (e.g., when an emergency phone number, such as 911, is



determ nation system Fromthe position of the nobile
station and/or the identificationinformation provided
whyooshesskeacon station, |ocation server 621 caPCT/US2004/010307

determine reliably whether orijgnot the nobile station

is within the site. Depending on the position of the

nobi |l e station, content sever 625 selectively provides

| ocation specific content to the nobile station

aut@atical ly based on the identity of the site, which

may ‘be of interest to the user of the nobile station.

[Gogd]ent Fiire 8'sh6RS ond eRANPRGLE dffusiglnicadel deddons according

| ocation specific content 627, which nmay be updated by

b home aapsbodiment aff thé presemimmaveaitish. B Figuré1So ugibile etation k501 is in an

613 (e.g., Internet) using client conputer 611. Thus,

dnvirompeniovhdre the biaskagey of GPSt Signalpés severe. dfor texemple, there are a

commercial site to maintain a separate wreless

wrhee Af staeesiand shonsy(sigerd ki 1A ﬁzbg&gmaew(mngcial fomplex. When a

bUI | di ng 603). However, it is understood that a
%l hebridarsition) 4%?%%%%%@@&5 uggds dhe pesitiqesolution of the

ocel | beacon stations as w rel ess access poin

m c
IB%WI[G\/%tPtl?’bé%?tyl BY BRPEFIIen TR P ASCUrtsly éﬁ'&ﬁﬁ i?o}'?@rﬁtore the

ion,is wthin.t

roplie B is b b ing F b B eePh of HstRiPeent pavepiigp pyjerocell
ﬂselg n%.asr%a{}ﬂg d tt(F a1{f Ot u}gkf.lsﬂ orflf (af[-:fgﬁ{lfn?por? pﬁ&l fek&rg]g]t%attﬁ]e position

€ 1S W T eless ocal ar ea

iﬁurt dtnéri:?é %Ogﬁl‘rﬂ_&eaﬁ ahpl?)nbll?ﬁ stt & fhtéemi?)%deﬁrbe%ons are

ner e wre ar ea a a communi cat

sk |‘to(§nﬁove Bl %E@ﬁ’ﬁd’jl Qf M %Johtfbﬁ QRN sb UbhR! can be rehably
I nformat’i on. [0045] M crocell beacon stations can be

dkerm@sbdtvwhibl @ﬁtﬁé%tdr@@@t &. 081 1i- Slf’DTSEIﬂISIZQ)Wﬂ'@fmobﬂe station is:in. In one
identification information in a w de area position
eyidénert @fghe pfeB¥at ifvdnfionothe Righal darsytdision) sttemgitnef thaseicrocell
the speed to obtain a position solution. For exanple,
Heheons @ad theatisttibutiati ofdhe sigocall tadotsyara adyiisted detihg the installation
beacon can be used as an initial solution in obtaining
oGRS sdstbat thesicatamsigoils identifying one efshontterce covae lsngptantially
of GPS signals is severe, mcrocell beacons can be
the stera. d huppwasretberreolls siaticgmensgrs ghastpes g %mmmompon signals
neasureqﬁnts for the positian detern1nat| Eﬁgcess

%ﬂ

TESRIYSSeRt themabye statiop ddendifiss dignstpieo fpigexamsy pasqn signals for

S R SR SOPRLY QAP i S s
%ﬂe e'tl{es a | %Pbea%ﬁ) Egﬁal' 18P st8ES (eg., V\'P 8@133 w'illen the mobile station is

in area 535), the mobile station can identify the store from the beacon signal (e.g., the

store ID broadcast by beacon 545). When the mobile station can precisely determine its
position from GPS signals, whether or not the mobile station is in a store can be
determined from a map of the building. Thus, the microcell beacons are used to improve
the location capability of the system in area where the GPS signal blockage severely
degrades the accuracy of position solutions. The coverage areas of the microcell
beacons for different stores may overlap with each other. In one embodiment of the
present invention, the microcell beacons are used to broadcast information specific to

the store in which they are installed. Thus, during the installation of the microcell



for the energency response purpose (e.g., for fire,
nmedi cal, or police responses). Such information

wo e@siieeses at the nobile station can be qui ckl yPCEUS20041010307

to a service station through tde cellul ar phone Iink
(e.g., when an energency phone nunber, such as 911,
i sdialed). [0046] Figure 5 shows one exanple scenario
of using mcrocell beacons according to one enbodi nment
Blachhe 11 18&Ment MHEME sPal thhsiliGHnGHR kSR dlel ¥R
501 is iﬁﬂan éﬁVironng%?'mhere t he b|%%ﬁ§g§k§? GPS acons are
5djgsted So itlfat SBY 6WRradeOss €% aldRlifant tHRGER s’i%x@al;ﬁ suysrERERlIPtovers the
stores and shops (e.g., 511-517, 521-529) in a
storeneitiodus subsseaapibyx inthifizng iatoa@igh®oting fates iy biisd misidentification.
position determ nation systemis used, the position
K4l | orFigire Sidlusivdtes @ ssuadioh ovhenagachatord ée.gr 6t1-S€7) has only one
enough to. accurately determ ne which store the nobile
srcsp¢adinbdagon statigne teeg.df4lgS54D. Brie unddystdodrtinat irogertehad more than one
present invention, mcrocell beacons are placed to aid
piaossilshaacerh sighes ea hatpahto w@eite axdesiselde covriagss depénding on the
i.nformation ( ., altitude aiding infornmation .
HroLd 3&% {1058, Q%ﬁg S}ﬁnel gk@ﬁﬁg%%@&%@war@% siegpak bl)oplﬁs;geo«v@dltmns,
he accuracy of th sition solution sp that jt can )
A RAA T $PaEkeR s HoH LB POl & T e eyiabls to Have the radio
-517 1 t mobi le station is. | i -0N
VB St RER e o e AR b e g1 7 488 stores 521-

S5 BRI A Yot 10180554 b MIRSPNPARNL [, store

tribution of the mcroce eacons are ad

§L8)i th8 rhdilel At éaatﬂ,@meﬁtfaﬁ&ﬁas% btéiﬂg Ryt tihd Bie BEAEPRore. Thus,

signals identifying one of the stores covers

Hifbyeiatioh irélhted té 1R sEdro(€g., TRBEoniVAEEHINESpETIRT dahs A}, ia0Reb page
enters the store, the dom nant beacon signals received

afl the Rdbreyapiokieer sifafrhation ttiethe ub@oftrhebiRstdtdn J6Qmay be interested)
exanpl e, the beacon signals for store 511-517 have

covlsr agenatteh® 1he Indikle stampaets, \thtopgh the telulastvemmunication link
nobil e stations 501 receives a signal beacon signal

¢ithe mobile stati¢m). Jowewerothe cotGaghefmichesetibbadons staytiodbe extended
is in area 535), the nobile station can identify the
Bioapares ghibetstore ket & typiglly maecessiblgdo stcostemieD since there may
broadcast by beacon 545). Wien the npbile station _can

b BR peEmprci pterpshis impsoying the ppsitongletanmmatiog pagedsion in such an
whet her or not the nobile station is in a store can be
#&ernmi ned froma map of the building. Thus, the

mogg]ocelFliglPr%af Mswé raemll’clz%c?cdellt ‘t?eaicgrp ragc}é)?ding to one embodiment of the
present invention. Microcell beacon 410 may use an antenna 401 for increased
broadcast range. Microcell beacon 410 includes transmitter and modulator 411 for
transmission according to wireless local area data communication standards (e.g., WiFi
or Bluetooth). For example, a single chip Bluetooth radio can be used. In one
embodiment of the present invention, mass market electronics for wireless local area
data communication standards are used for the transmitter and modulator to reduce the
cost of the system. In one embodiment of the present invention, a low cost microcell
beacon (e.g., 410) has a transmitter but no receiver capability for local area wireless data

communication. Alternatively, a microcell beacon station can have both the



the location capability of the systemin area where

the GPS signal bl ockage severely degrades the accuracy
w@R00s066523 on sol utions. The coverage areas of PEEUS2004/010307

m crocel | beacons for differexg stores may overl ap

wi th each other. In one enbodi nent of the present

i nvention, the mcrocell beacons are used to broadcast

i nformati on specific to the store in which they are

rAShALAH cafdlify 94 I8 feB&vinBStaabBid, ORy Qlfoc&lrgrea wireless data

m crocel | beacons, the placenent and the signa

ESRMERcEEdO8 it BB GHhiBroetll bR oflIstlion @hh bB BRFPMAMBE Yirelessly. For

adj usted so that the coverage of the dom nant beacon

stagidé, s Saabsi statibmilay bedully $qhipped WitheBlwetob®Usr WiFi capability so

substantially intruding into neighboring stores to

thatig Bluetobthent (WiFc @hatded bp804 Ajrogiagimer Gni bd usddr it esnfigure the

situati on where each store (e.g., 511-517) has only

wieetifagion defarmgtier @nd sipacifiothe siggal, trawsmiSsiar) strength.sFurther, the

understood that in general nore than _one mcrocell

wiciecshl bopeqn Hatiananapecceiye datedrom amabilg stéion thrpngh a wireless local
the size of the store,

cover age, dependi ng on ) GPS
rydaf %%R&ﬁ@loéoﬁ@? {5-5n ikt gpiBlucogfhhio wlae tbggdata to a remote
conditions, desirability. of coverage, and others. For
WY PL t?" {e-gr W@E%@V%le e to have the radio
ag ed.in hal | wa e.d. a _petwee .
RSSO b By O ot By, 4R T 25 Mekliication
. [ At | 3 IS r

PGSR 4o} 36 g Al L sl EORoBAk, byt LPll, Ofy cxampte
deHibbtar Rachfidal Woldliand! BRadtdse BE %lhﬁld%t ®3r€ altitude  aiding.
Thus, information related to the store (e.g.,
Altembii@d,Cthe QhieRISH beRRRI Bhy faﬁnm? Qtd#d % uqeRieR@EGti8h number,
the store, or other information that the user of
whichlcan dtakédm H0dtabmry (hg., 603 & Fihuie)6) € lookEp location information
transmtted to the nobile station (e.g., through the
deiut theasitec@rguuthe cateétomididssika phortehenmindyidfen Bihatline phone, location
However, the coverage of mcrocell beacons may not be
eoordinafes) altitnde, site whentityj andtdtherst ore where it is
Eg}é ically inaccessible to a custoner, since there may

Mo c et icarulf rflér eostrolsntranspritien aed mhedufpder #1bro broadcast
determ nation precision in such an area. [0048] Figure
identtisation mfermption) 43dadgwHodicaldy-difivgthen SEEHbJEd neay  store

of the.present inventian. Mcroceg]l beacon 410 ma e
Sansipichy st 124 Viioh s QA BGals i AL M Coveragh range of the
t%r%]%r 3 e!o]&/ﬁcgr%%eclfg?a%%g 410 %%??nctl& L Scommtn{u%rica?igﬁl port 413, which can

be used to connect to a beacon programmer (e.g., 430) to program the data in memory

417. Alternatively, a microcell beacon may not use a communication port for a wired

connection to program the transmission strength and identification information. When

equipped with the receiving capability for wireless local area date communication, a .
beacon station can be programmed wirelessly. Alternatively, other communication

methods (e.g., an Infrared port) can be used.

[0051] Figure 7 shows one method to provide location based services according to

one embodiment of the present invention. In operation 701, a mobile receiver receives

SPS (Satellite Position System) signals (e.g., GPS signals). Operation 703 derives SPS



transm ssion according to wireless |ocal area data

communi cation standards (e.g., WFi or Bluetooth). For
we@nhe23 a single chip Bluetooth radi o can bePCEE82004/010307

one enbodi nent of the present2ii nventi on, mass mar ket

el ectronics for wireless |ocal area data comruni cation

standards are used for the transmtter and nodul at or

to reduce the cost of the system In one enbodi nent of

ﬂ(c}eéﬁbo%h%il%g%miﬁﬂ&ﬁ . %.inme ?f h¥Wal 8Fthe TPS S&BId, pR&AGRARNges) from the

;4 as a transmtter but no receiver

SER atdnhls! Yo ©bpératieg 052 HRamobile reesvet atei GRNFEINI A Hoh@hunication
Alternatively, a microcell beacon station can have
igralfs. 0petatinsTi7sddrives eelpdd pasitionapdinfdrenation €., figne of reception
capability for local area w reless data comuni cation
afothe heef lutan ecommumcation Higmeds) nfrermathie crellokn dosmpiicatianmegghals. In
wirelessly. For exanple, a beacon station may be fully
agatioped9ithe nBhilst tsotiverorectiv ey wiretrapilogal yarepo dath somgnunication
Bl uetooth_or WFEi enabl ed beacon programmer can be .
dguals teee.c BAF] gt Bduatopth). @nerationcAtli exractst datsfionothemigeless local
speci fy the signal. transm ssjon strength. Further, the
AR a5e bompicein sienls g%-nﬁ‘%x“‘r%%é%’@“d’é@é@?%ﬁ% oF the Jal area
nobil e stati.on.through.a. wireless.|qcal ea .data. .
Pt TR HoSian ottt OF g iBerp{ef, 108 intggmation, a

he data t I epot. i ' 4. .
TR Ry o2 el ufertT 4t 8 5B L8 1B afons, IRBULE e site, an

AT TR a8 ST LB poson o e mobi

Qi Hdh e §PS Hb&AbniIAL MBS ion He LNAAPbSsitibhife information and
m crocel | beacon can store and broadcast t he al%ltude

thedam! dxtrhéte@ fiditliedocall K rerahpieethe, alfitie M6MmPARN can be.used for
beacon may sinply store a unique identification

dltinide kidingh IThb pogitiod eodtdimates 6f the danhahi®e c4reb@weight2d agsinst other
Figure 6) to | ookup |l ocation information about the
medsarepeengs in tléternsine déb¢ pasitiore sslutian ghotte mobide statibn.aFurther, the
| and |i ne phone, location coordinates, altitude, site

iddaity i(orythe adentidicatgorsiumbeapeDihe Comsmuter oF thaudite canPe used to look
controls transmtter and nodul ator_ 411 to broadcast )

Y pesitien drformafigmfes-milte pesition coredingtfis cofl thy . trangmitfegror altitude
menory 423 may_ store transm ssion strength 423 which .
informatign)tior sl databgse dihg Positipg calgyletian may hsgerigrmed,at the mobile
transmtter. Mcracell beacon .41 ;Hrther i ncludes . .\
%@miaig‘gg‘gw% 100 i%x’ve ) glﬁtlgléﬂl etermines one or more site entities

from at least one of: a) the SPS positioning information; b) the cellular positioning
information; and, c) the data extracted from the wireless local area data communication
signals. Note that a mobile station at one location may be associated with more than one
site entity, each of which may be of interest to a user of the mobile station, such as one
or more sites that the mobile station is currently in, one or more sites that the mobile
station is moving into, and one or more sites that the mobile station is moving out of.
Different site entities may overlap with each other. Operation 717 receives site based
services based on the one or more location based entities.

[0052] Figure 8 shows one method to enhance a position determination system

according to one embodiment of the present invention. One or more beacon stations are



be used to connect to a beacon programmer (e.g., 430)
to programthe data in nenory 417. Alternatively, a

WOoR@s0eEkd beacon may not use a communi cati on POT/US3004/010307

a W red connection to programghe transm ssion

strength and identification information. \Wen equi pped
wWth the receiving capability for wreless | ocal area
dat e conmuni cati on, a beacon station can be programed

)(’Haf:éad RitBinYa sﬂ%' ih ?g%ﬁbﬂ 8bY. IIlQ)&)EI%hOﬁ %Ugl’tﬁb %ﬁ& })P%o?@f)&@gﬁ' stations

e.g., an Infra port) can be used Igure 7
Bt {308rdadedst Qs edér@ﬁ‘ﬁhgomebalwcteger YdefiiBcation of a

accor ing to one enbodi nent of the present invention.
transafigteradf the lotdll area daldolneniirdcaionasgnate eievidentBPSf the site, a land
(Satellite Position System) signals (e.g., GPS
bigpabs) nufber afithe sit03 anl ddentdwaGiSmosiber, onidig others). The data
information (e.g., time of arrival of the SPS signals,
islentifyoneathg eify can berreckivedbs aingbid¢ statiom tooisenraré the pradsion of the
the nobile receiver_receives cellular comrunication
BORN %)lutwafalnq wabilostaties iy ereralien 305 thejesismissionsirength of the
i nformati ti me of recegtlon of the cellular

E%ﬁ%moé%\t?’P%ﬁ‘?nsﬁgﬁ%%lﬁﬂe pregrimmed do|adipsh 2 %ﬁ%ﬁﬁuaé%t olothe radio
Pt paemyrERatd %ﬁﬂ%ﬁr"%p@ap“e%g«f”rﬁs it P area of the radio
SRy i ol B0 BB P S 8 f R o e i
GAMUYPLE %Rfa?ﬁgﬁg aqng diford 807 Aihidentd ﬁ@é@&se ap a%fs?&ate the data

transmitter area conmuni catl on Si

ReatfARN HenGR Wahi MnBbrcl&nfdrRREM bF Ghe sﬁﬁt iy eWhen a mobile

information, a street address of a site,

§htidB i@dnitiied fo baBledihd@rRRIING) the ke, rth@Eorhﬂl%r&élﬁﬁfonﬁﬁhon (e.g.,
i dentification nunber, and/or ot hers) Qperation 71

eleéteonic BeSpod, ROHED ipage of atiheatisadnteisr Qﬂ&h‘d@crall&ft@:iﬁsﬁﬁt%d to the
SPS positioning information, the cellular positioning

miobie wtipo rfomduplaie Opatatior 80P antiathidsr o iatabasel tocassocidtorthe data
exanple, the altitude information can be .used for
wlenfifyingehesith wigh positopogomation o6 thedsitn 4¢.gs poditiorhmformation of the
transm tter can be wei ghted ai nst ot her measurenents
irensgrattesy alfimde inferpaian, a@tﬁe@ @dq%rpmf afsite, adeothasb) | e

station. Further, the identity (or the identification
H9RBkr ) Higurerdshops adipdls dpgram tepresaitation of 3 mebilessiatiopgecording

the position

LB 5 AR PR P S B « v
PR hE O RS AR o HAE: RO S BL LA 8l in ome
embodiment of the present invention. The combined mobile unit 310 includes circuitry
for performing the functions required for processing GPS signals as well as the
functions required for processing communication signals received ’through a
communication link. Communication link 350 is a cellular communication to base
station 352 having communication antenna 351. Radio signal 360 is from wireless
microcell beacon station 362 with antenna 361. Note that a wireless microcell beacon
station with a short range may not use an external antenna. Although Figure 3
illustrates an embodiment that communication antenna 311 is used for receiving signals

from different types of wireless communication signals (e.g., from microcell beacon



station or at a renote |ocation server. Operation 715
determ nes one or nore site entities fromat |east one
w@Bosadesehe SPS positioning information; b) theCT/US2004/010307

cellul ar positioning informtiyn; and, c) the data
extracted fromthe wireless |ocal area data

comruni cation signals. Note that a nobile station at
one | ocation may be associated with nore than one site

&E}ﬁdﬁ ¥62 R GHrQEss B RrdiBoatd BorRnuhdb@SL 8 FBnPbddse staﬁsn 352 for
the nobile station, such as one or nore sites that the

o8l dr Hhoh@ kérdite), Thé BomBikd Yedelver @iy e S¥PateSiridedistintdtantennas
the nobile station is noving into, and one or nore
Rirtreeivihg@kighdle offaiffdrent Siraihiepfacéss Fomérnthe@oinbided receiver may use
Different site entities may overlap wth each other.

@peratd angindistingt cenpinests fori atdedshs patiskprocassingloéi iedecrived wireless
the one or nore |ocation based entities. [0052] Figure
sgedowrd oy aren#odot shaeh e eorapeesist indhe gracessmgat therivireless
system according to one enbodi nent of the present

sigmalnof ofiffersnt agr ienfacepeHelo sxample; dies cambpied ckegeiver may have

SRS RS e P BpRoioRS AiEs SHRSDRIAFEUE gnd Shate Same data
b d t dat d tif h t
DGR Toain Bt Banhen P RERODY FadiE ot g Decisegiatonprocess

SO SIS AR, WESHHL o o s
BT icaf 0 LBEOUNET Slare TARAR! BirkHRD! ok s Rl various

can be recel by “a nobile station nprove

BERGhSE AR 08 vihRi PRV O rhet tR8vA! wflf‘ﬁe BMREdn€ to one skilled in
station. In operation 805, the transm ssion strength

@k atthe one or nore beacon stations are programmed to

adj ust a coverage area of the radio signals

(0084 i tRogEbleresrivdie3 e arcombitedoGRSORRcEivat aiha. cohftBunication
coverage area of the radio signals nmay be adjusted to
wictivem ahé etrivomittar \Rabivehe319i tentsinst HabPS meeigérbetagefincluding
the site will not be msidentified. Operation 807
amjuisitaionend tavkaigasicuit 33dsend aogmuricaianatrinbeeiver weetpn 305.
the site with commercial information of the site. o
Apgsition end wacking ¢iecud3gd iipeoupded tadmS mt@@atwlb@d communication
entering (or exiting) the site, the cormerm

framsseivet 3Brs ceunjed t%@@@ﬁ%ﬁ@t@n@a@aﬁ 31h GRY S’;&H@‘é (%8> signal 370

FOGFHRSL R Skl TR AT M v
SRR oA BEFUHE DO ST PR Gadbh o ot

FIMRE WRES R YeOdivdd Sutellites. The data produced by circuit 321 (e.g., correlation

indicators) are processed by processor 333 for transmittal by transceiver 305.
Communication transceiver 305 contains a transmit/receive switch 331 which routes
communication signals (typically RF) to and from communication antenna 311 and
transceiver 305. In some systems, a band splitting filter, or “duplexer,” is used instead
of the T/R switch. Received communication signals are input to communication receiver
332 and passed to processor 333 for processing. Communication signals to be
transmitted from processor 333 are propagated to modulator 334 and frequency

converter 335. Power amplifier 336 increases the gain of the signal to an appropriate



transmtter, altitude information, a street address of

a site, and others). [0053] Figure 3 shows a bl ock
waelr@gnedses epr esent ati on of a nobil e stati on aceor/is1eg4/010307
to one enbodi nent of the presgnt invention. The nobile
station includes a portable receiver, which conbines a
comruni cation transceiver with GPS receiver for use in
one enbodi nent of the present invention. The conbi ned

IBMTéﬁra&ths%ﬁQobék@s%r%‘ﬁ%w cuitry for performng the
functions required for processing GPS signals as well

[egs31he fiohd bAPSdiNRAYbF tH fredenP VERSSH, ROoWOBTE Bb&BIned Receiver
signal s received through a comuni cation |ink.
doesmotiavatthecirduitik and Oapabilfty cetrhnsndttingohgnaly foatwitktess docal area
base station 352 having communi cati on antenna 351.
datedcammingination3 e ilsw foosinconibinddemeseinercomniy eédeivtes doodata broadcast
station 362 with antenna 361. Note that a wreless

frdng e wiitelebe adenacelt hedcon sidtion. Alishetively.afgaeeriverimpay have both
use an external antenna. Although Figure 3 illustrates

ther EaASBUSHAIN CITCWAL alébrfhﬁnieé%lﬂnén caﬁzlg iR mlrmlessS lgféaédarea data
for receiving signals fromdifferent t p ess
COBFRIRc IR Efr SEYR St}{eereg:ewelf FiERs léb etoot ena led. In one

ST O ﬁ%eﬁt?{mﬁ“&i@ﬁt 3 CaPORP S Gr 108§ gpugh shorter

UGG IREN b oL WG 2 065 Bl TR AR BB Fbcacon
s%tfofn% gntwﬁf 4 rah &f gb%‘ﬁ? ) nﬁ%é)h“?ﬁe Bh}é&)oﬁf’%aﬂﬁi of t1be combined

recelv separate a di'stTnct conmponé

At réc%ﬁz%? 1@88 ahl Hr WORes §6rﬁﬂct?cfn t6mEL aslivad HMv&e%ﬁss'ﬁme the

signals and may or may not share some conponents I n

thidfocRll Welsohl st hdshe lotigte Bafefooth ed $arpe B trhAmSBdion than the
air interfaces. For exanple, the conbined receiver may
hebie segasratie Bobile rdcsiveptarl bffediveBt gyetl lasahe Wildtooth receiver to
si gnal processing and share sanme data processor

ax@raciu rthe sdatd-dsroadeastp [feym athBl natrootlh beadomn stitign danaide position
used to process Bluetooth signals. Alternatively, the
detasmamiong of Bl uet ooth signals and cellul ar

conmruni cati on si naI S may share common circuitry. From
0856 debr pnptqndw hevic v quélecbﬁmllﬁ anyeiona pempanication frgnsceiver
of . the caonbined receiver wil|l be apparent t.o gne

S§r<q1cm 885 15 capbletp usrso@;me Ipksy tcopaunieation, Hgnal 19 ¢xdragt timing

nbi ned GPS recgi ver and ni_cat.i.on
1n icators (e.g., tlsm{ng games or system (f‘imrgr%r 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.

[0057] 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. 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 (e.g., an emergency response station). More details



receiver and transmtter. Receiver 310 contains a GPS
recei ver stage including acquisition and tracking

W@ 200809452821 and conmuni cati on transcei ver secPCDOSR0EH010307

Acqui sition and tracking circggt 321 is coupled to GPS

antenna 301, and communication transceiver 305 is

coupl ed to conmuni cati on antenna 311. GPS signals

(e.g., signal 370 transmitted fromsatellite 303) are

Aeeheb1d RLEVER EZing N RAunEticANhK (ARWe thihd in U.S. Patent No.

acqui sition and tracki'ng circuit 321 which acquires

5,894, 8M.( Pseudor andom Noi se) codes for the various

received satellites. The data produced by circuit 321

[0058] . dnronel exhbodiméntdefCihie girsgent igveption eths ednidined GPS receiver

processor 333 for transmttal by transceiver 305.

1Bolmden(or ag ¢@ipladrtahs defayproce3€ihg syri¢rni(mg., a personal data assistant, or a

transmt/receive switch 331 which routes conmunication
wirtpbid eoniputer).cBhd gatmRpyoqessing dystem rindudesumbeawhih is coupled to a

antenna 311 and transceiver 305. I n sone systens,

EHePTEASEAT: Ao meroay (e85 RQMpreletile RAN, lmevplatﬂgmm@pry) The

of the T/R swifch. Received comuni ?atl on signals are

Pysdnterqognessyariave aPmaﬂnqné%f@g Fr agilsogiosennagns these components
B ERRRS honticlist fi RRE8uER an B APha3! tfesS st Simblvoutput
Rl 3 .nsvéﬂ %@owhg 355 8 B2 g ogore buses
iy oﬁéa@&%%ﬁ@ﬁ%@%ﬁ@"bﬁﬁg% AR R AR R e e
LRWE Gat ok Nl §RCIMRIGIAARS thot dzt’@v?rotcgs‘%m%' Iy éﬂeﬁlr ¥ncludes

and capability to transmttlng signals tor wrel

doReAlmiddtfm bl Ie.QAURB Adkiverdal Sthal BAYY poash p6@ iy I'E@E 1394 bus
recei ver only receives the data broadcast from

sdnhedtRed. Iaione @abblinied procesit300 tombires I‘tllitainfdtﬁiaﬁon Hbgved from
recei ver may have both the transm ssion circuit and

GRS digmdd 370 geatluiar Wiomrfnaricationesigisds 1360,ahndvareladatlacal area data
communi cation. For exanple, the receiver may be fully
®imetwoationesigrialssib0 to detsrmine tiophisitiomtof dlie mhbilgstatsent

i nvention, the conbined receiver has a nuch shorter

805% ootligred Sorargexraple ofandais procetingesygtem Whish may be used
than 1 neter) than the mc¢rocell beacon station (e.

3% & $ETYET 1R Vg0 erpbpdiments ofghegresent inyentign, Fop gxample, a8 described

i ey gt o L Flofo% RO GRS sy AR s o suh as

]E')oppler or other satellite assistance data to the GPS receiver in a mobile station. In

addition, or alternatively, the server may perform the final position calculation rather
than the mobile station (after receiving pseudoranges or other data from which
pseudoranges can be determined from the mobile station) and then may forward this
position determination result to the base station or to some other system. The data
processing system as a server (e.g., a location server, an almanac server) typically
includes communication devices 212, such as modems or network interface. The
location server may be coupled to a number of different networks through
communication devices 212 (e.g., modems or other network interfaces). Such networks

include the cellular switching center or multiple cellular switching centers 225, the land



m crocel |l beacon station has a |onger Bluetooth radio

range for transm ssion than the nobile receiver, the
woresheseecei ver can effectively used as the BPQBEUSIDN010307
receiver to extract the data 4y oadcast fromthe

m crocel |l beacon station to aid position

determ nation. [0056] In one enbodi nent of the present

i nvention, comunication transceiver section 305 is
GRBRBhéhe Gstffsiiches 93 Weftlilaf BATEIRIIAL (A5 shbWA3 Fidhre 2), other
extract timng indicators (e.g., timng frames or

SYS r&elvieksTE)7, 6f ofher sratésbédbelochord fevdrs 23€i | | at or (not

shown in Figure 3) of the nobile station. Mire details
0060t t Multiplel detlukt dhdequpations awxypiasily agaridediidgover a geographical
indicators or calibrating the |local oscillator can be
droamdthi mdid. @veRareemd thesBdffetdd basedststi@dSar® 4duplpd @b ] least one
In one enbodi ment of the combi ned GPS/ conmuni cati on
wybileswidhingewmitareas 8 vEll wva ipdherdfeg., bse Bigyué §). (Tbos, multiple
and tracking circuit 321 is transmtted to a server )
 bsestationsnivaibd ieogrorrapkicay distriped byt seyrded sepptherthy a mobile

server then g}gterm nes the | pocation of receiver 3

10
ofFiHe TASMANTAT 20 HB2Y BRrSPRNectsd dp\AeRetWOHe Of Feference GPS
whi ch d d . eph [ t .
R e e S Selgf;&de GPS
[ . .th be. t ]t .
S i 954 Q1 B S B BERRER L Ehetwon
éCP%Pﬂa:dthl%ﬂ%ﬁ ﬁ?erlﬂg&ﬁ% of Gﬁlglo&ﬁﬁnﬁﬁi@éﬂo‘ﬁlq}lterﬁpé fo the processor 203. The
e ut porta 'zZiI'ng a

al |l sab |'e recelrvers uti

ST a8 4 a1 Aol S RN Spones. Ao

hdwWEIK 220N may BE cemiERtddad cofipute SRItMAS opdialed B9 eniREencs operators,
coupled to) a data processing system(e.g., a persona

shah aasaths | ibdiot Safety AngadringbP singowhicheregpondn® 9B &elephone calls.
processi ng systemincludes a bus which is coupled to a

YVagowspexangdseo of anethadsmorousing @. peatidkObbrven hate beerRAMcribed in
non-vol atil e nenory). The bus interconnects vari ous
wonpone bt Paeus,hacludimg: &1.8.oPitente Se®H 6L $,874¢944d, 5,812,087 and
conponents to a display controller and display device
@ﬁg&ﬁ@-peri pheral devices such as input/output (I/0
devices, which are well known in the art. The bus may
[00611,de The semer 29k avigelyiss form of a data processing system, includes a bus

202 which is coupled to a microprocessor 203 and a ROM 207 and volatile RAM 205
and a non-volatile memory 206. The processor 203 is coupled to cache memory 204 as
shown in the example of Figure 2. The bus 202 interconnects these various components
together. While Figure 2 shows that the non-volatile memory is a local device coupled
directly to the rest of the components in the data processing system, it will be
appreciated that the present invention may utilize a non-volatile memory which is
remote from the system, such as a network storage device which is coupled to the data
processing system through a network interface such as a modem or Ethernet interface.
The bus 202 may include one or more buses connected to each other through various
bridges, controllers and/or adapters as is well known in the art. In many situations the

location server may perform its operations automatically without human assistance. In



connected to each other through various bridges,

controllers and/ or adapters as are well known in the
w@raos/106520ne enbodi ment, the data processi ng SBGI/E§2004/010307

i ncl udes conmuni cation ports X7.g., a USB (Universal

Serial Bus) port, a port for |EEE-1394 bus

connection). In one enbodi nent, processor 305 conbi nes

the information derived from GPS signals 370, cellular

SREETBESAY PHErS | 18RS ideBetiNGs WelhedS Sthé 09O c@fifMler 209 may

data conmuni cation signals 360 to determ ne the

RGhinhiOdte fithl AeplaRbkdy®oaiiatand dithdr §CP&dviddsgur e 2 shows

an exanple of a data processing system which may be

[0962] as Notsthayehile Figiar i2dilssteadzodirioan tampdnehtseofardseprocessing

i nvention. For exanple, as described in U S. Patent

dystent, iB4ik, BA6 intervied str vepreseR0 2y npaytiprlay iachhitestsies banoamer of

data such as Doppler or other satellite assistance )

intereonnectingsharpgnpensatsas sugtndefailsoine net garmeneie. the present invention.

addition, or alternatively, the server erformthe

It il algsoBe epRrRciaier dhataatwerk: cmatiers [ad oflss dpgprogessing systems
SRR L ah B L BRSO el Tt it e
nobi #e stat | or&? andtt her11 nﬁg f or war dtﬁ%s posi tion
RFSYH VARG aaY Gt 2% 8 'QAECL YT 38 or to sone
t T '

RRSY 4| Sl Fifbotidhd” AE AR, A UET R, B0y gnay ve
BRRHETon COTPUE SRR WABY e imaneofilf NP IBAE Ripfons, such
30 cAM RS cHRhe, dinkisaER ts;?ﬁ&é’é?@fé Ihh{tRYO R ases, some or all of the

conmuni cati on devices 212 (e.g., nodens or ot her

Regwaelf Fidifte2a065) be Shiabd Re kv Siuhdivhsde the
cellular switching center or nultiple cellular
pob4)chi mgwilebe sppareti? front thés dssorditiomatiatpdspenes st @mesent invention
swi tches 223, cellular base stations (not shown in

Haygbe emBydiedytah drastGRPant cinadiiense. TR, 1s,dhe terhiwgues may be carried out
processors or |location servers 221. [0060] Muiltiple

ivet lcompnteh sysiert o othes datacprogesisingl $ystear mangwEnsc tac iy eprocessor
a geographical area with radi o coverage, and these i
eReppidngesnquensse of irgiugtiensgoatanadpnagemerys sucheas ROJE 207, volatile
nobi [ e sw t chi ﬁg cent er known i n th&Yart

' [ i
ReM;205. om-valgjtiy sremory %H@?c%fﬁ?&}e BY & THBYE skyrags Giyace. [n various
S5 ST A SR i8R i
frrl%ctt)f%ng 9on1nrr?p%nelgntttﬁe %reggr}t%\;elﬁtigﬂ fh%fs,e {h%qgc%mca?%s are not limited to

any specific combination of hardware circuitry and sofiware nor to any particular source

for the instructions executed by the data processing system. In addition, throughout this
description, various functions and operations are described as being performed by or
caused by software code to simplify description. However, those skilled in the art will
recognize what is meant by such expressions is that the functions result from execution
of the code by a processor, such as the processor 203.

[0065] A machine readable medium can be used to store software and data which
when executed by a data processing system causes the system to perform various

methods of the present invention. This executable software and data may be stored in



receivers which provide differential GPS information
and may al so provide GPS epheneris data for use in
w@ 2006023 ng t he position of nobile systens. TPET/US2004/010307
network i s coupled through thk»g nodem or ot her
communi cation interface to the processor 203. The
network 220 nay be connected to other conputers or
net wor k conmponents. Al so network 220 may be connected

i rinSMht Of EROV 207" 96RGK a - i
ia%g&??s?étieﬁénpugmggﬁ) éa?%tE@IAnsweri gg Poi nt SR\%I%\?IC%M’SHOH volatile

H8868MELE Srddricdcht 8PN aH eh&wk kS Fighae i20 Portfons BBlES sefiware and/or
nmet hods for using a | ocation server have been

diesmay bestordd inuAR bae6f Hese stdtagedddcesi ncl udi ng: U. S.

Patents 5, 841, 396, 5,874,914, 5,812,087 and 6, 215, 442.
[006@1] Thes,s®maehin2(Gtadablei medium aclwlemanf medatiam that provides
processing system includes a bus 202 which is coupled

{-e., ataresc amfieo reswaits) 20 rmattbnainRONDI2O 2ceassibleoba i machiMe.g., 2
205 and a non-volatile nenory 206. The processor 203 )
qosnpiésap pelavoflp dewiepeoregnst ﬁl&éh aggistaifoWenpfacupag deelmane device
of Figure 2. The bus 202 interconnects these variqus

\Y@%oﬁ%ﬂf Sn? Sbé’coﬁ%P’??cWP?Se el gE?ree : evis apkne _tr‘ﬁ’éable medium

PO SRR S L o T o5 Rb s e LA random

T L L

Iégrgglép dé\i}i g%té@g)’syss LRl a8 er@ﬁgﬁﬁl aotp[i]l‘éalv‘chus%itcﬁ’lr 88%ther forms of
evi ce I'ch 1s e data t

coupled to t pf ocessing system

%@g&;gra% s?%dafst Q. Katrlth /ol 8C S ieiEdsiBsa18 HRHE SeRAls, etc.); etc.

net Tnterface. The bus 202 nay I nclude one or

ggmsg bU@ﬁﬁloﬁ?ﬂ@l@&hﬁ%dd@ SACIHpatAY of MOpPERentaiv@i#on have been
ridges, controllers and/or adapters-as is well known

da3crittd vaith reférbndeato GRS datdlifes)iswilhiee dppeediated tiaethe@esdidyions are
performits operations automatically w thout human

amaily bpplivablelto positoniag isgstemsvindich Wiilive pseutdoditeg atriacroniténation of
required, the I/O controller 209 nmay conmuni cate with
sitdlenys] pkaylbbiws.ddseudaidesoarh groundehaded iraesmmittpig0@tEEh broadcast a
Note that while Figure 2 illustrates various o
rmode dsimdlapfto a GBY signebc bpidaly modilaiag ontan b-hagd carrier signal,
intended to represent _any particular architecture _or
generedly syrchropizewihdeRS Hipet Rechcismsanitisrimal ke aspigned a unique PN

details are not .gernmne t% the present. in ent({ ?.n. )
code so as to permit identification by a remote receiver. Pseudolites are useful in

situations where GPS signals from an orbiting satellite 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 term GPS signals,
as used herein, is intended to include GPS-like signals from pseudolites or equivalents
of pseudolites.

[0068] In the preceding discussion the invention has been described with reference
to application upon the United States Global Positioning Satellite (GPS) system. It
should be evident, however, that these methods are equally applicable to similar
Satellite Positioning Systems (SPS), and in particular, the Russian GLONASS system

and the proposed European Galileo System. The GLONASS system primarily differs



It wll also be appreciated that network conmputers and
ot her data processing systens which have fewer

W@ 9p0eEed s or perhaps nore conponents may al SBCTES2084€€10307
with the present invention ampg nmay act as a | ocation
server or a PDE. [0063] In sonme enbodi nents, the
nmet hods of the present invention nay be perforned on
comput er systens which are sinultaneously used for

R6AEPS Wik 9 ehat IHCENRSiIAE FbI @ffeiMt LABILRG arBFRAGITAd from
services, etc. hi these cases, sone or all of the

IR SNFRG BY uhiligineesibhagudigfehat Sﬁﬁ{e@dfr&?fen&eés{ efafler than utilizing
functions. [0064] It wll be apparent fromthis

diefsent peéuiordnidain asdesctls this tineatioheadstantialiyentli the ciegnitry and
be enbodi ed, at least in part, in software. That is,
dlperithmes liesaibed prewodsty emrappbchbdestThiertemn CGRBUtoe F*SBY'S tigadh herein
or other data processing systemin response to its
ipcludesswioh albsreatine satellite positicwing systéms inaleding the Russian GLONASS
contained in nenory, such as ROM 207, volatile RAM

petem, gaththediugendas %@3’5@% cache 204 or a renote

st orage devi ce hi various,_enbodi nents, hardw red X
OPsYui 't e r?ﬁ?"%éx@éﬁﬂs Ak LI ERFeh P U PRSI SRETReOS the details

i nstruc iggs to . | enen resent invent,io

I Bt s Pl O i 20 R eF Bl oo BE found in
R MU L A PR T e R LA RS
%E@Q ?2”'4 %, 04191183 812@9,@??%}'@?,2&&4@? diif bPRhich 0 Ll’lgf’é@gtila?ogporated

IS déséription, vario uncti déns and operation

ﬂﬁéﬁyhgggn§§ bei ng perforned by or caused by software
code’to sinplify description. However, those skilled

joo761ne 3 tthwd foke%?ﬁﬁg)% bdifcatloa!l the ifRMflbn OiasSBEéh described with
expressions is that the functions result from
Rfeeitkitopedifit kecapley bymbadipfcanebeesf. Huwill BS etident that various
processor 203. [0065] A nachi ne readabl e nmedi um can be
meéidicatiors tnaayebesmbf evieeet@mathdeit depatting Hronh ére teeadantspidit byd scope
a data processing system causes the systemto perform

ofithé tavsntivet dscdifooth in e follewingtcliimse Thé eprcifitation and drawings are,
execut abl e software and data may be stored invarious
gecansingly.rie bemeeatieflan ar dhspievereseapther then arpstactgense.

205, non-volatile nenory 206 and/ or cache 204 as shown

in Figure 2. Portions of this software and/or data nay

be stored in any one of these storage devices.



[0066] Thus, a machi ne readabl e nmedi um i ncl udes any
nmechani smthat provides (i.e., stores and/or

WO e@samises) information in a form accessi bl e bRCHUS2004/010307
machi ne (e.g., a conputer, nejgmrk device, persona
di gital assistant, manufacturing tool, any device wth
a set of one or nore processors, etc.). For exanple, a
machi ne readabl e medi um i ncl udes
recor dabl e/ non-recordable nedia (e.g., read only

menory (ROM; random accesgpmmsy (RAM; magnetic
di sk storage nedi a; optical storage nedia; flash

WP \Claevd 6es; etc.), as well as electrical, optical,
acoustical or other fornms of propagated signals (e.qg.,
carrier waves, infrared signals, digital signals,
etc.); etc. [0067] Although the nethods and apparat us
bf t hA molikastationnv e pbsition Heteemibatton gystear, itieadobild dtation
reference to GPS satellites, it will be appreciated

t hat edmepressssri ptions are equally applicable to
positioning systens which utilize pseudolites or a
conbi HEIPACEEUEat el | i t es and pseudol ites. Pseudolites
are ground-based transpmtfers which broadcast .a PN
code %5%? @vel 1§ P&s@p@ngi%yﬁf& signglieeci ercomplad fauthe goptiol

an L-band cartc,j,er sign eneral l.y. synchr oni w t
ops (o’ RS et 3ps PR Re ol i i SES skl
code so as rmt idengification by a renote
receiver. ?%%ﬁdgﬂﬁb%%mg}%&ﬁgg%ul in situations where

GPS s F%gl: az?zt échgﬁhﬁﬂcﬁ{ow s?%{&gre%ar\r@} édutp%lalﬂ) gﬁ%}g&glr circuit to

unaval as tun m nes,

ot her encl gsge: AEAFToatid) ath HoM IR &l £Ed ddnfinuniBstidhSEhals
herein, is intended to 1 nclude pseudolites or

equi val ent garahifesefsiala &3 aredREminliMidaB6bAsiohS tfdndMated which is
as used herein, is intended to include GPS-1ike

si gnal s f rirol¢:s puskimity s thermetile staioanthe ledapsen dohiinaRation
[0068] In the precedi ng discussion the invention has

been descr sipeads béinhinr et endemeevitloa afapddrd ddr voinelegsdocal liea data
United States G obal Positioning Satellite (GPS)

system | tcapmowhidaties; anvd dent, however, that these

met hods are equally applicable to simlar Satellite

Posi t# esilulay copatuaastiprorignal teangodiver gawnlpd i the contrad circuit to
Russi an GLONASS system and the proposed European

Gal il eo SyXmaRnigHe WahANEDSteESFEYEm pri mari | y

di ffersfrom GPS stemjn that .t.he 1 SSi gns fram
G 11 oPBHeindhe mopY Seidh b g Rartie ied g lood rea

communication signals.

2. The mobile station as in claim 1, wherein a broadcast range of the local area

communication signal transmitter is less than 20 meters.

3. The mobile station as in claim 1, wherein the standard for wireless local area
data communication comprises one of:
IEEE 802.11; and
IEEE 802.15.



one another by utilizing slightly different carrier

frequencies, rather than utilizing different
w@e@adassandom codes. In this situation substaneCHIUB3004/010307

all the circuitry and al goritdinms descri bed previously

are applicable. The term"GPS" or "SPS' used herein

i ncl udes such alternative satellite positioning

systens, including the Russian GLONASS system and the

European Galileo System [0069] The above exanples are

illustrated wi thout presenting sonme of the details

KnownThdmbbige @hfion &Sin RREMISHheréin 1h8 nidbeleaBM6R uses the cellular

di scussi on, these details can be found in

publ i eoaiironisati@ikighah fratdc&iverRatoeninsurficadd #itB 8He remote server to

5, 841, 396, 5,874,914, 5,945,944, 5,999, 124, 6, 061, 018,

6, 208d@&thinaa tbcti®i &f thd tobit ktatibn Woincdt leastorearfeby

i ncorporated here by reference. [0070] In the

f or egibe S§Sqeeitiohinganioonatianhend nvent i on has been

descri bed wth reference to specific exenplary

enmbodthaedrnsificafionedsta. (t will be evident that various

nodi ficati ons may be made thereto wi thout departing

fromthe broader spirit and scope of the invention as

%, ol ! S, s o e e
B

in a 1B8§flé Lo fdeterm nation system the nobile station
conprising: a control circuit; an SPS (Satellite
Posi tioning Systen) signal receiver coupled to the
control circuit to generate SPS positioning
6.nf or ABeh N StdtRMiPRPoSItioN dbiSrmhiRaRY §dteat, thdieeab®bithifon
station; a |local aréa comrunication signal receiver
coupl esnprisingie control circuit to extract
identification data from |l ocal area conmunication
Si gnamsmbriatostort idsatificaionalatapead ar ea communi cati on
signal transmtter which is

a local area communication signal transmitter coupled with the memory to

transmit local area communication signals modulated with the
identification data in accordance with a standard for wireless local area
data communication;

wherein the beacon station has no capability to receive local area communication

signals.

7. The beacon station as in claim 6, wherein the standard for wireless local area
data communication comprises one of:
IEEE 802.11; and
IEEE 802.15.

8. The beacon station as in claim 6, further comprising:



in close proximty to the nobile station, the | ocal

area conmuni cation signals being in accordance with a
war@sdessds f or wi rel ess | ocal area data communi BEL/USI004/010307

and a cellul ar comuni cati on i gnal transceiver

coupled to the control circuit to conmunicate with a

renote server; wherein the nobile station has no

capability of transmtting |ocal area conmunication

Si gna} SomrduniéRfon PRI écﬁlﬁge‘iiﬁvbiitlpﬂle 3Ferhdty Ctha i dBndific MRl Bitd Stored in

a broadcast range of t ocal area conmuni cati on

si gnal tr ams Wenidey beidglcesBgirisle (10ughehe tomntnichti6n port using an
nobile station as in claim1, wherein the standard for

W rel ess |extethalgregranhaied. conmuni cati on conpri ses one

of : | EEE 802.11; and | EEE 802.15.4. The nobile station

as in claiml1, wherein the nobile station uses the

cel lul ar communi cation signal transceiver to

% ommubheckeaeonwitation dsdn chain tbe whereinethe neenatey dvthen stozes

| ocation of the nobile station fromat |east one of: )

t he Srmspéssion syepgll dates andriha lopal azacPopmaunication signal transmitter
identification data. 5. The npbile station as in_claim

4, WHERISIHS itiedopal e obmRtTEOB SR b 2 pigBalsRgneth Tovel
positioning informati.on and the jdentification data to

det era}‘ﬁf’ﬁrém% th]%ef HETSEIgSion nﬁtg‘tﬁaiae station. 6. A

beacon station in a position determ nation system the
beacon station conprising: nenory to store

e LR &y S0, S AL SR S

| ocal i ah6d; i§ progethmable 8 adheRadodedRe Mea be theth{dl afdd®

communication signals.

11. A method to operate a position determination system, the method comprising:
placing one or more beacon stations within a site, the one or more beacon
stations being configured to broadcast radio signals containing data
identifying the site which has a known location; and
adjusting transmission strength of the one or more beacon stations to adjusta -
coverage area of the radio signals transmitted from the one or more

beacon stations.

12.  The method of claim 11, further comprising:
programming the one or more beacon stations to broadcast the data identifying

the site.

13.  The method of claim 12, further comprising:
maintaining a database to associate the data identifying the site with commercial

information of the site.



identification data in accordance wth a standard for

wirel ess | ocal area data communi cation; wherein the
whe@samsss at i on has no capability to receive | BPCHUSEN€810307

comuni cation signals. 7. The3keacon station as in

claim6, wherein the standard for wireless |ocal area

data conmmuni cati on conprises one of: | EEE 802.11; and

| EEE 802.15. 8. The beacon station as in claim6,

further conprising:a comunication port coupled wth

the nenory, the identification data stored in the

ieor The eiettg dadotaigur alvhereirthe dgta iddigifgiapmeitedbiPfses an

port using an external progranmer. 9. The beacon

st at i eltitede dfthecditei m 6, wherein the menory further

stores transm ssion strength data; and, the |ocal area

comrmuni cation signal transmtter transmts the | ocal

area communication signals at a signal strength |evel

de-cor dhegethodiof laim dAswhesinghe detaddantifyivg the, site Gurthimgomprises a

beacon station as in claim9, wherein the

t r ansfi?¥dinaisPOsiPBNgt h data in the nmemory is

programmabl e to adj ust a coverage area of the | ocal

area conmmuni cation signals. 11. A nethod to operate a

a on A method to operate a
RPaci REE T Tk Rh B SRR e eiias e AT R o8 ha e racio
o1 oadiir: CARRRRERRARL0Re T 10 SO LTHRERi Rojetppring sies.

the site which has a known | ocation; and adjusting
transm ssion strength of the one or nore beacon

s1.at i Anfeth®d AEHISEENtEd on & PVHIRIRBH ERAQEmiiNEa géﬁ{i&l of the mobile
signals transmtted fromthe one or nore beacon
st at | staiton, the method comprising:
determining SPS (Satellite Positioning System) positioning information from
SPS signals received at the mobile station; and
determining identification data from local area communication signals
transmitted from a local area communication signal transmitter, the local
area communication signals being in accordance with a standard for
wireless local area data communication;

wherein both the SPS positioning information and the identification data are

used to determine the position of the mobile station.

18.  The method of claim 17, further comprising:
transmitting the SPS positioning information and the identification data from the
mobile station to a position determination entity through a cellular

communication link to determine the position of the mobile station.

19.  The method of claim 18, further comprising:



12. The nmethod of claim 11, further conprising:

progranm ng the one or nore beacon stations to
whe@ades#ss the data identifying the site. 13. H€EUS2004/010307

met hod of claim 12, further canprising: maintaining a

dat abase to associate the data identifying the site

with commercial information of the site.14. The nethod

of claim1ll, wherein the data identifying the site

CoNpr §&EsniAthgbkilhl itRfniddiafctinalon Fom JeMB1R B RARANREtion

claim 14, whérein the data identifying the site

further cogiphdlsesthe cedachiondheniPafntlimkand 6. The

nmet hod of claim 11, wherein the coverage area is

adj ustratbnsttinghhé cdluéar hasitioning gifalmsativntd dhdpos@iiohaletermination

identifying the site do not misidentify neighboring

sites. 17.editytd dateinmingthepesitionl obtheamohilsi stationt ati on t o

deternmine a position of the nobile station, the method

conprising: determning SPS (Satellite Positioning

Syste positioning information from SPS signal s

2@cei Vhymsgthodipf claypi1Bewhersim; the localwrea edmampigatign signal

identification data fromlocal .area co nj cati on

Si gnatrgnsmﬂé?rslﬁiqca@g vfiflghp 8116; GRchl the, meshad JFEbST ComPRiass:

o1 AP BER A b B FA s D A< opppeation reated t
i rel | pcal g N cation: in both
the sps pobieet's Mg Ak S RaR ARt fhn 1ENT i cat on

data are used to determ ne the position of the nobile
station. 18. The nethod of claim 17, further

SPNPriRé Hﬁmoﬁrﬁﬂﬁhiﬂltzbj WherkEhSRmPRS ifdr viRd1 89 locale area data

information and the identification data fromth

nobi | gorfifnahicRifor dondrizesénd g determ nation entity
through a cellular communication link to determ ne the
posi t IRBE 862.1 hendobi | e stati on.

IEEE 802.15.

22.  The method of claim 18, wherein the identification data comprises at least one

of:

an identification of the local area communication signal transmitter;

an identification of a site within which the local area communication signal
transmitter is located;

an altitude of a location in a site within which the local area communication
signal transmitter is located;

a coordinate position of a location in a site within which the local area
communication signal transmitter is located; and

a street address of a site within which the local area communication signal

transmitter is located.

23.  The method of claim 17, further comprising:



19. The nmethod of claim 18, further
conprising:deteraiining cellular positioning

w0 njosneesed on from cel | ul ar communi cati on si gnaPGT/o820041€10307
cel lul ar comuni cation |ink; gnd transmtting the
cellular positioning information to the position
determnation entity to determ ne the position of the
nobil e station. 20. The nmethod of claim 18, wherein
the | opding PO Sith. Bfordl RRlnd RNAMdrlc8fiod data t
| ocate vl\?@%lqﬁe% s_te;1 and, ‘t’l_ﬁ%_ rretanhod furt gr_lo aato
conpri ses: dsthRARthepakitivn bEARINOUIR stfon! he nobile
station, web page infornation related to the site
t hr oughertinahe€ fiehtifiedtion Garbonpaiseat 1bdshéne pbkitioht@ordinate.
met hod of claim 20, wherein the standard for wreless
| ocal area data communi cati on conprises one of: |EEE
802.11; and | EEE 802.15. 22. The nethod of claim18,
Wher eTire mhthod o€ nknith 28 avhareindbe positoonpedosdinata indiesdestanaligtude of
of: an identification of the |ocal area conmmunication
si gna# locatigisi dleseproxamity de heimotiletstadionof a site within
whi ch the | ocal area communi cation signal transmtter
is located; an altitude of a location in a site within
whi ch_the |ocal. area_c nicatjon signal transmtter
Fa o@%q]@afhoéoéﬁlgfraﬁﬁaﬁgﬂ%o%"mmﬁﬁlgof a location in a
site wit.hin ich the l.ocal grea comrynicati.on. signal.
*r ansifpeiting of Boftdvisdestion Ao diaR SR FRb (R R HRlign date
wi t hi n whi ggg %W :]g kon signal
transm tte@?&sgﬂl%oéggg%g? ﬂn# & e %gaof claim17,
fur t hey GRS S BY pEQHbHi Fiorant RORhd ABbOG dinat
i nf orﬁ‘ﬁ?@gﬁggdsﬁg&ﬁgge}%% ?1?‘%1%% 8n ata tooget)er rlr?nn%oor Hnate
the positi@HephminaneBhiitieh 8t BE Ldbile station.

26.  The mobile station as in claim 17, wherein a broadcast range of the local area

communication signal transmitter is less than 100 meters.

27. A method implemented on a server to serve a remote mobile station in a position
determination system, the method comprising:
receiving identification data from the remote mobile station through a cellular
communication link, the identification data being extracted at the remote
mobile station from local area communication signals transmitted from a
local area communication signal transmitter in accordance with a
standard for wireless local area data communication; and

determining a position of the remote mobile station using the identification data.

28.  The method of claim 27, further comprising:
looking up a coordinate position from a database according to the identification

data.



wherein the identification data conprises at |east one

position coordinate. 24. The nethod of claim 23,
wok@saods2s he position coordinate indicates an BCT/U5200€010307

of a location in close proximgety to the nobile

station. 25. The nethod of claim 17, further

conprising: receiving at | east one position coordinate

associated with the identification data through a

cellul ar comuni cation |ink; and conbi ning the SPS

positioning information and at | east one position

BROTr A 8thb@ oflghes D8 MRarth&eoRPgistdgon of the nobile

station. 26. The nobile station as in claim17,

wher elebeivinp coldansdsiticaingeinfifrmatien fronithe sen@ste mobile station

communi cation signal transmtter is |less than 100

met ers. 27hrodghtheaeiiuianpbmmemicationtinlg thecalimtartposisionng

a renote nobile station in a position determnation

system t hisformetionibeioggenesitad at the cesneti mypbile station from cellular

identification data fromthe renote nobile station

t hr ough a @BEINeaicndHEAIH reealyshat thqemotg aobile station;

identificatjon data ing extracted .at.the renote.

robi wh%rﬁlatth%nosmwﬁbtge i mgbils sation @ﬁereawmﬁdgﬁmgsat least the

transmtted. froma.l acal area. co ni catj.on signpal

{ransm t t cfeURH® BRREPRIEA BUOWAoR 40l fim GORrdinHE POStioh e

| ocal area data conmunication; and determ ning a

position of the renote nobile station using the

jglent iid ﬁ%h@ﬂf&ﬁﬁm%@gﬁ&%ﬂgﬁgﬁl d of claim 27,

rther conprising: I'ng u oor di nate position

from fécéi@itn% kesqsaeant Bb&ifodife sgﬁerhﬂsmﬂi&ﬁﬁgﬁm&aﬁon from the

data. 29. The nethod of clain 28, further conprising:

recei vi ng gflokd nabildastidd @rdusl thd el tbAhuiicatdvh ik, the SPS
renote nobile station through the cellul ar

conmmuni catpa3ftioninpkinfdrivatieebeitif genapaied ai thereigote mobile station
i nformati on being generated at the renote nobile
station frbomSPS sigrais receivedatdint feowtemgbidd stati@cei ved
at the renote nobile station;
wherein the position of the remote mobile station is determined using at least the

SPS positioning information and the coordinate position.

31.  The method of claim 27, further comprising:
determining a site within which the remote mobile station is located using at
least one of:
the identification data; and
the position of the remote mobile station; and
automatically transmitting data related to the site to the remote mobile station
through the cellular communication link in response to a determination

that the mobile station enters the site.

32.  The method of claim 31, wherein the data related to the site comprises

information supplied by an operator of the site.



wherein the position of the renote nobile station is
determ ned using at |east the cellular positioning

w0 njosneeed on and t he coordinate position. 30. HEEUS2004/010307
met hod of claim 28, further cpnprising: receiving SPS
(Satellite Positioning Systen) positioning information
fromthe renote nobile station through the cellul ar
communi cation |ink, the SPS positioning informtion
bei ng generated at the renote nobile station from SPS
signals received at the renote nobile station; wherein
3he pogd nkb®Bd of clahif 27 eRmther doaristgst ation is
determ ned using at |east the SPS positioning
i nf or @énfiningAdite hﬁ'ng apleditoat ef:posi tion. 31. The
met hod of claim 27, further conprising: determning a
site w t hi thewdantification dagayebéd nobil e station is | ocated
using at |east one of: the identification data; and
t he posi ti e pofitioh ef thememetemhilestagiont 4nsn; and
automatically transmtting data related to the site to
the r @ﬁ@n@uq@ﬁm itfapstitting date rakated tprihe pide ©dhe ramgte mobile station
comuni cation |ink in response t.o ? determ nation that .
the nobi | etheatighitemeelivias comprication ks 1 reypenseria 4 dfempnation
claim 31, erein.the data related to the site
conpri ses ﬁ\ﬁ%f%‘le HﬁleISﬁtag‘%Bﬁtse%‘e E&Lan operator of the
site.33. The nmethod of claim 27, further conprising:
determining a site using at |east one of: the

( i . _ masy o ‘
B e e
rel at rglgtrl%cﬁiohg‘%lhﬁhltvﬁletn%x%aﬁed Wﬁﬁamﬁkﬁngsé}@fe’npé‘ause se%icé system

t hrou e cellular communication’lI I'n response

a det grys-foahiaGRethdiblo dh@mimdd p&itfinAdflaQRolild statidnhhe method

site.
comprising:

determining SPS (Satellite Positioning System) positioning information from
SPS signals received at the mobile station; and

determining identification data from local area communication signals
transmitted from a local area communication signal transmitter, the local
area communication signals being in accordance with a standard for
wireless local area data communication;

wherein both the SPS positioning information and the identification data are

used to determine the position of the mobile station.

35.  The medium of claim 34, wherein the method further comprises:
transmitting the SPS positioning information and the identification data from the
mobile station to a position determination entity through a cellular

communication link to determine the position of the mobile station.

36.  The medium of claim 35, wherein the method further comprises:



34. A machi ne readabl e nedi um cont ai ni ng execut abl e
conputer programinstructions which when executed by a
W@l 2108/1pi5ex essi ng system cause said systemto peet/U82004010307
nmet hod to determine a positiog of a nobile station,

the nethod conprising: determining SPS (Satellite
Posi ti oning System positioning information from SPS
signals received at the nobile station; and

det er gdi & fifin %Q:@f‘&l&nf }?dé?t{dnﬁ% 1ﬂﬁ{rft?1§g&? Ejohloé‘eﬁhla% unication

comuni cation signals transm roma | ocal area
conmmuni cat ¢ighn]$bOMa celll A tomrhiBéationNBikt ARl area
comuni cation signals being in accordance with a

st and@sirnfitting whe edllags pbsitiahing irfarniaion t6 tapositivatdefnination
wherein both the SPS positioning information and the

i denti f i ca¢ntiiytalddtananethe pesitibn ofithcanshileestdtion. posi ti on
of the nobile station. 35. The nmedi um of cl ai m 34,
wherein the method further conprises: transmtting the
SPS positioning information and the identification

Hat a Thomediva ofphrimed s dereimthedoes! pregicomgrpmication signal
determi nation entity .through a cel l ul.ar, communi cati on
|i nk F¥sgEteiiosated rathyne sifs; gad.dhe msthoddpithe cgmaflﬁeén

36. The nedi um of . ¢l ai erein the net.h furth
conpr FBE el riehfing b RiTE AR W ahPHE PSR iR e t
from cel l ular..c n signal s he cel | ul ar
conmuni cat ﬁ'lt? ﬁm)(ugh tﬁ%lc?l “A%sﬁ?f %a??ﬂingel | ul ar
positioning information to the position determ nation
entity to determne the position of the nobile

54.at | PR mBdiuml S¥C IR Whelfelﬂh@'s%aéd fé{“@ﬁ‘éﬁe& 15 atdGhta

area communi cation signal transmtter IS |ocate

W t hi gbramahitSiorPddshprisbeongdthod further conpri ses:
automatically recei VI ng, at the nobile station, web
page IRHPO8OMII;eAdrel ated to the site through t he

cel lul ar conmuni cation |ink. 38. The nedium of claim
37, WBHRER02.1he standard for wirel ess |ocal area data

39.  The medium of claim 35, wherein the identification data comprises at least one

of:

an identification of the local area communication signal transmitter;

an identification of a site within which the local area communication signal
transmitter is located;

an altitude of a location in a site within which the local area communication
signal transmitter 1s located,;

a coordinate position of a location in a site within which the local area
communication signal transmitter is located; and

a street address of a site within which the local area communication signal

transmitter is located.

40.  The medium of claim 34, wherein the method further comprises:



comuni cation conprises one of: | EEE 802.11; and | EEE
802.15. 39. The nedium of claim 35, wherein the

W0 d@stiodsexat i on data conprises at | east one of PCEHINS2004/010307
identification of the |ocal a&ggea conmunication signa
transmtter; an identification of a site within which
the |l ocal area communi cation signal transmtter is
| ocated; an altitude of a location in a site within
Whi ¢ hegntifining 4 SIS gésiﬁ&ﬂﬁ%'ﬁ!f&ﬁ{aﬁ@ﬂ afd BRaAlledRASH ddiBlo
is located; "a coordinate position of a location in a
site w thiqetshiiisd1hehBsition of themesbile@ratienj cati on si gnal
transmitter is located; and a street address of a site
Wi t hiwhetbincthe ideatificstioh datacenpoistautileast orpaitPpnaloordinate.
transmtter is |ocated. 40. The nmedi um of claim 34,
wherein the nethod further conprises:conbining the SPS
positioning information and the identification data to
4et erFhammedinm qfdaimi 4 whereithibe positipe cerdinaterindighies an altitude of
the identification data conprises at, |east one
posi t3 loretiasoinglorgproximity to theanehilgistaions cl ai m 40,
wherein the position coordinate indicates an altitude
of a location in close proximty to the nobile

i } ) i f. i i h
hoti me i e 4 BioSleEing R S Gibrises
e ot . 1with ¢ . t .
20510 SR80 FRSE s RO A 0 e
corbi ni ng s 8RS AAAE LipRAZAG Aahaon and at | east
i ooroEI: t olmg%t erm né t?]

one position I nat e e position of

the W’ﬁ' ing 4R S poddfonidd B ioTRIALE afd 8 1688 0RS pbditic @oMinat

34, eréﬁﬁéa broaggasﬁnr%nge o# t he Iocaloarga ' creinate
* to determine the position of the mobile station.

43,  The mobile station as in claim 34, wherein a broadcast range of the local area

communication signal transmitter is less than 100 meters.

44. A machine readable medium containing executable computer program
instructions which when executed by a data processing system cause said system
to perform a method to serve a remote mobile station in a position determination
system, the method comprising:
receiving identification data from the remote mobile station through a cellular

communication link, the identification data being extracted at the remote
mobile station from local area communication signals transmitted from a
local area communication signal transmitter in accordance with a
standard for wireless local area data communication; and

determining a position of the remote mobile station using the identification data.

45.  The medium of claim 44, wherein the method further comprises:



communi cation signal transmtter is |less than 100

nmeters. 44. A machi ne readabl e nedi um cont ai ni ng
WE@2®sno0@Ekd e conput er program i nstructi ons whi cPCTHI82004/010307

executed by a data processi nggpystem cause said system

to performa nethod to serve a renote nobile station

in a position determ nation system the nethod

conprising: receiving identification data fromthe

r enot BoRBiuhS bAlhA pbéfioNEBm ERIHaM Aloof BRI hE HehRBcation

link, the~identification data being extracted at the

renot e nobgdig station fromlocal area conmunication

signals transmtted froma | ocal area communi cation

signal transmtter in accordance with a standard for

wirel ess |ocal area data communication; and

4t er Thewnadium qiadait 45 wdieridn thermeethedefomthbr ¢eenmisas:i on

using the identification data. 45. The medi um of claim

44, wiseeiving celelanpestisshinginfdraation fiom the serhofe kiobgle satian

coordi nate position froma database according to the

i denti fi cathrenghdbe eellulgs commamiratipy knksfthe pellulrp®sitioning

wherein the nethod_ further c rises: recejving

cel lul ar pB&TMagaR h@lngrgﬁ%%tsg ggﬁheﬁre%mf@ﬂ@é%% from cellular

nobi |l e station t.hrough the cell ul conmmuni cat i on

i nk, t he COPEPISHIGINERARHREGER F1/% TREITOROBRS Fation:

genera m cell ul ar
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positioning informati on and the coordi nate position.
47. The nmedium of claim45, wherein the nmethod further
L0 TREHedinRCST i) 55RBetfeitiRInhdthl MeBbl dodiirgs:
System) positioning information fromthe renote nobile
st at i beiting SPSH(Shiedite Bbiitibing SOFTBND Sxfidriii inifétknatibh &om the
SPS positioning informati on being generated at the
r enot e nohich®tesimabil©staticrothir @R tiss cpilalas comamnwatortinik, ke SPS
renote nobile station;

positioning information being generated at the remote mobile station

from SPS signals received at the remote mobile station;
wherein the position of the remote mobile station is determined using at least the

SPS positioning information and the coordinate position.

48.  The medium of claim 44, wherein the method further comprises:
determining a site within which the remote mobile station is located using at
least one of:
the identification data; and
the position of the remote mobile station; and
automatically transmitting data related to the site to the remote mobile station
through the cellular communication link in response to a determination

that the mobile station enters the site.



wherein the position of the renote nobile station is
determ ned using at |east the SPS positioning

w0 nfosneded on and the coordi nate position. 48. AEEUS2004/010307
medi um of claim44, wherein t4fye nethod further
conprises: determining a site within which the renote
nmobile station is | ocated using at |east one of: the
identification data; and the position of the renote
nobil e station; and automatically transmtting data
related to the site to the renote nobile station
141 oUughe flGiuELo dIAT 48 WA GRtdafiYelatddidoitie SiRSRRIGHRed O
a determ nation that the nobile station enters the
si t e. th¥ormbien BBsPli¢d by anpadaror4§thewdter ei n t he data
related to the site conprises information supplied by
an operator of the site. 50. The nedi um of claim 44,
wherein the nmethod further conprises: determning a
§0.t e Tb¢ mgdiam ofodaim 4¢h evhefein theanéthiedhfurthecenmmpnisestat a;
and the position of the renote nobile station; and
aut ongetprazining atsitg ysinitat leasf onaos related to the site to
the renote nmpbile station through the cellul ar
conmuni catﬂ‘ﬁﬁdqmlﬁlféaq%‘}aé%ﬁ@ﬁse to a determ nation that

t he nobil e_ st at.i.on its the si.te, 51. nobi | e
station i nthgPRELPE Pgﬁ’ed‘é‘flgﬁerﬂ"‘ﬁ’d iSAo8 M m  t he mobil e

{ sat o poacey R anioNE et B iVl ko bt gieion
f SPS sj [ : ik Lon, I
roans o - ap ik FaRt i lupbcifo i yFySbdtht s dBfhination

area. CoMMUpL, LRk inMhifsisGidh Sxid Mg L ted froma |ocal

area conmuni cation signal transmtter, the |ocal area
communi cation signals being in accordance with a
standard for

51. A mobile station in a position determination system, the mobile station

comprising:

means for determining SPS (Satellite Positioning System) positioning
information from SPS signals received at the mobile station; and

means for determining identification data from local area communication signals
transmitted from a local area communication signal transmitter, the local
area communication signals being in accordance with a standard for
wireless local area data communication;k

wherein both the SPS positioning information and the identification data are

used to determine a position of the mobile station.

52.  The mobile station of claim 51, further comprising:
means for transmitting the SPS positioning information and the identification
data from the mobile station to a position determination entity through a
cellular communication link.to determine the position of the mobile

station.



wirel ess | ocal area data conmmunication; wherein both
the SPS positioning informati on and the identification
wa@l2108/1865¢3 used to determ ne a position of the PODOUE®04/010307
station. 52. The nobile statign of claimb51, further
conprising: means for transmtting the SPS positioning
information and the identification data fromthe
nobile station to a position determ nation entity
t hrough a cellular comunication link to determ ne the
position of the nobile station.53. The nobile station
5%, clBhembBile dtbtida¢ficlanTy; igthed compadiag:f or det erm ni ng
cellular positioning i nformation from cel | ul ar
comumeastfondetangniak seihilat pusitmaing ihformetiomtromaellulan
link; and nmeans for transmtting the cellular
posi ti oni ngpnimfwicatiomi signatseftthecqblodr commushidationdinkt dndn
entity to determne the position of the nobile
st at i BpansHar trapsaittios Theeceglu@r positigiing infprmaipn towhermeisition
the | ocal area communication signal transmtter |s
| ocat ed wi deigrAiBationeatitya detepync e pesifiqn @ tth%mObﬂe station.
conprises: nmeans for automatically receiving, at the
m)bile station, web page infornmation related to the
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conpri ses at | east ohe o ication o

| ocal ar eaepdldMhEdid tRfdugh Mellhfa?@&mn%ﬁﬁtlorﬁﬁnk
identification of a site within which the |ocal area
communi cation signal transmtter is |ocated;

55. The mobile station of claim 54, wherein the standard for wireless local area data
communication comprises one of:
IEEE 802.11; and
IEEE 802.15.

56.  The mobile station of claim 52, wherein the ideﬁtiﬁcation data comprises at least

one of:

an identification of the local area communication signal transmitter;

an identification of a site within which the local area communication signal
transmitter is located;

an altitude of a location in a site within which the local area communication
signal transmitter is located;

a coordinate position of a location in a site within which the local area
communication signal transmitter is located; and

a street address of a site within which the local area communication signal

transmitter is located.



an altitude of a location in a site within which the
| ocal area conmuni cation signal transmtter is

wo omated?3 a coordi nate position of a | ocation POI/ESEDY/E€10307
within which the | ocal area cgmuni cation signal
transmtter is located; and a street address of a site
wi thin which the | ocal area communi cation signal
transmtter is |ocated.57. The nobile station of claim
51, further conprising: means for conbining the SPS
positioning information and the identification data to
stet er Thégobhe sie@sh bf QAinD5 1, thehdrebinbfsiagat i on; wherein
the identification data conprises at |east one
posi t inefnscfopEsthbiaing th&8PS pbdtiomihg ifoshaionand the idb@ifivation data
57, wherein the position coordinate indicates an
al titude ofo detdradm the positior bHihe npobaleistwtipy; t o t he
nobil e station. 59. The nobile station of claimb51,
f ur t hehersorntbe idsntificationalatn domprisesatiledsh gnepositimstoontinate.
position coordinate associated with the identification
data through a cellular comrunication |ink; and neans
for caopbining the SPS positioning information and at
Poast T%@Obﬁ% PlEfe ORI h AYHETis Tiedosition qeotate indicates an
positi.an of .the nobile stati.on, 6 The. mpbi.l e station
Po® riBRuor s oc iR fnSe st Bt dbe MARIETRIOt ho ©oca
area conmuni cation signal transmtter is |less than 100
neters. 61. A server to serve a renote nobile station
50 2 pRSHLLAD sﬁﬁ&?{;f’%ﬁﬁ{ $ 0 %urpyer b6 ri%iﬂg: Server
conprising. nmeans for recéiving rdentification data

from tlagnd BPRcEivIRRt h&sﬁa@?g@ﬁoh RbSMEDRasS Sl Fith the

t
conmuni cation I'i1nk, the identification data bel ng

extract ed pfentifigatiof tRfaqhr/dRSh h Selfill At dodtiniti®Mon ekl afl ea
comruni cation signals transmtted froma |ocal area

COMMUiiegiit foP BorEbigfiy the SRS positibiEing infometiondad atlewstlone position
standard for wireless |ocal area data comuni cati on;
and coordinate to determine the position of the mobile station.

60.  The mobile station as in claim 51, wherein a broadcast range of the local area

communication signal transmitter is less than 100 meters.

61. A server to serve a remote mobile station in a position determination system, the

server comprising:

means for receiving identification data from the remote mobile station through a
cellular communication link, the identification data being extracted at the
remote mobile station from local area communication signals transmitted
from a local area communication signal transmitter in accordance with a
standard for wireless local area data communication; and

means for determining a position of the remote mobile station using the

identification data.



means for determning a position of the renote nobile

station using the identification data.62. The server
wo@Rooshedses 61, further conprising: nmeans for | oP&I/DER00H010307

a coordinate position from a gat abase according to the

identification data. 63. The server of claim®62,

further conprising: neans for receiving cellular

positioning information fromthe renote nobile station

through the cellular comuni cation |ink, the cellular

positioning informati on being generated at the renote

gBbi | €h&kardrT cldiRa1C Alrthel edmpramaini cati on signal s

received at the renofe nobile station; wherein the

posi t ineansofor Idokingaid eoondibiate Gositial from 4 dateleise hdboRdiflg to the

using at |east the cellular positioning information

and the coslediifiedtiongati ti on. 64. The server of claim

62, further conprising: nmeans for receiving SPS

(Satellite Positioning Systen) positioning information

fromthe renote nobile station through the cellul ar

edmukhe sarvawiiclaimg 62 fAsthepsomprisiag:oni ng i nf or mat i on

bei ng generated, at the rempte nobile station from SPS |

si gnalnsansdeprassiyng celllar pesieningupimation frong fhe rematcanebile

the positiagn.of .the. reno nmobi l e station. i e

det er m nedSBEPHETAEY tg%%‘?tlﬁ‘ﬂ% &° PR ?18%’1 tﬁ@ cellular positioning

i nformation.and.the coordinate, position. .65. The

server of BYGRIEY belaenupel 3R FenE iR silieg from celllar

determinin [1e-wthi i [ i

station i sg?@gg{’fecgh%ﬂs%l gﬂ%%/gg+lgé§§%tq§%léeﬁg$% S}o@p E‘Jaﬁon,

| dent {ifEGR he ﬁ_oéiﬂ&ﬁlbf @B qlergl&@ Mlustaﬁeng{?éytaﬁiﬁmﬁﬁg at least the

nmobil e stati o andneans for autonatic

transmtti E@lu‘l’a’%tp@si'ﬁﬁhjﬁg%‘i’foﬁﬁaﬂdﬁealnﬁitﬁ@ccto?dihﬁ‘t% pbﬁﬁﬁﬁ.le

nmobi |l e station through the cellular communication |ink

in response to a determ nation that the nobile station

enters the site.

64.  The server of claim 62, further comprising:

means for receiving SPS (Satellite Positioning System) positioning information

from the remote mobile station through the cellular communication link,
the SPS positioning information being generated at the remote mobile
station from SPS signals received at the remote mobile station;

wherein the position of the remote mobile station is determined using at least the

SPS positioning information and the coordinate position.

65.  The server of claim 61, further comprising:
means for determining a site within which the remote mobile station is located
using at least one of:
the identification data; and

the position of the remote mobile station; and



66. The server of claim65, wherein the data rel ated

to the site conprises information supplied by an
wop@saese3 of the site. 67. The server of cl ai nlP@L/PS2004/010307

further conprising: nmeans forgsdetermning a site using

at least one of: the identification data; and the

position of the renpte nobile station; and neans for

automatically transmtting data related to the site to

the rﬁgﬁfs%ﬁﬁﬁ?ﬁ%&ﬁ@t&aﬂﬂdﬂﬁﬁg rélzﬁsd fthk Wt@fo the remote mobile
conmuni cat i on I h response to a determ nation that
the nobi | egisicH thfgBXhd Sellul® céntnunication link in response to a

determination that the mobile station enters the site.

66.  The server of claim 65, wherein the data related to the site comprises

information supplied by an operator of the site.

67.  The server of claim 61, further comprising:
means for determining a site using at least one of:
the identification data; and
the position of the remote mobile station; and
means for automatically transmitting data related to the site to the remote mobile
station through the cellular communication link in response to a

determination that the mobile station exits the sit



