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[ 0001] Tweozppbs cation is related to and hereby cl ai ns theT/snelsitds of t he
filing date of a provisional application by the same inventor, Leonid
Sheynbl at. The provisional application_ is entitled, Method and Apparatus
for Using Satellite Status Informatiorlin Satellite Positioni ng Systens,
Serial No. 60/228,258, filed 10 on August 25, 2000. FIELD OF THE | NVENTI ON
[ 0002] The present invention relates generally to the field of satellite
position systerMETHOD ANDAPPARATUSIFOROESINGSADEEYITESTAPOY receivers,
and nore 15 partiINHORMATIONINGSEENDITE FHSITIONING SYBABRBROUND OF THE
| NVENTI ON [ 0003] d obal Positioning System (GPS) receivers normally
determne their position by conmputing times of arrival of signals
transmtted REUATBDREIICATION roma multiplicity of GPS (or NAVSTAR)
satellites. These satellites transmt, as part of their nessage, both

satel | ite pogphoMriHieaiHcati@dSiswelded® HatiRrdy Qh@sKthe Weftobf tAO fitiak! ed
"epheneris" data. The process of searching for and acquiring = GPS signals,
readi ng the dlgtedier proviengl ppplication by ithe same {nvertosdieanid Seeynblali Téenputi ng
the Iocation gbylBfar SHREUEN 15 Qo ARl ArhTRNRORS LAY saRlen 25
requiring several mnutes. [n many cases, this ngthy processing tine is
unaccept abl e Stads IffombdtienriniSetellige Pasikipning ifysenisabereal YNd. 60228258 filiedt ur i zed
portable,.applicatio 004] GPS receiving systens have two princi pal
functi onsl.0 Tt?é“&i‘guﬁ?f’go{) e conputation of the pseudoranges to the various
GPS satellites, and the second is 30 the conmputation of the position of

t he receiver usin hese nges and satellite timng and epheneris
data. The ps&EJPg(P;%Emlﬁﬁf&ﬁ@ the tines of

[0002] The present invention relates generally to the field of satellite position

systems (SPS), such as global positioning system (GPS) receivers, and more

15  particularly to processing of SPS signals.

BACKGROUND OF THE INVENTION
[0003] Global Positioning System (GPS) receivers normally determine their
position by computing times of arrival of signals transmitted simultaneously
20  from a multiplicity of GPS (or NAVSTAR) satellites. These satellites transmit,
as part of their message, both satellite positioning data as well as data on clock
timing, so-called “ephemeris” data. The process of searching for and acquiring
GPS signals, reading the ephemeris data for a multiplicity of satellites and
computing the location of the receiver from this data is time consuming, often
25 requiring several minutes. In many cases, this lengthy processing time is
unacceptable and, furthermore, greatly limits battery life in miniaturized portable
applications.
[0004] GPS receiving systems have two principal functions. The first is the
computation of the pseudoranges to the various GPS satellites, and the second is
30 the computation of the position of the receiver using these pseudoranges and
satellite timing and ephemeris data. The pseudoranges are simply the times of
arrival of satellite signals measured by a local clock. This definition of

pseudorange is sometimes also called code phase. The satellite ephemeris and



arrival of satellite signals nmeasured by a |local clock. This definition of
pseudorange is sonetinmes also called code phase. The satellite epheneris
and WO 02¥Q896864#CT/ USO01/ 26466 -2 tim ng data is extractrdrisametdse GPS
signal once it is acquired and tracked. As stated above, collecting this
information normally takes a relatively Jong tine (18 seconds to several

m nut es) and nust be acconplished with & good received signal |evel in
order to achieve low error rates. 5 [0005] Most GPS receivers utilize
correl ati on miahingdintd is extraped frompsthel GiSasigred oncelhtésaqoned ehditrackedméishods ar e

forned i ti ften with hard lators. GPS signal
Cont ai n- i gh SaEbarRcal By o hraai Rt SR r Rty [oeelfuences.

The codes avajetailsof RFeral Wihitdd) dPhusabd absondiBhed Hithesl good received
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multiplies t hcé’rr\%%%?r%cei ?&%ﬁ s'ﬁ%‘ha;sf %?}ﬂ%ns?’é% d %pfeipgg{%? flﬁléﬁ%pﬁglgegri ate
CGol d code conjsandweshdont (AN) seqlichctChie ¢ualB® byailabledof bi@ilianrHpplidations areor

| ow- pass filters, the Eroduct d'(gégrdgr to, obtajn an jindication of the
presence of t4HeS POATSHACARTION(SE £8d8ss Md pavecn BInary BRASE TN Bh *ai% iy at i on.
By sequenpi aldcyippligtshieNsf 1.023 Mai2bhY € répoitibe pefiod BF 302§&19P§Porrae&$deca
relative to the received signal, and observing the correlation 20 out put,
the recei ver resrd@étlapiiisgeonthellq epsdedequapcesel torhErmplyclgoyedasspeldal  and

a local cl OC‘%odJJ}%nétl Q&&liéésm%élﬁferﬂsgz?&cbsﬁé‘aQifgnlaﬂ\?itl%ﬂ?ﬁg&%o?é cotfdCh an out put

is termed "acqui’sitron. ce acqul sition-occurs, process enters the
"tracki ng" {0086 Far whisignak hrecdived rfrprof at lgeveho€AIS rsefellitendellowingdjaust ed i n

ol L St S el ol 4 Bt SR 08 i B o
si gnal wiish tlbeinskdigion apdamredeplica of the appropriate Gold code contained within
its local memory, and then integrates, or low-pass filters, the product in order to
obtain an indication of the presence of the signal. This process is termed a
“correlation” operation. By sequentially adjusting the relative timing of this
stored replica relative to the received signal, and observing the correlation
20  output, the receiver can determine the time delay between the received signal and
a local clock. The initial determination of the presence of such an output is
termed “acquisition.” Once acquisition occurs, the process enters the “tracking”
phase in which the timing of the local reference is adjusted in small amounts in
order to maintain a high correlation output. The correlation output during the
25  tracking phase may be viewed as the GPS signal with the pseudorandom code
removed, or, in common terminology, “despread.” This signal is narrow band,
with a bandwidth commensurate with a 50 bit per second binary phase shift
keyed (BPSK) data signal which is superimposed on the GPS waveform.
[0007] The correlation acquisition process is very time consuming, especially if
30 received signals are weak. To improve acquisition time, most GPS receivers
utilize a multiplicity of correlators which allows a parallel search for correlation

peaks.



renoved, or, in common term nol ogy, "despread.” This signal is narrow band,
with a bandw dth comrensurate with a 50 bit per second binary phase shift
keyed (BPBKXp2/thab@ si gnal which is superinposed on the GPSPemV&HiRsHas [ 0007]
The correlation acquisition process is very time consum ng, especially if
30 received signals are weak. To irrprovg acquisition tinme, nost GPS
receivers utilize a multiplicity of correlators which allows a parall el
search for correlation peaks. WO 02/18968 PCT/ US01/ 26466 -3 [0008]
Conventi onal [GFB]rEGureniiom] &R poeining aquipment as typickdlyi dpsized to reenieve GPS

signals in open,spaces since the satellite signals are |ine-of-sight and
can thus be ﬁ%é@ﬁlsﬂﬂ} WL aPAER TGt ﬁlé Sar'rél{l%r gg’ilaés aﬁ%ﬁ%@@%@t&f@ r‘% ei vers
provide si gnahs 5&BRLkdd/by dhetdlahd attep Wiitdrade Kinito@ASGP8 r€delitebpidivieal s

i ndoors, or in the 5 presence of weak nultipath signals or signals that are

. P . .
pure reflect igngl smsiivighthat allowy tigelgng (@S sallije slenaegndogshadrisin tswever
typicallysca I r : Qi , Ll tf@acki ng of
StTong and. venr o gnn ek AOER. sEiplle B SERAR oy e R L ARREHS, (Tt
cross- cor r el abdity siogacjuirewstichhwiak €8S signalse howieyeraltypiraikt sausepfotligrndi ng a

weak true peak st ronger 0$S-Gorrel a Kk 10 b ui red.
Tracking a \A@éﬂblglgf'ellﬁlf t%galgﬁ%h%e %@ggtgq‘eg@?g@glgg%togg@%?nﬁ?ﬁ%@ S%fnggr ect
signal . Thi s meaéausé grakcaiver tdfock onhab laetdssdosielanal sigial,avidonisi nvakitme of
direct and indi Le t sig ﬁl‘% Theqqgorrbi nég si%nals are re erreglfto as

mul ti path si ghgel, Inigad g PB R WRE HUEPPYG ASH gggr%q)ss—lcgrr?(;\md@g P& onger
than the jpat hheQlcqhiiRl. divagihg & '\Amlsatellﬂ_é"éi%nﬂ dbései R Rasrahide Bk t i6 gagbd causes
the tinme-of-arrival neasurenent of the 15 reflected signal to be typically

del ayed- or t tféenebr Fiais pesaliriggalagebpn eflectedsignal etambivationnf sitactendosi ti ve
Celaiive del Sy bt HaaTT nae FHRPLR siptile aheritea BERANLLRNSIens, TRE,
absence of a milr eCthegeferadd sigmgd o eypicabipienger mnethe pathnef theldireqiasignal.
mi i gati on teghnigues, CSHCD ASAH ALY HO'ELEH kel nBaflbalS GOHee! ator)
15 reflected signal to be typically delayed or the corresponding code phase
. measurement to contain a positive bias. In general, the magnitude of the bias is
proportional to the relative delay between the reflected and direct paths. The
possible absence of a direct signal component makes the existing multipath
mitigation techniques (such as a narrow correlator or a strobe correlator)
20  obsolete.
[0009] The GPS navigation message is the information transmitted to a GPS
receiver from a GPS satellite. It is in the form of the 50 bit per second data
stream that is modulated on the GPS signals.
[0010] The data message is contained in a data frame that is 1500 bits long. It
25  has five subframes each of which contains GPS system time. Each subframe
consists of 10 words of 30 bits each. Subframes 1 through 3 are repeated every
30 seconds. There are twenty-five pages of data appearing in sequence in the
fourth and fifth subframes; one every 30 seconds. Thus, each of these twenty-
five pages repeats every 750 seconds.
30 [0011] Subframes 4 and 5 contain two types of health or status data for the GPS
satellites: (a) each of the 32 pages which contain the clock/ephemeris related
almanac data provide an eight-bit satellite health status word regarding the

satellite whose almanac data they carry, and (b) the 25™ page of subframe 4 and



[ 0009] The GPS navigation nessage is the information transmtted to a GPS
receiver froma GPS satellite. It is in the formof the 50 bit per second
data stmeanm/id%et i s nodul ated on the GPS signals. [0010] pdhEsadzcasonessage
is contained in a data frane that is 1500 bits long. It 25 has five

subframes each of which contains GPS systemtine. Each subfranme consists
of 10 words of 30 bits each. Subframes “#-through 3 are repeated every 30
seconds. There are twenty-five pages of data appearing in sequence in the

fourth and fid jdinthH bddtainesx-bRNRaRY fius38ats €60RP Y0 DnukelliRBC haaditibhase
twenty- five pag_es reﬁeats every 750 seconds. 30 [0011] Subfranmes 4 and 5

contain two tspisHiic bealthedafa de givendmpubframa b Pehirameel wmart of theephemesis ()
each of the 3g.pages which contain the clock/epheneris related almnac
data provide an eirght-bit satellite health status word regarding the

satel lite whd8e12]|Typicatly da GRSt eesivarawillyreceinel infomatios c@Bedinipgdhe sthtusubf r ane

4 and WO Q2/18968 PCILUS01/ 6. -4 5 jointl tai ix-hit health
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gi ven : In subfaha ot lracﬁugfdnhﬁiﬂthy datel|@s twtﬂl}ie it hequed e et trscks (GRS sipahls [ 0012]
Typically, a GPS receiver, w receiye infarmagion concerning the status 5
(P hal ¢ o B FY- A SR oo A BB CEE GF OB R TR Bydnot
acquiring ang a&?liret 4RCHAIKOAREE 3hd MhSAhG shiclifSs Wit 4@id hisiAE UlhéAhyand
tracks GPS signals fromhealthy satellites. Alternatively, standa?one GPS
recei vers carsigielsdashgnsation eprapuiationeafien daying arachiba heakih sfas datadsemhy
satellit b o WRTESY | b e ' SOfgRYt at i on
after ha\??ng%ﬁ%%j%bﬁggﬁkeegﬁgﬁ@%?g%%g% gl'?gg r()lrﬁr%el%Sl%l%Z' ke\%ﬁ%{r?eh%msl msgage from
an unheal t hy maleeah ithe @i ast tgmia¢ theNofoamagemptonsemitgeiba heattidef 4 satelhte ipri or art
to use the infornmation concerning the health of a satellite in, attenpting
to avoid usi AUCEPBLE ML aTT e SrRstrestriton l® sRed BhBe iR ey b1

addi tion, no adiii@fApho hasmpers badenide onSisue thhathetdaelisatiehlh sanfzeal t h

status is mmde avajlable o GPS receivers having no direct .access. to the
'lab%e to éPS receivers%avmg no Huect access to the satelﬁte heafth

satel lite hedPqds aval
15 status. (Direct access is from SPS satellites or from previously downloaded data

from the SPS satellites).

SUMMARY OF THE INVENTION
[0013] A method is presently described for processing satellite position system
20  (SPS) signals. The method includes receiving the SPS signals from in view SPS
satellites and determining whether a first measurement, corresponding to a first
SPS satellite which has been indicated to be a healthy satellite, is to be removed
from a set of measurements to be used to solve for a position of a SPS receiver.
This determining includes testing the first measurement for a cross-correlation
25  resulting from signals from the first SPS satellite and signals from a second SPS
sétellite. In one embodiment, the signals from the first SPS satellite may be
weaker than the signals from the unhealthy second SPS satellite.
[0014] “In view” as used herein is defined broadly to mean SPS satellites in view
of: a SPS reference receiver; a network of SPS reference receivers; a mobile SPS
30 receiver; or a cell or a group of cells of a cellular radio system. However, these
are merely provided as examples. Therefore, it should be noted that an SPS
satellite may be considered to be “in view” if the signals can be received by

virtually any SPS receiver.



15 status. (Direct access is from SPS satellites or from previously

downl oaded data fromthe SPS satellites). SUNEY ARY OF THE | NVENTI ON
[0013] Awebhdes s presently described for processing satkpCT/iUB@/asi ti on
system 20 (SPS) signals. The nethod includes receiving the SPS signals
fromin view SPS satellites and determ ni ng whether a first neasurenent,
corresponding to a first SPS satelli t eXhi ch has been indicated to be a
healthy satellite, is to be renmoved froma set of neasurenents to be used
to solve for [A01FK)A compurt réadabl® mediemverntainihBiexeciailsle Rbmipogr ipisdragie s

testing the first nmeasurenegnt for cross-correlation 25 resulting from
signal s f r om'PHEICHPRSIS a%@gié?sé& FS@ CORPUET Giedum Freht ﬁies%%mc &
satellite. |nyaBe RRIAENMmethE IR H08ds8in r§af811§teqaofsitfoﬁfnésfy&eﬁat@s)l te may
be weaker than the si l(%nal s fromthe unhealthy second SPS satellite. [0014]

"In view' as sighels whkandhe prograje finsiaigtiensoae eyecuieditah daprepgssng sistsni n vi ew
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mobi e e Jgie; el FAbAE ancheifil 18'daflte SPS SEE RBECHT SFRNPERS 2, o
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shoul d be noted.t.hat, ap, SPS satellite nay cansi der to "in view' if
Che st gnal & cesritiee rhedlh i wpRfying e ahyhSoRHERL SOs: Sdfiesoitesons
PCT/ US01/ 264Gfahealfhy| OfhkShethog dithutes ltestifadadiiserefRisWbtifed b dtguigmecut abl e
conputer program. instructions. is, also disclosed. The conputer nedi um

causes the dat® PEMtedy Hbol ©5dn iavt SPPsatPliteh LT eATABCOrEialion JEREEAng
satel |1t QoPashbldid; bt SPPifliksRilere HedBAing iWPaTotita BEATIABS RRkheCL i Ons

are executed by a data processing sgstem e nethod i ncludes attenpting
to acquire SP8iByvignabRS satellifeds bnheplthyew SPS satellites regardl ess of

whet her the i he, | 1 h r. Vi alth
dat a speci fyi[ﬁgi/d\lh‘ﬁyvg??ﬁg?l%ﬁtﬁgsi ﬂﬁée\q/?eéﬁngﬁéﬂgg@é%{?ﬁl %g%g?né 1?%% g?iﬁra?}%& The
met hod i ncl udasortee stnbodjneag sarsetelite sposiioal syscbnt r(SBS paeference geceBRRS 51 gnal s,

For all of theukRutd B'redbve ¥slifmd S from & biudarfth 33 SR §P8'kft Xoen

15 server is configured to communicate with the SPS reference receiver. A

transmitter coupled with the SPS reference receiver transmits the SPS signals. In
one embodiment, the server analyzes the in view SPS satellites’ signals for a
cross-correlation condition where a healthy SPS satellite’s signal is influenced by
an unhealthy SPS satellite’s signal, the unhealthy SPS satellite’s signal(s) and the
20  cross-correlated satellite’s SPS signal(s) are then tested to determine if they
should be removed, corrected, or used before a location is computed from the in
view SPS satellites. The transmitter then optionally transmits the location.
[0017] Another embodiment of the disclosed apparatus includes a mobile SPS
receiver coupled to a second receiver. The mobile SPS receiver receives the SPS
25  signals from the transmitter on the second receiver and analyzes the in view SPS
satellites for a cross-correlation condition where a healthy SPS satellite’s signal
is influenced by an unhealthy SPS satellite’s signal, the unhealthy SPS satellite’s
signal and the cross-correlated SPS satellite’s signal is removed or corrected
before a location is computed from the in view SPS satellites by the mobile SPS
30 receiver. In one embodiment, the transmitter and the second receiver is
compatible with a cellular radio system.
[0018] In another embodiment, a computer readable medium containing

executable computer program instructions performs a method for providing



10 two different SPS satellites, where the testing is perforned regardl ess
of whether an in view SPS satellite is unhealthy. [0016] A conbi ned SPS
recei ver ve@d2/cs9s8runi cati ons systemis al so disclosed. | nron®Sersesh nent, a
satellite position system (SPS) reference receiver is configured to
receive SPS signals froma plurality of in view SPS satellites. A 15 server
is configured to conmunicate with the reference receiver. A
transmtter coupled with the SPS reference receiver transmts the SPS
signals. In xsisarcddata e atmolilResassdlite qrositioalng zeystethh¢SHSH radetwr SPTeh is
satellites' si s for a cross-correlatio ondi.tjon ere a heal thy SPS
satel |ite s SOBAAR %9 8NGPRTChRBECIPY Ay BHRGSRRTIEEE AR GHF of 820U ghal

t he unheal t hyofSRE sdselhidheiss ird icomdluniatian Avitth 8he? Qedei RS - FRAlHe datael
satellite's SPS signal (s) are then tested to determne if the%q shoul d be

renoved, cor rdsgarminedder pxcdpfisarleiality;ofi ip view SRSisateliderandehe healih dakeisi n vi ew
SPS sat el I tec?ans%&?eélftf)m%itﬁf then optionally transmts the |ocation.

[0017] Anot her enbodi nent of the disclosed apparatus includes a nobile SPS
receiver coupled to a second receiver. The nobile SPS receiver receives the

SPS 25 sign ] econd receiver and anal yzes
the in view %@@Jﬁﬁ{cﬁ%ﬁﬁ@@%ﬁ?@%@eﬁsat. on condition where a

heal thy SPS q001] THegpreseht Givahtion 8 illitiatedtoedapyf athmpldand ismot SRfted
satellite's si E?L, the unhealthy SPS satellite's gign%; and the

cross- corr el diébe Bgures of dhg pcompanyigg drayiaes, dpovieh GKe sefercactsdgdicaiss ore a
| ocation jigs P BEnEf @M the in view SPS satellites by the nobile SPS 30

receiver. In one enbodinent, the transmtter and the second receiver is
conpati bl e wil0020d Kgure,l dlustralgs a moejhaddmuse ogelbie positipiotyiem Shbodiatsnt , a
conputer rea . i i . execut abl e conput er program

i nstructi onsq%grt?éﬁgd‘}é@rﬁﬂfgg C?%’QE‘BP@W di ng WD 02/ 18968 PCT/ US01/ 26466 -6
assi st ance ddp2xldigurmdillstrett eviricte op Gmi tiewh isatgllise position SRS (SRIDi ver
which is coup%ﬁq to a receiver. The nethod may include determ ning a cel
site or a grodp*B¥ cell sites which is in commnication with the receiver.
Heal t h datsa i[9022] Figure 3 illustrates a cellular communication system having a plurality of

cells each of which is serviced by a cell site, and each of which is coupled to a
cellular switching center.
[0023] Figure 4 shows a representation of a cellular based information source
which provides an association between sets of Doppler information at given
20 times relative to cellular service areas and/or cellular sites.
[0024] Figure 5 illustrates an implementation of a basestation system according
to one embodiment of the present invention.
[0025] Figure 6 illustrates an example of a combined SPS receiver and
communication system according to one embodiment of the present invention.
25
DETAILED DESCRIPTION
[0026] In the following detailed description of embodiments of the invention,
reference is made to the accompanying drawings in which like references
indicate similar elements, and in which is shown by way of illustration, specific
30 embodiments in which the invention may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art to practice the

invention. The following detailed description is, therefore, not to be taken in a



determ ned for each of a plurality of in view SPS satellites and the health
data is 5 transmtted to the receiver. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0019] Theoprewesmt invention is illustrated by way of exappl/@sargd4éés not
limted in the figures of the acconpanying draw ngs, in which |like

references indicate 10 simlar elenents. [0020] Figure 1 illustrates a
nmethod to use satellite position system/{(SPS) status data to inprove a
position cal culation. [0021] Figure 2 illustrate a variety of "in view

satel | i te podinitiog senss} emd (HBRSYpe oAt invéion i defifdP3hlyFByothe epPerideiust r at es
a cellular co ni cation systemhaving a plurality of cells each of which
IS serviced RScell site, and each of which is coupled to a cellular

swi tching cenperz) A QAR HdM SphrHhoRS WingeRieBne RiAld AforRfatign GELPY! ar
based information source which provides an association between sets of
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and/ or cell ul . Sl te@ o Fi i F!i'l?l.]is . i.Qqn of a
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[ 0025] Fi gur elerinide) psewmioemgan teealhifinl mostf cages) ambiieve datBPites: ebdorveatioand
conmmuni cati on _syst.em accor di to e enbodi t. of ., the. present .i nyention.
25 DETAI LED [ 1&%%\:3%‘6?2?“’1 sptelfis gl %ﬂﬁqﬁﬁ ‘beé‘{tﬁl 1%"&%%@@?‘?&@ n of
enbodi ment s GhistikRrinBNGNII GRd inRORKENE ¢hd SPHBEhalsOrebEi@ed &g AP A6
drawings in which like references indicate simlar elenents, and in which

i s shown by WAy GFCiven uStnegt NoROst«9ess fhecmebile RES dierRFir ISR 99de he

| nventi Oﬁomgwhgés@ﬁaﬁb'fﬁ%@s tol 4] P SRe1HR QEN B Snfidafihy dRSIHISH Rds [pBssibET 1 €1 ent
detail to enable those skilled in the art to practice the invention. The
fol | owi ng dettaideedninesa eops-rerelition bdtweert arhealthosatelbtepewealk &S sigral WO

02/18968 PCT/ ah@%/ lﬁﬁégﬁ‘ly satellite’s strong GPS signal. Once such a cross-correlation

result is identified it may be possible to remove a cross-correlated measurement

or attempt to correct it. Thus, according to one embodiment, a mobile SPS
15 determines code phase/pseudorange measurements to satellites which are known
to be unhealthy.
[0028] The satellite’s health information may be monitored by GPS reference
receiver(s) that transmit this information to GPS server(s) (e.g. see the location
servers described in co-pending U.S. Patent Application Serial No. 08/842,559,
20 filed April 15, 1997, now U.S. Patent No. 6,208,290, which is hereby
incorporated herein by reference) and these servers may cause this information
for all in view satellites to be either (a) used locally to process pseudorange
measurements received from a mobile GPS receiver (in the case where the
mobile GPS receiver does not compute the mobile’s position but the location
25 server, or other system in a network, does compute the position) or (b)
transmitted to the mobile GPS receiver (through for example a cellular telephone
which is coupled to and housed with the mobile GPS receiver) for use by the
mobile GPS receiver. The GPS reference receivers typically, according to this
embodiment, acquire and track all GPS satellites in view whether healthy or
30  unhealthy; this will allow in one embodiment for the detection (by a location
server or by a mobile GPS receiver itself) of cross-correlations between healthy

and unhealthy satellite signals.



-7 limting sense, and the scope of the invention is defined only by the
appended clains. [0027] A nethod and an apparatus for using satellite
status i Mopme9s®HN in SPS systens are disclosed. In one PEEURIIAGCY66

enbodi ment, a nobile SPS receiver 5 receives SPS signals fromin view SPS
satellites and determnes (or attenpts to determ ne) pseudoranges to all
(in nost cases) in view satellites. | nfdrmati on concerni ng the status of
the satellites (e.g. satellite health) is also collected and this

i nformati on i[60299€hn iviewy? as essl inghishdetle® des@ipdiba is aneideddo by fldxéblembi | e
SPS receiver., Singce, ip nost cases,, the. nobil PS recej ver detern nes code
10 phases/ pseAtﬁTBF‘g’ilﬁsz PoVigl Saé%ﬁ@?l if ed (VM%P o?at?]ﬁW§aI°?%>bes‘é?egltPi tes) it
i's possible deflotdahefiBl s e Enlfs Wigk kARt NeSbrR (WEARNYorsakel [ite' s
weak GPS signal and an unhealthy satellite's strong GPS signal. Once such
a cross- cor r sibget ohthey WARN. iFor pxamples ¢ aen-exclngye b weoddiintlede i Yiewove a

cross-cor kel S , r . : r R , ding to
one enbod?neﬁftf?gg PeblgFgr%%enfE rgg%lg%%e‘é&éo%geg S’ﬁjarg% p%fegggrrgﬁegg&re
nmeasur enent s re@iwas, ah vi¢ve ©f whinobhileaSBS kengiver, inovibe airshesdl ohyny ORI The
satellite's health i rati on Jmay. be, noni tored by GPS er ence,
i ver () R0t of ¢ RLTH s s Tl R Ve S Br T SR SRR agee 1 he
o 0B 842 B B B D e e e 00,

. , ), ] ri , 7/, now U. S, at ent . ,
Whi ch i o her OB STeACHIb G ol WeRBISHoRyes B BeSY 2k THELS. S 8he may

cause thiig i fvargekivom2, ko7 2fd, Isv 014 2R §V b esviabsverddigsy oad, used
|l ocally to process §seudoran e neasurenents received froma mobil é GPS
a

recei ver (in3%hé52a3¥ 2Merad e 256mbi ineviemsor tieeMARNdodsuhest ofdhgsat e t he
nmobi | e' s positi . | h ' net wor k,
does corrpgt e S%tlﬁgﬂ%sg%l&tulg g%)vJ glfl%%%%&efr ré%e?]\ger%\(’? Wéé‘% % 029' ?h%é'§¥?@$g2%cei ver
(through for SBkadéflaed $Ve248. uhastheredubpdi @f ¢hesedsatdilites arauplievd of @ secvdidhoused

with the nobile GPS receiver) for use e i S ive The GPS
Nt o omce T odHETERer SR YR deth £ g B 211 s 8% DS VAR A sv
15 218. Another subset of these satellites are in view of a third reference receiver

view are 270, e.g., SV 208, SV 210, SV 252, SV 254, and SV 256. Another

subset of satellites is in view of mobile SPS receiver view area 250, e.g., SV 252,

SV 254, and SV 256. No limitation is implied by the selection of the satellites
included in the view area 240, 250, 260, or the view area 270 or the size of the
20  view areas. The view areas were chosen for illustration purposes only.
[0030] In one embodiment, the health status of “all” SPS satellites in view of the
WARN view area 200 are acquired. A subset of the satellite’s health
information, could be transmitted to a mobile SPS receiver based on the satellites
“in view” of the mobile SPS receiver’s location. “All” SPS satellites used herein
25  depends on the particular implementation of acquisition. For example, taking
into account an elevation mask, or a signal-to-noise ratio mask on a signal to
interface mask, etc. Thus “all” is flexible constructed. The GPS reference
receiver(s) may collect satellite status information which is more current than the
corresponding information in the satellite ephemeris (or almanac) information,
30 and this updated status information may be transmitted to the location servers
and/or the mobile GPS receivers for use according to the various embodiments of
the invention. In one embodiment, the health status information may be received

directly from the satellite. In another embodiment, the location server(s) may



enbodi nment, acquire and track all GPS satellites in view whether healthy or
30 unhealthy; this will allow in one enbodi nent for the detection (by a

| ocati onw@erwdss or by a nobile GPS receiver itself) of crop¥Fsa@sn@ ati ons
bet ween healthy and unhealthy satellite signals. WO 02/18968

PCT/ US01/ 26466 -8 [0029] "In view," as used in this detailed description
is intended to be flexible. Accordingly; "in view satellites" or "in view
SPS satellites" can be used to denote in view of the entire Wde Area

Ref erence NetdeRi& tedl stitys infRERtioPT bishe WARMe Rffor@x@sd! gd/c
non-exclusive list would include in view5 of a single SPS reference

recei ver, i nTqagweBEnts 1preived frem the CESgefaensedpecavertsec dhg apdated flalisew of a
mobi | & SPS 1 6£@}i&fon by ¥k 3%9&0% Fehd gRAl PR s@ﬁ@;(go?i assbEialed vith ecel | ul ar

(wirel ess) radi o networ arious “in PS satellites” are shown in
Figure 2. W tlbcatieheeqeste How aFgivem level, of \qudlityathedocatibr server magdatsrkinevi ew

area 200 i.s wn e satellites, (S 20 SV, 204, SV,,20 , 10
SV210. vaD'zﬁf,?ﬁw%‘i‘ﬁ?e whith s maF, éga,\th\}né%g R R g‘ﬁr@%y%@ggw, sV
252, | ISV 254, madythddyradbde ?eeleﬁifbdvlb\mwoﬁﬁcdumw\mwchﬁa Ssbhe laahtidheseer
satellites are in view of reference receiver yjew. area 24 e.q., SV 242,
SV 244, SV 72y update 1\healiy stans spfqEpatignpadse ltt“h&eésmé’kﬁgq 5 W%Wésie in

view of a secaRdpibRARTRRE & hLRRIhLHro¥dBM s BPexdRDle 6f lis prédésdA®madY 212,
SV 214, SV 216, 1e;nd SV 15 218. Another sugset.of_ these satellites are in
vi ew of a t hibedhe edeerf dlig 8pdasedheadth stafipscgy dgteaminpaf the sgtellitesghopddbe wpgd 10, Sv

252, SV 35, IR ConfDRUT SR, RERLELN L85 sy e ™o
limtation i sAlierpitively, the ddt@nsmdtivotandipdite tofi éheslztabih Istatwssinfarmetiomledyi n t he
oo o ea 240, APomA B8 e RN 270, Heshle o hoBatbatfEomS0onne™,
one enbodi Mentferdnbe rdteRletshwhicRious bf usedhd SuppRbitiatgdated eaus mfvineatioal t he
i or et 1 on, 6 GGRCEOBET FaHEHIR LS VR e s - PR ASaEH ¢ ne
satel 1itq8 Aprl 28, 1998, now U.S. Patent Number 6,215441, which is hereby
incorporated herein by reference.
[0031] Figures 1, 5, 6, and 7A from U.S. Patent 6,208,290 have been included
herein for clarity and correspond to Figures 3, 4, 5, and 6 respectively. With
reference to the figures herein, Figure 3 illustrates several cells within a cellular
20 service area where the mobile SPS receiver may receive assistance data from a
communications network. In one embodiment, the communications network
includes a location server, which can be represented by 26 in Figure 3. Figure 4
may also contain satellite health status information (not shown) transmitted to the
mobile SPS receiver by the communications network. For example, an SPS
25 receiver in one view area may receive one set of satellite health status
information and an SPS receiver in another view area may receive another set of
satellite health status information from the communication system. A base
station illustrated in Figure 5 may be associated with the reference receiver view
areas shown in Figure 2 and support the communications system including cells
30  within the cellular service area.
[0032] In one embodiment, Figure 6 illustrates a cell phone 375, which couples
a mobile SPS receiver 376 with a communications system transceiver 378 to

receive the assistance information including satellite health status from the



"in view' of the nobile SPS receiver's location. "All" SPS satellites used
herein 25 depends on the particular inplenentation of acquisition. For
exanpl e, wak/mg968 i nt o account an el evati on nmask, or a si ghalAsa/eicse rati o
mask on a signal to interface nmask, etc. Thus "all" is flexible
constructed. The GPS reference receiver(s) may collect satellite status

i nformation which is more current than tte correspondi ng i nformation in
the satellite epheneris (or alnmanac) information, 30 and this updated

st at us i nf or mahinoumicatipnd systeran I dne egintodirhére, thedatdtion ssever eleermaesi/aor t he

nobi l e GPS recgivers for use. accordi.ng to the vario e lJents of the
Mventi on. | FeQie BREBHPALAE SEGTHIAM FOSTHRISET Uh PTG PR DUt ecel ve
directly from7shBassatonl the el slte oﬁgﬁid@%f RNy MANEroup Vg 1h A4 kaBllissr ver (s)
may WO 02/ 18968 PCT/ US01/ 26466 -9 derive an updated status information

based on t he M4 Bewbe Aeamained by theraeationspvat andrheakth infarmatigmfondll eyl
referencesr egﬁ WY gzﬁéliize&l‘%}“ﬂl@ﬂtb%.dtra%glgjt%ﬁttﬂ'ct@{I] gthﬁ% 599 i ¥e R el Whct | On of

the quality status associ at e cation request. "For a
gi ven | evel dhe guraunigationserdnseearardyi8s dMaotgle SRS redeiver Jitnmap computeats
satellite which.is and/ or al napac _data may

mar ked healthy in the ephengeris d
ot provi de IHGUEESPRES T 0B abtated, DT, REAAE ok g Pedlon™ KTRAF Bl 01
server nmay ujethiinénel the Ideaadd Of the aiobile SPBeedsiicron and send it to the renote
SPS recei ver ( d optjopally store jt for further processing. An exanple
of this pr océgé?ﬂgﬂ’ﬁa@&hbe‘{]a{t%gx’ﬁgénéflb THRes &pﬂla?tnédse RE&PDR Sé‘{ei‘l{tg% may
determ nqoi f diff§ f8meihht Sfowh b ksbiRenddSednd/Br srbfp&@me&cg?oxgoapya@qik&n, whi ch
is perfornmed in the |ocation server. Alternatively, the determ nation and

update of théinsedhalattermeyibe ppdatadairiditieraphtimpe performed by the nobile SPS
receiver. An [96 eecnltﬂgsgt i "iﬂrshbﬂ&nﬁ?%s ¥y %ﬁ&ﬁés‘f&‘ 8{ &féﬁﬁé@&%.%h&% may be

used to supply thi's up tatus rnformation | escr I n co-pendi ng
U. S. Patent Appiadcddurng Sdendeld dperatiofsd 06 hedldlY suhirlagdmbs bépoemé of8lated998, now

S, Patent TRl Rut dhe R L] BACY,, LS Bor e e 1 b
been i ncligded0035] This situation is even more exacerbated when the GPS receiver is indoors
or in other signal restrictive environments. It may require as much as 17dB of
additional signal sensitivity to be able to receive the satellite health status bits
directly from the satellites. The GPS receiver may measure the pseudorange to
the satellites based on the signal which is 17dB weaker than the signal which
20  contains the satellite health status bits (50 bits per second). Reception of satellite
health status bits may also require continuous satellite signal tracking from 18
seconds to several minutes which is not generally possible in signal restrictive
environments. Several critical performance aspects related to GPS radio-location
may be affected by outdated or unavailable satellite health information. One
25 aspect is related to the use of unhealthy satellite signal(s) in location
determination. It is commonly known that the use of the unhealthy satellite
signal(s) may result in significant positional errors.
[0036] If the health summary becomes stale and does not accurately reflect the
status of the GPS constellation, the time-to-first-fix (TTFF) for a GPS receiver
30 may be delayed. This is due to the time wasted on the possible acquisition of
unhealthy satellites which were marked “healthy” by the stored health summary.
Also, attempts to acquire healthy satellites which are marked unhealthy may not

be made. As a result, extended operations without timely and correct satellite



herein for clarity and correspond to Figures 3, 4, 5 and 6 respectively.
Wth reference to the figures herein, Figure 3 illustrates several cells
wi thin awebt/udves 20 service area where the nobil e SPS r eR€TA801/26866 I ecei ve
assi stance data froma comunications network. In one enbodi nent, the
comuni cati ons network includes a Ioca&ion server, which can be
represented by 26 in Figure 3. Figure 4*“may al so contain satellite health
status information (not shown) transmitted to the nobile SPS receiver by
the comuni catealvin $nfoerhatimnkupdat@s nmyegspﬂmdlzammsdi\&sZ& theseensesy who réjuérevi ew
area nma rece| e o Lite.health status infor and an SPS
Moeiver | dboRg TR EwAsbThE 4 eintl Bttty Seri G nd B0l noml ¢h
status | nf or MRS bixfer{ QAR 8o ANDHMES Al 9 RyifYds 888istéd BRSamodd, atwitdless
illustrated in Figure 5 may be associated with the reference receiver view

ar eas shown inetpIgumay prawde SUpelyr and perrecs ragieHite shaalihsinfsrsration ifacialldi ng
cells SV\A tﬁ%ﬂhe‘dﬁ'ﬁs Fé?:le %Sacroﬁﬁﬂn\f%%gg%ﬁ?sgﬁlgcou I n one enbodi nent,

Figure 6 illustrates a ce a nobil e SPS recei ver
376 with a cdﬂﬂfﬂﬂlMh@nsasmsfoemateﬂlaashea]ﬂwassﬁm&etrs the emreiectiort lgaingsi st ance

i nformation incl udi satellite heal,t h st.at fromthe WD.02/ 1896,
bCT! Usp 1/ S04aBene Shsthe it urelefis 7 stheRilY Mtk @ st PR A eP RIS ocat i on
server deter muiteofi@n thalthe SPSesatilitg sipaplsQire ebived ivtigta tvb@thlglsd Ramic

communi cation with_nphi| e SPS receiver 376, based 03 the cell site or
group of cel ITa4§% e§ec?i"¥j’|go§ § aﬁs Vit signal eyireng gyng hynmge Heber ni ned

by the | ggatiQgoxdhMely &b Qﬁ%" Edhsé i G'Pﬂ%bélvexf & a uhresé:"‘cibs§ cbReltic@W
satellites may then bé transm'tted to cell phone 375 and be received by

t he communi céﬂgr@hlgls'{eﬁ‘éﬁgé edlgtivelyzweakentsbe F@@P@W@G@rﬁ thatgnasale @G@dput e i t s

ot or mine. o) SRt AR PR OB e R IAF L Hoicofeda R ERaR T T

given in subfdeamlmdhn eb-pendirtg OIS. sEumltsAip;dichﬁd)re§enmlyN0109ﬁ’J41 B84, filkkdm t hat
fg? \tM;r ! rnmjug&; ?} id?é}iy thﬂﬁif ggpgq%gtlfq%@gr%%%qqerem %%tr% elrér}cgs Hosvéler\]/%re the

15 for a GPS receiver to detect a presence of cross-correlated signals, all signals

from both healthy and unhealthy satellites should be acquired. A problem would
arise if a strong “unhealthy” satellite signal cross-correlates with a weak
“healthy” satellite signal. Unaware of the presence of an “unhealthy” signal, a
GPS receiver may not be able to detect a cross-correlation condition. Another
20  problem may arise if only a subset of all visible satellites is acquired irrespective
of the health status. If any of the acquired satellites in this subset exhibit weak
signal behavior, then it may also be the case that the cross-correlation condition
may go undetected.
[0038] In one embodiment of this invention, GPS reference receiver(s) which
25 provides reference data for location server(s) (also referred to as a Position
Determination Entity (PDE) in CDMA cellular phone systems and Serving
Mobile Location Centre (SMLC) in the GSM cellular phone systems) acquires
and tracks all satellites in view: healthy and unhealthy. Further, GPS
technologies (e.g. a GPS receiver) integrated with or connected to wireless
30 devices (e.g. a cellular telephone or a two-way pager) also acquire and track all
satellites in view: healthy and unhealthy. In a wireless assisted GPS (WAG)
mode (e.g. see examples described in co-pending U.S. Patent Application No.
08/842,559, filed April 15, 1997), location server(s) may provide a “health”



[0034] Health summary in subfrane 5 is only updated at the tinme of al manac
upl oad. During extended operations the health summary may becone out dated
due to tveobrmysh of tine since the |ast upload. 15 [ 0035PCTR&l/Sitdcuat i on

i s even nore exacerbated when the GPS receiver is indoors or in other
signal restrictive environnents. It may_require as nuch as 17dB of
additional signal sensitivity to be abl'eto receive the satellite health
status bits directly fromthe satellites. The GPS receiver nay neasure the
pseudor ange tstatustinforamtieh ta the sndidlee dommuhtvatisg githla wireless neswdrkdBrwedak er

t han t he signal ich 20 contaipns.the. satellite health status bits (50 bits
per second). rﬁfée@\égf’?a@r?flosf’w§5¢gl ﬂ?‘fsegeaﬁﬁaﬁtt?tﬂs LarRALion; @y RgcPmpay Pequire
continuous sajier! dskiBtahtd MdbrrhdtRmK progided ob) Uk 1566 GerveRs) eI g¥hetdl,NUt €S
which is not gener aI,Ié possible in signal restrictive  environnents.

Several critia8Hftagesrin alloyysclaptacgwsisiop @f (B Scpgnalsiw; gy septiidive nay be
af fected hy Vv ay | It e;i%lrﬁo 0.0 | e 25
aspect i sgr el%ggn ggfe"[ﬁ gﬁrﬁ%&ﬁégeaﬂgf aﬁhﬁetgfétcﬁiflvg ast%gFI | te%?%a[%%b%eqtoggat i on
det er mi nat i orassi$tandesnfoommatior mak speeifyttheasatelhes s be sfardhied fom Healstimgtedat el 1 it e

signal (s) may. result .i i.gni fi.cant | tional efrrors. 03 | f. the health
sunmary becoﬁg%e Sf'&@air?z tg%sgsmg.%a[ls gﬁ‘ﬁ] eaf”éﬁ’eﬁtelde#rfxg%fw)( k@ OP%q%gt?}cs{th t he
GPS const el | aignal, tTkist assBtadnce finfdtafiox mdy e providad GBSimmoed wer3- 30 may
be delayed. This i.s due to the ti wast ed t he possi bl e acquisition of
unheal t hy sat F‘?SE‘@??\EH‘?I% f%?esangﬁtﬁeﬁgmieagﬂW"t _ ?’iésséﬁ_t%c% Ul A5t h
summary. 10Al $PherAédLARYSr Althafsd) UiphRxhak tibvatioat Al tirhe $nfohhatbnamey wRr ked
unheal thy may not be nade. As a result, extended operations w t%out timely

and correct Paedded taoaspst gith1igoBBrPOMIUSBION EWEY fastiacqrisiiontofi satedliteat i on
dat ' ' L Ssi.ans.af - ] i ciant TTFF.
updat es may JEQRR! @V%eg] {i&}agsr%feﬁﬁé s& 2t b, ngucgaﬁggeg@%@ésﬂs Ca'tnﬁn

A fast TTFF is criti energency services e
battery st anditier aatdllitabignalimesureinenta and arell wed fasgbst-auraGR®nmoddifions.wi r el ess

net T TR YA b0, SRSl Bl RN g for ol
15 measurements should be made for all satellites in view: healthy and unhealthy.
In this embodiment, the satellite health information is used to assist detection of
a cross-correlation condition and then the cross-correlated and/or “unhealthy”
satellites are analyzed to determine whether they should be included in the
location computation process or corrected. In an alternate embodiment, where
20  the assistance information is provided for healthy satellites only (satellite health
is implied by inclusion of the particular satellite in the satellite list) and the
current and valid satellite health status information is not available to the mobile
GPS receiver, the mobile may attempt to acquire only healthy satellites (e.g., the
satellites included in the list). In this case, a possible presence of a “strong”
25 unhealthy satellite potentially cross-correlating with relatively weaker healthy
satellites may not be known to the mobile and therefore may not be tested for.
The information related to the current satellite constellation (including the list of
visible satellites and health status) may not be known since it cannot not be
guaranteed that the GPS receiver will have the necessary information, which is
30 current and available (e.g., stored in its memory). The use of undetected cross-
correlated signals may lead to large positional errors thus affecting the quality of

the location service.



[ 0037] Another reason for satellite health assistance is the protection
agai nst rogue satellite neasurenents. In the heavily obstructed signal

envi ronnem0 82/18968 s quite often that the GPS satellite siBOBUSO1ZAc@66r ecei ved
with a very high dynam c range. Receiving GPS signals with signal
strengths differing by nore than 10 appigxi mately 17dB may cause a GPS
receiver to acquire a cross-correlated "signal instead of a relatively
weaker true signal. One procedure that nay be used to detect and possibly
correct or r 0¥ Eheciotlswingexapipht prbvideasnridnsration ©f thie preserth éavention.

co- pendi ng U..S. t ent i.cation Serial No, 09/241, 334, filed., . Februar
1 0600, "ani chi &t ER 60 RIRdGR b e nden ey s e R ton R eps 15 oy

a GPS recei vadiror of §eUeRdters. BRREROSY RHN£IE e QT RIbI B @molved framl
signals from both healthy and unhealthy satellites shoul d be acquired. A

pr obl em woul dhe splugen since 1isyasidgntififthass erops-camelaion with spighile SV

cross- cor el aliaNit BoeTameky. “IRSALRY SYSPRRIAG Waststl 8 e BRMRACHR! the
presence of an "unhealthy" signal, a GPS receiver may not be able to

det ect a crossroradn sl psendmmangsneicasugmentod 3902 Ongiens v euld haye qaussé ai f onl y
a subset of 3all. visible. elll 1S uired irrespective of the health
status. |If aﬂ@?n(%f’m?in%ﬂo égglé(:reé%bfts%}qn?eﬁgerg' in this subset exhibit weak

si gnal behavi[0040]tTidsn ek dmpiayalsal $losteeed the mead eo phatidd hiscanos snfommatizat i on
condi tion undetected. [Q038] .1 di.ment of this. invention,
GPS referencéd®t gﬁé?ﬂ? Hessin WRYe Sé@h’_d? 5\)? ggﬁﬂﬁ’éﬁﬁﬁ% daclpte f‘@#‘ez{‘]ﬁ’é'ati on
server (s)10( al 3@ th&{@kle8éndt® oA did 130 pidvidithe A6 fAnBeFof 410 FoueRhtellfes( leE) 1N

CDVA cel I ul ar phone_systens and Serving WMbile Location Centre (SML.C) in
t he GSM cel | upehilefiBp deceiper sippld havghepr ynable ép deteeiihe glops-cepredatigniang j n

view. health g,gg]@&% . P84 %{_Umk ES

receiver) | n%«ggir]gthe W ?tﬁgt})ﬂrht{ggnecttﬁge\]?\}’re essﬂgo d%é/r?zgggal ?%géﬁ a

cel lul ar t el ephessef 60 kdomatsraydgscphgdahoval sito te gosition gstinate at theangbile
satellites i Lew. . healthy an nhealthy. In a wirel ess assisted GPS (WAG
node (e.qg. serkéye%a‘f‘ﬁWFrégn&g%C@PP%g% r?321%(':0- pending U. S. Patent Application No.
08/ 842,599, filed April 15, 1997), location server(s) may provide a

"heal t h" WD 0218968 RCF-USQ1/ 26466
SV PRN Azimuth Elevation | Output SNR | Error Used in
(degrees) (degrees) (dB) (meters) solution
6 128 63 49 -1.1 Yes
10 44 8 14 -37903 No
17 330 65 52 -0.6 Yes
22 295 28 19 92.2 Yes

Table 1. Cross-Correlation Between Satellites SV PRN 17 and SV PRN 10

[0041] Alternatively, health information may be (or may have been) directly

received from the satellites and this health information may be used in the same
20 manner described herein as the health information which is received from a

transmitter at a cell site.

[0042] The health information may be transmitted from a cell site by

broadcasting this information for all satellites in view of a cellular telephone

basestation (“cell site”). Alternatively, it may be provided to a cellular telephone
25  upon request (on demand). The health information may be transmitted from the

cellular telephone basestation to the cellular telephone which then provides the



-12 status information to the nobiles communicating with a wrel ess network
served by the location server(s). This health status information my
acconpanyw@ny1896% her assi stance information provi ded by theTUSTIZt6iHEN
server(s). In general, assistance infornmation allows fast acquisition of
GPS signals in highly restrictive 5 si gﬂg environments. In order to

achi eve such performance inprovenents, ssistance informati on may specify
the satellites to be searched for, the estimated tine of arrival of these
signal s and ﬂaleeltfexﬁmmtae:dnfto a@iﬁ?che(v@owhiohrl}; cotipledéo theioghialas telephbse.

assi st ance | gﬁmatlon Srovn ded to roove .a 3- dli’ﬂ%‘nSI onal search

for a satellit %F@‘Wa‘?’her&th%ﬂnf TAHOD tﬁ'gﬂn%)gn%dgﬂw &5 T W HEVREr i s

and/ or al managay ademgxe MR Sppropidité Qg ag}shatddn&autnj QifBhAtRA BAYd Bpon Ar ovi ded
to assist with Iocatlon conput ati on and/ or fast acquisition of satellite

si gnal s. Vhersell sie sehtieh Iy ecedlular gadipQviggless sepumpumicatiop seithi Hieaphyms angoppl er s
and ot heg SQB@ICEI'I ﬁe%hﬂﬂﬁlﬁh?ﬁgr v M BEAP ¢ rd%te?rﬁﬂ@’ El?%géf?)&nﬁz{té’si?jc %ﬁr el ation

conditions. In order to per I s anal ysi's, i stance ou be
provi ded and wtieh 15uscéet9Lde@ammassaiﬂtitdenbéewra:dethzﬁtdlocaidn zuk telupdetedi n Vi ew,

ot fon (SATE inio¥aetih et e SERffesRdhen AEeB s e EmMRLHR 8 ¢ on
and then the casrec)ss thercelehlﬂalt eddephiodé ovhich i @@t v de§&lﬁe€ﬁﬂfbﬁﬁe&10ﬁﬁ© theal yzed

to determ ne hey shoul d he inclyded_in the _|ocatjon conputation
process or cdft t‘gg TP 1Qf (98¢ AR tREOEHTBE iSentlen é?ég?é t#léecﬁlé’ﬁﬁ’ st ance

i nf ormat iign igodekaNE SPY sf%l"alshﬁﬁf}' e &eBhlat fe@ei)heﬂé y p6§ﬁ5§ dbtetRinBga.th s

i mplied bylnclu5|on of t articular satellite inthe satellite list) and
the current Iagaothen Gage.dhe hcw%smlmw fan e unda@drmﬂtlmmfp@naﬁl@p ddvai | abl e

Lo, Lhe. oI Snro RSP SRS cpkfifinBOE | AR, Bl Rk 6 QT e ORly heal thy

satellites (e sate tes incl I'S case,
possi bl e pregeomess tfe pseudorange’ (25 eomtvdaion yessataphdnity avh[mit epecifal dode

cross-correl ati W|th Iat e heal.t h atelli.tes may.,.not be
choor ot po hai) Bodiled Frdhd Bl ERSTEea ' Ber B i b e B BR v + on
related 16 t o tieunhokid GBS r&delviet. eIrCl@dIle@éeh qise@dbréngeglasdnm@dtlb@plldr&hdof

visible satellites and health status n be known since it cannot not
be other measurements are determine even for locnown unhealthy GPS satellites so

that cross-correlations can be detected as described herein. For example, a GPS
receiver may receive the updated health information from a cell site but still
acquire GPS signals from a GPS satellite which was indicated to be unhealthy in
20  the transmitted updated health information. In the example, where the GPS
receiver may also compute the location information it may use the updated health
information to determine which satellites may be used in the solution. Co-
pending U.S. Application Serial No 08/842,559, filed April 15, 1997, describes a
method for identifying a cell site which is in wireless communication with a
25  cellular telephone and which then determines satellite assistance data for in view
satellites based upon an approximate location derived from identifying this cell
site. This method may be used with the present invention where the satellite
assistance data in this case is either satellite health (e.g. based on satellite
almanac) or updated satellite health (e.g. more current than the existing satellite
30 almanac message’s information concerning satellite health).
[0043] Figure 1 shows an example according to one embodiment of the present
invention. In this example, the location server provides assistance data to the

mobile GPS receiver and then receives measurements back from the mobile SPS



guaranteed that the GPS receiver wll have the necessary information, which
Is 30 current and available (e.g., stored in its nenory). The use of

undet ect ado 02/08968 correl ated signals nmay |l ead to | arge poBCT/USHIZd64@r I OF S
thus affecting the quality of the |location service. WO 02/ 18968

PCT/ USO1/ 26466 -13 [0039] The foll ow ng_ exanple provides an illustration

of the present invention. The data vvas‘?%ol | ected in an urban canyon with a
resulting horizontal positional error of 61.4 neters. Satellite SV PRN#10
(line 2 of Tabdetvel) antbtheseempasacknfientdraretthen asddutoi sotvesfionclee positiasof thent i fi ed
as a cross-corre a#’P%g with satellite SV PRN.5 #17 (ljne of Table 1). If

3
satellite SV 1 LECRYEN | He msthash g int Higure dr g5sumes; ¢ LeaBudor ange

neasur ement Qtquedée BOWhIRBLRS RcXfvil Rrta peovidid 98€stance iid HeRighla @IIree i n
access of 50 kilonmeters. [0040] This exanple also illustrates the need to

provi de assi 90 drcamobils davinags prshthen ghe mpbilesdavaca tteapty o agruifg all patellites| | i te SV
PR\#17 had begn;dec N '
ag bef %éséf-‘,%&ﬁ&ﬂ% ‘rdﬁ ;E??l'tl‘*w&hd Jr{%egi]'ﬂﬂri §a'i?e€ihéé% E}ﬁbr%%ﬁ .aﬁgu@r Ksidigl not

provi de the assist’ance our sat tes, e nmobi recei ver
woul d have beeossiooabladon odetleof théheonelsion coeaseteatentsn wimch resolil fdlothave used

satellite SV PRN#10 .t her i ntroduci. t he hori tal..error in excess of
20" ki1 et or QCONEER GRS steels? 1t 5l e bpfen e itRuiirg Ol s S oes T e
GPS r ecei ver ,opefationa6ae plsaWeenipoyddtin atéor@ih2RNtHAepiésenElndudidn0 Fdaut put

SNR Error Used in de es) .(degrees) (dB) (neters) solution 6 128 63 49
-1.1 Yes 10 eZW“BIGighe- Q%G‘Scwgﬁr o 2§%rb £0 godulty, all vessilitespinyWEw TS 97

Yes Tablig 1-rec9fiﬂﬁ$ 1OhdsRlALE QhtaBetaRn tﬁ@ttéltigg 65 cro¥s-Edmeldtoredy Y PRN 10

[0041] Alternative 3/ health information nmay (or may have been) directly
performe

at the location server after the GPS receiver determines pseudorange
data and transmits this data and other data necessary for the testing for cross-
correlation back to the location server which can then perform the cross-
correlation tests. In another alternative embodiment, the mobile device may

15  perform its own position calculations and thus operations 6, 7, and 8 of Figure 1
are performed by a processing unit in the combined cell phone/GPS receiver
device. In this case, operation 5 in which data is transmitted to the location
server is not necessary. In yet another alternative embodiment, the location
server may broadcast the appropriate health assistance data rather than providing

20 it on request to a mobile device. In this case, broadcasting may be performed
from selected cell site(s) and no location server may be necessary except for the
processor(s) located at the cell site(s) which determines the necessary health
assistance data based upon the satellites in view at the cell site. This approach
may also be applicable to on-demand delivery described herein.

25 [0044] While satellite health information may be obtained from receiving,
demodulating and decoding the health data in the SPS signals from the SPS
satellites, and used according to the various embodiments of the invention, it is
also possible to use GPS receivers and processing systems which monitor (e.g.
receive and measure characteristics of the SPS signals) the SPS signals and

30 determine from measured characteristics of the SPS signals that an SPS satellite
is unhealthy (even though the demodulated and decoded health data in the SPS
signals from this satellite or other satellites indicate that this satellite is healthy)

Or vice versa.



received fromthe satellites and this health information may be used in the
sanme 20 manner described herein as the health information which is received
froma tweanymdger at a cell site. [0042] The heal t h i nf peVEBIIRE466y be
transmtted froma cell site by broadcasting this information for all
satellites in view of a cellular tel ephone basestation ("cell site").
Alternatively, it may be provided to a-t@l | ul ar tel ephone 25 upon request
(on demand). The health information nay be transmitted fromthe cellular

t el ephone bage@453tihOmhid @ischRidhe!dnmbodimérfé &FNBBeprakine ntdiRdnPRA B&% t he WO
02/ 18968 PCT/ USO1l/ 26466 -14 health information to a GPS receiver which is
coupl ed to t HiesEihedyyigh refereresm tnepplicatipn inethe dduitedh@tates ((Habal Hositieaingon i s
transmtted ' .Ser v t ' h i ate
(g updat e sl Tog'S) Betfobhe if dhGamplPbr 47 G iferh "t RANR T, 2

cel I ul ar r adieyident, dioveyer chatuiheseatietodwniard eqirdlypapplieabla do Sothdresatadlite sit e
informati @n nay..be. used to deferm an roximate lL.ocatio Ih 1s used
o det er none RSFGRRECERems SR HieTeiain RHBARY sTRGR . THRE hE Bape e e t b

i nformation fuged héremeinstled huchesteinativd eneltivusditidndndeystentn sicludigdihel n one

case) to the cellular tel ephong which in tu rovides the information to
the  mobi | o APSSARGlpHAs Sy CECMsepiBeEs | %%ﬂlgilgﬁlaags fignalnigonps

receiver. 10 JReRedsifdliRposiiofidlsgstemy. i nclude cellul ar tel ephone’s
position determ nation. I'n anothei case, the |ocation server may retain
the updat ed H8eGIFurtheamorat iathough gmiasiments onf uked Preserietivyentioe e

updat ed 162! [audrte! WK BN PGS bl P ST bECRREIAAl ApRCHC( ° O
correl ati on neasurenents I ch specify code’ phases) recelived fromthe

nmobi | e GPS r deashings arenequrally applicablette positiening eypiems which WHizefpstutlitasbi | e GPS
receiver. In both case pseudor ange esti. mat | er_and her

nmeasur enent s oéraec?faelsél?ﬁ‘?%é’ S%R?ﬁ‘r‘iesf %?dsk?%’\aﬂh'ﬁﬁhg%ﬁ‘gﬁ es%{f)'érfcﬁ)ﬁsé’g so

that cross- cafahehietORGichBrohiRadel B code smiasw i PG figlad) Mmoddiged @xanpl e, a

GPS receiver may receive the updated health information froma cell site
but still a@ad'r%@lctfﬁg athegraayenayd fraicrignala genaralhes\ihoR Asd VitthPeat ed t o

be unhealishy tifle. Each 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 tunnels,
mines, buildings, urban canyons, or other enclosed areas. The term "satellite", as
used herein, is intended to include pseudolites or equivalents of pseudolites, and
20  the term GPS signals, as used herein, is intended to include GPS-like signals
from pseudolites or equivalents of pseudolites.
[0047] It will be appreciated that the methods described in conjunction with the
figures may be embodied in machine-executable instructions, e.g. software. The
instructions can be used to cause a general-purpose or special-purpose processor
25  that is programmed with the instructions to perform the operations described.
Alternatively, the operations might be performed by specific hardware
components that contain hardwired logic for performing the operations, or by
any combination of programmed computer components and custom hardware
components. The methods may be provided as a computer program product that
30 may include a machine-readable medium having stored thereon instructions
which may be used to program a computer (or other electronic devices) to
perform the methods. For the purposes of this specification, the terms "machine-

readable medium" shall be taken to include any medium that is capable of storing



20 the transmtted updated health information. In the exanple, where the
GPS receiver may al so conpute the location information it may use the
updat ed We@br/iB8968 nf ormati on to determ ne which satellitesPapySti2cused i n
the solution. Co- pending U S. Application Serial No 08/842,559, filed
April 15, 1997, describes a nethod for _jdentifying a cell site whichis in
wi rel ess conmmunication with a 25 cel | ul4f-tel ephone and whi ch then

determ nes satellite assistance data for in view satellites based upon an
appr oxi mat e | @caicbding desdquertef sfoistrateions ffyi exgectitivrs bg @hd maghine.andhthat nmet hod

may be used with the present invention where the satellite ssi stance data
o thi s case Gasc e BROGRE dp| RErOTRCA, R OF ghe HRuBAIEies, 06 s PESeR ranas)

or updated sahdiiohe TRAkEN "fRcKine FEHIBHIE YhddRih” EHﬁDa&c’Bﬁiiﬁ’%ﬂ?%itﬁ!&n%t ellite
30 al manac rressaae' s information concerning satellite health). [0043]

Fi gure 1 shoviscladed burpotdedinigaddionsplidostein ancanasisdi entical &1d mpgnepie diskat

i nventiong | hi.S. : e i V, i i ce data to
the. mobi e, GRS FEiE VAve Sizghlt? FoRAEAE, 756 SimloP i 08 o0F LR, 0

mobi | e SPS WRolt#af® %6 8ndFmUBOdnoBe4 66 2., pidgramecmpveiure, pnatesd) @p@icatasur enent s
are then used t&) sol ve for the posiiii on of the rmtiI$ S receiver. The
met hod shown PRIEPGGBS- ’%Fsté’ﬁlr’?ﬁsanaac QP AR e § & PYVHPERSPRR @ Cocat i on
server provi dasreBs# bisdraiane whgtof shiing Wi egeqioh ofith€softwart g agdhhugerdevi ce,
and then the nobil e devi cerd%tterrpts to ac%uire al|l satellites 5 in view,

i ncl udi ng al |C3HEAItRRIOSFRECT RHRRFRRIISTHO PETIPTR 8N ACHGH Qhg Pradipe ettt est s for

cross-corypel Jo0ISTIRR, @l hovel nidiod ahd %F?&rht% DR RSMpCIRINiR WhhSmafaegul t from
acquiring the satellite signals. It wi be appreciated that a different

sequence of depaibed dhéhowgl) thy ipyensiondsdpesyidbad hereie wih defsreaceva speeifie pr esent
invention. F . | t ; i |
satellites i gdrsflegi/év&g}é#) g‘fhg{ e?%’ %@%F@:&ﬁg\éﬁ %Sctgés]rselﬁls{vgfr?c%édﬂgg?%ﬁggutpgﬁzdrf, t he
testing for ocordmerycskill éb el ah Awyorlimglyy atlfsochweriaions hed howkficatons aever

ft the GPS ' . det ' . dat d t .ts. this dat
and ot her_dacBoReLY Sy STEHRE BT G FerTurt s R b BERENORE' Co e

| ocati on 13er vi@simghi ch can then performthe cross-



correlation tests. In another alternative enbodi nent, the nobile device may
15 performits own position cal cul ati ons and thus operations 6, 7, and 8 of
Figure 1wapnmiges f orned by a processing unit in the conbi remus@liesghone/ GPS
receiver device. In this case, operation 5 in which data is transmtted to
the location server is not necessary. In yet another alternative

enmbodi ment, the location server may brBadcast the appropriate health

assi stance data rather than providing 20 it on request to a nobile device.
In this case,Ccixmggicasti ng may be perfornmed from selected cell site(s) and
no | ocation server may be necessary except for the processor(s) |ocated at
the cell sitaygpliyhgheqdet erm nes the necessary health assistance data
based upon the satellites in view at the cell site. This approach my al so
be applicable to on-demand delivery described herein. 25 [0044] Wil e
satellite health informati on may be obtained fromreceiving, denodulating

dd di h I LA ' I |1 ,
and used acedr di ng: ESIOAIO, Fot AR Supt: Sl SreprErsiOaT e T i s %Hi co

possi ble to us§ %DS recei vers and processing systens which nonitor (e.g.
recei ve afid MRHRQF @Bt eristics of the SPS signals) the SPS signals and
30 determ ne from neasured aracteristics o he gPS signal s that an SPS
satellite is unhé%ﬂet‘ﬂ?/gg“@\ﬁg) ¥ FOTR i ViGE) $3¢l¥S:and decoded heal th
data in the SPS signals fromthis satellite or other_satellites indicate
that this4satel | i tdeteminiggwvhegr a fist peassrapegns.compppandmego adirpSHSUS01/ 26466
-16 [0045] In this discussion, enbodi nents of the present invention have
been described with retteHiénindiqateddp pe healthiyois to he remeovadiftaseia Sitafes G obal
Positioning System (GPS) system which is an exanple of an SPS system It
shoul d be6 evi dent, howssasuremthiato bhasd tostlve ds agpositegud lalmobap@PScabl e to
other satellite 5 positioning systens, such as the Russian d onass system
Thus, the. term"GPS" uwerivenerein includes such alternative satellite
positioning systens, including the Russian G onass system Likew se, the
term " GPS signal s" includes signals from

2. The method of claim 1 wherein the determining comprises testing the
2 first measurement for a cross-correlation resulting from signals from the first
SPS satellite and signals from a second SPS satellite, and wherein the first

4  measurement is derived from the SPS signals.

3. The method of claim 2 wherein the signals from the first SPS satellite are
2 weaker than the signals from the second SPS satellite which has been indicated

to be an unhealthy satellite.

4. The method of claim 1, wherein the in view SPS satellites are in view of
2 atleast one of a SPS reference receiver, a network of SPS reference receivers,
the mobile SPS receiver, a cell of a cellular radio system, and a group of cells of

4 acellular radio system.



alternative satellite positioning systens. [0046] Furthernore, although
enbodi nents of the present invention are 10 described with reference to
GPS sateWOoEs8968t wi Il be appreciated that the teachi ngBCEUSOIEUEH | y
applicable to positioning systenms which utilize pseudolites or a

conbi nati on of satellites and pseudolites. Pseudolites are ground based
transmitters which broadcast a PN code-1%inmilar to a GPS signal) nodul ated
on an L-band (or other frequency) carrier signal, generally synchronized
with GPS 15 t5i me. AbarthodfensBtdskial siRNitdposREsigNMtetn (SR WRnEN wede so as
to permt identification by a renote receiver. Pseudolites are useful in
si tuations wheskod aspritidpnal s froman orbiting satellite mght be
unavai |l abl e, such as tunnels, mnes, buildings, urban canyons, or other

encl osed areas. TQﬁeﬁlﬁﬁg%ib%gﬁﬁé §P§'éiigna§ fro ﬁjvﬁﬁ@g% tey%e% rﬁ%ﬁﬁ%@sd to

i ncl ude pseudolites o ui val ents of” pseudolites, term GPS

signals, gas used herei hSalnhende j -1 .signals from
pseudol i tgs or equi val grflf@%to r%Eéﬁé%ﬁ?%%?ﬁ%lﬁ%ﬁfgﬁhe%hﬁ, be appreci at ed
that the methods descr.ibed.in conjunction. with the. figures nmay be enbodi ed
i n machi ne- execut ﬁﬁeévmg]ﬁqqlt:l}&afaos# ‘fl?@f‘%wﬁé"\(ﬁff({f&%er@.Vlel*ﬁ§%isﬁt§pmfyc¥?ons can be
used to cause a general - purpose or speci al - purpose processor 25 that is
prograrmeé with the i ndPPeadons to perform the operations descri bed.
Alternatively, the operations mght be perforned by specific hardware
conponents that cd&¥tiag meﬁa}r@mtwbuawgﬂér%acq@m&ihﬁﬁﬁg sighalsofse pBof ons, or
by any conbi nation of programred conputer conponents and custom hardware
conponent 8. The net hodsheayvidye SBB setetues, &y axresrmoumekatiop belgreamppleaduct t hat
30 may include a machi ne-readabl e nedi um havi ng stored thereon instructions
whi ch may be used to prtwegddfarentSPPmatedlites, svheatimére tedtimgtis perfamddvi ces) to
performthe nmethods. For the purposes of this specification, the terns

"machi ne40r eadabl e nediregatdledsalfwHeehek ak énview SRScatediéte anynheridhyum t hat i s
capabl e of storing WO 02/ 18968 PCT/ US01/ 26466 -17 or encodi ng a sequence
of instructions for execution by the machine and t hat

6. The method of claim 5 further comprising:
2 removing from a set of measurements a first measurement, corresponding
to a first SPS satellite, therein the set of measurements, after the
4 removing, is to be used to solve for a position of a mobile SPS
receiver, and wherein the first measurement is determined to be

6 ‘ removed by the testing.

7. The method of claim 6, wherein the first SPS satellite has been indicated

2  to be a healthy satellite.

8. The method of claim 5 further comprising:
2 analyzing a first measurement, corresponding to a first SPS satellite
which has been indicated to be a healthy satellite, to determine

4 whether to remove the first measurement from a set of



cause the machine to performany one of the nethodol ogi es of the present

i nvention. The term "machi ne-readabl e nmedi unt shall accordingly be taken to
i ncl uded,woor/18968 be limted to, solid-state nenories, oppCT@KIEZRBd6MAgNEL | C
di sks, 5 and carrier wave signals. Furthernore, it is comon in the art to
speak of software, in one formor anotjtg&r (e.g., program procedure,
process, application, nodule, logic...¥J, as taking an action or causing a
result. Such expressions are nerely a shorthand way of saying that
execution of the soft walPERSHIPIENESHFSOHESt the Hipé Beasurement Jerasdp 8’6‘153‘& he
conputer to performan action or a produce a result. 10 [0048] Thus, a
novel netod and appar adfuseaspiemgaisnihetginghe setof sreaswements is tode ugedscr i bed.
Al t hough the invention is described herein with reference to specific
preferred enbodi nents, toasnlyvedoch position arasmobiter Sweagiver, pehwhérgindbeur to
those of ordinary skill in the art. Accordingly, all such variations and
modi fi cati8ons are i nclfudeseasutdmant ishelacteddonhd analgriag af a rd3elt ofithent i on as
defined by the following 15 clainms. WO 02/18968 PCT/ US01/ 26466 - 18-
CLAIM5 What is clained tegingl.- A nmethod for processing satellite position
system (SPS) signals, the 2 method conprising: receiving the SPS signals
fromin view SPS satellites; 4 determ ning whether a first neasurenent,
corresponding to a first SPS satellite indicated to be healthy, is to be
renoved fromag setmnf ; E : sition of
a nobile SPS 9a}r ec e?k\%e??tﬁgggf?ﬂgl%ng{”ﬁﬁo eltgﬁ h‘% a#?n&%%grégitﬁse%r 2{8‘2@? m ni ng
conpri ses st esti e i 0SS relatjion
resul ting 2f roatr%]ﬁ%?tggnnléll oéf aﬁﬁ:)gn{efe%%@??% E‘%E%%t‘gg keqqusﬁseé@eﬁ%%é ir%cﬁg’%}ss’f roma

f ﬁgoggsssisgﬁZFglmlolbhg sp8 ?&&"@Eraeéeﬂ cteﬂl?lzuf' ]Ifardls()t sy%terrH? %ﬁ(&l Eleg%rﬁtoflcgllsdo 2 ved from

4 - cellular radio system.

10. A method for providing assistance data to a mobile satellite positioning
2 system (SPS) receiver which is coupled to a receiver, the method comprising:
determining a cell site or a group of cell sites which is in communication
4 with the receiver;
determining health data for each of a plurality of in view SPS sateilites;

6 causing the health data to be transmitted to the receiver.

11.  The method of claim 10 wherein the method is performed by a server

2 system which is coupled to the cell site.

12. The method of claim 10, wherein the in view SPS satellites are in view of
2 at least one of a SPS reference receiver, a network of SPS reference receivers,
the mobile SPS receiver, a cell of a cellular radio system, and a group of cells of

4  acellular radio system.



3. The method of claim2 wherein the signals fromthe first SPS satellite
are 2 weaker than the signals fromthe second SPS satellite which has been
i ndi cat eswO 14968 an unheal thy satellite. 4. The nethod of PCT/@sowzbseonher ei n
the in view SPS satellites are in view of 2 at |east one of a SPS
reference receiver, a network of SPS reference receivers, the nobile SPS
receiver, a cell of a cellular radio sy%l‘em and a group of cells of 4 a
cellular radio system WD 02/18968 PCT/ USO1/ 26466 -19 5. A nethod for
processing satellite positioning system (SPS) signals, the 2 nethod
conprising: attenpting to acquire SPS signals fromin view SPS satellites
regardl ess 43of \ifhetrhethod beclaim V1,evheBi?®asmhshitiet scoapled withahd tobile
receiving health data specifying which of the in view SPS satellites are 6
unheal t hy2 t eSHS regeiv@amu e ®mcs sohémiraeiiel pesuderagé data gronhthe Shsbilei gnal s,

for all of 8 the in view SPS satellites, tor a cross-correl ati on between
at |east twymlbtav@tnddERmaResh pbiifsn oﬁ\ﬂﬂéhﬁibﬁletslﬁ’s k&$¢drng is perforned 10
regardl ess of whether an in view SPS satellite is unhealthy. 6. The nethod
of claimb5 further conprising: 2 renoving froma set of neasurenents a
first neasurenent, corresponding to a first SPS satellite, wherein the set

of neasuremens, ba]fhte%sﬁg&?of cﬁmﬁ?f@‘@ﬂ%&kl%@ steﬂlep F}hs?e%? ﬂsetscfhesf?éa)’tﬁ dafto

pOS| t| on Of a no recel ver neasur erTE t
det t d of | 6,
e e o i Relbia QS BN Rt G %&%@?#&5&&?@?@8 anf{‘f Sprsdd by

satellite. 8.. The further rising: 2 analyzing a
first measur eﬂ‘?élﬂf’ rrﬁéﬂ%ﬁ%c?lﬁe@aﬁ? %‘lthglf%brgﬁt ellite

15. The method of claim 10, wherein the mobile SPS receiver uses the health

2 datato compute a position of the mobile SPS receiver.

16. The method of claim 10, wherein the mobile SPS receiver uses the health
2 data to select a subset of the plurality of the in view SPS satellites and then

compute a position of the mobile SPS receiver based on the subset.

17. A computer readable medium containing executable computer program
2  instructions, which when executed by a data processing system, cause the data

processing system to perform a method for processing satellite position system
4  (SPS) signals, the method comprising:

receiving the SPS signals from in view SPS satellites;
6 determining whether a first measurement, corresponding to a first SPS
satellite which has been indicated to be a healthy satellite, is to be

8 removed from a set of measurements to be used to solve for a

position of a mobile SPS receiver.



whi ch has been indicated to be a healthy satellite, to determ ne 4 whether
to renove the first neasurenent froma set of WO 02/ 18968 PCT/ US01/ 26466
-20 neaswenem9ss or correct the first measurenent for usePCTVUBOIR6s@t 6 of
measurenents, wherein the set of neasurenents is to be used to solve for a
position of a nobile SPS receiver, and erein the 8 first measurenent is
selected for the analyzing as a result "o the testing. 9. The nethod of
claim5, wherein the in view SPS satellites are in view of 2 at |east one
of a SPS reference receiver, a network of SPS reference receivers, the
nmobil e SPS receiver, a cell cellular radio system and a group of cells of
a 4 cel |l ul ar 1Badi d’heyompwier 1epdalile madiug of epinp L bwhiireig thasddteninivg data to a
nobile satellite positioning 2 system (SPS) receiver which is coupled to a
recei ver, 2t heomprikesdegtongphe firsh gieaswehentforna crgssacaredldtiopi resling Fomr oup of

cell sites which is in conmunication 4 wth the receiver; determ ning

heal th data fsignaBdedin ¢e farspSP8 sdtellite bl sighaMifem SREoadISPSIsatetiiie, and causi ng
the health data to be transmtted to the receiver. 11. The nethod of claim

10 wher ei g t Rgnep@h Qs mBAY TRtk RYivad HBMVBE SP8 sfnalsem whi ch is coupl ed
to the cell site. 12. The method of claim 10, wherein the in view SPS

satellites are in viewof 2 at |east one of a SPS reference receiver, a
network of SPS reference receivers, the nobile SPS receiver, a cell of a

W0 021 To06s. Fer) Lt DRRRE e SO Incthk Bl finths. fhnliig Y48l B o o
' [ |.ed.with bil e . S i d
L;g? Zm ﬁé ;i Lfgrgt%géég%%glgw r%%wt %5[$P:Sl}ﬁestl gals% rinlrtlgé: ¥R sBEdarb il SRS

has been indicated to be an unhealthy satellite.

20. The computer readable medium of claim 17, wherein the in view SPS
2 satellites are in view of at least one of a SPS reference receiver, a network of SPS
reference receivers, the mobile SPS receiver, a cell of a cellular radio system,

4  and a group of cells of a cellular radio system.

21. A computer readable medium containing executable computer program
2  instructions, which when executed by a data processing system, cause the data
processing system to perform a method for processing satellite positioning
4  system (SPS) signals, the method comprising:
attempting to acquire SPS signals from in view SPS satellites regardless
6 of whether the in view SPS satellites are unhealthy; -
receiving health data specifying which of the in view SPS satellites are
8 unhealthy;
testing measurements obtained from acquiring the SPS signals, for all of

10 the in view SPS satellites, for a cross-correlation between two



SPS receiver and determ nes a position of the nobile SPS receiver. 14. The
met hod of claim 11, wherein the server systemuses the health data to 2
sel ect awobyesdf the plurality of the in view SPS sat el PCT/@S01z08d66t hen
conputes a position of the nobile SPS receiver based on the subset. 15.
The nethod of claim 10, wherein the nobjile SPS receiver uses the health 2
data to conpute a position of the nobil®’SPS receiver. 16. The nethod of
claim 10, wherein the nobile SPS receiver uses the health 2 data to select
a subset of the plurality of the in _view SPS satellites and then conpute a
position of the nobile eplerlet wdsllitsacuerein therestingys @erformed A conput er
readabl e medi um cont ai ni ng _execut abl e conputer ram 2 instructions,

whi ch whéd@ executed by regatdiess gfrvssiansiandn ¥ipet saégh@esml@eahby-a processi ng
systemto performa nmethod for processing satellite position system 4
(SPS) signals, the nethod conprising: receiving the SPS signals fromin
view SPS satellites; 6 determ ning whether a first neasurenent,

correspondi n@2t o dleicosiputdreadabit ehddivne oftliainh 2 hashdreignhe mdthodfethdro be a
healthy satellite, is to be 8 renoved froma set of neasurenents to be
used to sol veofdrisé: position of a nobile SPS receiver. WO 02/18968

PCT/ US01/ 26466 -22 18. The conputer readable nmediumof claim 17, wherein

the determining %erﬁ@ﬁﬂ?'f%a&&%ﬁhﬂﬂs&r&ﬁeﬁtkEz?frst'?ﬁ@a%h‘[eﬁﬁﬁf‘koxfr& ofiding
cross-correlation resulting from signals fromthe first SPS satelTite and

signal s fréom a second §g§f§§tt$ﬂsl gagghte e KhsWREL ﬁ*dﬁka‘égﬁg sur enment

is derived fromthe SPS signals e conputer rea of claim

18, wherein the si gnal ?? %B%@s‘gl{k?TlP%}Jge\gﬁmeE% 4 laft&eth @eg t han t he

signals fromthe secon Haén |n |ca 't'o be an

unheal thy satellite. r eadabl m 17, wherein
the in vi 8w sPs 2 sat e ?élged;tpggﬁﬁ?% gf (‘E%allggl?rn%égreﬁwg ref erence
receiver, a network of wﬁ'lerein the first measurement is determined to be removed by the

8 testing.

23. The computer readable medium of claim 21, wherein the method further
2 comprises:
analyzing a first measurement, corresponding to a first SPS satellite

4 which has been indicated to be a healthy satellite, to determine
whether to remove the first measurement from a set of

6 measurements or correct the first measurement for use in the set
of measurements, wherein the set of measurements is to be used

8 to solve for a position of a mobile SPS receiver, and wherein the
first measurement is selected for the analyzing as a result of the

10 testing.



reference receivers, the nobile SPS receiver, a cell of a cellular radio
system 4 and a group of cells of a cellular radio system 21. A conputer

r eadabl e wadd/iassgont ai ni ng execut abl e conputer program 2PCHEBEISEGEONS,

whi ch when executed by a data processing system cause the data processing
systemto performa nmethod for processi2¥ satellite positioning 4 system
(SPS) signals, the nethod conprising: attenpting to acquire SPS signals
fromin view SPS satellites regardless 6 of whether the in view SPS

satel | ites ard: unhdlg qomiputer readableingdigm RE gl 24 a¥hereindbs myYiew SKRi ch of the
in view SPS satellites are 8 unhealthy, testing neasurenments obtained from
acqui ri ng2t hesagbesagimview it legpt ongfof SPE arperenge yeceivespaictuarkiof SPes, for a
cross-correl ati on between two WO 02/ 18968 PCT/ US01/ 26466 -23 different SPS
satel |l ites, whferance redevetsetiteimepilesSRbarct@vereal cell of 2 egjulatiradig sptemvhet her an
in view SPS satellite is unhealthy. 22. The conputer readabl e nedi um of

cl ai m 21, 4whemdiaprodieofiellbofia telitldrandiodystempr i ses: renoving from a set of
measurenents a first measurement, corresponding 4 to a first SPS satellite
whi ch has been indicated to be a healthy satellite, wherein the set of
measurenents, after the renoving, is 6 to be used to solve for a position

of a nobile SB35 reg %bfﬁgﬁter %_@ablé"ﬂﬁﬂﬁhﬂc&n‘f‘ﬁniﬁugreﬁécdi’MééUﬁ[IﬂEéFprgéaﬁﬁet erm ned
to be renoved by the testing. 23. The conputer readabl e medi um of claim

21, wher eign GRerIRERON il L ASY xR RBPLSE o dREhY 8l FaldJiRL affFasUr erent

corresponding to sat een 1 ndicated to be a

heal thy satel ﬂr&ée@siné gysqgi{l ® ﬁ@tﬂg‘m M@Eh@& ?oép?o&iﬁfﬁ%va%sigtjagcefcia'iastto ATHGRI ement

froma set of

8 satellite positioning system (SPS) receiver which is coupled to a receiver, the
method comprising:
10 determining a cell site or a group of cell sites which is in communication
with the receiver;
12 determining health data for each of a plurality of in view SPS satellites;

causing the health data to be transmitted to the receiver.

26. The computer readable medium of claim 25, wherein the method is

2  performed by a server system which is coupled to the cell site.

217. The computer readable medium of claim 25, wherein the in view SPS
2 satellites are in view of at least one of a SPS reference receiver, a network of SPS
reference receivers, the mobile SPS receiver, a cell of a cellular radio system,

4  and a group of cells of a cellular radio system.

28. The computer readable medium of claim 26, wherein a transmitter is

2 coupled with the mobile SPS receiver and the server system receives



6 measurenents or correct the first neasurenent for use in the set of
measurenents, wherein the set of neasurenents is to be used 8 to solve for
a positi om0 o0t/1896%0bi | e SPS receiver, and wherein the firspPCvasaocessent i s
selected for the analyzing as a result of the 10 testing. W) 02/ 18968

PCT/ US01/ 26466 -24 24. The conputer re%dabl e nmedium of claim 21, wherein
the in view SPS 2 satellites are in viéwof at |east one of SPS a reference
receiver, a network of SPS reference receivers, the nobile SPS receiver, a
cell of a cel sx%cﬁﬁa %'aﬂlf? ttlf'e’ﬂmoﬁ‘il %c&%%dcget&ﬂﬂﬁ ag)foFiaoﬁ 81? {hgl ar radio
system 25. conput’er readabl e nmedi um contal ni ng executabl e conput er
program i NSt jons.,. i ch when executed by a data processing system
cause the datlgObl%(r‘é&i(‘:sgrgg?“r%wsystemto performa method for providing
assistance data to a nobile 8 satellite positioning system (SPS) receiver
which is coupled to a receiver, the nethod conprising: 10 determ ning a
cell site or a group of cell sites which_is in conmunication wth the
recei ver: 12 Zet eresoRyputss asadadlg sedivog pf elaion 26 whergn thegeryey systemn vi ew SPS
satellites; causing the health data to be transmtted to the receiver. 26.
The conpuBer usesidabradthndain tormelset & subiseh afthe plaealisy of thaén vewhd® satellites
performed by a server systemwhich is coupled to the cell site. 27. The
conput er r eadabitiEenmedipun opositicn ohtRSmobile SBS mecehver based onwheSmBse?. satel | ites
are in view of at |east one of a SPS reference receiver, a network of SPS
reference receivers, the nobile SPS receiver, a cell of a cellular radio
system 4 and a group of cells of a cellular radio system 28. The conputer
readabl e medi3gm ofTHelcelipuis readhisle @iodian bf elaBms tvelieréis the’mobilpSesl Wi th the
nobi | e SPS receiver and the server systemreceives WD 02/ 18968

PCT/ US01/ 264G8ceiver uses the health data to compute a position of the mobile SPS receiver.

31.  The computer readable medium of claim 25, wherein the mobile SPS
2 receiver uses the health data to select a subset of the plurality of the in view SPS
satellites and then compute a position of the mobile SPS receiver based on the

4  subset.

32.  An apparatus comprising:
2 a satellite position system (SPS) reference receiver, configured to receive
SPS signals from a plurality of in view SPS satellites;
4 a server, configured to communicate with the SPS reference receiver
wherein the server updates satellite health status; and
6 a transmitter coupled with the SPS reference receiver to transmit data

relating to the SPS signals.



- 25 pseudorange data fromthe nobile SPS recei ver and determ nes a position
of the 4 nobile SPS receiver. 29. The conputer readable nediumof claim
26, wher aVaovimeser ver system 2 uses the health data to spCRPOUS0IZR6gsbSet of
the plurality of the in view SPS satellites and then conpute a position of
the nobil e SPS receiver based on the subset. 30. The conputer readable
medi um of cl ai m 25, wherein the nobile 3PS 2 receiver uses the health data
to conmpute a position of the nmobile SPS receiver. 31. The conputer
readabl e medi3dm ofthe2RP3RSS Of GlaER &7 nVaeeintbpareergpayzesthe iy eV Sides t he
health data to select a subset of the plurality of the in view SPS
satel | ited arafellitesn sicaalpfere gopornrielasiongpndifien wbpieia BpdhySESi ver based on
the 4 subset. 32. An apparatus conprising: 2 a satellite position system
(SPS) r ef er enatelliteds signalris inflwah¢egihyeuh unbealdyeIREesateig’ ssdignabitbe f r om a
plurality of in view SPS satellites; 4 a server, configured to conmunicate
w th the &PSunbéathgs®S saretiae saignaldrelrthe arosdreorsedateéd satelfickis SBS sighall | i t e
health status; and 6 a transmtter coupled with the SPS reference receiver
to transmt @eing ret6léd befigretadoddtion ESomahgefem tMOiOAE 8P8GaRGHEIISO1/ 26466
-26 33. The apparatus of claim 32, wherein the server analyzes the in view
SPS 2 satellites' signals for a cross-correlation condition wherein a
healthy SPS satellite's signal is influenced by an unhealthy SPS
satellite' s signaly : i 1.e i e
cross-correl??éd ggf%?ﬁ??gygpgggﬁg?ﬁﬁgﬁmﬁg%?%%%%gﬁggéﬁg@§¥5?§9gﬁﬁocation is
conputed fro b QY PS sa I . - of claim 32,
r§11treﬁf'f"es gl ﬁéil‘lg\#érgl %ﬂ&aéoﬂeﬁétléﬁv%%ﬁén g;;F%frF 2? ﬁ%{;ﬁvﬁ’s

wherein the server einv signals for a
cross-correl atipn.,condi.t.ion wherein a healt PS. ..satellite's signal is
i T venced: by REfin FhuBatR dprAgal s @ Find. e

4 unhealthy SPS satellite’s signal and the cross-correlated satellite’s SPS signal

being corrected before a location is computed from the in view SPS satellites.

35.  The apparatus of claim 32, wherein the server analyzes the in view SPS
2  satellites’ signals for a cross-correlation condition wherein a healthy SPS
satellite’s signal is influenced by an unhealthy SPS satellite’s signal, the
4  unhealthy SPS satellite’s signal and the cross-correlated satellite’s SPS signal

being used when a location is computed from the in view SPS satellites.
36.  The apparatus of claim 32, wherein the location is transmitted.

37.  The apparatus of claim 32, wherein the server is connected to a wireless

2  network.

38.  The apparatus of claim 37, wherein the location is provided to another

2 server connected to the wireless network.



4 unhealthy SPS satellite's signal and the cross-correl ated satellite's SPS
signal being corrected before a location is conputed fromthe in view SPS
satel | it &0 02/8868 The apparatus of claim 32, wherein the spev@soizasadoyzes t he
inview SPS 2 satellites' signals for a cross-correlation condition
wherein a healthy SPS satellite's signal_is influenced by an unheal thy SPS
satellite's signal, the 4 unhealthy spslatel lite's si gnal and the
cross-correlated satellite's SPS signal being used when a location is
computed fromthe in view SPS satellites. 36. The apparatus of claim 32,
wherein the location is transmtted. 37. The apparatus of claim 32, wherein
t he server i S%onnkstapgatatsafglaire|3@sBirther epmepuising: 38. The appar at us of
claim 37, wherein the location is provided to another 2 server connected
to the w Rel ess netmobilke SRErd2ivitE 958 reRChe Wsihile BPSGEcei v@ fe@ves TieSBP par at us
of claim32, further conprising: 2 a nobile SPS receiver, wherein the

mobi | e SPS recei ver reaginabsfréh eheIrmsmittegrnad andlyathdia vievspsi tter and
anal yzes the in view SPS 4 satellites for a cross-correlation condition

wherei n agheal thy SPS gafigbd fdr@'c§os§iceﬁallaﬁb§c&ﬂaﬁtk&ﬁwsaém%eaméysﬁsal thy SPS
satellite's 6 signal, the unhealthy SPS satellite's signal and the cross-

correl ated SPS satel | tgiHis is%[%'al gqﬁﬁ&ngmgﬁﬂ{eaﬁw gps:%‘ﬁghﬁ%gef ore a

| ocation is conputed fromthe 1'h view SPS sat I tes by e ile SPS

receiver. (40. The apparslgaé ; ’éﬁé?‘ﬁl ﬂtm%%%gﬁ{e%ggﬁéggn&&%rg tter is

conpatible with a 2 ce 10°°s e apparatus of claim 32,
wherein the in view SPS satel]d s.are.in view 2 of at |east one of the
SPS _ref erence receiver ,cogre#?g%ct\%}?isaé%{%@@qal “Pe AEBOYS Co&c%?cg?ci)a nobi | e SPS
Lgﬁehrg; ’ ﬁgdfgl !sySI e?n %eel‘fgrlé la%ca%iorrx ?sdclo?npslxescf f%?n thaenicli] velle\g rS?’gpsat%IliteCselg)! s of a

the mobile SPS receiver.

40.  The apparatus of claim 32, wherein the transmitter is compatible with a

2 cellular radio system..

41.  The apparatus of claim 32, wherein the in view SPS satellites are in view
2 of at least one of the SPS reference receiver, a network of SPS
reference receivers, a mobile SPS receiver, a cell of a cellular

4 radio system, and a group of cells of a cellular radio system.

42.  An apparatus comprising:
2 a mobile satellite position system (SPS) receiver to receive SPS signals;
and
4 a receiver coupled with the mobile SPS receiver, wherein the mobile SPS
receiver receives the SPS signals from a transmitter and analyzes

6 in view SPS satellites for a cross-correlation condition wherein a



42. An apparatus conprising: 2 a nobile satellite position system (SPS)
receiver to receive SPS signals; and 4 a receiver coupled wth the nobile
SPS receiw@n/188erei n the nobile SPS receiver receives tprer/SR8/signal s
froma transmtter and analyzes 6 in view SPS satellites for a
cross-correlation condition wherein a 02/ 18968 PCT/ US01/ 26466 -28

heal thy SPS satellite's signal is influghced by an unhealthy SPS 8
satellite's signal, the uphealthy SPS satelljte's signal and the
cross-correl ated SPS sdialthy £&3 §at§'lben%1‘f1g'b§i1§1’@tfl%‘iﬁ9§é’é{ BrunBeAhyESq 10
before a |ocation is conputed fromthe in view SPS satellites by the

nobi | e SP8 recei ver. 43atciessigah thesunhealfycdS wtelliee signad apgbdet | on syst em
(SPS) signals froma 2 server conprising: a nobile SPS receiver to receive
the SPS signals; and 4 aossewmsiclated SRfugsitadlitels tignal heingubnowedSPsomrented ver
wherein the server analyzes in view SPS satellites for a cross-correlation
condition0 6 wherein a befattiycabbisamngluted fedm tisd mnaew ISPSisatelliteyined by an
unheal thy SPS satellite's signal, the unhealthy SPS satellite's 8 signal
and the cross-correl at atle §i35ils 8PS Irédeiver.s si gnal being renoved or corrected
before a location is conputed fromthe in 10 view SPS satellites by the
server. 44. The apparatus of claim42, wherein the receiver is conpatible
with a 2 cellular radio system 45. A nethod for processing satellite

ST UG P R T T T
2 server comprising:
a mobile SPS receiver to receive the SPS signals; and

4 a receiver coupled with the mobile SPS receiver, wherein the server

analyzes in view SPS satellites for a cross-correlation condition
6 wherein a healthy SPS satellite’s signal is influenced by an

unhealthy SPS satellite’s signal, the unhealthy SPS satellite’s
8 signal and the cross-correlated SPS satellite’s signal being

removed or corrected before a location is computed from the in

10 view SPS satellites by the server.

44.  The apparatus of claim 42, wherein the receiver is compatible with a

2 cellular radio system.

45. A method for processing satellite position system (SPS) signals, the
2  method comprising:
receiving SPS signals from SPS satellites in view of a mobile SPS

4 receiver;



WO 02/ 18968 PCT/ USO1/ 26466 -29 determ ning whether a first measurenent,
corresponding to a first SPS 6 satellite which has been indicated to be a
heal thy se0et/ls9®e, is to be renmoved froma set of neasurpPaBRUBGL/26e66be used
to solve for a 8 position of the nobile SPS receiver. 46. The nethod of

cl aim45, wherein the determning conpr%fes testing the 2 first
nmeasurenment for a cross-correlation restdting fromsignals fromthe first
SPS satellite and signals froma second SPS satellite, and wherein the
first 4 neasurenenktarmineg iwhettief 4 first inbasuiiife] @n@ksonding to Biferst8Rhod of
claim 46, wherein the signals fromthe first SPS satellite 2 are weaker
than the signals from thelireannn RkPBe@aihaichicl @ Bbh GbalingSalelRe, is toH cated to
be an unhealthy satellite. 48. A nethod for processing satellite

posi tioni ng system ( SPS:mei&iRbis a st mehsiRHPRAL tGCB@BEédSﬂor&glve%ltz?”pt' ng to
acquire SPS signals fromall SPS satellites in view of a 4 nobile SPS

recei ver gegardl ess of Sﬁﬁgﬁtop%rftﬁet}ﬁ h Pégtégél{,éll es are unhealthy; 6
WA

recei ving health data specifylng satellites in view of the
nobi |l e SPS receiver are unhealthy; 8 testing, for all SPS satellites in
vi ew, neasurenents obtained from acquiring SPS signals for a

cross-correl ation bet t 10 di.fferent, SPS.satellites erein the
testing is p%&f or rﬁ%g chﬁlgglgﬂgsf “(kﬁ{ﬁ“?mg’red& r@ﬁ%“%‘é‘?‘@??ﬁetséesmgh Cew i s
unheal t hy, ) 02/ 18968 P%&USOUZMGG -30 49. The nethod of ¢l aim48,
further c@npritEiTAgpSUEIEBhiNG A FEOssComF atianreswiingfroaysighalhiremdhe fips

rreasurerrent correspondl ng to a first SPS satellite which has been
i ndi cat ed t o WS satelégapegignals from a second SPS satellite, and wherein the first

4  measurement is derived from the SPS signals.

47.  The method of claim 46, wherein the signals from the first SPS satellite
2 are weaker than the signals from the second SPS satellite which has been

indicated to be an unhealthy satellite.

48. A method for processing satellite positioning system (SPS) signals, the
2 method comprising:

attempting to acquire SPS signals from all SPS satellites in view of a

4 mobile SPS receiver regardless of whether the SPS satellites are
unhealthy;
6 receiving health data specifying which SPS satellites in view of the

mobile SPS receiver are unhealthy;
8 testing, for all SPS satellites in view, measurements obtained from
acquiring SPS signals for a cross-correlation between two
10 different SPS satellites, wherein the testing is performed

regardless of whether an SPS satellite in view is unhealthy.



4 satellite, wherein the set of neasurenents, after the renoving, is to be
used to solve for a position of the nobile SPS receiver, and 6 wherein the
first neawoonemnt i s determ ned to be renoved by the tesPCTyS01BB466The

met hod of claim48, further conprising: 2 analyzing a first measurenent,
corresponding to a first SPS satellite (ghich has been indicated to be a
healthy satellite, to determne 4 Wnet“% r to renpve the first neasurenent
froma set of nmeasurenents or correct the first neasurenent for use in the
set 6 of neasurenents, wherein the set of neasurenents is to be used to
solve for a position of the nobile SPS receiver, and wherein the 8 first
measur ement 49, sel'Brtethddof dlien 48)diytiaregmpsisiagr esul t of the testing. 51.
A nmet hod for providing assistance data to a nobile satellite positioning 2

system (SBS) . r ecelryﬁbvm@ it b Set©P uitaQifteinntd aFRbt idaRfirehRei, Qosdpbading t he
nmethod conprising: 4 determining a cell site or a group of cell sites

which is in cellular ragiqQirtGPTRARNIER W MsiHeeh Hﬂé&?éd'tH*b@rah%Ql%f SySt em
WO 02/ 18968 PCT/ US01/ 26466 -31 6 determ ning heal data for

plurality,of SPS satel ls}a&:ﬁﬁ Ie\ra”(lje?félﬁgleo{?t of BEadIR: Q#lérﬁs §F e %@9&{1&% Q?Sed on

the determ ning the cel group céll srtes; &is) ng the

health data to be t tt | h t hod

of claim51, wherein t f%?bﬁ&?% ta%"ltveﬁ%ce%“#ei’r%*y Ry $PS fef%ve%tagﬁm whi ch i
led to th [ 1 t The t hod of 5 t.h

gggltoeren r egei vgsc;e)seuzllor é‘?s‘n the f}(‘}ﬁ'ilglgfi‘srug‘?ﬂ“%’iés a%f%%e%épgn&églg{le\g&yeg%grver

determ nes a position of the nobile SPS receiver.
testing.

50.  The method of claim 48, further comprising:

2 analyzing a first measurement, corresponding to a first SPS satellite
which has been indicated to be a healthy satellite, to determine

4 whether to remove the first measurement from a set of
measurements or correct the first measurement for use in the set

6 of measurements, wherein the set of measurements is to be used
to solve for a position of the mobile SPS receiver, and wherein the

8 first measurement is selected for the analyzing as a result of the

testing.

51. A method for providing assistance data to a mobile satellite positioning
2 system (SPS) receiver which is coupled to a cellular radio system, the method
comprising:
4 determining a cell site or a group of cell sites which is in cellular radio

communication with the cellular radio system;



WO 02/18968 PCT/US01/26466
-31-
6 determining health data for each of a plurality of SPS satellites in view of
the mobile SPS receiver based on the determining the cell site or
8 the group of cell sites;

causing the health data to be transmitted to the cellular radio system.

52.  The method of claim 51, wherein the method is performed by a server

2 system which is coupled to the cell site.

53.  The method of claim 52, wherein the server system receives pseudorange
2 data from the mobile SPS receiver and determines a position of the mobile SPS

receiver.



