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BACKGROUND
FIELD
[0002] The present invention relates generally to a satellite positioning system (SPS),
and more particularly, to assisting a mobile station to locate a satellite using an efficient

messaging format containing extended SPS orbit correction information.



data and satellite clock timng data. The satellite

positions and clock timng typically are represented
whgooahesaac or epheneris data. The epheneri s de@EUS2007/083501

provi des an extrenely accurate estimate (~ 1 neter

error) of satellite positions?and clock bias. However,

the process of searching for and acquiring satellite

signals, reading the epheneris data transnitted by the

j (g the location of the receiver
gg&ﬁ?ﬁgbgﬁggﬁgp?ggﬂ?ﬁ@hgonsuning, often requiring
several mnutes. In many cases, this |engthy
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greatly limts battery life in mniaturized portable
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observed Doppler frequency shift. The process of an
nicEi§ htv@FanSraAfed bynBe §20¢1lite8 Gadicohip@tin@ihd location of the receiver
enodul ating satellite signals is sonetines referred
fromafisalatasit angaloaneningpsfenatqfieg advcaid mimdtes NinaAm b ses, this
contrasted with an "assi sted" node of operation.
[c0005]procesonglémetivunraedeptebl¢ med, detlaymass gchdy Gchitsibttters life in
st and- al one node of operation, information may be
priwgiudeed pastakickpplicgP8sor GPS receiver in acquiring a
particular signal. Such assistance information pernts
F008L BbV&antpR:, TASED WolilEniae 8K &BmS PAPS) ddddind§dsitRA based on the
searched in order to locate a signal, by providing
BRUASH@N of iR tiedefanihd hefGes eyccilicienshost thAGPESi@ials
that enploys a GPS receiver augnmented w thexternally
bioadesdirGRSriaissg sitalhics. datstateds ono disadiayitage bEsuchd dysteasis the
an "assisted gl obal positioning systent (AGPS). [0006]
Ohativekyalopg mefncetedAGPS Tes signaliagglisitios uadwiacghigsenditions.
nobil e station (MS) (such as a cellular tel ephone)
Ratollitgysigials ¢annebbmuznkedtntdlthey kave fistdesn taseisd \pascarehiag in a
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two-dimensional search “space”, whose dimensions are code-phase delay and observed
Doppler frequency shift. The process of an SPS receiver searching for, acquiring, and

demodulating satellite signals is sometimes referred to as a “standalone” mode of

operation, which can be contrasted with an “assisted” mode of operation.

[0005] In order to reduce the delay associated with a stand-alone mode of operation,
information may be provided to aid an SPS or GPS receiver in acquiring a particular
signal. Such assistance information permits a receiver to narrow the search space that
must be searched in order to locate a signal, by providing bounds on the code and

frequency dimensions. A system that employs a GPS receiver augmented with



comuni cation with one or nore base stations (BSs),
also referred to as base transmtting stations (BTSs)
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in turn comunicate with one or nore | ocation
assi stance servers, soneti nmes3referred to as Position
Deter natlo tities PDEs , _Servin bile Locati
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in connunlcatlon with, a GPS receiver, the M5 or
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eal th") information. The location assistance server

af ﬁpAG@mygteﬁa ihd18d RSSVIS o Moy, AhAhEBr iR Bowkieh R &Edith, a GPS
for the approxi mate nobile station position. [0008]
Rasivtt, it MSaatdpadsp fapabla oVBommuaitadéiPith wsoaitmmadutios network,
determined at the M5 (sonetines referred to as
Mshbabedngiomiitddan; thg Intouel) thabugdh wbish sheatvyeciuliomtaly
| ocati on assi stance server. During Ms-based
puBinticaichyithwdecatiph @psisaeeSewryi ne requi res updat ed
ai di ng data such as epheneris data, al nanac data
[0299] Fhdthchiieh 4s9RAMORRIr dBAL&! GPS 85%is®inch AFBrrdtRhi RIS one or
timng information for the base stations and/or
fteGPS r&Brentd res€iR6s POIS ot &ton(assishn@&Sseritilsd Bbs AdcBisit6 @ means
to that determ ned by advanced forward |ink
of ddtateniag ittenappAiirhaie, m@nld ssoioampositibe. Tiexbcgioaiakdigance server
fix will result in the nobile station contacting the
oemtains ¢ bPSalatabesotbaticohtunsdafcagnet hierce kageltitexarhig alnpmac and
networ k and usi ngpower resources of the MS. Position
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E‘Sﬂg‘fr’l) infernation Thelog#on assistance server also computes the assistance

information customized for the approximate mobile station position.

[0008] Position location for a MS in an AGPS system can be determined at the MS
(sometimes referred to as MS-based positioning mode) with assistance from a location
assistance server. During MS-based positioning mode, when a GPS engine requires
updated aiding data such as ephemeris data, almanac data regarding the location of
satellites or base stations, timing information for the base stations and/or satellites, or
seed position (such as, but not limited to that determined by advanced forward link
trilateration (AFLT)), and so on, the next position fix will result in the mobile station

contacting the communication network for data, thereby taxing the network and using



M5 using information acquired by the M5 (sonetines
referred to as Ms-assisted positioning node).
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vari ous perturbations. The reffative short-term
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RAdaREI&L& @A8ltPR! 4-hé§ PR&NSEs and clock correction models for cach of the
N satellites in the constellation. However, it would require a large amount of octets to
describe the satellite positions and clock errors for full constellation of satellites (e.g. 27
satellites). These lengthy messages would contribute to the lengthy processing time and

are, therefore, unacceptable to most mobile device applications. This would also tax the

communication network.

[0010] In addition to ephemeris data, satellites in a SPS also transmit almanac data that
can be used to determine satellite positions and clock bias. The almanac data provides a
truncated reduced-precision (coarse) set of the ephemeris parameters as well as coarse
clock correction parameters. Consequently, raw satellite positions derived from the

almanac data tend to be much less accurate (~ 1 kilometer) than those derived from the



clock correction parameters. Consequently, raw

satellite positions derived fromthe al manac data tend
W@ o00Boassch | ess accurate (~ 1 kiloneter) thanP@hoSmo7/083501

derived fromthedetail ed epheneris data (~ 1 neter).

It should be noted that in geﬁeral t he satellite
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DESCRI PTI [0012] A nethod and ysten1for assi sting
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satelllte and precise orbit data of the satellite. A
coordi nate systemis chosen such that variation of the
correction is substantially snooth over time. The
server further approximtes the correction with

mat hemati cal functions to reduce the nunber of bits
necessary for transm ssion to a nobile station. The
nobil e station, upon receiving the coefficients,

eval uates the mat hematical functions using the
coefficients and a tine of applicability (e.g., the
current tine), converts the evaluated result to a
standard coordi nate system and applies the conversion
result to the coarse orbit data to obtain the precise
orbit data. [0013] The nethod and system descri bed
herei n provides a uni que way of solving probl ens
related to long-termsatellite orbit data. Advantages
of the nmethod and systeminclude smaller file size and
smal | er nessages sent to a nobile station, as well as
better accuracy in satellite positions and timng. A
hybrid node of operation is also introduced to enhance
predi ctions of satellite positions and timng. [0014]
O her features of the present invention will be
apparent fromthe acconpanyi ng drawi ngs and fromthe
detai |l ed description which follows. BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 0015] The present invention is
illustrated by way of exanple and not by way of



l[imtation in the figures of the acconpanyi ng draw ngs
in which |like references indicate simlar elenents. It
wa@ hwahiep3be noted that references to "an" or " oP@l/US2007/083501
enbodi ment in this disclosure are not necessarily to
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of the nmethod of Figure 4. [0021] Figure 6A is a block
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assi stance server. [0022] Figure 6B is a block diagram
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sysitvarg tho codBsiestsi avgluatisithemsthampoesd funstides wsimg the cocfficients

satellite positions and satellite clock errors is

s g of apptivabidiae €18.1 the cyadt timsscoarertsthe éwlmt@d th@]é ko a

err det erm ned. usihg an efficient nessag

ftélilq%é‘t? ﬁmaﬁeﬁwﬁ@me %tdemélss egopygipn g5kt é%fhe&ﬁarse orbit data to
tlon he nethod and system described herein

Bl?tﬁ\lill Breﬁlsﬁm ¥ %ay of solving problems related to
e aspect of

t g]nﬁ‘ c rne at ellllrirléil% Igrd?écgl (? BGI'TBII]I pI'OVlHGS d 18116 wa %so?vmg

1 0on, Slhze
@%’Bierﬁs%ﬁtéa% 'l&% A5 Nite IR JIB @&aﬁ f5!,95 SFTRE ﬁl\éﬁﬁ)d and system
ccuracy In determ nation of sate te positions

ﬁﬁgldE lsHa & Ak sfz@ %nﬁr%hllléar Iﬁésé'égeﬁ’ Bent kda AHBIHO i8S RE Gel1Ofs better
the invention, a hybrid node of operation is

haturLdue %elll% RRIRAS EnPfieioCtA 8PS Pod@bbpdritfon is also
positions and tining.

introduced to enhance predictions of satellite positions and timing.

[0014] Other features of the present invention will be apparent from the accompanying

drawings and from the detailed description which follows.



[0024] The nunber of bits required for supporting

extended orbit and clock corrections is reduced
wae@aiéa3sant | y by using correction data cal cul BEBEUS2D7/683501

| ocati on assi stance server and coarse orbit data

received in a nobile station. ’The correction data is

Eﬁ&ﬂb%ﬂﬁﬁﬁf%ﬁwﬁﬁ ER laitilgnpgfs Saterlite d

Rl st it Bren S AP0 Bt b Bl egb AT o ARTEEby W or
Hﬁ]%&gttrl]%l 1a1d[§ g@ : % gf %h%r ?éoﬁﬁangﬁgﬁdr%@fngg il v?}%n%fé tliﬁ\%]\ﬁefeli'?nces indicate
EﬁnﬁpEl@hﬁﬁt‘g it s%hltdhtfé rdddehhd rEﬁréﬁ%Qé ol ”ﬁn" W%ﬁe‘a&nﬁodlrﬁlent in this

ours or nore). The correction data also includes
dist[b&Ure B BENBGRIIY REhE kARK cHBEdiRRhi, RS s RATPRIEEeS MO at
the coarse orbit data and those conputed from
raadnet ed satellite clock data. These corrections
generally vary in tinme and are unique to each
satellite. However, with proper choice of a coordinate
H9d 6 EMmgutchkiswatia@bimehowany dneexamipit df\asloynsuroodtion s¥$iem including
corrections are then characterized by a nmathemati ca
# oereen tonsyiftormebiterapition tolacateot satdliifet ed to, a
polynomal) intime, with only the coefficients being
rovided to the nobile station by the Iocatlon
ﬁ@ T igHER? ey dagramshoy e %&O%@e@e REiten dccosdigg e prpaspect of the
station (MS) refers to a device such as a cellular or
BRI r el ess communi cation devi ce, persona
comuni cation system (PCS) device, personal navigation
I I
E@‘fbgﬁféu%ea% gsoagfloﬁﬁ%h%{étggévgl %galﬁl%%%&g[go@alrﬁetﬂﬁg&?orﬁl%e %9 amobile
aﬁ@ le station” is also intended to include devices
I ch communicate with a personal navigation device
(PND), such as by shortrange wireless, infrared,
01 \ALF@@reCﬁfSrheﬂ‘dW@ﬁrt sﬁbwﬁigrh%rexﬁﬁﬁmal R&hod f)@ﬁiﬂﬂéh B % server.
ether satellite signal reception, assistance data
reception, and/or position-related processing occurs
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conmuni cati on devi ces, conputers, |aptops, etc. which
HI02 1L Eigatyl @A éfa Clopdiaiieat showing athexenemde oBgompauehts s a location
via the Internet, WFi, or other network, and
ASHENGP sayECTpf whet her satellite si gnal reception
assi stance data reception, and/or position-related
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station.



anot her devi ce associated with the network. Any

oper abl e conbi nati on of the above are al so consi dered
W@200800i35e station.” [0026] The term "coarse oP@I/US2007/083501

data" herein refers to a coarse estimate of satellite

position and cl ock data transfitted froma satellite,
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orbital data. The predicted orbi s avail
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uisig8e Fap bfsuling prdbla@ndieMtedio 1baneinndatellitd BESt data. In one aspect
transmtting the correction data, or an approximation
bvhthe éofentiad, tienmgthed réducenile sasaad nirssdge aiseintess mohile station.
efficiency. [0027] Figure 1 is a block diagramof a
Ebermgthiodalsoompsyss eenut@y indootetirmination af saslbiecposifons hed

)resent i nvention stem 100 i ncl udes a | ocation
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or mpre MBs 120, Location assi st nce server 130
PRegaiands ntppdueed torphancg redictions g patellite pasiions andfiming.
data and/or predicted orbital paraneter files
p0s24 pirhe ngmperedibits esjuatdfdr sdppating extomndzdseeinamd clock corrections
| ocati on assi stance server 130 receives predicted
orbiuced atgaificantlaby esing cérrdodidn fdr@rmakuteldit @tlechtion bidistance
data provider 110. Network 162 can be a network that
suppant soamne erdifetaticotivetbin A mehilcwatinge tihgreerreetian data tséhe
Internet). Location_ assistance server 130 may i ncl ude
differance petasan the sgtellitg @@Wl@mf qompufqdafFam arcopise ERpgspentation of

éﬂ;s?la@qr@ﬁ%r E%%%;é@hy% ’ it 9. rsbraland Tise pegsers fomputed
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ata at orter interval (e.g., every ourg.

EsBplited ﬁrgmoch@ tdarstad Bit MY aAk $osk REMBERI 3rokh predicted satellite clock
data. These corrections generally vary in time and are unique to each satellite.
However, with proper choice of a coordinate system, the variation can be relatively
smooth. The corrections are then characterized by a mathematical function (for

example, but not limited to, a polynomial) in time, with only the coefficients being

provided to the mobile station by the location assistance server.

[0025] As used herein, a mobile station (MS) refers to a device such as a cellular or
other wireless communication device, personal communication system (PCS) device,
personal navigation device, laptop or other suitable mobile device capable of receiving
and processingiSPS signals. The term “mobile station” is also intended to include

devices which communicate with a personal navigation device (PND), such as by short-



uncertainty values for predicted satellite

coordi nates, uncertainty of predicted satellite clock
we@oarsgesons, as well as an indication of predPCr/Es2007/083501

out ages. Based on the uncertainty and outage

infornation a user range errdr (URE) may be conputed
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sat@idn, ded/omfositivatieredf procassiegbedursra the Beticgdat aserver, or at
provider 150 in IP rmulticast nessages. [0030] Location
axghetdanice assermtsd Wig0thg epevak edng opersbleicombartian dhthe above are
fromthe predicted orbit data and the coarse orbit

dlse sonsglsiqdet tnellegdationi40 may be transmitted directly

to M5 120 or to a storage |ocation accessible by the

826 Phe RX@AMRbAsc SBItIAEY Ihertiklaifars I8 comye Beinfitsfdtellite
a storage device locally or renotely coupled to

pexitadn ard deki Gitanasnseed/om h3Qtel Vg ¢l@ Dalmayad. €Cied te@n “real-time

correction data 140 from data host 160 via a network

e dasi”ngfess thial prediscarpfesentgpront adcetellite popitionS R tidlidP{ransmitted

or other suitable network protocols. [0031] For the

Ergmm@éelbﬁe, s aphhemperisg Thi écral ‘Peedigtdar “ror “preeise erm data”
"correction data" 140 refers to satellite orbital

E0TP Er e PrsRisC esbpate ghsabdlitornossiontapd dnpes mat has.ayslagiyely extended
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ion for correctlng oarse or dat a

ﬁggnﬁg&ﬁﬁgH@Qnéptelllte position is accurate to mnthln
few nmeters.

[0027] Figure 1 is a block diagram of a communication system 100 according to an
aspect of the present invention. System 100 includes a location assistance server 130
communicatively coupled to one or more MSs 120. Location assistance server 130
receives coarse orbit data, as well as precise orbit data and/or predicted orbital
parameter files containing predicted orbit data. In one scenario, location assistance
server 130 receives predicted orbit data via a network 162 from a predicted orbit data
provider 110. Network 162 can be a network that supports Internet Protocol (IP)
connections (e.g., the Internet). Location assistance server 130 may include an
interface, e.g., secure file transfer program (SFTP), for securely transferring the

predicted orbit data from predicted orbit data provider 110.



[0032] In another aspect, |ocation assistance server

130 may al so provide estimted accuracy (User Range
WERIBNOEBRRE) ), i onospheric correction nodel, uPCT/ESNAT/083501

coordi nated tine (UTC) nodel, and satellite

heal t h/ usabi l ity information tbh M5 120. This is to
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pur poses only an her confl gurations may exist. For
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be point-to-point connections, |ocal area networks,

vlodie c@f &biong bk a5 ab hREGias bf pedivesdkstagBy Basddtoatthe
wired or wirel ess networks, conputers or conputer
metewamks aral owtggehin foatiaiors atuberrende ¢rbat(URI) parytbedatgputed by
communi cation or file transfers. [0034] One skilled in
toeaticar assmiante sweertlBaand heovobsdrtge i Mi.t data whi ch
provides a coarse estimate of the satellite positions

AR PESE®A aSsiiR_%HRNIR 1%%61(795[‘ rselofbit Bfa FOW PWaNBme orbit
description, a recent copy of the GPS broadcast

AAtAPRRGddr 9 56 HRgeSIR Ok 194, U&Ql-ameloisit 82aHESi RS E0BS tRfa
the satellite positions and clock timng for ease in

Gihstar Re@ngico Yetviaaki(GR&V) tglaicsy ag @n a aPpide AdoaReferencalNetvodrk
the following are illustrative of alternative coarse
OWAIRN dmtavayahateeedives rread(nimye Qﬁelméﬁlibrmaﬂtmajﬂﬂuding, but not limited
epheneris; recent copies of broadcast Galileo or
&Mbwedﬁﬁ§@e®rem9 Hetaeravegatian measages AddHspage dafogpation,
nodel of satellite positions which follows the sane

e andpienglsi [leene genaieRasork || fhrcn G okgheiappats IP
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f K tati
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whi ch has degraded over tine. It will also be

(038} Boaign tabrastarpo sespbitdgangratasfeorraetidanatatp b4 fadmitingpredicted
tog)ito(fa?aee{nd the coarse orbit data. Correction data 140 may be transmitted directly to
MS 120 or to a storage location accessible by the MS. For example, correction data 140
may be stored in a storage device locally or remotely coupled to location assistance

server 130. MS 120 may receive correction data 140 from data host 160 via a network

166 using a file transfer protocol, e.g., FTP, HTTP, or other suitable network protocols.

[0031] For the purpose of simplifying the discussion herein, the term “correction data”
140 refers to satellite orbital corrections that can be transmitted point-to-point,
transferred in files, broadcast, or sent from one place to another by any means of data
communications. The messages generated by location assistance server 130 have an
efficient messaging format that allows MS 120 to determine the satellite positions and

clock timing with a small number of bits over an extended time period. The messages



satellite navigation systens can al so be applied

within the scope of the disclosednethodol ogy. The
WEe@sao3si nventi on i ncludes any and all net hodBCD1S2007/083501

describing a coarse orbit. One skilled in the art wl|

appreci ate that the nethodolob& applies no matter what

f k 035].
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t 430 to M5 120. | ddi

6 iRt fi RS S»%lil}“lﬁé St of the catollite

positions to M5 120, | ocation assistance server 130
HWS2} heanmithdr aspect, dodaheh adestance efreerelddenayi ateo provideestimated
assi stance nessage to the nobile station. In this
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srdigpted &mer@%) chang St‘téhlé? watﬁms%# m?%mau% to MS 120.
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net wor manne
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or exanple tinme, "Univers Coor |nated TI e

EdHSatert ﬂeﬁ"@@rk@ W‘@m&hﬁ%ns%&eot[tﬁ&%ﬁi)p&t 845 BorBmBNRWEORHY file
exanpl e of a coordi nate system based on which

aokdgfacti on data 140 is conputed. Track 2 1 represents
an act ual satellite orbit track, which can be
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ese S an
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didtiphieNagRat YRRDHAREGPS HRRIPILIREAE isAPBOBE for use as the
coarse estimate of the satellite positions and clock timing for ease in understanding the
inventive concept. However, all of the following are illustrative of alternative coarse
orbit data: an earlier copy of GPS broadcast ephemeris; recent copies of broadcast
Galileo or GLONASS almanac or ephemeris; a non-broadcast coarse model of satellite
positions which follows the same form as GPS, Galileo, or GLONASS almanac or
ephemeris; any subset or enhancement of the Keplerian parameters used in GPS,
Galileo, and GLONASS almanac and ephemeris formats; any non-Keplerian
representations of satellite orbits; and other predicted orbit data which has degraded

over time. It will also be understood that corresponding information pertaining to other

satellite navigation systems can also be applied within the scope of the disclosed



says the satellite will be | ocated and where the

precise orbit predictions say it will be |ocated. That
walefogomsace can be encoded in a coordinate sysPENUEBN7/083501

which is a coordinate systen1haV|ng an origin and axes

that nove with the body franei%f the satellite.
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correction of the satellite clock. [0039] The three
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vector pointing fromthe coarse satellite position

¢eingptc ofSmtadlitcipbeitipas i lLocahom etsestanica edvEr Bt hdyealso implement
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[0037] Figure 2 shows an example of a coordinate system based on which correction
data 140 is computed. Track 21 represents an actual satellite orbit track, which can be
substantially estimated by precise orbit predictions. Track 22 represents an orbit track
estimated by coarse orbit data, such as, but not limited to, the broadcast almanac. At
any instant in time, there is a spatial difference between where the broadcast almanac
says the satellite will be located and where the precise orbit predictions say it will be
located. That difference can be encoded in a coordinate system 23, which is a

coordinate system having an origin and axes that move with the body frame of the

satellite. Expressed in orthogonal coordinate system 23, the “error signal,” which is the



vector is alnost parallel to the satellite's velocity
vector (Vel), but not quite. This is because the

W@ 2008/10635' s vel ocity vector is not exactly orp¢Dys20at/083501
to Ra due to orbital eccentricity (e.g., satellite
orbit is elliptical by natureldand not a circle). As
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earth, vector Ra and al ong track
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an Earth-Centered, Earth-Fixed (ECEF) Z coordi nat'e

Siysit al th thBoheseh RadrdilAesE sRXES TRt Cc1¢ dMipliiee tHS bitgr bhte

al mnac- based estimate of satellite position. This
polyoomiatsheqaxelsto ekpressthdiciatrer sigsdl€mo2dy tedvelneccuracy.

cal cul ated by | ocation assistance server 130 before
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the coordinate system Therefore, the radial vector Ra

& capmetsedlifté psditiorCégSartd B6 kiméafifehisioft (the4't aiitsRE), which
second and the along track vector At is conputed | ast.

{180484s thé eloalkk esrratioa BF dici satzllitetiookd above are
different for each satellite. One could wite the unit

R8P e feiBt Rouetngl s E i R T 308 opgpining
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and the current time e pficitly.” However, for

SinliRbd)ab b e RfentORCRHASAL A OIS refRASE1RSRGNHRPSILASitB4Rons is the
left inplicit in the follow ng di scussions. [0044]

E3oh@Tof EROsagih ekt LaxSyS et retey adaadiapt oy sdiiEdpersrtindBe art will
orbit data corrections as well, such as, but not

hppredigd thao thearefeacticalldcations sart eaak/ luedtioni(t.g., emdded alategon or near
system (different fromthe (Ra, At, Xt) described

thisoudice of the BrCHRt XYbe doemiined wih sgasompld amcuracy .

di fferences, or arrange/el evation/azimth (polar)

AP0 ARGHE: SAS 1R “EBRAPIckNGhiSKid dftled Bs ke 1@ L vl | |Ra x
See that the (Ra, At, Xt) coordinate system (follow ng

Vel|. Vel is the almanac-based satellite velocity vector and “x” indicates a vector cross
product. The Xt vector is, therefore, perpendicular to both the radial vector Ra and the

direction of motion of the satellite.

[0041] The third axis is At: “along track,” which is defined as At =Xt x Ra. The At
vector is almost parallel to the satellite’s velocity vector (Vel), but not quite. This is
because the satellite’s velocity vector is not exactly orthogonal to Ra due to orbital
eccentricity (e.g., satellite orbit is elliptical by nature and not a circle). As the radius of
the satellite orbit increases and decreases with time, satellite velocity vector Vel, in

general, has a component along the radial direction Ra.



the conventional left-hand rule) is illustrative and

one preferred approach, but that a broad range of
W@rwenowxi s systens i s enconpassed by the preseCE/US2007/083501

invention. The salient feature of these axis systens

i s that they tend to have twol%patial di nensions with
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Rato xudal dueedbin Brcatiowasaiseadcasevazidmbeforathe abheneatdoanctions are
of the satellites, as well as any other choices for
tdeulaethemn thasxamels of Pe@dBhtcAgsticm 23 did grderanyvhashi the axes are
system where sone axis is parallel to a line drawn
erapHtedivesisatial fonpmpeneriesations ehagfoordipate sYEem.i F gerefore, the

| ocation, to some pojnt near the |ocation of th
Fadiad .V%?r B 1t greniac Frst, cEQsp Gragl Yeear X e campped sfcoppand the

e enti.on h Figure 2 has illustrated

Flﬂgg Cl%\Y(ffc Orp%ﬁlﬁf?mﬁut?%?ﬁsﬁe center of the earth, an
axi s which points towards any point near the receiver
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| ocation as in (Ra, At, Xt) coordinate system23) is

{00dH] Otheneosrdopte sybtetmsendyrheammiployed foOCRBIc a@biedata corrections as
predeterm ned period of time (e.g., a 6-hour period),
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[0045] One skilled in the art will see that the (Ra, At, Xt) coordinate system (following
the conventional left-hand rule) is illustrative and one preferred approach, but that a
broad range of other axis systems is encompassed by the present invention. The salient
feature of these axis systems is that they tend to have two spatial dimensions with
significantly relaxed accuracy requirements compared to the third. In the example of
(Ra, At, Xt,) coordinate system 23, At and Xt typically have a more relaxed accuracy
requirement (e.g., 1/7) compared to Ra. The coordinate system can be orthogonal or

non-orthogonal. A non-orthogonal coordinate system, for the purpose of coarse orbit
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other suitable time intervals). Location assistance
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same version of the coarse orbit data as the version

the coarectimdialnycaMbe precisely represented by polynomials of an infinite order.
However, in practice, the correction data can be approximated by polynomials of
relatively low order, e.g., 6th, 7th, or other lower order. Thus, a large number of the
polynomial terms and associated coefficients are truncated; only a small fractional
portion of the polynomial terms and associated coefficients are used as an approximate
to the correction data. In addition to spatial corrections, a low order (e.g., a first order
or any suitable low order) polynomial may be used to describe the clock correction

parameters that represent an approximation of the difference between the clock timing

in the coarse obit data and the predicted clock bias. Other accurate clock predictions
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receive the ¢oarse 0 ata 1ro cation SSISPa ce

S&¥ineInd k3R fafctidns PREUricRKEpaNRBY), Thid el iR i FAVEY &flerian orbital
such data fromsatellites. Location assistance server

fuB0tiomy THiONdtGeillubieatbeansiexRaRtiVe. dBtAntmgtiecorrection data in any
nmessage/file to M5 120 together with the correction

stabé funktionssis withét St goshctdfalic inkentiomor recti on dat a"
referred to at M5 120 nay be an approxi mation to the

GPSRF 544 A0, SRS A P50 PR SRSSPRL Yo
408 SO CPAL IR Bl Cpr6ame BGOSR

pRAESAE hPidtedal anARFakisPhLEHV FQohMe 8ritt &RHaVS 120 receives a
coordi nate system such as thé ECEF coordi nates, are

&l espyesk doarsaoriiogatAbta frdétermihE®insdthE ¢ kRhbowioAte per week or
whi ch stands for "almanac," is used as an exanpl e of

dther aiableeinor idrvadsit d)ocatkin B3kistakcSrvdvE3Q20lcnletsithesrrection
coefficients of one or nore series of mathemati cal
flatmosing s famsmetowaef the comsd erbdder as dlha/earsio® @ bedwsed by MS

bl ock 34, M5 120 reconstructs the seat.i al correction
80 aThus, Mvel Doansithgruse coafag arbitalatagthet ifthasgicquired or that which is

applicabjlijt e.g., the current tinme) by evaluatin
{rg%mitted by locgtio(n asgisfance server 130, so long as) the >éorlrection data ig applied to

the corresponding coarse orbit data that location assistance server 130 used in

determining the corrections.

[0051] Figure 3 shows an example of the operations performed by MS 120. Note that
processes as shown in Figure 3 may be performed by processing logic, which may
include software, hardware, or a combination of both. Once MS 120 has the polynomial
coefficients and time of applicability, the mobile can reconstruct accurate predictions of
satellite position and clock bias. For any particular time during the period of
applicability of the coefficients, MS 120 can find the satellite position and clock bias

within a pre-determined accuracy range.



mat hemati cal functions for the current tinme using the

coefficients it has received. At block 35, M 120
w@wsao3st t he spatial corrections found in bl oRPKI/BZ2007/083501

froma coordinate system (e.g (Ra, At, Xt)

coordi nate system 23 of Fi gur]e7 2) to the ECEF

SR S IR S AR BB

P
SOTRH FEyRE ot sy PER R G s tleRRRR ko, il b preferable
é?dolglb%c% 4§1§rr1]t ﬁ?gﬂﬁz&d)tg E&E\%Bthg Q&r?ea&%lt%gglrfg(? ({(L%Bbﬁ] assistance

det ermne an accurate

éetrvétsl 3@ ré? ‘ﬁrc%h Qé:k@ Iﬁ/ﬂ?’tmﬁlﬁ%s Qéxlvﬁoﬁ’cp ﬁfcﬂtda%nﬁorﬁﬁyteﬁﬁé‘su rLocatlon

In a erent ord from e descriptions above, and

adtlidnc® %eﬂ@@rﬁy 1%(6$1d€@1¥e @afR 0Pt 8RR LPMERsbssdpR/file to MS 120
exanpl e, bl ock i nstead of cal cul ati ng Possat =

Reshervith Iﬁcescb@fecmbfsdalz Olt idyn dehd@siethhich@ p@driecRos 6@k teferred to
the range space Rsat = RRAim+ Rcor , where R

atddfd20 mhay Uehm apprpxurhetibrdiogh@acmresction nodviputd® 6t lbcattonerssistance
satellite. [0053] Figure 4 shows an exanple of the
spesrd3lons beklgr Msdl Wyzdnowsssisetel lds positiemae thegf GBI coordinates
130. Note that processes as shown in Figure 4 may be

PUERE BF peRY quhw@é@s@blrﬁ dataodibe satgMitecpositigps |Cﬂ@puf@é from the coarse

sof tware, hardware, conbi pati on of bot
ORI ST St AT oo B ay%%sw%és the ECEF

| ff b
Bl e SRS iR Bo e ﬁfésbyf%te%i By B lch SfandS for
130
AR Tis NP B ¢fShe fiR b afR) PAPL M5 20

a

I%%EI%LA é&e?ﬁé?%rﬁ?gf?@&t orsth&@ %LI‘?GSCHf Jt@éﬂlﬁﬁaﬁﬁﬁ&%ﬁc?@lfm%fo%aﬁon

provi der recise orbrtal data 1s va

ers%ta%%& S ed. %?c'HI(SUktM N | AfrecdMstab Qe éb%@al clo%étidnoc[hta to
assi stance server 130 obtains the coarse orbit data in

thelcORRB brisURROfolr @dlnhafoﬂatpgheaaﬁﬁtgw Fa'the&ﬁﬁr@hi tith€) by evaluating the
navi gation system At block 43 ocati on assi stance

sathearatida Quateioas fornescudtvat ik ukiagdhe/dcodefiditgs itdlbs chickived. At

period into nmultiple Nhour fit intervals, or use the

blotk 88, M8l 12€icopvaperthospatisl mnectiorts fomidinddck 3 fror a coordinate

interval herein refers to a tine period for which

potoyn ong-a(Ra ddi XboioertinatapystawApat E@ut@)deé@rEQEF tch@rdlnates

correction data of that tinme period. An exanp

ifh% conyered gprrgegons ge pefgred tossthosug hS‘é?tSﬁ@renﬂV,r?é bb@kﬁédMS 120
al so se | tio I stance server 130

co putes satel?htelfoca(tjions {POSSaS ?n the I%C@‘ESPS coordinates by calculat}ng Posgy =

Posaim T Poscor. At block 37, MS 120 performs the same operations in blocks 34 and 36

to determine an accurate clock bias. It is understood that the mobile operations may

occur in a different order from the descriptions above, and additional operations may

also be performed. For example, at block 36, instead of calculating Posg, = Posam +

Poscor, MS 120 may choose to apply Posc,, in the range space Rgy = Ram + Reor , where

R represents the computed distance from MS 120 to the satellite.

[0053] Figure 4 shows an example of the operations performed by location assistance
server 130. Note that processes as shown in Figure 4 may be performed by processing

logic, which may include software, hardware, or a combination of both. Location



has the precise orbit data wth an extended validity

period, the | ocation assistance server nmay divide the
Wee@snemwssorbit data into a plurality of fit i ne@&r/uUsi087/083501

to inprove the accuracy of the fits. At block 440, for

each N-hour fit interval, locktion assistance server

130 perforns the operations des d below.in

gsts ne%mawrel @&rﬁlﬁ@ Sohe By aoERGcqqtEc Hp rbpip e corection
q ﬁa ﬁ¥ / ck 45% | ocati on assi stance server 130

H44 i1y gg‘PﬁggngFg%?natlon of the correction data to

M5 120. [0055] Referring to Figure 5, at block 510,

[0954F A6 hlogk ¢l & tlation sexistarce 580 Cu sEbolithias preesi oibdati for

data to forma tinme series of satellite p05|t|ons in

satiel i EcER o dedkatias o grHEcse seallit brpadeapisegnalsgrdrogp an external

defi ned as Possat - | ock 5 | ocati on assj
dedp PEVIdeso T %@@CtSﬁ@r@@gﬁ%ﬁé 150Yai11 tfopa pig- 4%@%%%%3%@%“ At

t th d t
RREEH0.16D0R piigfee sPaet B OEhinS B isGuAt hibtigalyoformat
ShPensFEH FAr R L b B R p BTG V3mSR S0, folftion

%{g%{% g%@& 1% cféfé%ﬂ{e's %eﬁ%ls fPdivide esvc‘d}‘lgigy Sgﬁéﬁn@ nﬁitlple N-

| ocat1 on assi stance server

B&kaltihtbRaROSH dde QR HRRS 1R 15‘6?1'08 Wk 8hefifAtervil, A2Ginfkval

unit vectors in the orthogonal coordinate system 23,

RéreidtBREs ©QQTHE PR BY SheIMEp o odasICdok FRELnaPAY @omplited to
bl ock 518, the tinme series of the conponent of

dacribe the @orrattmglathesf thadingd paidds ARaciasnpdbdfa fietitddyal is 4-6

cal cul ating the dot product: Rac Ol = Poscor *Ra. At

béws kaltb@@eh ¢ther timerpererds asyodlsa beeused o Hdotatimo kasastahcalsorvgr 130

track corrections Xtc or and Atc or are simlarly

bedl thepeecisd orbat dabt wietk aB zztenderbvaligity petipdrhalpcatidnyssistaace server

clock bias is calculated as CBcOTl = CBsat - CBAI

W e idspdapregig ooBhdls ante atp#fgaleﬂwé it Spevalste BRRroys fhggiccuracy
e estimate of the

lEﬁhth %:f ec) Tetfeb&? ‘g‘gﬂp éqr;?qglgl!)e}\l?,h eggict:r% %p%@kasglﬂgnce server 130

ofat is%@eeoaﬁsq?:flétlsqtng ﬁé 1'?!2?@ g%.PW 1%16%/ gﬁisr(!?rgpu ¢ correctlon data and the
hﬁrg{l&%}u&tﬁ kh%Peotf.o A‘? B [L%E 980118 gat{&%ragﬁgtgmcsgrv%g é%@{?argn]\i}é the

I'on-assi stance server

;1@0 tlsffeﬁﬁl%%gnéam%ﬁtm §gng scal ing and/ or

zatlon factors i n order to properly reconstruct

t he correctlon dat a
[0055] Referring to Figure 5 at block 510, location assistance server 130 uses the

precise orbit data to form a time series of satellite positions in the ECEF coordinates.
These satellite positions are defined as Posga. At block 512, location assistance server
130 uses the coarse orbit data to compute the satellite positions in the ECEF
coordinates. These satellite positions are defined as Posaim. At block 514, location
assistance server 130 calculates the correction data vectors (Posc,) in the ECEF
coordinates by computing Poscor = Posss — Posam. At block 516, location assistance
server 130 uses the satellite position Posg, to calculate Ra, Xt, and At unit vectors in
the orthogonal coordinate system 23, or other coordinate systems as described above.
At block 518, the time series of the component of correction along the radial axis Ra is

obtained by calculating the dot product: Rac,, = Poscer * Ra. At block 520, the time



in the nobile software. [0057] At bl ock 526, |ocation
assi stance server 130 finds polynom al coefficients

wo 2008i10038t pol ati ng the radial, along track, anPCTU8287/083501
track corrections Rac or, Atc or and Xtc or The
pol ynom al coeffici ents (RaO ,. ..Ra,) for Rac or

g%ﬂ%@ Ségcg%% %%glw ?1%% rra%oéoa?eﬁg%n%tm&m@ r“écodgli%l‘J{‘#gly

FAVEFSS SRSk BaRabf bars@0on e st eloghplas g liea as CBe. -
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ation assis
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or , and Atc or sucht at t ese coe o] ents Xt 0,
At m provi de

At 0O . ,
H‘&éﬁbﬂ@i@qkoﬁ%é %Oaa%nc%ﬁlstaa%%mee 1gp mapn SRalp |a9 Olatlormaéléwhe
530, 1 130 fi nd
RiR il it @R eh e ?ﬁtﬁh@wﬁ e B s of

n CBcor | er st oo
P L ABURT B hegRE T ﬁsﬁ%@@&% sRPd R the same

géﬁﬁﬁg %&/81“1?0 SRR 2 (%/Bltsql? o?‘d%? d OB ;cbﬂg‘?rugﬂ MERSHOMRn data
may nt’s

€ not e sane. re coe or a di nension

gletﬁgh@bklgsmglgspond to a hi gher accuracy in the
representation of the correction data in that

E@SEE?\@EM%?%ZS UEQES SR s aen Al sl oR g cpaftisients for
h Th f

rpiRRey @%r%ch@y 4B8E Rk o Ero3p 6ek resRBHRA G Ayt ond Xecor
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ﬁamﬁ) be, gl P(ﬁlls ocl)d)&j?romiﬁgﬁ{)‘% foRal.0 %tefeocpls‘%ﬁe .I:\@ré!:agn data

s conpl et eJ y un cat i oncannot be

E&ht ARl §Ar W thiR tainRe sy fudttichsl aWe BYEEERHL may be chosen so
| ometers, location assistance server 130 generates a

giaﬂmalpo[msﬁaega pokirhdies R, withRahin/iRgs agRs sG@iic BRoiS dcation
to nobile st atl ons anywhere on Earth for producing

asGtanat ecrsat 1801 sirhiarpofndsi pohgonliaslcak fiiroxssaipe Xtay,end At such
briefer, but they are only accurate within a few o
thahthesedcoeifioerss Etos XtiadituXtiofts dvie i, nttapdedde gfosrappueimations
poi nt on the surface of the Earth. Thus, the shorter

foo¥tbr fiskdbgedindly. btéolg@}qﬁ3mﬁt1@1h@ssmp¢ gerpRyslid0ifods the
known ahead of time to within a fe

coetticients of the interpolating functions for the clock bias correction CB¢y,. It is
understood that the number of coefficient terms for representing the corrections in each
of the spatial and time dimensions may be not the same. More coefficients for a
dimension generally correspond to a higher accuracy in the representation of the

correction data in that dimension.

[0058] The operations of blocks 510-530 are repeated if there are multiple N-hour fit
intervals for the validity period. The order of operations may differ from the

descriptions above and additional operations may be included.

[0059] The correction data generated by location assistance server 130 of Figure 1 may

be global or local. When the location of MS 120 is completely unknown or the location



hundred kil oneters. When the | ocation of the nobile

station is unknown, global nessages may be sent to the
WOorosi1e3st at i on. The di fference between a gl obBCT/US2007/083501

nmessage and a | ocal nessage is described bel ow. [0060]

A gl obal message uses the cemtler of the Earth as the

reference | ocation of the ), .coor di nat e

E%PEW esﬂglaaqdlgﬁﬁlge ag @Fw%cyﬁgaﬁGQBW§%eﬁ&§ﬁgF@ét tlobc.atlon assistance
%%%”%ﬁ@%%ﬁerﬁ%géiﬁoﬁfﬁ%ﬁﬁ%% OIS, SRS et BEdppto
b SBNS B8 B PIRAORE O s
helREEs AEGHERT, %u‘?lﬁqh%? iﬁrebdtﬁf acc{upagg Yithfh 4 REAhIBSS@Jeneters radius

uses a point on the Earth's surface as the reference
bOSoRtd iaftn@éd fRGeddRoittion tHE Jurfe@ObEihRaHa@hS hti§ Mhe shorter local
Typically, location assistance server 130 uses an

Btdaped @apbe §dhewihbhtHeemsHiRoditios i€ kiidvanihch®©atim@Bo @sthin a few
the reference location (e.g., the location of a

beéddred kitorh@ewsr Wianhthavwicatiort dfgheroloblle staBon is unknown, global
communi cating). The | ocal message contains a single
pebspgeonmay bé sent toothe wbdostagion.i dhe diffeecnoa betohicre nglabahinessage
correction includes both the correction to the spati al
phylocelgnessesesigdescribedbglavso referred to as the
pseudorange), as well as the correction for the clock
[0088} AASobulinesQiRe ub&l tiOedhtd of itife BAHH as thOeféref@ location of the
message is significantly shorter than the gl obal

(s g Kt,) bOsHdidhte [fystems eAddmangecrends heetfoonindspendent dimensions
calculated for a reference location which ideally is
ébreelsparl timansene anheodobiab)e thetgdbabmessgaatcliales your polynomials,
| ocated as possible. As long as the nobile is within
oo feothRgenet spatiel eonmporante of thefseiclite posivemenranand the fourth
positioning result is quite accurate. Accuracy
a@gn%@ét%feéewlgﬁ pEOrACCHBLS qleeksbips ue position di ver ges
further than 100 kmfromthe esti mated reference

|096&] AdBcal TitesdFlhikdser st dehe Faithgistifaasithd @fidrofke location of
accuracy degradation by first calculating its | ocation

thed RahaAn Xt npatinag dybtamm. tKypidadlys let@ioarssasthocadervan 180 uses an
the correction data. [0063] In another aspect, M 120
oftinitgyof the dpylc g om’'s corrbitriatation asfhegefsirancd &ncatiomw(e.g., the
determ ne satellite positions and cl ocks. In sone

satirir ofascellvBr tovpervathetvhieh theampbilq issomppinicating)a The. lecal
epheneris), in addition t,ofIhe correction data. For a
BeHYeR CQIHgigs p §1ln§!e ggd;ynormal 1t to the correction. The one-dimensional

correction includes both the correction to the spatial range to the satellite (also referred
to as the pseudorange), as well as the correction for the clock bias. As only one

polynomial is sent, the local message is significantly shorter than the global message.

[0062] The pseudorange correction is calculated for a reference location which ideally
is as close to where the mobile station is actually located as possible. As long as the
mobile is within about 100 km of the estimated reference location, the positioning result
is quite accurate. Accuracy degrades slowly as the mobile’s true position diverges

further than 100 km from the estimated reference location. The mobile can determine



120 may use real-tinme orbit data for one tinme period,

corrected orbit data (which conprises the correction
w@l2108/1603p1 i ed to the coarse orbit data) for anPCTE82007/083501

time period, and a conbination (e.g., a weighted

average) of both for yet anotHer tine period. To

determne its location. fromnultiple satellites, NS )

9 POSHRNINES R CHEASY dEgy at&nday{?lrafa%aiC%wgdﬁéogagpg g then comparing

0 ted orbit data for another satellite, and a

GRS et Rh et bR el Sh el 1 oA

skilled person will appreciate that the various

H96B] heanothes astestc Mb &) ablbigercar may bsarseanaltinatenarlopbit data to

Any conbination, in time or of different satellites, ,

geternaiag satelhte oskions dad gloglid [ spme secaarion B 1 dhroscivanreal-time

be used by M5 120..[0064] In one aspect, M5 120 may .

e@ét @@aqe-&- FRReI) 1 adlditionde éfefofé)arew@hﬁ%t Ep1 ¢ yiagle satellite, MS
never the.real -fi orbit. data i,s avaj |l abl. )
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f&&Imihé T8 1R FrIRIAITBY seRNIA, M EYH mAf AldRhi-@Re dRRUdata for
the satellites not known at the tinme of” predictions

O QitelBR! &ridcted dIBiabiith fanghothRt a@éliitey andd 66iBih@sh of both for yet
However, real -tinme orbit data is soneti mes not

anvahdrabicBité. oA MKl bd Qebue whild apprekiarfthatithevafous icgfbinations
shadowi ng, or other reception problens that prevents

B ciib@l Fhogmarcatestidting osbt elilyi coenthnamdcmsise odMfehffereet satellites,
real -tinme orbit data is not available, M5 120 may

shiictletime orltihdate atd estactsd odlit data gan besssdibyddSila0Fi gur es

2-5 above, for locating the satellites. Thus, M 120

[O0%4 Pt éﬂeza@,Féd@,_Q\/ISQQO edyarc PEtimAsbA dh@rdeBodddTRond §4tkIReks
and the real-tinme orbit data for another tine period,

daperdi g red-tinheordit datadbhlditagle0R chheme @abit Hatids g@hbially more
data. To deternmine its own position at any tine

astatanthan W ch2lderpegdicttd bibitedatd) evhidr meg padudiybdderadiat aver a

of one or nore satellites and the real-tine orbit data
périasing tome. mbirus, e lserrecad etbliti datss whixbaHprormates theadédigted orbit
par ag?r aph described a case when the corrected orbit.
date.calyeegradieally slsprade @ver tinpe. adkp) 1gplHéme eglit data@ay epptain new
data for the duratjon of validity of the real-tinme .

B pinatign #aou! st sabslditp et knapmeat thafeme aﬁlérﬁéwrlgn% (§-gn gptellite health
Lu?cp %?ergri}/yainlfodrm(aﬁloﬁ). 2Hohvgeuvre§, rfeglpt{PneT I01rr‘tr)‘1et data is sometimes not available to
MS 120 due to lack of line of sight, shadowing, or other reception problems that
prevents MS 120 from receiving satellite broadcasts. When the real-time orbit data is
not available, MS 120 may switch to the correction data, as described in Figures 2-5
above, for locating the satellites. Thus, MS 120 may utilize the corrected orbit data for
a time period and the real-time orbit data for another time period, depending on the
availability of the real-time orbit data. To determine its own position at any time

instant, MS 120 may utilize the corrected orbit data of one or more satellites and the

real-time orbit data of one or more other satellites.



of Epheneris, i.e. TOE), M5 120 may switch back to the
corrected orbit data. Alternatively, the real-tine

wW@emBtoat a of an earlier tine period can be UBEHUS2907/083501

i mprove the accuracy of the corrected orbit data. For
exanpl e, MS 120 may use real -4 me orbit data to
ied to.a futur

t ne the anmount of adjustnment
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including differential offset and sl ope) can be

dgplo édertnone thieraemuiatoftddpekmentfapp lial toarfufune tinns @cbie of the

the real time clock is unavailable. In an enhanced
caswtedtdrbit daipuwhiehean bansddevirmdbe toal-titne ogbit fate is not available (or
corrected orbit data, including satellite positions in
typled. Sihag is @ﬁpwaﬁlﬁrb@n@“malafﬂﬁsa@gh@|C|1q01ké bersisk slock tioseg is
Furthernmore, real -ti orbit data and predicted orbit
gefexp lm)t BePIRAICEbR n@% &tﬁiﬂlﬁgﬁ% erieeilR 2 aHRRIF 5285, the corrected
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tion
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erre tO as “"error estimat reci se

bEETaRY %b%tc%ﬁ’ b @pRicdad @orr@crté@aoa@fdfmaﬁoﬁffoﬂ RBYHR B real-
predicted data," Trespectively. For exanple, alnanac

GRBICRICRSs AihviISRE t Bi b dhh@Sdeld ¥adee tHeMhdfené i BE ndREto the entire
(conput ed or provided by |ocation assistance server

d@jectadingdbit dath; inchdingpheiiie pssitdesan Clane spatial dimensions and satellite
uncertainty estimte in the formof URA (User Accuracy
Sladge, as provided, for exanple, by GPS contro

segnment). URA is usually a couple of neters, and the

i R R
gcec\éﬁiiﬁgioetﬁeﬁ 8a&raFUAMERs.( WSS 20Ee hpprd freatvie vaid sthe By
participating satellite measurements in the solution for its position and account for the
degraded accuracy of predicted data. The accuracy estimates for the real-time orbit data
and the predicted orbit data are referred to as “error estimate of precise or short term
predicted data” and “error estimate of long term predicted data,” respectively. For
example, almanac contains an uncertainty estimate in the form of URE (computed or
provided by location assistance server 13), and real-time ephemeris data contains an
uncertainty estimate in the form of URA (User Accuracy Range, as provided, for

example, by GPS control segment). URA is usually a couple of meters, and the URE

may be tens of meters after a couple of days. For example, both error estimates can be



Computed as: W (short termpredicted orbit) = 1/ URA ,

and WI ong termpredicted orbit) = 1/URE . [0067]
wep@sileassal |y, satellite neasurenments w th snaPCBEDS2007/083501
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Sat el | asurements wth_r.es to position,_
%OéP%li:tF‘i A vl léﬂ%yg‘@%ﬁnwawr@ﬁwddfblﬂ I/URE’.
p05|t|on/veIOC|ty/t|ne solutlon can be wei ghted. The
0963 h B ectifpadlyt saenliteahasireyents mgthswhaller sptclbigrpdsgion crrors
conmputed fromsatellite measurenents a Wi ghted
(reprsseningar €8 Anib dieg atiove s;ar@pleharm'er@ﬁeg hlgh@rtharbw@bwe

th I I d I t t
%;@gq%%gnet{gg%rgh]larlggren%létgé sa?té]ly]?e? ]?fgsltllorr]leear;orse ? ell)rrersaenlte%qay URE in the

t / [t
Ehpéfleg%? DR S R SRR Y L QP 0 Bty ety Time

telllte 03|t| n|n erro elt
so %tlon %ma 10n 51t n/%el% / 1meersr0§1?1gn (:ﬂhn—% )Nel%,hted The

! 'gﬂ %sﬂo%eﬁ%ﬁgt ﬁfédso E)H%Qﬁ a0 g@m tb@ ﬁ%nﬂ%ﬁe@lnre%easurements

strengt nosphere, quanti at I on

Q%Q'Wéiéh@@ M¥EN Sh@aﬁes ﬁbﬁel)(WLS) RLemiR Felsy, oﬁﬁorﬁ@otiiglohnear
e overall pseu orange error: Vari ance tota neas
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Alternafively, this extra satelli surenment can

tdirerstd, eicl)men othiat ivoftRt & M§ 120 fthe aberslagedukibtaag@eﬂo@ an

be used to estimate the predicted clock error of a
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%ga%]%@qﬂelag forbdre corrected cl ock conput ed at the

nobi I'e: T

_ S way the real-tinme orbit data and
6] FintiferbRSKHERMEEEd s a mix of real-time and predicted orbit

information from multiple satellites to determine its own location, an extra satellite
measurement can be used to solve the predicted satellite clock error. This extra satellite
measurement can be the real-time orbit data of a satellite and can be used to estimate the
predicted clock error of the same satellite. Alternatively, this extra satellite
measurement can be the real-time orbit data of a first satellite and can be used to
estimate the predicted clock error of a second satellite. The predicted clock error can be
removed from the corrected clock to improve the accuracy of the corrected clock
computed at the mobile. This way the real-time orbit data and satellite clock correction
data can be used to effect a real-time adjustment of the predicted satellite clock

information.



data can be used to effect a real-tine adjustnent of

the predicted satellite clock information.[0070] Since
wo b@spesdi ct ed satellite cl ock degrades fasterP@TrEHS200T1@83501

predicted satellite positions, the extra satellite

nmeasur enent can be used toget%r with the pred| cted
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foathkt with shivedttittddepgaasiensd thdashgomteEmtNardiadel tolcdthpute the
satellite clock error for one satellite. For a 3-
picdiersgl satedlite plask rronofegiothvaireyicat satedlatst Fbt o 2-dimensianal position
satellites woul d be needed to estinate the predicted
singite (somecltgude ravdedgeas asnkblatae ldast four Bveaey setetlites would be
satellite can be used to estimate yet another
peadad & estimgy P pradécted wﬂh@rcmk enlOﬁ for aegptelinei Borad 3-
&ase (MAth 4. unknowns) If nmeasur enent s
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data provider, a recelver Interface 62 for receiving
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coefficlents

RRENRA, ﬁe P%ﬁﬁ@ntgg(%gft d?ﬁ dﬁth 9§teﬁﬁ}’de§5’ }OQ’IPAG? ﬁdr%&@lver interface 62

trans I'n one SCG ari o, ocatl1 on

ﬁ??&l@ﬁ?@roﬁ@&‘éﬁdlaté@g MBdhafdS As Wahlal GFo AR RINtRGEMARA over a
uni

network (e.g., predicted orbit data), and a transmitter interface 65 for transmitting the

coefficients to MS 120 for determination of the predicted satellite orbit data.
Transmitter interface 65 may transmit the coefficients via wired or wireless networks,

broadcast medium, or any suitable data transmission means.

[0072] In one scenario, location assistance server 130 may also include a correction unit
63 for computing the differences (“correction”) between coarse orbit data and predicted
orbit data. Location assistance server 130 may also include an approximation unit 64
for computing an approximation of the correction using a coordinate system that is
chosen such that variation of the correction is substantially smooth over time (e.g., (Ra,

At, Xt) coordinate system 23 of Figure 2). In one scenario, the approximation is



63 for conputing the differences ("correction")

bet ween coarse orbit data and predicted orbit data.
WQomatdsal assi stance server 130 may al so i ncl URKET/HS2007/083501

approxi mation unit 64 for conputing an approxi mation

of the correction using a co Xi nat e systemthat is

chosen,such that. variation of the correction is
SUBRYShPY mt?ryglfﬂ%t CEiFEFHqN; Gata pqinty UsingRre omorgdoyv-order
coqrdi nat.e system, 23 of,.Fi qu . Ln pne scenar.i 0
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1.0 t.34p0i Nts usi ng one or nore | ow order
ﬁ%%%gﬁgkpggﬁgﬁgﬂbtions. An encodi ng unit 610 encodes
t he approxi mation for transm ssion to M5 120. [0073
F0g 3k Elg@@ 3 pravires apsxanplapl @ bisck gliggrae of eorapenenissrt MS 120.
components of M5 120. MS 120 includes a nenor&ngS and .
%(Isgf?&d@glélé?s BEemORE U da rgeqsi A9de M 12 elsp {ngfudes a receiver

recei

iesir B et o ga & Delh S VB RR o R R HERES erver 130.
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| ocati on assi stance server 130. |In one scenario, M
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conversion unit 68 and a reconstruction unit 67.
wregrdadi hgoumicengor MY A2 Qaes 9lsp heclwdet dnegvatuiatiag unit 602, a
functions using the coefficients and a tine of
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[0074] The methodologies described herein may be implemented by various means
depending upon the application. For example, the above components of location
assistance server 130 and MS 120 may be implemented in hardware, firmware,
software, or a combination thereof. For a hardware implementation, the processing
units may be implemented within one or more application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable gate arrays (FPGAs),
processors, controllers, micro-controllers, microprocessors, electronic devices, other
electronic units designed to perform the functions described herein, or a combination

thereof.



assi stance server 130 and M5 120 may be inplenmented in
hardware, firmvare, software, or a conbi nation

w0 b@saaf3st For a hardware inpl enentation, the pPODESHDTIOR3501
units may be inplenented within one or nore
application specific |ntegra1%ﬁ circuits (ASICS)
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| ocation assistance server 130 and nenory 608 of MS
axtonabiedhereeesed byuwdhemerdisderny engmoryprefesde eny bOs of long-
of the location_assistance server and processor 609 of
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racessor external to ocess sed herei
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%pg{t &%gn% vol atile, nonvolatile, or other nmenory and
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or nunber of nenories, or type of nedia upon which

H9T6) Yhe methodraad aplmﬂ)t%]iesvhéedﬂmrhl@dnw epg atrithtviasious satellite
described herein may be used with various satellite

posianigheiste ey SPeher glgmdnavigatmotsialligayitemai OoHS), such as but not
R M AR o R AR G R %@;antq?lﬂgass
S 70: Gropri RS SBerh iy SRLCR IR S leiReS i Sgpmbination
S TECR T T LA Fee\@%n%e%gm the

er no osed net hod

glggt@geegl;ﬂiéthl?@Xn(pﬁ)pgﬁ% Wi Be RRAIWiHPRsRBniE! &R0y stems

that utilize pseudolites or a combination of satellites and pseudolites. Pseudolites are
ground-based transmitters that broadcast a PN code or other ranging code (similar to a
GPS or CDMA cellular signal) modulated on an L-band (or other frequency) carrier
signal, which may be synchronized with GPS time. Each such transmitter may be
assigned a unique PN code so as to permit identification by a remote receiver.
Pseudolites are useful in situations where GPS signals from an orbiting satellite might
be unavailable, such as in tunnels, mines, buildings, urban canyons or other enclosed
arcas. Another implementation of pseudolites is known as radio-beacons. The term
“satellite”, as used herein, is intended to include pseudolites, equivalents of pseudolites,
and possibly others. The term “SPS signals,” as used herein, is intended to include

SPS-like signals from pseudolites or equivalents of pseudolites.



that utilize pseudolites or a conbi nation of
satellites and pseudolites. Pseudolites are

w@e@aneb3based transmtters that broadcast a PNCDUS2007/083501
ot her ranging code (simlar to a GPS or CDVA cel | ul ar
signal) nodul ated on an L- ban%7 (or ot her frequency)

rrjer .signal, .which nlzed
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ﬁ@w Roay WRRINCN ong; o @lass sadia aesiesseedmotgicid RIA Tsysiyas

?tr@b%%’?ﬁif@@@%h@al ARV %ﬁ@kﬁfﬁnﬁép @noﬁd@wg%wcludes 18-95, 18-
k}{’}f E 1 B RS edtardiohy IRER s RorR o g R et System for
qulbtleei & Algngceaslgn§ m% tV\PA{Vange(f ngn Bﬁ%nael%ysl[em 85] AMPS),
g %Fée&%%f#%!i Waﬁ%ﬁ%@&%ﬁ% %%%fa%a‘ 9\1& et s @

&&@oﬁ%arﬁ‘&f Yl Gen&borS Par@rshib ﬁ PPN K CIRY A 2000 is
i npl enent one or nore radio access tec nol ogi es ( RATS)

§&beAb@BinCIHaBAME froMi £ediRbAuF MM N3P eraBOHIP SeheBdhip Project
Cdma2000 includes IS-95, I'S- 2000, and |S-856

31 G20 s 3GAP ERVBGREDR ot kmemy are abEetg atai@bthad WAyANanay be an

for Mbile Comrunications (GSM, Digital Advanced
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[0078] Although the present invention has been described with reference to specific
exemplary features, it will be evident that various modifications and changes may be
made to these features without departing from the broader spirit and scope of the
invention as set forth in the claims. Accordingly, the specification and drawings are to

be regarded in an illustrative rather than restrictive sense.



2" (3GPP2). 3GPP and 3GPP2 docunents are publicly
avai | able. A WLAN may be an | EEE 802.1 I x network, and
wW@200RA38Ry be a Bl uetooth network, an | EEE 80PCT/BX20070683501

sonme ot her type of network. The techni ques nay al so be
used for any combination of RN, W.AN and/or WPAN.
[0078] Although the present i tion has been
described with reference tgﬂégéégfic exenpl ary
features, it will be evident that various
nodi fi cati ons and changes nmay be nade to these

r thout departing fromthe broader spirit and
gggéﬁcgfnﬁﬁ%binvention as set forth in the clains.
Accordingly, the specification and drawi ngs are to be
regarded in an illustrative rather than restrictive
senseAGhahdBoMWaistihG a GlodilEBEtibS to dbtaift otBitdd @foRhation of a satellite,
assisting a nobile station to obtain orbital
thefradth@t cofpriinga satel lite, the method conpri sing:
conmputing a correction between coarse orbit data of
t he sadmpitinge @neciisrelbiteecocdarde abit datafof tHessagdlitebhd pepise
and representing transform ng spatial conponents of
oithet datwr ofgbe sadellif, emd a first coordinate systemusing to
a second coordi nate system such that the correction in
t he sepEsentEecradsfeanagsspatidpomponess effbs eprredsion from a first

substantially snmooth variation of the correction over.
FePTeingis systom upHig tﬁ@ﬁﬁwd&m@ﬂ%wm%@%Cﬁéﬁatéwml% in the

SOBL GBS, SR SELLAD A 255000 £0216) e

tgﬁglgigquHﬁ%%-the nobil e station. 3. The nethod of
¢arm m%erein”approxinating the correction
conprises: representing the correction by one or nore
series of mathematical functions; and using

s0ef f L RURAQ clllf INBHASTRpFRIg! UNCLions as the
approxi mated correction. 4. The nethod of claim3
wher ehgpréfitatieg tRScodectid ReR@idcead cddtimhicARSteBANPEIUSE the

number of bits necessary for transmission to the mobile station.

3. The method of claim 1 wherein approximating the correction comprises:
representing the correction by one or more series of mathematical functions; and

using coefficients of the mathematical functions as the approximated correction.

4. The method of claim 3 wherein the series of mathematical functions comprises
one of the following functions:
harmonics, Hermite polynomials, Legendre polynomials, cosine and sine

functions, or Keplerian orbital functions.

5. The method of claim 1 wherein the second coordinate system has axes that move

with the satellite.



one of the follow ng functions: harnonics, Hermte
pol ynom al s, Legendre polynom als, cosine and sine

WO vstidsas, or Keplerian orbital functions. 5.Pdngs2007/083501
met hod of claim 1 wherein the second coordinate system
has axes that nove with the s&tellite.6. The method of

& P e S Ol BRSSP S AL S B ri
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& ATELDAL R £l b, BPRESHANOE second coordinate

sysfen1fur€ er rncludes a cross-track axis

perpendicular to the radial axis and a direction of a

satellite notion. 8 The nethod of claim1l wherein

appr O?Fh@“ﬁfe’iﬁaﬁ off Bﬁirﬁ_@%l@&éih@lﬁb SO &&ﬁ@ihat@%&ﬁ&n@urther.includes a
| ocation of the nobile station as a reference | ocati on

E10ks-iriiek SECpatferioilAith dicaradiybieindddirdotion 9k kiteMige mbeon.
approxi mated correction as one-di nensi on data, the
correction including a spatial dinension conbined with
a clock correction. 9. The nethod of claim1 wherein
&ppr oXheraicthed of kkinn drwleastin @nposmatingghe carsictign aompnsesr
of the earth as a reference |ocation for the second
coor disiag @ lapptereed the mpbile stesan et ¢ ricrenes lapioadphiesecond
correction as four-dinmensional data, the correction
poRtlingtesystemy & spati al di mensions of the second
coord%nate Ségﬁen1and a tinme dinension.for.a
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cor r et EPGHIANC ﬁﬂi’éo’ﬁﬁ’@ﬁ&c?%f?Ctbqnaa}srﬂni"’d\ﬂ%l?sé‘?%‘?%t%éﬁe correction
COLLAELL ki BRSSPI R SLIRNSIQR doffstantial Iy
Hore weethate THan T i ot Ner spatléi imensions. 11.
The method of claim 1 further conprising: obtaining a
reference tine froma tine server; and transmtting

dhe r eherRNBA olficm Wiibréin GBAoR Andtli (FBLSrQbios 8b@blidds €
positions to the

using a center of the earth as a reference location for the second coordinate
system; and

transmitting the approximated correction as four-dimensional data, the

correction including three spatial dimensions of the second coordinate system and a

time dimension for a clock correction.

10. The method of claim 1 wherein the correction in one spatial dimension is

substantially more accurate than in other spatial dimensions.

11. The method of claim 1 further comprising;:
obtaining a reference time from a time server; and
transmitting the reference time with a coarse estimate of satellite positions to the

mobile station.

12. The method of claim 11 further comprising:



nobil e station. 12. The nmethod of claim 11 further
conprising:inproving accuracy of the reference tine

W@bioaiensdl from the tine server; and appendi ng RPEEUS2007/083501
reference tinme to the coarse estinmate of satellite
positions to forma nessage 3 transni ssi on to the
nobil e station. thod. of claim

F % t.her '
conpr IT&RTRYINS éﬁ‘iﬂfﬁ%’ QFRS FROCTER B PEFd) .ff%t g & seree and
timn andtran mttin r ox ed.- correcti.on

Lot ndnsBRite LS RTAck P 8s BRIl S SENE P Bibhs to form
[ [ T thod of claiml

?%?Sr?gg f&h[&n&%sg Oh t6?n Iﬁé‘brhl tgtgﬁlr?get he appr oxi mat ed

correcti on to storage for access by the nobile

station. 15. A nethod conprising: transformng a

¢or r eché ARtHod of dlafth 1l hth& Bhdpridpa froma first
coordi nate systemto a seconé) coordi nate system and

appl yapgotihatihg srsdoercofish wauelllte tigigs;hd data to

coarse orbit data for determ nation of orbital

i nf or tradsinoningfthd gpredtmatddi doerectidi. to Themobilhigtati@f foc detiermination
15 wherein the correction in the first coordi nate
slystloohk bias obihbsatahitté.al | y snooth variation in time. 17.

The met hod of claim 15 wherein the correction in the

fi rst coordinate systemhas a higher accuracy in one

atia sion.tha n ot her. spatial dinensions.
Th GW@{I}%BGD fg 1r8llé{lﬁ*@§omi’éﬁs’é‘gh axes of the first

coord nate s emrotate with nove

ot el TrOuT S Tt RSP IERaT S PO gtaPER s mobile
the first Goor di nate system are defined by position

and motion®3f°%he satellite. 20. The method of claim

15 wherein operations of the transform ng and the
applying are perforned by a nobile station.

15. A method comprising:

transforming a correction to satellite orbit data from a first coordinate system to
a second coordinate system; and

applying the transformed satellite orbit data to coarse orbit data for

determination of orbital information of the satellite.

16. The method of claim 15 wherein the correction in the first coordinate system has

substantially smooth variation in time.

17. The method of claim 15 wherein the correction in the first coordinate system has

a higher accuracy in one spatial dimension than in other spatial dimensions.

18. The method of claim 15 wherein axes of the first coordinate system rotate with

movement of the satellite.



21. The nethod of claim15 further conprising:

conputing the correction to the satellite orbit data
wa@roog1essver ; and transform ng the correct froP@T/82007/083501

second coordi nate systemto the first coordinate

system at the server. 22. A #ﬁthod of a nobile station

npr | in ;. recej Vi orrectio coarse orbit data
55 L5 ) rh0fié) claym S pgRmin gras RO FRE RO Al P e defined
rst..coordinate 0 a second coordi nate system
%%80%%94 qWWPW %ﬁ%%ﬁ%ltd in the first coordinate
system havi ng a hi gher accuracy in one spatia
di mensi on than in other spatial dinensions; and

8PP! YIrRGnicfod ©PLlaG 1 %eﬁr&n g@raﬁ%r&%@ﬁﬁi&oﬂﬂgﬁaﬁ&ﬁe applying

determ nation of orbital |n rmati on of the satellite.

&r3-petiBAnSEL 9 thoblle Gth@bin 22 wherein the first
coordi nate 'system i ncl udes three orthogonal axes. 24.

The nethod of claim 22 wherein the first coordinate
system i ncl udes nonorthogonal axes. 25. The nethod of
21.ai nTRZmether eif klairhd Sffuttlsdr comprigingat e syst em i ncl udes
a radial axis, the radial axis being parallel to or
coi nceahpugingithheardctine ta thatsatebnneditglag atafservenced
| ocation to an estimated position of the satellite. 26.
The neprERImuRg Bieaioread o dreaiceondoordinae ayiéam fobatirgn
center of the earth. 27. The nethod of claim25
%HE¢€WﬁSVﬁ@ﬂ@éﬁ@ﬁ@ﬁ@é | ocation is an esti mated
| ocation of the nobile station. 28. The nethod of
claim 1l wherein the correction is represented by
eff|C| t er. es of mathematical functions for
e%ch qﬁ0§op ?mg ega nensi ons. 29, A nethod of a

mobi | 54 | OGOl SLATLIESEL ¥ i GRRLSE Orbit data

of a sate recelving correction ata to the

coar Sﬁa@s‘?&‘rﬂmgﬁfe%o%ctﬁdﬁe&&ﬁfa@rkt‘ doBrdinate system to a second coordinate
system, the correction represented in the first coordinate system having a higher
accuracy in one spatial dimension than in other spatial dimensions; and

applying the correction to the coarse orbit data for determination of orbital

information of the satellite.

23. The method of claim 22 wherein the first coordinate system includes three

orthogonal axes.

24, The method of claim 22 wherein the first coordinate system includes non-

orthogonal axes.

25. The method of claim 22 wherein the first coordinate system includes a radial
axis, the radial axis being parallel to or coinciding with a line that connects a reference

location to an estimated position of the satellite.



converting the correction data froma first coordinate
systemto a second coordi nate system the first
W@ owsdiasat e system i s chosen to snooth vari at i BET/0820011¢83501
correction over tine; and app%%l ng the correction data
to the coarse orbit datafor term nation of orbital
| pf or tio [ 1.t t hod of cl
3 Fagvﬁg WheEtf rﬁ?%?jwa GUPR ot o carth.
timng of the satelllte based on the correction data.
31. The nethod of claim 29 vvherei n receivi ng t he

sprr eﬁlé 191% ato? c&ﬂﬂ@%' r%%'e}féﬂ}? lfcﬁl 1? ons sﬁHltated location

sequence a series o

Le@stnddne saxgs of the coord| nate system and
eval uating the mat hematical functions using the

coefficient sequence and a tine of applicability to
obtain the correction data. 32. The nethod of claim 31

aker eThe idthod @F LlairG i1€ RihcsE ] HRN@ErcC@EPiir§@8sented by cocefficients of
coefficients for one of the foll ow ng

§ sercets iof nmthearatiosli fasctione fori daeh phHthy spatiahispenkiegendr e

pol ynom al s, cosine and sine functions, or Keplerian
orbital functions. 33. The nethod of claim?29 wherein

the first coordinate system has axes that nove with

2he satmethed ef a BbilapfatioreedirRiisgig cl ai m 33 wherein the

first coordinate systemincl u?les a radial axis, the
r adi alecaXing %é?sﬁ@ftﬁbﬁiaéi‘ PE? s#t/lifs coinciding with a

line that t f |
e;?.enaac%am%%@?n%? i Gt BB 0 B8 it oo o

cl ai m 2n%e 1n égo teré i fldarlt%tfr S rﬁgsltnatgr? Sst 8 furat s%gornd
i ncl udes gross k9aXi's per percla U ytS tﬁ

Wﬂlﬂhteﬁggéma@lg fﬁst‘%'oglgﬁlﬁa!t@g&s%fm R cﬁ%éﬁ' tb sfn%ofﬁ[ua'rlgpon §16the

of claim urt’her conpri si ng

g&g@glbgevgftﬁ@%ﬁ[{obl le station as a refer ence I ocatl on
for the first coordinate system and

applying the correction data to the coarse orbit data for determination of orbital

information of the satellite.

30.  The method of claim 29 further comprising:

determining a position and timing of the satellite based on the correction data.

31. The method of claim 29 wherein receiving the correction data comprises:
receiving a coefficient sequence of a series of mathematical functions for at least
one axes of the coordinate system; and
evaluating the mathematical functions using the coefficient sequence and a time

of applicability to obtain the correction data.

32. The method of claim 31 wherein the coefficient sequence comprises coefficients

for one of the following functions:



receiving coefficients of a series of mathenmatica

functions, the coefficients representing one-di nension
w@l2108/10438t | ncl udes a spatial dinmensi on conbi NnRCT/WE1007/683501

cl ock correction. 37. The nmethod of claim 29 further

conprising: using a center of3% he earth as a reference

| ocatjon for the first caor

recei %rﬁgn@éeﬁifw B R Ao R AT IO SEMS

tions, the c [ nts representing

%%ﬁ Oﬁ%ﬂ%ﬁgwgﬂmb%g ]ﬁﬁgﬁ ""cl udes three spati al
di mnensi ons of the first coordinate systemand a tine
di mension for a clock correction.38. The nethod of
4.1 MrRO MR 1ol 20 GCFER M RoRdihte LARGAREDLEA hfl move

first coordinate systemwt hi gher” accuracy in
ne t8PakdiRde. di mension than in other spatia
di mensi ons. 39. The nethod of claim29 further
conprising: receiving a reference tine fromone of
followi ng: a network time server, a location
a%si sThnoethodrof elaim 83 packah tiswitscdoeddidat aysieh worlkdes aradial
GPS data received froma reference receiver. 40. A
eas.\the radisd peimbtiog pasdlicktoi rgomerdoig Wih stliat itloat comnegtstaaicterence
orbital information of a satellite, the server system
losatan tojangstimated ppeiien ehthgnptelltd conpute a correction
bet ween coarse orbit data of the satellite and precise
orbit data of the satellite and to represent spatia

t t di
Ok 0 G PR T TR
gfgéygﬁkﬁ%&&;f eenrppel(jn;dllcfull%ltmhe Ta 1)2(1I akg ere (f eh% rcltl?){rl gc B Isa‘?tﬁlhitenmotion.

the coordinate systemto reduce the nunber of bits
necessary for transmssion to the nobile station. 42.

ibe senyRLiRYUreMMot@hdPcdhpiiagei n the
approxi mation unit represents P heccorrect i on by one or

nor e §@hd & SocafionTBf tAE MRIbile dlatibhl BE A t@B@n &N catRRTor the first
coefficients of the
coordinate system; and

receiving coefficients of a series of mathematical functions, the coefficients

representing one-dimension data that includes a spatial dimension combined with a

clock correction.

37.  The method of claim 29 further comprising:

using a center of the earth as a reference location for the first coordinate system;
and

receiving coefficients of four series of mathematical functions, the coefficients
representing four-dimension data that includes three spatial dimensions of the first

coordinate system and a time dimension for a clock correction.



mat hemati cal functions to approxi mate the correction.
43. The server system of claim40 wherein the server

W@ y®BaAM3Ss coupl ed to data storage to store theCT/US2007/083501
approxi mated correction for use by the nobile station.
44. The server system of claitfh 40 further conpri si ng:

transm ssiqgn_unit to transmt the approxi mated ..
D v odit BRIOG O REHIBTHET S 216 OHCUal SAth BTGB infhfafirst
seryer, system.gf claimA40 further conpfrising: .a . .
f‘?"éﬁlgﬁﬁe ﬁf’%‘ﬁ‘ Wint ¢ ﬁ'tgﬁerbar%%r&@é& OB ﬂ%%‘?sh‘gi tggn in other spatial
jon to the nobile station. 46. The server

g@%%%%%%f cl ai m 40 wherein the coordi nate system
includes a radial axis parallel to or coinciding with
a line that connects a reference location to an
gt i MpherheRRAIFcRI 2D fhieereaiplikinge. 47. The server
system of claim40 wherein the approxi mati on unit
I epr el gl hefeaiceerid Bomdyie 0N &RVl athesedkaindderver, a
mat hemati cal functions and uses coefficients of the
loettenakiseate Souvart 4 pavketasvitched dgtp motariatee G ROdate adceiond from a
48. The server system of claim40 wherein the
oderceesticonvarni t conprises logic to conpute a cl ock
correction for the satellite. 49. The server system of
claim 48 wherein the clock correction is to be
approxi mated by at |east one coefficient of a series.
6‘5’- maHSHEE YA fQfesiptis? msbl.?e strféonsterobkain ehdfabinfosmation of a
clth1 0 further comorLsing: an interface unit to
T dih e SPRFEPBHILCAPNE S 0om a time server: and a
tr ansgri cosr%éc %nuﬂittto L ornt ﬁtag%mll*rt Ct}OrI]l € eée%rc%g Cse 0t ii{rgatew % %
a coaf S& estimat e of "Sat &1PI'te positions 6 ]%e hobi 1'&

%ah{eoarﬁd.p%cisepér&? HEMEOE the sraf\eﬂﬁgglﬁg td'R }eggﬂt I pel gy gonents of the

I nstructrons store . ereon, rrsirn |n.truct| ns
QSRR Ulifo @ CBONIRE! L RDRINERRRE ARk AyORRI AR and

the satellite and précise orbit data of the satellite;
and
41 The server system of claim 40 further comprising:

an approximation unit to approximate the correction in the coordinate system to

reduce the number of bits necessary for transmission to the mobile station.

42. The server system of claim 41 wherein the approximation unit represents the
correction by one or more series of mathematical functions and uses coefficients of the

mathematical functions to approximate the correction.

43.  The server system of claim 40 wherein the server system is coupled to data

storage to store the approximated correction for use by the mobile station.

44. The server system of claim 40 further comprising:
a transmission unit to transmit the approximated correction to the mobile station

via a network.



instructions to represent transform spatial conponents
of the correction froma first coordinate systemto a
w@ewsnab3soor di nat e system such that the correckCDES1007/083501
t hesecond coordi nate system has substantially snooth
variation in tinme using a cootMi nat e systemthat is
chosen to snooth variation of the correction over
tinme.; and 52. The conmput er- readabl e medi um of claim
, further conp uctions. to interpolate
T ol SR B Tl Ao TR EGEIREES system uai ng
mat hepg t
the nonpirnsyop LB atleinl LRGSR BRIl RE GBI
kil e station. 53. The conputer-readable medi um of
cIa|n151 wherein the second coordi nate system
includes a radial axis parallel to or coinciding with
a line that connects a reference |ocation to an
86t i NRheskrpasivitedrofefaihi® wiadreh lthd @&ordingte 3y @@ $iscilided @kadial
axi s perpendicular to the radial axis and a direction
afis paraHtlab lor t@nodingonith Hine thaecamoyts b e¢feroracblohtéon to an
medi um of claim51, further conprising: instructions
esvinzadet positremtod thehsatadoter ection with nore coefficients
in at | east one spatial dinension than other spatia
di mensi ons. 55. The conputer-readabl e medi um of cl ai m
51, ther conprising: instructions tqQ conpute a
¢loc kTE%fqré@tSW%fﬁmf% AR Oguhein .ﬂ%eeapps@lmﬂfﬂ@l unit represents the
cla further

dabl d
89{2%5 Hgne PrR e e e G FLtip bt MR scqeffigients of the

%h%ntQQ?n S8rvers e%nq~%ﬂﬁﬁé ctlops to transmt the
or 6renc Tt %?? APRGEPEE s of satellite

p03|t|ons to the nobile station. 57. A systemof a
nobil e station conprising: a receiver interface to

Lecei YRe bé&‘@é%ts stehh cﬁ‘éﬁdlﬁlalfo' WikrstRitho cRRSB6h Bt E&ﬁpﬂli&ﬁ’ wgqc to
to conmpute correctlon data to coarse orbit data of

SahBltt b RIcR coRBURINTLOMhe Whkellitd. 0 convert the correcti on
data froma first coordinate systemto a second

coordi nate system the first coordi nate system chosen
to snmooth variation of
49. The server system of claim 48 wherein the clock correction is to be

approximated by at least one coefficient of a series of mathematical functions.

50. The server system of claim 40 further comprising;:
an interface unit to obtain a reference time from a time server; and
a transmission unit to transmit the reference time with a coarse estimate of

satellite positions to the mobile station.

51. A computer- readable medium including instructions stored thereon, comprising;:
instructions to compute a correction between coarse orbit data of the satellite
and precise orbit data of the satellite; and
instructions to represent transform spatial components of the correction from a

first coordinate system to a second coordinate system such that the correction in the



the correction data over tinme; and a reconstruction
unit to apply the correction data to the coarse orbit

W@l 2108/160361 det er mi nati on of orbital i nfornmati onP@f/U$1967/083501
satellite. 58. The system of cIa|n157 wherei n the axes
of the flrst coordlnate syst includes a radial axis,
t he 5adl axi s glggral el to or CO|nC|d|n§ th
PICRRS £9fA m&@r?ﬁ%t& 8 Syisfaapia %mPQ}Bé(P%tFPUtIB “é‘FF Sing 4 dodtdinate

osition of the.s . syst em of

SRITER (RERi SPrsh bBEidTh Ot Fufesih o Gaef Ak
corrected orbit data to determ ne a position and
timng of the satellite. 60. The system of claim57

wher eirfj. Hg‘gﬁ)dt?ﬁ Yladhfie ln’r&l‘ﬁﬁn SP@lfafnll G efm'tﬁetcgom rising;

mat hemat | nctions for at |east one axi of “t he

coor diRah&iony & BRrpSidte tﬁé@orﬁééﬁbﬁ M @F s&dodd féb@[@lﬂ/é&beiy@teﬁl using
t he eval uation unf? includes logic to evaluate th

matheerdtil dadctiblf6/ith afgcated tgmb heredoss the ﬁumlﬂélsof&ﬂt@ ndcessary for
time of applicability to obtain the correction data.
B2osnikeorstpshemobile sthaorm 57 wherein the recei ver
interface receives the input via file transfer from
data storage. 63. The system of claim57 wherein the
receiver interface receives the input in a nessage
$3.anskhe saapyteioiepdablemgdivm galaimni, s\ghgte@mh@fse@qnéu cppwimate
wherein the correction data is. represe n the
pystean ncBgee Fdiad %Vaa&ﬂeﬁ]w cmngﬁg?g %{&E lﬁ@eﬁha}t HO@%?étS a
atial dinension than in.ot nen3|on
WR%TS?I%?JP%HPOPé%a%B§tEH%‘HPW g g o DR SRECK ax
RUBLEANASE 80N 1 GPIRL L8] N c'u%%toffuct LR gbgogonvert
BIPYEL Ene {5t '3 %‘ar eI e sys Emto a

second coordi nate systen1 t he flrst coordlnate system
chosen to snooth variation of the correction data over

54 Me; TROELh ]?\ﬁ&r ﬁéﬁ&db@@ﬁleaﬁnm&imt 418 FGRIE @&h{)ﬁ’ﬂngat ato
coarse orbit data for determnation of orb
i nf or MBtrh@dn9to igpRoSRk) the t&@rection with more coefficients in at least one

spatial dimension than other spatial dimensions.

55.  The computer-readable medium of claim 51, further comprising:

instructions to compute a clock correction for the satellite.

56. The computer-readable medium of claim 51, further comprising:
instructions to obtain a reference time from a time server; and
instructions to transmit the reference time with a coarse estimate of satellite

positions to the mobile station.

57. A system of a mobile station comprising:
a receiver interface to receive input;
an evaluation unit, based on the input, to compute correction data to coarse orbit

data of a satellite;



66. The conputer-readabl e medi um of claim65 further
conprising: instructions to determ ne a position and

wo poosngp3sf the satellite based on the correctiPeCI/U81087/083501
67. The conputer-readabl e medi um of claim65, wherein
the first coordinate systenwi%kludes a radial axis
parallel to.or coinciding wwth a ne.that_.connects a
r ef er %ﬁ%ver%%? bl CtOBV%}THg@s‘PFrﬁ‘é‘foébAaﬁao@P% affy Shgoof ‘ﬁ&ate system to

SSztrack ndi ular :
7 SerPar Chris i et PRI SRR S TFRRRRPL sBhosh Saliffon of
%Q%oﬁggﬂ)tﬁﬂ é&ﬁgﬁglgupedlun1of cl aim 65, wherein the
a

correc I's fTepresented in the first coordinate

syst eg’ré@ohﬁnﬁhgﬁ' Ghit %%ﬁ}aﬁﬂé c'oﬂre&fb% d%@a@tto' tﬁé &l SEBit ABta for

than 1 n other spatial nmensi ons.

8QaBRMh&Ton TR %mﬁﬂatwm&fth&da@élme% f urt her
conprising: instructions to receive coefficients of

mat hemati cal functions for at | east one axis of the

coordi nate system and instructions to evaluate the

figt heht sysadm blicleim Hhshasimibe hes afakd firse cantma@msgstam includes
time of applicability.

a radial axis, the radial axis being parallel to or coinciding with a line that connects a

reference location to an estimated position of the satellite.

59.  The system of claim 57 wherein the reconstruction unit generates corrected orbit

data to determine a position and timing of the satellite.

60.  The system of claim 57 wherein the input includes coefficients of mathematical

functions for at least one axis of the coordinate system.

61. The system of claim 60 wherein the evaluation unit includes logic to evaluate
the mathematical functions using the coefficients and a time of applicability to obtain

the correction data.

62. The system of claim 57 wherein the receiver interface receives the input via file

transfer from data storage.

63.  The system of claim 57 wherein the receiver interface receives the input in a

message transmitted from a server.

64. The system of claim 57 wherein the correction data is represented in the first
coordinate system with higher accuracy in one spatial dimension than in other spatial

dimensions.
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65. A computer-readable medium including instructions stored thereon, comprising;:
instructions to convert correction data from a first coordinate system to a second
coordinate system, the first coordinate system chosen to smooth variation of the
correction data over time; and
instructions to apply the correction data to coarse orbit data for determination of

orbital information of the satellite.

66.  The computer-readable medium of claim 65 further comprising:
instructions to determine a position and timing of the satellite based on the

correction data.

67.  The computer-readable medium of claim 65, wherein the first coordinate system
includes a radial axis parallel to or coinciding with a line that connects a reference
location to an estimated position of the satellite, and a cross-track axis perpendicular to

the radial axis and a direction of a satellite motion.

68. The computer-readable medium of claim 65, wherein the correction data is
represented in the first coordinate system with higher accuracy in one spatial dimension

than in other spatial dimensions.

69. The computer-readable medium of claim 65 further comprising:

instructions to receive coefficients of mathematical functions for at least one
axis of the coordinate system; and

instructions to evaluate the mathematical functions using the coefficients and a

time of applicability.



