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FI ELD OF THE | NVENTI ON [ 0002] The present invention relates generally to
the field of satMETHEDRISDIAPPARATESFORSOSINGSATELLITESEBATESSI ti oni ng
system (GPS) receilNFORVATIONIN SSTERLITERESITIONING S¥SFEMS of SPS
signal s. BACKGROUND OF THE I NVENTI ON [0003] d obal Positioning System
(GPS) receivers normally determne their position by conputing tinmes of
arrival of SIRFIBATED APENCAT™ONsi mul t aneously 20 froma nultiplicity of GPS
«(or NAVSTAR) satellites. These satellites transmt, as part of their
message, Dot foe@d)erftis B%)lfé@ﬁd)ﬂ RsORIANGH @Pdrl @esewebllauassméameﬁnomhecmlﬁm m ng,
so-cal l ed "epheneris" data. The process of searching for and _acquiring GPS
signals, r eadiatﬂgoﬁm@r(é’ﬂﬂmﬂéﬁmhc@&@& by ghe same; urt\iemqrcﬁ%qn%ﬁhgmb&t{ ithes and
conputing th o) e.r e i m ng,
often 25 reqﬁ)lr!r)‘lq(rg\llghé] @é’%i‘tdr?ﬁ lsu&ggie}j1 rﬁ}dgrtr%ér;lm%@ 'Agpsﬁﬁ tt lfogr félﬁlg hsigégg%cesm ng
time is unaccﬂiaﬂmﬂxﬁfenmtdm 1hbﬂratd11m1erﬁmsmongnge%tsteynsl SﬁmlsNdnﬁ(l/@Sy”ﬂ&, fitedi n

m ni at ur|1 n%%t abl L& %§8¢I cations. [0004] GPS receiving systens have two
princi pal 5I' irst is the conputation of the pseudoranges to

t he vari ous GPS satel | i tes, and the second is 30 the conputation of the
position of the receiver using these pseudoranges and satellite timng and
epheneris datFELPHEFJSEuBOYENGENare sinply the times of arrival of
satellite si Wﬁ‘u i i 0 udor ange
is someti mesgmpgo cal %&golg\)eénaogggﬁde%fégﬂ%g?}éw |t§eeﬂgfd gfniit?gtegélds REoH WO

(12/ 189G3 PCTs/yslsmy@eSh GGch st glnbai@qsmoamgs Sysiam d@P@g reGedYers adargresi gnal

once it ac Ff 5488 Al ed above, collecting this
|nformat|1§n ulégvattgg’ﬁes a ggﬁ f§ %y lTong tine (18 @@ﬂ@@ﬁ@lwwweveral

m nut es) and nust be acconplished with a good received
i ze

order to achi or. I . ] Most GPS re

correl ation ﬂﬁﬁ&ﬁb@f@oﬁﬁﬁiﬁ@@ﬁg ges. These correl at'PbH nmet hods are
performed in @eas] Giobkl PeditiSRing $Jitdhar(GPS) ceceivere| iraly dIRPmSned Bl
contain high rate repetitive signals called pseudorandom ( PN) sequences.

The codes avapdstismeby spmpnyng itisies fpirivak potgnalsetransmibed sioatleBItElUI si ti on
(CA co e, I rate,
of 1 093 ke B0 LAKEipReR BECLSROFSAVEIARS Sholfel Tk Ml AR, 00 3
mllisecond. i@k[mrlcddtbelsmswg%botbesht@ﬂge POSIHOIﬁlaQ”IdIaVl denvelh aa dateenccledkdes, and

each GPS satel.lite br ca s i I 6] For
a signal recetllw ad 8%?? %He%§ggat er b{bC&S;ggl lﬁg fr g‘gdvj\g%qgﬁ si on

pr ocelssbt 0 batGBSasgghalsa. x_e&tmg:cta& |ephemamdmar£omﬂ tquidxplmczltyt hfas?t&ht&sgmd/;aﬂ
signal by a stored replica.o ropgia code contained. within
its |ocal rren?ﬂ“&‘/l’u“é‘ﬁdﬁ? kfé;ﬂt‘?’hf)ég? géverpf’mf“o@ C@’é@ i E SPRSUIAR, DS et i n
order 10 BPt defuidig H4LRRINIAGLSS Irhenasryesa&eseﬂﬁﬁ 1édg&355>ﬁ5b@‘ssmgﬂﬁm$c y ocess
is termed a "correlation" operation. se uentlallyajutln therelatlve

timng of thiunaseentable araarfmrelwrmewagreaﬂyélantsrb@tt?reydtfs%an@ﬁ@ﬁa?

observing the, ]%i)%’irﬁ?d Qbtion 20 output, the receiver can determne the tinme
del ay between € received signal and a local clock. The initial

det er mi nat i on[0§94} GBSphesmgesyslﬁmdmNeatwoomm@al|f9th1§mﬁ‘-edTl’l¢aﬁtﬁhlls ithe on.
Once acquisiti geur s rocess in o whi ch
,the timng of€ (frﬂ%uq bodla‘? tp%f’% ﬂ{?@g‘?s togfcg? %rf }&?Pns %‘{rtrééﬂé aaqn%lutﬁ gescl%ﬁhor der to
mai ntai n 3 hi gl coMpuBdtivhi eMthe Yiogition dfhihe qecai wradsimgthesd peduddeangeyaice

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



25 tracki ng phase may be viewed as the GPS signal wth the pseudorandom
code renoved, or, in common term nology, "despread." This signal is narrow
band, w WO 8&2/i6fdwi dt h commensurate with a 50 bit per seceawusonzsys phase
shift keyed (BPSK) data signal which is superinposed on the GPS waveform

[ 0007] The correlation acquisition process is very tinme consum ng,
especially if 30 received signals are w&dk. To inprove acquisition tine,
nost GPS receivers utilize a multiplicity of correlators which allows a
par al | el searirhingcatade exehcitd frompkakiPS signiDohcd ﬁ%h@uﬁ@&bﬁﬁ@&é@@*@@ 3
[0008] Conventional GPS recei equi pnen s typic ned to

recei ve GPS SS? ‘?fg?ab VErFOllg e ng@“g n‘i’rﬁlﬁhgzﬁ‘l‘l\éﬁ 2 r@@tl{ql&ﬁ%g&@?

-l i ne-of - si ghtse@ﬁﬂs Qarhe(/é}uﬁ nﬁﬁltéﬂ)%@eﬂuﬁyb%&@m;ﬂﬁﬂe@mﬁra%B& e@ived

| mproved GPS receivers provide signal sensitivity that allows tracking GPS
satel lite si gHapkleveldpoFdsr torchigyetlpw egopradgence of weak nultipath signals
“or signal § thesosMoR'\ {@élb@fghhﬁ%c ril i +th6&’s t%ﬁ:oﬁl%ﬂ’té;ﬂsg (folfg\{ge]:g\feak &S
signals, however, typically causes ot her problens. For *ex np?e, e

si mul t aneous These kbnglation gnetbody aredpevfarinedi ipnedab timay oféans withhkard@aei ver to
| ock on to a corr ted signal ibch is not a.true signal. |nstead
of finding ac&gol%ﬁ{r k, S r (H’éaép (!’r‘é}b Talor FRPPUYY §gndls n&dllefly pe
acquired. Tr @@Md@@rﬂoﬂﬂ@k\f}&é@@nbd:st el“ﬂi-l (ﬁ)ﬂaé avPiableTof c@H?A’h%bﬁ@htfbH@Erc‘t is a
di rect signal a reflected signal "or a conbination

ak sig
of direct andall ‘?£ acg}l’@ﬁ@l'ls@/ﬁrheo‘t%nmdqwesa binarsphase-reversal radel aro as
mul ti pat hgsi & o MHE nger
t han theh?)at hBlZi*) ﬁmﬁerﬂﬁf Pagz?o?: nal aI{C_F}II}]:r hﬁ? 11? z’lﬁgﬁ%gf ?ﬁz%glphgrde ? £causes
the time- of - #erpd af 1 maillisgeande nthegfode vequencesdidleng toc &mg]yaltnomm zlmeGolylpu cally

del ayed or t 0 sgﬁ'g r Q a positive
bias. In gengr(ad'ﬁT‘:s Mcﬁ%{&ﬁa@rﬁ]@t %F&*{@ES?%{@?E#‘S&E%B Bpe giloﬁ’gcf "the relative
del ay bet vveerliOﬂ(lGé Eoefhes:lgaal aeotivédr dmim pat Bﬁ/enTﬁfPSp(saﬁ:llhée falD@ﬁiﬂge aof a

di rect signal onent makes the exjsting rnu ath m tigation techni ques

(such as a néilPWB GFIQN QeSS 0 basphand %&PF@ a'élf’ rrfc?ﬁeroﬁt‘ﬁtll@ieé the0009]

The GPS nawvi gadkived s@ﬁﬁﬁ;@@ sto?edtﬂé 1éan$ﬂh ?pr@ﬁnﬁté"@b‘id{rbédeeéi)nié?néﬁ nl €Cei ver
froma GPS satellite. isint eformo e 50 bit per secon ata

stream t hat 8 ‘?ﬁ?éimeamu a5 thepeingresates, @ﬁ&p\s—pafso@lim ﬂlfh@rQﬂbwTalnrm‘d@atge i's
contained in f bf r ames
each of whi cﬁg?gﬁ%gllﬁgl%gt ts}lilghee re'%fi% erg & ach @ﬂ gf r'ﬂz‘itﬁrrse%?()c%gslslsst {se}ég?é%o wor ds
of 30 bits ededrrel8ign” rfamaailon tBymsvghelﬁlaHyeidnmspagtthd relatvey tidfing et aghds. There
aretvventyfl eari.ng,i n _seque in th four h, and fifth
subfr anes; oné)?eedog?%? lsagg%ﬁ s ETHGE e e fa 4:8559‘{%&59 ®Bages

repeats 2@er puiphf) tlmmoeld& caﬁQle{eﬁﬁikﬂa]théﬂbﬁarchtﬁ@ﬂaeﬁw@ﬂdh@rdé@x%@bl dvRdt ypes of
health or status .data f t.he satelljtes each of the 32 pages
whi ch cont ai ft P C@‘P‘g‘ck%ﬁﬂ’é‘%]r p%te’f”élf‘étﬂ%oglﬂ??aﬂ’&éefﬂﬁto; PEBAGRItBY I8) ght - bi t
satellite he@éﬁn@di‘l‘h@{ HiORT Cbﬁ&%q@ikﬁﬂntd&&;@%@lpﬁée@s aﬁ%&%%@‘*‘tﬁﬁ:@ﬁ”dat a
they carry, and (b he 25th e of subfrane 4 and WO 02/1

PCT/ LI SOL/ 26Pwe 1p thl‘flbthqturymg&%tt%ﬁ locali sefasencetie aflfubted timswell @roanfsdn up t o

Ly | oo AL WS LT 1

recei ver25\,1 I lraﬂ@n@lphaﬁq méy berevigvesd asothceﬁli’ﬁ nignehwithtth¢ pseudlofandgm dddeal t h")

of a satelli S s not ch| rin d not

tracki ng unh}eq?(?%g gﬁgcﬁﬁj&? i Sxinglolgy aea e?‘i iﬁ’ﬁ gf“&ﬂal s from

heal t hy sat emlitht £ bandWider vamimerturate Sival dab® i ﬁa&eemnai/fm)s Base dercdesi gned
nheal thy satellites but av0| d using

t d t
unheal t L;es?S ds(ﬁﬁ’ﬁk{]ﬁgt% E%@fwgwﬁd%%ﬂ?&fl pogad off the OB waveomead t he heal th
- status data {gowr) -’Iﬁekbﬁ‘el@ﬁ&?ﬁ@juﬁs‘iﬁ&?? DRER i§ VY fifle ‘d&lfk%%ﬁ@yesﬁﬁﬁ C}Jrﬂfte S

signal. No attenpt has been de in the prior art to use t mat i on
concer ni MYy t Frseived | signalsf arg wepke| Tp tlmprweaaqqawﬁtqnngmonmbGﬂ’Sugcmgers

- cross-correl S i

ot tonpt has Baiels Eichyf cbRolRheGhich Bia st bR BT rmae
avail abl e top&GkS recei vers having no direct access to the satellite health
15 status. (Direct access is from SPS satellites or from previously

downl oaded data fromthe SPS satellites). SUMVARY OF THE | NVENTI ON




[0013] A nethod is presently described for processing satellite position
system 20 (SPS) signals. The nethod includes receiving the SPS signals from
in view SREOBEYEH | it es and determ ni ng whether a first neRETUSHENRIGO
corresponding to a first SPS satellite which has been indicated to be a
healthy satellite, is to be renoved froma set of measurenents to be used
to solve for a position of a SPS receiver. This determ ning includes
testing the first measurenment for a cross-correlation 25 resulting from

si gnal s fr om[0008]fConventBiRE]l SHtSeteceivimgasmhimnentdk sypically destmedrid r8eire

tellite. | . di t, the, si | romt first SP tellit
be. weaker t hAPPY RERER JRAPEn sbisis eince dhnariiy SeRdo e GpsoChea e | oo1a)
ln oview' as (ysesk BRERIdbY et fahd @theP ifdsH als. t Bnproesd E6PS reedivdrb pt@sdd n Vi ew

of: a SPS reference receiver; a network of SPS reference receivers; a
nobi | e SPS 3Gignak sensitivityothah alews trgeking fiid% saisHite signalsondgorsepr i e r adi o

«system we Ve ' r | t

Shoul d benot B T g ko By of SherdR SXERR B OGRS T Ly 11
t he signal s chilitpetor sapireeshchyweal (GRS Isignalsy IoRSverclypicelly causa® 0B¢r189( S
PCT/ USQL/ 2G-CG -,5 [0Q15J A ¢ uter readabl e nedi ym contai,ni ng & ut abl e
conput er proﬁ%ﬂ??‘%‘s Pﬁ@f‘?@ﬁ%% iRy ta%qogélt@gg@g hsérog%r?%&‘%?’agr?g%%ﬁsm causes
the data proagssidige SeStedivdrao fekio o aecroBtdvetldied sipna)oebish ignaiatteld it e
positioning system (SPS) s,;“%]nal s when the programinstructions are executed
by a data prcégnshi ngtead of Hpding aprrak fRemsak-iaRtyopaeiscratsr HogPIAS Ui r e
SPS s gnaeS THRhadd, | Tralkifita Weal Sk LERA dogdRsCummRithitielsidtiree 1 N
view SPS satel|lites are unheal thy, and receiving health data specifying

whi ch of t he signal;i Ehis SR8k signel mpy b a seftectediségnal pya cambinaiemeflirestinddes

testing neasurenents t &l 1] | Soocf the in
Vi ow 9P st drreasinfs; TS EoubiRE R et deteib i FabRlhan Sipak M 1 B
satel lites, vpuer ef theaefleted signalds pyridadlyriengerabar thegmeh of thehditehesigaal. i n vi ew

SPS satellite_i.s unhealthy. [0016] A conmpined SPS receiver and

communi cat i onsM$ gﬁﬁ“?"s”ﬁ?@% IBP@%I‘@Qé‘if%?nt"&ﬁ'é’g@%v@ginf'Pé'ﬁ'fr,emﬁmsgf Hite
posi tion 18ystemdRPIAgael 8" BECEpicaER| defdyellS of Qhé | @ifegsbnding’ @68¢ \ffha&PS
signals froma plurality of in view SPS satellites. A 15 server_ is,
confi gured tONEASHIAMENE i} GONAID 1§ RosHivebasy dngeapab thepugygde of the Biss i t t er

coupl ed with |ligerbri8!RL F6kyd BARY Welwd-hARS Bicrdd pdShivect fARI STnd 1 One

enbodi nent, t*he"server analyzes t view SPS satellites’ 'signals for a
possible absence of a direct signal component makes the existing multipath

mitigation techniques (such as a narrow comelator 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



cross-correlation condition where a healthy SPS satellite's signal is

I nfl uenced by an unhealthy SPS satellite's signal, the unhealthy SPS

satel |l it wW@0xgisgeml s) and the 20 cross-correl ated satel | it BCEUSPRMbQgNal s)
are then tested to determne if they should be renoved, corrected, or used
before a location is conputed fromthe in view SPS satellites. The
transmtter then optionally transmts ttte | ocati on. [ 0017] Anot her

enbodi ment of the disclosed apparatus includes a nobile SPS receiver

coupled to aSS_EﬁﬁBdcdhﬂﬁﬁls{f»blt heRh rseipis 8atSHGr 0PI e Katekiesi VASdlhbﬁaISPS 25
signals fromt transmtter on the second éECEI ver . and &f?@ S the in
vi ew SPS sat éP‘P Hite Bealth dagp e givenan pybirams bnSekfme | &path P Mhy SPS
-satellite's %rp% is influenced by an unhealthy SPS satellite's signal,

t he unheal t hy satellite's signal and the cross-correl ated SPS

satel lite' s 4023 TypwatlynoGds mcelmrwxélcneedmmfomtwnl @oatiing the Statm?put ed

-fromthe V|ew‘SP at | 1t r

enbodi nment’, ?\5 tt? é’ﬁgﬁ %Fat%{ﬁge ?Iﬁie (Pgﬁgc%%‘g @c?&épgnaﬁcﬁc}é%p% & WI th a
celjl ular r adlaﬁdswsttﬁahngagxlhsaltﬂymawmﬁemvhmnﬂmdqmt andatrmrﬂiPSEmlgnaBdabl e
medi um cont ai hi ng execut e conmput ram instructions perfor a

met hod for prAEm g?*ﬂ Yy sa /&5@@“ @ggglpg\%} - g‘?‘ué"es’%‘?}?a to a
mobi ['e sat el lgh g, Lﬂmﬁd eﬁumeaﬁwfaﬁmuﬁﬁ&%yrs@feﬂw@bumﬁdv ukfg GAHAIRY tO a
recei ver. The ril hod may include determning a cell site or a group of cell

sites whi c h isignials io gherlashiéen caynpuiation aftes havingiroad thelh@alth Rtagstdats Gom

Gata 1520, e SetheflS pibs el T b ulteal h UM SRl M pleBtat BRI, (28
[0019] The prmesierih thenpréortartoo vss thellhfwmaadnedoxtwnmmg/thefheebtlanbh satelfitk ins not
limted in the flﬁures of. .t he acco

ref erences i rUFRRHRE {9 2¥Qifiysime cé?““@%ﬁ"te i 66?% qg&e{gc&sqth rﬁ%“ll#ﬁa'?[ s a

met hod to usdamiof! hé taﬁeﬂa ﬁhﬁd wena%deem é0R) that eelisatelBeahdalth istgaisoise a
position cal cul ati on. gure |IIustrateavar ety of "in. view

satellite posm@deo%’aﬂ%‘?' é‘PnC{ @Fe‘é’ﬁliséTaIVl“cge%o Y@t[@e%]toﬁh@ﬁ?téu@ Pealiist r at es
a cel lul g5 comgui ebP&cééésiEn eacff]Qﬁ?lﬁté%'dfrfﬁJdl b}'evﬂzfusléleddvﬁﬂ@é%féﬁ dafa Whi ch

S serV|ced by a cell site whi ch 1s” coupl to a cellular
swi t chi ng cerfrcanthe[mg]telmeghre 4 shows a representation of a cellular
based i nformati on source which provides an associ ati on between sets of
Doppl er information at given

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.




20 times relative to cellular service areas and/or cellular sites. [0024]
Figure 5 illustrates an inplenentation of a basestation systemaccording to
one enbodWOrexitsvesf t he present invention. [0025] Figure 6 PCTwsovmias an
exanpl e of a conbined SPS receiver and comruni cati on system according to
one enbodi nment of the present invention. 25 DETAI LED DESCRI PTI ON [ 0026] In
the followi ng detail ed description of erbodi ments of the invention,
reference is nade to the acconpanying drawi ngs in which |ike references

i ndi cate si m[0ES] &l esmpiter réuddble madin@hcdngaisingvexettabld \ofifputel Iprsdramt i on,
specific 30 enbodinments in which the invention nmay be practiced. These
enbodi ment s ApsEugiiens s glsq disclasgds (The epmpytsr mediyy C@H‘ﬁ%ﬁl@ FHBWCERING ed in

-the art to pragihGs fed@riny Sihd for | scésghb%ﬁ{em&e%%ﬁioyﬁg%ggﬁ{ ';@P# on is,

therefore, not to be taken in a 02/°1881'8 PCT/"US01/ 2 imting

sense, and t Kignalgopwndhe programinstnucaonsi ase dedoutasidbyom Hata lpyocehsngpystanie d
~clainms. [Q02 r.at fo Sl S l]lite sta

i nformat i gn Eﬁeéﬁ%ﬁé@i&éﬁ%@ﬁ@m@ﬁgg Itgsaggl.n;‘? ?{Pgns%é}%l eﬁ%ﬁ‘a&; 1%%%\8}8 nt, a
mobi | e SPS r satellivedr regardisseiof eshdthts the daaviswf $PSnsarlliteweShitheahliye! dndt es and
determ nes (or attenpts to deter.m.ne) pseudoranges to I n_nmost cases)
in view sat effHd%8 q%ﬁﬁ'@).r‘%é? isé’ﬁmgﬁﬁ%e‘?'ﬁf’ﬁgofﬁée sPat'g¥ ﬁagt %ﬁé}%‘&@eﬂei tes
(e.g. satell iyhRedl@3! tihk héthed sRIERE It&ﬁhgdn@a@ﬁ&ehiehﬁs dUMiREd BrbinOAkqbingsed i n

processing the SPS signals received 5%5 he nobile SPS receiver.” Since, in
nost cases, ©ORe sigigls, orsipirthe & yiew satpilitpss for daaossecosielation/betveastior anges

to all sghel byl afFrd&ps é%[elfi@gg’?ﬂeﬂ@%e%@%%@lé:i% hgﬁ%mietd Hfgz%rgﬂgsséé)\gﬁetgs si gnal

determ né a cross-correlation ween a at el
and an unhealatliry viewt SRS satalite is tnlwmalth=PS si gnal . Once such a

cross-correl atl resujt isskdentified it nma e possibl.e 1o remove a
cross-correl i‘é‘%&lﬁ AREYT lé‘ﬁ%ﬁp boch"‘a’é‘t'et" tcopgngﬁ?aglgg? TR ?mﬁﬂé? d:‘lﬁf["%?‘gi ng to
one enbodi Nefii ,one emboditeyS Ishtellité gioditioassyaame (SPSY eélofnue Qeanas is

measur enent s to,satqel lites which are_known to, be unh_ealthg. [ 0028] The
satel lite's KeRfiguied 1y GeRe S8R sigRrlpEomoh Plughlity ofyn ey PR spehites. rBcei vers)

that transm ket § icBﬁﬁéﬁ@&itBncélﬁmg?él%tﬁerYtﬁr% lis?s OrefetEifcet P&e#]vepNgt Aon

servers described in co-pending U S Patent Application Seria
081 842, 559, fw@ngmittericoyplad withs the1SRprreferenvelle®i verdtapsmitithe SPSx08addn whi ch

5, D o B BRVALERECh AN PSRRI SR ALSY,
to process psessooacggomneariiticnehdrs aheslehywSeS fatelliteds siphdl ieinfliéhdeddgi ver (in
:)ggi tC ?gﬁ \Qﬂte rag Htgge}eaggg%:l’b?f)at%ﬁﬁe’rsesfg%lal\f ?l{e 191‘1 %estlthyoéPg gg{glﬂ%ees gigr?alg')) grllci Elles
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



2S server, or other systemin a network, does conmpute the position) or (b)
transmtted to the nobile GPS receiver (through for exanple a cellul ar

t el ephonWaWA/ A8 s coupl ed to and housed with the nobil e BPEUSeE®HUaer) for
use by the nobile GPS receiver. The GPS reference receivers typically,
according to this enbodi nent, acquire and track all GPS satellites in view
whet her healthy or 30 unhealthy; this wiTl allow in one enbodi nent for the
detection (by a | ocation server or by a nobile GPS receiver itself) of

cr oss- cor r el asdigazehdtavea nivhaletdatellitn gositicemigt dygtesafSFS) ireeeiwr grindlsis WO
02/189G8 PCT/ USOL/ 2G 1GG 002 "In.view " as .used in this detailed
descri ption icguli’?%(li E%%lléeae&vgxqb'lél{efrpgé%gpgy 1&%‘8@%‘ AiHgHping 4 cr?ﬂ\ﬁltg\?/r ETHP it es”
~or "in view 9PeHatifds! WhiRh" isCan cORmMuSRAHS® W AR rédeiver EWHRAIH lagtaeRt i re

W de Area Reference Network (WARN) or_ any subset of the WARN. For exanpl e,
a non- excl usidgermined fopeach of aglurality; of ipivesw SPematgllfesagiddhepenlihedats isnce
"receiver, 5i nahewi@h iGuRl HEddrt Y of SPS reference receivers, in view of a
mobil e SPS receiver, in view of a cell or any group of cells of a cellular
(wireless) radio network. Various "in view SPS satellites” are shown in
Figure 2. Wt f i i rea reference network view area
200 is shom%ﬁﬁ%ﬁiﬁ@ggbgm%w 204, SV 206, SV 208, 10 Sv210,
SV 212, SV 214019$The IesehinditionSy ilubtrateB\by2wdy ofShkartdile aVis2fbB liméd252, SV
254, and SV 256 are in yiew of the ,V\A(IEN. A subset. of these satel]ites are
Th view of r b dhectigwes of dheacoypanying EAWIRES, 18 which Kke soforenesy indigatesy 246,
and SV 248. Apgidrlenidpset of theses satellites are in view of a second
ref erence receiver view area 260, e.g., SV 210, SV 212, SV 214, SV 216, and
SV 15 218. AHA20 Figuneskillugiratesna smethaghte|use satellize positiondysigmofSPS) statusd
reference recgivet Yi » .09, SV 208 SV2I10, SV252 SV
254, and S VﬂggésElﬂﬁ%ot%ﬁlgajroglﬁléég?lcg?ng%t ellites is in view of nobile SPS
recei ver vi e0021¢Figne, 2 dlugtrate AdWatePy ofS\in2Gdw™ amellid/p@hifion Netdm RSt i on is
inplied by the .?I ection of the satellites included in the view area 240,
250, 260, or Sf“ﬁﬁ} & ew area 270 or the size of the 20 view areas. The view
areas weng chiog2) Fi rei3i|11u§ﬁrz[té§ii@éllmrcbﬁﬁﬁﬁliédﬁbﬁ-syit&ﬁmhnag Fgmmali@rmvdi ment ,
the health status of "all" SPS satellites. in view of the WARN vi ew area 200
are acqui r ed.cells eashwhieh isierygedpy picell sitheanid ¢ach of Grhieh isipupledde @ be

transmtted %Qllﬁm’@%@lidhﬁxg?eﬁté&ecei ver based on the satellites "in view' of
the nobile SPS receiver's location. "All" SPS satellites used herein 25

depends on t @023 Higune 4showph eepmseatation offa eeliplarshase¢d mfofrgationxsuyee,
taking into un el evati ar Lghal sto-poise rati o mask on a
s gnal’ to i ndianato ks sftpbAlaRIRNeeR st 3} HolsrdnRBinafol &t aliehrhe cps
r ef er ence0r ecines eglajivemmycetiolat ssatics aieat hid/6r <llatadsitésnf or mati on which is nore
current than rres ding information in_the satellite epheneris (or
o hnacy 1t 0 S E G 8 ipraReutlon Bt b SsseRRUPRaYHEn BeyOne
transmtted #®ohdEmbaiRchOST tBEpeSort i), t he nobile GPS receivers for use
according to _the various enbodinents of the invention. In one enbodi nent,

the heal th sf88233 Fignrs: faillusiaistyam expmplei ¢k diopbineady SPEomceiver sadel | i te.
I'n anot her erbpdERlion s{Merh Q6@HIAR t6 6/ &hBAdifRMt of the present invention.
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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



WO 02/ 189G8 PCT/ USQOL/ 2(~GC -9 derive an updated status information based on
the informati on and/ or measurenents received fromthe GPS reference

recei ver WO 02/1Bhe updat ed status i nfornmati on nay be a funcPCOUSol 266
quality of status (QoS) associated with the |ocation request. For a given
| evel of quality, the | ocation server y determne 5 that a satellite
which is marked healthy in the epheneris”and/ or al manac data may not
provi de the desired | evel of accuracy. In such a case, the | ocation server
may updat e i fisitiegbdrize sk the scogeoofriici inverniog is @sfinéd oiily Byhthe rapporidedSPS
receivers) anﬁa_g%i onally store it for further processing. An exanple of
this processf y be the use of this updated health status to determ ne
-if the sat el [0029] 2DaietibddmdumesbpifinksfoP @Sink ARIIRE TR thatibh if BPES
perfornmed in the location server. Alternatively, the determ nation and
updat e of théysisas afe diselosps. | hlf@iqulmiawavnb@ﬁménm @rmebile $PS trecaivdsi | e SPS
"receiver.gAn 3 . Y i may be
used to s%ppf%é%?sb%g%ﬁ éﬂﬁéﬁgﬁﬁéﬁg or%rzrlwfsf' |tggng?&sa?fé@%rg%sb@é%ft%ﬂ,{éngendi ng
U S. Patent Aptpimina) pseudSmnped toNd]l (i0Ah0E 7cadék] in fMidve datkBiteypr Inford@ition998, now
U S. Patent Nunber. 6,215 441 which.is hereby.incorporated herein Qy
reference. [GB%EMRS Ehfrsgétui,of ge sé‘?eqlétﬁﬂ (&% ‘fart%me&?eg{tgbét ccgl,egtgg,ag 0 have
been i ncl udeehifi@ifbimatfod isChsed iih Yroveskin® e SPONEhraR feb&VEE Sy Ihe obde and 6
respectively. Wth reference to the fiqures herein, Figure 3 illustrates
several cel | SPRifEFRiYEra JUBFE.UN JRosh Fasssy ecmobie APRHEsevartdeterpinesecodps

recel ver 1Y phREghihdaRRbal AFsMafis (R Br GANIMAL SAENRLY 1S 'HiRike | N one
enbodi nent P e conmuni cations network includes a {ocatioh server, which
can be repret®edetenning a2@opsacdFiedpiion IBtwednyahealthynsageltitedowednGRiSnsigalel | it e

heal t h statug, i r ] 1S ) ansmtted to .the mobil e, SPS

recei ver by ? ‘ﬁ%%%ﬁ’r@%@gﬁ%ﬁ% snge}?(’%r(é)é Ifclﬁn%x?r{lﬂ:é,uc}éﬁ %ﬁg{?ge}a Q8i ver in
one vi ew ar egesnys tdeatfisditansy bepossibls it einldvea drealddirekited tgasupdmémaL i on
and an SPS recejver in another yiew ar %ﬁ?gﬁ% receive, anot her set

) f
satel lite heflf @He@phLiqsomeat b nelt*émaqep opg rfhndimentoA @%l%ﬁ? SA base

station i4!| ugbeahifls EdicpHANS/BseadoayodReatPafbms B satdififes Witc £E khenae
receiver view areas shown in Figure 2 and support the comunications system

i ncl udi ng cefd e Whealthi n the cellular service area. [0032] In one _
enmbodi nent, ﬁ%@gf \?‘Mh? hs'at!ehﬂé’tsrlfétaﬁﬁi Ioﬁﬁlntliorpgfag%e?’%%nitmh ﬁ/g'r @gggéefegen%emb ile

SPS recei ver a comuni cati ons sy m transcel receive
t he assi st anceecivef(sr that iramsnih tlisitifounaianab| GRS s¢reed()He st adeuthe flocaionhe WO

12/ 189C8 PCT/ USOL/ 2C=Gr. - 10 Lcat. . [, i t, th
I(ocat i on ser V& %%%ﬁég Cg'p(‘?ﬁ‘?lpgsl‘; Fgﬁ %ﬂPgQgBﬁ%csahg{‘négpgl Iggte %@g&)\gﬁﬁg in ©
comuni c20 i ofiledl WpriTobs) A9SPSnbRCE].SePaA6, NDABIVEIN0, hehiek! Is hibicByOr gr oup

of cell sites. A groclﬁg of Ln Vi ew s)atel#lites may then be determ ned by the
| ocati on ser VEPTRORIeH BeTeit by gefarened)i 96 Hese seryers may cgussthis whermstion| i t es

may then be taradlpi bicRf shiellw&! o W‘Qﬁﬁer&éﬁ RO 1R210Y 86 §lry&ds D¥edddfange
communi cations transceiver 378. Mbile S receiver 376 may conpute its

| ocati on bas&astements geedivacafion aamabile S eeredier tine theocasei whereethoer may
det erm ne t hg,LAC PP Fevel MG J:(ﬁnﬁﬁe?‘ thé ?rﬁibﬁgrs‘position but the location

25  server, or other system in a network, does compute the position) or (b)

L=

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.



[0033] The health data given in subframes 1, 4 and 5 of sone satellites may
10 differ fromthat shown in subframes 4 and/or 5 of another group of

satel it 8O &/188e8 the | atter may be updated at a different PCTAWS01/360634]
Health summary in subfrane 5 is only updated at the time of al manac upl oad.
During extended operations the health symmary nmay becone outdated due to
the length of time since the |ast upload” 15 [0035] This situation is even
nore exacer bated when the GPS receiver is indoors or in other signal
restrictive §0D2% Chmeiews” ad tiseday thisqletailed alesoriptibn ds int&Bdab badibixiblenal
signal sensit,vi 0 he able t re;:el\{‘ethe eII| e health status bits
di ?ect ly frof ?Féi¥l¥ét¥’ellpl‘f18‘§ te@?ré‘béﬁ% ‘ﬂé?éutcé“tqfreuﬁige@dorange

-to the satel ldbiicts iRas&H dInhé AR BNaé Avkh mférsno%m@w&@lfw/karbrt si gnal
whi ch 20 contains the satellite health status bits (50 bits pér second).

Recept i on of susebpf theeWinddN+ Fos examplepd nen-reglusives bistrwepld includmin viewus
“satel litessi C 0 eyv h.is not
general ly poggﬁbfﬁeléll%ngglggﬁgeﬁ%g ?Fﬁg i\rjﬁej%’ééélvgl)l()r%on%s]ﬁ%l htg' @e@grga‘?@?éfg?‘ﬁ cal
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out dat ed or v'Ia atel liite, heal t h informat.i is

ol ated to t AAR A GaniBRlo P RIvEE Bl o Vi g el i

det er mi nat i Oghowi i Flgiﬁﬁ@n'Wulkf&f&@néé"ﬁi Figihee 25 vigd aﬁeberefb?&%elﬂehyo&at ellite
signals) may result |n S|%n|f|cant positional errar [0036] If the health

summary becofisd aeg| % aWasvhese S&‘égﬁ?safse\f)yqu-efa\éém’ﬁﬁ 55208, t he GPS
constel | gpi 0@V2tlbeSV'ﬂ‘2 SQ/‘iM AL d\?’ifﬁ)sﬁ%z @3@& QELHULTS \?’94§”iy be

del ayed. This is due t he tine wasted on t e acq U|S|t|on
unheal t hy safS$l 253, eSva%Ac angvSive 2P atecth Viewadf the' WbSRNhe'\mbse&cbfhhedet h

nneal 1y g B EE IR GoRltkirte SRR U CF gt O OB ¢ i el
and correct $atdid, amsvm OR{)&B&%bREMUﬁbéslda&ﬂhtéﬁhre-ﬁluéwafhhecbdﬁﬂor mati on
updates may | F"gf pardl ze. m ssions of thog&

r

r e ef fici ent TTFF.
A Tast TTRE KQORPR TEave GEv GHR lne - SO 1tk 8Y nasyild: Sl and SThe

battery $5andipy. ariothek ahisset biMBRse édaelﬁteéﬂaﬁ@i@ﬁ%wm ﬁﬁﬁ%ﬁ?&d&!}lé@mv&
wirel ess network %Ejprowdetlmay/ correct satellite healt
e
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agai nst rogue satel neasur enen eavl |y obs ’ed” St'gnal

envi ronnent s SVi 254 agdi\e266.t o lithatidnhis iBpBed by ¢hd sdlextion gifahs sateltitasecei ved
with a very high, dynamc. ran j S si gnal al .strengths
di ffering by? Wﬁf‘j&g i de 116%%? o‘“ﬁr& %&%f 379%%2%3“%%53* Béi heer to
acquire aocr@ﬁ-smeas" Tt ew aitcdh dlerd (L“rfds@iiﬂ)r(ﬂlﬂus&aﬁ@i plrpugk Yoneaker true

si gnal ure th t .may be used detect and possibly correct or
r e%nve a cr og@%ﬁi? ? @R e 0‘?\‘@&%&1 thenheaith |S'i~?t‘%§é)§ ‘alHeRs Fﬁe@éﬁsﬁéﬂé‘ﬁ@ fthes

Pat ent  Appl | GRARSN vR& | &tba N0 QR Z0duiddth i keshel &IT HRS ¥at@111té-99193a1ﬂ‘\/h' chis
her eby incorporated herein by referénce. However,
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



15 for a GPS receiver to detect a presence of cross-correlated signals, all
signals fromboth healthy and unhealthy satellites should be acquired. A
probl em Wu02i8968 se if a strong "unheal thy" satellite si gREl/US01/26466
cross-correlates with a weak "healthy" satellite signal. Unaware of the
presence of an "unheal thy" signal, a GPS receiver may not be able to detect
a cross-correl ati on condition. Another 20 problemmay arise if only a
subset of all visible satellites is acquired irrespective of the health

status. |If agyi@f dohewperdi sREusS AhRIblies baied Nos EebSpforgxiidhdi Andisrak:
signal behavior, thenit may al so be the case that ééle cross-cgrrel ation

condi ti on majnegerreRaRs deqcted froyn iy GPY rsfreencauersivaawy- dhemmdated staliist i on,

- GPS referenc i i : LY} ; ; ion
servers) (a TiORSRINENE pIRIEReR i bEATy O LERRTORSH HSoll WRER °F o

cel l ul ar pholeatigs teguestaiior Seivanrigvaliobignality othatloetioTsentvee mage@ming t he GSM

~cel lul ar phone, sys ). _Aacguires, a racks,all satellites | [ ew. healthy
and unhea? t h{pat |§u§aﬁeﬁgtt%,w%g@ I &aﬁ]ﬁ%{]g%qtltgg IPethS .epge% P‘é&é@i ellé%“x‘? ﬁ\ﬁ{ggr at ed
with or connegiyafbt povide tat desiredQevibd of se@ardc. dn suchaeddstl the 1dcaliepsave or a
t wo- way pager) al so acgéi re and track, all saqt}éz_l lites in view healthy and

unheal t hy. | faY updpleledealitsipe informpation ARA;SCRHH 4O e EMOERPLeSeiNeIY
described in p [ . ihcata iahed Apri l
15 1097), 1 ASORERAND R, ffor RIAR R sig A A bible M o ng oy
PCT/ USOL] 2G bb the-usp of this upditert sraith stabis to determminerbiheetclermhavid be hand wi th a
W rel ess pet wor ve 1e | | O ) i THi.S h us
i nf or mat ilgn %ybcé%g%nnpa%@%ﬁg%@&dt ﬁﬁﬁéﬂasg&i ?f"?é’g‘@é‘?n nornniwgt ilgﬁﬁgbovslélégd by the
| ocat i on ser vWitefistivelynthgeateerminatian @ind tupdate off tifecliazith istatusainfawmtidm siay

acquisition of GPS signals in.hi restrigtive 5.signal enyir nts. In
order to achg’S\P(-‘?l 988?‘&8&@%%@8% 8’\)’8%2‘1"5?"%‘? Q? én‘?:eéwf’%f 8*?@%5 on may
speci fy the sabhbd fR8iveR Wisick aaiyeated @ sugphetes ipdmdedatul Mfomhat®nr | val of
t hese signals and the expected frecibuency (Doppl er) . of the signals. This

assi stance i i¥ Sgsgrbebin eazpensiing MoV Ridant tAppliggian, 2erial Np. BG83} filedar ch f or
a satellhte si.gna r f i he B[ nd/ or
al manac, h%pp%&%ﬁn%?’e%gg’at%eghsg Flgéngﬂ ?Fl o?%aﬁ%ﬁ’%gylggﬁgrovi gge}y?o

assi st with lhooggoaraad berepubateferancend/ or fast acquisition of satellite

signals. We at el Li ge.s_ sj | i dar ppl ers
and ot her sa?%(fﬁfjtiség%ﬁea &a%’ ﬁ‘e‘gédu?&eﬁﬁorsw y’g'réﬁ%naq’g@éwga&eg?eggg&z%drerggI ation
condi tions. heredf dsrclasity pmdf ispdidstodrighyesi 3,4, th) and Grespeutivelys wighd be

provi ded and the 15 made for all satellit in view

asurement s shoul d
Peal thy and. BFAERFS 1y he HIEOLa e aaH e ATosTRES SeAeE! P Yot & FERBor nat | on
is used bo assivie #64 YhkleQfie Hobille WPES RecEQEF Blaf reciveCARMtdntOBaid Tebrh aen t he
cross-correl ated and/or "unheal thy" satellites are analyzed to determ ne
whet her t hey comauiniragens metweiled Innone embedimeansnthe ipsurpuRicaiens rst ek or

corrected. I It ; i: , j (of rmati on
o brovt ded Pacdish SpBD At AP botBtcfonfid Y% BEFIRRFEI° Fisftbd] Th
i ncl usi on of mayealgagantaim katelligalicalth istagsiinforieticratnet haven)Itiapshitted do thee

current and val,li. ellite,health stat.us.infag iop.is.hn ayaidable to
Che mobi o cPOtR SR Feehief PVl othERidS TR, oRet B Shier YR SERY by
satellites (eeq@ivertineopatvibwi hea magl tedeidei ond et lof sgarellifen hediihs stame, a
possi bl e presence of a Stéﬁ%@ 25 .unheeﬂ thy satellite potent| al I% ¢
cross- cor r el ARHOHYaGEY Fhd A PYCLIRANQENCR ¥1W f1pa IAYIPFelYean SHo be.

known to the ggehitt heaiitdl stliey Bifor@atioRYfroRt tRecBMuRRafi6d systea. | Af eagwat i on
related to the current satellite constellation (including the |ist of

vi si bl e sat elstatipn dllustrgteddn FignretSamay be aspcigied With the soisTesCH EECIVEr ¥isWnot not
- be

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



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 WD ¢¥B86B correl ated signals may | ead to | arge posP€T/wsal/ 2686 Or S
thus affecting the quality of the |ocation service. WO 02/ 189C8
PCT/ USULl/ 2G~I & -13 [0039] The fol |l ow ngq)exarrpl e provides an illustration
of the present invention. The data was 't0l |l ected in an urban canyon with a
resulting horizontal positional error of 61.4 neters. Satellite SV PRN#10
(l'ine 2 of Tabinmubjcatiass sysmmwedn fomemmﬂmdimmitpﬂ)bdmzmbncser\iet desmindent i fi ed
as a cross-cqrrelation ng P h: h ite. SV PRN 5 #17 ‘H‘ f Tahle 1). If
satel lite SVoP BF QP QL &It SeS That 18 ) cAMBHnicRtAn tssrefﬁﬂé‘ﬁdorange
- measur ement  gf6 -GabedOR thetell §1td\6ﬂhf&ub&)f%eﬂas&t§§dAagdae?l&%tv?éw htbifes N
access of 50 kil ometers. [ 0040] This exanple also ilTustrates the need to
provi de assi §iarthen bedeiemmingdby thelocation server andtheslth informeationifer alhsushl i t e SV

" PRNEL17 h b n%h@ g]ﬂ?,@ not
provi de the grggﬁegfgirtl%relégor a %l'?)gﬁrraﬁsa eﬁlt{’?gé\,ml?lﬁée%%l{@é%@ gg%@i ver
woul d have béercommunieatians demnsaeiver 328 cMﬂ:ilecSBSrmbeiwmﬁamdymmnbutehave used

[lite SV,P b t d the.h r in excess of
30 ki1 ot or Y0oaat harE 0% the, BOREE' B BRI o, e toraion by e Bio; | o

GPS r ecei ver detarming Ageclopitaddl of themeabile sp§r&yl\BRNA2| mut h (de ees)El evati on

) Used
Cor Ut T onot b basd) Tr Ficalib st 60 ob sfmsso bsb 2ng, Srbsomeoseiioomayes
Tabl e 1. 16 OgffdeOtdA! thbt mﬁeﬁwﬁé&eﬂ bﬁé/&sg%‘f’ aPBmeil (ﬂgﬂ %/

[0041] AI ternatively, health information een d| rectly
recei ved fromnt?%ﬁlesl@ttﬁlma}t&um@dtahadlffﬂmttthm nf or rrat ion may be used in the

From a tr analoPeLFEAR SRR o st 525 Seb o APt lmioiey “pe

transmitted hploadal)minlg esutetmledbyophmﬁa:chct&eMel@ surhmatyninay rmwr?? oﬁﬂhtea)ll
satellites i 1 ul.ar ne basestation ("ce site").
Al ternati vel O[twﬁgespgﬁk tﬁf’B‘?/F‘H%edt 8*‘5 8"8P‘|1U| ar tel ephone

15 [0035] 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



25 upon request (on demand). The health information may be transmtted from
the cellular tel ephone basestation to the cellular tel ephone which then
provi deswhe2/189680 02/ 1891i 8 PCT/ USI I | / 2G 466 - 14 heal t h | PEDUSEIVI6E66 t O a
GPS receiver which is coupled to the cellular telephone. In the case where
the information is transmtted on demamﬂIr a location server may determ ne
the appropriate (e.g. updated health) irhformati on based upon a cell site
which is in cellular radio/wreless communication with the phone and 5 the
cell site inheslthinfamatiey Updates athyt jeoptedies mistorgnofahpseousei@iivio reriddei on
which is used_to d i ne. s es.in.view of that . |ocat,i d the
Uptat ed_hoat CEOGSHOVTER | BrtapoTih i GRical o esdency Shises ol #6eise
~transmitted @hdbARBy gaﬁ&ay 5@1 fallerimes.| Hl 2fvitefls® BEMIE WIPSCROME) alwhzdledd! OVi des
the information to the nobile GPS receiver for use in processing SPS
signals in tmev@rk mey argyde tnelprandesarasy sgteﬂltsul@,qaahsmfmwanmlfgﬂellcel | ul ar
'telephone S the | ocation server
may ret ai n t%&hﬂﬁ at e%géllea t @&a%gﬁﬁ%gpﬁf‘% Fiati on used to deternine
t he updat ed @e37] fAnotd‘iamrmast.dnom aslatdallue éhealth tassmameessthbhl&ommxdaganges (e.g.
correlation rreasureﬂents whi ch spz{cﬂ: ryh ?Ie hases} refel ved fromfhe

mobi | e GPS r Se&EACUItR IARUPMERsy wly pstrgie tsi%’ﬁ GRVIRNIERS, ‘rtnﬁb| le GPS
recei ver. |ngapt BfeRsRs ,thd)GPBC!;ﬁfeﬂﬁl%ﬁgi?aﬁsafré ferbRed BaRPh 9EryaR h@}r

measur enent s are det ermi ned_even for known unheal thy GPS’'satel |tes so t hat
cross-corr el &NgnsReegiving GBS cignads &ﬁthd%%%l%@ﬂgﬁér iffgring-dy @eEnflae, a GPS
receiver Y ap h date i (o] e but
still acég?re %ln\s{iﬁelk F7 fro% &m@@ {s}gts e F???i&?@ﬁ%@%g?g&% hto be
unheal thy in sgnaltlhetead efiw relatively \u@mtmle Sigaalt Orierdrocadats that manbe heedexanpl e,

where the GP t he cat| Lnformation it nmay use
t he updat ed i% ‘ff‘% aﬁf‘&”ﬁé‘!’ﬁ} ﬁoxir%c?gﬂért%e Vﬁea ?S(?T*?O laé‘i‘f ln}eg%urwaeptb@ used in
t he sol uti ondesipeddi n®-pdnBingADS. IM&ntQﬁlp[ﬁF:&u@{ ShHal0BIb842/249334 f filegd Apri |
15, 1997) de Cf_d“iugesa thod for identif e e which is in

W rel ess com%ﬁ Bt Lol? 1ch ig hegebyy| 1p¢ °rta gﬁﬁ‘aﬂé’}’a‘ﬁ TG HWRYST

determ ngs sagbeh |Gﬁ§réé§§/b§rt@ﬁ€t€ctdﬁb?eséﬁe d)mcrﬁb&c‘,’!)r&@&t@& |sigtn§§> Q@%?g‘ﬂalépon an
approximate | ocation derived fromidentifyin his cell site. This method

Ty be. Lsed e bethdiepiaisend uhaclant saslih shastd he acaeien i probiest woukdce. dat a
in this case t he, ( t nmanac)
or updated salbe? I fta}e%H ?t h t‘éath%.y rr%r%lt&gurglggal pﬁgggor?ﬂaégxﬁsﬂ{ll%gwggtel lite
30 al manac nt'hedihe” satelitesigatli ddnaware of thenpresadce |df iane‘uinbedlthly} sightl)43]
Figure 1 sho n exanpl e ae or 'n ne enbodi ment of .the present
Toenti on. | SRS EeEnRaY 0 BRAOIoR deesh AapPaRrIS R foodiot AT data (o
t he nobi be H1€6 6h saﬁﬂoﬁltnarsubmef meslsimasacélﬁt&rié scdweh icéspaativee nobil e
SPS WD (12/181G8 PCT/USII| /2]l ~d -15 receiver, and these measurenents are
then used to % diekealistaite Bouvioidhe arauited sasBitescingbis subsatieribit Wesk net hod
shown in Fi gy allbé:%%é?ﬁﬁeﬁlt‘%ﬁzgt A6 b8 RRHGRE St e Yo lcdrBat ACRhlidnS ST v er
provi des assi stance data throu a cell site to the nobile device, and then
t he nobil e dewdyse undeteristds to acquire a11 satellites 5 in VI ew, including
all heal thy t I W, 0
cross-correl qupg)??k %Oﬁhﬁge&é@% iéllQe t|ioglﬁ G@%&%@%ﬂ%&%&ﬁf@h&hlgg ult from
acqui ri ng5t heroadas| teftrencei datalfer lodation | servee(sh tas@cefatred tohast a Poditioher ent

sequence of rati ns yed. i.n a cordance w th,the present
e on ! i Rtnath R ey, TR B BAGH STISHs dhbsédie

satel lites i MobiRVL&REiOH Cechfte (SVELO) iiGthé BSMSil6lad PR6nd gy stemsylatiifss. t he
testing for cross-correlation may be perfornmed at the |location server after

the GPS recelai)értr%?é‘@e?h%htﬁ%éﬂd&e&’ngeh%h& @Wduph%@bhtsﬁmll?% @BBa and
- other data ”?@&ﬁmﬁl s | @'e. L GPSe PdceBn| Miedtit0F SHR r&'%h@&e@@&kwﬁ-é?estshe

| ocation server can then performthe crosscorrelation tests. In
anot her 30t erdauices/ €. grﬂb@dﬂlum i¢lephone mbwpevuepagpe) sty agBiiggentldragk ialls own
position cal S d re
performed b %gécgﬁé)ces‘él?ﬂ ﬁé}i{ i%%"'%“e1 co 6I’r'11ea7dwé equgﬁo;n%&gg&véecﬁver
device. In thmxicc(ag semp&amplemde@mbad \ihicotpending U.S. Patans wippliexioh Nd.he

| ocati on serv et .another alternati ] L,ment ,
the |ocation® gljang‘}edgr%‘(?gzgéstlgéﬂexi%‘i?b‘PBpﬁefvﬂ@?MI PPV, s‘i‘sgb‘ﬁ dat a
rat her than prow ding 20 it on request to a nobile device. In this case,
broadcasting may be performed from selected cell sites) and no | ocation
server may be necessary except for the processors) |located at the cell
sites) which determ nes the necessary health assi stance data based upon the

satellites in view at the cell site. This approach may al so be applicable
to on- demand deI | very descrl bed her e| n. 25 [0044] Wile satellite health

I




30 determ ne from nmeasured characteristics of the SPS signals that an SPS
satellite is unhealthy (even though the denodul ated and decoded health data
in the SPO&IENE s fromthis satellite or other satelliteBCi/mdeicmia t hat
this satellite is healthy) or vice versa. WO U2/ 18968 PCT/USI I | /2G-G6 -16
[0045] In this discussion, enbodi nents the present invention have been
described with reference to application“dn the United States d obal
Positioning System (GPS) system which is an exanple of an SPS system It
shoul d be evsi@antinfonmaganeto, the rabileh esermorichiis withe eimeiass netweiil sep@idl e t o

ot her satellite 5,positioni systens. . such as the Russian G onass system
Thus, the te %'?hegg%aﬁ% éﬁ“’ﬁ‘gg)ei érfmsﬁlqal}ﬁéga%% ORALON TRRY HECAUIRABY |81

* posi tioni ng eitef @BEistahdeCinfelinigiohNeroRdsd BN e RIRAGSH SYSLRE). H kRwkme, the
term"GPS signal s" includes signals fromalternative satellite positioning
systens. [ 00A%[stanGr infermian allowsHatt grquisition ohEFSsigrals indighly sestrictivavent i on
“are 10 descri; hJi re : || L A ci ated
That the Toathage drRonEhel P ey I 3EhE subl Ghriohaie ImdvaRARET |
utilize pseudassistanss informatinprbanspecisy thef satedlites td beesearahed pore thd @kiimeated

Pseudolites ed transmtiers whic roadcast, a.PN gode
(similar to gfn%ﬁ%r g‘?‘&%ﬁﬁ%ﬁﬂ%ﬂa Sd? ‘i}ﬁ?ne’ﬁneﬁtzfﬂdg‘(’%}em@f z]éPPRI?fgldﬁeﬁ%Sy)
carrier signaignalgenelhad | agsistaneh informatbiMrbdy @RSpidvitdd e maRbvd ramsm tter
may be assigned a, uggque PN code sp as to permt identification by a renote
recei ver. Ps8imfgsional segrch farep sptellife signght | Ghsr Wrsseolrasistangp #neb @som an
or bi ti ngigat ehtleltcPisAnditr AHRaB t ' i 1dings,
ur ban canyongﬂ,) epr gt her eég%?osééﬁgﬂpggﬂéﬁe _}_ﬁdéﬂ?g?xﬁ}d"tgg%‘g}f?{r{l@p?%ggy gged
herein, is i Bto¥ieddotassipiwithdecation weoiputation andéy fastacguisitionfol petelliel i t es,
and 20 the t ' ; L 1S | t.Q includ
S| ke oi grau Woeh R Reliies dfRls i Hlhindd o IRRIEEN Potels 8047 11
wi || be appr ethensatellitehagnal heasreemends actesatyizbé dor arossadvjitehation @bnditibls. t he
figures may pe epbadi ed.in pachi ne-executable instryctions, e.g. software.
The i nstruct F'bﬂgd%);ﬂ RRMOT s Gnarci&iﬁ%etﬁﬁ A5¥paRcy le‘iﬂl%&epr&”dg‘gé’@fja'ﬁ@ pur pose

processors 25michdfrernént SRAIE BERALAM fob afl Retelified MusieWd Realiy BRI dibeakiy1e
operations described. Alternatively, the operations m ght be perforned by

speci fi c har BuitiecTERRdipRRinthe safellite dsplttninfomrationiip seed todiseist datepeniobr mi ng
the operatl 0n%roflcollaABY BRBALRUnMeP thd CRYEBIHEG A UYL unfigiigReNt s and
ts. e net hods may

cust om har dwar e _conponen e provided as a conputer
pr ogr am pr odsaiellitels aare 3Malyagd itogletatmine whethen ¢heye ablabd eendluded Hiavthag st or ed

t hereon i nst W) L€ e used t rogr a.conputer (or, ot her
el ectronic dfé)\l‘}lgtﬁ:%nsgé?%m%tg% g‘%\érﬁsl[ghoer cr?&eﬁtgg's &nlfqg‘rﬁgﬁ‘éat%ﬁ 8gléléengfw?‘?¥f;s
speci fi c2Q i othe assistaher imforfmutionisprovided 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.



readabl e nedi unt’ shall be taken to include any nediumthat is capable of
storing WO U2/ 189(8 PCT/ USO1/2C-tCG -17 or encodi ng a sequence of

i nstruct Mane2/f8968 executi on by the machi ne and that cause poEUSECIHeE tO
perform any one of the nethodol ogi es of the present invention. The term
"machi ne-readabl e nmedi unt’ shall accordi ??I y be taken to included, but not
be limted to, solid-state nenories, optical and nagnetic disks, 5 and
carrier wave signals. Furthernore, it is common in the art to speak of

sof twar e, i n [M0F9]fThenfoBowingatxaeplg proyides mndfjnsiratioprofabel present inveneios.,
application, dule, logic, ....), as taking an. action or causing a result.
Such expressiﬁ#&r‘ga%@&vd#§H6¥St?%a‘f‘i‘8y&%§/"“8fa ©sVihRg hf’ﬂé?“@@éﬁ‘toi“@n of the
-software by @repoPet.2metadsSaellileS VTHRaeSRO(1ine R df TabIOTPMASemotePfbiOr M an
action or a produce a result. 10 [0048] Thus, a novel nethod and apparatus
for using satths soluigonssinee ¥ wrstidentificdeasca crsttconglatinsuyih saellite BPRBN i s
*descri bedsherghn;:w C : A3 r ﬁp‘ﬂfg ' S TNy
nodi fi cat ?on;ﬁygg}r%e?rﬁbf\r/\félﬁéﬁzagf F@e@%ﬁgy ?%Nﬁﬁgg‘g‘gé’sg%r di ngéroyfsbklf fﬂe in the
art. Accordi mgloy jn dls|pssudshangarmedsirenenaof 39908 ineteisonsuldhave oedseded Wi t hi n
t he i ntended,scope of the_ inventdiqn, as defined by the follow ng 15 cl ai ns.
W 02/ 1608 HPBZeA FEST A ORIERHIS:  Por/ UsaL/ 26-G6 1. Anethod f or

processi ng sq0®40]iThes paahple alosyasieimes(BPIeecs itgpadvide hddtadcemifbAfation
conpri sing: recejvi nﬁitt he SPS signals fromin view SPS satellites;

gnaj.: 4
det er mi ni ng Wetlh&rtelitgs stiewe A€ apishinsY EBNAS hud dieap degardrynhealthyps
satel i t gol NGha MEWirbRsPhetWBA difldhot povide thE ab SRR Yot élPEBLﬁ‘ stBlit&d, ufe
measurements to be used to solve for a position of a nobile SPS receiver.
2. The net hodnadiledGRY receivighwouldrhavh deeretinahie Hi dejedt dhpelosseconadatiannandt he 2

first measur r S - 60F ' | ting fromsi |s fromthe
first SPS sa’?%q%l‘i' (Ii Pée\%aunS dgétglri%f ggfﬂrlgirlﬁ@ltg tggrceoﬁﬁi@ggcglgtté F‘]i’ffzé’gpaiﬁ%"wﬁ'er ein
the first 4 reessofi@kilomstersedeserited stmve ineo BEPositign abtimatd of tHeemobilehod of
claim2 wherejf the signals frgbrPthe first SPS satellite are 2 weaker than
the signals CLEHECI AR YPFCYpaDIE 1958]Y i t & whi ch has been indicated to be an
unheal t hyssatellite.

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



4. The nmethod of claim1l, wherein the in view SPS satellites are in view of
2 at |east one of a SPS reference receiver, a network of SPS reference
recei ver W0 0389680bi | e SPS receiver, a cell of a cellul ar PEBUSVIESde6em and
a group of cells of 4 a cellular radio system WO 02/ 18938 -19

PCT/ US(I1/21 ~CC 5. A nmethod for processu{;g satellite positioning system
(SPS) signals, the 2 nmethod conprising’ attenpting to acquire SPS signals
fromin view SPS satellites regardl ess 4 of whether the in view SPS

satel | ites ahealininéaiatipn to e&HPS/teagivbewhtch isiabwl&bﬁnttfe;deﬁglamkdlephoné the in

vt P o)l 58 3 BB b SRR AL P BB 0T,

- Cross-corr el aidyodetdifiine e %;prbﬁﬁﬁé (&.@ouptiatddenieanh) HitSrmmaionl lbas&@slgomer ein
the testing is perforned 1 ardl ess of whether an in view SPS satellite

i s unheal t hyCCBSItWH@I%tSHGOCCHP radipivereless cRRYMYIIGANON Vit theophangApdng from
t of SPS
a set Ol ge \Aﬁré; gcf,lﬁ @f[tﬁ 1ﬁfofn‘n5§c% ‘Eﬁgb’é & o d%&?x?};r?%p?rﬁ%bgﬂ)xhﬂat@ 1b4tih

satellite, e set urenent s renoving, is to be
used to sol vavhicr isaused gptdetanmirie satettites|ie V&P of dbai loeatjonaandl thiecupsiatedt he

L1 80 oer SO % A% el U Ko SR g e 0, o
be a heal t hy cad) eblthd eelliflar teléihonetwiach of temaprovides uhd heformaiuar tostheg: 2
Pac. been " ndFSHISSTS TERETH1Oh RN GROEPTTE SPS, HeRUE dRrPR S REGUREr Lo
remove the fipiilesdiRASPS &lfals thiyRcfude KeliRthr teldffloR2s HB&ERN Betbthidfon G LCG
-In another case, the location server may retain the updated health information or
information used to determine the updated health information and use it to
process the pseudoranges (e.g. correlation measurements which specify code
phases) received from the mobile GPS receiver in order to determine the position
15 of the mobile GPS receiver. In both cases, pseudoranges, estimated Doppler and
other measurements are determined even for known 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



-20measurenents or correct the first neasurenent for use in the set 6 of
nmeasurenents, wherein the set of neasurements is to be used to solve for a
posi ti onWsd 02418%a$bi | e SPS recei ver, and wherein the 8 firsPCTvEasRedsENt | S
selected for the analyzing as a result of the testing. 9. The method of
claim5, wherein the in view SPS satelljtes are in view of 2 at | east one
of a SPS reference receiver, a network™of SPS reference receivers, the
nobil e SPS receiver, a cell cellular radio system and a group of cells of
a 4 cel | ul ar recatlien sdshessn mdBurefnemes o dhdronsedrtowoblienfyr alss peditisicef thet a to a

nobi |l e satel | pasitionin ystem (SPS) r.eceiver which is coupled to a
recei ver, th@@?h@géc@fﬁw‘gi e B’é’fe}@fdnﬁﬁ?ﬂ‘%ﬁ 13 tiepre di AEUGIES 2 dF’SE‘B of cell
-sites which kguelcsRimMBh SRbOMRoR sbivel prdiRick ASELRe dafieihgbuphn & digal th

data for each of a plurality of in view SPS satellites; 6 causing the
heal th data tothsenebilgricvicer and then theemehilecdovige. attemptsTioacqeirtald sas¢llitdsai m 10

the el it S Vgl idchudil h@hERthy e REANS’ safol EE HE TRl 8 e 6B 1
satel lites acmss-noneletiomsf oR adal_t of dles tconalatio _meaSEﬁmmfsem;aMereseheﬁrMﬁr, a
Rl 1ol ar Cr adhoEgas BerSSEHGE SRS, It will e FRdesified tha adfifTerent seallncs oty ot em

WO 02/ 189G8 opdraftésl/ !H?Oll(saﬁeéﬁfﬂloyka;in ‘hbéoramich e tiPfhe Prédeit thlentiAc®Irn a
transmitter is coupled with the nobile 2 SPS recejver_and the server system

recei ves psef¥RRIAgRedal reqebier AR atempl & acqyins albsatellitas andewdiedomi nes a
posi ti onj@f }&@ivﬁtﬂe%ﬁﬁénﬂeeﬁ hY qfémhéf}'thg 'fh%tiﬂgtf&oéirogg c@&étmn%a%\g@er ern

the server syste ses t ealth data to 2 sefect a subset of t
plurality of petiermad afitkeMcSRB1s saredr dftee thea@BS trhemiver alepanmngsss pspudoraigon of t he

nobi l e SPS r I var. bas n e s et., 15 The t hod, of. cl.aim 10,
wherei n the ﬁ%%l ng tg%émftgélglfﬁgpa i déga?ﬁgatﬁe%ﬁ%a?n%ﬁ{g@e fegtlﬁ%ﬁ?)ru?rgssé
position of theelawd IbaclSRS thecletativh. séifer WhichTehi atlew fpegfiotrnmhéOcrovdrer ei n
the nobile SPS receiver uses the health 2 dgt(ﬁ to sel ect . ubset of the
plurality of SPHaton {ASisy %Pgn%t fro PHGTRAL e FIHORGHRIGN Jhf JRebE 468 BN of the

mobil e SPS r ge@bveits B@A Pdsifitn tAIBUIEHESSInd ths opdrARIIR' ¢F adERIEPlghrdedi UM
cont ai ni ng execut abl e conputer program 2 instructions, which when executed

by a data pr 8e€cperfamed bt procestisg uniteindhe £oprbinasseslhghened@Bnreesiyear f or m a
thod f 2SS . | nos4 ti QR ' I . t hod
conpri si ng: | EOAe i Lot dpeRi) i Mhicy BhE Tk drndhled oA ScacbE 1 1O
det er mi ni ng wdreethssr ngt ddacessaryreds yee meother eliematsyeo eibodjnteat, ahé ilostiobPS
satellite which has been indicated .to be a he%lthy sat%:elite, is.to be 8
removed fronta SetH mﬁa‘ﬁﬂ & ARREoRriAt health assitange datarather than pryadipg on of a

nobi | e SPB r @c@i wghest 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.



WO 02/ 181 (8 -22 PCT/USI 11/ 2l r~Irlr 18. The conputer readabl e nmedi um of
claim 17, wherein the determning 2 conprises testing the first neasurenent
for a crwasexBeesel ation resulting from' signals from thePE€ETNUSO/ 2GRS
satellite and signals froma second SPS satellite, and 4 wherein the first
measurenent is derived fromthe SPS signals. 19. The conputer readable

medi um of claim 18, wherein the signal sl&romthe 2 first SPS satellite are
weaker than the signals fromthe second SPS satellite which has been

i ndi cat ed t o [65Mn WAtke disbigiondlegibolinent? @f thBepresdip Uhedntionaktae! Beeliedi um of
claim17, wherein the in view SPS 2 satellit .are in view of at | east one
of a SPS ref SpwHibed mathersferencestoranpligationoin Wpdinitededtatss Slpbaldiosidtogng e

- mobi | SPS ' : I j f
mobi | e rgﬁ/ﬁﬁﬁg@;@ dl&;gtém,%@h G ah%&%fcngﬁé‘gf An S 6¥8terdt. ARApSuIbHRUP O

cells of a cefll system 21. nput er readabl e nedi um cont ai ni ng
execut abl e cemdentz hopeyey; dhat2hesesmethotls ans equiliyc appliveble etpeethereshtddlitea dat a

*processing syst.em. cause the dat 0cessin t e t hod for
pr ocessi ng S %P %ﬁf’q"?é S?S%E’Pf’i Sgﬁllgj ﬁ%ﬁlf Hgvgltag %1?%1%%?%‘?‘5% (L;\Iﬁ]g Qetgl % ge%m

conpri sing: akéehtinngcludensghialternfite sdteltial positicning syswnesyviddhdisgtie! | i t es
regardless 6 _of whether the in view SPS satellites are u healtq . _receiving
heal th data Hysrp (Hlopgssbysiam. okikewise; the yerayy Sigatls] P lides SERAlBioRheal hy;

testing measyliemBiMNesapiRi gifiohingMy@emki ring the SPS signals, for all of 10
the in view SPS satellites, for a Cross-correl ati on between two
[0046] Furthermore, although embodiments of the present invention are
10  described with reference to GPS satellites, it will be appreciated that the
teachings are equally applicable to positioning systems which utilize pseudolites
or a combination of satellites and pseudolites. Pseudolites are ground based
transmitters which broadcast a PN code (similar to a GPS signal) modulated on
an L-band (or other frequency) carrier signal, generally synchronized with GPS
15 time. Each transmitter may be assigned a unique PN code so as to permit
identification by a remote receiver. Pseudolites are useful in situations where
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



WO 1) 2/189@&8 -23 PCTIUSO/2GtGG different SPS satellites, wherein the
testing is perforned 12 regardl ess of whether an in view SPS satellite is
unheal t hwO @21896Bhe conput er readabl e medi um of claim 21, PEEUSIIVRGEGe net hod
further 2 conprises: renoving froma set of neasurenents a first
measurenent, corresponding 4 to a first_SPS satellite which has been
indicated to be a healthy satellite, whtfein the set of nmeasurenents, after
the renoving, is 6 to be used to solve for a position of a nobile SPS
receiver, an@rancﬁhgl atdequdrice Sif instastioasnént exesutitat by nhe achchiae adrtkaoved by
the 8 testl n 23. The conputer_ readabl e um oé ai.m 2 wherein the
met hod f ur t hERUSS bgrmarhing to peform; #ly gng © :Tféb ‘Eﬂ%?ﬁl?ﬁ of thst PESHR¥ndi ng to

-a first SPS safetibh.t Thé t¥idh Chadlife-RAGRLIE %&%E%ﬂpa&enﬁng%utmen&@t ellite,

to determ ne whether to renove the first neasurenent froma set of
measur ement s irdludedy batgrot bpdinfitedde, sndidsstate memoricaroptisal and mh@egéﬁlsbﬁ,

measur emegt s, MSEELNWLNL A8k OFuTBAMIETRIL SobindP 1P/ 3B sl g ve for

a positioh o ecei ver, and wherein urement is
sel ected for sbflwamnm g fogmas anothes (d.¢., pfogtdne, ptﬁcddﬂmt, ipngpess, apiididadon,89( 8

PCT/ USI 11126-t 6 4 24 The .conput readabl e claim?2l, wherein
the in view é?%ﬁ"‘? i‘?ﬁlgl P’lqsgeklﬁgé' '*}?EW ggvcglfsn}ﬁalr%sgltt n%‘ﬁ%‘ GPIEHANS Aot o1 ence
receiver, a rt@érm%mhhﬁﬁswhyfo@rs@ﬂﬁetlﬁa@@ﬁwﬁﬁbﬁ of thesoTetdrt ®y2Ronigesl ver, a
cell of a cellular radio system 4 and roup of . cells of a cellular radio

system 25. Aawﬁﬁmmpcwa&meecm@wé @ilﬁma@l%m@mra@wé agetbut er
program §ql N§HE443 (PHARS a AUVEL Haemnaﬁ%@h&ﬁqs b ﬁmﬂgtéa e@{l@Cﬁaﬁg giata%st em

cause the data processi ng sy stemto orma net provi
assi st ance daba:rtbcdaAmiouglet}& lsmmiomus desgoibed hmlmgltby@’tbmq SP@;ecxf@cei ver

whi ch is coup] cal ve 1.hig a

cell site or %égdav%cﬁ%lgg?ﬁglgp s??‘égl%vﬁ %ﬁo% tﬁgﬁ co gdlc’;L &cgﬁo\;e\tﬁh E%? (%fnhe

receiver; ordinary skill in the art. Accordingly, all such variations and modifications are
included within the intended scope of the invention as defined by the following

15 claims.



12 determning health data for each of a plurality of in view SPS
satellites; causing the health data to be transmtted to the receiver. 26.
The conpwitcen2/mseadabl e nedi um of cl ai m 25, wherein the net POHUB&/2B4¢er f or med
by a server systemwhich is coupled to the cell site. 27. The conputer
readabl e nmedi um of claim 25, wherein the in view SPS 2 satellites are in
view of at |east one of a SPS referencel8eceiver, a network of SPS
reference receivers, the nobile SPS receiver, a cell of a cellular radio
system 4 angiamipup of cells of a cellular radio system 28. The conputer
readabl e mediumof claim26, wherein a transmtter is 2 coupled with the
mobi | e SPS r g@gl Y&llaiad if:he server systemreceives WO 02/18l(8

. PCT/ USO01/ 2G-6G - 25 pseudorange data fromthe nobile SPS receiver and
determ nes a position of the 4 nobile SPS receiver. 29. The conputer
readabl e nedi um of claim 26, wherein the server system 2 uses the health

-data to select a subset .of the plurali: of,. i i . ellites and
t hen conpute-a poz’lW@‘Rdg‘f’rRrﬂ%esﬁBﬁisatgh’%%%osgue‘%:ngss'\?{g% @%’?évé‘égﬁsﬁ e subset. 30.

The conputer readabl e pedi um of claim 25, wherein the nobile SPS 2 receiver
uses the heaMNYROIMRE Enpute a position of the nobile SPS receiver. 31.
The conput er readabl e nedi um of claim2S, wherein ﬁ,he nobi |l e SPS 2 receiver
uses the heal th datcaivies the|SES;signalyfsaadn yiewt BeS SAtelilesi ty of the in view SPS
satellites and then conpute a position of the nobile SPS recei ver based on
the 4 subdet. 32. determinpeg whetheronfisst mepsvgementcosrpspndingdogdist Ioh syst em
(SPS) reference receiver, configured to receive SPS signals froma
plurality of in view SeSeHug¢ didatedgo ba healhwy isde besemoveguied aset omuni cat e
with the SPS reference receiver wherein the server updates satellite health
status; agd 6 a transnindastrenenpliede viddiotsbive 8RS pasitemenfcancleesiREr t o
transmt data relating to the SPS signals. WO 02/ 189G8 PCT/ USOL/ 2G-GG - 26
33. The apparatus of cligdeiNed2, Wherein the server anal yzes the in view SPS

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.



2 satellites' signals for a cross-correlation condition wherein a healthy
SPS satellite's signal is influenced by an unhealthy SPS satellite's

si gnal , wheonsdesunheal thy SPS satellite's signal and the BEHYS0IEH%] at ed
satellite's SPS signal being renoved before a location is conputed fromthe
in view SPS satellites. 34. The apparatus of claim 32, wherein the server
anal yzes the in view SPS 2 satellites’ ’Q“gnal s for a cross-correlation
condition wherein a healthy SPS satellite's signal is influenced by an
unheal thy SP§ sat @] heih®d ForSprodsbing sitellde posiialitidyysEm(SRY) aignaksethe si gnal
and the cross-correlated satellite's SPS signal being corrected before a
location bs Gommy the in view SPS satellites. 35. The apparatus of
-claim 32,2vvhere| n c?’lgnegrfsse ver analyzes the in view SPS 2 satellites' signals
for a cross-correl atior L g\/gfgﬁ ' idie’]s S Si gnal
is influenced by gﬁéﬁﬁﬁg@ﬁ%ﬁlﬁ’%sa e?lk?liog'l @%%%ﬁ%ﬁ#ﬁ@%&%ﬂﬁlggft hy SPS
-satellite’

s signal and th r 0SS-.COr [ Y=y PS signal being
used when%a | ocation i Qtfg’ tagy V}?ﬁ%ﬁ%ggﬁlﬁ\%sé%\%é @%a@]a}?el lites. 36. The
apparatus of claim 32, erein the lacation is, transmdj.ed 1. .. Jhe
appar atus of cl ai m@g{ln%@l@ﬂtqwgmggpg&}u ?%0@5‘?1%‘@?\3 osagn\%esraér ess 2
network. 38. The apparatus of claim 37, wherein the location is provided to
anot her 26server conned®Beplthy; t he wirel ess network. WO 02/ 189G
PCT/ USQL/ 2G. ~GG - 27 39. The apparatus of claim 32, further conprising: 2 a
mobi | e SPS recei vdestinghasimmente ohtsinaddraperquites therShSeignals forrallof sps
signals fromthe transmtter and analyzes the in view SPS 4 satellites for
a cross-c@rrel ati on corhé indew \SPSrsatetiites, iewd ¢rhss-SPSlatondietween at legptgnal i s
i nfluenced by an unhealthy SPS satellite's 6 signal, the unhealthy SPS
satellite's signal and tivoeliffsrestsSROsatellitab.ewnhcdtis thatesting is pesfomgneghal bei ng
renoved or corrected 8 before a location is conputed fromthe in view SPS

satel litqg by the nobilggiesy soelRdrandh) vieWSPSppeitial ivanhdalthy.ai m 32,
wherein the transmitter s conpatible with a 2 cellular radio system 41.

The apparatus of claim 32, wherein the in view SPS satellites are in view 2
of at | east one of the SPS reference receiver, a network of SPS

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



reference receivers, a nobile SPS receiver, a cell of a cellular 4 radio
system and a group of cells of a cellular radio system 42. An apparatus
conpri si my 02189680bi | e satellite position system (SPS) reBETWEN/I6d06 ecei ve
SPS signals; and 4 a receiver coupled with the nobile SPS receiver, wherein
the nobil e SPS receiver receives the SPS,signals froma transmtter and
analyzes 6 in view SPS satellites for a“cross-correl ation condition wherein
a WD 02/189C8 -28 PCT/US111/2C. 16G hea{ltp SPS satellite's signal is
i nfl uenced by an unheal PERFUESPENE A LPHPGLL "e‘étgeéﬂﬁ?’,ne‘ft Mﬁ‘?ﬂ%ﬁfﬁgﬁﬁg SPS
satellite's signal and the cross-correlated SPS satellite' s signal being
renmoved of corrected 10fmegaswismgnisowherchiihe setod Magsuements s tloﬁl? ¢ vi ew SPS
-satellites by the nobile SPS receiver. 43. An apparatus to receive
satel lite position systtesolveis)a posifival of af mobileaSES weeiver, apdmwpetiesl thg: a
nobil e SPS receiver to receive the SPS signals; and 4 a receiver coupled
‘with the gobile SPS red@isv@easurdngoneisseldetedSor the mnalyzing aes résnltwif e SPS
satellites for a cross-correlation condition 6 wherein a healthy SPS
satellite's signal is iwdingenced by an unhealthy SPS satellite's signal,
t he unhealthy SPS satellite's 8 signal and the cross-correl ated SPS
satellite's signal being renoved or corrected before a location is conputed
fromthe in 10 view SPS satellites by the server. 44. The apparatus of
claim42, whefein i ] fo Wt 9 ligkicPek O
Syatem 45 A mot nO PRS0t Ohich S, SABBRLNPIF M IralIfEl MITVERRY
signals, the nmet hod .C i sing: cel V] } ¢ satellites
? a aﬁﬁe&sﬁ @eégg% rgieé? grr%cee(f\%r, AH&W§H{S018§I%n1%|fe?eﬁJquae§Pe§s,

in viewo

the mobile SPS receiver, a cell cellular radio system, and a group of cells of a

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 satellites;

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

o

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.



WO 02/ 189@&8 -29 PCT/ USOL/ 2G 4GG det erm ni ng whether a first measurenent,
corresponding to a first SPS 6 satellite which has been indicated to be a
heal t hy wanelispése, is to be renoved froma set of neasur eRERUSIHee used
to solve for a 8 position of the nobile SPS receiver. 46. The nethod of

cl aim45, wherein the determning corrpr'éses testing the 2 first neasurenent
for a cross-correlation resulting from- }'gnal s fromthe first SPS satellite
and signals froma second SPS satellite, and wherein the first 4
measurenent is derived fromthe SPS signals. 47. The nethod of clai m 46,
wherein the signals fromthe first SPS satellite 2 are weaker than the
signal s fromliBhe Sheancth®PS daitrel 1,iwtereihadtansmistebisaoupled iwitk thel mobilpe an
-unhealthy satellite. 48. A nethod for processing satellite positioning
system ( SPS) spsgedifer ahl ehe?sefwir Rpslenaeqeives ipsgrdosdnize dpthifrogn the raalsilei re SPS
signals fromall SPS satellites in view of a 4 nobile SPS receiver

‘regardl ess ofspahetdiedr 2hieRRBineah pblitibSsf e endbileeSHStBYcivét. r ecei vi ng heal th
data specifying which SPS satellites in view of the nobile SPS receiver are
unheal thy; 8 testing, for all SPS satellites in view, neasurenents obtained
fromacquiring SPS signals for a cross-correlation between two 10 different

355 S0 R e PSR e g e
oLl m 0t UL er, SO0 PETLLBE RO LI ARG

whi ch has been jndicated to be a health
position of the mobi?e SPS receivgr basgd on the subset.

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

2 data to 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.



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 neOUIEMYR is determined to be renoved by the testpagusbDesdhe

met hod of claim48, further conprising: 2 analyzing a first measurenent,
corresponding to a first SPS satellite ich has been indicated to be a
healthy satellite, to determne 4 whethet to renove the first neasurenent
froma set of nmeasurenents or correct the first neasurenent for use in the
set 6 of nmeasurenments, wherein the set of measurenents is to be used to
solve for a position of the nobile SPS receiver, and wherein the 8 first
nmeasur ement i18. se(lhewcemphist readeblamedium aficlaian 47 relarein theé dethmninimgt i ng. 51. A
-nmet hod for providing assistance data to a nobile satellite positioning 2
syst em ( SPS) compsisesdestinigitdfirss measipémehtfor acrosd-tartdationadsidtinygbam t he

met hod conprising: 4 determining a cell site or a group of cell sites which
“i's in cellul afgniBdiomn ey SESédtdlliteiint RighbR ffoeh h wbahd SRS tehiits WO
02/1891r8 -31 PCT/US111 /21.4F 6 determning health data for each of a

pluralityqof wheris tlesirsi hefutement BMctived BmMPSPS spMalst ecei ver based on the
determning the cell site or 8 the group of cell sites; causing the health

data to be transmtted to the cellular radio system 52. The nethod of
claimb51, wherein the nmethod is perfornmed by a server 2 systemwhich is

Cystom recei v8s potaabrRnsEisadIF eBhARE: Ahinl L6 et BB OnbAgg

det erm N5 2 HRAVPS' RN ald WedlBPIa i oo fFom Hhe second SE§ satenftS which " *

. AF9. AF. A3%&. A" & A3&, A . AL&#. AY. A" . AY. Al . AY& AL . AL. A" . Al & Al . Al &6 A. A" . ALr
$"8 has g‘een:;’ndicated togfe 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 sateilite 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
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100 kLM 103@& () - ! TLM 10%#;é ﬁgs bebh Mdlhtéd 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.
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25. A computer readable medium containing executable computer program
6 instructions, which when executed by a data processing system, cause the data
processing system to perform a method for providing assistance data to a mobile
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.

27.  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
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30. The computer readable medium of claim 25, wherein the mobile SPS

2 receiver 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

3]

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.
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34.  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 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.
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‘ signals from the transmitter and analyzes the in view SPS

4 satellites for a cross-correlation condition wherein a healthy SPS
satellite’s signal is influenced by an unhealthy SPS satellite’s

6 signal, the unhealthy SPS satellite’s signal and the cross-
correlated SPS satellite’s signal being removed or corrected

8 before a location is computed from the in view SPS satellites by

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
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43.  An apparatus to receive satellite position system (SPS) signals from a
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

OS]

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;
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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.
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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;
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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

V]

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.



