15 _JAN 2007 WD 2004/008171 APPARATUS AND METHCD COF POSI TI ON DETERM NATI ON
OF A FI RST MOBI LE DEVI CE USING | NFORVATI ON FROM A SECOND MOBI LE DEVI CE
Background of the Invention,; Related Applications [0001] This appFi‘@ﬁt b@n
clains pri Qﬁb&éﬁﬁoﬁ)ﬁﬂﬂ S. Provisional application No. 601396, 344, [ ec? n
July 15, 2002. Field of the Invention [0002] The current invention relates
to the field of position determ nation. Mdre particularly, the invention
relates to position determnation using information received frommultiple
sour ceSyphesaid Rl ted Art [0003] Wreless position
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Oten, the device is a m)%l e or por bfe device that may operate from
battery power, and the device nay not be tethered to any stationary

| ocation by a wired communications |ink. [0004] There are a nunber of
design concerns in a wireless position determ nation system Position

| ocati on accuracy is, of course, one of the concerns. System sensitivity,
acquisition tinme, and power di S&apER {itke livemdiogesi gn concerns that are
addr essed | i tiop determ nati on system Wreless position

det erm nat i %@@é‘@%i cally incorporate a trade-off of design
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popul ar, t héiletesi hady iH 20DAcor porate sone type of position |ocation
capability has energed. In a wireless communication system such as a

w reless tel ephone system it nay be desirable to be able to |ocate the
posi tion of p1dBebid-8.H§Mhce Such as a wirel ess tel ephone handset. I ndeed,
in-the United States, enhanced energency w rel ess service having the
chaibi ity [@F02)dtheroimminndnvehton eelates ao thé field afdssitidnadethasmtivandMad f or
w rel ess phone. providers. Wreless service prqviders, in_conjunction with
equi prent  nRAGCEREY, W dnvengigy gelpiss, fo Repioen, deterapipation ysig wfesmalion FepiyRd
systens thatfmg{ﬁmﬁ%l@schgep‘r ovide the location 15 JAN 2007 2 of a nobile
device, such as a portable handset. Each of these |ocation systens

enphasi zes different system concerns and works by differing nechanisns.

Description of the Related Art

{0003} Wireless position determination systems are used to determine the location of a
device. Often, the device is a mobile or portable device that may operate from battery
power, and the device may not bé tethered to any stationary location by a wired
communications link.
[0004] There are a number of design concerns in a wireless position determination
systern.  Position location accuracy is, of course, one of the concerns. System
(;- sensitivity, acquisition time, and power dissipation are also design concerns that are
addressed in a position determination system. Wireless position determination systems
'typicaliy incorporate a trade-off of design constraints iﬁ an attempt to obtain a relative
optimization of each of the system concerns.
[0005] As wireless communication systemms become more popular, the desire to
incorporate some type of position location capability has emerged. In a wireless
communication system, such as a wireless telephone system, it may be desirable o be
able to locate the position of a mobile device such as a wireless telephone handset.
Indeed, in the United States, enhanced emergency wireless service having the capability
of determining the location of a handset has been mandated for wireless phone
providers. Wireless service providers; in conjunction with equipment manufacturers,

have devised a variety of position location systems that are able to provide the location



[0006] One position location systemthat nmay be utilized by a nobile device
Is the d obal Positioning System (UPS). In the G.obal Positioning System:
there? are approximtely twenty-four satellites that orbit the earth/AEamph -
of the satellites transmts a carrier frequency that is nodulated with_a
pseudo random noi se (PRN) code sequence, The PRN code that is comonly used
by civilian based GPS receivers 1is terned the Coarse Acquisition (CA)
code. Each satellite transmts a different PRN code. In the GPS, a GPS
recei ver receives the signals fromnultiple satellites and determ nes the.
di stance ft meach satellite in order £o triangul ate the position of the
recei ving device. 100071 As an exanple? a receiver that is approximtely
synchroni zed to GPS tinme receives a signal froma first UPS satellite and
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ast fair sate I n or ermne 1ts positioh accurately. 100091
{ her posﬂ"P"Bﬁnﬁ‘éﬁ%’ﬁ on systemthat nay: be used by wirel ess phones i's

based on Ce[ohaﬂlls I QRS o RERHES tHat §i sppRbinitdi mmmlwmsw em such
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coyresponding sphere surfaces.

[0008} Although the accuracy of GPS position location is excellent for purposes of

locating a handset, the time to acquire a first position fix may be long, varying up to

several minutes. Additionally, the ability to receive signals from a plurality of

satellites is impeded in environments where the signals from satellites may be

occluded by the presence of tall structures or overhead foliage. As is known, a GPS

receiver typically must receive signals from at least four satellites in order to

determine its position accurately,

[0009] Another position location system that may be used by wireless phones is based

on Cell-ID. Wireless phones register with the wireless system such that the wireless

aystem knows within which cell the wircless phone is operating. The wireless system
iz then able to Toule smy commumication to a particnlar base station in that cell,
Additionalty, some base stations may be sectorized and the wireless system is able to
raute communications from the phone to a particular sector within a cell. The position
of a wireless photie may be determined according to the cell or sectar in which the
wireless phone is registered. This level of position loeation raay bé inherent within



3 many types of wireless systens, but unfortunately only provides a very

coarse position |location that varies according to the size of the cell.

[0010] Another position location systemthat may be used by wrel dgs/idleyjres

is Enhanced Cbserved Tine Difference (E-OID). E-OTD is a position |ocation
. system that we2aptodsyrzed for use in d obal System for Mbile comruni cations
t (GSM and. .Genggak Packet Radio Service (GPRS) wirel ess conmmunication

'systems. In this system the nobile devi ce nonitors transm ssion bursts
(fromnultiple base stations and neasures the tinme shifts between the
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time difference of ci arrival of communication signals frommltiple base
stations. |n addimole deyicesasi receiye sighats figmuatileast Siaei Hase stations freoidi o make

| ired in the E-QTD . th bl iated wit t .
o aat i ng epeen i "HoRbee: B R0 B iatisdnf St at Location
‘aggravated by M%ufbﬁ%n@ﬁJMUWQtﬁ%gﬁﬁahyi%&%dﬂﬁ% h&fNthé %twd?ﬁ"iﬁroréﬁn{om'

‘m nimzes the transmt power required to achieve a desired quality of
'servi ce. Becawgevide rthasyitem pwitlerthd poseisehiémbngs eequired itormaks i masitiva dlocative

'‘probability that.the nobile vice iS co nicating with the necessar
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(A-GPS). In A-GPS, signals fromGPS satellites, as well as signals received

from base st atstabions.i n the wireless system are used for position |ocation.
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information to an A-GPS location T
that is optimized for use in Wideband Code Division Multiple Access (WCDMA)
systems. The OTDOA position location system operates similar to the E-OTD system.
The location of a mobile device is estimated by determining the time difference of
(, ~ arrival of communication signals from multiple base stations. In addition to requiring
timing units éimilar to the LMUs required in the E-OTD system, the problems
associated with not communicating with a sufficient nomber of base stations are further
aggravated by the use of WCDMA, which utilizes power control. Power control
minimizes the transmit power required to achieve a desired quality of service. Because
transmit power from the base station is minimized, the probability that the mobile
device is communicating with the necessary three base stations is reduced.
[0012] Still another position location system that may be used by wireless phones is
wireless Assisted GPS (A-GPS). In A-GPS, signals from GPS satellites, as well as
signals received from base stations in the wireless system, are used for position location.
An A-GPS may be configured to operate in a system where the mobile device acquires
satellite (and other timing information,) calculates psendo ranges corresponding to the

timing information, and sends the pseudo range information to an A-GPS location



15 JAN 2007 WD 2004/008171 020143 4 server where the actual position of

the nobile device is determned. in an alternative configuration, the Lo
nobi | e device perforns the position determ nation itself wthout l1§i {M fﬂh'r]e

| ocation server. In both alternatives, a |location server nmay be use 0

provi de awdizngreaim to the nobile device to assist in the acquisition of
satellite sipgfigds. The aiding data greatly reduces the tine required to
acquire a first fix because the search performed by the Twobile device may

be bounded by the aiding data. [001-1] Still other position |ocation systens

Lnat i f i tion l.ocatiqgn_ systens. Hybrid ition.
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W rel ess devdo%ﬁm\e{i&pwith cell ID information from a wireless communication system used as a

second position location sub-system.

[0015] However, aside from GPS, each of the above mentioned position determination
systems requires a mobile device to be in communication with a fixed position
determination sub-system. Many of the position defermination systems require the ()
mobile device to be part of 2 wireless phone system. Not all mobile devices are part of
wireless phone systems. For example, wireless communication systems may comprise a
number of two-way radios, or other independent mobile devices. The mobile devices in
some systems may communicate directly with each other as well as to a fixed base
station. It would be advantageous to allow each- of the mobile devices in such a wireless
communication system to determine its position. However, as noted earlier, use of GPS
alone is often an unsatisfactory solution. There may be a low probability of receiving a
sufficient number of satellite signals, especially in an urban environment where
buildings and other man-made or natural structures often occlude the satellite signals.
For these reasons, what is needed is a system that provides a wireless device with
accurate position information, but does not require the device to directly communicate

with four satellites to determine its position.



accurate position information, but does not require the device to directly
comunicate wth four satellites to deternmine its position. 15 J 07 WO
2004/ 008171 020143 5 Summary of the Invention [0016] A device and héd7
are disclo fo ermning a position of a nobile device. A nobile

devi ce rrays‘ggtzggmogg]i ts position by determ ning partial position

i nformati on P28 signals received froma first source. The nobile device

al so receives shared information froma €econd source or a plurality of
additional sources. The nobile device determ nes additional position
information fromthe shared information f- and determnes its position based
at least in part on the position information and the | " additional
position information. [0017] The partial position information nay be pseudo
ranges to objects having known |ocations. The objects may be GPS satellites
or wirel ess conmuni cati on base stations. The shared information nmay cone
froma second nobil e device, suchSasmarwelrtbd Bwentignhone, or may cone from a
plurality of other devices, sone of which y be mobjile and . others of which
may be at fi i@ﬂsﬁ&g?%ﬁ@dm@h%%@ﬂ?ﬁ%f%%& ASRIOHBRE hPPsiden of ¢ mabilanpl e,

rangi ng sign ti A | - St [ rpation
of the trans%lw???'ng ewdg geg%%éfgﬁargﬁ?%@%ﬁ%qﬁp éﬁ@%&f‘ﬁ’fﬁ%%g va?[g% .P%%%Bﬁg]
The posi ti onidbmhdtidnniadalsneie veatvedlyoha fiket erufde) @tle byobilbRleti@bialse retRWese Or

may be determined at a |ocation renpte fromthe nobil e device. Wen the
nobi |l e C devhaed defoapafigieiomnhe speppidt so8Fce ¢he RYaslityi ehaddiyjonsh seeces nilhed by
a processor w thi b1 | e .CE 405 . . r 4m siti.on
determ nati o#otrirjllt;%u gﬁgmc{g‘ﬁ: At %gﬁéﬁﬁ% %1 Ipé)Slgg%{/ll%gmgﬁ@nr ‘ﬁgg%g%alr?aﬁl g’%m?]?mn

determ ned aun@ deefings i19GatitioN batddeatIesmt in pirt WAYihe POsifeh @ifdtn&bn dhddthe
~network in conmmunication with the nobile device. The position of the nobile
devi ce may bedddeea ppsitan inforanatignat i on server that is part of the network.

0019] The { £ of .1the mpbil e device be determ ned. to.be an absol ute
bosi 1 o or Ty BB Gapal Rostieh wfrfiRit ol B moedsSFet uh oS nigiuf Rnii o
the mobil e deyaGensTB¥he Hifedieinay e THEE §R18Rs 3r GAARN chamvhicAiorPbasa staf6Ad.
group with which the nobile device is a nenber. The relative position may

be a posi ti offhe shaed vefarmatirentiey soofe omor atcogd augbilevdavivenhiabhast hevirebiss | e
device is a gﬁ%? [)1" m%rf Icgﬂcue ESI%CE{ ﬁlg%alli%/nofo ofthetr %gvi%s?\é%rgg gf \%/Elcﬁ éllgy%%%obile and

others of which may be at fixed locations. The shared information may include, for

example, ranging signals, timing information, GPS pseudo ranges, position information
of the transmitting device, or a range to the transmitting device.
[0018] The position of the mobile device may be determined by the mobile device or
may be determined at a location remote from the mobile device. When the mobile
C : device determines the position, the position may be determined by a processor within
the mobile device or may be determined by a position determination module within the
mobile device. When the position is determined at a remote location, the position may
be determined in a network in communication with the mobile device. The position of
the mobile device may be determined in a Jocation server that is part of the network.
[0019] The position of the mobile device may be determined to be an absolute position
or may be determined to be a relative position. The position of the mobile device may
be determined to be a common position of a local group with which the mobile device is
a member. The relative position may be a position relative to members of a local group

with which the mobile device is a member.

Brief Description of the Prawings




WO 2004/ 008171 020143 6 [0020] The features, objects, and advantages of the
invention will becone nore apparent fromthe detail ed description set forth
bel ow when taken in conjunction with the drawi ngs in which |ike ifef/drHoce
character g@%%"}sfly correspondi ngly throughout and wherein: [0021] Figures
1is a functronar di agram of one enbodi nent of a hybrid position
det er mi nat i ¥¥i¥ystem [0022] Figure 2 is a functional bl.ock diagramof a
nobi | e device configured to provide posétion determ nation according to one
of the methods disclosed herein. [0023] Figure 3 is a functional diagram of
one enbodi nHMZEDTha f@zuexiesi objectef endi mRthtagesSyS tiemishavbn gvith bemie Bidre
devi ces. - %0024’% Fi gure is a functional diagramof one enbodi ment of a

po; i ][ i 03 d e fRRFEH §OD es‘iﬁﬁlé%d@ﬁ'élﬂ“ﬁg seihtogl belhy Mlen dakcads COWPWC@ With st
0 5 '
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system genembreﬁﬁd for mul ti pl e nobi I e dew_ces. [0026] Fi gure 6 is a

functional diagram of one enbodi nent of a position determ nation system
showing a ¢ Fl’gilscsfbrlsai fmotignadfdingsiinl of des icndodinfed0 7] a Kybrig @oditios a
functi onal g‘?ta of one enbodi nent of a position determ nation system
show ng rel F S ng for a group of nobile devices. [0028] Figures
8A-8B are f{gyaf Pfghfesz 0 WnBGor Eﬁicﬂ‘&ﬁ’a#a%ﬁ@fh@néﬂ"l@ -de G RAAARRLA Rf prBviaBybr i d
position determnation system [0029] Figure 9 is a functi onal |agram of
one enbodi npesitiaf daderpusdtion encatding torbmadi tbnmethpds émlsknnlvhengnappl ication of a

position de cl osed,_herein il ed, Descriptiaon of

Enbodi nent s @FZEI’} ﬂg}‘ll%g &hit %'{98&'{"6’&) §Hﬂgrai§i‘rﬁf)ﬁ‘i’*er@ﬂ]?‘§j@'?mt‘ﬁé‘ potimdelEmmatighe t o

systens andg Qﬂﬁvﬁ Thr@C a5 &lYees det ermi ni ng the geographi c position of a
nobi | e devi ce such ' % iﬂlr’lul ar Ctecsal ephone. In one enbodi nent, a cellul a(rh

t el ephone i {sﬂ&i@hF@mﬁmW aﬁmaucrm& ididgesin d b exhib@diment dfmdpdsﬁmntdwehmmgnbnzes
positional information gathered from GPS satellites and other cellul ar

tel ephones EYIR MRS |ﬂ§fea€10@%1ﬁ1dﬁ§w?% &g sk prbele slseice ihgKing rResss §a fah
descri bed hej s‘ﬁtel]]\tés useful in circunstances wherein a user of a cellular
t el ephone mght onl'y be in a position to receive partial positional

i nfornati on[0023¢ Figage \Shés at facticlab Hiedke dbgim® Wfyond eBbiignendgi A Positignal s
fromthree or less GPS satellites. In this circunstance, only an
determination system generalized for multiple mobile devices.
[0026] Figure 6 is a functional diagram of one embodiment of a position determination
system showing a common fix for a group of mobile devices.
[0027] Figure 7 is a functional diagram of one embodiment of a position determination
system showing relative positioning for a group of mobile devices.
[0028] Figures 8A-8B are flow charts showing a method used in one embodiment of a

hybrid position determination system. (

N

[0029] Figure 9 is a functional diagram of one embodiment of a position determination

system showing application of a position detexmination method disclosed herein.

Detailed Description of Embodimenis of the Invention

[0030] Embodiments of the invention relate to systems and methods for accurately
determining the geographic position of a mobile device, such as a cellular telephone. In
one embodiment, a cellular telephone is equipped with a position determination module
that utilizes positional information gathered from GPS satellites and other cellular
telephones to accurately determine its geographic position. The system described herein
is useful in circumstances wherein a user of a celtular telephone might only be in a
position to receive partial positional information, such as when the telephone can only

receive ranging signals from three or Iess GPS satellites. In this circumstance, only an



15 JAN 2007 WO 2004/008171 0201413 7 approxi nmate geographic position can
be determ ned. In order to overcone the positional inaccuracy when signals
fromonly three or fewer GPS satellites can be received, enbodi nEntAN &7t he
System uti '\!VE)% ‘9‘%5 jonal information received from ot her nobi | e devices to
determ ne an accurate geographic position for a cellular telephone. O
course, the &§%¥t&nms described herein are not linted to only cellular

t el ephones. CI her portable devices, such7as pagers, wireless personal
digital assistants,: and any other nobile wireless device that enbodies the
systens and @Pﬂ@@ﬂ@ﬁt@e@@g@g@ pegitdn canebe \Aﬁetfﬁlmini“neﬂhelscamde of dveeoimavist i on.

0031] Whi l he di d h
[suppl ]eman!t Sé’fpf' ?QPAIE‘%@(?@?%ga r“?rhv;mé"%%ﬁsf?ver@ %58%09 S\@efag’@% a&eﬂﬁtpg ﬁgéitlei onal
i nfor mati on  rEdeOyBdfeBRIienE oY s sfeﬁ?u%&%@ti’oﬁaﬂﬂ%mlnh@&ﬁ ,%?e&@d Ao hé}ese

particul ar enbodi nents. Any enbodi ment which includes suppl ementing partia
posi tional i micvilkeikivioes wdemnmnemcmranazgeogaﬁm pamn@nfoli:a@eﬂumdeh‘epmmea Ofobi | e
device is conte ted wi tE %ﬁﬁie scope of the invention. [0032] As used
herein, the g8 "g B RY Sl easER hq;?ln"aé%ggq Wéﬁ%ﬁs@rﬂ}f Q?MUI@}Ttd&Pth@ﬁl Exhers

i ntended to u [ e 0 i.nat

system wt ﬁ%gﬂflé %;V%E% {u% easgl?%le%)sf ngre?éss ?Stong Hl"%@aésg S]e'aar"%t %{ég Oﬁh aphi c

posi tion or absbileuieelepoddvideothanEmbodiey iteesyisemist gnd ﬁ%bﬁé«ld@scﬂﬁai h@bint mde on
the earth. The _geoqgraphic position or absolute position of .a:device m ght
be accur ate t"B}WEIﬁSFPEeé# GPVEHEN. of the actual |ocation of the deV| ce on

the earth. h As useth el &l Riscibiie tﬁfo@‘de a qve%i)cgoa ﬁulsgf%ftﬁ’ét EP@Vl valéceFlof

i nt ended to an approxinmation o € ac

exanpl e, the smﬂéméﬂt pafis pbdiGohad infami@ion O rmeﬁ:hhc Qd&ﬁoﬁ@?bﬁﬁbﬂah thfgeiiah
| ocation of the device to a square nmle area on the ear [[Q034] One

enbodi nent offom AyYLlE Jeyviset if)érsy&tém@s mOhann@d t@ wolyelhessi mllmlézectmh@dmwnts
| bi t hi b d
o 1ot or e A SRR Gely ISR A Bl FoBAS e PREAER BepbR

i nformation poaGeha eofh@aBnakbgledBbin £meBld a@@ce iERenRplAea. wﬁhmﬁé hﬂo
because a nobil e device may not have a sufficient nunber of GPS satel I ites

to det er mi neof the ipwatiphon, or "fix" as it is comonly referred. The nobile

d he GPS inf . f, d
ot her ooy | o THBAT oo, GEASF b 1 SPRBa e dorai B nepoié BOSSTof 4

device is intended to mean the accurate position of that device in a coordinate system,
with only a small margin of error. In one example, the geographic positiori or absolute
position of a device is its longitude and latitude on the earth. The géographic_ position or
absolute position of a device might be accurate to within several feet o'f'yl‘;he actual

location of the device on the earth.
C {0033] As used herein, the term “partial position” of a device is intended to
' mean an approximation of the actual location of the device. For example, the partial
position of a device might only narrow the actual location of the device to a square mile

area on the earth.

[0034] One embodiment of a hybrid position determination system disclosed herein
allows a mobile device to accurately determine its geographic position based on
information received from a GPS position determination system as well as information
. received from other mobile devices. The system is useful because a mobile device may
not have a sufficient number of GPS satellites to determine its position, or “fix” as it is
commonly referred. The mobile device may supplement the GPS information with
information received from other mobile devices. The information received from other

mobile devices may include timing information, other GPS satellite information, or



nmobi | e devices may include timng information, other GPS satellite

I nfformation, or 15 JAN 2007 WD 2004/008171 020143 J information that the
recei ving nobile device can use to generate ranges to the transm §§iJy 2007
nobi | e devivoeoo{@8B2] A nobile device may determ ne partial position

i nformation #{?}1'-1“9 signals received froma first source such as GPS
satellites. e nobil e devitce may al so receive signals froma second
source, such as other nobile devices. Thé nobile device deternines

addi tional position informatiaon using the signals fromthe second source.
The nobile d A Shpt JBE ePRTINIE R0 ﬂﬁc‘@mcﬁt By A67 rBpMTE o IPREBntudhng t he
partial posjfl J nfaramat i I n conbination with the additional position '
i nformati on. a{r%@%%?“%%lg%?éhvg%fs of nobile devices utilizing the system may

be able to de638]m nacbikn dadise Imtye dpesiing Opartidl Pexdtidn GmfofBitiini Meng Gsidluds ot her ”
mobi | e devices. The nobile device's ability to determ ne an absolute or
rel ative podEtaivd faupadas sonrcpaneh a0k hsatellitasy Hire mabile dpyice magalsotreseiveor

whi ch the Mbllg ASK GSeEaM Ikl TR A BREHIeuB IR NIThDE, Rl hland

gquantity of on provi by "ot her no

functional kie@giints agamon sl paaitRneHEReatBN s He BB FrRAShE k&dnd source.
determ nation system 100 is shown in FIG 1. A nobile device 110 is in

conmmuni cat i ohhe mobile devieathen dsfermiings ritsdedgiiatss geophaphirp bodigond esing ¢hel partink

configured to receiyve signals .froma.d . obal. Posjtionin stem (GPS) 120.
The mobi e duoIER PRI eimbisRRrY b THiusaRl po Bl ER Ton w th f1xed
| ocati on dewi : ' ' | i he
fixod | ocati o e ooy o mt e eHoEs b An g T, oAEEFLE ¥ BN ugudy

| ocati on devinc elssoli®® positien ex gpupitnofelaive i tettie | atisat mobilel@evices. | Tha thakiée

station in a, wreless co ni.catio stem  The nohil e devjce 110 may al 56)
be in commn‘?eé’%isoﬂ’lﬁ%tp RIAERC %@B?@Xtﬁe‘(ﬁr@@@ﬁ@@?m‘?ﬁ@eﬁﬁﬁsllé mEveRde 1o

typically cafif:2RpapS stbial ich ¢ REG ' inf Ay t
nobi | e devi ces 140. Tﬁé’ otﬂlherﬁl;r%g'lcpe eslirnces %’%&ahtg%#%g%laﬁdgg& (’:%ﬁ/e
si gnal s fr ontht healigPEdl@entipt «lihformstionAadvitiedbpbthyr mbbide devites. nobi | e devi ces
140 may be in communication with the fixed location devices 130. [Q035] In

order to det@_p?ﬁ]n‘% fungtioad i blogh Aisgsnt o, ofe cRBBHimENt el @ hyid nagsiden v
conmmuni cat e &téxﬂﬁﬁﬁih%g S%s?/%’? ilgﬁf‘s%hﬂ%m iﬁ?’i@o%:ﬁn'&%o%iﬂé‘”d{eﬂgn@%%is%ﬁ ﬁé@%gﬂ%cgﬁén

devices shown 1n position ation sys

enbodi ment, hie anmhibbeof skt degicteCBhy/@sbild dirddes 10rio abhiifard P ek dipias and
can determine its absolute position if it is able to receive and determ ne
pseudo rangeSomadaopgFosigpaing syatem (GFS) 139, $he mpbile device 110 is also configured

to be in communication with fixed location devices 130. The mobile device 110 may

. receive signals from the fixed location devices 130 and may also transmit signals to the
fixed location devices 130. One example of a fixed location device is a base station in a
wireless communication system. The mobile device 110 may also be in communication —
with other mobile devices 140. The mobile device 110 typically can transmit signals to,
and receive signals from, the other mobile devices 140. The other mobile devices 140
typically also receive signals from the GPS 120 satellites. Additionally, the other
mobile devices 140 may be in communication with the fixed location devices 130.
[0038] In order to determine its position location, the mobile device 110 may only
communicate with some, and need not communicate with all, of the other devices
shown in the hybrid position location system 100. In one embodiment, the mobile
device receives signals from GPS 120 satellites and can determine its absolute position
if it is able to receive and determine pseudo ranges from four GPS satellites. Thus, if
the mobile device 110 is able to receive and determine pseudo ranges from at least four

GPS 120 satellites, the mobile device 110 does not need any information from either



the nobile device 110 is able to receive and determn ne pseudo ranges from at
| east four GPS 120 satellites, the nobile device 110 does not need any
information fromeither 15 -JAN 2007 WO 2004/008171 920143 9 fixed sl gg@afpjon
.devi ces 13Gy@heRldst, Mobi | e devices 140 in order to determne its 'position.
[ 0039] However, i tﬁe nobi | e device 110 cannot determ ne ranges from four
GPS satell 842 it may receive signals fromGPS 120 satellites as well as
fromfixed | ocation devices 130. The fi®ed |ocation devices 130 nmay i ncl ude
beacons, Location Measurenment Units (LW wrel ess phone base stations, and-
wirel ess corfixediloaitionndsvives ef 30t af iodies Mbikkade/isi 140 il Rrddti ® enbedhaent, the
nobi | e device 110 does not need to be in comunication wth four GPS 120
satel lites. PPHH@R-mation fromthe fixed location devices 130 is used to

deternine th i h i e device 110. S f th th f

tobi 1 6. dot e SRR, 3 et BaPRE eficl AT mBor aei e Fnshd Gishe JRUGFS ©

di scussed eastilds, itRE4RLeilHsighalk FrodNGPR GLQOQB@HH&W%P‘R@H yﬁoﬁmlﬁqo%%hfe
oDl

receives signals fromthe GPS 120 satellites and al so from ot her e
devi ces 140devines dBfier Thebifixed diegatis didides @) oxayminechnist bbaeonsy Iocation
comruni cat i with t GP or the fixed |ocation devices 130. The

mobi | e devi é‘@eai‘fﬁnﬁe%th'gﬁt%me‘f’%?’ﬁ%sr@oP? a5 LS ARdSVinglessHRomEmaaasign
satellite $p@Nahtionk Br GLRIARE ! inPigUniibdtdn Sthd TR § 06 adsheE ndRib! €
devi ces 140. The alloli Ierlty gf t he InSDbitfbe éev’lsdéeﬁ?fgeto gée?er meérﬁreh%i ?égaggsi tion
| ocati on dejbem soromunicziari it fofr G281 20 stelliienc mfdinygiondtom die fixiedi lbemioho, t he
nunmber of GPS 120 sat el Iite(s1 for, which signals may.. be _received, the nunber
of other nolfYiEesHEY) is dsed kpdsteiming thenpes i g mmile fgyics el 10 xomps, elithe and
the ability 9k SR RibileNGet ISk t1.e i RO | iriLon. C
THe enbodi ment s&gi scuss%fgd b% owbioﬁlqﬁisdt"rgtggvlsgﬁiéd%d?&f Elge%é%gghéﬁgﬁ?%r%gti ves

that are widishussed bmli@cope of the invention. No comunication with the fixed

| ocation devices_ 130 is required. Thus, inclusion of the fixed |ocation

devi ces 130 [90404 i st BRotherpeabadimant. e BPRihdeviehresyee menge fiom G GBRal for

ghe embodi nMg5j sﬁ'tﬁﬁl‘[fés' B ReHON ?tLQr%grllﬂeS&éUiééé‘rlhﬁz &f}?eotﬁé}qjﬁbﬁ%edfe\(ﬁap%? 1440 may
etermne its position using information Ttecelved fromthe T1xed location

devi ces 130 n&ycortthey pdther innaelpirhenici@ionogish #EOGPS 120 Rkirshe SREDIHcHEA devideg! usi on
of GPS 120 in the hybrid position determ nation system 100 is optional.
Vari ous posild8P-ohbs Behile devies ki0dpablgde Aefemae Beposifien wing ba GRS B0hmsisilite
device 110 . I Q. r ai Low., J0O [
functonal SRk ThrarinEoh bitthé BRkbRbEl be SR CHbb Aotk e 465 T 6 of

the mobile device 110 to determine its position location depends on a variety of factors,

including but not limited to, the number of GPS 120 satellites for which signals may be
- received, the number of other mobile devices 140 for which communication may be
received, and the ability of each of the other mobile devices 140 to know its position.
C - The embodiments discussed below illustrate some of the various alternatives that are
within the scope of the invention. No communication with the fixed location devices
130 is required. Thus, inclusion of the fixed location devices 130 in the hybrid position
determination system 100 is optional for the embodiment described below.
[0041] Similarly, the mobile device 110 may determine its position using information
received ﬁom the fixed location devices 130 and the other mobile devices 140. In this
embodiment, inclusion of GPS 120 in the hybrid position determination system 100 is
optional. Various position location systems wsing shared information by a mobile
device 110 are described in further detail below.
[0042] FIG. 2 is a functional block diagram of one embodiment of the mobile device
110 such as may be used in the position location embodiments described herein. The
mobile device 110 may be any type of wireless device, such-as a wireless telephone,

including cordless telephones, cellular telephones, Personal Communication System



110 such as may be used in the position |ocation enbodi nents described _
herein. The nobile device 110 may be any type of w rel ess device, such as a
w rel ess tel ephone, including cordless tel ephones, cellular telephathes)
Personal Gpgwaileeati on System 15 JAN 2007 WD 20041008171 10 (PCS)
telephones,qg%ﬂgnother type of wirel ess tel ephone. The nobile device 110 may
al so be a two-way radi o, such as a wal kie-tal kie, or other type of

comuni cations transceiver. [0043] The Kbbi | e device 110 may be
conveniently ggscrEEed as_having three basic_ functional blocks, an RF
transcei ver (Bp) tElePHERESH SHAN PP CERS 8 Wirslsss ielphgne s dpe mabilerdgyiss 1@ arayan
antenna 210 ed, . -he_j.pt.ar beknee i.r.ele hannel ..and t he
r emai ni ng bf%%%%pgﬁaghgaﬁg%%ﬁbﬂggfﬁc%%%@ﬁgﬁg 7h§5§ﬁ%%&?§3§§§8%§§@§ﬁ% 0is
shown, a nuuEnkeinvdevice may i npl enent nore than one antenna. Wien nore than
one antenna is __used, each antenna gﬁéyoperaﬁe in a distinct frequency

spectrum orl0¢48 The mpbilecdevier d bk amaynbe copiepigny ideswibed |agdpiving thresgeasiecy

spectruns. i.rel channe [ t Radi o uency (.RF). | ink,
et nwer U pbliedt Bl EF FbERE g, ultba oBRehS: S48 JHE e bl
el ect r omechanoc aln ifteiinOd0ahaPbhe A5kdORIE dlterfRb BRG] -2 WROAA chahki13h the
received by the nobile device 110 are coupled fromthe antenna 210 to the

RF t r anscei vemaiig blogksaf termpblitedivagey] 10agitbongh silymak snicond21Q isahewi,ta ed by
the nobile de%j % 110 ar.e cfougl ed fromthe RF trg‘ﬁ%cei ver. to the antenna
210. [0045] THABICHEVICE AYCTRITRCDS 3pre Jhp,ans duteqny - JTSRimeme thapone apfpnga 1s

recei ver 224yedi B! Mterh8CRhY elie 19 BRI CrdREhEP shd B, SrcAEPhERipld oM

t he antenna ZS?LO to the receiﬂ\llgﬁeﬂa Wit hin tﬁéeiﬁlRF(%tp?anscgt{’verr ZFZ)IZX. ‘?Le
recei ver 22@nteppiscaby ppdratetie oscrlanpplg friequenpcyaapacirwosanBeeetht svitelsss clroael ed (/—-\)
signal to a.receiye aseban ' | . havi a desired bandwi dth _and .
el tude. - HESTEEE By Ry HRE i e it T doma orn BBF of HEV 86 ved
RF signal. ThenkReGbYE hadRdl t?ﬁl\édﬁt.%r(%ﬁ&?tkﬂti%al%te%@&e_ss' ng signals froma
plurality of frequency bands. For exanpl'e, the receiver 224 may receive

si gnal s frorfb8d4)GShdbmredeinsd belthe mebile devic kKifcaedaupled fromuthe catehos2hatd. | f

the receiver, 2 Is designed to receive signals froma plurality. of
frequency bdha& ‘F‘f?éc‘?l‘é‘?‘?e%er 0% GOTHBAIMERIGH %ﬁ@ﬁ’é" ez ?F?ﬂsgpﬁ?%g%it%

paths. Al terialieahice 110 Grd GG Hon? il RPN QNS bt ofb LY O

receivers 224a-224c. Each of e receivers, may 1 ndependently
filter, anpl{0f45] Thelic aanseeiver 2800cohaepnizda b atesnaitter 222 4rdikea feceived 224y Signals
received signals. = For exa irst receiver 224a may be confjgured to

ampl e, a_f
filter, anplfPf5yedidhampvie e 11Qpgroppled bom hegntenprrl b harerlvFiedt A
second recel ¥akin 208 RFYar&iC@ MU B Theiver 220 typically filters, amplifies, and

downconverts the received signal to a received baseband signal having a desired

bandwidth and amplitude. The receiver 224 may also perform demodulation of the

received RF signal. The receiver 224 may be capable of processing signals from a (

N,

plurality of frequency bands. For example, the receiver 224 may receive signals from a
GPS band as well as from a secondary communication band. ¥ the receiver 224 is
designed to receive signals from a plurality of frequency bands, the receiver 224 may
implement a plurality of receive paths. Alternatively, the receiver 224 may comprise a
plurality of receivers 224a-224c. Each of the receivers, 224a-224c, may independently
filter, amplify, downconvert, and demodulate one of the plurality of received signals.
For example, a first receiver 224a may be configured to filter, amplify, and downconvert
signals received from GPS satellites. A second receiver 224b may be configured to
receive communication signals from a wireless phone system and process them into
baseband signals to be used in the baseband processor 230. A third receiver 224c may
be configured to receive position deiermination signals from a source other than GPS

satellites. These other sources may be, for example, Location Measurement Units,



recei ve conmmuni cation signals froma wreless phone system and process them
into baseband signals to be used in the baseband processor 230. Athird
receiver 224c may be configured to receive position determ natioh?siliaesns
froma soug&g &h%&kgghan GPS satellites. These other sources may be, for
exanple, Lo P surenent Units, 15 JAN 2007 WD 20041008171 02013 -. 11
terrestrial " §&3&bns, or other nobil e dewi-ces. The third receiver 224c may

t hen process the received signals into bhkeband signals to be used by the
baseband processor 230. The received baseband signal is then coupled from

t he RF transdé@iogeial bggons o legher malels aledicps. o Ches thond 2@ 0ver| P24t meayehay pronese

t han one recejver .or, nore than one receive ath, th asebapd signals from
each recei ver of 7¢ F’&ggﬁé%ﬂ%ﬁ%’aeﬂﬂﬂﬂéﬁ thj%t‘f‘?‘éd bé’aig‘égé?fga# BOESSEr “H30.
The baseband 1hi 4Ral $:d"B¥seBsnd o bl”ﬁdthbﬁ‘tc%u 1Bd St e Rat %ans%wet'z@b%e@eon a
single path, or provided on on€ or nore |gt| nct paths to the baseban
processor 230asehaiiGpcBaselhdifshegn aksmbleathambae taeiver b mpgnihtit otk sdceive

coupl ed fromthe ba%%tz?gnd oro}cessor 230 to the transmtter 222 wiithin the
RF transcei vEathp e anq shpals: fram oxsh repgiviTePh BICHIVE] Pathrase cappled ftpetde and

upconverts t ' a ' ' L -SLagn t are
Coupied to t PEhARlpeEs OO SR H AN Sloh 1700 il sBb 0 BhFre ff
signal wth thdtiplexsdson 4 sibgleqladndr proyitet .on e of bRAs tistindBpatiis 3 teshasstand hen

broadcast over the RFE channel to their destination. The i ntended destination
may be a si BEICES8EH%e or may be a plurality of devices. Additionally, one

or nore base ' - C r one or re RE. freqyency
bands for trg@saﬁ;lgé%eg%?& %@n@%% gdqég t#ar%gr&%t%rdlc%/r bcgﬁaisggn@?}nbtgedalag? Et or
may_overl ap. pAgewas23(e tha&@nsthittbr 24Pewitliia ¢ied RE krarstéived DD, I TiRNSMkinki®) 2222 may

bel configured as a pl uralit¥_ of transmtters 222a- 222c or_a plurality of
transmt pat BEferpbly ilists, ifieq afivpeaverto thedrapomi besgpasd pignals sty trahsmit er |

upconvert, ard ampli b si_gnal . 5orexanpl irst_transpitter
upconver . a8k QTR 8 RATRRDS ARl 0 e AR e B4 Sy B0
transm ssi onah REeRhAINGithohe tWinkithbRehiind&igiE PRNRarist R siiadd akSthan base
station. A second transmtter 222b may be configured to transmt a signal

confi gured t Brogisasihoeesdhn&F dhaprgl do ghey destipitiont intendas dastingtiondeeba ne a
range to the_transmtter. For ex le, .the sec transmt path .may b

confi gur ed tg’)lthgganeg Mt " Baserh g’fn%tgﬁgld@{lﬁ%sf ?@Hﬁnﬁm?ﬁ e PG/ r%‘?rea{mﬁ%ﬁn&ode
sequence si Miilgfsls nfhytHeQubiied 5986 oPihofPRETRGAEAY AR for tRASHNLGOE J8YI Ce,

such as another nobile device or a base station, nmay then use the PRN code
sequence 't o multiple RF frequency bands may be distinct or may overlap. As was the casc_with the

receiver 224, the transmitter 222 may be configured as a plurality of transmitters 222a-
222c or a plurality of transmit paths. Each of the transmitters 222a-222¢ may separately
filter, upconvert, and amplify a baseband signal. For example, a first trénsmitter 222a
( may receive baseband signals and process those signals for transmission to destination
- within a wireless phone system, such as a base station. A second transmitter 222b may
be configured to transmit a signal configured to allow another mobile device or other
receiver to determine arange to the transmitter. For example, the second transmit path
may be configured to transmit a baseband signal that is in the form of a PRN code
sequence similar to the signals used by GPS satellites. A receiving device, such as
~ another mobile device or a base station, may then use the PRN code sequence to
determine a range to the transmitter.
[0047] The baseband processor 230 typically operates on both the transmitted and
received baseband signals. The baseband processor 230 may also perform functions
local to the mobile device 110. Thess local functions may include receiving and storing
phone book entries, manipulating files stored within the mobile device 110, and

managing various interfaces to user devices. The baseband processor 230 typically



determine a range to the transmtter. [0047] The baseband processor 230
typically operates on both the transmtted and received baseband signals.
The baseband processor 230: may al so performfunctions local to theg ng)t?ﬁd?e
devi ce 110.wdhemposogal functions may include receiving and storing phone
book entri es, mani pul ating files stored within the nobile device 110, and
managi ng varffd643 interfaces to user devices. The baseband processor 230
typically 15 JAN 2007 W 2004/ 008171 02B413 12 conprises a processor 232
and a nmenory 234. A series of instructions or programnmay be stored in the
menory 234 ChaprpgR precsseerd3ByandRengporeSdord s3s of frstriuaisonsuns pragnam aray

di .t h f ' ' I . '
Punct tons. W tretinfe e 28 el B Bh e R B Gratb Ry G R ihe vrons.
[0043] The hasabanfupraces gy ssP Yo fpaifoRar v@{dﬁgesﬁ@a? Neotiaf BfktAgeband -

signals. For exanple, the baseband processor 230 may filter, anplify,
denodul at e, indudiog sorpe or albofrtbe potitien detereiinatidnfersdioand si gnal . As further

exanpl es, t band processor 0 dei nterl eave the baseband signal,
appl y correggﬁ’%?ﬁ@ﬁﬁ@et\aﬁ&ﬂ&%ss@? %%11 gy Mprther pgRresy g‘éﬁ?ﬁeé]‘(?@é’,as ‘iﬁ&gﬂa}s-
synchroni ze b ' I tIemL e ce :2Th S recei ved
baseband si fﬁg%& Q]?rlgg g%d%%h%gl p@%&%ﬁgl% uség t%{‘/ﬂe’[g ngphr%’bls?lg&gg@?’c%%f i’oglgr may
be signal s tdasectahe rdcaived Be@dbinnt signalls &rs fofthdriea amples) the dasebamd prbessticBOAS

voi ce or data signals. The baseband processor 230 may determ ne the.
posi tion of medepsHeavedhsbareband signali ARPlY spBFaHOH YsHTEotorResdoHTIOr SOIEFiON

baseband prqggsenls %%Qn@n&%&izé’ ﬁlek{% eHafld ?lfg{x}%qg a‘ﬁxﬁée ?&%HERP | l'ﬁl(fd%}‘!:e%gedllo as

a message from an exter source. "Al'terna : _ dséband processor

230 may per fragdivedl 1eetiang Bigakls s RABhirblNg R @edbald MBbaddevieondirnade the
remai nder of the position determnation process with an external device. (
The basebandept thet arp3otendsd fon @l useeohthganehileode viret Bitnsushtas opicroadate 238 -

to determne_the position,of the ile vice 110 i ng.the received

ot ormat | on S BRStisH rateate 330wl T b bolEed 8 ACRBBIT TS he
user to a usgD dsiigabtddoal RftPmaribd) Of Ble ASetaNd PIERLE 230 hiRy haspRandidkRgessor
230 may determ ne the position of the nobile device 110 using information

recei ved fr ovh BPSnehileetigviiqectl0 A papessagevBpIp as eRiemapsorice. ohltarmiivelysithe on
determ nati gn be perfo d in the positiji.on determnati nodul e_238,
The basebang’aﬁé%ﬁgs%tﬁﬁ%sﬁoﬁﬁﬁﬂsgﬁfoé@gF‘v%o @3§?s‘§]§ na)® _OPogeg%rF@?agﬂoﬁean he
pseudo r angesot@nith fiReredRmdeRbeihk ipbﬁﬁon I&I@nﬁiﬂﬁtﬂﬁﬁpﬁfz&s RESUADexi@RaIevReCaUSe

the range is an uncorrected distance reasurenent. The nobil e device 110 can
det er mi ne i t'Bhe baseband processor 230 may include a position detemzina’tion module 238 io

determine the position of the mobile device 110 using the received information. The
baseband processor 230 couples signals intended for the user to a user interface 240. |
[0049] As an example, the baseband processor 230 may determine the position of the

mobile device 110 using information received from GPS satellites. Alternatively, some

N
. ——’/.'

or all of the position determination may be performed in the position determination
module 238. The baseband processor 230 may use received GPS signals to determine
_ the pseudo ranges to three GPS satellites. The ranges are pseudo ranges because the
range is an uncorrected distance measurement. The mobile device 110 can determine its
absolute position by receiving a signal from a fourth GPS satellite and determining a
pseudo range to the fourth satellite. Because all of the pseudo ranges should intersect at
a single point, the location of the mobile device 110, the baseband processor 230 can use
the four pseudo ranges to determine the error in the pseudo ranges. The absolute
position refers to a particular position, such as a particular latitude and longitude. In
contrast, relative position refers to a location relative to a reference point.
[0050] In an alternative embodiment, the mobile device 110 receives signals from one

or more GPS satellites. The baseband processor 230 determines the pseudo ranges to



absol ute position by receiving a signal froma fourth GPS satellite and
determining a pseudo range to the fourth satellite. Because all of the
pseudo ranges should intersect at a single point, the.location ofj t&e
.nmobi | e devhﬁﬁz&ﬂiﬁosﬁ e baseband processor 230 can use the four pseudo
ranges to determne the error in the pseudo ranges. The absol ute--position
refers to af%d#%icul ar position, such as a particular |atitude and

|l ongitude. In contrast, relative positith refers to a |ocation relative to
a reference point. [0050] In an alternative enbodi nent, the nobile device
110 recei veshessayelhiles. fFlanGPSepseodo rmzes (AP sptkedi iphaml pbhidobasfebhanibn if
processor 230 determni nes the pseudo_ranges _to 15 JAN 2007 WD 2004/008171
020143 - 1%erg gie uof ifigiepionunipss ebSEyswirdiies avglablenip, detemyrns an@biplptei al
position infqgf [ Ty : LoLent.: lites
avai l abl e t%gﬁg%r?ﬁﬂ%gioghlggg‘ég gggﬂg&g%eggf#{a{)fr\asgﬁﬁg%%ﬁfiﬁ32%/?80e g%&%’so

recei ves ragging siograkhioblile davige bei fiesd Ideatiorssicor, Thsbsabar proekae30obi | e
device or a fixed |ocation beacon. The baseband processor 230 can al so

det er mi ne t [§an pise desrningdhe psedorangss i Hisse SHIGF seicesThEhepbaselvad Presieswss sor

230 may .t hen,g0 lcate the rtial - posj.ti L nforpation 4 he GP
catell tes. BAATREEifbEnE sl BRRUHH AR R TRk BR T Ay o
devi ces and tikeagMisnal tdsioR inB@fdatib® Frode et mabild deVBGAULR] BSfotd, tibi et he
baseband processor 230. The position determ nation nodule 238 may then

det er m ne t [pesipes idetepningtion modnish?IBewibini ibe bagepand pfweser 220t dhagositieny, t he
baseband processor,..230 rmat, ea of the pseud an and sition
nf or mat | on SFERRPITLmeRRE o ol b afikeming teefT e SLhE PR R AV e ey
:T&GQF porate [@05@? AHeHRRVES! BE HalBhAPRBRNH B0lRaFIRNAAIEA0E of e pRaRlbl@Rs Of the
bil e device 110. The external device may then transmt the position as a
message to aphgosititi limfortestianefot 1@nsifiksor xe en reaternhd \devise.ndlhe ektarnad xiamioke be a

| ocation server.in a wreless communicatio tem The alter.natiyve
enbodi ment R BOPBETAS GnPoRir AHPRADRER ModgRLRy Arlbraas o RESHRE b o
device 110 anfbiRieikt @10 hedSMiag dRke %y A’fl&?&aﬁs@niﬁ{ﬂeeﬂﬂsﬁibﬁ ab b HETL Y and

menory burdens in the nobile device 110. though the exanpl es describe the
maj ority of teumobileodevigek ¥ r Hedeiternalhievisagedya et examplestxos loc@BM, setee ibaseband

processor 23Q é use the position de rrrigation nodul.e 238 for same or all
of the posi tVGIFSHefYPRRLAYYh FaREY i onde P ﬁ??ﬁv%i%ﬂjé’ldé‘n Bocter 298Pt ed by

the nobile dexyRaddisahQrifiio8 8RR YndbE detigs ¢RRAM B 38834 AeviddRay HBE
baseband processor 230 may format input signals into baseband signals that
are then coupdden dleviarepiRPesingred enangory b20iend live tHeanelikndevice 110. Although

the examples describe the majority of functions performed in the baseband processor

230, the baseband processor 230 may use the position determinatioﬁ module 238 for

some or all of the position determination functions.

C ' f0052] Signals to be transmitted by the mobile device 110 are processed by the
baseband processor 230. The baseband processor 230 may format input signals into
baseband signals that are then coupled to the RF transceiver 220. The baseband
processor 230, for example, may interleave signals, encode signals with forward ervor
correction, filter signals, modulate signals, or otherwise process signals. The signals
provided to the baseband processor 230 for transmission may be generated internally by
the mobile device 110 or may be coupled to the mobile device 110 using the user
interface 240. The baseband processor 230 may generate 2 PRN code sequence to be
transmitted as a ranging signal to other devices. The ranging signal allows the other
devices to determine the range to the mobile device 110.

[0053] The user interface 240 provides means for transmitting received signals to the
user and also provides means for coupling signals from the user to the mobile device

110. The means for coupling the signals to the user may include, but are not limited to,



processor 230, for exanple, may interleave signals, encode signals with
forward error correction, filter signals, nodulate signals, or otherw se
process signals. The signals provided to the baseband processor PBOAN &7

t ransm ssivpg 26008361 generated internally by the nobile device 110 or may be
coupled to _l;le!ﬁgobi | e device 110 using the user interface 240. The baseband
processor 2 o y generate a PRN code sequence to be transmtted as a

rangi ng signal to other devices. The ranb‘" ng signal allows the other

devices to determne the range to the nobile device 110 [ 00531 The user
interface 240 PR Fedse faehes RofPtliearynthen Hapsdaewi dedispify hish ypast ke 2 user
and al so praqyj f upl.d i fr e r he. nobi | e
devi ce 110 HyASE: TR, sCbmB Mbted), ol S8 GO IR MR d b FERRAL T b
are not | i mcoagkction fdiScobfith B1RFric MG 2Ha04o C0&Hekpdhitiicddset deviad) admelianidayi ce
such as a speaker or other transducer, a display, which nmay be a character
di spl ay, sedrise Seihs3s aayibraipn sergppadndicatp o yncosing méiseageonany giheepwtabld cal
connection for cqupling electrical si |s.to_a,corres i,ng user device, a
mechani cal “a%a\‘/‘f‘g %?f%‘%“ﬁ a%“&/f“g?rgﬁgffﬁr}go% l?:een:logﬁ? ﬁir&?”c?gﬁgaétﬂ REDAF iyt
message, Or @iite OtTHRI meds!Bh LSuplinB alihals Hrork WU Q8 thd ShdbilE FRE 1190 thiyem the
nobi | e device 110 to a user or usér device. The nmeans for coupling si‘gnals
from t he usanclude, thue areotwdt! lemided kg @ hicfophaye, 4 keypadea tbuch sreenned electriceked t o,
a mcrophone, a keypad, a touch screen, an_electrical onnection, an
optical i np§PRIEFHOL, AN CRGalInRYE Py othes shtabie, means for FWQ’?’HS dsersigalsiie they ¢ he
nobi | e devi GRokikQevic@3?4] The operation of the nmpobile device 110 is
explained in nore detail with reference to Figs. 3 through 7. Each of the
mobi | e devi o854 Khenoparatiting®f tBe thetdleghevice dhl) ibeexplsimdil e miowi deeaibiwitl ar to,

the one shown_in FIG_ 2._[0055] The functional diagramof FI.G 3 shows onel_ ./
enbodi ment JEfeEnse & Figsn nge%&h n Eadyak f@ﬁ]m@ye Hlegicey oV Yigs- dthbroush 7

310a-310c i Ss..J i : OB MH . lites and in
comruni cat i %élanbetcﬁﬂigggﬁﬁ%\{l%eerl. tgiﬂltlée]&%gs\l}%g%n g%? 310c that are in
communi cat i doosgjtTheetanttickheingaiaf diiFGa 3 shoab oge enbodinAb 6] a pbgtisiwichtton

devi ces 310a-310c conpensate for an insufficient nunber of GPS satellites
by sharing isysEmmaEardnofbemebilendeyigss 31044 E0qishiny enyaypiedipn3vih i3ee Gy

agai n to neinet i UL ARl o Mo, SR IR B r e

GPS satel | i temmafieatda06Gih bl offier 8éfinehlbde setryl ce 310a determ nes parti al
position information usin%the C} ) _
[0056] The mobile devices 310a-310c compensate for an insufficient number of GPS

satellites by sharing information with each other. The mobile devices 310a-310c may,

for example, share timing information or GPS aiding information. Referring again to
FIG. 3, the first mobile device 310a is in communication with three GPS satellites 320a-
320c. The first mobile device 310a determines partial position information using the (’“\
signals received from the GPS satellites 320a-320c. The three GPS satellites 320a-320c¢
are three distinct satellites. The first mobile device 310a is also in commubnication with
a second mobile device 310b and a third mobile device 310c.

[0057] The second mobile device 310b is also in communication with three GPS
satellites 330a-330c. The three GPS satellites 330a-330c that are in communication
with the second mobile device 310b may or may not have satellites in common with the
three GPS satellites 3202-320c in communication with the first mobile deyice 310a.
[0058] Similarly, the third mobile device 310c is in communication with three GPS
satellites 340a-340c. The three GPS satellites 340a-340c that are in communication
with the third mobile device 310c may or may not have satellites in common with the
GPS sateltites 3202-320¢ or 330a-330c¢ in communication with the other mobile devices

310a-310b.



signals received fromthe GPS satellites 320a-320c. The three GPS satellites
320a-320c are three distinct satellites. The first nobile device 310a is

al so in communication with a second nobil e device 310b and a thiifd Jlkiire

. devi ce 310c, 00571 The second nobile device 310b is also in conmuni cation
with threeWSPEMW Y |jtes. 330a-330c. The three GPS satel lites 330a-330c
that are in¢tz¥#muni cation wth the second nobil e device 310b nay or may not
have satellites in cormon with the threk GPS satellites 320a-320c in
conmuni cation with the first nobile device 310a. [0055] Simlarly, the
third nobi | ¢iSeyiBach 3ie hebilecoRATIMILIU(cqhaphdtbel dWER SRTratcsRteBblvE §i6S
340a-340c. The three GPS satellites 340a-340c that are in communication

wi th the t hPedlempsing jedhe gagizDpositgn oformplion sletenmined Seare|the GBS sarellormon

with the GPS satellites 320a-320c or 330a-330c..in co nicatjion with the
ot hor mobi | EABOIGRL-  S1BROK 850G 89T AL 2053 RbSd B BB s
[0059] Eachpgditibher fRbbbigitsd E¥ch §Bemtlo@an st QFineRY sOFhcddF @%ﬂh%ret WitReLGRs el y
resolve its position using just the par?l al position information determ ned
from t he GPSatglliteainlthe eenterr dibs miterseaivn.of Aime kpheres diefinesarwwadistinebpaihtse &he
satellite pseudo ranges tp resqlve, its osition.to two points. Eac seudo
range defi n@%"%ge éﬁYlF‘gET@Y ellausfa}i@P@eW lteﬁg?gléo giprinate g ofjthe ¢, Peipis- rci:é’F':t er.
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dovi co. mmy. CH B R ik ke A R Rloedh ot P L
For exanpl epverageaamarafl dus wiklese phetsvoyiematonelimimes opd afethoratyw ol peints.

know edge of .the . coverage .area of the wireless phone syst to elimnate
one of the %mﬁm’fﬁ?s&‘e ‘g\?’?@r 5o /BRY, usg Pt]é‘t"rfgbtPlegmé‘é%tF @@eéiﬂ%‘@o RPPf% ude to
el imnate o I ' Vhﬁ{\,q O Ak .eat er
tl@n t he al ?ﬁha%gbglt?s m@ﬁggﬁ‘?ﬁa galltg'l%%? ?%rala}?%légf%y 60] %%ﬁ% §] ity of
a nobi |l e de{{®l] Thoinabidaypl @ Rdik, devize &8 @kwyaple 110aEptorreicdveen dae rafeemicdy t he

GPS, satellites may contribute to an_error vvhenwgosi tion is determ ned using
only three B8 WAhe (RS wiellitepinay epnirhply Lo AR CHET WHHER PRGN delsTmingd vsagc nay

achieve ti ' QN L] 4 h 1.2 I ways.
Once one of CTRaHAE I LAGHRT Hileper, 4R S e S deV 8 Sbaa IR R 10
reference, titnen®yichroniantion edétheht IGPY bateliigesiinfaovaity off wiags.alOncotdnerofnkerber s

of the | ocal 0g',roup. For _exanple, tinme s¥nchroni zation may be achi eved
during a pePioBde ofevitete foR RPPle 3 108pHlefamingsi &FS, diewipg e EITRIGEY ntht 8N from
four or nor E ites. - |t L., | ' r i e
comuni cat e 01%1§8%§&gépgrﬁ3§@géﬁﬂ)gﬁéﬁ%% Iag %E%@gén‘b@%ﬁf;{hgllg? lbo%eléﬁganger nal
net wor k ( notxahslynimb ayhélgoknaisheage befackdefed dofng Arperiod of time in which a

mobile device receives information from four or more GPS satellites. Additionally,
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GPS time information may be communicaied to one or more of the mobile devices
310a-310c by an external network (not shown) having knowledge of GPS time. An
Q : example is a wireless phone that is able to communicate with a base station that has
knowledge of GPS time. Altematively, the mobile device may incorporate a stable
oscillator that is synchronized to GPS time. A time period for which the oscillator is
considered accurate depends on the stability of the oscillator. A less stable oscillator
would require more frequent synchronization with GPS time. The ability of the mobile
devices to have knowledge of GPS time increases the accuracy of the position
determination.
[00661] Initial knowledge of GPS time is ﬁot required for the embodiment of Figure 3 in
many situations because the mobile devices may determine a GPS time reference based
on their geometry, Alternatively, the mobile devices may use hypothesis testing to
resolve a position fix from a limited set of position fixes. For example, a mobile device
in communication with three GPS satellites may be able to determine that its position is

one of two positions corresponding to the intersection of three spheres. The mobile



exanple is a wreless phone that is able to communicate with a base station,
that has know edge of GPS tine. Alternatively, the nobile device my
incorporate a stable oscillator that is synchronized to GPS tineljAANizg
period forww%(ﬁfbmht?i? oscillator is considered accurate depends on the
stability o he oscillator. A less stable oscillator would require nore
frequent sy®chtoni zation with GPS tine. The ability of -the nmobile devices
to have know edge of GPS tine increases ke accuracy of the position
‘determ nation. [0061] Initial know edge of GPS tine is not required for the
enbodi ment 8%vif Bay eszshaged Fgprnatipn @aang feeplsrs 46 et lnealrasenn & othesis may

mobi | o dovi S0k FTelhE RARTE B o it el QERTT. Bl pRubTE R M, om e

linmted set deficRsy rkABw fprde Sbsol@E pOXEDR IfiRes.a THE Ridof pBGNAE Bxes May help to.
communi cation with three GPS satellites may be able Po determne that its
posi tion i sevawae dlic piwsepiopdsitioon xcéapeadipp i g age vhéhe priet pesitivrofixes. t hr ee
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device may review prior absolute position fixes. T prior position Tixes
may hel p t ocawrtheh batsed toduphersefitte the phsitiomiiki Thug fpleelimay be ot Mmstageesafr t he
prior positiqn fixes. . Alfernatively, prior position fixes for other nenbers
of the |oca™ Li‘prﬁﬁliﬂao VG allat’ed© gdical shove e?nf‘?ﬁ]@“%epr&}_rrent
position fi éyl%c?{gc}?ﬁﬂaﬁoﬁ %{{ﬁb@ﬁ B0 9 fererfcMint RERPH H&&%ﬁ\;ﬁ.i{s“ 55&6%% Fﬁ' ne

t he position Thus, ere may be sone instances In i ch a nobi

devi ce in t k»vertodemneniajeiny of sitmtibhs tBe nebile desicp magnse dypdhaszniestalg on Wi Eh

GPS tine reference.in order to determne |ts 1aegsolfuﬁe fix. However, for a'._/

mej ority of dgferme itssbsolyts gosign Wahauharios kpeyledseo iM&sis testing to
determne i . |1, 1 A | OF | 0062]
The nobil e E@\’/ﬁé gﬁéé %&O%élg g%l%és(r)rgn}ngtﬁgg &eﬁ a"yﬁpéorrg ﬁ%ﬁﬁﬂgér{lﬂo\%qﬁﬁj éegglé &ﬁ%{ Ldeérm?rnt[oor der
to col | ect iceBtcyiviigdmvs whfficieneiifodmtiion nehtanattly raadvy ke liydividas pogitiohsi r

I ndi vi dual positions. The shared information may include GPS information,
timng i nforihgshapd indpranatiay maydecludsEPy deformatim §mingintormatien. e ayalseobi | e

to nmobile r I-n 1l fl | ce 310a may
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addi tional o6 iTas fired ALBRL dofce TiTa 1BLE estmuBRhieavitethe Gecontithobildevice

comuni cate to the first nobile device 310a information relating to the
satellites 310bin order to obtain additional position information. The second mobile device 310b

jvs @)

may communicate to the first mobile device 310a information relating to the satellites
330a-330c from which the second moobile device 310b is receiving transmissions.
Additionally, the second mobile device 310b may transmit a ranging signal to the first

-mobile device 310a that allows the first mobile device 310a to determine a range to the

/ \a
‘l\. /"I

second mobile device 310b.

[0064] For example, the second mobile device 310b communicates to the first mobile
device 310a the identity of the GPS satellites 330a-330c with which the second mobile
device 310b is in communication. The second mobile device 310b also communicates
the ranges to each of the GPS satellites 330a-330c. In addition, or alternatively, the
second mobile device 310b communicates the uncorrected position that corresponds to
the three GPS satellite ranges. The second mobile device 310b also transmits a ranging
signal. The ranging signal may be a PRN code sequence modulated onto an RF carrier.
Additionally, the second mobile device 310b communicates a message indicating a time
reference to the first mobile device 310a.

[0065] The first mobile device 310a determines its uncorrected position using the ranges

to the three GPS satellites 320a-320b from which it is receiving transmissions. The first



330a-330c from which the second nobile device 310b is receiving

transm ssions. Additionally, the second nobile device 310b may transmt a
rangi ng signal to the first nobile device 310a that allows the first nobile
device 310a to deternmine a range to the second nobile device 310bl5 [J8baegy
_For exanpl 3" %@gmgseiond mobi | e devi ce 310b communicates to the first nobile
devi ce 310a% ght | ty of the GPS satellites 330a-330c with which the
second nobi | &¢4Pevi ce 310b is in communication. The second nobil e device
310b al so conmuni cates the ranges to eacty of the GPS satellites 330a-330c.
In addition, or alternatively, the second nobile device 310b comuni cates

t he uncor r ectrebilpdsvité Gih0d hiss vewrihe spfondsidnofromhie tdvoae 1@&8&&&&&@10@ 10

ranges. The second nobile device 310b also transnits a rang|r$E gnal . The
rangi ng si gnSficRa)e e Wcppetedasitiaypidhe scqond maokile devise 31%in ﬁfét mo@rle
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first nobil edetemnﬁe B OfngetiRtwidne shd trioUdedbdseCt RSk [FRSH tidbile Uik t310a
ranges to the three GPS satellites 320a-320b fromwhich it is receiving

transni ssi onsynclhyeaizes Wgth i\?f BN @@@ﬁeqmcﬁmﬁmdm e oea@id1 obide Ide vige

devi ce 310a 0 format on_f m cond nobiJ.e devi ce 310b to
det er m ne thgiolsjoncor&sdg{ SWP%nﬁTan} ‘ﬁ’e‘ﬁobﬂ‘ﬁgs de:bﬁ:ee 153 1%h . 5 e
first mobil esylﬁmwﬂﬁau&i@@uy&@ﬁyéehemé&w ﬂﬁ)bﬁé gﬂ%'ccst BaMs Hhd 1380b Becdfie tﬁ@COHd
nmobi | e device 310b to deternine the range between the two devices. The

first nobil esatend grobsledevicsyHOhr aoni iz mil artlmmeefél@nw sigud toethe diveiemobile
transmtted .1 n bi.l.e deV| 310 der to.determne the
nobi l e to rmg‘%/‘ﬁlcec% g[% %ﬁgo bilg dﬁ‘é“’? R 9%‘?? %lqt%‘ﬁé‘%?%% t he
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ansmit a tinme reference signal to the first nobi vice 310a. The first
i | e devi ceecBidzmobin devien3 Hym dier Hirst zebie devite B Hal cahi deenbardtstumcoaedtedre

base in the second bil e devi ce. 310b. . Thus ar information with the
second nobi | BOHRM égo & Snensrected] ositos: of ;i "reémb‘g\é:i gﬂ ﬁfﬁg e SARbqEtde e 19885 t s
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310b, and the range between the two devi ces. e sec evice 310b
nmay i ndependtwtshiye debeuationer cmmecaam&lemﬂbunm foom dire fxanmokbitradevizet316b.
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information aehatdng ilBrhiRnSehehd IS sAdRRes3A08 356 LMRNRIHRL,: f18fhitdnbehdobi |
device 310c is receiving ﬁansmissions. The third mobile device 310c may also transmit ‘
a ranging signal.
[0067] Thus, each mobi]e device 310a-310c in the local group is able fo determine the
uncorrected position of all members of the local group. Each mobile device 310a-310c

C .can also determine the range to any other member of the local group. The mobile

devices 310a-310c can then use this information to determine an absolute position of
each of the mobile devices 310a-310c.
[0068] The communication between the mobile devices 310a-310c may be direct or may
be indirect. The first mobile device 310a may receive transmissions from the second
and third mobile devices 310b-310c or the information from the second and third mobile
devices 310b-310c may be sent to the first mobile device 310a using another device (not
shown) in communication with the mobile devices 310a-310c. The other device may,
for example, be a common base station or a central connection point or dispatch station.
[0069] Each mobile device 310a-310c may also determine mobile to mobile ranging by
using beacon signals that are received by all mobile devices 310a-310c. Each mobile
device 310a-310c can determine jts range to another mobile device by using a beacon

signal transmitted by each mobile device 310a-310c. In another alternative, cach mobile



device 310c is receiving transm ssions. The third nobile device 310c may
also transmt a ranging signal. [0067] Thus, each nobile device 310am1% .
in the local group is able to determine the wuncorrected position offa il
menbers ofuiRedREAy 9roup. Each nobile device 310a-310c C can also

determ ne the range to any other nenber of the |ocal group. The nobile

devi ces 310%*3%0c can then use this information to determ ne an absol ute
position of each of the nobile devices ¥$10a-310c. [0068] The communi cati on
bet ween the nobil e devices 310a-310c maybe direct or may be indirect. The
first nobil devdesdlde-3390maprdytermineiits @ositign selitsi tomke Sthormobite devizeadsingnd -
third nobil e devi cesﬁl(ggl-gém r the informa#jcm fromthe second and third
mobi | e devFURENAHF APl to mohile range apd aygle of 41gel hphi | e devi ce 310a using
anot her devigyeo{ PRis, @mvmabuend@ﬁm@ogém&emwaﬁ&m guﬂ%gf t6l8HiEEEPS
310a-310c. The other device may, for exanple, be a comnmon base station or a
central consaeliiicomns peilas rengedits pathcdf the athiepmobilf @86i9¢s nathé lsebitoapdatiece
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si gnal s t hat9RpEalien. & ve@sbjmg}) CCHpBIONR 1 ten Flows 3945k mebile, dewise | e

devi ce 310a; : : ] ' e Ll e, ' sing a
beacon si gﬁ%léﬁ{ﬁp gﬁgﬁlgﬁ%@é%gfeg: BrTDEI i edte g]gg‘%q&da%lgg?]%%%eﬁéﬁgnoc ﬁ}éék{
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310a-310c may determne its position relative to the other nobil e devices
using a coRbihgarqbils dgyicedHiaH Ocds mMizedr ange and angl e of arrival. [0070]

Thus, each Wll | 10¢ termnpe a.range.to.three .
satellites as miﬁnggg{h%glﬁgoéfs%q{egmgsé%ﬁﬁ%ﬁt% RGN H%isggc}ﬁ%%{g’é)? WIE‘D e

| ocal groupGPBheuelhesidinniag iaoferioll Wi AnecdiRkalnf@ ity o0 Fo@tdronoR! GPBs each,
mobil e device to determne its position or fix. If the nobile devices {

310a- 310c usuclitasj nbhe diea syrehranivsefion jmay jieahbo deteadined tohke e¢owgate fperence

used by the sat Ite t rror .in the position.. of the bi | e .device
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it receives information fromfour or more GPS satellites. The tine

synchr oni zaBlom Hhayist heingandgendranindipntinfopeatmonenberdeeived froprasdatanati ned
period of tine, ternati.vel L.l me synchropi zati.on nma aghi eved by
Fecei ving aPevRge I EBRRRTSiet bt R e B arou el A2ilerer rmobi 1 e
devi ce 310210029 Eachl Rdbilk Jevick Had Fo AneiaN v ATHVEART thai ateHyPleAlY nedhcey be
recei ved from an external

determine its posifion. The four unknown variables correspond to the three ranges

needed to triangulate to a position and the fourth range needed to resolve a timing error
between a time reference used by the mobile devices 310a-310c and the time reference
used by the GPS satellites. Because there are three devices, the. total number of
unknown variables is twelve. However, the GPS time reference is not an independent - C)
variable for each of the mobile devices 310a-310c. Once one of the mobile devices
. 310a-310c resolves the GPS time reference, the information can be shared with the other
mobile devices in the local group. Thus, the local group of mobile devices 310a-310¢
only needs to resolve ten independent variables. Referring to FIG. 3, the ten
independent variables are the three pseudo ranges for each of the three mobile devices
3102a-310c and the GPS time reference.
[0073] If each of the mobile devices 310a-310c communicates with three distinct GPS
satellites, twelve variables can uniquely be resolved and the position of each mobile
device 3102-310c can be determined. The twelve variables that can be resolved include
the three satellite pseudo ranges for each of the three mobile devices 310a-310c. The
twelve variables that can be resolved also include the three mobile to mobile pseudo

ranges.



network in conmuni cation with one or nore of the nobile devices 310a-310c.

[ 0072] Each nobile device has four unknown variables that are typically
needed to determine its position. The four unknown variabl es cot§dapomd to
‘the three rg%%ﬁ needed to triangul ate to a position and the fourth range
needed to J@}é]tlnlng error between a tine reference used by the

mobi I"e devi ce8t4310a- 310c and the tinme reference used by the GPS satellites.
Because there are three devices, the totaf nunber of wunknown variables is
twel ve. However, the GPS tinme reference is not an independent variable for
each of the [0obijlBred eviteasrBdDaiiBi B00a-Oome 38Mme3 3, ihE34mbidoe sftendt Gasinct
310a-310c resolves the GPS tine reference, the information can be shared
with the ot Heelliipphs podion obsadhnmphide Hedes 35030wc 1T &g dswemwéaﬂf gaqbup of

e o1 SR 885k o B SRR BRI, R APLRRTS el Bl
ranges for epgfhioffoftdieh tiswiR ARkl $104€306 982y Bd QBreRAded ¥k bﬁﬁn@%

reference. [0073] If each of the nobile devices 310a- 3100 cormunicates with
t hree disti féksS mdesmgﬁsl with ghe mwdlileetovmebideh rage betwaem dlure Hiffdoent realsleved
and the posifion o mobi I e evi 310a- 3 can he d ter d,., The
twel ve vari dt51EE%t ? Bglhcaggn F%?&’Wﬁ‘ﬁ%ﬁ?&&g %lofff‘éer’ttﬁ?&le ?]3? ¥ do
ranges for Gﬁ&}hn&fre&,ﬁlﬁ isf Bﬁ&‘&d&&%ﬁé‘d Séih&%oh?ré&ﬁ SHRC postfisy abibRhingiordls abl es
that can be résolved also include the three nobile to no e pseudo ranges.
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the GPS pseisdmeBHgdtom th the nobile to m)bl | e ranges between the
different nobjle devices. The duplication in GPS satellites anmpng different

mobi | e devi c{8§75§fe'§’ﬂ?1@881“%§00ﬁ%‘?n sistean 400 15 showe e Ani Thess 1ekils degives,
sol utions. Tng, PO 519&‘3 to né!hﬂ%! Ofhd first Eﬂb‘%@é%@h@é i AeH If c&ﬁgﬁﬁﬁcﬁ fener

ranges than are req(ure eterm ne an abnsSo osition. e sate lite

pseudo r angewitihffoum@RO saiies niz0sd20y. edhd ﬂﬂi@blrﬂzcﬂ)ﬂdedeﬁee ct18B.0R- 3EOcini S -
i ndependent of the satellite pseudo _range determ ned b% a different npbile

devi ce 310a-compRuniqationsyithay seaead mabiletdepise Héeat Thnsewpad apbiodeyise dHIWS i n
FIG 4. Thr 8% c%ﬂiun?caﬂgf( WihSwo GPS satellites 430a-430b. The second mobile device 410b

is also in commumication with the first mobile device 410a. The third mobile device
410c is in communication with two GPS satellites 440a-440b. The third mobile device
410c is also in communication with the second mobile device 410b. In order to betier
illustrate the use of shared information, the third mobile device 410c is not in
( communication with the first mobile device 410a.
[0076] The position of the first mobile device 410a may be determined using the
information from the four GPS satellites 420a-420d. The absolute position of the first
mobile device 410a is determined because the first mobile device 410a is in
communication with at least four GPS satellites. Jf the first mobile device 410a was in
communication with more than four GPS satellites, its position would be
overdetermined. The position is overdetermined when more ranges are available than
are required to determine an absolute position.
[0077] The position may be overdetermined when ranges can be determined from more
than four synchroniied sources. The sources may be any absolute position references
- and do not need to be satellites. For example, a mobile device may be able to determine
ranges to two GPS satellites and three absolute position references that are synchronized

to GPS time.



410a, 410b, and 410c are shown. The first nobile device 410a is in

comuni cation wth four GPS satellites 420a-420d. The first nobile device ’
410b is also in communication with a second nobil e device 410b. ggeﬂﬁggﬁnd
mobi | e dewyg8odhd7is 1 n comunication with two GPS satellites 430a-

The second gg%}le device 410b is also in comunication with the first
mobi | e devite€*410a. The third nobile device 410c is in communication with
two GPS satellites 440a-440b. The third #pobile device 410c is also in
communi cation with the second nobile device 410b. In order to better

i |l ustrate -1WWd8lAr oerdgiprmined PPEHaRt debrminationt Wi fupisabli inerel @vseate 4thee i s

not in C cQuuuni | ' t £lf. bi ' 410a. [ 007 The
posi t on of PR foepielt e dfeciteh ol ey e ot Prpee ey
| nf or mat i ondéteithd pesificair TR BosRAcRbtatd pitfbalEtdafehtion R s letbedRSbhi on of

the first nobile device 410a is detern ned because the first nobile device
410a is in incgometic dititeon of precision €IROT), durthaPgpothesis| testing, of fornhotiferr st
nobi | e devi ﬁae 410a was in conmmunication with nore than four GPS satellites,
its positio Wul d be overdeternined. The position is overdeterrnined when
Tor e rangesyy RUAHEAPYEFIAAN th@k&oh8 Mitie tehRedADE T LAMIAR ARSRLHE S
position. [007 The position may be overdeterini ned when ranges can be

det er mi ned postonmxieg ol &P mialliteinfohnatininziEdaseuhe ssond hebie devdesd Hibyisbe any

absol ute positi.on references,  and not_need to tellites, For _exanple,
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would if the mobile devices 410a-410b could not share information.

[0080] The first and second mobile devices 410a-410b are able to determine their

absolute positions because the first mobile device 410a can determine the four ranges to

the four GPS satellites 420a-420d with which it is in communication. In addition, the

second mobile device 410b can determine two ranges to the two GPS satellites 430a-

430c with which it is in communication. Additionalty, the first and second mobile (1
devices 410a-410b can determine a mobile to mobile range between themselves. The
first and second mobile devices 410a-410b can also share timing information.

[0081] As an example, the first mobile device 410a is able to determine its position
using four ranges that are determined using information transmitied by each of four GPS
satellites 420a-420d. The first mobile device 410a can use any additional GPS sat_ellite
(not shown) with which it is in communication in order to improve the accuracy of its
position determination. |
[0082] The second mobile device 410b is in communication with two GPS satellites
4302-430b. These two GPS satellites do not themselves provide sufficient information
for the second mobile device 410b to determine its position. However, the second
mobile device 410b is in communication with the first mobile device 410a. The first

mobile device 410a shares information with the second mobile device 410b. For



Each of the nobile devices 410a-410b needs to determ ne four unknowns to
calculate its position |ocation. These unknowns are three ranges igr N
triangulation and a fourth fior time synchronization. However, bec s‘lé /Y

GPS tinme reference is common for both nobile devices 410a-410b, the

i nf or mat i oNVEEWYBBIEhared. Thus, the GPS tine reference only needs to be
det er m ned okdez and does not represent two i ndependent variables as it

woul d if the nobile devices 410a-410b cogld not share information. [0080]
The first and second nobil e devices 410a-410b are able to determne their
absol ut e poskimpRSthedRausEhildRvide1aDa mabipkevidiend SRotdR-SEH ASCFITiRmLL he
four ranges to the four GPS satellites 420a-420d with which it is in
comuni cat i dRformeticadtd thegwrondhmobie deviee Ablh. | AddiioneBy,4beHirgamolile davidene t wo
ranges to the two GRS satellites _430a 430Qc w.th, which.jt, i.s,in

conmuni cat i 5%?? T %ﬁaéllgﬁuyq,mffrﬁ'gtq g?mgﬁdmigé%oc}ﬂm 4&91’ &hat allows the secqpd, i ¢ og
410a- 410b canoHRt RYIt: 3308 td@Hkdifind As MRBE EBnl BB BesthRIR R vichaT8L! V&s. thEhe
fi-rst and second nobile devi ces 410a-4I0b can al so share tim ng i nformation.
[ 0081] As amshaxdnplospatidreafd thetrangbid thedasi mobdd Glavics 4404,ethe ceadadencbilse its

position wusjng f ranges t are determ.oned using infor [
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two GPS satellites  430a-430b. These two GPS satellites do not thensel ves
provi de suf fPEFBHe fsrrastieabegd on byee HREcS R SRR IBATiHeNy Y 8 dmjapEsTygnce
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410a shar es tianfmitedtrirgpingdigdald he second nobil e device 410b. For 15 JAN 2907
WO 2004/ 008171 020143 21 exanple, the first mpbile device 410a_ may ]lprovi de
i ts absol ut 09%H Smdariyibe brd npebiledgvice Al Qy may dgarmige ithabsoluopepitashiihs
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devi ce 410b Haowelet, aheritwe pséiiorangs thaoeant ieddtémahedibin Siedewi GRS 440RitesUsi g
the shared information and the range to the first nobile device 410a, the
second nobi 440a-4édk @ee DB RBRNh S deaning he abspdute pegisiont of thadhirduna
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nobi’l e devi cé ‘Beca € posrtron o
mobile device 4103, the position of the third mobile device 410c could be determined in

a manner analogous to that used by the second mobile device 410b. However, the third
mobile dévicc 410c is only in communication with the second mobile device 410b.
[0084] The second and third mobile devices 410b and 410c are unable to determine
C their absolute positions without some additional information. As noted above, the
second mobile device 410b can determine its absolute position by sharing information
with the first mobile device 410a.
[0085] The third mobile device 410c is able to determine its absoluie position once the
second mobile device 410b is able to determine its absolute position. When the absolute
position of the second mobile device 410b is known, the third mobile device can
determine two ranges to two GPS satellites 440a-440b and can determine a range to the
second mobile device 410b. Additionally, the second mobile device 410b can share
GPS timing infonﬁation with the third mobile device 410c. Thus, by using shared
information, the third mobile device 410c is able to determine ranges to three absolute
positions, and a timing reference to which the three signal sources are synchronized.

Thus, the third mobile device 4190c is able to determine its absolute position.



the first nobile device 410a is known, the second nobile device 410b is able
to determne its position based on three ranges to known positiogg, and a
timng reference that allows the second nobile device 410b to sydchthilge
an intern ' erence to transmtted ranging signals. [0083]

Simlarl y,%?%bm%&lrlr?%l nobi | e device 410c nmay determne its absol ute position.
The third %8Yle device 410c is in comunication with two GPS satellites
440a- 440b. However, the two pseudo rangés that can be determined fromthe
two GPS satellites 440a-440b are not sufficient to determ ne the absol ute
posi tion of[®tHd & Rgudd o bioked theliethis clird hobile Idevich & 10 isr chalmizbiol detatenniscits 410c
were able t ni.cate wth the first bi | eyi ce, 410a, .t.he position of
the third r@ﬁ%ﬂ%ﬁl% “ﬂ%éhecfﬁﬂ) FRotile g%rlﬁengb&? :ﬁ‘as SleteERmed ’E?n%tFSBE’é%s to
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[ 0084] The wih dredhad dndbilierddviee Bil 0ewith wihiesthéitOb nantiredl@enaurdgcatioab he tHio
determne ci their absolute positions wthout sonme additional |nformation.
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t he secondshanddiihfeorsewdce 410b is able to determine its absolute position.
When the absolute position of the second nobil e device 410b is known, the
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440a- 440b term ne. to th s hile devjce 4
ada 1 onal HI0-Che TR B At & IS0 S viion B Shmhricndde Fith ifige CFS
i nf or mat i onsavdifils 5hGa-520d. ATHS BidbBe ARVicE 184 O alsd H TondmkttiBg willoh Stee s

information, the third nobile device 410c is able to determne ranges to { )
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nmobi | e devi ais effectively shared w.th the third nobile device 410c
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mobile device 510a has available at least three additional ranges. These three additional

ranges are determined using the communication to each of the other mobile devices
510b-510c. In addition, the fourth mobile device 510a can determine three ranges to the
GPS satellites 520a-520c from which it is receiving transmissions. - Although the fourth

mobile device 510a needs four ranges to accurately determine its position, it has <

P
. }
N’

available six possible ranges, three from the GPS satellites 520a-520c and one from
each of the three other mobile devices 510b-510d. Thus, the fouﬁh mobile device 510a
may communicate with only one GPS satellite, for example 520a, and still be able to
determine its position. Alternatively, the fourth mobile device 510a may use three
ranges to the GPS satellites 520a-520c and may receive GPS timing information directly
from one of the other mobile devices in the local group.

[0089] The multiple mobile embodiment 500 may be generalized to n mobile devices.
The nth mobile device contributes n-1 additional ranges to the mobile device group.
The n-1 additional ranges are the ranges from the nth mobile device to the n-1 mobile
devices. The position of the nth mobile device may be determined provided the nth
mobile device can determine four distinct ranges. Altematively, the position of the nth

mobile device may be determined if the nth mobile device is able to determine three



shared information. [0087] A generalized nultiple nobile device position

| ocati on system 500 is shown in FIG 5. The figure shows a nobi Iq d?% ﬁ]ﬁ?
5106 in communication with three GPS satellites 520a-520c. The m)blii
_device 510a is also_ in conmunication with a three nobile device group, such
as the one HREWH'WHAH above in relation to FIG 3. Each of the nobile

devi ces 510b%B1€c in the three nobil e-device group comunicates with three
GPS satellites, 530a-530c, 540a-540c, and2®50a-550c, respectively. _
Additionally, each of the nobile devices 510a-510d comuni cates with each
of the ot her divihitl engsvirces .timd 6488hcel heunpanridizionainranigeC br gatkiitee enfomimitiog
devi ce group can_determne the position of each of the nobile devices
510b- 510c waBrayidsd yhe nlumppias may e shaed By therjacal ggpumio sepplementdeydegats 10a
has avai | abl L1 I e iG]
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ile devices. The nth nobile device contributes n-1 additional ranges to
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between members of the group in order to obtain a sufficient number of ranges to obtain
a position determination for the group. In order to determine a position of the local
group, the members of the local group need at least four measurements to emitters with
known locations. Thus, in the embodiment 600 of FIG. 6, it is desirable for the local

C group to be in comupunication with at least four different GPS satellites. Any other
satellites for which the members of the local group are in communication may be used
to increase the accuracy of the position determination.
f0093] For example, the first mobile device 610a is in communication with two GPS
satellites 620a and 620b. Thus, the first mobile device 610a can determine two psendo
ranges corresponding to the two GPS satellites 620a-620b. The first mobile device 610a
can also determine its position relative to the second mobile device 610b and the third
mobile device 610c by determining the range to each of the other two mobile devices
610b-610c. The first mobile device 610a can also share satellite ranging information
with the other two mobile devices 610b-610c. Thus, the first mobile device 610a can
obtain the GPS satellite information from the second mobile device 610b or the third
mobile device 610c. The first mobile device 610a can then determine the position of the

local group using the shared satellite information and the mobile to mobile ranging



[0090] FIG 6 shows an enbodi nent 600 where there are insufficient nunbers
of ranges to determne the position of each nobile device individually, but

a common fix for the nobile device group may be determ ned. Thre]IeE rmpzd?
devi ces 610a-610c are in communication with each other in a local” gro 8 of

nobi | e deww@es4/0002001] A first nobile device 610a is in comunication with
t wo @S_.satogé],lfli,tes 620a- 620b. The first communication device is also in
comuni cat i 6h"with a second nobile device 610b and a thitd nobile device
610c. The second nobile device 610b is i communication with two GPS

satellites ,630a-630b_and the other t bile devices 610a and 610c in the
| ocal gr oug™ogmAtgnL TRE cqrpmon HP?‘HDIHB%S%FQE‘)%%%‘Q g dhen ke ommpyERethicat i on

with two GR{.S L - 640b and the other two nobile devices
610a- 610b i%@ﬁ%ﬁ‘%ﬂga?&ga?%%gn [ 0092] The nobile devices 610a-610c in this
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the positi termnation.. [0093 r anple, the first nobjle device 610a
isin com"r&ﬂpggltﬁi?w Oan%i‘effn? ‘%3 d ggé)aé'rﬁétlgg' WU RE @?é?tﬂﬂ qth%?s‘?erfﬂ?f'ésfi r st
nobi | e devi et ' . COFh ' . he two
S satel |1 Tonta00L Buh oA, \RRIR 0 md AR AR NIRRT
its positi oagnadltiet imey Heoudelidysbhe otintr metmbees ofethi decab biimpafiod ranaingt Hlindng nobi | e,

devi ce 610c, determnin tge Tange tgr each_of the other two nobile devices
610b- 610c. PP maygl; oaTed 40 Re SPSRropk 2 BemBeia 08 thealoshl $1pwp-r ZHBF ng

informatio ) ' | - . erfirst
nmobi | e dev?sgg%g?@na{sggsg%ﬂ{lﬁ%f%g g@?%@%?g%?%%m gér}&??%%#?t #éé second
mobi | e deviweaghiGigmls tberctdivedd by reath nsobile vdeve6110a-7108emtli sy benled €o devi ce

610a can then determ ne the position of the |local group using the shared
satel | ite i Mie/PHRR 3 GIAYAPOBHENmobi e to nobile rangi ng 15 JAN 2007 WO
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by each of the other mobile devices 710b-710e in the local group. The first mobile
device 710a determines a range corresponding to each of the transmitted ranging signals.
The first mobile device 710a may triangulate its position relative to the other mobile
devices 710b-710c using three of the ranges, and may use the fourth range to resolve a
timing inaccuracy or to otherwise further improve the relative position location. Only
three ranges are required to determine a relative position because all of the members in ( ]
the 1ocal group are time synchronized. As noted above, additional ranges may be used
to further improve the accuracy of the location. The additional ranges may compensate
for GDOP, timing errors, multipath, or other sources of etror. Note that the first mobile
unit 710a is unable to determine its absolute position becanse the absolute position is
not known for the ranging signal transmittess.
[0097] Relative positioning of the members of a local group may be of more interest
than the absolute position of each of the group members. For example, in an
environment such as a encountered by a fire brigade fighting a fire, the ability of each
member to locate another may be impaired by smoke and fire. Each member of the fire
brigade may be equipped with a two-way radjo that may transmit and receive signals to
each of the other members of the fire brigade. The various two-way radios then define a

local group. Each radio may then transmit ranging signals to each of the other members



[0094] FIG 7 shows a position determ nation enbodi nent 700 where the nunber
of” satellite ranges are inadequate to achieve even a comon fix ffEJﬁ @ﬁa
group conprising a number of nobile devices 710a- 710e. However, %;
.are a suf fiue Rbloespymper of nmenbers in the |ocal group, each nenber of the

| ocal group can JE ermne its position relative to the other nenbers of the
group. [0095fAch of the nobile devices 710a-710e may communicate with al
other menbers of the l|ocal group. Additfdnally, each of the nobile devices
710a-710e transmts a signal that may be used by the other nenbers of the

| ocal groupof che lped@rovy: Epchiradio camlep nestivomanging fignah gaeschitiad by members

S nchronlze ers_of t cal rou T me nchroni zati on, ensures
t%at mobi | e ® en%ir]ﬁb O'rl%nﬁ‘é'gqbwgﬁ%tcac PS;PU“&LF@V y%%‘smf?gzg?@r?gnﬁ’%o%i gnal s
are recei Ve@uéhya 18041 4 enARMhddR SflaQﬁrJ&@& #éln Xntbgll"Ht'ﬁ lokRiondRHM ne a

rel ative position. [0096] As an exanple, the firs rmbl evice /710a
recei ves: r amginhgr of thadire ngaleSM}tﬂlamlmWﬁegomumf retdtiore od the rothe ichdberbeanidc e s

710b-710e in the Iocal i I st b| | e .device 710a determ nes a
range corr eré}t? b&ﬂé&%ﬁé@ letnrt& qfé%}"gt“bﬁﬁg‘??gs@ dp€1vedThe first
mobi | e devi ¢gyod b ol th € mobi | e
devi ces 710% égﬁgg‘?%gadé %gewo?%ﬁ26¢§§Q§§c anﬁn%@éﬁgaéoﬁeﬁ%rt]ﬂ%%gnge to
resolve a tpom:lmgdetaﬁmmﬂcmcgysﬁm sahotvhén WIG E8A UThé @fethoi B0 ginh €02 &diehi Ve
position |ocation. y.three ranges are required to determne a relative

posi tion bed¥uEulag fs @%ﬁaﬂlﬁ%d e kb 81edbqd,300 may opgfate inchroniingeys lapp Withie a
synchroni ze t

| mprove theg[g)(l:)?g rdgg%g%{ ﬁ?ﬁ\e/b%l Sgggcﬁl%dn&n% rz{tégg&?dloﬂa? Qfsa%e%gge n%lt&%ﬁ% fisat e

for. GDOP, t itw methed 800 snaynaflet-itai fespatse @b hedr mpxurd;eﬁawépeﬁtémmsp@ise té hat the
flc;st mobile wunit 710a is unable to deternmne its absolute position because

the absol ut &Py signgh Ipgne aubodmsnh theomethnd l%la%@@m@ﬁ igrsaftwarepr SHmMmass.s .
L0097] Rel abh 6ioRASYilif e s ition WOSHHRIRG! Sioffnedas fBhGhOUP MYy be of more

i nt er est an't absol ut'e position 0 eac group menbers. For

exanpl e, i n [@0v9] any mwmmmmo Bty @B ecks @ i tacluB Goitelfatibh i€ aiileBiadfont bght | ng
a fire, the ability of each nenmper to |ocate another may be inpaired by

smoke and f i POSHIOR drigrpnatiop Wwheysteme Hpve dgderprdyll tf@n@@ilﬁtq@perafem tthag
two-way radi mﬁ:\% 0}1 rl(%ﬁﬁgﬁ.% gﬁﬁdsoyfccég § iﬁci%h%?h? dlﬁagl%dete 1068% fi&teﬁm%teher

nmenber s of varl ous I'me a | ocal

group. Eac h itk @d‘alﬁoﬂB)Foi hmmﬂé ailfi $ik8 firsk @ﬁﬂhﬁgl&bﬂ@ﬁhlﬂa—ﬁs@teﬁﬁi‘smm thbencdilper
menbers 15 JAN 2007 WO 2004/008171 02013 25
station has a full constellation available if it can receive signals from four GPS satellites.

100100} If a full constellation is available to the mobile device or other apparatus
running the method 800, the method proceeds to decision block 802 wherein the
position of the mobile device is determined using the si gnals from the full constellation.
C Once the position of the mobile device is determined, the method 800 is done and
moves to an end block 870.
[00101] If a full consteilation is not available to the mobile device, the method
proceeds to decision block 820 where the method checks to see'if signals from any other
mobiles are available. Although decision block 820 queries whether other mobile
devices are available, the signals searched by the method may include signals from other
position location sources, beacons, fixed signal sources, or any other signal source
which may be osed as a position location signal source.
[00102] If no other mobile devices are available, the method 800 proceeds to
block 870 where it is terminated. Because no other mobile devices are available, the
method does not have any signal sources which it can use to supplement the incomplete

constellation from the first position location sub-system.



of the local- group. Each radio can also receive ranging signals transmtted
by nmenbers of the local group- Additionally, a ranging signal ma)f bf ’
transmtted froma beacon, such as one placed at the |ocation of e‘i AN 2807
truck, firgdwdf@aiz or other location. Each nenber of the fire brigade may
then know its position relative to the other nenbers and the transmtting
beacons if & ficient number of rangi ng signals can be received. [0098]
One enbodi ment of a nethod 800 of posi ti®h deternination usi ng a hybrid
position determ nation systemis shown in FIG 8A. The nethod 800 begins 802
when the réM308E | s Theisnals ifeosy other dnghileisyicgs eranavriloplsr sheemphiledediersi nuous

| oop within i4.e device. . . S duyl ed to operate, accordi.ng to a
schedul e. Altﬁaérag%? l|Df\?e Oy,OmlPﬁrgg&%Eﬁé&ggd%&ﬁ%/q%%gpgf@ iﬁﬁé‘r%agBo 2 %k)mgfer _
i nput or Mayo@petdipe The LRERANSI bdceeds e MRERIohI KIBa 830 o YREACWRGHLIERL . the
method is inplemented in software or firmvare, and stored within the

posi ti on detodhariorbile davine Had 2H3®ngEllyimeavailable.0TBE]is, Themetiod e &8 0o see

initially checks see if full constellation.is available froma,. first
posi 1 on’ detLi RBF e pettipadeaines Rl toiemane Zhein Posforouaim Bt St RERIuK e s
to a numbenoQtiofdsd-kyskih. | ocation signal sources sufficient for the nobile
device to determne ’ts position. For exanple, if the first position

| ocati on suli0&idiem i If @PKast bae mitizr| mobikt déviom ihéis caminiinlication stigl hafullon

avai lable if it can recejve._ sign hPS fromfour GPS satellites, [0Q0100] If a
full const elPRYPIGAHOP LT ‘?rf"’ét'-‘ﬁl’g {hEetRBHPT ds Abyolute PRSIt dhe BIsHf 8

4y
runningtheP[lrgge ek . 9%1‘?1% : L Sl ) ein
the position o?@%jﬁgﬁn%}b?%mg%ﬁ et(lpg1 et g?rirtlk%ecgﬁﬁgik%ﬁﬁegg%rﬁgﬁgm%mthe
ful | const eldtlsdrimwbilede@ee the position of the nobile device is determned, .
t he net hod ﬁﬁ&dbs done and noves to an end block_ 870, [00101] If a full (_J
n

constel | ati ot avhErample o2 sHeativBhvhae fopabde denicenman datermpingdifeds to

mobi | o5 ar e By a A L REnAR Rt CREREEpbBe By nE AT Snih AHERY ;"

nmobi | e devigeddat sbose atithalebpect (oGS g 10aIcs tixemeibbe detdymings tHEgiosdidn 8 yhe
i nclude signals fromother position |ocation sources, beacons, fixed signal
sources, or HeRHegleier. ikisgleBe- source which may be used as a position

| ocation si ourc 0 00 I bj 1.G e ail apl e,
t he net hod gggiop oceeds 1{009@?1%&5%6}01%%?&0@ éréﬁ;g gcﬁj\r%%'g 18%.3 @gkcﬁaasgmno
ot her nobi | ecdeulifes ArGPRYaETiER! the hbbod 1360 hested@en ARisitavRcRBY0 Whenal
sources which it can use to supplenent the inconplete constellation from

the first pdbeunpghed detsrmpas srhsthey smemndividnal AN p60he mpbileodeyigopasitions 20143

possible. The ability of the mobile device to determine its absolute position is based on

.a number of factors. These factors include, but are not limited to, the number of GPS
satellites with which each local group member is in communication, the number of

members in the local group, and the ability of a receiving mobile device fo triangulate its ( )

kN

position based on the ranging signals transmitted by the other mobile devices. A mobile
device can determine its position even if it communicates with no GPS satellites if a
sufficient number of members in the local group can determine their respective
positions. As discussed above with respect to FIG. 3, three mobile devices in a local
group can each determine their positions although each mobile device is in
communication with only three GPS satellites.

[00107] In decision block 840, the method 800 determines whether an individoal
fix is possible by communicating with the other members of the local group and sharing
position Jocation and aiding information. If it is determined that an individual fix is
possible, the method proceeds to block 842 where the position of the mobile device is
determined using the shared information. I an individual fix is not possible, the method

proceeds to decision block 850.



26 [00103] If signals fromother nobile devices are available, the nobile
devices that are able to communi cate position |location information with
each other define a I|ocal group. The nethod 800 proceeds to deci si ongﬁ} ock
830 to ver i% whet her any other nobile device has a full constell dti ént 2007
avai | abl e. WHZPYH%81 he et hod checks to see if any of the other nobile
devi ces can @et4rm ne their position using the first position |ocation
sub-system [00104] If at |east one other7nobil e device is in comunication
with a full constellation or otherwise is able to determine its absolute
posi tion, theomEhod 8QQkecikiotRARAB00HE hetkodBReriPnalit £ARbLE iR 1661 gfd&k@é? its
position by sharing information with other nobile devices. [00105] An
exanpl e of @ossiblgat i1bf aumenen dtnoBbpdmgsl i dispesgedi abevarimeslpion tpdd@Et bon by
sharing info tion wWith a her bi |l e device havi,ng a.kno l ocatjan is
provi ded abo‘%‘ifgha%lgﬁﬁclpg%%ﬁg%% "JFIIO%H g&qupdqieés F?F&rﬁﬁf}ﬁgd‘“dﬁ‘ﬁ}giﬁﬁ?lﬁg’@f‘ X

posi tion of fohacHdimiRr dVthe Socdl Larbifp, ARE QignhROLARked to BB PRI hEIdgYIage 1 N
the local group communicates with a full constellation of GPS satellites,

t he met hod 80(nipal déegsmmpndit faitionlobdl @rénsid Posdilale cthe methadgirbaddsiet ook nes
whet her an indi vidual fix. of the nmpbile device sition i 0ssi bl e. The
Bl ity of (e HbBFREnE e eoti e Hne B Soube Jotkion JoLrmRom FOmbiea on
a nunber of OlcHhel &ﬂﬁﬁn r o gl At 3
nunber of GDI%%E%% §’|f f]?épg%gv\%rtg ﬁf"\/\hcﬁlgﬁrﬂgéac g{gg %r‘%&egﬂrrneégbg?? rlﬁésjdulgdr)lgmS e
comuni cat i clonetahé tenmiriaers avfthe emd ek $70n t he | ocal group, and the ability of

a receiving |l.e device to friapgulate its C positign based on the

rangi ng Si gr[gﬁgdgt]r ansrif thegaempbers g g’Sth’FéfgWBBidPémgWCééﬁ?ﬂ%t peptielogaiance can
determ ne it; [of 4l : NLE At &sindibi Jtles. Jf a
sufficient &ﬁ%@?ﬁ%ﬂf ?%e%%;rqgﬁci ﬁét%lﬁgﬂ{%ggainegr oup c%nrhﬁagpgrﬁnﬁﬁg& ? hlé: F%(E td
respective deomidn lhock 8¢ H deidacbloabd86@ the nitthceisgreainided iFthere e chbiighe

nobil e devices jn a |local A group can each determ ne their positions although
each nobi | e THEVPR 1n the localBawg i deferyAe WMo feladive popifipae olhs membsrs of die

00107] 1 S . . .det et .
i vi cual Pl 2B, SRS ol AR REDAe BORNE RAET R e Alaber

| ocal group dindeabas imthe pedigrgn TiRchighathandmdedoigeinbée it 1otal gidup t 1S
determ ned that an individual fix is possible, the nethod proceeds to block
842 wher e t Hbe gigher itsh petbability Hishia wmobids, device avill dst ehlerite\dettishty deferrnige shar ed

| F or et 0N o o Atk gH o ke ol o tne1RLmBRS B Bl Focal Bufft o0 proceeds to

[00110] If relative position determination is possible, the method proceeds to

block 862 where the position of the mobile device is determined relative to at least some
of the other members of the local group. The relative position of the mobile device can
then be shared with other members of the local group such that the position of the
C\ - mobile device relative to all members of the local group may be determined.
Information is shared among the members of the local gronp. The shared information
may include ranging information, timing information, and position information. Once
the position of‘ the mobile device relative to other members of the local group is
determined, the method is done. Additionally, if, in block 860, it is determined that the
position of the mobile device relative to other members of the local group cannot be
determined, the method is done at an end block §70.
[00111} A device implementing the method 800 need not check for every position
determination possibility. The device may integrate only those position determination
functions for which it desires. For example, a device may choose to only incorporate the
absolute position determination functions. Alternatively, a device may choose to

incorporate only the relative position determination functions. In another alternative,



WO 2004/008171 15 JAN 2007 020143 27 [0010 ] In decision block 850, the
nmet hod determnes if af x of the local group is possible. The common fix
enbodi ment is discussed above in relation to FIG 6. Although a conmon fix-
for a local group is |less accurate than an individual absolute fix]5flblfmach
menber of wWdeuohAsit, 9roup, the signals required to obtain a local fix are
mnimal. If a comon fix for the |ocal group is possible, the nethod
proceeds t 02Brdck 852 to deternine the common fix usi ng the shared position
information fromthe menbers of the | 0é8l group. Once the conmmon fix is
determ ned, the nmethod 800 is done and term nates at the end bl ock 870.

[00109] |f theearawiiepdiondetcmainagen fungtistomdp Phsplemeatasl dsfsepiratatmatiasdst | on

| ocation c_ infermation for. even..the d rmpnatiaon ,0f a.common fix, the
met hod pr oceég]a%C%F@lﬁe%goc?pseF%ﬁa%cl%déﬁg %’6%&%%&%@ egqbeﬁlu BERELEHE Y net hod
det erm nes [pi1fdper e FiG, BAAHENs aBRABBAiSchPof B16ck 98BfroSf 1P Sh0 Wb e the -
rel ative positions of the nenbers of the |ocal group. The ability to

det er m ne rsbbwhiiv #F1QG03B shovd gy islsarbhadamatiop san be nsedve deterinire theposvdmber s i n
the |l ocal group. The. hi.gh t he nunber _of .menbers_in the |ocal, gro t he

i gher  he RBHEEINS 5ViPhoior s abiE Sablr LEoR T Bt Al te g e siedia by
determ ne REs4 i : @HHH}] ;oD B, : | ocal
group. [OO?YO] Iféd}‘gP?ﬁs %@%@i% ?)on etﬁlgt?atﬁoﬁati Oﬁgﬁcg)ﬂgg@f]gﬁééﬁcﬁ%ﬁﬁg% hod
proceeds t cconremdatint Avitin dove GPE sqieliitasi APheafiobifeedewids taildlawd the methakeber m ned
relative to_at |l east sone. of the other nenbers of the | ocal group. The

rel ative pdt BBro geterpige SBPHEOYevi ce can then be shared with ot her
menbers of ocal wr ht.h : i1 . 8 ' deyi ce
relative tofogﬁsl]rren‘oeﬁrqsl?lg?k ts‘slﬁg P{gcgﬁtethté)rg gtﬁ% mag)/g' ggceg‘;el}]‘é? anu%%%%g%n%lgf oﬁr{r%ti on
i's shared afmgifg tshigaleagr fordxatiple, [RCHe GEOUP iraddigitedyeond bf Mo@IGRE nay.
include ranging information, timng information, and position information.(

g . . oS .
Once the pwdalitesn Adthougiethedlpwdagshpwa theoteaeipl of rangiehignalip RHSE postion he

N
I
/

sa0. 11 15 EvmhFh BT pRER R BB AP ok B EREE BOI . rei ative to-

ot her nenmbeppipf) t he TIac aleti@dondxt GARRRIes 6 biSA! 884N NAdlodN1834TEHE Gfeihed done
at an end bl ock 870. [00111] A device inplenenting the method 800 need not

check for edes¢rynigrsspartial posigien drivimatiorofomdde irgrieivedysignpife Wehen dke reagived
integrate only.thos os| tion determ nation . functions,dfor ich.it desires.
For - exarip! oHEI; CES TRlr IR dpednis i b Mkshod 8F ki8R “ak Sferivine of€7 1 on
det er mi nat i QRed 14Gdch @R She GPERLRAILY EAfter AtFBNAIGE NBY.rENARERIoh InfobRA/MPOr at e
only the rel a§| ve position determ nation functions. In another alternative,
the mehtod proceeds to block 886.
[00115] In block 886, the mobile device running the method receives shared
information from the second mobile device. The shared information may, for example,

be a mobile to mobile ranging signal. The shared information may also be GPS timing

information and the position of the second mobile device. <—

M

[00116] The method next proceeds to block 888 where the method determines
additional position information using the shared information. The additional
information may include the mobile to mobile range. Once the additional position
information is determined, the method proceeds to block 890, where the method
determines the position of the mobile device using at least the partial position
information and the additional position information determined from the shared
information.

{00117] A mobile device implementing the method may determine its position
internally in a position determination module, or may transmit some or all of the
position information to a remote location where the mobile device’s position is

determined. The position can then be transmitted back to the mobile device.



1 5 JAN 2007 WD 2004/008171 020143 28 the various position determ nation
functions may be inplenented as separate nethods, each scheduled to
operate.according to a. different tinme schedule or triggering eventl.

[00112] FIG_ 8B shows an enbodi nent of block 832 fromFIG 8A The r’ﬁeéﬂwo@m
'shown in FIEO 288/WRks how shared information can be used to determne the
position of-010hE-mebil e device. For exanple, a nobile device nay be able to
receive signals from two GPS satellites Zd which is in communication with
a second nobile device that is in comunication with four GPS satellites.
The nobil e depfiigs] coul dnuseniphe onetdiag of mobll&detiBes 01 (ed ®anhAcntdrPorates
position. [00113] In block 882, the nmethod begins by receiving rangin

si gnal s. The on¢ embpdigesi ohapesieny deterginadiparfybiem weich implsingnts the mﬁﬁlﬁérﬁ%ﬂt ed

hngingsi onss ScapRE gt el oo hOR b ihIUE Then Rt R REETE O

i n addition beod £@RE ARk ERARbS with @adhldtherT EheBENREb I AdviRd VAPLORd @Rk OCK
884. In block 884, the nethod determ nes partial position information from

t he recei vedadigmlagoup.Whénfitshencheleedarind 9Hjagresbives tenGRiSsiony dlohi fer GPS
transm ssi ons, .t.he t in bl ock 884 . d m ne t range to each of
the GPS sat eF‘ft?liltfé.daﬁ?{‘}gad-d& é‘?"ﬁP&rﬂﬁfg’ﬁF;%k;‘ﬁsgﬁﬁ@fecﬁb‘?ﬁﬁ%%ﬁﬁﬁﬁﬁwﬁgw t he
meht od proceggls BlPaKs F85:-99080 1 Hird! obileOdd iR 0c LR ivVaP %ﬁﬁ%@%@ff?%m

runni ng the met hod recelives shared 1nformation fromthe seco

devi ce. The shalGPS jandliesrB20P20fn)A fduoth rexllpdeyice Hddalonvhot ecdiee abGPE
rangi ng signal. The shared information nmay also be GPS timng information
and the posi B3gHtCHransMEss®E-ond nobi | e devi ce. [00116] The nethod next

proceeds to 888 r 3 . de m addi ti.08 [t

[ ng)r mat i on ELO?%] the S grfeiré{ ﬁﬁ?‘g&?érmr@?lgg Q%ae Ig%dlﬁtsi %%%%‘?\430% ido(r?ﬂlrlray
i nctude the pmBidlatién ofoliSe sitaltigs. Tiee ikheheaddit bk @oddet DOMR receives
information is determ ned, the nethod proceeds to bl ock 890, where the

met hod  det efArsntssiomdIyB s sutcienrnunher 9 6HSesardljics do majkp gn gbsqluig Positina
Gt or mi nod. r Pualtyinkftn SRy, Ak BRE pldBe W00k 008 o SR itg AbRIE oBion

i mpl ement i ng add@nRidiptheB@PH @nermienmcét S position internally in a position

determ nation nodule, or may transmt_ sone or all of the position
i nf or mat i on {9130} enot &he seegridomohile rdevicheSHibbidpes ael cemrmmisgisi witbna jfyll

constellation of GPS satellites. The second mobile device 910b receives transmissions
from only two GPS satellites 920a-920b and is unable to make an absolute position
determination based on the two GPS transmissions. However, the second mobile device
010b is in commumication with the first mobile device 910a. The first mobile device
910a receives transmissions from a full constellation and is able to determine its
absolute pc;sition. It does not matter that the first and second mobile devices, 910a-
010b, share two GPS satellites 9202-920b.

[60121] Thus, the first and second mobile devices 910a-910b share information to

™

allow the second mobile device 910b to determine its absolute position. The first
mobile device 910a transmits its absolute position and a GPS time reference to the
second mobile device 910b. The first-mobile device 910a also fransmits a ranging
signal. The second mobile device 910b uses the ranging signal to determine the mobile
to-mobile range between the first and second mobile devices, 910a and 910b. The
second mobile device 910b now has three ranges to known locations, and a time
reference to which all transmitters are synchronized. The second mobile device 910b is
able to determine its absolute position using this information.

- [00122} The third mobile device 910c can determine its absolute position using

the same method as was used by the second mobile device 910b. The third mobile



determ ned. The position can then be transmtted back to the nobil e device.
15 JAN 2007 W) 2004/008171 -020143 -- 29 [0011-0] An exanple of rou

nmobi | e devi ces 910a-910d that incorporates one enbodi nent of a pos f ?UO
det er m natyw@no@yesem whi ch inplements the nmethod 800 to deternmine their
absol ute pggjfions is shown in FIG 9. Four nobile devices 910a- 910d are in
comruni cati“ﬁh“ th each other. The four ,,gobi | e devices 910a-910d define a

| ocal group. A fi rst nobil e device 910a eceives transm ssions fromfour GPS
sat el Iites d. A second pobil e device 910h_recei yes GPS transni ssi ons
rom ST B0 Bt S8R aRnt et Y oy PESGEUbESoTBe b 80k

t ransm SS' %&N@J@%er’cﬂﬁﬁ ﬁﬁﬁil@ alvild Qllt(ﬁ%o%gﬁn@a%&fmﬂf’ﬂ{e%&{% elv?cedﬂ Lce
910d does not recelve any satellite transm ssions 8 119] The |rst
mobi | e deV|a:ﬂtﬁé@“ﬁstrmohla/emw%]mmrewammn‘smmoas frobt a feldosisedlllation.omhef GPS
satellites. That .is, the first nobile device 910a receives transmn ssions

froma suf fBEpaabiledericr 9bPc eamsietoamals th? &lg?%tqmp&%ﬁ]saa@g@ﬁ geQe- Wi Hhen ‘
det erm nat 'tﬂgd tIS'ISigae Lh& 51(5(:551%4{ %Q%ﬁ%i%‘?fﬁ{ %nﬁm{ bop glgsol ute

position can er m ne a erence e second nobil e

devi ce 910bdediQrP 10al The lﬂﬁ&mhﬁBﬂ@dﬁwjéeml@cfawd detet @itk @he @hdtd 1B fifdOmobile
satellites. The second nobile device 910b receives transnissions from onl y

two GPS sat 'éﬂwqq%@amtbgwﬁl%%lml wragnisted dyrbg drgmehilsoleyice 38ai (Then
det t S, t d_nobi |
et o et B AR Qi ok MR R AP GRS BplSo SRR ' ©

first nobi Iﬁsﬂﬁmu@@p i®a receives transmssions froma full constell atl on
and is able to determne its absolute position. It does not matter that the
first and sH98%H nobi The ﬂevﬁhcregbﬂm@a:e Ydisloes hat wotive tapsrissens fiomesy -

920a- 920b. Thug, the firs second 0a-.910b share
i nf or mat i onb? g ?hl‘%?/v iy g‘ércél?igd H’%blge @? ng%bls sglﬁoaéﬁeeforﬁ%%mp{l%

absol ute pO%sbluggosH"&i bdcaide it mqhchﬁznﬂﬁﬂéa@i@n%ﬁam&é@aﬁéﬂﬁl&ﬂet&vﬁe§ ol g€
position and a time reference to the second nobile device 910b. The

first nobil2ldwvivir lobea posgivns.r Badnofitse érst,amgmmb ané thgndahobilthievices 8hla-nobi | e
e e SO0y AR SHok B 50 Al ) S B0k ="
mobi | e devi g8 04 OanRiv Hdbile UGS 9100996c hiRo aRWt] L6 %in%@gnaﬁ”ﬂh@fohhﬂ'e
reference to which all transmtters are synchroni zed. The second nobile
devi ce 910bmiobile device 910d receives each of the ranging signals and determines a mobile to
mobile range between the fourth mobile device 910d and each of the other mobile
devices 910a-910c in the local group. The fourth mobile device 910d also receives a
time reference from one.of the members of the local gronp. The fourth mobile device
910d is able to determine its absolute position using the three ranges to known locations
and the time reference. Thus, although the fourth mobile device 910d does not receive (__\_)
transmissions from any GPS satellites, it is able to determine its absolute position by .
sharing information with other devices.
[00124] Thus, a method and device have been described where a mobile device
may determine its position using partial position information from a first position
determination sub-system and additional position information from other mobile
devices. The various embodiments have generally described the first position
determination sub-system as GPS. However, the first position determination sub-system
may be GPS, Global Orbiting Navigation Satellite System (GLONASS), a terrestrial
based position location system, a system of Location measurement Units (LMU), a
wireless communication system, a hybrid position location system, a combination of
position location systems, or any system capable of providing information to the mobile

device such that the mobile device may determine its position.



able to determne its absolute position using this information. [001221 The
thi'rd nobil e device 910c can determne its absol ute position using he sane
met hod as was used by the second nobil e device 910b. The third m)biﬁemﬁl’gﬂﬁAN
2007 WO 20‘8,#29?}}‘;0;%7 020143 30 device 910c receives transm ssions fromonly
two GPS sat T es J0e and 920L However, the third nobile device 910c
communi'cat es™ M th the first mobi | e dewvi ce 910a and the first nobile device
910a receives transmissions froma full cinstellation. The third nobile
devi ce 910c can _deternm ne the ranges to two GPS satellites 920e-920f. The

third nobi | e[¥8¢fke 9138 yrE@sasdeireants have@hm riamed te pesidgmrdeterropationetf i r st
nmobi |l e devi 10a, The ird bil e devi 910¢. al.so _det.erm.n t he range
to the first ﬁﬁrno%l}{%edew eVi%@W%vfﬁg‘ﬂﬂLei 1%0‘9{ e&e?%{ﬁ]élim%l&néf’ éwﬂﬁir‘?ﬁggﬁ%tct%%ﬁﬁy t he

first nobil efdauoiar &Vrs, heositibt dst=rimbiton d8IeGRd HARodEESodeh etdh Ry
ranges and the OPS tine reference to determine its absolute position.

[00123] The bedmplemenisdlia adewbide doiod adied lpoationadsgicgea ppraidendedtoa s abhyom
any GPS satell.ites. .However, the fourth bi evi.ce,910d is stil.l .able to
et erm ne. 1 SV RIS B detmitton & FRRRrL MRS Uieiceas £ BOUF BRI ce
ot her nobi | eﬂﬁ%b&%d&i&%aﬁﬁ@&wﬂﬂéb%dﬁa%&ﬁrﬁy }dcﬁ’él%;pel%%ﬁﬁ ®fitd] BQididrt ST
second, and third nobile devices 910a- 910c transmts its absolute position

to the fourt withowitklesdewicss D howbodkactmpitert mathf imirsless asmen nad wallniettallies d .
nobi | e devi ces 910a-910c also transnjts a rangi.ng signal e fourth nobile
devi ce 9100 FRLIEyELcRbaR O R HhCT deRse Rt STOMAN S e B P retbet BSBint e ¢ o
mobi | e rangeriabyeen t Agaf: | ' 06,3 Qingr
nobi |l e devi ([:es lS‘EOa- Q%Og{%&g}ﬂet g@fﬁsg%&%?s %eﬂ% oﬂgrtoﬁﬁﬁo%ﬁegh e\S/| ce&910d
al so recei vess mobile nleviced, Goene® £ deyicecaney détetrhiae e rpoeition abing hemnaodtatign oup.
Thé_f_ ourth nmobile device 910d s able to determne its ab;gl ute posjtion
using the t e hFgRebHe dReRmn beasent, iMBRAEMINGHY DEREOTKS: (P8 et dpeaien devifes,

al t hough t he Afait, | Vi & t i 1S54 from
any GPa sar of 1SR bRH HbGE: HRERRRmR pERER] Ky A AIFRLIR)GR
sharing i nf oomatayodetwintihe dis hgsitihevissties a 1i:D0AR4dr dthes dedcearstithodhahdit devnce
have been descri bed where_a nobil e _device nmay determne its gositio,n usi ng

partial posi EPBAUNIABRT RGPSt dEIGTHRALOB o8 i N0t Wt"tﬁ‘e@e‘?’ﬁ?ﬂfﬁ 16t POHHORy st em
and addi ti ongl,.pOJha4P 'Bur ;Plzftgaérrﬂﬁj %{&HE{"%Q c?&tﬁ%ﬁtegg}gls"ﬁ%n dgf%}érgun%ﬁon WhEreVi@k | OUS

enbodi nent s have general scri I st Ition term nation
sub- syst em agobilS.detioppedorms heortion i thpopdsiti@ndaeténaionanidemnotebpayish efi

the position determination is determined by another device in communication with the
mobile device. An example of distributed position determination is network based
position determination where a network in communication with the mobile device
provides the mobile device aiding information to allow the mobile device to quickly
C acquire GPS satellite signals. The pseudo ranges or time offsets determined by the
mobile device may then be fransmitted to the network. The network may include a
position location server that determines the actual position of the mobile device. The
position may then be communicated to the mobile device.
[060127] Communication with the mobile device may be direct communication
where the mobile device transmits and receives signals directly to another device.
Alternatively, communication with the mobile device may be indirect. The mobile
device may communicate with a base station, network, or other device. Another device
may communicate with the base station, network, or other device when connnunica'ging
with the mobile device.
[00128] Electrical connections, couplings, and connections have been described
with respect to various devices or elements. The conneciions and couplings may be

direct or indirect. A connection between 2 first and second electrical device may be a



may be GPS,
terrestri al

G obal Obiting Navigation Satellite System (GLONASS), a
based position | ocation system a system of Location

measurement Units (LMJ), a wreless communication system a hybrid Jggpgi on
| ocati on sygbeMoeogdy7£onbi nati on of position |ocation systens, or any system
fyd ding information to the nobile device such that the nobile

capabl e of
devi ce may

etérmne its position. 15 JAN 2007 W 2004/008171 020113 31

[ 001251 The various enbodi nents have al st referred to position deternination

of a nobil
nore concer
met hod di sc

| ocation device, a portable ‘devi ce, any device for ich po
dire fist clectiical dieviod enthe hecodd eleceicelsdeaiogpbi | e device, the nobile
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t he nmet hod’

| ocal group ehavipichasn, teaactidasdcondpani3pinfanteivhCgrald) BARY eymbolsleamidCehipay

determ ne i

beacons, trdrnngy dies refgenegsh Keroughout jthe abpye descaiptioe inee de ToRtRFeRIEd 2y | v,

the nobile
may determ

.devi.ce.. However., whil e position determ pation.i eneral ly of
o A aUPE G e B B est CUEPRRh AR o Jo1 SEERY

leRsalal\QnakatiiBkay ﬁauhgmtgfgsﬁh%ﬂléh@hw% ﬁl\‘/c\mﬁ;@s%itﬁ@ sigtl?g[ﬁ s

1 on

wi rel ess phone, a two-way radi o, a personal digital
\?ﬁ‘ﬂ% Wi r el 3@’9‘3’%9@&1 in the ag R dBRes R that pfogmeation; and Sumglsapdess, a.

et S e R O S TS R S

ts position using conmunication wth other nobile devices,

NBES. BB b BlRTarhs B0R, e S Sha BB RS <

or

in communi GakichR, orldh cBaHidatien tikedsr M nation is not limted to nobile-based

position d
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t he nobil e device. The position may then be coimmunicated to the

opyuhere the mobile device LTANST {dSeeetohfis SLIBR Say

implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.

[00131] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any processor, controller, microcontroller, or state machine. A
processor may also be implemented as a combination of computing devices, for
example, a combination of a DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP core, or amy other such

configuration.



Al ternatively, communication with the nobile device may be indirect. The

nmobi l e device may communicate with a base station, network, or other

devi ce. Another device nmay ‘communicate with the base station, nethhoiM 206F
ot her devi agowh@mog@gmuni cating wth the nobile device. [001281 El ectri cal
connect_i_ons,mg,g_gpl i ngs, and connections have been described wth respect to
vari ous devices or elenents. The connect ggns and couplings may be direct or
indirect. A connection between a first and second el ectrical device nmay be a

15 JAN 2007 004/QQ8171 -_020!43,32 .di.rect,electrical connection or
may be an in[glwﬁét el ect FER © Grfﬁ%tg?ﬁl 85.315&5”}?%&6?%’??& 18I'%’E‘P?‘i“é’3l“"f%ﬁﬁeecti on
may include dgiRaaeERIRMERESH] fay MBYMBEREE SfetthCinShgadhe, id QMofts/ag: f i r st

el ectrical device to the second electrical device. [00189] Those of skill in
the art wi | Imofideexicard Wyhaprocessor, enin anomhinagomnbihe tyray Aeofirepe eseivied

sing any of_a var.li et, f..di fferent_technol ogi nd techni For
gx;arrgl e, y'datla,ay :/rﬁsg{lq dgtmglm%‘ﬁﬁhn%ﬁ PWF%S’D%L@ ,m??laﬁ’arf“é&ﬁf’{ JReSI¥hol s,
and chips tM@sROBY niforfl BEEREE Rald GRKIN 2ithovaBf GREVE CHRRONPL Ay bR |b§s

represented by voltages, cUrrents, electromgnetic waves, magnetic

or parti cl esforopf stwalge imalide known pmttel i, eAn examplay staags madibonis chepledfa

[ 00130] Those of skill wll further apprecjiate . that the_ various il|ustrative
| ogi cal bl JERFTOHKHAL Fucdl the pressYe ,ca%ﬁ%ddpé’w@wﬁe%agd B GEREtioR 1,
connection whihithe emhodi L SedRsS 6L8k MndfYm Bfad I-%ﬁgi Yot

el ectroni c har wa%%,mcorrputgi?%és%?ét%ar‘%f %%r&cc? ir}%atloﬁgaylo Bot : ?o l2Elsearly
il lustrate tjrbsessort efbelangeadyidnitile stbragh amcdivan enaynesidoin waBSICy afhieQUSIC
illustrative conmponents, bl ocks, nodules, circuits, and_ steps have been

de o i bed alfB¥ercgdR&t amapile deyigs.hascotiatione s base AEtipR Aol ke pismaliyen
fukct i onal i tye insode0ml Qﬁ%eeggﬁﬁe AR by QesiFO hL WRER ntd 1 ﬁxPﬁJe
particular ‘application and de§ign const Yarnt s I nposed on the overa
system Ski | degiteplenss emsommy badergpltiemeohirdllee. descri bed functionality in

varyi ng ways_for each particular application, _but such inplenmentation
deci si ons sH8813PInot pihe Abeiepresedpiions of Al idisglosed spbpdimaaty ioRTOVidE ope

of the prese rablie%}{fpysgﬁlsldh&gijnﬁﬂ arl B m4RE Bxfx&k% thd %ﬁﬁt{@? i on® H SR calbREKS,
nodul es, and Circuits described In connection w e enbodi nent s

di scl osed hewpehdie shjpodiendniowdiienicedliyodpppenf wrthes skilietl in thegen endithepongrizse
processor, a digital signal_processor_(DSP), an _application

principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the invention-is not intended to be limited to
the embodiments shown herein but is to be accorded the widest scope consistent with

the principles and novel features disclosed herein.



specific integrated circuit (ASIC), a field programmabl e gate array (FP&A)
or other programmuabl e |ogic device, discrete gate or transistor |ogic,

di screte hardware conponents, or any conbi nation thereof designed to
performthe functions described herein. A general purpose processidr Jiadllbe
a mcroprocessor, but in the alternative, the processor nmay be any
processor, controller, mcrocontroller,34r state nachine. A processor nmay
al so be inplenmented as a conbi nati on of conputing devices, for exanple, a
conbi nation_of a DSP and a m croprocessor, a plurality of mcroprocessors,
one or nor oprocessors in conjunction with a DSP core, or any ot her
such configuration. 15 JAN 2007 WD 2004/008171 02014:, 33 [001321 The
steps of a pet hqﬂmaho@ﬂog@e&enmmgqep%mmq ﬁﬁs‘i‘m%ﬂﬁ%ﬁi%ﬁ Q&nyiqsmg the enbodi ments
di scl osed herein may be enbodied directly in hardware software nodul e
executed by a processor, or in a conbination of the two. A software nodul e
may reside in RAMGWEHEM a setand Imohidenatatipn haR@IglamendsrdgterrEPRQMsiemor y,  EEPROM
Temory, ! eClohfhaion/\hh Hitifaiod foR @ e qif?%hlan& M e bR | O
of storage medi um known I n %e art ary storage i'umTs coupl ed
to the pr d&r&tslsqbrle%@j@namwepﬂné@wéwt@anmr@éaemmdr ITB.tI on from and wite
information to, the storage nedium In the alternative, the storage nedi um
may be integral ] g he st orage nedi um may
reside in an Asf%@m@%ggw@ﬁ@g@%&%&mKi@ﬁg%%ﬁ%ﬁﬁ&ﬂ%&EQSH%VICe base station, or
base station controller. In the alternative, the processor and the storage
medi um may resi decamgdl scriettencbiapaive fitss pasition lovalon lsignalgevi ce, base stati on,
or base station controller. [00133] The above description of the disclosed
enbodi ments is provided t ena erson_skilled in art to make or
Goe the. i nventi OFERpRI B s6nT PE BB ST FRueriE ftth Weird Sotnd | pe
readi | y appmeiget lotation digmbs; &ldi | | ed in the art, and the generic principles
defined herein nay be applied to other embodi ments w thout departing from
the spirit or s e .of the inve the inveption is not intended to
be linmted to “@ﬂﬁ%ﬁ? RS © EﬁﬂﬁﬁmﬂﬁﬁﬂFﬁmwﬂP“P%“? irggnd SeeotdROEi9he wi dest
scope consns&ﬂmimmmkhmiﬁhﬁm@ﬁmﬂﬁnﬁh@s and novel features disclosed herein. C
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2. The method of claim 1 wherein said receiving shared information comprises receiving at

said first mobile station a PRN code sequence sent by said second mobile station.

3. The method of claim 1 further comprising receiving at said first mobile station shared

timing information sent from said second mobile station.

4, The method of claim 1 further comprising receiving a time reference signal at said first
mobile device from said second mobile device, and synchronizing a time base between said first

and second mobile devices from said received time reference signal.

5. The method of claim 1 wherein said determining the range information comprises
synchronizing a time base of said first mobile station to a time base of said second mobile station,
and receiving at said first mobile station a PRN code sequence transmitted by said second mobile

station.

6. The method of claim 1 wherein said receiving at said first mobile station first position
location signals comprises receiving at least some GPS location information transmitted by

respective GPS satellites.



CLAIM: 1. A method for determning a position of a first nobile station
conprising: receiving froma second nobile station having an
underdeterm ned position determ nation, shared information fron1mhﬂéhﬂ9bﬁﬁb
information related to a range between the first nobile station and a
second nobil e station can be determ ned; determ ning the range information
fromsaid shared information; receivimg at said first nobile station first
position | ocation signals; receiving fromsaid second nobile station at said
first nobile station shared second position |ocation signals; and

determ ning the position of said first nobile station using said first and

second posiyti onThd QGRS FRIaft PRBdrSin 3@ reSife e]gt 39 Brst REQBEbPRst positidne Met hod

of claiml wherein said receiving sharedlln_onnathn conpri ses receiving at
sai d first l9ainsignals compepes secpiing doenst wug ipsaios infanatipn fraya p §ass slaléinidn Aobi | e

station. 3wirdR& ne@ohad whfch el laisf@aﬂdﬂrﬁrd@ﬂéstﬁﬁmrcjtpéiaﬁ}%r?CEi ving at said first
nobi |l e station shared timng information sent fromsaid second nobile

station. 4. The method of claim| further conprising receiving a tine

reference g gnalrhahetdl o chint §WwherbiR Bid ReHaNg £8aill iRMnSRIcAB8CROGdFBRidEe
device, and synchraonizing a tjinme base between said first and second nobile

devi ces fr SEGIBEoBPYER] Teeriine P patyseme BPS [ogRtion infermatiendranemifiediblor ¢l ai m |

wher ei N sairdpddeaBr saieNiks kdteivERuYaRidisEtofd BBile 81t GIANR irh H@Stted SY A&NEQNI Zing a
ti me base of fald,flrst nobil e station to a time base of said second npbile

station, &WBIG¥RYSMving at said first nobile station a PRN code sequence
transmtted by said second nobile station. 6. The nethod of claim1l wherein
sai d receiying saj d first bile station first posjtion |ocation signals
compr i sos Pecei M aralt | BB casdrefuty o Rist BRREcHOM ErHOM THed by
respecti ve ldcBnsghatd ddntpeises rekbivihAbt 1€030s6me Bation infibrenaried Gl a Ofse @ladnh 4 Wher ei n
said receiving at said firs bil]e statj.on f.irst position |ocation signals
conpri ses P@B@ﬁ eﬁ’ﬁﬁP“P5%§{h%£W¥h?%? FP@%SFW?%?HﬁrﬂHﬁ'fron1a base station
ina wreless network in which at least said first nobile station is
operating. .8. T h f claiml wherein said receiving at said first

mobi e ot atfon SE-BESshin Bl b PERRE Pyl bt bisieiede Bsadf P ng ot 1 ean
sonme GPS | deetrimrthd pobitpmelfshid firdt mabisrsttivbed by respective GPS satellites
recei ved by said second nobile station and transmitted to said first nobile

station. 9. The nethod of claim| wherein said receiving at said first
nmobi | e st atli.on seuvwind fgralsietniioing a position of a first mobile station, comprising:

synchronizing a time base of said first mobile station to a time base of a second mobile

station, the second mobile station having an underdetermined position determination;

receiving at said first mobile station a PRN code sequence transmitted by said second

mobile station;

determining range information related to a range between said first and second mobile

stations using said time base and said received PRN code sequence;
receiving at said first mobile station first position location signals;

receiving from said second mobile station at said first mobile station shared second

position location signals; and

determining the position of said first mobile station using said first and second position

location signals and said range information.



| ocation signals conprises receiving at | east sone |location information from
a base station in a wreless network in which at | east said second nobile
station is operating. 10. The nethod of claim 1 wherein at |east ﬂhg@@ 0
position |ocation signals are used to determne the position of sai ?q Zst
nmobil e station. 11. A nmethod for determning a position of a first nobile
station, conprising: synchronizing a Bénme base of said first nobile station
to a tinme base of a second nobile station, the second nobile station having
an underdeterm ned position determ nation, receiving at said first nobile
station a PRN chaactedoiciia 1 whersinistid sgeins atanid fisepebily stayeifilserositian i on;

det er m ni N@cafigNGhals BbAFHBS deivifdd Bh8 SorhGES IB@aﬂgﬁinﬁﬁ&Xﬁ:%@raﬁs?ﬂiﬁedfﬂy st and
second nobile _stations using said tinme base and said received PRN code
sequence; FHERIVGRYsU €S d first nobile station first position |ocation
signals; receiving fromsaid second nobile station at said first nobile
station shared second sition | ocation signals; and deternining the
position of sai@ef‘}e%‘il Oﬁrgaé‘?"llé wherginisgf] regetving atsaip first mpelife stgtign SstROAlOhosi ti on

| ocati on sih@kiad SgraR@oBpises leege: dt ha kTR lb@kon thibrad AN 20017 badbstalidn inkhe met hod
of claimll1l wherein said receiving at said. first nobile station first
position YELHD POWHOK iy Hariet (&3St gg’gm?t@@éﬁak}?nd@“pﬂa“%ast some GPS | ocati on
information transmitted by respective GPS satellites. 13. The nethod of
claim1l erein said, receiving at said . first mbile station first position
| ocation s 4gnal13‘e&§ﬂ‘ﬁ? Pfgci mrléé"g‘Fr\?’inﬁagéetcelf’%%@ttsa‘gglﬁémPB‘ieas?ﬁ g% Mor mat i on from
a base st afokiion lotatian sighalseompssen et aitinkat ldastabth €GP toctida kiforg@tich thanssittedrobi | €

SLELT 0 LR LB e LB B ok B AP AL

recei vi ng asbilkeasin. some GPS | ocation information transmtted by respective
GPS satellites received by said second nobile station and transmtted to
said first nobile station. 15. The nethod of claim 11l wherein said

recei vi ng Ex sdaihd nfeihod bf diaini Il evhetemtshid recgieing mdsaidiostimdbdastitwoatdond si gnal s

conprises receivin east. . ] i L At | . e station
8 i ol REEOhE s Blaat STRbuRS BB LRI BT Bt O, RET
oper at i ng. stdién irkreirakss irvdorb in whict atledd saithexcaidmdbile ftatigtis fpetingosi ti on

| ocation signals me used to determne the position of said first nobile
station. 17. A nethod for determning a position of a first nobile station,
conpr i si ngt6. s hafhiemgthad pf ¢lmPd ydietsimtapieash foyppaditipn fogationsighdleme isgd toon and a

second 1 btilclte(?mﬁre ak ipgﬁﬁontol? §aid first mobile station.

17. A method for determining a position of a first mobile station, comprising:

sharing a time base between said first mobile station and a second mobile station, the

second mobile station having an underdetermined position determination;
receiving at said first mobile station first position location signals;

receiving from said second mobile station at said first mobile station shared second

position location signals; and

determining the position of said first mobile station using said first and second position

location signals and said shared time base.

18. The method of claim 17 wherein said receiving at said first mobile station first position

location signals comprises receiving at least some GPS location information transmitted by



second mobil e station having an underdeterm ned position determ nation;
receiving at said first nobile station first position |ocation signals;
receiving fromsaid second nobile station at said first nobile station
shared second position |location signals; and determ ning the poai tjﬁnz @f
said first nobile station using said first and second position c[ic ig
signals and said shared tine base. 18. The nethod of claim 17 wherein said
receiving at said first nobile station3first position |ocation signals
conprises receiving at |east some GPS |ocation information transmtted by 15
JAN 2007 37 r.es&g%cti e GPS satellites. 19. The nethod of claim 17 wherein
sai d receiPPHYVEYTI¥W S rst nobile station first position location signals
conprises receiving at |east some |ocation information froma base station
ina wreless network in.which at least .said . first bile stati,on is
operat i ng%zo. ﬂﬁ@%‘{(#ﬁj}l%ﬁj} E'F%{?‘Hfai AT TSHm?tg@éfa{}?rh SOSEA d first
nobi | e st dbdatioh siiele bamprip@Sedel ving at Rasdtdn@noGtigriafoangiobmadasesadei Miang at

| east sone..GPS |ocation.infprmation transmtted respective GPS

satelli tesm%ésel?e\g/veo%k By” écgiag%%%%#] STBRCE Eelgndy ?p(?‘f?gé%d transnitted to said
first nobile station. 21. The nethod of claim 17 wherein said receiving at
said first,,nobile station.second. pesiti.on | ocation Sj | s _conprises

recei vi ng 2(91’[ I éljggfneté%&n%f% atl)négﬁ”g%mflﬁ 1‘?)??7%‘5‘?%% S?lgglﬁ]%go %g’{e&gonssteﬁqnl onin a

Wi r el ess rpetitivorlikcation signals kompriskeaefvipat thas oGP Siobitibe intdrabticanrangnitgler at i ng.

22. The tho f i { rein at |east .th i.tion locatkon signals
are used 16 el COLMG SRk Pha e o R TRyl AT B f RE 057 A
syst em f ormadpet gationni ng a position of a first nobile station, conprising: a
receiver for receiving shared information from which range information
related to a range between the first nobile station and a second nobile
stati on hali ng Thamathoéeigéine d hivherdn spderdivinpatdad Ershinpliteisphorcwreonde det er mi ned;
a first SYSLEmibakofSalTbabil R ARG \HABIRM AfmAichGf MRk, 3t sai d
first nobi'le station Yor recelving rst position location signals; a

recei ver fsttior in@evispleprpefwotiingdiich atleesd sréd svestyil Imebidg siation is opbratingd second
position location signals; and a second system for determ ning the position
of said first nobile station using said first and second position |ocation
si gnal s arld- sailde mathedoficiain A frixh¢rein at Ipast thrpp posifips daspticpfsigaila piused tvher ei n sai d
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23. A system for determining a position of a first mobile station, comprising:

areceiver for receiving shared information from which range information related to a
range between the first mobile station and a second mobile station having an underdetermined

position determination can be determined,
a first system for determining the range information;
a receiver at said first mobile station for receiving first position location signals;

a receiver for receiving from said second mobile station shared second position location

signals; and

a second system for determining the position of said first mobile station using said first

and second position location signals and said range information.

24, The system of claim 23 wherein said shared information comprises a PRN code sequence



38 transmtted by said second nobile station. 25. The system of claim 23
further conprising a receiver for receiving shared timng information sent
fromsaid second nobile station. 26. The system of claim 23 further
conprising a receiver for receiving a time reference signal at salidJAN 2061
nmobi | e device from said second nobil e device, and nmeans for synchronizing a
time base between said first and second nobile devices fromsaid received
time reference signal. 27. The system @8 claim 23 wherein said first system
conprises neans for synchronizing a tinme base of said first nobile station
to a tine base of said second nobile station, and a receiver for receiving
at said fitFaemigehby eidsewpd Babils sPRN-code sequence transmitted by said second
nobile station. 28. The system of claim 23 wherein said receiver for
receiving at said first nobile station, first position |ocation signals
conpri ses & r ecievytent ¢fclaja dd fuithergomprisinggdecevginfar eptyingbared BRINgi nf or mat i on

t ransm t t eglfoddyatioR Sd€fbrh ¥8d SFesndsadbat ikd@s. 29. The system of claim 23 wherein
said receiver for receiving at said first nobile station first position

| ocation signals conprises a receiver for receiving at |east sone |ocation

i nformati om. fr orfegysRaser chia s ARhértoRdpMinoel i@ Sel el MiKng NtidMiefelendd signgast sai d
first nobil e_‘?éati on i.s. operat] n% 30,. The system of claim.23 wherein said
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| ocati on shagdieheect CaiPTilsSDE s@ofidREYiN Qbvide® from 84 @ Hevdid tidde rbRRAde sfpae GPS
| ocation information transmtted by respective GPS satellites received by
said second nobile station and transmtted to said first nobile station.

31. The me:t?hog THe s@stei 60 cBin Bhehetin sEafigt fy@6R cothptBesaheagafotlsyhtirsdizingddi | e
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wherein saitagi gecond system determ nes the position of said first nobile
station usifig™at | east three position |ocation signals.

28. The system of claim 23 wherein said receiver for receiving at said first mobile station
first position location signals comprises a receiver for receiving at least some GPS location

information transmitted by respective GPS satellites.

29. The system of claim 23 wherein said receiver for receiving at said first mobile station
first position location signals comprises a receiver for receiving at least some location
information from a base station in a wireless network in which at least said first mobile station is

operating.

30. The system of claim 23 wherein said receiver for receiving at said first mobile station
second position location signals comprises a receiver for receiving at least some GPS location
information transmitted by respective GPS satellites received by said second mobile station and

transmitted to said first mobile station.

31, The method of claim 23 wherein said receiving at said first mobile station second
position location signals comprises receiving at least some location information from a base

station in a wireless network in which at least said second mobile station is operating.

32. The system of claim 23 wherein said second system determines the position of said first

mobile station using at least three position location signals.



