Supporting an assisted satellite based positioning FI ELD OF THE | NVENTI ON .
The invention relates to nmethods for supporting a satellite based

posi ti oniwgQ 20d66/13441@bi | € arrangenent with assi stance dat @canB200500M§41

assi stance data. The invention relates equally to network elenents for a
comuni cati on network supporting a satellite based positioning of a nobile
arrangenent with assistance data and to nobil e arrangenents supporting a
satellite based positioning of the nobile arrangenent using assistance
data. The invention relates equally to systens conprising such network

el ements and such nobil e arrangenents. The invention relates equally to
correspondi ng software codes and to corresponding software program

products. BACKGROUND OF THE | NVENTI rrentl er& . operati ng
satel | i t eSBRBY ARG BPoRFRYSER Eﬁg}ﬁ A arﬁééa%%s{/lglggn% (G obal
Positioning System and the Russian system GLONASS (d obal Orbiting
Navi gation Satellite Syste .. In the future, .there will be noreover a

Eur opean EYELBnPEalHE] IEXENIESN A general termfor. these systens is GNSS
(d obal Navigation Satellite System) . For GPS, for exanple, nore than 20

satellites - also referred to as space vehicles S\%r_' orbit the earth.
Each of tHAbesanaknities wedadeist $ot fieH0AS eﬁo%i%_)%&r %R L2 . one of

these carLhge191,98alscldy o <amloateld LI LHdMANg Anadgridonimmssage and
code signal's o astangard positioning service (SPS) . The LI carrier phase
i s nodul abedilyasaeh dedrelanics esdinch o sdistraarehidada (Barky FEGi%i ti on)

code. Thu%el%%%%e%%QEJQQaQQQE%EWH%H”@?@ﬂEﬂ%J(¥oﬁrHEééﬁﬁﬁﬂﬂééﬂiwhby t he
dlfferentnetwork supporting a sateliite based positioning of a

mobile arrangement with assistance data and to mobile

arrangements supporting a satellite based pdsitioning of

the mobile arrangement using assistance data. The

invention relates equally to systems comprising such

network elements and such mobile arrangements. The

invention relates equally to corresponding software codes

and to corresponding software program products.
BACKGROUND OF THE INVENTION

Currently there are two operating satellite based
positioning systems, the American system GPS (Global
Positioning System) and the Russian system GLONASS
(Global Orbiting Navigation Satellite System). In the
future, there will be moreover a European system called
GALILEO. A general term for these systems is GNSS (Global
Navigation Satellite System).

For GPS, for example, more than 20 satellites - also
referred to as space vehicles (8V) - orbit the earth.
Each of the satellites transmits two carrier signals Ll
and L2. One of these carrier signals Ll is employed for

carrying a navigation message and code signals of a
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satellites. The C A code is a pseudo random noi se (PRN) code, which is
spreadi ng the spectrum over a nom nal bandw dth of 20.4 6 MHz It is

r epeat ed woeny/1B0A3 bits, the epoch of the code bei ng 1praraB2009b@edi t s of
the C/ A code are also referred to as chips. The carrier frequency of the LI
signal is further nodulated with the nayvigation information at a bit rate
of 50 bit/s. The navigation information conprises in particular a tinmestanp
indicating the time of transm ssion and epheneris and al manac paraneters .

GPS ephenegi s,a064 abHBNBE-RARENBERLS Al §sBasi cahby r3atallldits Qhlidte
paranmeters for a short-term polynom al orbit nodel of the true satellite

traj ect oryls Thedphrbe@tleyseark Rrafmtaikedvwakd apdifderantaC@ds control
server and(&8££Q§rAH§9§§§9iﬁﬁ)tESdé@t?EEEEeaif?%§%ﬂto%h%$%bh%bE cepheneris

or al manac paraneter an algorithmcan estinmate the position of the
satellite ¢oraangdtfoe Wheél brehemggsabhi by thei differeagpecti ve descri bed

section. T, i r bi | s .hav g ff dom that
is, tinme. %%EQ?#%gggggghgog/%pEgggr?g %ngsgpgénggﬁggﬁakgﬁggé(Fﬁﬁﬁhe GPS
time, nanetgdéhewiGhshtisespfeadekg( TOY speThaumabwelr e noodingilon

cal cul ati ' cakl y,ap ext.rapol ati e i i.tions al ong
t he orbitq§%ﬁ§W$%§%t$%ny%f@?i%%Esﬁgr?%ngng%ﬁég E%%%ﬁ]ﬁgkgigﬁ%ﬁdsition. The
initial posht¢iepocls af sohdetbdedbbynpgaiamet efbei bitlse ofplrdreCi/& and al nanac

ni tial orBrial PRSI T ont S TR R G a0 BPe APl CA T 0. o CORRARr 5 |
(TOE) for epheheris pagaakt éssandtheremotinappkedcatichi tthe( TA&) gladri onhe
al manac paf aeters; Both the, TCE and [OByape vef epgnced hato s
information comprises in particular a timestamp
indicating the time of transmission and ephemeris and

almanac parameters.

GPS ephemeris and almanac parameters are basically
satellite orbit parameters for a short-term polynomial‘
orbit model of the true sateilite trajectory. The
parameters are maintained and updated at a GPS control
server and further updated at the satellites. Based on
avéilable ephemeris or almanac parameters, an algorithm
can estimate the position of the satellite for any time
while the satellite is in the respective described
section. The polynomial orbit models have only one degree
of freedom, that is, time. The time base for ephemeris
and almanac parameters is the GPS time, namely the GPS
time-of-week (TOW). The satellite position calculation is
basically an extrapolation of the satellite positions
along the orbit as a function of time starting from a
known initial position. The initial position is also
defined by parameters in the ephemeris and almanac data.
A time-stamp moreover indicates when the satellite is at
the given initial orbital position. The time-stamps are

called time-of-ephemeris (TOE) for ephemeris parameters



TOW Epheneris paraneters can generally be used only during 2- 4 hours for
determ ning the position of a satellite, due to the rather short-term
fitting. Wo2bese3etther hand, a better accuracy can be acircenpzboswdia4t hi s
short fit than with a longer fit. The achi evable accuracy is 2-5 neters.
Alnanac parameters, in contrast, can used for a coarse satellite
positioning even for weeks, but they are not suitable for the actual
accurate positioning due to the poor accuracy resulting fromthe |ong-term

fit and aIsgagigglgFf%ﬁ##ﬁéa%gggggtqﬁoggrgggt%hg.a@ﬁggg%ris and al manac

data are 5? cast el[l1tes 1n a format specified in the
open GPS pateméaeescoBbtbl thecUfBnandl TOR earl agfreconces. 2060 G ently

all GPS rféﬁlvers have to support this format. A GPS receiver of which t he
position to be determ ned receives the signals transmtted by the
currently available satellites, and it detects and tracks the channels used

by different satellites based on_the differe ri : For t
acqpisitigﬁgﬁﬁarﬁﬁaEEFﬁ8e Fry gﬁpeﬁﬁpggaéﬁ n%%,%§%?i§hg$7?%@gﬁgggﬁby gr e
radi o frequasgys( REy pertiranndhgt hkeGRSsri¢denvert ias skitedtl idenvetised into

t he baseband, In a baseband portion, freque rrar jnst.ance due to
the Doppl &P EPFeEFFgﬁFeS SHEVgSrHy%&t§ﬁ%§F.Q%%§%F ?ﬁgﬁﬁqgﬁﬁcﬂiégcorre1ated
with repl heareedasciRatyaranavai lablieviedr walth satiel Ishces. fite Wwmrel ation .

can be perfornmed_for exanple using.a matched filter, .T r i on valu
; . ;oS _ es

can furth&hthed APBGRAL ég%col? eﬁgﬁhﬁ_eg_r? /‘EL r JGTESerent ? ?D{r)\ ng?é eré'to
i ncrease hhe-seRsbhirviteek,t he aemitirsistt, orcarAter nedeat ifonr \ealammsxeeedi ng a
t hreshol d val ue i ndi cates |

satellite positioning even for weeks, but they are not

suitable for the actual accurate positioning due to the

poor accuracy resulting from the long-term fit and also

from a smaller number of parameters. Ephemeris and

almanac data are broadcast from the GPS3 satellites in a

format specified in the open GPS interface control

document (ICD) called ICD-GPS-200. Currently, all GPS

receivers have to support this format.

A GPS receiver of which the position is to be determined
receives the signals transmitted by the currently
available satellites, and it detects and tracks the
channels used by different satellites based on the
different comprised C/A codes. For the acquisition and
tracking of a satellite signal, a signal received by a
radio frequency (RF) portion of the GPS receiver is first
converted into the baseband. In a baseband portion,
frequency errors, for instance due to the Doppler effect,
are removed by a mixer. Then, the signal is correlated
with replica codes that are available for all satellites.
The correlation can be performed for example using a
matched filter. The correlation values can further be
integrated coherently and/or incoherently in order to

increase the sensitivity of the acquisition. A



the C/ A code and the code phase, which are required for despreading the
signal and thus to regain the navigation information. Then, the receiver
det er m nesotb@/13k4m@ of transm ssion of the code transm PrCedBys/eaes
satellite, usually based on data in the decoded navi gati on nessages and on
counts of epochs and chips of the C A godes. The tinme of transm ssion and
the nmeasured tinme of arrival of a signal at the receiver allow determ ning
the tinme of flight required by the signal to propagate fromthe satellite

to the recelyely BYAULLI BLYERGLRE 8gt LMBReEshbhahtaMikh ihbe capeed. of
light, it Is converted to the distance, or range, between the receiver and

the respectheeCsateptiet endrtibehepdet RbapeeelpéfhestienEeesiERE $6%i tions of
the satellylas alaihe LhaPsplnliannll sa0QNcoUSUALLY RARCALNN JLhG sBPheneris
t he decoded n h

paraneters | avi gat1 on nessages. e conput ed di stances and

t he estinatefiopostioons of the satellites then pernit a calculation of the
current position of the receiver, since the receiver is |ocated at an

intersection of the ranges froma set of satellites . Simlarly, it is the
general idBaenf GNSSrposiveondagetrvinesethe tamel bift &rsingmdlssian @ ecei ver

which is tg be sition S t [ it the,si ls to
propagate TPore At ebt Tt LE Sar BRI Ea paartion tPo PO Faobroer oo
cal cul at e daoan thi shepr dpagdedonatvipetihe destagee betiwean colatiseod ver and

(he,reoPectiie, ol el L S et UELNE BBGGULY B R Lgn of (he recel vr.

transmission and the measured time of arrival of a signal

at the receiver allow determining the time of flight

required by thebsignal to propagate from the satellite to

the receiver. By multiplying this time of flight with the

speed of light, it is converted to the distance, or

range, between the receiver and the respective satellite.
Further, the receiver estimates the positions of the
. satellites at the time of transmission, usually based on

the ephemeris parameters in the decoded navigation

messages.

The computed distances and the estimated positions of the
satellites then permit a calculation of the current
position of the receiver, since the receiver is located
at an intersection of the ranges from a set of

satellites.

Similarly, it is the general idea of GNSS positioning to
receive satellite signals at a receiver which is to be
positioned, to measure the time it took the signals to
propagate from an estimated satellite position to the
.receiver, to calculate from this propagation time the
distance between the receiver and the respedtive
satellite and further the current position of the

receiver, making use in addition of the estimated



positions of the satellites. The European Satellite Navigation System

Galil eo, can be expected to have an I1CD of its own. According to the draft
"Ll band wenwoif344dal i | eo Signal in Space ICD (SIS | CD) " pczaBmosbyeaGal i | eo
Joint Undertaking, the Galileo ICD will be quite close to the GPS I CD, but
not exactly the sanme. There will be Glsil eo ephermeris and al manac data, and
both will be related to a Galileo systemtine. A GPS positioning can be
performed in three different positioning nodes. The first node is a

st andal Onepé?%a;g&gsggofol?ﬁé i leaggli;tf@él.s fﬁé”ﬁufbﬁéﬁﬁhga%ﬁ&%@ei ver receives

signals from !¢ satellites and calculates fromthese signals its position
wi t hout arfjeeidghtieomalysednr neelbhe®r opabtperespacted. tPheageceRd node is a

netwk-asxséﬁt(ngfyi {01 i StRLLORa PAS eflo I POSLEL OB D0pa Al pLfties ofDde, the

GPS recei ver e associ ated to i1e communi cation device. The GPS
recei ver dzmliblked iegnat etni fpace heChobsIe Eehrhlini d80Penbile¢rdélep be an

accessory for ile. | cat i evhge. . i - Leation
netvor k. prigtHe SR EHIE THRG e PR L S £ TR, B F TR RO
communi cattton Geyi TED andut onwiar dedct byt hiee GPSneec€hese wolilnpeove its

per f or mance. ch assi stance_dat n_he e t. l'east epheneris,
position é%ﬁtﬁﬁﬁ% T %W%%i?o%ggT%%ﬁ%%ggt?%ﬁ%hgé@gPégthWgﬁg g?epperforned
also in thhelsase ta 4 healEPBeoesgsven. tThe.third node is a network-based
nobil e station assisted GPS positioning. For this node, the GPS receiver is
associated as well to a nobile comunication device. In this node, a nobile

comuni cata appHes et ki @i D desn abe | pastomeqdi $ht tbneasdistfameatand tine
positioning modes. The first mode is a standalone GPS
based positioning. This means that the GPS receiver
receives signals from GPS satellites and calculates from
these signals its position without any additional
information from other sources. The second mode is a
network-assisted mobile station based GPS positioning.
For this mode, the GPS receiver may be associated to a
mobile communication device. The GPS receiver can bé
integrated into the mobile communication device or be an
accessory for the mobile communication device. A mobile
communication network provides assistance data, which is
received by the mobile communication device and forwarded
to the GPS receiver to improve its performance. Such
assistance data can be for example at least ephemeris,
position and time information. The positioning
calculations are performed also in this case in the GPS

* receiver. The third mode is a network-based mobile

station assisted GPS positioning. For this mode, the GPS
receiver is associated as well to a mobile communication
device. In this mode, a mobile communication network
provides at least acquisition assistance and time
information via the mobile communication device to the
GPS receiver for supporting the measurements. The

measurement results are then provided via the mobile



information via the nobile comuni cation device to the GPS receiver for
supporting the neasurenents. The neasurenent results are then provided via
t he nobi Iwoanmwasikaat i on device to the nobil e comuni cat Pom/IBEWNH001E41 Whi ch
cal cul ates the position. The second and the third approach are al so
referred to in conmon as assisted-GPS (A-GPS) . If the assistance data
conprises a reference position -and epheneris data for a particular
satellite, for exanple, the GPS receiver may determ ne the approxi mate

satellite @&%{hﬁh?@a’@ﬂgn nBLy 0B apd EAHSmbbAETE Eeﬁlmgagéb@l%np&l%ww on tine
of the satellite signal and the occurring Doppler frequency. Wth Known

limts of ¥hechrephgatabastihe Bﬁal?h@nDOEbEeﬁeﬁpééuéﬁ@yth@l§@1ﬂﬁe possi bl e
code phas ﬁpéPé‘écHaé(fet&Q@ EQEE}S dqcan gﬁ Ebmnb asA%%'s%Ts%%a&G%ta for

A- GPS has been specil and stan ardlze for al l'ul ar communi cati on
systens. Tha-@R$lvely bhea@%$3@§a@@edda§au§omprude§nat§§f@ﬁamga ul ar

communi cat ho0; 8Ysh ST IPEGh LY. PE OLOBO! SoNATBLY L RBLP-LOL e Global System

for Mobi l nmuni cati o Vi si on 't Pl e Access
(CDVA) , RRexfoxamptebable CERA t9CBMARrandyONAtSPIinEh&heobi |l e station

assi st ed g;g@?&;?uﬁé'{éeé‘é%%lff@éoﬁéﬁglwomd”%‘é@ LS 2hR 1Rg Uq Sy Tor

positionin €ner genc rée are nany comon features’in all of
t he ceIIuIBmepp@$@£bls pr@pa@ahnphetlmbeoﬁupberBede@E$t&o@&gnthamdfL al |

cellular’ POt 0co bi | n b stati_on

assi sted dﬁ§3 dC3¥ @g Eﬁe%ﬁ% 8 §r§$§¥8rglﬁé ﬁ%iF%ﬁ

dependencyprmp£§§tldnstlmdlamﬂeﬂhabbuppleheﬁasqushagceadabathhat.is

provided T.or 85 GFS a8 SeALeLangommYnLoghi gn ReLupLl Ty, gomprise
limited.

Assistance data for A-GPS has been specified and -
standardized for all cellular communication systems. The
delivery of assistance data is build on top of cellular
communication system specific protocols, namely RRLP for
the Global System for Mobile Communications (GSM), IS-801
for Code Division Multiple Access (CDMA), RRC for |
Wideband CDMA (WCDMA) and OMA SUPL. The mcbile station
assisted mode is currently deployed in CDMA networks in

the U.S.A. for positioning of emergency calls.

There are many common features in all of the cellular
protocols, for example, the supported GPS modes. That is,
all cellular protocols support mobile station based GPS,
mobile station assisted GPS and standalone GPS. Further,
all protocols have a high dependency on GPS. As indicated
above, the assistance data that is provided for A-GPS by
a cellular communication network may comprise satellite
navigation data .including GPS ephemeris and almanac data.
All cellular protocols for GPS assistance data define to
this end ephemeris and almanac data information elements

(IE) with only slight differences. The ephemeris and



navi gati on data including GPS epheneris and al manac data. Al cellular
protocols for GPS assistance data define to this end epheneris and al manac
dat a i nf ovombécors4akenents (I1E) with only slight differerceaB200freoiepheneri s
andal manac | Es defined in the cellular protocols are practically identical
with those defined in the | CD-GPS- 2Q0.; Thus, they have also the sane
limtations and expected accuracy as the epheneris and al nanac data which
is broadcast by the satellites. This correspondence makes it easy for a GPS

receiver t&lﬂ@ﬁaéh§E§S§é§Rﬁ8891H3Eﬁe'Ee@@ﬁ&bkoﬂr%%b%%h%tbQ%S as it
requires practical no conversions or extra software. Also a GPS

|onospherdo-ﬁ%@cii%xieh@eﬁvwa@h@léél thpae Peiakngecéndithg £6PaGPScel | ul ar
protocol s.oghe 5% asghéf,aﬂs@edgiéoekﬁ@eggaeawmh't%%ngo af8S time

according to all cel lul'ar protocol's. Moreover e acqui sition assistance
is tayl or-eweRCEed @F%Méﬁcy éﬁdtbanﬁﬁhemérm§eénﬁoﬁlm@§ap|dﬁt@awbuh@tlon in

the mobi | e;stationcaccopgi aget gapllacebbul aniarabocal s, Fiak! yopald data

el enents are | ndexe ccordance wt S sat e cons on
accordi ng tlo eds$ycébruhafPproeoedisr. tBbueeethewhsBeSthece dedamamy conmon

features igoalliah cheoGPvishatedoopt ular peat oalss cLhete,are al so

di f ferences means 't efnlna tware r ce|V|n assi st ance
data has tQDEW@iﬁﬂomaveraﬁxadapSQEtwaréayéﬁsboa 181515 aehbapherprotocols or

support OQﬁ¥dgf O; ﬁ@eogg£lgﬂ$|c8i9u?%9|Eln%b é%ﬁgeﬁts Eerences In

the cellular oco S, especla e nessage ﬁ ve effects on
t he A—GPS<p£11wlmnnpeotoc®bsnBThé GPEE&SSlBtastefd&tanélemaﬁtslmmby. A

further pﬁpbleqaléot§§§ £Em8rggéo£ 1H8etghglfpgggﬁﬁagr protocols.
Moreover, the acquisition assistance is taylor-made for
GPS only and cannot be used for position calculation in
the mobile station according to all cellular protocols.
Finally, all data elements are indexed in accordance with
the GPS satellite constellation according to all cellular

protocols.

However, while there are many common features in all of
the GPS related cellular protocols, there are also
differences. This means that terminal software receiving
the assistance data has to either have an adaptation
layer for the cellular protocols or support only some of
the cellular prétocols. Moreover, the differences in the
cellular protocols, especially in the message contents,
have effects on the A-GPS performance in terms of time-

to-first fix and sensitivity.

A further problem is that in order to use the ephemeris
or almanac parameters for predicting accurately the
expected satellite code phases and Doppler frequencies in
the GPS receiyer for the initial signal acquisition, the
assistance data from the network has to also include an

accurate GPS TOW assistance. In GSM and WCDMA networks,



or al manac paraneters for predicting accurately the expected satellite code
phases and Doppler frequencies in the GPS receiver for the initial signal
acqui si t iwn,20adB448si st ance data fromthe network has tecaliBmos/nabude an
accurate GPS TOW assi stance. In GSM and WCDVA net wor ks, an accurate GPS TOW
delivery requires depl oynent of LocaiiE?n_ Measuring Units (LMJ) at every

cel lul ar base station, which are able thenselves to acquire and eval uate
GPS signals. LMJs, however, -are expensive and require a continuous

mai nt enance. Moreover,. . th ryen h I formats in
the cel | uP&r a&cblt‘rg%& ng;:r grdgj;s(?(reegltc\)’r? o%%dsﬁfg%]?jn%dl %em?ia(%:gl ly for GPS.
Assi st ance.cdatd oni Meaahsd roe Unfi HenpaMiBnee foorerGalddeloilam lasgker to ensure
that the perfqrmance .of Galil wi.l.l be .equal_tao A: can be expected
that the ééPIaitllé?G'eﬁS’ﬁéﬁ%‘r i°F & anlseoléf%dgl ftfoerae‘%uqfarrs%n#%e GPS epheneri s
and al manae afieriet S50 dikptalishe IGRS assivhance adat eefoematveamdot sinply
be used for Galileo as well. If Galileo epheneris is different from GPS
ephener i s e T GO YA MFS THAE NS he augnented with Galileo
specific information elenments, and the use of Galileo for a positioning
requires extra software in the receivers. Mreaver, Galileo_and GPS may
have a di MogEsiieTguding Wit Ler \ﬁ;ﬁbe,me(qgas[ a'ré atcﬁH%aI%%(Fiqll%Ba ebPefdt s data
nmay be nore agEUIRNE Jihah di dRE ephemyd sedlaia, foenat & | dgflned better
accuracy of a @alileo-based positioning. Mryreover, Galjleo and_ GPS
epheneri s Sp@CARCEIs YheyPTh JiFFBrERNGS (B hahst L I#?‘P\'Qge cate,
si mul tane%g;o%%%lbn%@rﬁﬁr date uRdating,idenato RasSibs ec st essi stance data
ed to

updates n eper f orma?rlcsec f:)efd u(éaeldi lI enodev?ielnld ebné | eyql:[a? lr 1%1 | Zlk.l (?SS :’:m%t C-:g::.asn be
expected that the Galileo ephemeris format will be
different from the GPS ephemeris and almanac formats so
that the GPS aésistance data format can not simply be
used for Galileo as well. If Galileo ephemeris is
different from GPS ephemeris, the cellular standards have
to be augmented with Galileo specific information
elements, and the use of Galileo for a positioning
requires extra software in the receivers. Moreover,
Galileo and GPS may have a different quality of service,
that is, the Galileo ephemeris data may be more accurate
than the GPS ephemeris data, resulting in a better
accuracy of a Galileo-based positioning. Moreover,
Galileo and GPS ephemeris parameters may have different
life spans. In this case, simultaneous assistance data
updating is not possible but assistance data updates need

to be scheduled independently for Galileo and GPS.

Thus, there are various problems with the current GPS

assistance data.

It has been proposed to augment 3GPP GPS assistance data
elements for Galileo signals by modifying the indexing of

the ephemeris data elements so that the indexing could



Thus, there are various problens with the current GPS assistance data. It
has been proposed to augnent 3GPP GPS assi stance data elenents for Glileo
si gnal s byormab/f3yiing t he i ndexi ng of the epheneris dat aprelranmos/goisa t hat

t he i ndexi ng coul dalso include Galileo satellites. The format of the
ephereris data woul d then be essentially the same for GPS and Galileo
satellites. Wth this solutions, GPS and Galil eo assi stance data woul d
still be restricted to the Iimtations of the current GPS epheneris and

al manac daj #so ande8h§0 GafPBdULdEhhYBEY i §’hfét IEbl-mb@auier %ﬂe Further, it is

known to enhance the accuracy and integrity of orbit nodels by means of

correct i oreRiaeBeTr InedeEtz opeahd Gebsnabponaspniawidat Fbe ormel dprSERF ce
(EGNCS) anghe. s, As 22 AUGFED: afi o SYSLOmLAWAAS) ! B mstance,

determ ne GPS correction data, whic account, for exanp of GPS
si gnal . del @y%1ite@saes bytahee atabsphenédantiihebeonespiécsedThie ¢iuer ection

data is trf{ﬁf%%{ﬁﬁnyggggéﬁét8&£98§£y8§§t8@hé§8§i§”9n&hgl%%%%cca” be

recei ved by surtable recervers an e tused Tor rncreasing the accuracy
of a GPS bdsed, posdtabsd ng. GFRar TOEr dedifeeyensi ak iGPSreBGRB8Edcor recti ons
had been introduced for mtigating the effect of selective availability.
They are suited to renove atnosphere effects and satellite position and

cl ock dri fResrtM&AS, 1 EQNOSkaown DEPSenhaneet thasaacaerakbywagadbound to a single
set of epheneredes, though,, We ong-termsatellite orbital, paranmeters are
ecd | et CRILSTL HoY bt Sphehe Paebar Rt ERE:  WAASOF EERER Hn i BerS
correcti orthe aivodpdien USeds t Hetanseyt Keyigaeibouodekdat/hgenetiaal epheneri s
dat a. (EGNOS) and the Wide Area Augmentation System (WAAS), for

instance, determine GPS correction data, which take

account, for example, of GPS signal delays caused by the

atmosphere and the ionosphere. The correction data is

transmitted via geostationary satellites and the data can

be received by suitable GPS receivers and be used for

increasing the accuracy of a GPS based positioning.

Further, differential GPS (DGPS) corrections had been

introduced for mitigating the effect of selective

availability. They are suilted to remove atmosphere

effects and satellite position and clock drifts. WAAS,

EGNOS and DGPS corrections are always bound to a single

set of ephemeredes, though. Whén long-term satellite

orbital parameters are used instead of normal ephemeris

parameters, WAAS, EGNOS and DGPS corrections cannot be

used, because they are bound to the normal ephemeris

data.

SUMMARY OF THE INVENTION
The invention provides alternatives to the conventional

provision and use of assistance data for a satellite

based positioning of a mobile arrangement.



SUMVARY OF THE I NVENTI ON The invention provides alternatives to the
conventional provision and use of assistance data for a satellite based
posi ti oniwg 20d6/34410bi | e arrangenent.| . According to a PcraB2espacil of the
invention, a first method is proposed for supporting a satellite based
positioning of a nmobile arrangenent w.th _assistance data, wherein the
nobi | e arrangenent is adapted to conn& icate with a comuni cati on network
and to acquire signals transmtted by satellites of at |east one satellite
based positioning system The method gonprises converting in the

comuni cation network avail able paranéters of a dedicated orbit nodel
descri bing a novenent of a satellite, which dedicated orbit nodel is

defined for a particular satellite hase osi.tioning system._into
par anet er $C6PT818¢ton Sorfiits ec%e? i %u}%¥?ﬂﬁé§ﬂ;,a 5k

nt- of 'd satellite.

The net hogehupihars st%%ﬁ frowugipee-tiltey conseard e tpareamet@r s as a part
of assistance data for to the

> d the satellite based positioning. Accordin
first aspPOFLSfOPRE] et |Ht9rli)llr?oraé"d”\?é}ge§“ dﬁdjhﬁﬁ%dstr%n?ﬁ o%%g%ﬁ for
suppor ti ngpa sateldhd edpased Nesiddaimng if AdFiEd ecq@réangenbaitasi ng
assi stance data, wherein the nobile arrangement is, adapted to communicate
With a comihi adoFMUREIGAdIOTaME T e AT it S rahd ittt ed by

satel |ites . af &t dieaftPnesatelddd @ hased fosi tdndi swrsystembdses met hod
conprises receiving at 'the nobil e arrangenent assistance data fromthe

communi cabiosi tienieTk SYFIauH g5 e rePTBIC 5 LD Y F bt 29 nbidel

ggtslc[r'a?: Rg:h% MENEN -0 & salsldik evaliney®rs hod-dnktdes sonpri ses
dedicated orbit model describing a movement of a
satellite, which dedicated'orbit model is defined for a

particular satellite based positioning syétem, into

parameters of a common orbit model describing a movement
of a satellite. The method further comprises providing
the converted parameters as a part of assistance data for

the satellite based positioning.

According to the first aspect of the invention, moreover
a second method is proposed for supporting a satellite
based positioning of a mobile arrangement using
assistance data, wherein the mobile arrangement is
adapted to communicate with a communication network and
to acquire signals transmitted by satellites of at least
one satellite based positioning system. This method
comprises receiving at the mobile arrangement assistance
data from the communication network including parameters
of a common orbit model describing a movement of a
satellite. The method further comprises estimating a
position of a satellite of the at least one satellite
based positioning system based on the received parameters

of the common orbit model.



position of a satellite of the at |east one satellite based positioning
system based on the received paranmeters of the common orbit nodel. According
to the fiwetoespeat of the invention, noreover a networPCeliBzpsboOIbOr a
comuni cati on network supporting a satellite based positioning of a nobile
arrangenment with assistance data is prla]posed, wherein the nobile

arrangenent is adapted to communicate th the comunication network and to

acq_ui_re signal s transhm' tted by satellites of at |east one satellite based
positioning system  The network el t | S Si deans. The
processi négﬁgéaén_gr ?éoaﬁ t (flLrtSl(:g)C é"osgjvgeér%'t Ogt\%ﬁ?{éagq@egg?lﬁ't enﬁ% of a dedicat ed
org||t _m)dgl P_@Q&@ﬁf:ckblen@n@nm)\fe}mm cafnmairsiateailant eyetwich slaelb@at e or bi t
nodel is defined._for particul.ar. satellite ed paosj.ti.oni stem into
par anet er & Gﬁtﬁgé&%%%ac?ﬂﬂt tpor‘?d??&on&@sgcrqftbiang%zol?rloe\?e%%&%ﬂ%légt ellite.
The processithg sBeaRE aalce fdadahers adapietd,o Wirawdde the tonvks t ed
paraneters as a part aqf assist%pc;{qd
r

anet el ata for the satellite b d
posi ti oni REFLEREEHFE N (?d_ﬂpéc SRR S h"éftr}hvtellh i on?S(ramr eover a
gﬁ?; lnge?r; Lc%&g@t !i‘i&'&tat%'é)}?)p;?fet’dvﬂﬁ:d]@ &al eld idephased pnsils onfagseittéad mobil e
usi ng assi stance data is propased.. Th bi. |
conpr i ses k¥ saftelilifessignat rlé%?eﬂ/éjrr{)ead%piiegght%e 2%%%0?41 eg%s%%%@@lerqgnt
transm tted by saield ifasydfk at1dast @gsaied |ptecdastdy posans oni ng

system Theé nobile arrangenent further conprises a conmunjcation conponent
adapt ed t @hee@gioge SEraa tm@%rﬁﬁﬁn%%ﬁfcﬁijnfe?v%?fkv%ﬁi%ﬁﬁigb ta vvirTh

par amet er gaa(}fan%t%%m o hidgimdeld daserd hidwe B aoyerepingfaa satellite,
The nobi |l € arrangenent further conprises

movement of a satellite, which dedicated orbit model is

defined for a particular satellite based positioning

system, into parameters of a common orbit model

describing a movement of a satellite. The processing

means are further adapted to provide the converted

parameters as a part of assistance data for the satellite

based positioning.

According to the first aspect of the invention, moreover
a mobile arrangement supporting a satellite based
positioning of the mobile arrangement using assistance
data is proposed. The mobile arrangement comprises a
satellite signal receiver adapted to acquire signals
transmitted by satellites of at least one satellite based
positioning system. The mobile arrangement further
comprises a communication component adapted to receive
from the communication network assistance data with
parameters of a common orbit model describing a movement
of a satellite. The mobile arrangement further comprises
processing means adapted to estimate a position of a
satellite of the at least one satellite based positioning
system based on received parameters of the common orbit

model.



processi ng nmeans adapted to estimate a position of a satellite of the at

| east one satellite based positioning systembased on received paraneters

of the cowoonoemibiy nodel . According to the first aspectCofiBrdogoiavention,

noreover a systemis proposed which conprises the proposed network el enent .
of the first aspect of the invention q&d t he proposed nobil e arrangenent of
the first aspect of the invention. Accérding to the first aspect of the

i nvention, noreover a first software code for supporting a satellite based

Do et o ARGl Sl (AR B ASHSLAREE AR ol Roped,

wherein t ar rangerrent to conmuni cate with a
comuni cati @lysrttem/varsk pem:@ots@dami]mq’ne CsmgnaIS@St rtdyes AR &Y RREETH t es of

at | east one sa eII p05|t| ecuted by a
processi n§ t,erﬁ‘ief1 ﬁrrk elfehent Ofq‘:gt & clg{r{r}:*?un\rﬁl?a}% %g{rl&]gteksé(\/\ork they
sof twar e @@@@ors@@u mmueharfnam;emmtm@of dfhe e st stseaspecet dfhe he
invention., According to the first aspect of the invention, noreover a first
sof tware & Pt-oduct is proposed, in which the first software code
proposed for the first aspect of the invention is stored. According to the

first aspect of_the inventign, noreov cond so e

support i ngcEEAd it tg)zfséc& |atsipoerﬁecn afosteré rﬁ)rbv‘?%é%anlgggn%n 8%& ng

assi stance datad %cﬁt@m&ﬁd}od@&fc@i rsxt;ifpbmbtcj & asatarigeieatbaseddapted to
comuni cate with a communi cati.on network and to. tg}c uire &g@gl aa%ansm tted

by sat el | Poss tgomHNg @dstd FRP ISR 153 PHIY tFoH PSSt 83T Waen
bei ng exequ ed- b dIr AARSE MY HHY tmd¥ile rmbﬁdr&g@ﬁesramgmmaptda@ to

communicate with a communication network and to acquire
signals transmitted by satellites of at least one
satellite based positioning system. When being executed
by a processing unit of a network element of the
communication network, the software code realizes the

first method of the first aspect of the invention.

According to the first aspect of the invention, moreover
a first software program product is proposed, in which
the first software code proposed for the first aspect of

the invention 1s stored.

According to the first aspect of the invention, moreover
a second software code for supporting a satellite based
positioning of a mobile arrangement using assistance data
is proposed, wherein the mobile arrangement is adapted to
communicate with a communication network and to acquire
signals transmitted by satellites of at least one
satellite based positioning system. WhenAbeing executed
by a processing unit of a mobile arrangement, the
software code realizes the second method of the first

aspect of the invention.



software code realizes the second method of the first aspect of the

i nvention. According to the first aspect of the invention, noreover a second
sof t war e Wwoagocarsuqnoduct i s proposed, in which the secomrdTaBiinsyerie4icode
proposed for the first aspect of the invention is stored. The first aspect
of the invention is based on the idgalghgt the format of paranmeters of an
orbit nodel, which are provided as asSistance data for a satellite based
posi tioning, could be decoupled fromthe format of orbit parameters that

are defined in . the sco of-. e MY |5 idd-anin
system | CFSrSELB_SongQF‘S gﬁ?EEegggt%tﬁgt %gf/gh@aﬁ%%ﬁﬁgpg@rgﬁgﬁ ?or a
particul an satehbi tefhased peosigtrironiprydsyst dm areERERbr tidd WH®! par amet ers

of a co or bi t del_.,. The canmon orhit I - ég%r;esc

be, def imrIgE‘ei ﬁeg89%ﬁ'offgwa§te Icggs?t P Ots,%aetde@%teg}{)gggfelﬁ%y ti On-tlp(l’)légf Qs\s/teeﬁrg.

It is to bepeneghednthah tilke stewmd.conversion” is neant to include as well a

re-cal cul ation of the paraneters for the comon orbit nodel . It is an

advant age of the first aspect of the invention.that the sane orbit nodel

g;gt grem us%qteL q_[iﬁtslﬂe 2Pt @@Qh@agallv@‘nmmﬁ duss rsetesl |drt ectomsietEosi ti oni ng -
) e common orbit no . a simlar_.performance ernms of

(?ftoé% kf)e% dTéBl %\Iﬂfc 0

accuracy ¢BAth&DEcHicEVEF Odr PAHR a1t Epased positi oni ng
'Sl%ﬁt e”g- éhrt%o Wi_%i?szde'a!si Ta%ls_ﬁs;%%dldy)iiat‘daorﬂmg By teaiil o Wesedided easily.
s, assisted positioning [ike A-GNSS c %d be harnoni zed in various

communi cappéﬁ@toélﬁd@rrd§,ouf%& Den semd eﬁjo qon&qur%' % r%lrs&?n t he
mobi l e ar ?%&%%{é%@z% e GeEmRRMArkid ipdele fasipd tat es Mmspoveiva
hybri di zati on, for exanple a

satellite based positioning system. It is proposed to

this end that available orbit parameters for a particular

satellite based positioning system are converted into

parameters of a common orbit model. The common orbit

model may, but does not have to be, defined in common for

at least two satellite based positioning systems. It is

to be noted that the term "conversion" is meant to

include as well a re-calculation of the parameters for

the common orbit model.

It is an advantage of the first aspect of the invention
that the same orbit model can be used for the assistance
data of various satellite based positioning systems. With
the common orbit model, a similar performance in terms of
accuracy can be achieved for all supported satellite
based positioning systems. Also new satellite based
positioning systems can be added easily. Thus, assisted
positioning like A-GNSS could be harmonized in various
communication standards, for instance in all cellular
standards. In the mobile arrangements, the common orbit
model facilitates moreover a hybridization, for example a
Galileo-GPS hybridization which allows a mobile
arrangement basing positioning calculations.on satellite

signals of GPS satellites and Galileo satellites. It is



Gal i | eo- GPS hybri di zation which allows a nobil e arrangenent basing
positioning calculations on satellite signals of GPS satellites and Galil eo
satel | it e80 2ba6/i38ahso possi ble to use the common orbit mrodaB2@so@aesi ngl e
orbit nodel for a particular satellite based positioning system for
instance instead of the GPS epheneris apd_al manac nodel, and equally as a
single orbit nodel for all positioning nodes, for instance for nobile
station assisted GNSS and nobil e station based GNSS. Using a conmon orbit

model thus, { 80uGess | Hee NMEDELOLnEalBnfLEMBALS o B3hichake ko dgaupported in

t he connunlcatﬁ%n Standards. T e size an nmpl exi'ty of a positioning
sof tware iarkbihobbiel afpangeranticahabesatriliized bares poisadiome ndommon
orbit modelylped MPOL! £n3tLARECTRALeaRO8E BLYL £k QLR SSadcall | eo
receiver, tha f spenses™w a standal one positionrng. That is, in case
t he nobi | eatmanagenedeli t sabf edoed lyotishaveiagy esofrbidar eoderl degodi ng

satellite pavi i , on S S orti t r.oposed connon
orbit modent cuan PRolihE: motse rhr° ahbrahEey ERCkELId o B RUROCET
common or bassimdet EB8Bdardencbélassetainoadbiesiedn GNGIS .plieiingi g assi st ance

data for terrestrial.positioni syst.ens, is also an advantage of the
first aspe%?m%?nt%gb%ﬁv@ﬂgﬁgnkﬁﬁgt¥88§§FBIéhghgﬁgegriﬁ%tﬁ%' or mat of
par anmet er sedDémeets cahed habet toodel spppbkeetihénpahaemeersindefsitied i n t he

| CD- GPS- 200 &g ngt nﬁﬁessttate ﬁhanﬁeﬁ in.the conv%rL%qcp%raneters. The
i nterface DEFWRBHIF hel REnTiAFcaPofORBLRErkYald £hEOFEHE A% angenent s may
thus stay sbetsane. ifnhymbbelenpresrpbadnparameber mdoivdrzsidomhizas t o be
adapted. It |s also an advantgg% of t e.first-%saect of the

using the common or model in a mobile arrangement,

possibly for a hybrid GPS/Galileo receiver, that

dispenses with a standalone positioning. That is, in case

the mobile arrangement itself does not have any software

- for decoding satellite navigation data, but only software

supporting the proposed common orbit model, even though

this is not a preferred embodiment. The same common orbit

model could even be used in addition for providing

assistance data for terrestrial positioning systems.

It is also an advantage of the first aspect of the
invention that possible changes in the format of
parameters of dedicated orbit models, like the parameters
defined in the ICD-GPS-200, do not necessitate changes in
the converted parameters. The interface between the
communication network and the mobile arrangements may
thus stay the same. Only the implemented parameter

conversion has to be adapted.

It is also an advantage of the first aspect of the
invention that the format of the converted parameters is
not tied to the format of the original parameters. The

conversion thus enables a provision of enhanced



invention that the format of the converted paraneters is not tied to the
format of the original paraneters. The conversion thus enabl es a provision
of enhancedpascasetiers and thus an inprovenent of the perConproseoiedr an

assi sted positioning. The common orbit nodel may conprises for exanple nore
paranmeters than a dedicated orbit nodel. or paraneters having a | onger word
I ength than correspondi ng par aneters @15 a dedicated orbit nodel. This
.allows increasing the accuracy of the orbit nodel and/or the validity tine

of the respectiye para rs. Lf.th i i A at also th
achi evabl B 58@#?6% ﬁaggéﬁuﬁeaﬁlol;énpgﬁ@g{?%aeg%ﬁ%%? 5 ecsaﬂ;;g;{%rret er s@adraﬁe valid ©
for a |onger absfiBtectiepesitpdaties.are required, which saves comunication
bandwi dth in the comunication system The Jet Propul sion Laboratory of the
California Institute of Technology (JPL) has already shown that it is

pozs: bl E tr@el @@m@@eoﬁfﬁgta@@greacyaa@nd:ohdpfﬂmrfcoﬁ exteenslat ehdie e or bi t
nodel s by increasing the word |l.ength of .t.he orbital par The

| nt er nat | BAEPTEPSTSelPde 2 ﬁ@@,m&\%eﬁpfra% é%oc%lgkerac%caufaﬁ%/@éof%i t nodel s
for a 48 houhsgpar i1esgavekdriie 1letgtimahan] Rlomméddaheing pawheders
ultra-rapid orbit position data that is \valid and accurate at_.decineter

level at ldagt dedicpreq oroddt mogelay & R P e Yat a i s

typi cal l'y Jio$R3f @rmahe WHSER Rl s aleldid ergiasditpntand o€l ocity
coordinates in ECEF (Earth Centered Earth Fixed) frame clock tine and
accuracy &¥E FEEERSCEdNs @ TANSEEHRS i tfertg CHR4 ERIST 15° ' The data is

provi ded fa?{cu%%ef,!l'éls?%h%ata%ﬂﬂéx%kﬁ@%i@éiltﬁtdrﬁmg Tden de¢ anbse not sui tabl e
for term nal positioning as such but nust be npdeled e, g. b

accurate. If the parameters are valid for a lé%ge% time,

fewer updates are required, which saves communication

bandwidth in the communication system.

The Jet Propulsion Laboratory of the California Institute
of Technology (JPL) has already shown that it is possible
to increase the accuracy and life span of the satellite
orbit models by increasing the word length of the orbital
parameters. The International GPS Service, IGS, by JPL
shares high-accuracy orbit models for a 48 hours period
over the Internet. JPL publishes so called ultra-rapid
orbit position data that is valid and accurate at
decimeter level at least +/- 24 h, that is, 24 hours
ahead in time. The data is typically in sp3 format, which
contains satellite position and velocity coordinates in
ECEF (Earth Centered Earth Fixed) frame, clock time and
accuracy estimates sampled at some interval, typically 15
min. The data is provided for the full GPS satellite
constellation. The data is not suitable for terminal
positioning as such but must be modeled e.g. by
polynomial fitting to provide a compact set of parameters
for a terminal for satellite position and velocity
extrapolation as function of time. For the polynomial

fitting, it is possible to use the "polynomial format"



polynom al fitting to provide a conpact set of paraneters for a term nal
for satellite position and velocity extrapolation as function of tinme. For
t he pol yrwoizaée/f3i41i ng, it is possible to use the "pol yRromiiB2005/001641

format "defined for the GPS epheneris data. Mddeling is al so needed for the
satellite clock drifting. The IGS offers accurate information also for
satellite clocks that need to be m)d'eﬁe , for exanple, with polynomals
too. A clock nodel is included in the standard satellite broadcast in

subf rane in _accaordance w the GPS | and, i t_4 royi as well in
cel lul ar il§‘te§1cf£9r %ﬁ‘«? gﬁc#glfﬁllbe&[éﬁmiss%ﬁ b;{f[?@e%j;%%rrg% %%g%e a part of
e}oherrgri Sneuled trdrs t8td |datemided aifodit sdwinbicid obEhe LDGAt@ffers has

al ready shown that it_is possible to.increase the cur ac d Jjfe span of
the sat el BOHTEI tiHEISIEEIRP ERUIERT ift ﬁfb%%oy%%pnp%%léél e

pol ynom ak o ide byndisiary atderdiadnpies f initmgpsyteanials havo uskdebyckPS. The

tellit h , ice by Gobal L | he .1.CD- GPS- 200
For mat ¢ 0 TEALy JrgRa S i e ST FeR Feh P EOrater Fatfon. The

life span Qf,thed ong-t erdesmialccan bie tshcbongen, thea ibeisife span of
t he broadcasted epheneris. The |atter approach, however,_ is still. bo.und to

the GPS epieverdes fasr mall Hheabbilam 25557 ter s oF G aeki B3Y8Y orbit

model can she 015 exanpl g drpadcastyephes®rt sopr cohbrer 08 pi bat dat as
epheneri slor_ (#{%er o?ggi tal data provided by GNSS control segnents, and/or
epherer i s s6vilgt ermastdh t@f Hed Ot ovi ded by an external source, such as

| GS. The common orbit nodel can be based on Keplerian orbits and paraneters

used for the GPS epheneris and al manac o ,
Global Locate Inc. has already shown that it is possible

to increase the accuracy and life span of the satellite
orbit models by calculating the ICD;GPS—ZOO compatible
polynomial fit by using alternative fitting criteria than
used by GPS. The satellite ephemeris service by Global
Locate Inc. uses the ICD-GPS-200 format to carry long-
term orbit models for the full GPS constellation. The
life span of the long-term model can be much longer than
the life span of the broadcasted ephemeris. The latter
approach, however, is still bound to the GPS ephemeris

format.

The available parameters of a dedicated orbit model can
be for example broadcast ephemeris or other orbital data,
ephemeris or other orbital data provided by GNSS control
segments, and/or ephemeris or other orbital data provided

by an external source, such as IGS.

The common orbit model can be based on Keplerian orbits
and parameters used for the GPS ephemeris and almanac
models. But it is also possible to use various other
representation to moedel the satellite position
information. Examples are Spline polynomials, Hermitean

polynomials, piece-wise continuous polynomials, etc. By



nodels. But it is also possible to use various other representation to
nodel the satellite position information. Exanples are Spline polynom als,
Her mi t earwpabyonicwiial s, pi ece-wi se continuous pol ynom al ®CTABZOS/Byeaty of
exanple, a fourth-order polynom al nodel could be fitted into the true
satellite orbital trajectory given in ECEF franme. The pol ynom al node
can be fitted using a criterion that nim zes the root nmean of squared
errors (RVMSE) . The polynom al nodel can then be used to extrapolate the

satellite position informati v j i Lts =fQrmat
i ncl udi ng ”gw éthl‘—e}fJac{ﬁfel’on% g%%%&%%?%;péﬁ%%%fo%ﬁd%?agﬁgggf It% ,
?pcuy aci eSfjfjtstltei:) intdethESX tag asasebbslye torluseal f bragganpk¥, gimepol ynom al
itting. Modeli n.be do e.g..b ' i{ean. nom al
ftting sot Ft HE pot ghom re w3 rTien Toest oard PEr 6 6552t Ton and
velocity gﬁéjaqgjgi dhet et dwdeiodt tihien mexvé oush@4rd8thmealli vfi sheapedposed
comon orbit node here is nore freedomto. sel ect, the par ters conpared
to sinply %Eﬁ?ﬁftl&“é%%ij%%%i%?{¥?ﬁm&ﬁ T@é?%eﬁa?o%h?ﬂeb%nggghgﬁeris dat a.
The pol ynassatagstete the Supberioé pesambber snAodmbhéonofdrivendt is can be
sel ected according to the desired accuracy and expected |life span of the
fit. The ébﬁﬁ%n orbit nodel paraneters which are eventually provided as a
part of assistance data nmay conprise paraneters for the entire satellite

constellation of a particular satelljte, based Ltioni, t th
entire sat4¢ite %%%s%@@T%??%%tofl%@b?%%%?i?9 ggﬁgaP8FF£38%%Z§§g] ©

posi ti oni NErBYS§ETGe1 0 anBakiodk ©08s par Pt easatiehtibe qersyel kaki ons,

depending on the capabilities of the , .
IGS data 1s easy to use, for example, in polynomial
fitting. Modeling can be done e.g. by Spline or Hermitean
polynomial fitting so that the polynomials are fitted
into satellite position and velocity data for the period
of the previous'24-48 h. With the proposed common orbit
model, there is more freedom to select the parameters
compared to simply using the "polynomial format" defined
for the GPS ephemeris data. The polynomial order, the
number of parameters and the word lengths can be selected
according to the desired accuracy and expected life span

of the fit.

The common orbit model parameters which are eventually
provided as a part of assistance data may comprise
parameters for fhe entire satellite constellation of a
particular satellite based positioning system, the entire
satellite constellation of a plurality of satellite based
positioning systems, or a part of one or more satellite
constellations, depending on the capabilities of the

mobile arrangement.

The supported satellite based positioning systems can be
selected arbitrarily. They may comprise for example GPS,

GLONASS and Galileo, but equally EGNOS and WAAS, etc.



nobi | e arrangenment. The supported satellite based positioning systens can
be selected arbitrarily. They may conprise for exanple GPS, GLONASS and

Gal il eo, Wooegsadihy EGNOS and WAAS, etc.ln addition toprChaBmosv@Esiied
parameters, the provided assistance data may conprise in particular a
reference tinme, for instance in form g cl ock nodel paraneters, and a
reference location. It has to be nofeg that also the comon orbit nodel
itself could contain, in addition to a nodel for satellite- position and
velocity data, a nodel for satellite clock bias and drift, a time reference
for initialization, estimtes for satellite position, Velocity and cl ock
accuracy andapassibhytastihel boavended berasetelrsit éhst tinovdeeor phase

wi nd-up correction fqr precise point positioni PPP jon. Th
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with a siApFefRRepPrs HﬁFEFbPPca&Fqﬁasrgg &§t§O§§€'§%R%%ﬁ%f?£§§§?n t he ECEF
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tion. anples are, cqorrections, Real. Ti Ki nemat i RTK

correct i onsdahdear ﬁﬁé?}&ﬁé@epﬁé&%f’%&% v@&Pcs%tyelr%ttaé st gna e:l. (For ) a
hi gh accu g%ysg%m%let LORICRY pikef ehener iifs ,made ine trhef doeme o MO
2004/ 000732 Al . Carrier phase measurenents d RTK reference data, for
|nztance,laﬂélgéﬂ?éalpérs@ﬁﬁéﬁ@tﬁshﬁgﬁlé S&Yiofig. 1t is to be
under st oo b hat (BTK GOrAeekl Reukaeun e SRS My bes adanl ed msdekqui red
for the support ?? a Glileo basedqﬁgsitioning etc. . |

for satellite attitude for phase wind-up correction for

precise point positioning (PPP) calculation. The’

coordinate frame for position and velocity models is

advantageously the ECEF frame, as an earth rotation

correction can be performed easily in an ECEF frame. A

conversion to local frames (East-North-Up) can be

achieved with a simple matrix multiplication. IGS data

may be comprised in the ECEF frame.

Further, the provided assistance data may comprise divers
other information. Examples are DGPS corrections, Real
Time Kinematics (RTK) corrections and carrier phase
measurements for satellite signals. For a high accuracy
RTK positioning, reference is made to the document WO
2004/000732 Al. Carrier phase measurements and RTK
reference data, for instance, are suited to support a
high—acéuracy positioning. It is to be understood that
RTK corrections known for GPS may be adapted as required
for the support of a Galileo based positioning, etc.
Further examples of additional assistance data are EGNOS
and WAAS corrections. The data broadcast from
geostationary EGNOS and WAAS satellites is difficult to
receive in high-latitude areas. The data may therefore be

provided as network assistance data instead, in



Further exanples of additional assistance data are EGNOS and WAAS
corrections . The data broadcast from geostati onary EGNOS and WAAS

satel | i t ewoi2s06disifiucult to receive in high-latitude areaeT/IBos/daba may

t herefore be provided as network assistance data instead, inparticular if
the comon orbit nodel is a short-ter rbit nodel, as the current

EGNOS/ WAAS corrections as such are not Suitable for long-termorbit nodels.
A further exanple of additional assistance data are shorttermdifferential

correcti ongs, E'P{CL%PQJ_Q jer é’ré?b&m&?dghaltpmé&%i' jEurt bgr-exapphe of

addi ti onal® assi stance data are 1 onosphere no par anmeters and/ or
troposphercerbmldehocpalanm etlse ¢usre1ht EGN@ﬁéWAéﬁaﬁpreectlaam 2Bonal

assi st ance d géd ng{lo%%ﬁgjéfy% gibltléf ¥\@£ﬂ| RYS; tv\ﬁbaFlgt-ely abe provided in

the case ot" @& en sa efal ure, ”in order oexc the satellite
from posi tfmntlmeaﬂ* cetkatp ba. oA sdditiduat hesseshapte dbitaddirei ehalrtassi st ance

data are ata bits_of at ast one satel ite S i tem
enabling a %gf‘aé“/\f£%r%lf‘ lﬁg ON- A T e % lgg%i gggﬁrrgiﬁggn@%fﬁxéét a
wi pe-of f im stiel hbarticet npxaxel & h@fs&déltwnay hasassanebl daéasiegeal

receiver. For e i.f. GPS: dat conte S unkno ossible to
coherent| (?rh?%é}?%?% T‘F\%ebi%ajé?ﬁ% Jéso‘—iﬁl&?ﬁrtﬁ@p%sg 85% I&8§ ?1 GPS bit)
In the Casﬁaﬁilﬁ?étéh@ dat et bl 1 sfareh&novRampdbeoenhddighahailnt egration can .
be conti nued over several GPS bjts, gjving, appr ox matel .1.5 dB an in
LA 2RRERN Yoot

sensi ti vi t3° BheF3NE® nde tRe Rt 8P RET 9Ty ﬁb}“’éa LRGP eXdmpte 40 s

(2 bits) apay dod esHb¥ididdaigatieofadeSodBa 80d8A ﬁhﬁeﬂ41bet8) in a gain of
3 dB. In one enmbodi nrent of the invention, the s ?TE anot her ,net wor k
el ement of L3 hELERmMiMi CEEE BNt ReEHDr RIe uFRReFate t& £fom position

calculation. A still further example of additional
assistance data are data bits of at least one satellite
based positioning system enabling a data wipe-off upon a
request by a mobile arrangement. Data wipe-off is a
method to improve the sensitivity iﬁ a satellite signal
receiver. For example, if GPS data content is unknown, it
is possible to coherently integrate the GPS signals only
for 20 ms periods (1 GPS bit). In the case that the data
bits are known, coherent signal integration can be
continued over several GPS bits giving approximately 1.5
dB gain in sensitivity every time the integration time is
doubled. For example 40 ms (2 bits) could result in a

gain of 1.5 dB, and 80 ms (4 bits) in a gain of 3 dB.

In one embodiment of the invention, the same or another
network element of the communication network further
replaces a reference value in the converted parameters
that is based on a satellite based positioning system
time by a reference value that is based on a
communication system time. That is, the common orbit
model is referenced to a communication system time base

only, and the satellite position information can thus be



repl aces a reference value in the converted paraneters that is based on a
satellite based positioning systemtinme by a reference value that is based
on a conmwpize@tizendsystemtinme. That is, the conmon or biPCTABZOF/001841
referenced to a comunication systemtine base only, and the satellite
position information can thus becal culated as a function of the

comuni cation systemtine instead of, for exanple, GPS or Galileo tine. The
conmruni cation system, tine base can b e used if the relation between the

GNSS system-an 0 ni cati ySst em tines. | nabl e
accurate sclaglncéﬂagtheaseasanad %ﬁ%& p#@ed#}{gi%én@%?fgéﬁg yggﬁgﬁal 1\3.9%‘15 For
the communircetdaah csfystom tésxmgplopt | @flof i@ Usleaytbreprovi ded in the

assi stance data, depending on the conmunication system System specific
information could be frame, slot and bit for GSM system frane nunber, sl ot

and chip fote \WCAyn iateck AHC 4 yareerh orinGDNKe s Corsin dee | nges| of ahd bit or

chip, respectively, as well _.in and WCDVA ensures a | C] -
resol ut | oﬁeélﬁ%#é?%@”% %%o@%t%’%%{nt?rﬁ% %%%??%1?%?%%5%?% 8 (std)
for estinmatimgg tihe dbwerded Iy Ykrodwisi ghadngibibs eaacdr Dopps egnplt edheseons . I n

anot her enbodi ment. of the_jnvention, the co n orbit, nodel i f d
F0 t o 11 MR L o DA o0 URRE 11 i R ar s L Dkl ERF1 BRECy<t om

tinme. The dfidd iy i Sest ém upiner sebtiomel ref er@aceaforeal | GNSS systems
and nmakes it possible to eval uate the nunber of gossi bl e érarre/superframs

rol | over s RBEIG9E, 1 drb @it 8524t &t ul SPPLYLH BRFHsC ThESUTC ti ne
reference dgnlSie-Sui 48§ O &Ny estdif Psobl etrofnposabblienBEGlaystem ti ne

differences. GPS, @Glileo and d onass have different
be frame, slot and bit for GSM, system frame number, slot
and chip for WCDMA, and UTC time for CDMA. Considering
slot and bit or chip, respectively, as well in GSM and
WCDMA ensures a sufficient resolution. The fields may
also contain a time uncertainty estimate (std) for
estimating the uncertainty of signal phase and Doppler

predictions.

In another embodiment of the invention, the common orbit
model is referenced to two time bases, for example. UTC
time and/or a communication system time. The UTC time
provides a universal time reference for all GNSS systems
and makes it possible to evaluate the number of possible
frame/superframe rollovers specific, for example, for
cellular systems. The UTC time reference is also suited
to remove the problem of possible GNSS éystem time
differences. GPS, Galileo and Glonass have different
system times. Thus, biases between the system times have
to be known, if the systems are used in hybrid
positioning as such, for instance using one GPS signal to
predict the phase of Galileo signals. This problem is
removed by basing the model into a common time base, that
is, UTC time. The differences between the GNSS system

times can be compensated in the clock model. A common



systemtinmes. Thus, biases between the systemtines have to be known, if
the systens are used in hybrid positioning as such, for instance using one
GPS si ghavotoogusedisct t he phase of Galileo signals. Thi scpnpiognoissl r enoved
by basing the nodel into a conmon tine base, that is, UTC tine. The
differences between the GNSS systemtigps_can be conpensated in the clock
nodel . A commoncl ock nbdel can use for exanple a second-order continuous
polynomi al fit having three paraneters, bias, drift and jerk. This is

roughly t é St g%uglsﬁ\% f@f’eéxé Qeacé'ééSH& §PSekCBon St hlibusany

ot her node e us The c ock npdel could al so include an
accur acy qmﬂﬂnnmlaﬁrﬁ%ﬁeﬁﬂ?h@gethb@etPQIQMQE@rérr%#@SThérB?E gnfe may al so

be a time e;ﬁg@yp/mg% tﬁt&&w%t?ﬁ@dggmewg gasi sigBkendata ¢anche

transmtt a particu @ arrangenment, In particular upon a
r equest bymtheembb$P% ECD anyendht . ath@tharlmed§l faeneber used a6ul d al so be

br oadcast, e OREk TBal £205G Ve B8] Laliudoceh! lce{lrgegwg' cation

system A no i1e arrangement teceivin é assistance data nm
estimate anmmm%axmtyﬁestxmﬁt%lf@e bhethboak epasyt . ofibesHIE! Liime based

positionin sy em.usi ng_t he co d t ccording to a
second asdg%¥ S?rEﬁl%v ﬁ??o% #ﬁs ?ﬁ%dgﬁgltr%%ggga for supporting a
satellite based positioning of a nDblle arrangenent Wi t h assi stance data,

wherein the nobile arrangenent is adapted to, co a

communi cat & T WOrEGH ?Baaﬁﬁﬁlgg EF%H%W%t%? %té%r%chlgellltes of
at | east afsoSBé edtidegdased, posi baobioglsystpon ihEeqaehmdbgompE|ses
repIaCIng:$££1f§ arrangement. Alternatively, however, it could also

be broadcast, for instance in a respective cell of a

cellular communication system.

A mobile arrangement receiving the assistance data may
then estimate a position of a satellite of the at least
one satellite based positioning system using the

converted parameters.

II.

According to a second aspect of the invention, a first
method is proposed for supporting a satellite based
positioning of a mobile arrangement with assistance data,
wherein the mobile arrangement is adapted to communicate
with a communication network and to acquire signals
transmitted by satellites of at least one satellite based
positioning system. The method comprises replacing in the
communication network a reference value that is based on
a satellite based positioning system time in available
parameters of an orbit model describing a movement of a
satellite by a reference value that is based on a
communication system time. The method further comprises

providing the parameters including the replaced reference



comuni cation network a reference value that is based on a satellite based
positioning systemtime in available parameters of an orbit nodel
descri bi nyoaommsesment of a satellite by a reference val reTubBzWsh@Eehased on
a comuni cation systemtine. The nethod further conprises providing the
parameters including the replaced refesgnceval ue as a part of assistance
data for the satellite based positioning. According to the second aspect of
the invention, noreover a second nethod is proposed for supporting a

satel |1 te Rased posd Lh2nE Ngr ol 41 JObLE ALEangeieRhoUshpg1assstance dat a,

wherein the nobile arrangenent is adapted to communicate w _

communi catSHHEh R Aok AHERE 0 acquire signals transnitted by satellites of
at |least one satellite based positioning system This method conpri ses
receiving at the nobile arrangenment assistance data frpnythe_connunlcatlon
networ k i MIIRHHR A &9 N steprrdhaspechastdtba anventiohganhbososgst em

ime. Th S qg¥ﬁg' t 1 Qi .1 he_npbjl e arrangenent a
E:i)m?runi c:tai[rg%l sysCE gﬁn%%}?én% efﬁﬁ%g f%ﬁ%&egg%%%?gs%ssgt?iﬁfgﬁng at the
nobi | e ar rEffhems i posing ot of mpbiﬁaﬂairamgémehﬁ a$ihgaft oneds?teLllég

ifdond I : aneters in the assjstance data bas
based pOSIatgsq__rg csé'%a?{g u I{@réﬂ?stﬁgémrﬁr&ole{e A%EB?%?%Q?

on the determ ned comuni’cation sy i ne. _%ﬁe_second aspect
of the inesiRtit®d trewvemicats warth e esemiudt Dea i soMmEReaki gagnet wor k

e Y I IRy R

communi cataenistat etlie. oo mmassd atd sart iret war ks it 0 BeDwi fetsbgnal s

transditt%%mprises receiving at the mobile arrangement assistance
data from the communication network including a time
stamp that is based on a communication system time. The
method further comprises determining at the mobile
arrangement a communication system time. The method
further comprises estimating at the mobile arrangement a
position of a satellite of the ét least one satellite
based positioning system using the parameters in the
assistance data based on the determined communication

system time.

According to the second aspect of the invention, moreover
a network element for a communication network supporting
a satellite based positioning of a mobile arrangement
with assistance data is proposed, wherein the mobile
arrangement is adapted to communicate with the
communication network and to acquire signals transmitted
by satellites of at least one satellite based positioning
system. The network element comprising processing means.
The processing means are adapted to replace a reference
value that is based on a satellite based positioning
system time in available parameters of an orbit model
describing a movement of a satellite by a reference value

that is based on a communication system time. The



by satellites of at |least one satellite based positioning system The
network el enent conprising processing means. The processing neans are
adapt ed twonem/@eada reference value that is based on aprsatiBrlsp@chased
positioning systemtime in available parameters of an orbit nodel
describing a movenment of a satellite_bysa_reference value that is based on
a communi cati on systemtine. Theprocessing neans are further adapted to
provi de paraneters including a replaced reference value as a part of

aSSlStancepﬂ@é@séﬂﬁgtﬁ§a§§tSké'Eﬁr@ﬁé?daﬁgﬁtéboﬂbn rofggRrding to the
second aspect of the invention, noreover a nobil rrangenment supporting a

satel|ite RASHRPVSTt BRI AGLIBE BhEchbhred aﬁféﬁgéﬁénwadyengsa@sp@t&nce dat a
i s proposegt Jhei opbhte ééﬁénSSPEEEeCQQEéiﬁﬁﬁe ﬁggglékgﬁti'ggﬁ receiver

adapted to acquire signals transmtted by satel |tes east ‘one
satellite based positioning system The nobile arrangement further

CoONpri Ses - SO '9ﬁe09§88ﬂﬁnés§989t§9 Eﬁlrﬁﬁg M%lgﬁﬁgbgggoggged on a

communi cati on network assistance dat
communi catd gkt edrrangendhe ﬁnppbetamgaageabﬂﬂlﬁUEthasedonpr|ses

rocessin t n nication systemtine.
ngl|e ar%%ngenen é%r?ﬁ {H%gﬁéﬁig%sgﬁf%ﬁggggﬁg neang 3%5&?55“?8 estlnate a
p03|t|on(ﬁatﬁsﬁﬁeﬁﬁ¢pQ£@m t Plee anobehst aonenganehti tempasedspasi ti oni ng

syst em usi r jve sistance data.based on_a determ ned
cgnnunlcafggﬁggba%% {ﬁh %%%}%?% ?%pfﬁi g%c%ﬁauégﬁeéngFthe i nventi on,
nmor eover dﬂgygmaﬁteﬁmbyuﬂmmmﬂMwmeﬁ @ﬁnmtiB@Ssthenﬁrsaﬁéedlﬁ@tmaégde|enEnt

of the se spect of the i entl nd_t he propose il e arrangenent
of the se 0 1%%%%C gcﬁy%%e he mo e arran emgng guggg

comprises a communication component adapted to receive
from the communication network assistance data with a
time stamp that is based on a communication system time.
The mobile arrangement furthef comprises processing means
adapted to determine a communication system time. The
mobile arrangement further comprises processing means
adapted to estimate a position of a satellite of the at

" least one satellite based positioning system using
parameters in received assistance data based on a

determined communication system time.

According to the second aspect of the invention, moreover
a system is proposed which comprises the proposed network
element of the second aspect of the invention and the
proposed mobile arrangement of the second aspect of the

invention.

According to the second aspect of the invention, moreover
a first software code for supporting a satellite based
positioning of a mobile arrangement with assistance data
is proposed, wherein the mobile arrangement is adapted to
communicate with a communication network and to acquire

signals transmitted by satellites of at least one



invention. According to the second aspect of the invention, noreover a
first software code for supporting a satellite based positioning of a
nobi | e arwengemsmi4wi t h assistance data is proposed, wheceiB0yeowobil e
arrangenent is adapted to comunicate with a communication network and to
acquire signals transmtted by satellitgs_of at |east onesatellite based
positioning system Wen being executed by a processing unit of a network
el ement of the comuni cation network, the software code realizes the first

met hod of é@@e§§£@@db§§@@c§>ogitwﬁiﬁ§v§gé%8&1- feear duiggt %x%%&%%foﬂd
aspect of the invention, noreover a first software program product is
proposed, ¥V SHPEPCERRIRY reritopfwareetvdekpedpuset b6r thee second aspect

of the i nvesthem d r or gdi ng t S d gct of . the

i nvention, nnr%%b%ftgégéﬁgﬁﬁéggftgg?eséggggf%rSéggpggggﬁﬁeg %gﬁelllte based
positionin@i%ﬁtam%%m@¢eoéftgmg@aemmdu@$pgcasefsthecéndahaiba.proposed,
wherein the nobile arrangenent is adapted to communicate with a .

comuni cation network and to acquire signals transmtted by satellites of

at | east dirceediEldite Pasoepusidtaspeay sFstiem ifd%entbehngmexlé@ute@d Ey a
rocessin i f J [ angenen the software code realjzes the
gecond net g@%ﬁgt%(gf{s’gg%%éng)gé Jg% %?O(%lﬁcétiﬁ/e‘?l{?%ﬂ?eﬂ(:cbpdw §to t he
second aspgut ffrsthesdfivente arpdeppeoyese@ Secobile Soétvaneappegeankpr oduct
i'S propos eifh#gﬂéﬁhﬁlﬁﬁsﬁscond sof tware code proposed for the second
i nven i

aspect of e iBh 15 TOFEd. The second aspect of the invention is
based on the idea that satellite positions could be estimted based on

According to the second aspect of the invention, moreover
a second software code for supporting a satellite based
positioning of a mobile arrangement using assistance data
is proposed, wherein the mobile arrangement is adapted to
“communicate with a communication network and to acquire
signais transmitted by satellites of at least one
satellite based positioning system. When being executed
by a processing unit of a mobile arrangement, the
software code realizes the second method of the second

aspect of the invention.

According to the second aspect of the invention, moreover
a second software program product is proposed, in which
the second software code proposed for the second aspect

of the invention is stored.

The second aspect of the invention is based on the idea
that satellite positions could be estimated based on
parameters of an orbit model using a communication system
time instead of a satellite based positioning system
time. To enable such an estimation, it is proposed that a
reference value in available parameters which is based on
a satellite based positioning system time is replaced by

a communication system time based reference value. For



paranmeters of an orbit nodel using a comunication systemtine instead of a
satellite based positioning systemtine. To enable such an estimation, it

i S proposwa wivais4da4r ef erence val ue in avail abl e par anet ec3/iBioshoissl based
on a satellite based positioning systemtinme is replaced by a communi cation
systemtinme based reference value. Forgxanple, in the case of GPS epheneris
paraneters, the TOE is replaced by a comuni cation systemtine and in case
of GPS al manac paraneters, the TOA is replaced by a conmunication system

time. The Lel@lion betagencile satebliLgDAsedsPasLLEARLDE YAk M and

conmmuni cation ‘systemtinme nus nown I n muni cat 1 on network in
order to rE$IEepﬂa¢edrbﬁeaeo@@muaiueslas pyapemeulmsuandslnheaaec@ﬁacy for

the tine r§g§. on i S 8&r¥ﬁé¥e¥%ghihet98 r§La£|§T %ggh gade avai lable to

t he networ VT al isan"a vanta second aspect of
t he |nventa@mmmmmmathenasyssemntEmdatﬂhesreﬁdelondBBEWdentthé the satellite

based positi ystemtine,, and.that the sate based 05|t|on|ng
oystem i A LbtheoHaTd potbe el byt fen EiFs ehe AORRreRERkdRTonont
The secomkyﬁmﬁmttimetmmstnwenkmOWncaﬁ bheeapmmuadcéoﬁoanneaasmkteﬁ

satellite based 05|t| ni ng ste for exanple for A- r i sted
Gl 11 eo 1T 0T COnHERERaE CoRE et A RIFS Ao eBREnBeWBERECREH e BRRpRE. ¢ he
comuni catt o M@@m‘ylf@rﬁﬁb{e beidef reedtbynaikeapecticve G:Qthtl;laﬁ:lh@n of a
frame nunber, a tinme slot ang a bit %ﬁﬂber. I% the co ni cati on network is
a MCDNAluﬁ%&ﬁmio@o?a%x%%pm% S REaLbARtRI EQt FBR BYSTemt theSRYEYTRe defi ned
by a respegdyye systemframe nunmber, slot and chip. Al current cellular
termnals, for exanple,

It is an advantage of the second aspect of the invention
that the assistance data is made independent of the
satellite based positioning system time, and that the

satellite based positioning system time does not have to

be made available to the mobile arrangement.

The second aspect of the invention can be employed for
any assisted satellite based positioning system, for

example for A-GPS or assisted Galileo.

If the communication network is a GSM network, for
examplé, the communication system time may be defined by
a respective combination of a frame number, a time slot
and a bit number. If the communication network is a WCDMA
network, for example, the communication system time may
be defined by a respective system frame number, slot and
chip. All current cellular terminals, for example,
already decode the frame numbers. Thus, suitable time
information is already available for satellite position
calculations, that is, for extrapolation of the satellite

positions using a cellular communication system time.



al ready decode the franme nunbers. Thus, suitable time information is

al ready available for satellite position calculations, that is, for

ext r apol avpanoéof344the satellite positions using a cellul acTapmosnii6#t i on
systemtime.In the case of GPS, an extension of the current GSM and WCDVA
cellular standard with cellular tine_stanps is easy. There are already |IEs
and paraneters for an accurate tine transfer. The sane paraneters may be
added to the epheneris and alnmanac | Es to be used instead of TOE and TQOA, -

but havi ngrh e, §angsLegpoEal T BHOLIRLAOROANG rUsfeas T Ty appr oach
woul d be backwards conpatible too. nobi [ e arrangenent may receive the
assi st anceigbla eethuthe stphderd wetbreatéulalusifnicomtmescdsmuni cati on

net work. | y d r c | gati met i and estinmate a
position o%a§§éa%£$??tg£§fg¥ gag \?ggg?hgn <L"ggl{n‘%?éf%l&geftltojarsecrf'positioning
syst em usi agcthat pat amet eransfierheThsskssnanperdabaclhas ed yolea ackimduni cat i on

systemti / { h satel Lite_position_inforpmation,, an_accurat
oY ot ot ontar hode Rrng Bl RhbDa R bR, PRt SR PR, bBPY, 3RRER el 1 1e
si gnal s i sTehaih@dT@a, kbhotwnhamihbethet sapgenetmporngh dnsatrelltiie based

itioni { [ t i d to t bi | t. A
obi | o ar 1 ARG RBnt b RYCr BERY OBA AL RS anEe aaLdSFF e PRE-EaMidn cat i on

net wor k mayo@r ovi de by default a predeterm ned set of feedback itens to the
comuni cation network. In existing approaches, the set of feedback itens
depends in contrast on the positioning node, that is, on whether the

posi tioni Ng hSb i dershgehent basgdrecembi tReShakighanss shed. wike

Feedback d@ég Pg'léggéuggference value from the communication
network. It may then determine a communication system
time and estimate a position of a satellite of the at
least one satellite based positioning system using the
parameters in the assistance data bésed on a
communication system time. With the satellite position
information, an accurate prediction of code phases and
Doppler frequencies of received satellite signals is
enabled as known in the art, even though a satellite
based positioning system time was not provided to the

mobile arrangement.

A mobile arrangement having received assistance data from
the communication network may provide by default a
predetermined set of feedback items to the communication
network. In existing approaches, the set of feedback
items depends in contrast on the positioning mode, that
is, on whether the positioning is mobile station based or
mobile station assisted. The feedback data may include
position information, like a determined position of the
mobile arrangement, a determined velocity of the mobile
arrangement, a determined time of at least one satellite
based positioning system and determined measurement

and/or position uncertainties. The feedback data may



position information, like a determ ned position of the nobile arrangenent,
a determned velocity of the nobile arrangenent, a determned tine of at

| east oneweav@liu4i@ based positioning system and det er mPoedBI®HsUGETENT
and/ or position uncertainties. The feedback data mayfurther include
measurenents on received satellite nggalg and/or a relation between a
satellite based positioning systemtingé and a comruni cati on systemti ne.
The feedback data may al so i ncl ude Cbserved Tinme D fference (OTD)

measur ements, peLf of fed, 9o ﬁéQgékémEﬁEgLéﬁgﬁ%?gﬁbédpE%E%hh&%eOf base

stations of a conmunication networ e arrangement may return OTD
measur enent sgnal s hendbemuai tat abhonebabrkeinnat katediliiseobasesdonds, that is

mcro or i d f o] : dif es...l.n order to
ket he 1RrorEEOnERy, LOSEERC: P HAIEAomRhI BER L LSRR T, O
requi red ttheafetcdbach detatmen bétweencautenbbebrivhkd dtimeeast one.

satellite hased positiQni stem and_a Lcation. temtinme. If the
nobi | e arrgﬁégﬁ%ﬁ?cﬁa§8g%Pg?%%%ugeﬁﬁ%gsfP%?%g?ﬂﬁéy%gsgé %%%% to this end
t he currentecoimudi £admoa system tinmef bascexampliensnotfeans of frane,

subfranme, slot, bit, and c%&& %ﬁt? t he ge%ernined satellite‘baﬁgd
positioninﬁo@vg?%ﬁ?F%ﬁ%.n %? at'98|?? the ﬁEB?PgeQFP§n8@¥éﬁF ﬁ&?‘receive
an initialotbneecsishatmentastasshst aoprudatatidhenttwerkeliat itbie can be

mai nt ai ned fog exgngle b exg%ugting time difference information fromthe
net wor k, by'eVal Yat FRgC 2br Lieft S RaPFi B8 8GE PR the 1RSHERE
arrangenenyf angdaest ebl ssbfhgme SHEfeekhuka; thnersekatioomag@aithda f t he
uncertainte%/IF f the relation tg too large, or by evaluating GNSS tine

assi st anc %ﬁm?ﬁéo%e%ﬂ%?ﬁ?gge t.

The mobile arrangement may also be required to maintain a
relation between a time of the at least one satellite
based positioning system and a communication system time.
If the mobile arrangement has obtained a GNSS fix, it may
associate to this end the current communication system
time, for example in terms of frame, subframe, slot, bit
and chip, with the determined satellite based positioning
system time. Alternatively, the mobile arrangement may
receive an initial time relation as assistance data. The
time relation can be maintained for example by evaluating
time difference information from the network, by
evaluating OTD measurements carried out in the mobile
arrangement and establishing a UTC-cellular time relation
again if the uncertainty of the relation gets too large,
or by evaluating GNSS time assistance from the network.
For instance, in CDMA networks, GPS and UTC times are
available by default. If a mobile arrangement has a valid
time relation, this relation can be used to improve the
performance in terms of time-to-first-fix and
sensitivity. Performance improvements can be achieved
with a time relation having an accuracy of hundreds of

microseconds. The maintained time-relation may also be



For instance, in CDVA networks, GPS and UTC tinmes are avail able by default.
If a nobile arrangenent has a valid tine relation, this relation can be
used to iwpnroseistdie performance in terns of time-to-fireCTiB20sNT641
sensitivity. Performance inprovenents can be achieved with a tinme relation
havi ng an accuracy of hundreds of m crggeconds. The maintai ned
tinme-relation nay al so beincluded in a request for assistance data by the
nobi | e arrangenent to the conmmuni cation network. The conmuni cati on network

nay col | ect,dfigapasihi 9N dahas t@srtagslgﬁgﬁhboaaqgt ByaRelet e P

measurenents provi ded as a T eedback nobi [ e arrangefrents to create a

dat abase oirramgenentetenths bemmééhcﬁhéobagétypaklons This data base can
be used to deliver tinme-accurate assistance data to nobil e arrangenents for
improving the sensitivity without delivering a satellite based positioning
sysien1tid%h@e¢0$munitaainnbhbewarkamggnsnﬂléatlShEOpoaﬁtabatdaaaposition

solution, the sahe! LLig-slanal, feasur eIEnbanl ALhs Lhedback clf iy, can

al so be e 0 €s € posi |on 0 e arrangement in the
connunlcata&nanéeadbkcklby mébmbedangangemenhsrdoasmeateoh théabasent | on,

method is oposed . f ort a satelljte base Qsi t Loni_n f a nDblle
et angerertt (ot deeretaneeCaktLrBaRor BrnbeRe B B R r ARGEnSRtA o
adapt ed tdb@@@n@mmchéeumeﬁhta deinmzar cat neranetinatk aBdlbmaacqude&aS|gnals
transmtted &% saiell ites % I?ast.one satel%kte base%.gogltlonlng
system and® i&PEr R ?ﬁﬁaggﬁWﬁﬂ cat POn'MBEREHRYi $"ad5pted “t-d Sdpport at
| east two whtfetiendepbsetingi Agsaodesitdhrapetihpdstatiphiiags sysarg tting at
| east one gf%e?éegaég. If a mobile arrangement fails to calculate a
position solution, the satellite signal measurements in
the féedback, if any, can also be employed to estimate
the position of the mobile arrangement in the

communication network.
ITT.

According to a third aspect of the invention, a method is
proposed for supporting a satellite based positioning of
a mobile arrangement using assistance data, wherein the
mobile arrangement is adapted to communicate with a
communication network and to acquire signals transmitted
by satellites of at least one satellite based positioning
system, and wherein the communication network is adapted
to support at least two different positioning modes. The
method comprises transmitting at least one set of data
that is independent of an employed positioning mode in at
least one direction between.the mobile arrangement and
the communication network in the scope of a positioning

of the mobile arrangement.

According to the third aspect of the invention, moreover

a network element for a communication network supporting



that is independent of an enpl oyed positioning node in at |east one
direction between the nobile arrangenent and the comruni cati on network in

t he scopewofo@/pBedit i oni ng of the nobil e arrangenent. A®CTOAB200§041641 he
third aspect of the invention, noreover a network element for a

communi cation network supportinga satebhite based positioning of a nobile
arrangenent with assistance data is proposed, wherein the nobile
arrangenent is adapted to comrunicate with the conmuni cati on network and to

acqui re signahsellansnbhted Exsﬁeaehhh%qeéfog Albbli @Sk 078 el 1 te based
p05|t|on|ng,§%sten1 The network el enenf conprises processing neans, which

are adapt e¥1td eFahRshpRcat dpbasisonsopeseds whexetimatthies mokddendent of an

enpl oyed pQ:?i:éﬁ?@zh@Ht”PQeaBQpEQQ Eebi:bﬁmaﬁﬁga%ﬁ%% a%@lgor to receive at
| east one set of data that 1S i ndependent of an enployed positioning node

from the neerrenieshhgeneatwprkt Aadstopecatiiaepedionadmi g aofsntitieenbbi | e
arrangement, &ccof i pgstQrt he §ALEM ﬁBe§5B8ﬁlg@8 bﬁ%%@t?%%i o%ﬁ%ﬁer a

nobi | e arrangenment supporting a satellrte based posi I'onfng o € “nmobi | e
arrangenentyss¢hg Blei sebvorkdal anestproppsadesTheorelisliagameangsment

conpri ses el Lit i | . recei . adapt ui_re signals
transmtte %@ﬁs%%%l%?%%gggftétgféég%lgnggsggg%?i?ggbgggdoggggﬁﬁoning
system Thehabbi$elrdepaygdearhnt of uahhemptoppdi pesiaioaimyninoalel @ conmponent

! oyed poaT TGNt 1 WoHL T 5 e BN 6ot PoRC FELUEr R Tandrar £8% &6di ve at
| east one sttdata deabat that indepadépendefit anf eaplegpboypedipasntingni ng node
fromthe coUuun:£ahi Al NEEEOLE LP-LNGRE9P: 9 +AePIBLELORENY ©f

positioning of the mobile arrangement.

According to the third aspect of the invention, moreover
a mobile arrangement supporting a satellite based
positioning of the mobile arrangement using assistance
data is proposed. The mobile arrangement comprises a
satellite signal receiver adapted to acquire signals
transmitted by sateliites of at least one satellite based
positioning system. The mobile arrangement further
comprises a communication component adapted to transmit
at least one set of data that is independent of an
employed positioning mode to a communication network
and/or to receive at least one set of data that is
independent of an employed positioning mode from the
communication network in the scope of a positioning of

the mobile arrangement.

According to the third aspect of the invention, moreover
a system is proposed which comprises the proposed network
element of the third aspect of the invention and the
proposed mobile arrangement of the third aspect of the

invention.



the nobil e arrangenent. According to the third aspect of the invention,
noreover a systemis proposed which conprises the proposed network el enent
of the thwoadoaspeat of the invention and the proposed npbiriiB2@sn@Eagenent of
the third aspect of the invention.According to the third aspect of the

i nvention, noreover a first software code for supporting a satellite based
positioning of a nobile arrangenent Wit Tassi stance data is proposed,
wherein the nobile arrangenent is adapted to communicate with a

conmmuni cati on network and to .acquire signals transmtted b |lites of
at |east GFEFAIAT ifoe s l&&@i%ﬁp&ﬁaéﬁﬂ}%rﬁnxﬁﬁtnl%%ﬁ n%0%§%%%¥ed by a
processi ng yirstofs Fthetradido® efentsuppd el e ranss sl 1 e nedsed k, t he
software code transmts at | east one set of data.that is independent of an

enpl oyed FESLUGIGHNIIRY fddé MRS It B Hn 237 U ecET VR s at
| east one jselQpddla Whalrdis ivepaiient ofratganioyed sesptéantag mode

fromthe nobile arrangenent in the scope of a positioning of the nobile
ar r angene SOIASEGRFEN TS 2h& BTGRP AN | nt? oAbt Bover a

first sof twaye 10 QQABRAAMCLY SsAHOPOSEsk ¢ n ahi tdedheodidrst software
code proposed for the third aspect of the invention is stored. Agcordi ng to

e for

the thirdsadiddiiter Hased mAsithinninmresveim a MelomP 537 t 74P e
supporting,.Aa asgﬁl%déés%n%a%ﬁﬁtp% ti opinghof & dmbnt ecarERagenment using

assistance-datd is proposed, wherein the nobile arrangenent is adapted to
comuni cat®myiurh catdemmns towslon Hed v Kovaaiee t PR quf #2581 ghafs transnitted

oy ﬁgt ol | htes ofo @l JAaYr SR 118 HAseleRaShe | ORI A9 SXS1EYEaVhen
positioning mode to the mobile arrangement and/or
receives at least one set of data that is independent of
an employed positioning mode from the mobile arrangement

in the scope of a positioning of the mobile arrangement.

According to the third aspect of the invention, moreover
a first software program product is proposed, in which
the first software code proposed for the third aspect of

the invention is stored.

According to the third aspect of the invention, moreover
a second software code for supporting a satellite based
positioning of é mobile arrangement using assistance data
is proposed, wherein the mobile arrangement is adapted to
communicate with a communication network and to acquire
signals transmitted by satellites of at least one
satellite based positioning system. When being executed
by a processing unit of the mobile arrangement, the
software code transmits at least one set of data that is
independent of an employed positioning mode to the
communication network and/or receives at least one set of
data that is independent of an employed positioning mode
from the communication network in the scope of a

positioning of the mobile arrangement.



by a processing unit of the nobile arrangenent, the software code transmts
at |l east one set of data that is independent of an enpl oyed positioning
node to twe 2e@mswiicati on network and/ or receives at | eaet/iBress@Eb4iof dat a
that is independent of an enpl oyed positioning node fromthe conmunication
network in the scope of a positioning $£ t he nobi |l e arrangenent. Accordi ng
to the third aspect of the invention, finally a second software program
product is proposed, in which the second software code proposed for the
third aspect of the invention is stored. The third aspect of the invention
proceeds fromthe consideration that current assistance standards al
provi de dif¢epeRdingpeei theathond #epedifdérehe posehtapnpgrfimdedy bn order

to unify ahgd- s i j ions,.and the processing, .it i s proposed
that 2t eacr e Sor bt s dar ot et a0RE e b eCBBr Reenih BbPhe the
ar r angenente@nr as ebrmamne cavdeorcnatemed fort heesthpedobspepesblri @Reng i s

subst anti al lye4ihe , tter which positioning node is enployed. The
at | east one‘%et %ﬁaggt%ﬂﬁaggbelong for exanple to assistance data that is

transmtted fromthe comunication network to the nobile arrangenent. This
al | ows pr ey di.ng hat t.he operations perfornmed in the nobile

arrangeme(r?%H o%ﬁ% %%éeﬁi %%}éese ‘f)%%':t?%n?ﬁﬁc%?gss beFahffal Iy the sanme
i rrespect icomsifdears einpl oytest posttéoni ags Toeencdhet ahgheast appe set of data

may further | ong, to- feedback information fransmtted fromthe nobile
r%€§§)gi€%¥ﬁﬁﬁ eﬁR%ﬁngﬁ%ﬁﬁ?PSI%P?k@%fg%ﬁ%?tthe at |l'east one

ar r angement _ _ 1
set of datreseyl aroimpy ingeid0r Imsdmigie to unify and simplify the

specifications and the processing, it is proposed that at
least one set of data that is exchanged between a mobile

arrangement and a communication network in the scope of a
positioning is substantially the same, no matter which

positioning mode is employed. .

The at least one set of data may belong for example to
assistance data that is transmitted from the
communication network to the mobile arrangement. This
allows providing as well that the operations performed in
the mobile arrangement for the satellite based
positioning are substantially the same irrespective of an

employed positioning mode.

The at least one set of data may further belong to
feedback information transmitted from the mobile
arrangement to the communication network. In this case,
the at least one set of data may comprise for instance
measurement information for satellite signals acquired by
the mobile arrangement. If the mobile arrangement
determines itself its position based on the acquired
satellite signals, the determined position may be added

to the common set of data.



measurenent information for satellite signals acquired by the nobile
arrangenent. If the nobile arrangenent determines itself its position based
on the acyoin@di3satel |ite signals, the determ ned positipom/IBEpS/bEGEIdded t o
t he common set of data.- - It has to be noted that the position of the
nobi | e arrangenent can be cal cul at ed |3 both the nobil e arrangenent and the
communi cation network. V. A further 6ect of - the invention proceeds from
the consideration that instead of cal culating any kind of correction data

based on n e neris r e this corre t| n data.could be
calculatedfﬁgﬁﬁﬁ gﬂeBﬁr%ﬂE$§r§H§% éBFoHSSEEFﬁpoP |t%ﬁogg Y&at have a
validity ofrasnyeasihtonenday. cAicaleesdl in bbehcaheeabibdledata can be
utilized with the |lo g-tgrgéorbital Eargneters only with short term

epheneri s %5?%%%?%?%? Fafet &S fré lﬂ§v86588ﬁ rovi ded earlier than
the correction data or be provided at the sane tinme as the correction data.
The correction data could be for instance WAAS, EGNCS or DGPS correction
data, but also another or a new type ofV-<correction data. Al so the accuracy
of paranmeters of a long-termorbit nodel degrades over tinme. But with the

proposed correction data, it is possible.to extend even the |ife span of
these | ongit ERATBPHI 2aPCHhr afretBRs INTRBEHPBpBERGSEESr écCMo@at a t hus

al | ows enh@aﬁsﬂgefggléﬁcgﬁaﬁylaa@eheeofnegmeu&xtqhgl@&g—mgmm!@&blt nodel s.
As the orbit nodel updates have to be less frequent with accurate

correctionceEractipe apbanbaseddananpriplngpheperis parameters,
this correction data could be calculated based on

parameters of a long-term orbit model that have a
validity of at least one day. As a result, the correction
data can be utilized with the long-term orbital
parémeters, not only with short term ephemeris
parameters. The parameters may have been provided earlier
than the correction data or be provided at the same time
as the correction data. The correction data could be for
instance WAAS, EGNOS or DGPS correction data, but also

another or a new type of correction data.

Also the accuracy of parameters of a long-term orbit
model degrades over time. But with the proposed
correction data, it is possible to extend even the life

span of these long-term orbital parameters.

The proposed correction data thus allows enhancing the
accuracy and the integrity of long-term orbit models. As
the orbit model updates have to be less frequent with
accurate correction data, the amount of data that has to
be transferred between a communication network and a
mobile arrangement is reduced and the load on the
bandwidth is lowered. Also the correction models can be
more accurate and long-term than existing models. Due to

the nature of selective availability, DGPS corrections,



be transferred between a comuni cati on network and a nobile arrangenent is
reduced and the |load on the bandwidth is | owered. Al so the correction

nodel s cawmokeoamsud4accurate and | ong-termthan exi sti ngpPomdBiesoidae to t he
nature of selective availability, DGPS corrections,for exanple, were '
initially devel oped to be very short;;(r}m corrections and not very accurate.

Because sel ective availability is nowadays turned off, a new type of DGPS

corrections can be designed to be very accurate. Further, a single format
of correction data_can be used for, .all, satelli constel l.atj.ons, |ike GPS,
Galileo, EPENE¥EMPLe. EF St AELidAtdrk IS4 ,Opé\adts%rov%;é Rrrﬁﬁyéﬁga%lr%:({t}iscat e the
correcti opc@at ackekcithensongd elon adyiyt amarlatd.n Peceorsdarcel editive he third

aspect of the_invention. The paraneters of %e | on -termo?rlﬁirgG wdel may be
valid for agavérkil lddys 1endoMegavse Womehahfor @ v dtsh 2i ng

transmitted.as-2iRakt @h the RsSiglance tat adry tdeumitid e Purdngenent . The
correction data may be valid for several hours, E#Jt it Ci[e uir | ess
bandwi dt hat KéR9a et ERRgIts $ifoF B adie QPaitét &2 &° 1R dﬁ%‘-t n orbi t

model . A Lespeqhicke Skt 1GOHIRE!, an daldpLade 16 cubBiegss N vari ous
ways. The actual correction data can be cal cul ated for instance based on

real neasetenents fromreference stations or based on an existing .

EGNOS/ WAAS nodel . The form of the actual correction data does not depend on
how t he corrections were cal culated. On the side of a nobile arrangenent,
the corre6n chedateduork sdslered HRIRFedTbrealdiHelts Mg e he parameters of a

| ong-termorhit mdel f e aESRERHME 0B Iipnofs aigatel lite

position I'S percforma .%e | ﬁgﬁ enentation In
accordance with the third aspect of the invention. The
parameters of the long-term orbit model may be valid for
several days and require some network bandwidth when
being transmitted as a part of the assistance data to the
mobile arrangement. The correction data may be valid for
several hours, but it requires less bandwidth then a
transmission of the parameters of the long—tefm orbit
model. A respective set of correction data can be
calculated in various ways.yThe actual correction data
can be calculated for instance based on real measurements

. from reference stations or based on an existing

EGNOS/WAAS model. The form of the actual correction data

does not depend on how the corrections were calculated.

On the side of a mobile arrangement, the correction data
is received and used for correcting the parameters of a
long-term orbit model before a respective estimation of a
satellite position is performed. The implementation in
the mobile arrangemént may use the provided correction
data in a similar manner as the conventional DGPS
corrections.'However, the calculation of a pseudorange
correction amount per satellite depends on the correction

model.



the nobil e arrangenent may use the provided correction data in a simlar
manner as the conventional DGPS corrections. However, the calculation of a
pseudor argye 20@vi3eatti on anount per satellite depends on trhe/Bmoseasiion nodel
. The -nodel that is enployed for conputing the correction data can be for

i nstance sone hi gh-grade polynomal, ljke a 2nd or 3rd order polynomal, a
pi ece-w se continuous pol ynom al, or é\en a nore conplex nodel. It is to be
under stood that the proposed cal culation of correction data can be used

with each of the first aspect of the dnventi : o of the
inventionTgﬁdeﬁgltﬁ%P& &?p&ﬂﬁiﬂyqéiéqanﬁﬁ%éﬁ;%ﬁéx%ﬁﬁf8€ﬁ€g%g$§%rk

el ement s ghtbheah bst forhe rsecond anthe el dhhigrhds pectyodmidk, i hikati on can
be for exanplLge a network server or .a.base_station of the. ication
network. h cdﬁﬁﬁ%icSFSSH H@&XBPWl?ﬁ’tﬁepﬁﬁgﬁ:Wlﬁﬁéc§£§3h8“and the third
aspect of Blb*lgzdoﬂl\i%ﬂt,i Ot GArerbe hyrexasmlea meddul ar conmmuni cati on network

li ke a GSM network, a WCDVA network or a CDVA network, etc., but equally a
non-cel lul ar network, |ike a WLAN, a Bluetooth(tm network or a W Max

network, tcC.4sThe MabidRiaidageranits e theopossd , caheusecood afid the
third aspect of the invention nmay copprjse a bi%e co ni cation Eevice
li ke a noliorEssHdm® datamiadh ke e Wit sﬁ?agqtu%o ele? vETTPE 71P8GFat ed.

Al ternati vl ynd hesafaldd t e adod@caiy@st can Bige afinaeessnr yndevi ce for
t he nobil e comunication device . It -is to be understood that all details

descri bed ther thed iasstedspletths ¥Hee @t i on can al so be combined with
enbodi nents of the second aspect of the invention, and

Any of the network elements of the first, the second and
the third aspect of the invention can be for example a
network server or a base station of the communication
network. The communication network in the first, the
second and the third aspect of the invention can be for
example a cellular communication network like a GSM
netwbrk, a WCDMA network or a CDMA network, etc., but
equally a non-cellular network, like a WLAN, a Bluetooth™
’network or a WiMax network, etc. The mobile arrangements
in the first, the second and the third aspect of the
invention may comprise a mobile communication device like
a mobile phone, in which a satellite signal receiver is
integrated. Alternatively, the satellite signal receiver
can be an accessory device for the mobile communication

device.

Tt is to be understood that all details described for the
first aspect of the invention can also be combined with
embodiments of the second aspect of the invention, and

vice versa.

BRIEF DESCRIPTION OF THE FIGURES



vi ce versa. BRI EF DESCRI PTI ON OF THE FI GURESOQt her objects and features of
the present invention wll becone apparent fromthe follow ng detail ed
descri pt iwo 20@nsikider ed i n conjunction with the acconpanycmgBzhoswaiags. Fig.

1 is a schematic block diagram of a system supporting A-GNSS; and Fig. 2 is
a flowchart .illustrating an operatLog5in the systemof Figure 1 .

DETAI LED DESCRI PTION OF THE | NVENTION Figure 1 is a schematic bl ock diagram
of a system supporting A-GNSS in accordance with an enbodi nent of the

i nventi on.odher syis &8t avehdsciheupesessi %Meoﬁreéewcdhﬂgeg@%%ﬁt L8 188
assistance data and unitizes the provided of” assistance data. The system
conpri ses REEREBR WRATORT 16ramdthenéohberingr deta2dedf dgscaipnémor k or of

any ot her o i Lons et ) e arth rises a
7St mobifa sra on hE T30 g B B by =5 e
satellites (GPS SV) 50 and Galileo satellites (GPS SV) 60. The base station

L0 provi desi g, radi o d nf QiR 0o MBPLLE S126EARS.E0, 3Pstogated Th TLs -
vicinity. 1t” conprises a processing unit at Ts abtfe T0 execute various
i npl enent ed sof t war rroet coppbrents; amdl udi ng a paraneter retrieval

conmponent . ref. o i I onmponen %ﬁ a _nmessage assenbly
coggonent %ﬁgaﬁé ajgiggbg%‘Np§$%g€d?%58%%%%%%e t& 5%p %tﬁngbPkgggrver 20
can be accessed by spmticusobasegstatl ons 10 of the cellular conmunication
net wor k. Moreover, it is connected to a GPS control server and to a Galileo .
control server (not shown) . It conprises a

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a schematic block diagram of a system
supporting A-GNSS in accordance with an embodiment of the
invention. The system avoids the necessity of providing
GNSS time as assistance data and unitizes the4provided of

assistance data.

The system comprises a base station 10 and a network
server 20 of a GSM network or of any other cellular
communication network. The system further comprises a
first mobile station (MS1) 30, a second mobile station
(MS2) 40, GPS satellites (GPS SV) 50 and Galileo
satellites (GPS SV) 60.

The base station 10 provides a radio interface to mobile
stations 20, 30 located in its vicinity. It comprises a
processing unit 11 that is able to execute various
~implemented software code components, including a
parameter retrieval component 12, a reference time
replacement component 13, a message assembly component 14

and a feedback forwarding component 15.

The network server 20 can be accessed by various base

stations 10 of the cellular communication network.



nmenory 21 storing a database and a processing unit 22 that is able to
execute various inplenented software code conponents, including a parameter
conput at iwo 20@m3enent 23, a dat abase updating conponent P24/1B2IGS/E0160Si tioN
estimati on conponent 25. The first nobile station 30 is a nobile
arrangenent which includes a GPS receiver 31. The GPS receiver 31 conprises
an acquisition and tracking conponent 3@2,— whi ch may be realized in hardware
and/or in software:. For instance, for acquiring and tracking signals

received from G°S satellites 50, signal urement, t i in
correl ati BRTCRYRS, courd 68T REAS e l?yréﬁpgs?(fv\(%re inder ceornt%}gc{iu% g
:s%(ift\_i_\/ﬁre @B@le{e‘éh-d@tgm?@mh&y @i edessi)ng Inidomyfridws GPS recei ver

) e nobile station 30 further includes a cellular i as a
cel | ul ar BGAPENT cat iSGRTOpEERt R AT 4 pefn"gciensesa}%nsge THEGAS Wi oh
conpri ses @t GeMRGNeNtS e@wuted Vizari cus divendneartald nobf tea conmedé cat i on
bet ween the nobil e phaone 30 .and a cell ul ar commr]cia%aﬁ%i on_net wor k., and whi ch

may fur t hECTRONERtEnc éd WH "L 3077 S TS 2 T, CP TR A engi ne 33
is or conpri ses d@ st epfdiat iGRf dReRSS Mt Wid 4 hadsisiabl e to execute
various inplenented software code conponents. In the presented enbodi nent,
t hese sof te\ﬁa?rl@aédd@ CORPORERS 4cl ude an appl i cation conponent 36, a
nessage eval uation conponent 37 and a posi tion estinmation conponent 38 .
The application realized by the application conmponent 36 can be a
appl i cat i Ghentiigtstr piides Fasiiaror G et d™ i Rt T SRR T e¥Bhpie a
navi gat | Orln%@%de(\sa? Qb O A% AR i £at i WS h-ensiyes 3hatompecsésc
services areoffered to a user of the nobile station 30 at specific -

an acquisition and tracking component 32, which may be

realized in hardware and/or in software. For instance,

for acquiring and tracking signals received from GPS

satellites 50, signal measurement tasks, including

correlation tasks, could be performed by hardware under

control of a software code which is executed by a

processing unit of the GPS receiver 31.

The mobile station 30 further includes a cellular engine
35 as a cellular communication component. A cellular
engine is a module which comprises all components
required for a conventional mobile communication between
the mobile phone 30 and a cellular communication network
and which may further be enhanced with additional
functions. The cellular engine 33 is or comprises to this
end a data processing unit that is able to execute
various implemented software code components. In the
presented embodiment, these software code components
include an application component 36, a message evaluation
component 37 and a position estimation component 38. The
application realized by the application component 36 can
be any application which requires position related
information, for example a navigation application or an

application which ensures that specific services are



| ocations, etc. It is to be understood that, alternatively, the application
conponent 36 and the position estimation conponent 38 could be executed by
sone ot hewopnecBsaiung unit, for exanple by a processi ngpamiiB2oof/odlea GPS
receiver 31. The second nobile station 40 has a simlar design as the first
nmobi l e station 30, but instead of a GPS_receiver it includes a Galileo
recei ver adapted to acquire and track Vgﬁals received from@&lil eo
satellites 60. Alternatively, the second nobile station 40 coul d conprise

for exanple hybrjd GPS and |l eo ei ver. .The rnlnatl

posi tion i%ﬁg?ﬁégi%ﬂ ?o?sﬁrnBE?L esPBFFE gatﬁﬁn § ?Fééﬁ&% Figure 1
wi Il now beodestohdpdentt hreefier escket anbegdteod thErtgure 2 is aflow
chart, which illustrates on theﬁ#eft hand si de an o%%ratlon in one of the

mobi | e st &t} bPENABLVAEY ! | ADEhePRI4APEIRR GRBPRPFOL PR ERE b&Se station 10

and on the,ssghtiohangdtshdeisn eprpaheal 38 tbeldebeokkesereadr b30. The
network server 20 receives at regular intervals_ GPS epheneris and al manac

par anet er sSPRONPERRT CPEOEBAELBP 8Bl Ver IPEr CXPMPAPaPYal €TEPSSS4Td | ites 50,

and correspondi g Gabi &pe paramptersifromthe Galileo control server for
all available Galileo satellites 60. The GPS paraneters conply with the GPS

| CD and belong thus to a GPS specific epheneris or almanac orbit nodel,

respectlvefﬂ? %ngﬁglhbﬁ@l@aééﬁgﬁgﬁs4@0HHEYaW%Eﬁ1§a@aHb%§%nlQ@ and belong
thus to a Galileo specitic orbit nodel. The network server 20 may al so

recei ve adﬂiI$bn®®blhﬁo$ﬁEti@ﬁ BRenPtkelupSeagnrifoR §ESvECCEHLVEH tiffe
Galileo CofﬁéfudégrXGE%%%EBOSE{%@?%QEr aBBbkEY +8UERAIHENRN TRy

provi de for 1nstance
signals received from Galileo satellites 60.

Alternatlvely, the second mobile station 40 could

comprise for example a hybrid GPS and Galileo receiver.

The determination of position information for a mobile
station 30, 40 in the system of Figure 1 will now be
described with reference to Figure 2. Figure 2 is a flow
chart, which illustrates on the left hand side an
operation in one of the mobile stations 30, 40, in the
middle an operation in the base station 10 and on the

right hand side an operation in the network server 20.

The network server 20 receives at regular intervals GPS
ephemeris and almanac parameters from the GPS control
server for all available GPS satellites 50, and
corresponding Galileo parameters from the Galileo control
server for all available Galileo satellites 60. The GPS
parameters comply with the GPS ICD and belong thus to a
GPS specific ephemeris or almanadAorbit model,
respectively. The Galileo parameters comply with a
Galileo ICD and belong thus to a Galileo specific orbit
model. The network server 20 may also receive additional
information from the GPS control server, from the Galileo

control server or from another entity. Such another



corrections that are broadcast by geostationary EGNOS and WAAS satellites
The paraneter conputation conponent 23 converts the received GPS paraneteks
into par awetesei3efi4a common orbit nodel (step 201) . FurClaB00sbocanverts
the received Galileo paraneters into paraneters of the same common orbit
nmodel . The satellite for which the respective paraneters are valid may be
identified for exanple using i ndi ces ignfaining not only PRN, but also a
constellation ID. The common orbit nodel is a specification that describes

orbital paraneters and algorithns t l.c € kani iti
|nfornatl%ﬂFlFVk@aﬁoEF?Vﬁﬁ? 58F0%PF§a§%8 ggggﬁe%&?igﬁﬁggrpgést;gg Galil eo
satel | i t esorandtpessi bhytaareeblrobdrasat blyl geestaft igmprot FEENOENSDA | i ke
GLONASS, EGNOS and/or WAAS. In addition, the comon orbit nodel nﬁy al | ow
cal cul at i HBA8oPREBLI R85t 0 satellite signals due to clock drifting. It has
EEPgF_Eoted that_anydcorrection data, including WAAS-, EGNOS- and/ or |

i ke correction data, may be cal cul ated, or,.re- t ifi
for the eﬁb?o?éaa@éﬁﬁﬁnCSPBPtaﬁ&&@lPOgyoPﬁ@tpg?aﬁ%%@%ﬁ#%%dgg%?gﬁ?lIhgally
par amet er $.0f ; JLfif BPENL GRS catse iutict ipzedmetthats it teheammryeromfit

paranmeters and the word | ength of the paraneters . s exact.l he sanme f
GPS and Gabideédo,(séel. 2PRe -p F%ﬁ%%%hsl5fqg%?%ﬁ%ﬁnﬁ?%nﬁﬁ%eﬁ%%%l nayn?ur?Ler

be valid £gn 18 cb0RgeLmReIHAd 10ft o ikl dikar rshe fORS e phererdsupar anet er s
Mor eover , t%ey may defi h i nor e accurateiy

the efine the position of the satellites
t han, forombsﬁam@é?lbh@h@PS%QQ%%%ﬁ?(ﬁQﬁﬁ“ﬂﬁ%bﬁ%eﬂﬁ%?gﬁﬁF%%§achieved for

géfrﬁ'eg %ra%t%hxgﬁgg'r%;%er%&?fiﬁt@Exﬁayorbebﬁd&imilémgﬁfr vt Bagidisnd han
indices containing not only PRN, but also a constellation
ID.'Thé common orbit model is a specification that
describes orbital parameters and algorithms to calculate
satellite position information, like position, velocity
and acceleration for GPS and Galileo satellites, and
possibly as well for satellites of any other GNSS, like
GLONASS, EGNOS and/or WAAS. In addition, the common orbit
model may allow calculating corrections to satellite
signals due to clock drifting. It has to be noted that
any correction data, including WAAS-, EGNOS- and/or DGPS-
like correction data, may be calculated or re-calculated

specifically for the employed common orbit model.

By the parameter conversion, the parameters of different
GNSSs are unitized, that is the number of parameters and
the word length‘of the parameters is exactly the same for
GPS and Galileo, etc. The parameters of the common orbit
model may further be valid for a longer period of time
than the GPS ephemeris parameters. Moreover, they may
define the position of the satellites more accurately
than, for instance, the GPS almanac orbit model. This can
be achieved for example by using more parameters Or by
using longer word lengths than defined for the parameters

transmitted by the satellites. Thus, the common orbit



transmtted by the satellites. Thus, the conmmon orbitnodel may al so be the
only orbit nodel, for exanple/ for GPS. It is to be understood that the
conver si oNoabhod13e41par anmet ers conpri ses al so a re-cal cul acran200f/0dlae
paraneters. The generated parameters of the common orbit nodel for a
respective satellite conprise a reference value, which constitutes a
reference time for the included inforndfion that is based on the system
time of the GNSS. to which the satellite belongs, just like the TOE for GPS

epheneris data or the TOA for. GPS al manac, data. . For _exanple, for a GPS
satel it e, PRl MFBrERR 15 d'§ so%ﬁ%eﬂrn%httrﬁﬁg?m %@ﬁn?x FoLps, Prke t he

TOE or thedA N0 therappldssd t 65d conponent 3énovéraiombbletheati on 30,
40 may need sone position rel ated informatifn. For obt ai Lng the required

i nf or mat i RTINS HRES re&iRistS a3 3 st anter 9ata ?B}a@%naﬂg/g fro Galileo from
the cel | ul @y Goawd cation network (step 301) . The assistance request

i ndi cates the GNSS type that is supported by the nobile station 30, 40.
When the base station 10 receives the assistance request, the paraneter

retrieval AIRANRNia dZi I HSE LSt Srd Nes nNekuOEknaghVEEL20 RBagloYbEest he

paranmeters of the common orbit nodel for those satellites 50, 60 of the
support ed NGBS GNSSst e hht tar eomp¥ £ eft Ryroferenecatratner | BB&FFon of the

base stati - ferdti€e | PShE UELEOPREONRET §88daNHiFdeRbitibgat i on of
t he base s?%%%ﬁ{{%@%ﬂ%% e|JE”1Ientiefi cation of the GNSS or I(13NSSs. Ther eupon,

t he par anetlert conpeased oon componentenr3tbnet ff hBewsNRSsEPVER1SH §8fer mi nes
the satellj ar r{ept! ¥y, ¥i shpl eoat gbBeshaeakk-9l of the
base statiéoén %lg%de?‘g%%&ﬁ?bn?% H?le inla?gcat ed %\ISS ore SSs (step

data or the TOA for GPS almanac data. For example, for a

GPS satellite, the reference time is based on the TOW

count of GPS, like the TOE or the TOA.

Now, the application component 36 of a mobile station 30,
40 may need some position related“information.‘For
obtaining the required information, it may request
assistance data for GPS and/or fro Galileo from the
cellular communication network (step 301). The assistance
request indicates the GNSS type that is supported by the
mobile station 30, 40.

When the base station 10 receives the assistance request,
the parameter retrieval component 12 instructs the

network server 20 to provide the parameters of the common
orbit model for those satellites 50, 60 of the supported
GNSS or GNSSs that are currently visible at the location
of the base station 10 (step 101). The instruction

comprises an identification of the base station 10 and an

identification of the GNSS or GNSSs.

Thereupon, the parameter computation component 23 of the
network server 20 determines the satellites 50, 60 that

are currently visible at the location of the base station



202). The current position of the satellites can be determ ned by nmeans of
the generated orbit nodel paraneters. The satellites that are currently

vi si bl e avoanod/denti fi ed base station 10 can thus be detrernBresowaasi |y, if
an associ ati on between the respective identification of all base stations
and their location is stored in the neéqjvork server 20, for exanple in the
dat abase in the nenory 21. The paranet conmput ati on conponent 23 sel ects
the orbit nodel paranmeters for the currently visible satellites and

brovi des themdp Lie. baseostat) op, 10, ,poSSE Dlychegep hepukLh @dditi onal

infornmatio i ona ormalonma npri se in nte DGPS and
RTK cor r ecid2ns, THEENOS- aemtf opoymﬁmomfetheoaat@hmtem eam def ferenti al

d ts.
Upon & SOl LI B &t | B8 4TTORE 302 960 br UARAGA by the base.

station 1Q3anahmta@hd$1|tc&malsa’uébln‘aés othavyaatsouecoeptigevdatiplbi bs for a
data w peoff. ter retrjeval. conponent of. the base station 10
recei ves tHe ISV e]?]gg nﬁ?%‘?%ﬁ% l%%d“%r%d%@% lé?n gﬁg?ﬁ@lpﬁéerence time
replacenenknﬁdmponemtaﬁEas§b@1é€i@me@@EwééﬁEth@p£@§p€EﬂlvéOnponﬁnt 1g of
the base station_10 repl aces GN\SS based reference, ti of .the orbit
nodel par ér?&rgilsﬁf?ﬁtje‘g%ho i%ﬁge% %%t%?‘?ﬂ%n%oan%ogﬁﬁlg ?FFEF‘QP &ystem
based ref esrtﬁmaj timret{Stiepr o2} setve€£a3@, t her cekhMbae €ANBHAI cation '
network is M networ k, the cel]ular sy stem based reference tine can

conpri se fdt?r 1 R TBETBP T A £ bn T)l?-eap??%lﬁ% RGNBeFPUR2EiAR slot and a
bi t nunbercdnfrknBN}3 31 &b & epr&SeRb St thedél "Ba phmbher SNBS-baged

reference tinme. In case the cellul arcomruni cation network is a WCDVA
net wor k tqﬁgqgquﬁeylslble satellites and provides them to the

base station 10, possibly together with additional
information. Such additional information may comprise for
instance DGPS and RTK corrections, EGNOS and/or WAAS
corrections, short-term differential corrections, short-
term integrity warnings and carrier phase measurements.
Upon a special request by a mobile station 30, 40
forwarded by the base station 10, the additional
information may also comprise data bits for a data wipe-
off.

The parameter retrieval component 12 of the base station
10 receives the provided information and provides them to

the reference time replacement component 13.

The reference time replacement component 13 of the base
station 10 replaces the GNSS based reference time of the
orbit model parameters for each visible satellite 50, 60
by a cellular system based reference time (step 102). In
case the cellular communication network is a GSM network,
the cellular system based reference time can comprise for
example a constellation of a frame number, a time slot
and a bit number {FN,TS,BN}, which represents the time of

the GNSS based reference time. In case the cellular



system based reference tine can conprise for exanple a system frane nunber
(SFN) , slot and chip , which represent the time of the GNSS based

ref er encewoiznw/13k4140r der to be able to replace the GNSSroagszhosefiesience
time with the cellular system based reference tinme, the base station 10 has
to be aware of the current relationb élvween the GNSS time and the cellul ar
comuni cation systemtine. There are_(s%l eral alternatives of providing the
base station 10 with this relation, since the requirenent on the accuracy

of the relation.is not very tight. 1t _is.sufficient h lation with
an accur aEfW?ﬂ?@ﬁfé@nn@e,%&r ]gvlégn avm't[’%%ﬁ%n%aecﬂc@dﬁgg’y éo ° 1@%?%@@:; satellite
noves at RPN MRiseldy 3 @doncs tsimd hearpasinpmiserfor ¢xampeesatel lite

position in 1l ms is 4 neters he t, ich is n i.gible. Ina first
al ternat i VST LB “m a@d\%t’o Sﬁﬁ’é‘ bai\ég; Stdti‘on J.:}gl n this case, the
LMU may detgydgeatt heidNSRd iowe @ngd quenvistesed tré fetdrecdasanst ati on 10. The

base station 10 nay then determne the relation itself-. It has to be
not ed, though, that it would be rather expensive to provide all base

stations af, thedietipde widie aib owpldde dhe GNeTaralsadit eefaténee there is
only one LMJ available in the cellular conmunication network, gg(ej the tine

di f f er encésimeo vl Base cqldidlehs SR S By CRRe tEPFul

conmuni catj qn netwark, aty thes sid eyofaddis dMEindacuinshancelaaisnngl e base
station in the network nay be equipped with an LMJto create a relation

bet ween a eN@Sar fdeardISF dettalad coimif LHitoh SYRTRM ERhEC  The tine
dif fer ences, atyaand harddd equl paorbbase stationi aod of| pobhienihgse
stations In the network are neasured inorder to create a GNSS tine to
cel | ul ar dﬂnmﬂnﬁ&gua&ﬁtion 10 with this relation, since the ‘
requirement on the accuracy of the relation is not very

tight. It is sufficient to have a relation with an
accuracy of 10-100 us, or even with an accuracy of 1 ms.
A satellite moves at approximately 3.8 km/s, so the
position error in the satellite position in 1 ms is

4 meters at the most, which is negligible.

In a first alternative, an LMU is associated to the base
station 10. In this case, the LMU may determine the GNSS
time and provides it to the base station 10. The base
station 10 may then determiné the relation itself. It has
to be noted, though, that it would be rather expensive to

provide all base stations of the network with an own LMU.

In a second alternative, there is only one LMU available
in the cellular communication network, and the time
differences to all base stations 10 are measured by the
cellular communication network at the site of this LMU.
For instance, a single base station in the network may be
equipped with an LMU to create a relation between a‘GNSS
time and a cellular communication system time. The time
differences between the LMU-equipped base station and all

other base stations 10 in the network are measured in



systemtinme relation for any base station 10 in the cellular comrunication
network. The tine differences can be neasured, for exanple, by collecting
and eval vaDiI20gp/ B4 measur enment s reported by default by mobilB®osb@aeciions 30,
40 to the cellular conmunication network. In a third alternative, there is
equally only one LMJ available in the ggllular communi cati on network, and
the tine differences are neasured with Matrix solution. In this ’
alternative, the nobile stations 30, 40 are harnessed for neasuring the

base station time difference sed_on,_OTD neasurenents. .Canbri dge
Positioniﬁﬁr%ﬁgtﬁ%scf?ﬁ£?C?§?N$§fg%m?ng?aﬁgg?u§5§ g?g%ggéggglﬁgsitioning
and tinme kegptag vbhbodelUsthgnt hbs apprbash. sThisonelhodncabgperi ses nore
specificallg fEﬁsurin base gtation tinE di ferences. % t he nobi|l e station,
7B Nt ai ni e HL COTT cSPUME TG GhP AbASE PRt hERobIIe SEALPERCSAG G8Thg ¢ hi s
dat abase f& ROsstteN) NGoandx&S1 &) neykeepisgrifbeantt bodliugatdal ed
Enhanced- GPS (E-GPS) . The use of the ESPE n&%ﬂgd engbhes %h%,cellular
conmmuni cat? oA et HeF RIeR tRet PPPHEEHt BY ndEhad Yo'PPér&ncésd -iththe

cel lul ar sys}embebwees theltMrbasemshathenoandetherather base stations
10, if the tinme differences determined at the nobile stations 30, 40 are

reported to the cellular conmunication network. In a fourth alternative, no

LMJ is reqyﬁrgdtﬁﬂrah@l@@kﬁ&f@#eQOﬁﬁaﬂécagi@aua@qgggﬁly!aﬁ@e@mU the nobile

station 30, 40 provides the relation between the S tinme.and the cellular

comuni cat?ealsyBteniti Fee FelintaroBPTBUBLERFSANIDCTHO ) r 880y REs a valid
relation eifRerqfFesrénPESVAPLYSnBIShEEQMAENnSESHEERiQr sblamibhe EnCPS
thisAalternative, the mobile stations 30, 40 are
harnessed for measuring the base station time differences
based on OTD-measurements. Cambridge Positioning Systems
Ltd (CPS), for instance, has proposed a positioning and
time keeping method using this approach. This method
comprises more specifically measuring base station time
differences at the mobile station, maintaining a
corresponding database in the mobile station and using
this database for positioning and GPS time keeping. The
method 1s called Enhanced-GPS (E-GPS). The use of the E-
GPS method enables the cellular communication network as
well to obtain the time differences in the cellular
system between the IMU base station and the other base
stations 10, if the time differences determined at the
mobile stations 30, 40 are reported to the cellular

communication network.

In a fourth alternative, no LMU is required in the
cellular communication network. Instead, the mobile
station 30, 40 provides the relation between the GNSS
time and the cellular communication system time. If the
mobile station 30, 40 already has a valid relation either
from a previous positioning session or from the E-GPS

solution, this information can be sent to the cellular



solution, this information can be sent to the cellul arcomunicati on network
along with the assistance request. Sone options for obtaining and

mai nt ai niwQ 2806vi3kild tine relation in a nobile station 3@CTAB2005/bd1640E
described in sone nore detail further below with reference to step 306 .
The base station 1 0 may then use the %ng rel ati on provided by the nobile
station 30, 40 to calculate the cellul system based reference tine for
the orbit nodel paraneters. Associating a GNSStinme to a ceIIuIar

conmuni cation s StEﬁltlﬁE sp been. des |bed in,US n , 678, 510
B2 and 6, 7%§m§ﬁ%? {%%r fon?eW%E Ye ecﬁgglFﬁgn&%Sgg 4S8& r ef erence
time in tr&bmﬁtnptﬂmmslf@ﬁramﬁaﬁmﬁn@oan&amaimtsnhhegsatebﬂndeti&e 60 of the

ted GNSS has b d b | ul t em,based
el or ence T4k Phet e SHaR SeBhbl JoRoRbnaRL 14 aGSoRBPEE 2 Roddage. for

each of thﬁs@sm@:eéIcﬂéwlﬁgfuﬁﬂhéﬁt1@@1&@3\)71tthhgfgesﬁfagetbssta@ Isame for
any typeo ositionin nodade nessage | ncl uae | nformat Lon  El enent s
T P el s oA TR amrt R RSy | LRPhARRE LRE PABEAGEUarErEr ance

time. In aeebidiqed by Ry holsiUdesvatedereopesboeat cancunarel ynehe known

| ocation of the base station 10. Further, it i nclude any of the
|nfornallcﬁ?%%%%@%eﬂy%96$h%a%%@mﬁ?ﬁeg%?Q%rt?@e ¥ﬁFoFﬂﬁtP6ﬁ %r@@ﬁ&éd by sone
other entigyrafdtdpformation generated at the base station 10 itself. The
messages are then transnitted to the requesting nobile station 30, 40. It
has to be noted that alternatively, the base station 10 could assenbl e such

Messages gisd SOl @ind Nt eENGb StiRE @&I r@éPEﬁi!aYGI:Mnﬁﬁhﬁthﬁ%ﬁte' lites 50,
60 and broadcastthe nmessages to all nobile stations 30, 40 |located in the
system time has also been described in US patents

6,678,510 B2 and 6,748,202 B2, to which it is referred.

Once the GNSS based reference time in the orbit model
parameters for each visible satellite 50, 60 of the
supported GNSS has been replaced by a respective cellular
system based reference time, the message assembly
component 14 assembles a message for each of these
satellites 50, 60 (step 103). The message is the same for
any type of positioning mode. The messége includes
Information Elements (IE) with the orbit model
parameters, including the replaced reference time. In
addition, it may include a reference location, namely the
known location of the base station 10. Further, it may |
include any of the information provided by the network
server 20, information provided by some other entity, or

information generated at the base station 10 itself.

The messages are then transmitted to the requesting
mobile station 30, 40.

It has to be noted that alterﬂatively, the base station
10 could assemble such messages at regular intervals for

all respectively visible satellites 50, 60 and broadcast

W
L



cell that is served by the base station 10. The nessage eval uation
conponent 37 of the nobile station 30, 40 receives the nessages and decodes
t he franmewounie44iti me sl ot and bit nunber in order to @etraBmoseribiie

cel lular communi cation systemtine. Further, it extracts the information
included in the received nessages (st 302) . An indication of the

cel lul ar conmuni cation systemti ne, pogélbly inrelation to the |ocal tineg,
and the extracted information, including the orbit nodel paranmeters, are

provided tq the positiqn estjmation c nen h i i mation
conponent %ﬁ?lﬁﬁ gFﬁ%qﬁ?d%#it%ﬁ%lg? %ﬁgg%gﬁénggbr g EOB§§%& gaseggon t hese
algoritmﬂheIIKtHESiﬂéCHEfﬁédNGY|bheCDa$®nenat36nek0rapolates t he
respective satellite trajectory as a function of the current cellular
comuni cation systemtine using the provided orbit nodel paraneters, and

possi bl y takd ngemgwrév@juétk\;ecﬁh@@mpmémdwfefeﬂhéajnobmneesthomsn etc.
(step 303) Based on, t he obt ai ned satelllt §% gry the position

estlnatlohyboﬁﬂbﬁﬁﬁe%¥?§mﬁh?|%??S?%%Sp%§§ FOAMEi me of the

satel l'ite sigiad, adithd hel o€ camd i Bot DopRber iheguﬂézytbndateﬁmzﬁ@tl onal
manner. Wth known linits of t he propagation _tinme and the Doppl er

frequency, the PiHE HoIBIEtedkl pRas¥eteRat 1 have PEtHE ché ked can be’

limted Sueh-gode ph@senfdrmietbonsnadledéarihedneuketenvabl satellites for
whi ch orbit nodel paraneters have been provi ded, excep t fgr t hose, for

whi ch a sHeRISa%e M (HERyrisy) maﬁﬁlh@dhﬁétb%%noﬁrBU?dE@ iHladdition. A

short-termifh&orddyi Ward fgeyiRE, PHhoYs dedybynt heipetwar koseheer 20 via
t he base station 10 whenever

local time, and the extracted information, including the

orbit model parameters, are provided to the position

estimation component 38.

The position estimation component 38 knows the algorithms
of the common orbit model. Based on these algorithms, the
position estimation component 38 extrapolates the
respective satellite trajectory as a function of the
current cellular communication system time using the
provided orbit model parameters, and possibly taking
account of the short-term differential corrections, etc.
(step 303). Based on the obtained satellite trajectory,
the position estimation component 38 may limit the
possible propagation time of the satellite signal and the
occurring Doppler frequency in a conventional manner.
With known limits of the propagation time and the Doppler
frequency, also the possible code phases that have to bé
checked can be limited. Such code phase limitations are
carried out for all satellites for which orbit model
parameters have been provided, except for those, for
which a short-term integrity warning has been provided in
addition. A short-term integrity warning may be provided
by the network server 20 via the base station 10 whenever

there is a sudden satellite failure.



there is a sudden satellite failure. The position estimation conponent 38
forwards the determ ned code phase |imtations and possibly further

i nf or mat iwo 200wi3wded in the received nessages to the acquirgBiosmoiand
tracking conponent 32. The acquisition and tracking conponent 32 acquires
the visible satellites (step 304). Ihﬁ information is used in a
conventional manner to accelerate an acquisition of satellite signals by
limting the search options. The acquisition and tracki ng conmponent 32 may
al so be responsible for decoding the navigation data in the acquired
satellite signals. The acquisition and tracking conponent 32 provides the
measur enmenher esslitdoni reltidiang canygotecoded B8y ifgavagidsddthe to the position

estimatio onent 3 e _posi.ti. %%ﬁﬂﬁ now
deterninegﬁﬁgngé %8f gﬁ? n@BFP%%‘%Z%FEngggQ) n aq%gﬁég%?yonal
manner (smmom)clonmatclm,ed: ti ndether meress viesk ues SaRfe s a4 d-hltdhose
satellites 50, 60.of which S|%pals have be q%§re%: Tl d

det er m ne&CERd SN §RCeHRCEHGs i BN B aségfonkfhe égcodné'naV|gat|on
data at thedt irecefiny aﬂmmmm ddumisiegnaliss wihiidile satefilates in the

decoded naV|gat|on dat efl ed by the asurenent U The
position dstErati'dn -cdi 2h s &8 The' §%ﬁ§n$%§§%éﬁ$ogether with

t he det er FiaRed S alelddde dragid la@ﬂ%éqiflﬁsiﬂdmtdmgsaﬁﬂhdsé tsgmalst he
nobil e station. The position estlnatlon c onent 38 e |1y determ ne
qg% é%“? '

in a convent |1éﬁﬁ4t%ﬁ@re SR GPHEG e ﬁqulrteji nf or mat i on
| i ke vel 0§'x1 ok i GSS drigBhe R BURRIEN] st b osddp@s ibloerfat nti es, etc. The
det er mi ne 03|t|on rélated i nfornation nmay then be OV|dgElto t he
app||cat|@@codlng the navigation data in the acqulr sat

signals. The acquisition and tracking component 32

provides the measurement results, including any decoded

navigation data, to the position estimation component 38.

The position estimation component 38 may now determine
the position of the mobile station 30, 40 in a
conventional manner (step 305). That is, it determines
pseudo ranges to those satellites 30, 60 of which signals
have been écquired. Further, it determines the exact
satellite positions based on the decoded navigation data
at the time of transmission of the signals, which is
indicated in the decoded navigation data and refined by
the measurement results. The position estimation
component 38 then uses the pseudo ranges together with
the determined satellite positions for estimating the
position of the mobile station. The position estimation
component 38 may equally determine in a conventional
manner any other desired position related information
like velocity, GNSS time, measurement and position
uncertainties, etc. The determined position related
information may then be provided to the application

component 36 for the intended use.



conponent 36 for the intended use.By default, the position estinmation
conponent 38 of the nobile station 10 provides the determ ned position

rel at ed iwbanmetsuaaa, the recei ved nmeasurenent results amrdTABIoob/edicein

bet ween the cellular comruni cation systemtine and the GNSS tine as

f eedback data to the cellular communi cation network. The feedback data is
al ways the sane irrespective of the enployed positioning node, except that
the position of the nobile station 10 may only be provided if it is

deternineﬁ%f&%%%ﬁlﬁppiﬁﬁéﬁé@%i@fo&oe?%gﬁaéfgngSKpgﬁéﬁti§8f9E“@EQed by the

f eedback arding conporient 15 of base station 10 to the network
server 20 n{ctie 19049tioThel darabides updat dagetBapedeRPSRA16R t he net work

server 20 ol | ity j i at.j t
ol |l ar COMRIRRL el AELReE] |10 LOROLIRY fachBenbaLaL oM PE ¥BRD
measur emerd sr¢Xeti@atlee andenpdae ecal Hat abasemzundtating dyvbtemehde®sS bet ween

various base, st.ati (ste 3 I base sed to deliver
time- a_cc_uraé?de J%&esi(gb?%%cgl%%t%gt %)e%%%f§¢% g?ggi gﬁstﬁé, 8%81P§?Ei nprovi ng the
se|nS| It i Vi toormhirionsd t teh | vetwogk GNBSe t feedpacksdat@hespesiveyenichg

cal cul ati on component 25.0of the network server 20. S asur enent
results irﬁﬁrﬁeen?%]é%%%%tjd%?a?gi?h%n?,rlp#%yggt 8 glgﬁénéo&otﬁ?bn of the

m)lbl I Ie st adst@pBOth40, the sasetibe obbthe mohiilens88Lidh flli ey to
calculate a position itself,(204). The nmpbile  statipn 30, . may al so

mai ntain t¢ ¥§Py%tﬁ”6?\v ‘i?%%ﬁ the'ie ?E?Jé?ll%%xi %gﬁ {Sﬁbéégtem ti me and

t Pet G\Isssgsﬁ%ﬂyhn ded fgume (8&eb368) datdhis capwhedddnbyi thehe nobile
statton feedbaéf %géﬁég Eng gg&ﬁgng%§slgléfagge base station 10

to the network server 20 (step 104).

The database updating component 24 of the network server
20 may collect the position information, the relation
between cellular communication system time and GNSS time
and in addition OTD measurements to create and update a
database 21 of time differences between various base
stations (step 203). This database 21 can be used to
deliver time—accurate assistance data to mobile stations
30, 40 for improving the sensitivity without delivering

GNSS time per se.

The positioning calculation component 25 of the network
server 20 may use measurement results in the feedback
data, if any, to estimate the position of the mobile
station 30, 40, in case the mobile station 30, 40 failed

to calculate a position itself (204).

The mobile station 30, 40 may also maintain the relation
between the cellular communication system time and the

GNSS time by default (step 306). This can be done if the
mobile station 30, 40 has obtained a valid GNSS fix and

has been able to associate the current cellular



has been able to associate the current cellul arcomruni cati on systemtine,
for exanple in terns of frame, subframe, slot, bit and chip, with the GNSS
time or haie eceised the initial relation as assi st ancePdatiB2005/m16di s case,
the nobile station 30, 40 can reconstruct or recover the GNSS tinme at any
monment just by estimating the el apsed Ean fromthe last GNSS fix using the
cel lul ar communi cation systemtine and assum ng that the nobile station 30,
40 does not nmove fromone cell to another. If the nobile station 30, 40

noves fromone cell,. to an r, r ti n SAl and the
cel lul ar 63%@%%?%%??%%ns§ %gﬁ?tF%@ghagg?oéggmggégﬁgdt%g%ﬁn aggég%ﬁ a new
GNSS fix. #ibEraatj velyt, theteandt chijpr evathohheafNBE tpdet ed Wwiash the tine

di fference between the basge.station, serving_the_previo el L__and .t he base
station sé?%?%bv?%ét%%r+%ﬁ€l%ilF?Q%Eéopiﬁ% 8??%8?8§8$ g%%%belng i'hed fr.om
OTD net wor&a&ssi shanashiassstangonhad, t her eansracbnserdictf erence dat abase

ilable. The ti diff furth b bt ai ped f D '
measur omorFSSoRaT RS TS hohepart OPREPSHE S Thelt: e GNPFaPnce can

further betipbtaiaededrommsherdinf treengstobNsEntng advagcehand/ or round trip
time neasurenents in the géevlous angﬁthe,curre t cell.

Furt her
al ternati vePytUtde TPHBUPEFALEOR S¥ACRR At &P eaSFBPJEQEE%PE fP6m aPs

time assishapceefsomibe ge) | ubanoesmuni savbonroat waekcelln €BVA net wor ks,
for exanple, GPS tine is avajl able b%édefault. If the nobile station 30, 40

has a val | ¥eREEE t ol £t el BPPELANBRFEAPT oAV sy &P eRPVPRe TFEMatPEn CotlHi s
rel ation cgy beotises, tent mpeoyeibheppertenmaneeckpst enf® ahdt ihe-tof i rst -

fix and sensitivity. GNSS-to-cellular comunication
cellular communication system time has to be created
again based on a new GNSS fix. Alternatively, the
existing relation can be updated with the time difference
between the base station serving the previous cell and
the base station serving the current cell. The time
difference can be obtained from OTD network assistance,
assuming that there is a time difference database
available. The time difference can further be obtained
from OTD measurements that the terminal performs itself.
The time difference can furthér be obtained from the

difference of timing advance and/or round trip time

measurements in the previous and the current cell.

Further alternatively, the time relation can be
maintained for example from GPS time assistance from the
cellular communication network. In CDMA networks, for

example, GPS time is available by default.

If the mobile station 30, 40 has a valid GNSS-to-cellular
communication system time relation, this relation can be
used to improve the performance in terms of time-to-
first-fix and sensitivity. GNSS-to-cellular communication

system time relation having an accuracy of hundreds of



systemtime relation having an accuracy of hundreds of m croseconds is
sufficient for these performance i nprovenents . The nobile station 30, 40
may ret urwopesdcudred OTD nmeasurenents to the cellul ar cecwuRosbé1641 net wor k
wi th each request for assistance data (step 301) . It may return the OID
measurenents for exanple in the units seconds, in particular

m croseconds or ‘nanoseconds, instead of°®franme or subfranme differences, to
make the information i ndependent of the cellular comrunication systemtine.
It is to be noted that fhe described enmbodi ment _constitutes only one of a
vari ety of™Pos3i Bt i B0 heCT n ﬁ??oﬂ?r£8Fm3§8ﬁple, i nstead of
GPS and/ orifgtdv@fentod her or additional GNSS could be supported as well. As
menti oned above, instead of a GSM network, any other type of cellular
comuni cati on network coul d be enpl oyed too. Al so sone processing could be

shifted betyeeanowshfd esentieh eseNt 50 ByyvweytaetneyarpbenctiheTpef erence time
repl acenment could equally be perfornmed centrally for all b tions in

ase st
t he netmoﬂﬂ?%ﬁ%%%ﬂ?nt%r¥%é?@et%%l%?%%¥d%ﬂmmHFbFﬁﬁ%PBnDEEWOEE Varfed.

Moreover, dnsteady@ls@ few oEbi L a0del dathe (koepn36GPp. ephenmki s and/ or GPS
al manac orbit nodels could be used for the GPS satellites and al so for
ot her GNSTF&@te! | Fhe LT BAyHeeBeNhpr E0Br BReMRbEclE §PanHBLESzEd for

anot her specidigs ONSS Sou dobea HspderFYEEDREs bhenhabgeeBagsti e
replacenent 1s not required, in case GNSStinme is readily available at the

mobi | e st a1 ®read 2€. Trama or pupIramgedhb8eFBRCSEppbPt MAGCatistel lite
based posi{le0ing: An 3 MR a &t ADBEPRA £30u P8} WbhRuAsShELaACe data,

system time.

It is to be noted that the described embodiment
constitutes only one of a variety of possible embodiments
of the invention. For example, instead of GPS and/or
Galileo, other or additional GNSS could be supported as
well. As mentioned above, instead of a GSM network, any
other type of cellular communication network could be
employed too. Also some proceséing could be shifted
between different elements. By way of example, the
reference time replacement could equally be performed
centrally for all base stations in the network server.
Further, the provided information can be varied.
Moreover, instead of a new orbit model, the known GPS
ephemeris and/or GPS almanac orbit models could be used
for the GPS satellites and also for other GNSS
satellites. Also one or more orbit models standardized
for another specific GNSS could be used. Further, the
reference time replacement is not required, in case GNSS

time is readily available at the mobile stations, etc.



wherein said nobile arrangenent (30,40) is adapted to communicate with a
communi cation network and to acquire signals transmtted by satellites
(50, 60) oboavodBasts one satellite based positioning systremiBxas/doiaet hod
conprising: converting in said communi cati on network avail abl e paraneters
of a dedicated orbit nodel describing novenent of a satellite (50, 60),
whi ch dedicated orbit nodel is defined Tor a particular satellite based
posi tioning system into paraneters of a common orbit nodel describing a
novenent of a satellite (50,60); and providing said converted paraneters as
a part of assistance data for said satellite based positioning. 2 . Method
according to claim1 , wherein saCdlate lieasts one satellite based
positioning systemconprises at |east one of the follow ng: the d obal
Posi ti oning System GPS; the G obal Orbiting Navigation Satellite System
GLONASS; the Galileo system the European Geostationary Navigation Overlay
Servi ce EGNCS; and the Wde Area Augrent ation System WAAS. 3 . Method
according to claim1 , wherein said conmon orbit nodel is nore accurate
than said dedicated orbit nodel . 4 . Method according to claiml , wherein
sai d common orbit npdel conprises nore arffeycerg thg %dl cat ed orbit

te 1Cce ase pos1

model for Sai d'&ftN9LakeT HEPRAF &I 1Y 2 s& lonin

of a mobile arrangement (30,40) with asslstance data,

wherein said mobile arrangement (30,40) is adapted to

communicate with a communication network and to
acquire signals transmitted by satellites (50,60) of
at least one satellite based positioning system, said
method comprising:

- converting in said communication network available
parameters of a dedicated orbit model describing a
movement of a satellite (50,60),'which dedicated
orbit model is defined for a particular satellite
based positioning system, into parameters of a
common orbit model describing a movement of a
satellite (50,60); and

- providing said converted parameters as a part of
assistance data for said satellite based

positioning.

2. Method according to claim 1, wherein said at least
one satellite based positioning system comprises at
least one of the following:

- the Global Positioning System GPS;

- the Global Orbiting Navigation Satellite System
GLONASS;

- the Galileo system;

- the European Geostationary Navigation Overlay
Service EGNOS; and

- the Wide Area Augmentation System WAAS.



based positioning systens. 5 . Mthod according to claim1l wherein said
common orbit nodel conprises at | east one paraneter having a | onger word

| engt h t W0 200acBu41@spondi ng par aneter of a dedi cated orlpct/ipmdgbotbar sai d
at | east one satellite based positioning systens. 6 . Method according to
claiml1 , wherein said conmon orbit rmgl(ﬁl is defined in common for at | east
two different satellite based position’ng systenms. 7 . Method according to
claiml , wherein said assistance data conprises a reference tinme and a
reference location in addition to said converted paraneters. 8 . Method
according to claiml1 , wherein said assistance data conprises in addition
at |east ope ofettthe] ftdomdingy €bféeaenti alwikdkobah Pasdt tominng System
corrections; Real, Tine Kinemati cs RTK corrections;, carrier phase
measurement s fORKAIMIGt el S BrEP sACEN DpRai R oS th iGﬁgWaElﬁ i gation
Overl ay Servi cerieiof gsdéons; - Wde Area Augnentation System corrections,
short-termdifferential corrections for said converted paraneters;

i onosphere nodel paraneters; - troposphere nodel paraneters; short-term

integrity marniddssd ks endi ts efaah 1 eashepaensatell cbambased
positioning systemenabling a data wi pe-off upon a request by a nobile
arrangement (30Ekfd) model GERNBHS A CBPEF NRREIeFar A thanwRer ei n parameters

of dedicated orbit model for said at least one satellite

based positioning systems.

5. Method according to claim 1, wherein said common
orbit model comprises at least one parameter having a
longer word length than a corresponding parameter of
a dedicated orbit model for said at least one

satellite based positioning systems.

6. Method according to claim 1, wherein said common
orbit model is defined in common for at least two

different satellite based positioning systems.

7. Method according to claim 1, wherein said assistance
data comprises a reference time and a reference

location in addition to said converted parameters.

8. Method according to claim 1, wherein said assistance
data comprises in addition at least one of the
following:

- differential Global Positioning System
corrections;

- Real Time Kinematics RTK corrections;

- carrier phase measurements for satellite signals;

- European Geostationary Navigation Overlay Service
corrections; ‘

- Wide Area Augmentation System corrections;



said common orbit nodel have a validity of at |east one day. 10. Met hod
according to claim1l , said nethod further conprising cal cul ating

correcti omodascai3sqeci fically for said common orbit nodelpcans2ogos/oocdi ng sai d
correction data as a part of assi stance data for said satellite based
positioning. 11. Method -according to c% iml , further conprising at a
network el enment (10) of said comunica J?o—n network replacing a reference
val ue in said converted paraneters that is based on a satellite based

posi tioni ng system t| erence val ue th e a
conmuni cati on syst¥th Hod A %?Ja]f%%ajt%n%%?‘?n %a?&v\,her ein said
assi stance data icﬁjﬂv’@ﬁfem tﬁa&dazﬁé]:@:sp;al’tl cul ar nobi |l e arrangenent (30, 40)
upon a request by said m)bl I e grran ement%]lgSO 40) or broadcast in a cell of
sai d communi cat i oPPSARNSH 91%‘6‘3 Wing to claiml , wherein a

nobi | e arrangenerttrc(p&ﬁ@rer Q@cﬁié@%éﬁrﬁe@éﬂﬁtance data andestinates a
position of a satellite (50,60) of said at,|east one satellite based
posi ti oni ng syst SRS HEThild &HvErY stPHa gt 7%%. 14. Method for

supporting a sate{did &iRasedk positdHa Nenhofsacambite ]@M@dﬁlgerrent (30, 40)
usi ng assi stance data, wherein said nobi|e arrangenent ngG IS adapt ed
Te H

to communi cate WERIS i SHmshi TALF I PRANDHRI ot 0T b2 bR ahs?®
transmtted by Sazt&idést@%ij&%lpé 2t rdegsheope(sej b ite based

positioning system said rethod conprising: receiving at said nobile
arrangenent (30, 40)

9. Method according to claim 1, wherein parameters of
said common orbit model have a validity of at least

one day.

10. Mefhod according to claim 1, said method further
comprising calcuiating correction data specifically
for said common orbit model and providing said
correction data as a part of assistance data for said

satellite based positioning.

11. Method according to claim 1, further comprising at a
network element (10) of said communication network
replacing a reference value in said converted
parameters that is based on a satellite based
positioning system time by a reference value that is

based on a communication system time.

12. Method according to claim 1, wherein said assistance
data is transmitted to a particular mobile
arrangement (30,40) upon a request by said mobile
arrangement (30,40) or broadcast in a cell of said

communication system.

13. Method according to claim 1, wherein a mobile

arrangement (30,40) receives said assistance data and



assi stance data from said communi cation network including paraneters of a
common orbit nodel describing a novenent of a satellite (50,60); and

esti mat i yoaowosik4ion of a satellite (50,60) of said at pceaBroomn@Eécsiatel [ite
based positioning system based on said received paraneters of said common
orbit nodel . 15. Method according to claim 14, wherein paraneters of said
common orbit nodel have a validity of Teast one day. 16. Method
according to claim 14, said nethod further conprising receiving correction

data that has been cal cul at ed. speci fically, for.sai ecel v net ers of
a cormon or bi tesﬁfdﬂ‘@qc,esar?d RO nogf sai J?%Jgie}?/%dg%éa’r g@ tggsggéasai d
comon orbit madeledraseath®nsSad dl icor riectédnpdat @i befogesastespesinve

estimation of a ,pcgsition of a satellite (50,60). 17. Network el enment (20)
for a communi GRIDIFNIHOTE RPFOITTHS a satel lite based positioning of a

nobi | earrangenent (30,40) with assistance data, wherein said nobile

arrangenent (30,40) is adapted to communicate with said co ni.cation
networ k and ¢ S rP i I i ??Eﬂ%t%a@%f?gtggsiggg%b?gof at

| east one sat g4 it exdrases gpp%ﬁzgézq%mg §3/%,t£(m @Qiﬂgngéwska?berren§ EZO)
conpri sing processing neans ; ,,.said processing an 22,23 ei ng
adapted to corfiatar é(g"aéfq%“ﬁl‘ S et DFTANIRAPRES éggoflﬁ?tlﬁodel

describing a npygme ©f Gomalelddte wDon 69) combicdedbaahedwethi t nodel
is defined for a particular satellite based gosi tioni ngeﬂstem into

paraneters of aREMOAICBIHIE oAl sesearpmhgted by sa ites
’ (50, 60) of at least one satellite based positioning

system, said method comprising:

- receiving at said mobile arrangement (30,40)
assistance data from said communication network
including parameters of a common orbit model
describing a movement of a satellite (50,60); and

- estimating a position of a satellite (50,60) of
said at least one satellite based positioning
system based on said received paraméters of said

common orbit model.

15. Method according to claim 14, wherein parameters of
said common orbit model have a validity of at least

one day.

16. Method according to claim 14, said method further
comprising receiving correction data that has been
calculated specifically for said received parameters
of a common orbit model, and correcting said received
parameters of said common orbit model based on said
correction data before a respective estimation of a

position of a satellite (50,60).

17. Network element (20) for a communication network

supporting a satellite based positioning of a mobile



novenent of a satellite (50,60), and said processing neans (22,23) being
adapted to provide said converted paraneters as a part of assistance data
for sai d weteddissa4based positioning. 18. Network el emremrCcT(BD)5/60@6or ding to
claim17, wherein said network el enent is one of a network server (20) and
a base station (10) . 19. Mbile arrangenment (30,40) supporting a satellite
based positioning of said nobile arrangenent (30,40) using assistance data,
?gi? ngbiledarrangenent (30, 40) conprising: a satellite signal receiver

1) adapted to acquire si tran mitted sat 60) of at
| east one sat eI PERY gﬁc:@ﬁf? onth s@%f%ﬁ?xn §Bjﬁ'ﬂu %IFI F&R zzorrponent
(35) adapted tdni@aROYEL IOt SnGEMBRINT €3O ) O0) nes\mahpassu gsbance data with

paranmeters of a conmpn orblt node) descrlbln a nnveggnt of atellite
(50, 60) ; andprotB8EHHip Mot 352 5%) C ARt L0 FoOBSEr REPE a2Pds kel on of a
satellite of S@écﬂJﬁe|@ﬁ@rﬁa}?@etﬁ@iﬁhitt@db]@§e§a’@@$!Lit@B| ngos¥et esrbased on

received paraneters of said commopn orbit nodel, 20. K System conprising a

net wor k eleneﬁtzﬁﬁﬁﬁ?ﬂ?ﬁﬁt%P?#%ﬁ%ﬁ%?b%%%dapﬁﬁﬁFF@népgaﬁééﬁﬁﬁt ﬁéégrdlng to

claim19..21. A spfimesrerde (28) é&ﬁpﬁﬂ@?ﬁ@tpﬂgcés§§hg| hekgsbased
posi tioning of a nobile arrangenent, (30, 40) mnth assi stance data, wherein

sai d mobil e ar fZhghient STBED, BHICESS HA@pRealns o (dénmuhi BatBInwPPRPLSd
comuni cati on et Wokke AN 491 BOGHE 185 8588868s of a dedicated orbit

model describing a movement of a satellite (50,60),
which dedicated orbit model is defined for a
particular satellite based positioning system, into
parameters of a common orbit model describing a
movement of a satellite (50,60), and said processing
means (22,23) being adapted to provide said con&erted
parameters as a part of assistance data for said

satellite based positioning.

18. Network element (20) according to cléim 17, wherein
said network element is one of a network server (20)

and a base station (10).

19. Mobile arrangement (30,40) supporting a satellite
based positioning of said mobile arrangement (30,40)
using assistance data, said mobile arrangement
(30,40) comprising:

- a satellite signal receiver (31) adapted to
acquire signals transmitted by satellites (50, 60)
of at least one satellite based positioning
system;

- a communication component (35) adapted to receive
from a communication network assistance data with
parameters of a common orbit model describing a

movement of a satellite (50,60); and



transmtted by satellites (50,60) of at |east one satellite based
positioning system said software code realizing the follow ng steps when
bei ng exewoteab/13y41a processing unit (22) of a -network ecemmns/(R6)1 of said
comuni cati on network: - converting avail able paraneters of a dedi cated
orbit nodel describing a novenent of_a,?EaEel lite (50,60), which dedicated
orbit nodel is defined for a particular satellite based positioning system
into paraneters of a common orbit nodel describing a novenent of a

satellite (50,60); and -. providing ig,converte r as a part of
assi stance data fpﬁo%eaﬁs&rg%t%?ﬁ97 e(%a’séeigd) p%(g??%%%i ﬁ% gggiﬁé?%o%tware
program product igbsiicdh oS tyveirel Tode afcontdngtt begebti om@l is stored. -
23. A software code (38), faqr_supporting a.satelljte base ositioning of a
nobi | e arrangenerﬁaqf(@g%%lﬁ Q‘E%?%Sé%%?%‘ig Je“%ia?%#?\ﬂe‘?@?ﬁ& P'd nobile
arrangenent (30, 4)cd Sved afy ©thd 102 60 NHEING £8d ecwiibbn aceohumbdal L on net wor k

and to acquire signals transmtted by satellites (50,60) of at |east one
satellite based positioning system said software code realizing the

fol | owi ng 5 epsyhan heisiel ©xes W adebyoak ps DeRSSE NgcodtEi 185 o00f sai d
nobi | e arrangenent (30,40): recejving assistance data from sa%:rg ,
comuni cat i on Fetibrk’ i Wi TP b amet 2P ¢BENh REAABALIBPbFP Fodel

describing a movenent of a satellite (50,60); and estinmating a position of
a satellite (50,60) of

21. A software code (23) for supporting a satellite based
positioning of a mobile arrangement (30,40) with
assistance data, wherein said mobile arrangement
(30,40) is adapted to communicate with a
communication network and to acquire signals
transmitted by satellites (50,60) of at least one
satellite based positioning system, said software
code realizing the following steps when being
executed by a processing unit (22) of a metwork
element (20) of said communication network:

- converting available parameters of a dedicated
orbit model describing a movement of a satellite
(50,60), which dedicated orbit model is defined
for a particular satellite based positioning
system, into parameters of a common orbit model
describing a movement of a satellite (50,60); and

- providing said converted parameters as a part of
assistance data for said satellite based

positioning.

22. A software program product in which a software code

according to claim 21 is stored.

23. A software code (38) for supporting a satellite based

positioning of a mobile arrangement (30,40) using



said at | east one satellite based positioning system based on said received
parameters of said common orbit nmodel . 24. A software program product in
whi ch a swbtzewe4c1ede according to claim23 is stored. PCT/IB2005/001641

_55_

assistance data, wherein said mobile arrangement

(30,40) is adapted to communicate with a

communication network and to acquire signals

transmitted by satellites (50,60) of at least one
satellite based positioning system, said software
code realizing the following steps when being

executed by a processing unit (35) of said mobile

arrangement (30,40):

- receiving assistance data. from said communication
network including parameters of a common orbit
model describing a movement of a satellite
{(50,60); and

- estimating a position of a satellite (50,60) of
said at least one satellite based poéitioning
system based on said received parameters of said

common orbit model.

24. A software program product in which a software code

according to claim 23 is stored.



