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Background of the Invention Related Applications
[0001] This application clainms priority to U S.
Provi si onal application No. 60/396,344, filed on July
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the desire to incorporate sonme type of position
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00631 Warelat pasitionideermiawiiaesystents ae usedior determine the location of a
t el ephone handset. Indeed, in the United Stat esl, h batt
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capabi | i.t . de 1 Ri10 ' nelse ired
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concerns and works by differing nechani sns. .
addressed in a position determination system. Wireless position determination systems

typically incorporate a trade-off of design constraints in an attempt to obtain a relative
optimization of each of the system concerns.

[0005] As wireless communication systems 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 to 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 |ocation systemthat may be
utilized by a nobile device is the @ obal Positioning
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@he; approximately twenty-four satellites that orbit
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be determ ned according to the ce or sector in whi
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then able to route any communication to a particular base station in that cell.
Additionally, some base stations may be sectorized and the wireless system is able to
route communications from the phone to a particular sector within a cell. The position

of a wireless phone may be determined according to the cell or sector in which the

wireless phone is registered. This level of position location may be inherent within



| ocation that varies according to the size of the
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[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 pseudo ranges corresponding to the

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



4 server where the actual position of the nobile
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in an urban environment where buildings and ot her

Sﬁﬁlﬁ %@@smam sommaniogter distatlyewithfepen othec lasideelk heto a leGd base

PG W Sul P Al Fesbitioe o garE PEGE o evirps ff el & wirless
ceffmnirddaBioR @?ét&h%‘ dbefRmEBsi RRitioR UHoRERS, Aotd & use of GPS
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adented loftee en vosatiefactony sdutiars Ploge tiagibe 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.



WD 2004/ 008171 PCT/ US2003/ 021629 020143 5 Summary of
the I nvention [0016] A device and nethod are discl osed
WO ooo4miesier mi ni ng a position of a nobile devi CBCT/BS2003/021629
¢mabj;l e device may determne its position by
determning partial position sinformation fromsignals
received froma first source. The nobil e device al so
receives shared information froma second source or a
plurality of additional sources. The nobile device
determ nes additional position information fromthe
shared information and determnes its position based
at least in part on the position information and the
addi tional position igfonaBRideeR h@Qinl The partia
position informtion y De pseu ranges to objects

[M!GPA HHaYdN and AeaboDRAfe dEbsabjf@ctsemeyingea @eStion of a mobile
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B RSEop UG SBRuE P3RS 80 SO THBM ARSI reccives

I'ces, sone

JpRid sarafshtiodl gk Sa @bconi wrdeayr bepladalifyi eﬁedddhdc@etll sonfes. The
The shared informati on may i nclude, for _exanple

mahijé dgvisé getatnsines pddirgnal moélﬁlﬁﬁtlmf@ﬁﬂat@nsfrﬁ@e@ﬁ ghared information

T R R
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?rg@' fd 8% n;gﬁln@d %ﬁ Gabe foﬁ%m‘@'tet ﬁoiﬂ"{:h%hmﬁ)ﬁfe aRALd. € WEM 8R mobile

e re ative position may be a position
devia¢ duerrhmedrtiehsositionf ttee pasitadn papbp detdrmimedibych prdn:essor within
nmobi | e device is a nenber. rief Descrlg ion.of t

EreaRP Pids dNireeroBn b S5teringd Diss POSHED fe56minghen 19 gle 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 location 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 Drawings



-10020] The features, objects, and advantages of the
invention will becone nore apparent fromthe detail ed
waele®enigiri on set forth bel ow when taken in conP@mU$1005021629
Woth, the drawings in which like reference characters
igentify correspondi ngly throughout and wherein:
[0021] Figures 1 is a functional diagram of one
i of a hybrid position determ nation system
RBG8O e huies5 o6 RoflcisbhiPes, PECRe digiiam 1 pecome more
dn@ FRBY HReIGARM! BYERHichQeP FMH BowRARN t'agéh in conjunction with
eterm nation according to one of the nethods
e sedwisatlithehich fike fefoR8te Ehagames lentfiacdiesedridangy throughout and
di agram of one enbodi rent of a position determnation
‘é’b@%’é’m showi ng three nobile devices. [0024] Figure 4
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used in one enbodinent of a hybrid position
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cell ular tel ephone m°ght only be in a position to
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only an WO 2004/ 008171 PCT/ US2003/ 021629 020143

Detailed Description of Embodiments 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 cellular 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 less GPS satellites. In this circumstance, only an



7 approxi mate geographic position can be determn ned.

In order to overcone the positional inaccuracy when
weegaaba7f romonly three or fewer GPS satellitPST/US2005€21629
8¢l ved, enbodiments of the systemutilize positiona
information received fromother nobile devices to
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i nformati on received fromother nobile devices may
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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
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recei ve and determ ne pseudo ranges fromfour GPS
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GBS B0 ISR BGARe ARG, 5 Reo GRS, 8By onty
REEThAAd MA@ §83hd, Odl AN Sbtt &8 Amunicate 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
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devi ces 130 or other npbile devices 140 in order to
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ﬁ@eﬁﬂ%ﬁﬁﬁts%&%@se@@%l&@ 0@ 5ol Of tHenvdrttius alternatives that are
nmbodi ment, inclusion of GPS 120 in the hybrid

wmlsmtthe) laccrpet afrthie ianeintion.s Pt ymMmpEication Wﬁh ity fixed location devices

TS S T I ——
{ﬁﬂ 91?&81091%?&%1 108!19¥ptidrfaPb2 khe~bfabodiniet estribat bedsral

am of one enbodi nent of the nobile device
0091k L&hnhﬂymhy nhebilesdegticen lﬂhea}p&ﬁ:mhml itp pestipn HSlng information

enbodi nent rlbed erein Vi
RSH b ey ey et droaPR dpece Mo ien Pl e Do, n s
érﬁi)&ﬁglgﬂt? mclusmn of GPS 120 in the hybrid posmon determination system 100 is

optional. Various position location systems using 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
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Per sonal Communi cati on System WO 2004/ 008171
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teﬂ@lvéd‘rkﬂﬁ signdl]l UTR¢ Irédélv@f 208 GRAYVBe Iéﬁ‘ﬁdl‘ﬁe of"'p?&re&fi‘ﬁg Vigh¥s from a
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Miemeds @ma@m qt)ﬁ weeivapatbe.o Adternativgly ethe 28eHvar24 bxmy comprise a
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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 determination signals from a source other than GPS

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



baseband signals to be used in the baseband processor
230. A third receiver 224c may be configured to
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signals used by GPS satellites. A receivi gtg devi ce,
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[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. These 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
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a single point, the location of the mobile device 110, the baseband processor 230 can use

et

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
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[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,
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three GPS satellites 320a-320c in communication with the first mobile device 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 satellites 320a-320c or 3302-330c in communication with the other mobile devices
310a-310b.
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[0061] Injtial knowledge of GPS time is not 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
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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
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device 310a-310c can determine its range to another mobile device by using a beacon

signal transmitted by each mobile device 310a-310c. In another alternative, each mobile
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oglyomeedshtnt resolvet iteni rigdepenidesy nv;mabh:s zatRefmringftor Fi(t.i 8n the ten
iI{Hae%er?(%n{ \?acr%{b\{e%daré tie thiee pes)éltlg ; Panlges for each of the three mobile devices
310a-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 310a-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 comuni cation with one or nore of the

nobi | e devi ces 310a-310c. [0072] Each nobil e device
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to a position and the fourth range needed to resolve a

AT G5 e P HERR: ook oL 2B ASHORAAD G gyt cisines
PIGRE P PosiEibe|Jfi 288 mBEe ARt NNOB 160 ndy L Betermined. If each
devices, the total nunber of unknown variables is

mv«]etlla/ éevw%ﬁé%m()ot tseinGRBnmpmigatranf with ribese distimot GRS satellites, the

B e e, A8vics e SRy tedrEaaned b pyiementing the

(‘3?§ Cﬂs&ﬁﬁ) h{?@e%ht HEBmMb BTl E i Ribile {ABods R BB | Héndﬁﬁﬂsnt mobile
be shared with the other nobile devices Iint [ ocal

dpvoep. Thhubiplicdienl ind@PS gatelijpesofmongodifferenie wiabés dev1ces 3102a-310c
310a- 310c nly needs t resol ve_ten independent
Day mghiesult 1?2@@?%1"??&%“8 A8 tiog sofyfiong. e?ﬂ“ S PRIGHIN dRpfmination is

;
MR BRIEAE (O O FAR BARHA Ininf SRl EAGeBint B absolute
posftementhe sEtt@Dﬂé]psdnfdoemnge afifotrhai omoddtéreniolead/ bsz each mobile device
glbga 3100 co z%tes Wlfh three distinct

¢ {ssiadep P%J vag satgllitepseude @H%@Fémf%%d ‘P3é§ dif{caent mobile
%Wc t3fﬂsa_@9§étl on of each nobile device 310a-310c can

e geterm ned. The twel ve variabl es that can be

[00F3]| Asesthemmisitida loédmentsyitaﬁ 49atiesHawtnein FEUd 0 Thasegashile devices,
for each of the three il e devices 310a-310c. The
418 $0b, and 4Pe arg F\%ﬁWfb aﬁ h@eﬂr%te@@b%ée\a%él(?mw iprempnication
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distinct satellites, the position of each nobile
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the GPS pseudo ranges with the nobile to nobile

418adeslshdr wemmunination Midy e seqppdimebilegiayiceel 0b TH@ order to better

i | on..i | | no di
UBHEIS 3B 5 Shef 3t R BT B okl R agFReS s mot
d@ﬁﬁhﬁmédhoﬁcbluﬂ{ fhe Fist midKleRRyick 490 det ermi nation is
underdeterm ned if there are fewer ranges than are

[087fi Fhed positioke tof r the rfirsamabils ddeice 41lasingy dre. dathemined using the

B RRO BoRb B 1G4t 8PS ale M g e pOlEirepositiCet the firs

rﬁ@&fél ldebRe PAEIHAQs I REMIMRA BetHuSE AhBYfift Anbbifd &RVice 410a is in
bile device 310a-310c. [0075] Another position

dovumnlwlogmlem koo fowr GRYwatcllitesFIIf3hefirstimokide delicd 410a was in
c%%/nin?n?gzition 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 synchronized 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 conmunication wth four GPS

W@ 200800817 es 420a-420d. The first nobil e devi cePr@l/082003%021629

@hsQ in communication with a second nobile device
410b. The second nobile devicg 410b is in
communi cation with two GPS satellites 430a-430b. The
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pulsition rlacegien. CHiesd enkiedversirn ehkeé rrmgen”tﬁdhetnahﬁlﬂﬁ)tldxﬂhﬁd a fourth for

synchroni zed sources. The sources nay be any absolute
tBB% FXIICgFPW@Fl@Pe HdQuevepRecapseribe Ghseting gefseensa i rommes for both
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ISR ORI ot (D RadE Tphe (PGPS Bultieterence
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i me, WD 2004/008171 PCT/US2003/021629 020143 20
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preci se e nu ranges req
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EOSIIIOI‘I determ nation may be due to reduction in

the fnve (GRS satpllitasi @Qadﬁﬂé Wéﬂi whigh it @D@rcpp)mumqanpnerln addition, the

s.testi one_ ot her t 0
PR ASROE oyt 608, aSCRBB IS wanef B Bl esc R tepigs 430a
430@%131 ixidheiteis h ®nrhenicARh! t AdBitieaAIRg tEé"f]YstCiDnﬁ second mobile
satellite informati on because the second nobil devi ce

deyigps f+E0a-$HIbycandaierminm a daetilsriownetyile: mgmmam dhenisebyss. The

3 0a-,430b. 410
R e L R A A
[00SHTtALBRlck¥mplel BR SRAE AhileTRRVIE ﬁﬁ@‘é' i§ QbR 180 BWine its position

deternmine a range to the first nobile device 410a
using four ranges that are determined using information transmitted by each of four GPS

satellites 420a-420d. The first mobile device 410a can use any additional GPS satellite
(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
430a-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

wo ocwanisam These unknowns are three ranges forPCT/US2003/021629
déisangul ation and a fourth for tine synchronization.
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évtef otgi gﬁ%eﬂs@&&a%fg%mthhp 08¢he -ﬁgt%{lﬁﬁltgg %@gﬁ’é Wo GPS satellites
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conmuni cat1on W evi ce

afthirffer an@bEd t6l et asediiPRe SBAMEobITeIeRE 140 0b WHOR el &€ the third
second nobil e device 410b. For WO 2004/ 008171

npiriedsyve 3 B pepdy inqopponurscaripn vihuthp second meobilerdgvice 410b.

, hl-e d 4 vide i elo
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et Ias@lété%SItA@GI\bﬂtmldoﬁw Adwridrial ShfoFRRidE d@th@tEd above, the
may transmt a ranging signal to the second nobi l
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e fromthe first nobil e device

tge ertm %26
“2%0 GE™ 1]te Vlcg %d information and the range to
[6085] fiinesthiraRiibile ddeik QQO<4ﬂs%le N RASBERHs Mﬁt@ posmon once the

devi ce 410b now has avail able two ranges to the
seeadgpoetdle deviss 4400 is-abBoty de@@metltsmbnglutaﬁasrtmt N&Shf;n thedbsolute

oReiPR Sl biter Sevisy ¢ Bt Rrd ¥ 1ps PG ymgbie device can
defemARGMAtaNRRIth B8 PSS tAHED 41Ga-MUtLarld®an 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 410c is able to determine its absolute position.



determne its position based on three ranges to known
positions, and a timng reference that allows the

W@ ewaenaBimbi | e devi ce 410b to synchroni ze an i PEBEUSZ03/021629
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mobi | e device 410b is known, the third nobil e device
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epelt oF i misbiledericeniAb-b0s Meas qlisdussediganiier; sImBIG $.othe fourth
n?o%t l%rdyvﬂzg f5r1 gLH5S a\Iaﬂabl lﬁea??ﬁ %? %& A tioh, qsré{ijﬁle(s) nzﬁ?sg ggre% P%dmonal

mng reférence to

rénpiRe hik® ae@ained thihg, the %nﬁﬁhrﬁ@aﬂ@iﬁbﬁb' eﬁ‘acﬁi Vi the oftePGndtiile devices

able to determne its absolute position. WD
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position. Thus, the information fromthe first nobil
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bi Vi C 410 WI th o.di rect
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detgsinmeaids pbsitien.p olliernativelya shel foutrth Slmimleddavmeoﬁ It inep .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. Alternatively, the position of the nth

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



[0087] A generalized nmultiple nobile device position
| ocation system 500 is showmn in FIG 5. The figure
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ranges are the rangq)es fromthe nth nobile device to
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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



to determ ne the position of each nobile device
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[0696] 85 HlOangAd) thiefigt obHe HeRcH$S ﬁ)éﬁ&ceﬁ@s' kﬁﬁﬁn% signals transmitted
corresponding to the two GPS satellites 620a-620b. The

biyi qa@h ofdhe lotheganetile &vings Td9h-7d0e dn det bmh geupt sThe first mobile
relatlvetothe se nd, nmo vice. 6 and
BRRE VAP o S rBhle o f s BTERNE ek e e Tehgied Puficsienals.
The @Rachobile dagicot7Nes mMaoraRailhe ideydsath reflidb16 19& other mobile
The first npobile device 610a can al so share satellite
degingl nYPB-Qsrysing hree ofithe rzmges omﬁemax wis the fiurd rdegd wessolve a

610b-610c

Sapg e o Lhtte aharrivs bifnel SRntale 06 78 i dlpepsion. Only
threB rdiedl 8N 1eQuibcHOB Rferii® 4 Rildtfle ﬂ@ﬁioh%e@ﬁiéé QR o@%l%cmembers in
The first nobile device 610a can then determ ne the

tlpfohqcah paupfre e syrsbadnizadoups neted gboves additiowal ranges may be used

li.te information d .the no nmobi | e ran
B Dist EnSiE 1 PeCRoh NS 63Tisbe Ths g uting! tapfes A Cotpensate
fbﬁ@@@lﬁf{lhﬁﬁg ertBR, SANPRM, BP §th%f Mhr&fs otf Reot. ONéﬂe tHitQH@flrst mobile
can t hen be conmuni Cclt ed to al nbers of the | ocal
ugrtoll@a if 00} t¢-KSerine htsv@salum)mmm&mbcbatlmtﬂmmbmlm& position is

odi nt 700 where the nunber of
not own or the ranging signal transmitters.

[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 radio 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



satellite ranges are inadequate to achieve even a
comon fix for a local group conprising a nunber of
woreiitlesidevi ces 710a- 710e. However, if there aPE@I/ES2003/021629
@g%i cient nunber of nmenbers in the |ocal group, each
er of the local group cans determine its position
relative to the other nenbers of the group. [0095]

&qﬁ%l Io%% é18P?1 b' | & eé/a'nc Ii?e%%%? ga%%%ggsrl%@gs transnrut%ecf by members
Adgk tdanatdiy. @@cﬁhoﬁuyt Eeraﬁgiﬂ% ki%nalemhg% t2h@1teH0®om a beacon,

transmts a signal that ma e used by the other
svelrbe pas placedhat uh@dmatlgn afip r@rtrucﬁn@rmlgydrmtmrr@hm location. Each

e e Tt e TR
tROGH@ St} adBRif £sufBciROdnSber BP ARSI EorREGAR B SLobived.

det erm ne The ranging signals aré recelved by each
[A9R]| @ned emibodinZh0 af 7l fethandd 80thpf lpesitien didtmmdﬁﬂoﬁrmn’ge a hybrid

S B S L S B B el LA 2w
7lg(g§ﬁ%t15 ¢thtial deaﬁ{é thbﬁesogtrﬁﬁre é@}%llﬁ o zgo\ﬁl'tlﬁﬁéug loop gwthm a

710e 1nt oca group rst no
midifike dkatcer o magsba sc}mdghdcxo ropesEondbrting @ eachedafe. t Akernatively,
ansmt ed rangi n ghals. The first nobile device
Wqﬂr 03y, §0¢t4 em rta@wﬁ@"sm YS5R 109K §F MAY qP6Talh & response to a

I%Gférméﬂ%P %1 ne%%o‘ﬁ?rﬁ%rytlﬁg el H%ﬁlgﬁ etﬂge%em %E)ft&gl% or firmware,

ranges, may use t ourth ran
anfl stongl wrthmcther poytiar ddtmh:ttmn%s@lé D38 (Fegurt Ipr ove t he
relative position |ocati t hree ranges ar

[P Thedmethod 8P@ initiply %.h%ﬁf ) seﬁéf bé'@,li consieligiion iavailpble from a
fﬁgt %(%r 1&?%’[ ht?on %Jﬂae =SYS e(fl?l I-%r ER? ?%rﬁnaﬁﬁlr%onstellalt}g§ rBfgrs to a

syn oni ze ove, ranges

nusedr of pos’ithtﬁi lbeﬁtldnrmgm @oﬁrb& @@ﬁidiérﬁ(ﬂv!r Ok rhétglel REREIO Betermine
The additional ranges may conpensate for GDOP, tim ng

isrnasition. nigriexpaple, 1othe étrﬁeposgmmlee@omsuémy@tpm iNGERS, the mobile

10a .S unabl.e
ABPh AT R0 (TR Pt f SR ssab BB R ooy G seenites
[PEEI0] i ON IS a fNPEoMRIMHOA & aﬁaﬂ@blé@@ﬁieﬁﬁo&ﬂegdihaﬁce or other apparatus
transmtters. [0097] Rel ative positioning of the

b rthe onetbpd @@QJ ther gghogaprogeedst torrdeadsipmthdoaks 802 twhwmein the

Ao B SRR Bl g s B R R epgtaion.
dNeedhé |[f0§1t1|@ﬁ|(ﬁaﬁﬁ6 thbifY iadceist BtBrmih&e tﬁ@lﬂaéthcyd %bo %@(&Bne and
menber to | ocate another may be inpaired by snoke and

m¢veg to @nertdl bedlp®f0.of the fire brigade may be equi pped

A O SR R Y kB 5F oS, e, the method
PPEdeB@AR- dediBRNASIKOBID WiRe Wﬁ%nétﬁgdl Bfeck RS sed6f d élgrﬁﬂ@from any other

| ocal group. Each radio may then transmt rangi ng
nadbgles | ase tagaibibbsh  ofltitdugh adeeisionnblvok r&ZOV@&ﬂﬁ@MI&@B&?dther mobile

RS R O g e L 57 S i o
pOBRBR 18cation sources, beacons, fixed signal sources, or any other signal source
which may be used 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. Additionally, a ranging signal nmay
be transmtted froma beacon, such as one placed at
wao b@4boesaat i on of a fire truck, fire hydrant, oPCDUK®N3/021629
ation. Each_ nenber of the fire brigade may then
<Now i ts position relative to.the other menbers and
the transnmitting beacons if a suffici ent nunber of

ng signal s, can b rece
R, PR o rsoP ot SR Barkrn e, SR Lo OB deviess
tAMbEE hblP @S bbinRiinfatcepdBitat iR Sy FifsMdtnSRHANR R offeBdefine a
8A. The nethod 800 begi ns 802 when the routine is

1pgrl tgralp. zdde Mmttbodr80h pdodeds tragedpen dlaki #8lato verify whether any

cglgq?t u%gée‘tvl Og}%\%\é\nﬁ‘ Ei 5 lragg?]b .@"?@gg\/ ;@Wé&u fhe l%elgod checks to see
ifhhL LR Ald MBLYmobild BeviBs hﬁg RRPmITRYHER Poditidn  RineSHP 91?&? ep051uo1(1

to ‘user input or nay operate In resporise to a renot
lecagivalsubispsteme enbodi nent, the nmethod is |nplenented
i@y}?ﬂwadg orfirm/var , angsored within the

[BOL04i on et rlpash aqnieow H1CE His gl opmunicafigiovith a full
c-gﬁgteﬁﬁfolﬂogr SR0:i8 §d Q%l X? %ﬁxet ﬁ’s L%tfa éa%sfnléh,l the method 800
constellation 1s avallab rom a |rs osition
teteedstanbloclo 833 b asatsptein detdeinénet iepdsetion bykharing information with
constellation refers to a nunber of position |ocation
otheymapbilesisiices sufficient for the nobile device to

[ggiSI F]oﬂel%lk: ;?aﬁﬁﬁl B%Q”suu n %v)flaeo gem?lhﬁe tdgﬁc% 'nga%/t determine its
pRkidionh My sfhéﬁn@nffbh]nhat@ﬁnﬁltlﬁhﬂcﬁﬁdmﬁolﬁléaddvﬁi@ Hawvidg 4 knd@location is

receive signals fromfour GPS satellites. [00100] | f
raoYided akayissyigh respachip FIO-dy dPnesnhe meghaddeterinesethelpositien of the

t a us running the nethod 800, the nethod
I%‘?%%e%g{ce e e@%& on bl ock 802 wherein the position

[0b106)e oLl & deotire devicsleh ethel Iedl dedupd cbeusicang! with a full
fromthe full constellation. Once the position of the

qebiellaionenti GBS isatelisese it methodt 09 preededs t@decision ddesd 340 where

s B SBiebRirRd e, A bfdyc B hsmefis e posivon i
polgbRetRAbilRY 6f 8RAfoBIR dé@ﬁ:'e% qeteﬁmé Kts&%@oﬁﬂéeﬁo@lubﬁ% based on

met hod checks to see if signa rom any ot her
mmbnb@snfafa@orav ) f@tormnoa@i@ghutd@e inot bmﬂbﬂ ¢e.kthg agmber of GPS
ri es evi.ces are avai.l abl e

e Sy T oath Ol otn: Trnttit & g iR i punber of

Iﬁélﬁﬂér@ @ lodaPiokip Ofhd! tRE ﬁhh@zrbf%%&éfﬁﬁ nkpae Q@ﬁce td th%ﬁigume its
Si gna sources, oOr any ot her si gn source which

Hosities ddsealsonathp swigiigsigiaicaansontiel l@nﬁab oty muobile [deme)sz]A mobile

e devi ces e avail abl e, the od .. .
detsise od BTt Botiien 6% SAEeEHuniater apl Rallp Swellites f a
BB EniAbA BEmdRRird n dRKi R)%§l Bfcupa¥a |(ﬁ%net th%lr respectlve
net hod does not have any signal Sources which it
positions  guppisented: abole withciesgrce te FI@ ochshel rad)bltmda‘wanmm a local
the first posjtio ation, sub-syste 2004/ 008171 |
g504D | 58806 %efgnneoé q}agp%glons although each mobile device is in

communication with only three GPS satellites.

[00107] In decision block 840, the method 800 determines whether an individual
fix is possible by communicating with the other members of the local group and sharing
position location 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. If an individual fix is not possible, the method

proceeds to decision block 850.



[00103] If signals from other nobile devices are

avai |l abl e, the nobile devices that are able to
wWemes1cat e position [ ocation information w tPCEESI903/021629

o94her define a local group. The nethod 800 proceeds

to decision block 830 to veri,fy whether any other

nmobi | e device has a full conStellation avail able. That

hS.aob he met hod .checks ee 4 f, any of the_other L
FHEH o geuh ABL-ERRTER 5P 8 Enstle im0, o B ol srov i
pbkdiBle. PURE tdo@finod @GakinBAdifielr $Y As8ised A& fin IiElafbn to FIG. 6.
| east one other nobile device is in conmunication with

Adtifough a commnanefit &ariadncal rgraitphis dess gecuirate dliineant ipdividual absolute fix

BT SO B ek R e v 5 e
nRRRhAll 9Na BYmHda b R RENBLbGNsWokdlble Ot §hethBPhloBeeds to block
devi ces. [00105] An exanpl € of a'situation where a

38 btiol detelmving eherepnuedre firi weng the sharsd tpositiobyingdrarting from the
i nformagion wi.th another nobile device havi.ng known )
RERRBEET Bh teloCH EOFRio 5D iR SO BAR s Selteriingeh dhe method 800 is
dORE Snd RENMEILAmIShE BRGS0t he position of the nobile
%v?%e, It %eg done. F08106 If no nobile device in the
[0a®] gr ouptheanemivire af the lodal proapfdoldot hewnstfitib@tpgositionflocation

GPS satellites, thg nmet hod 80Q proceeds_ to deci siogn
IoHRRIMY fPrREe the: ARICTRIRMIE Gbrefommes fihethsemethnd proceeds to

i vi A : Ol i o -
SLBSH A o et TREK BTG LA APBLA AR £ ere e cooush
netehigTimthel Tosalapewy i detposing itlenrel&ivegasitions of shentiehers of the

of factors. These factaqors include, but are not limted
locs! staya. Aibsibilitpio dgbeymingtedativepasitigning inhise ipghon the number

u S ! o
ok ARRETETRStols? AL SOPALGALbI00t HRGuUT the Rt group
theebidhei 0@ prbhbitityd itk Gembbild devbgwWilte bbls top@Rially QRtermine a

based on the ranging signals transmtted by the other
PREIBPN Eclefiigi te @k leagt sppsiof e embere ob s leedl @Fdtibne its

B0, 72 Fflabe by EOTTRRLARMIG BB lPmethop pyoceeds o

[
bl k629 1RPtHe Pdsitieh OF MeBobiltadevice 85 B@sinhiMed rddABiktid BSast some
As di scussed above with respect to FIG 3, three

ofrifisi ptherdraginbers of gheplord eapup. gFlsuslatiae pesitipn géthermehils device can

t hej Wt [th h h il e devi i.S,i .
o PR P R TR R S0 KB epR ok dharhp degipn of the
nhdbiRe @bt Nelatios ko840, mchMderebh afle 8100al1d %I’(ﬁipmnﬂﬁs be determined.

whet her an individual fix is possible by

Teformatincistshatgd\amangt the meemthers ofeth dpenl @fouph eTheoghated information

R SPUER PRy i GR ih iSB R A p iU ppmetion. Onee
the >pobifion RFSHE Bh6bild AEviEE LIV ED GERE SmbBbets sFKth84écal group is

where the position of the nobile device is determ ned
determined be siedhastisidoher Adtitonally, fif, #mbloalli860diti& detdrminesi that the

ng '_0{:1) 3%% blg}fp})&}%?g%@%%%ﬁ{g%%@%ﬁ%% orsdgfc {hséi 10Ca1 bglrglg:pkcannot be
determined, the method is done at an end block 870.

[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,



020143 27 [0010G In decision block 850, the nethod
determnes if a fix of the local group is possible.

wab@4pestmon fi x enbodi ment is di scussed above P@I/US2003/021629
HBl. gtlon to FIG 6. Although a cormon fix for a |ocal
group is less accurate than ay i ndividual absolute fix
for each nenber of the | ocal group, the si gnals

tﬁg 9%6u%%0%8 %bé%?%rﬂn&é ogctﬂha{olné( nﬁéfeopeolglﬁiﬁnez% Ao serjfaea{aﬁe @ethods

onmon A cal “grou

e@fﬂo gﬁ@dﬁleﬂ @ Hheasis ac&'i@mg@o daif%wﬂt fignel AR QOBORigbbng event.
| the shared position information fromthe

rs ofFiEhéB| heus ageobpdingmé of bleek 8Awmm FIG §4 The method
done

S?*ﬁtggéﬂ%ﬁ@ Ry ORO P BaBa otping il o s i detfusine R position

AMRUR0Ee BOlicd)aNG e ?Iec h @tbile @sVikt Bly!RGBId BReceive signals from
infornmati on for even determ nati on of a conmon

thioGP3 $eteltites hod whidhcie énlsomumunidaitinswish a lst@ok 1880le demice that is in
deci si. on, bI ck .860 th det rm nes if there ar
SRouHoBatEr o oph el FheooBHs clGee phvidst e Tnbthod of
el gglt(yge@ﬁﬁlhglﬂg sifibnt he rrerrbers of the |ocal group.

The ability to determne relative positioning is based
[061%3drt orint blechiBethe nfetkrmlnb@im bp etevingcahgigp cm]glals The

The hi gher the punber nmenber.s in the | ocal gro

RGN SEEar TRE HGHHR fft'gﬁ ot el BIiEd dp Bngior jmore GPS
e Vi

SEIPELE Bl LR S8, RcpBOBLEL R Sl i Bosicion

iherhadn inby be karbived inpteidtof,cor inl edidatlm ttatémgmg’ signals.
[§§§S| bl e, the nethod proceeds taq 862 where

14 on okhe methadonext aduancss tp éﬂavé% é%‘hn nadblegh ﬁﬂv@e method
I
o G880 3P0 U Dl BETOSE R gl MOGA e recived

digels fre GhSirsattllne ttfan&htselronﬁrembenah@d i ko8l m@y Qldermine the
such that the gositi on of the nobile device relative )
repgeaP|capk /b E1esGBP stigliteso chftergiegripuniag trepdtielepasitipadnformation,
thmﬂ%gﬁ%ﬂﬁg&eﬁ gg ganmng the nmenbers of the |ocal

are

ofmati on may include rangi ng

[00f1(5f] mat i dn, blbtlm8l86 th&f MoBB¢ idevice 30fniRGShé irdthod receives shared
i nformati on. Once the ﬁosml on of the nobil e device

ipformetieeien tb@ egonfapdlilegleyicet Ade sharad l@fpmﬁlqnsmay, for example,

det er d di.ti onal |
e ER PO mobit Bl lehc S5 s BBl sy o fgs tming
iR hortlgnd m@gbﬁh@ﬁ bive kecontl hedbileriehiees of the | ocal

roup cannot determ ned, the nethod is done at an

e
(0660 ock Bromefhod mex} procdedsi toeblpelp B8Braviterer thet imethod determines
ot .check.for, e tion

d
HEUSRA Rriedn Solhufe i oot gy Jibg additional

iffrMatidip sty PRSIudL Qe FESETMoNAbHA radddn COIn@en $hef Q&dﬂ%ﬂa@ Bhosition
it deS|res For exanple, a device may choose to only

infocoplper as eletanainedb it lm@hq;bgmcc@ds tetbéraki 82Q,i where the method

nctions. Al ternatiye levice m ose
EIF@@F% ri‘FeP%W/“ t(’rﬁe%‘f’ %@Pﬁ% NS P?IB% Fé?tnfq‘?apﬁ%lﬁl position
ihtonahti AN Smd! the?RQ4iRBRa12pSLAAR hNBmation determined from the shared

information.

a

[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.



WD 2004/ 008171 PCT/ US2003/ 021629 0201'? 3 28 the
various position determ nation functions nay be
w0 ppieesant ed as separate nethods, each scheduP@dU$m03/021629
@perate according to a different time schedule or
triggering event. [00112] Flfg 8B shows an enbodi ment
of block 832 fromFIG 8A. The method shown in FIG
@@{Lfﬁm e lt%\év ée§ I%?oflo%fg%ugaéf ﬁgbﬁﬁﬁfgg%sg§fd% él%g that incorporates

cﬁ?&&ﬂi’@dc@am@t@@ ;icmpbavdea@mmmb eyabhevlioh BFh¥Ats the method 800
ignals from two GPS satellites and which is in
d%:fmmur@a&lm@rahﬂpm POSHES 8 sheybi |ne Hyev P c dFounanotiils demices 910a-

GRS Bt sy e e Bl SeylRR pfpgiod achine
d IccaPQsdupl O frS0MbBIle | deviRk 02H0a8R8eivEd @raiBhRQEn L @GN Sour GPS

by receiving ranging signals. The ranging signals
satellites @203e9<%fmal é sepend mobdé gln‘ak:@ 9t191am@m\tes &P Dyrawm@ssoons from

%2@?? ¥ i I,?gsé é’ﬁtﬁlf Qo u(g{lﬁ cpi ls‘zﬂwc g%%}veg trgnsnnts:sl?gns from

t%f@PSf@Etbm?esr@Oe@Of eaeionad dndb?fee&%c%fmoa rdob@n@tdz‘é&éwééhy GPS
to, ranging signals. [00114] The nethod next advances

satslltsk oreksr@i8sions. n bl ock 884, the nethod deternines
al pqsition infaq ti.on omthe received,
BT PVien e atRler getice <o [Rarecsiies GRsasNens fiog a full
éohﬁ@ﬁéﬂo%s bPNGPs t el hodnhp D! Gk £ ?é“'n{&ﬂe TG receives
range to each of the GPS’satellites. After
tdzasmrsmons figpnt hesuffaidnt adunbes of GBS dardllitesnsd nake an tabsolute position

ht od proceeds to. bl ock 886.. 15] I n bl.ock 886,
debraminasione T e f&ramwﬁae 3%0%@? agr} delgming its Rhsakge position
4n s kiR Loy %ﬁgr&g&g nmobi | e devi ce. The shared

nforrmtlon may, for exanple be a nobile to nobile
[ﬂ&t@]ng siTireakecoht emsbide eldvmaf%%aﬂo@nnﬂﬂayomhmmcb@ @tk a full
informati on and the position of the second

%ﬁPllkgloaé%fu @S Sprolbtose] Mherisconst B BxticpP Hesassgransmissions
pos ICDFAI)S ] gat{:ﬁ?esr@ida%og " l{lllg le. t%dr%lze %{)solu]tﬁ gosmon

I'on I n I on usin he shared i nformati on

deebahiniriatioa Ibasddl’tfn(lhﬂ’ai/d) GPSPfﬁa}ﬁsﬂnmSiolnd eHohe vémidelsecdn@ mobile device
nmobi | e range. Once the additional position
1R df imepmrmunicatien avith the dirst mebitidender BHse eBlas firsp mobile device

dﬁ)g G ce%%% trm(?rglgmt)&e 0k IQOHHI gﬁ%s‘?ﬁ! {5}1?§Santctlar t Ebgé ' Ic?eterrmne its

evi ce usl ng eas

Apositel Iﬁd’éltldnnf Rrdoet inon n@m@r t}ﬁe tiRdelidt 200 asbcdaﬂsmbblw devices, 910a-
i nformati on determ ned fromthe shared i nformation.

9160.1she t)ﬁ(orféB‘S paselditaif2a-DRgh- errent i ng the nethod may

m ne itio g er
@@{ m nat %lﬁ @83‘ taanecoH,g mch 5']00?}?,2958?3 g"f’rla infprmation to
A% theOSecbh® indbileOdddd 9TOH & aet@ﬁﬁﬁlteené absit® HoWRBA e The first
the nobile device's position is
mobile device 910a transmits its absolute position and a GPS time reference to the
second mobile device 910b. The first-mobile device 910a also transmits 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 nobile device. WD 2004/ 008171 PCT/ US2003/ 021629
wO2®44®1729 [0011-0] An exanple of a group ofPemDE1083/021629
oflgyi ces 910a-910d that incorporates one enbodi nent of

a position deternination sysggm which inplenments the

nmet hod 800 to determ' ne thel r absolute positions is

dé%ggvrb 1!0@ esl:&\/es 'tliaE ool 021} %ﬂ}ﬁ g@?oéﬁga tﬁfi%g 0@’?0% érﬂl 920f.

conmuni catron w eac

Hhleae 1dthadi hotsle @Vio@mbc gb@uunicAtek ivigt thedlkdl rﬁolﬂl%\de@ﬁ‘:e 910a
910a receives transm ssions fromfour GPS satellites

ag@d@ @@@mobﬂeg@wﬁcﬂlﬁ@mqe@e&ér@n@@lsgm@bfm@b@ifulbgowgatwn The

RIS AP TE oldh ebiBe e e b PR R EIRE ppdrgnor. e

tﬁlywn@ﬁesc@bﬁlsl91foeSa1s%21%ee1%’50fhe (APS Qishd RefBRAtd ErofeMeCRrst mobile
910d does not receive any GPS satellite

devign 8 h9s sThmthird[00HiESlevich &10¢ plse datstnines d@\r'aw t9 1ixafirst mobile

e BB prinE I onaind Sresl ARy 4B RL el B ggon. e
tHiRERYAS detitADBIN S3¢ MRShick Qﬁﬁg%s shd tHech RS ﬁ;mfé%f?:@é’nc@fto determine
GPS satellites to nake an absol ute position

1tdebmimnerpa‘smom Thus, the first nobile device 910a can

m ne s absol 0Si and can.determ.ne a
B8] o e ok soils s HIA deSuo Tomth fersaiens from any
Cﬁ’]sopataﬁ?e%. f)WQM@'fB@ﬁI’? L cﬁ:vfc\%ldIOdQQ RER %Ibleafo' &Hermine its

of GPS satellites. The second nobil e device
absdwke \pesitibn dasanss $i ie irs corhmamicatibly meﬂhﬁ@$t}$amm13hlbtdeslces 910a-

O0a-920b and i s .unahle t an ahsol u e i.tion
936 Bivine drouhPRRESH bwgt%swosl o ylo'devioes 910a-
9'T@é"ﬁ¥§srnutst e RBRA eﬁﬁjosgmﬂf OQhQ?dU @evllc% 91@ Ea%_li}] gf the first,

communi cation wt r st rm evice 91
sédond} ambihiddenactdle deeice©90@R-9 mcealsoetsartsrrmsmsgng sgndlr drhe fourth
a full constellation and is able to determne its

| dpvicepddy fegsives gach g sthp sangiag signals g ‘i‘ei‘F‘émFIi‘qu% mobile to

oD s W G S B8, 148 Her o

dseicesnd1 gmdidcendy ilevab gdipa-ThkOfousth anebilendeviored ligdraldcoreceives a
allow the second nobile device 910b to determne its, )
timssisfarereepamians pf themembezsiof the fpcabergepi daredwsh mobile device

ARFIEIE D WSRO IABLRORLALRAT 8 SR BB o caions

aﬁd tigd it Réfefende v Thes, Atbeughl the fourenmebils dévicadiiddbes not receive
signal. The second nobile device 910b uses the ranging

tpeypigbiond figay apyORe wirdlitgy it iseable do Wetsrpimerifsnghsolute position by

e first ond nmobi | e devi ces, 910a and
Sgﬁg%@gﬁ%%ﬁdﬁ&?g ?e devi ce 910b now has t hree

[0GI29%S t O THIOW nleBodl drdndevidtthve HebillesciBEE IWdBRLa hdbile device
whi ch all transni tters are synchroni zed. The second

maybil¢termgiag | itse posien jusing 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
informati on. [00122] The third nobile device 910c can
waledoenoiine its absol ute position using the saPeET/De1003021629

asiqwas used by the second nobil e device 910b. The
third nobile WO 2004/008171 BT/ US2003/ 021629 020143
30 device 910c receives transmssions fromonly two

at el | e@!'gép f e .
m)blﬁre devﬁ:e 1 cgrggﬁi‘%‘un%ﬁga{ltagg V\nﬁ?%i%frﬁd Eﬁ? nrm) t?r}nénanon of
admwbite diba Handvehevhile potition bieteemitavibe és gé&aauyecsfahme&:oncem
transm ssions froma full constellation. The third

fRbEIoPHE deVirese TpipRsitioa legramaiaipn device apd msdod: Esqlqwsd desin may
The h |
P B0 Ty OISR LY bR B, o ny
deoheiIfer whieM ipesitiBd Qatenﬂh@tlérfﬂs rddsipb i Weed eiél d2@icd 108 mdb8e device,
determnes the range to the first nobile device 910a

the FIWQH@ Hevieangl Mg asviggless phoah @rﬁMOt‘é@iY i, ﬁepefspn%itdlgltal assistant

RE B 80 e PRt BB, L FelBrbg®0 5B e, «
cdedleds Ak1Bghonk! 6 gfb‘ﬂ{eﬁ H8viBOat ¢Ampl 3Rt Ale nhbBod Qé’srchjﬁed herein.
nmobi | e devi ce 910d does not receive transni ssions from

[86:126] GPS s%\ql@wmalle'sthe mmeusemerrtbhr@ ¢fcmloph1 groiyp hevedlmnabscnbed
9100@'sﬁ 3 h able to determqrjﬁ tabso ut e%‘BOS iti
BdeAUEe ?Vfcelss ‘?‘%CVSB Fhﬂiﬁ’i"& 3o %”Pﬂe {thPaYgR gr‘EBBW‘B“"a“(’n
vdiﬁﬁ/ bRE nHIR- deQi'eQ@ ﬁéﬁc\,’drﬁgtrkﬁk%’ﬁﬁe@o BétwoBBS or ?ﬁ@@ l&gatlbﬁ' Qevices.
first, second and third nobile devices 910a- 910
AdChMmlethetmolabsdﬂvmeen@pé¢wmne tits [Iohmloh ommgranmntnrﬂlaé processor
i rst Seco and th

devi c 910d. E ﬁ tF‘

%BF‘Y HEIEDS §98 %i‘é‘&‘gaﬁ‘ S T pher Qe‘fl%ﬁw@"lﬁ‘i‘g‘”hwh it is in

c%hﬁﬁlﬁheatﬂ;ﬁe TRy &)Bgltloﬁ'r‘a@iehﬁmqﬁé/ﬁ G ndi Qﬁnfe@%' M@lﬁl@@z&gd position

of the ranging Signals and determ nes a nobil

detshinimtiopnps thteneey enbempass rdidiributbd pesitlen |deterrﬁﬂn6niomm1here the

@Eg f t he ther nobi | e_ devi ces\f?lOa 910c | %

& edf‘c&R? af%‘i“?lho%ﬁlﬂoé“’d’é é@@l%‘&neﬂn &n"t er portion of
f f

5455 R o £ 10 A0R UL I RIANAIOH wiv ue

mdilie dovicket dmmexenple ofadistabuted gegioni daterushaipnt Renetwork based

three ranges to known locatjons and the ti
pogitign e‘gf‘é%%”ﬁ*}%’él whetehy d‘ﬁﬁ”‘%flﬁemf BRIARHNICARY n@!emec@obﬂe device

d [ r
15000l SEGR n ORILTAOSE AE, AN B 10
ap@sird GRS lyellikhsiphalg Thiegysoudd canges oh tiodeheffsetedeteifined by the

[00124] Thus, a nethod and _ devi ce have been descri bed
mehileedeyiceomry dhepebs d@anspiigd deths mepferky sTkﬁo@ﬁtwpr&nmay include a

ﬁgg@?g ilg%ftﬁ)la AL RP 3 'th'gnhi[Plgg Eﬂéaﬁdt&’d“ pfoE glg}l 3)5 tlt-é ﬁ*}ob le device. The

etermnation su ystem-an

posisioh meay théf oy comhinonicdtedro tht hﬁjbﬂﬁmlbmlce devi ces. The
various enbodi nents ha\/e ener al l%@ described the first
Mion CRm@pRicain Bithshe mebjlecsvice TRB. berdivasy spmmunication

vhﬁ:?e tfler %ob?l%sﬁé\)lcoe trgr%l%{sn'hmtréc%&% usli)gnsa¥ 1rectly 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 communicatjng
with the mobile device.

[00128] Electrical connections, couplings, and connections have been described
with respect to various devices or elements. The connections and couplings may be

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



may be GPS, dobal Obiting Navigation Satellite
System (GLONASS), a terrestrial based position

WO owabdsam system a system of Locati on measur eP&nUS2003/021629

danizs (LMJ), a wreless conmuni cation system a
hybrid position |ocation systeim a conbination of
position | ocation systens, or any system capabl e of
[ i ha

BEOYI M=ol NHREIALA 3 hey E?%ﬂ@@flr%cg IBYLaF BoSMEHoR N indirect
asmémmﬂéctmaysaaaaé rRdrpased eﬁb’hﬁbhfﬂs’%thatlma‘{/ pibtess]thd Kignals from

arious enbodi nents have also referred to position
é‘%tﬁéﬁtrﬁl%‘i% dewse togherpasiond clgetriceleddevigewever , whil e

i on d [ nor.e _concer

PEIALET e ThETRAAR! fhub AN feentod I R BRI H 20 signats may

Bneepigsched whise kos of aheiRby off@ifferfift fecMoRITRRt A/ teehﬁques For

nobil e device, a fixed |ocation device, a portable
FEPIRi®, d&tﬁ, laﬁwctl@l@mmmmsm@map@s,u sifguads, bits, symbols and chips

fermn nls t he device is
g‘ewn%aé' er%cﬁfil Ogt Y&Fﬁﬂb%vee ge%‘npg?régga% wgn%epreéented by
{'M/Eaglé\.ﬁ)éufr@ﬁlﬂs Ocle@rdddohei@ vatledinfadhetRSEd18¢ éinf)amWeE Noptical fields or
Wi rel ess access, a notebook conputer with Wreless
pastidss oranmmbleamm thergof.a  cordl ess tel ephone, or any

QEh, " BBassor skinel SRt hoveiate, BFt Baceent Lstaf e logica
Blobiag %o&ﬂ@é-‘ pcﬁ@m@ begnadesmid Reds AScHoR i &%\4&&% with the

however a device may detérmne its position usin
gobodimerta tdisphosed hierein ey bambplbmenieﬂ iag cek:ctrbmadmmxyare computer
transmtters, . networ | ocati on devj ces
SRARYE oﬁfaFPVb“iaH%nSrrBEquéh dejw aﬁlayl Wysirats Higeinfqrehangeability of
ROSH Ao O d U tkEAr Wah@ﬁseﬂﬂéﬂratp(feo&ﬁxgﬁﬁéms Ob1008Y rrg)%l'hﬁa@,n&%lts, and
its position using a network ther devicé wt
siépsdfave beérsdésaribababoveigemtraliynin tdines ¢fakéit fumstionality. Whether such

eterm.nation js not limted to nohil e-based position
ﬁ Hats blﬁpieﬁweﬁa% SFTINEYE QR SOHALS deReas jupgnethe particular

%%ﬁ?ﬁdo%%rﬂe&e%f%ﬂ' d?)ﬂgt!ragﬂts ﬁ@ﬁf)ﬁadtdﬁethe TR&k1 %yﬂﬁl@ﬁﬂ' cﬁqlled d persons may

orns a portion o osSi tion det natio
mqﬂ)dsﬂmrt tb@ ﬁtscmrbed)ffundtlbﬂalnpsn tVlaﬁjﬁlngj%?S' forreath ‘pﬁtﬁcﬁlar aﬁphcauon
anot her device in conmmunication with t

det e
B Bvﬂrbemageliﬂe@aﬂ%dml sBogll naf bt HitgsDieted 3568REiNSHA departure from
t\glﬁ &ﬂ{é% nﬂn@‘éﬁt‘f@{ k based position determ nation

er r

a net I n comrmuni cation with the nobil e

[08¥3xle prOhé dz&ﬂ)uk hignserativd R gibalbloeksnfbdaRs,| MmdirdBitd 8kcribed in
to al]low the nobile device to quickly acquire GPS
coaneqtion; with it emgodimeats fisclessd W@%@adrbetliﬂméemwtsfbps perfonned

CE ey T ST T

spodifit iiprgtaantirant sESI®! attiad p@?‘éﬁ&hﬂ‘iaﬁﬁsgﬁt&wt(PPGA) or other
position_ of the nopbile device osition may then
megeERANT dagied %C@héwﬁ@m | gated e trensxs[t@oiqu discrete hardware

SHITABAEH 20 Yoo h5, R S BE, Il Sl s
He@siRl Wegensial @aﬁ)‘@sedpﬁ)eé‘dsbﬁ/mhﬁb@ﬁ ali&®prod@MbE 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 any other such

configuration.



Al ternatively, conmunication with the nobile device
may be indirect. The nobile device nmay communi cate
waowadoh/oesibase station, network, or other devi cePCHISINE021629

oflgyi ce may comunicate with the base station

network, or other device whenazcomunicating wth the
nobi | e device. [00128] Electrical connections,

(2w AR ngS'Th@nﬂeﬁowg %étﬂ&f op %Yg%ri?rﬁ‘ﬁ rheg&ﬁ%ﬁ' ipleg,donn%\ﬁd(ﬁ with the
respect to varirous devices or el enents. e
eaodeehtobscond aauhl nagDenaybddied direabt iohandndie, éata software
A connection between a first and second el ectrical
nepdpiccererpigd (Y aaPRgsssen 47 0h8 sobipettpryeh thg3rop 1 62 goftware module

01-43 3 | lLe {C Ngei- O r n

T, T8 RAM Sl 8uS b e Rt RER PReBbr P REM Tmermory,
BHPRONVI ©i8inofyQ 18 SiktsO Rafibllisk NE keifievabld €isR0s @D-ROMEBE Sny other
that may process the signals from the first o

femeef stprage mpditing Enewn ihegist ol cxsraplan seirgumpiize is coupled to

00129] Tho of skill in the art wll understand fhat..

e pPmen Dmana Peter s pRnalib balf @i A goighPhion to
t1f s@dragarhedivmof Il glh@nitiviee GNGbAGE AfieBRE HBE MBI ELBSl to the
For exanple, data, instructions, conmands,

praveenoratlibo procsigpm angd thestorge syadhun snayaeside h ps ASIRat The ASIC

rifg P ISR RPRC BEvies GRiaga RhFB Rt SRR e thgmatve,
tNEMRBessPRENEtHeCstdagd dedRfim PRt eGHE s dRBEek< @ém?ér%lnﬁisinoi mobile

particles, or any Conbination thereof. [00130] Those
dovice Kiakd steiidr, of baseistationgpriedleat e t hat t he vari ous

T SRl A b T
RINO Ty B Sh i 9S8 alt 86 BlaRe BRYshBe iﬂ%ht%g? N 88 RSmodifications

el ectroni c hardware, conputer software,
te tekd ermbodmenofwilldtehreadily apipemnt tp thodeuskilledtie thichars and the generic

i.nterchapgeability o hardwar e and sqftware, varjous,
PFPIGIE CRDTEBHURHE PP GIERS GURRETTE Pithii depiting from
t1?en irits&%%%é‘ Bf’ﬁfe Eﬁx‘?éﬁtigﬁs %h§ &R Vﬁ?%t?orﬂi@ rﬂ%f] Fdniel B be limited to

erns of therr nctional it er suc
tHeusrabodimahistspiows Hergih doeist ©beagcchaled vl eidest st wansgstent with
depends upon the particular_ _application and design
thegpgrciRiesang qoﬁﬁb@gt&r%rﬁlﬁcif@e@)b%? | system Skilled
persons may inplenent the described functionality in
varyi ng ways for each particular application, but
such i npl enentati on decisions should not be
interpreted as causing a departure from the scope of
the present invention. [00131] The vari ous
illustrative |ogical blocks, nodules, and circuits
described in connection with the enbodi nents

di scl osed herein may be inplenented or perfornmed wth
a general purpose processor, a digital signa

processor (DSP), an application specific integrated
circuit (ASIC), a field programmabl e gate array (FPGA)
or ot her



programmuabl e | ogi c device, discrete gate or transistor

| ogic, discrete hardware conponents, or any
w@ oviossari on t her eof designed to performthe fRCDUSINE021629
oelgscri bed herein. A general purpose processor nmay be

a mcroprocessor, but in thesalternative, the

processor may be any processor, controller,

m crocontroller, or state machine. A processor nay

al so be inplenented as a conbi nati on of conputing

devi ce&¥HADIS CE)@MI&IS a conbination of a DSP and a

m cr Qpr oces plurality of mc ces

or moret n‘inE‘i?‘B r%c@é%%mgr? E%Wj‘%ef ngtﬂfsmq q%pe "the method
B%E,lfl gr any ot her such configuration. W 2004/008171

685003/ 021629 0201-43 33 [00132] The steps of a

met hod or dategﬂrﬂlmglpardelmlthadnﬁommmahé first moblle terece;
enbodi ment s di scl osed herei.n nay Qodl ed directly
i n har dwaf&eiyipg ghages mm@tlowﬁem 9eseesz Thoate ggvige:
processor, 0 :
rodul o may 2ol AR s nt RPN the Sk Rpfe dovice
ITe D liging BRREEtetERtyihatiof BV s&iond yobiledesiterand hard
di sk, a renovable disk, a CO-ROM or any other form
of st or agdeieE@ining Kpromasifian tafethg st Apptulgedgyicer ysing the partial
stora uch the
or oc 485 5PT ey UM EHd fonal PRIREAGRTRRIIOR
information to, the storage nedium In the'
alternative, the storage medi um may be integral to the

pr oc&ssbhe Hf?ﬂ’@dmf daims brwhenein daisrmnéngide Al peitieryinformation
resi.de an .AS|I C.. Th I

cawp&ees’ ciegegglém % aF?t o-Jf- pgetég gns%en%%/ EI OEQB eﬁ rh%ylﬁg?&!)&rﬁ locations.
the alternative, t he processor and the storage nmedium

may reSTREnRthdd GtL RS 2COHDRRFRE Setl & }%eﬁ@malnges A8MHESLa pseudo
base station, or base station controller 133] The
ratye\feord e basei spzttimncafwﬂdiasctoamﬂlmdoeajwmmnent s is

provided to enable any person skilled in the art to

make or use the invention., Various nodifications

t hes & eFbpuIchoetef Glrim 2pwheigkythe yoleipeeda rapges lﬁelslées a pseudo
k| 1l
P S e e p2RrS PR RSN Fnl SRBRIRS,
W|thout departing from the spirit or scope of the
i nvent i 9he mEMEY off ORih 1Y Y/Hetd dét%rrﬁ%ng' aasieg pBQtl&?compnses
limted to the enbodi ments shown heréin but is
detcominiegia preadoirdestirose o paretesn tlephemg. with the
princi ples and novel features disclosed herein. WO
2004/ 008171 PCT/ US2003/ 021629 Clp0143 34 WHAT IS

CLAI NEDThmethod of Claim 1, wherein determining additional position information

O

comprises determining a pseudo range and an angle of arrival from the second mobile

device.

7. The method of Claim 1, wherein receiving shared information from the

second mobile device comprises receiving a position of the second mobile device.

8. A mobile device configured to determine its position, comprising:
a first receiver configured to receive first positioning signals from at least

one transmitter having a known position;



1. A nethod of determning a position of a first

nobi | e device, the nethod conprising: determ ning
w@aootioad17posi tion i nformati on of the first nobPCEUS2003/021629
odgyi ce; receiving shared information froma second

nobi | e devi ce; determ ning agifii tional position

information of the first nobile device wusing the

et er mi i AQUTR SodFPahlfe RERAT SRRtk PSR cBRd: fom.

usi ngedon@ nidtileid@iceposi tion i nformati on and the
addi tional position information. 2. The nethod of ) )
Claiml, WwhEPeisAordeandigried ingdeterenipm the Besifhes pf thenmobile device

| nf | | d ini ng a f e
r angletig JessE B B8 P Rl Sl B i BHERa ogpioning
The ﬁ%‘hﬁl@.d of Caim2, wherein the set of pseudo

ranges includes a pseudo range froma base station in
a W reless communi cati on system 4. The nethod of

d ai wherein . the s of pseudo.ranges.i.ncludes. a .
pseu o%?%mgefqegfﬁeao’ﬁgaéﬂ g’t ‘é’ﬂﬁ’?}ft ?}fegnﬁ)g# %?’ cg Is a wireless
tSE@Rak. Positioning System (GPS). 5. The nethod of

Caim 1, wherein determ ning additional position

conprises determning a pseudo range froma wreless

t el epbomiee nGobilEhéeviet bb Claitn @ avirrdin thbeseeomd mobile device is a
determ ni ng additional position information conprises
veedesp fhleegc-a pseudo range and an angle of arrival

fromthe second nobile device. 7. The nethod of Caim

1, rejn receiyin ed d nformatjon.fromthe

second: MAETaCHYEE Gofsh oo Patl: R Ty LRTENEE ma, gy sccond
b d3pe 8RS sdmbidgvelevi ce. 8. A nobile device

configured to determne its position, conprising: a

first receiver configured to receive first positioning

si gndRsThe ambilt deestof Clasm t&; aviendinttbe firstvieogvex ik mowfigured to
posi tion; WO 2004/008171 PCT/ US2003/,021629 020 .143 35
TeCeRedHRPASEIBNET S 1 GriEgs L Icf 8peng 8 Kegwgpgsition.

positioning signals froma second nobile device; a

65358, SRBNLRULES B VAR RIS bR B o

nobi | |

BBVl i@ Re Shir g il Phékn taBlob 8 FRRTioRAR st fiellite transmitter.
signals. 9. The nobile device of Caim8, wherein the
nobil e device is a wireless telephone.

14. The mobile device of Claim 8, wherein the second positioning signals

include a ranging signal transmitted by the second mobile device.

15. A mobile device configured to determine its position, comprising:

a global positioning system (GPS) receiver for receiving GPS location
signals;

a first receiver configured to receive position signals from a wireless
telephone; and

a position determination module configured to determine the position of
the mobile device based at least in part on the GPS location signals and the

position signals.

16. The mobile device of Claim 15, wherein the GPS receiver is configured to

receive GPS location signals from at least three GPS satellites.



10. The nobile device of Caim8, wherein the second

nobil e device is a wreless tel ephone. 11. The nobile
walewitoas1of Cl aim 8, wherein the first recei verPeEntisS10n0&021629

osggond receiver are the sane receiver. 12. The nobile

device of Claim8, wherein thge first receiver is

configured to receive first positioning signals from

a trapstid LeELiRANI-NG af KN IBOSIHAR- thd 3po:file, BRRALL &omprise

device of daim8, wherein the first receiver is

ragyiig gomadd to receive first positioning signals from

a G obal Positioning Systemsatellite transmtter.

14. The nobile device of Claim8, wherein the second

posi tli8ohhaguehilgriavice; olcCliga ko, rubfgsingthe Rpgiton signals comprise a

transmtted by the second nobile device. 15. A nobile
UGE0E FACERRY i gured to determne its position,

conprising: a global positioning system (GPS) receiver

for recehyifohiBRRViCaHt Cin, B9, 90Rrsin e fPdsiton! 86 86mprise a
configured to recelve position signals froma wrel ess
pbsitieplobthe; wiaglessaelpplsingi on det er mi nati on nodul e

configured to determ ne the position of the nobile

devi ce based at_least in part on the GPS | ocation

si gn@0sAdiat mpkile dryiges FIPPETRFal s. 16. The mobile

devi ce of [ j -he. GRS ' i . .
configure dr%a%% IPP% ?gﬁd\[/}@%@%‘sﬁ?‘%@a{)ﬁﬁm{s ?gﬁ%%{ag{op r %frr%hgtﬁm mobile
| eastgetizeee GPS satellites. WO 2004/008171

PCT/ US2003/ 021629 020143 36 17. The nobile device of

Cl ai m 15, m#paseion repelvipgspddibpnal pasiion idpymatipa from a second
r angi n%)i{si Q,a(\:l S. dl S. The npbil e device of O aim 15,

wher PPPHHE Y5651 on signal's conprise a timing

ref erence.mdids fohaewRbintg We\WosRionf ofGhaifmttliobilh @sebd based at
the position signals conprise a position of the

Wi r elleass inepasphoribe pagial Apoitiost inferpiatien i te, additional position
conpr.i si ng:. means for determ ning partial position
infor‘ﬂ%f’ingtﬁorbf the first nobile device; nmeans for

recei ving additional position information froma

second nobile device; and
21. The first mobile device of Claim 20, wherein the first mobile device is a

wireless telephone handset.

22. The first mobile device of Claim 20, wherein the second mobile device is a

wireless telephone handset.

23. The first mobile device of Claim 20, wherein the means for determining

partial positional information comprises a global positioning system (GPS) receiver.

24. The first mobile device of Claim 20, wherein the means for determining
partial positional information comprises a receiver that is configured to receive
positioning signals from at least one wireless communication system base station having

a known position.

25. The first mobile device of Claim 20, wherein the means for receiving
additional positional information comprises a receiver configured to receive pseudo

ranges from the second mobile device.



means for determning the position of the first nobile
devi ce based at least in part on the partial position
w0 ndogiesri on and the additional position infoPCEUS®NG/021629
mdiia The first nobile device of Caim20, wherein the
first nobile device is a w4gel ess tel ephone handset.
22. The first nobile device of O aim20, wherein the
second nobile device is a wreless tel ephone handset.
23. e first bil.e devi ce .Cl ajdm 2 ' ,
rearet or AGRBTLPheig ipuEe S Sk AL B et e method
c qﬂgsg,es a gl obal positioning system (GPS) receiver.
24. The first nobile device of Caim20, wherein the
nmeans f orredeivisgnibyi thg firsarmebile dewre.i vapals itrepgnitiedi Bn 2 GPS
conprises a receiver that is configured to receive
posistait%]ﬁﬁeng signals fromat |east one wireless
conmmuni cafidQiigds e RRSEnSS Rlth GPSadieNte; a known
position. 25. The first nobile device of O aim 20,
wher ei n tteecinmandyftbe firecmobilaglevimddin trhuging signsl froenalsecond
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29.  The method of Claim 26, wherein determining the position of the first

mobile device is performed by a module stored in the first mobile device.

30. The method of Claim 26, wherein the position of the first mobile device

is an absolute position.

31.  The method of Claim 26, wherein the position of the first mobile device

is a relative position.

32.  The method of Claim 26, wherein the position of the first mobile device
is a common position of a group comprising the first mobile device and the second

mobile device.

33. One or more processor readable storage devices having processor

readable code embodied on the processor readable storage devices, the processor



nobi | e device. 29. The nethod of C aim 26, wherein
determning the position of the first nobile device

w0 go0peesior mred by a nodul e stored in the first PobUF®03/021629
oftgyi ce. 30. The nethod of C aim 26, wherein the
position of the first nobilesgevice is an absolute
position. 31. The nethod of C aim 26, wherein the

L of .t LISt j | [ edaSred '
w30 80 lg Dbl g TP 18 655l S0 BLAUK, et o
dp@sinfniia pdsitidientla first mobidd device tiearethdd camprdyimmnn
position of a group conprising the first pobile _device
and the séesaaningaria ngsiiondnfognationRf the fisspmebile device;
processor b : . .ce ' sor
r eadabl e g%%gggﬁggg%égﬁgﬁsgﬁgﬁgr6%%%@%%H§g§%§%ﬁ%’
storage deMieeming Bedinoea gssiionVRRM6P BB LKA first mobile device
PCT/ US2003/ 021629 02014 38 readabl e code for
pr ograinsitikrgshered informetien Hrwdhe sewesd mebge dedesnaad met hod

of determining.a positi.on of first ile.devi.ce, .
Che et hode kot s PouBPe i fe s D mdIRe) i f4igs e partia
| nf OryEitibR thiefmdtide ahh s adWXiddaEpelevdCi@formhe6el Vi ng

shared information froma second nobil e devi ce;

determ ning additional position information of the

first nobile device wusing the shared information from

t he second nobil e device; and determ ning the position

of the first nobile device using the partial position
informati on and the additional position informtion.




