WO 2006/134414 PCT/IB2005/001641 Supporting an assisted satellite based positioning FIELD OF
THE INVENTION The invention relates to methods for supporting a satellite based positioning of a
mobile arrangement with assistance data and using assistance data. The invention relates equally to
network elemEatdfof EE¥mmunication network supporting a satellite basétgBRisHiFg+of a mobile
arrangement with assistance data and to mobile arrangements supporting a satellite based
positioning 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 Navicalion Satelils SysiembJodhe 1iss it besopsagyer a European system

called GALIL 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 (SV) - orbit the earth.
Each of the sateflites dnanspitsiwasarrier signals L1 and L2. One of these carrier signals Ll is
employed for carrying a navigation message and code signals of a CONFIRMATION COPY WO

2006/134414 PCT/IB2005/001641 2 standard positioning service (SPS). The L1 carrier phase
The invention relates to methods Ior supporting a

satellite based positioning of a mobile arrangement with
assistance data and using assistance data. The invention
relates egually to network elements for a communication
network supporting a satellite 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 mebile arrangements. The
invention relates equally to corresponding software codes

and to corresponding software program products.
BACKGROUND QF 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 Buropean system called
GALILEC. 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 (SV) - 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

CONFIRMATION copy



is modulated by each satellite with a different C/A (Coarse Acquisition) code. Thus, different channels
are obtained for the transmission by the different satellites. The C/A code is a pseudo random noise
(PRN) code, which is spreading the spectrum over a nominal bandwidth of 20.46 MHz It is repeated
every 1023 bitg} 2bis/ejgach of the code being 1 ms. The bits of the C/A coeleraremlisamigferred to as
chips. The carrier frequency of the LI signal is further modulated with the navigation information at a
bit rate of 50 bit/s. The navigation information compgses 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 sho,rt-ter&gleynomial orbit model of the true satellite

trajectory. The SFATATASR IS & MERHIe FaRd thda a GPS controf Seheer &idAfrther updated
at the satellites. Basztldn tavilapleephemetis Of almanac iparamefats ran algotithm can estimate the

position of the satellite forany fime while thesatellifg, is in the respective deseribed section. The

polynomial orbit models have only one degree of freedom, that is, time. The time base for ephemeris
and almanac parimei&d is e iR FahTSly the WP SPEMEIdiAES ETOW). The satellite position
calculation is Isasiedlly.arexXtiBpoldtioh afdhe satelbterpasitions alongnthe.ait aaNunction of time

starting from acgrai%vynmiiighpggitiggr'gg%m{galiﬂpéit%g@ﬁ% defined bylgﬁgﬁlrgﬁters in the
ephemeris and almanac data. A time-stamp moreover indicates when the satellite is at the given

initial orbital poGGSH Fhdtife-SAnTos He? calfed BrfeBREPREMBYIE 17O 48r BpREmeris parameters

the epoch of the code being 1 ms. The bits of the C/A
code are also referred to as chips. The carrier freguency
of the L1 signal is further modulated with the navigation
information at a kit rate of 50 bit/s. The navigation
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 sateiliﬁ@ trajectory. The
parameters are maintained and updated at a GPS control
server and further updated at the satellites. Based on
available 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 1s 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



WO 20 0 6/1 3441 4 PCT/182005/601647 3 and time-of-applicability (TOA) for the almanac
parameters. Both the TOE and TOA are referenced into GPS TOW. Ephemeris parameters can
generally be used only during 2- 4 hours for determining the position of a satellite, due to the rather
short-term fittmg 2@mwthgether hand, a better accuracy can be achieved withrtiasoskosiditi than with a
longer fit. The achievable accuracy is 2-5 meters. Almanac parameters, in contrast, can be 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 from the long-term fit and also from a smaller number
of parameters. Ephemeris and almanac data are broadcast from the GPS satellites in a format
specified in tHR6péd TPS fieHaté trol doctivént (FEB) cafedEBIEPS-200. Currently, all GPS
receivers havgde supperdhisiormatnd GPS receiveoaf whichrtheepesitienlisitotiee dBtermined
receives the sgl%%als 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 firstoeemverted inte the baseband, I9enbasahandportiond freduenbyremgrs2for instance

due to the Doppler effech arc,(meye .2 mixer, Then (he signgl is.carrelated, wilhyeplica codes

that are available Tor all satellites. e correlation can be performed for example using a matched
filter. The coriedatidtevalatbeansfopfer parm fitting. On the other hand, a :

better accuracy can be achieved with this short £it than
with a longer fit. The achievable accuracy is 2-5 meters.
Zlmanac parameters, 1n contrast, can be used for a coarse
satellite positioning even for wesks, but they are not
suitable for the actual accurate positioning due to the
poor accuracy resulting from the long-term fit and alsc
from a smaller number of parameters. Ephémeris and
almanac data are broadcast from the GPS satellites in a
format‘specified in the open GPS interface control
document (ICD) called ICD-GPS-200. Currently, all G235

receivers have to support this format.

A GPS receiver of which the position is to be determined
receives the signals transmitted by the currently
avaiiable satellites, and it detects and tracks the
channels used by different satellites based on the
different comprised C/A codes. For the acguisition and
tracking of a satellite signal, a signal received by a
radio freguency (RF) portilon of the GPS receiver is first
converted inte 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 oxder to

increase the sensitivity of the acguisition. A



integrated coherently and/or incoherently in order to increase the sensitivity of the acquisition. A WO
2006/134414 PCT/182005/001641 4 correlation value exceeding a threshold value indicates the C/A
code and the code phase, which are required for despreading the signal and thus to regain the
navigation infePridca4dTiken, the receiver determines the time of transmigsionsxhote cade
transmitted by each satellite, usually based on data in the decoded navigation messages and on
counts of epochs and chips of the C/A codes. The time of transmission and the measured time of
arrival of a signal at the receiver allow determining the time of flight required by the signal to

propagate from the satellite to th; receiver. By multiplying this time of flight with the speed of light, it
is converted to-the disAnt8 or ¢ Hfje?Bié;ﬁ\?égﬁL%eare‘é%ﬁfé?%ﬂaqhg&fégﬁeétﬁ%lﬁﬁgﬁi%. Further, the

receiver estimaies thé positivnsaofthehsateliiesratahe timé oftransmissian; iustdllydased on the
ephemeris paramgters,in:the decodednavigalipn {a@%sag@srzrgsi%@n&mteﬂm cegand the

estimated positions of the satellites then permit a calculation of the current posifion of the receiver,
since the receivBf B4 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 foqkthe signalsde propagatedrom ap estimatsd spiellitgpasition to.the receiver,

to calculate from this propagation time the ,
the code transmitted by each satellite, usually based on

data in the deccded navigation messages and on counts of
epochs and chips of the C/A codes. The time of
transmission and the measured time of arrival of a signal
at the receiver allow determining the time of flight
requifed-by tﬁe signal 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
rahge, between the receiver and the respective satellite.
Further, the receiver estimates the positions cof 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, 1t is the general idea of GNS3 positioning to
recelve satellite signals at & receiver which iz to be
pesitioned, to measure the time 1t toock the signals to
propagate from an estimated satellite position to the
.recelver, to calculate from this propagation time the
distance between the receiver and the respedtive
satellite and further the current pesition of the

receiver, making use in addition of the estimated



distance between the receiver and the respective satellite and further the current position of the
receiver, making use in addition of the estimated WO 2006/134414 PCT/IB2005/001641 5 positions
of the satellites. The European Satellite Navigation System, Galileo, can be expected to have an ICD
of its own. AckBrzlifvgitd4ide draft "LI band part of Galileo Signal in Space KD/ (Si@30E)1; 2005, by
Galileo Joint Undertaking, the Galileo ICD will be quite close to the GPS ICD, but not exactly the
same. There will be Galileo ephemeris and almanag data, and both will be . related to a Galileo system
time. A GPS positioning can be performed in three different positioning modes. The first mode is a

standalone GPS hased positioning. This rﬁea.ns that the GPS receiver receives signals from GPS

satellites and E9EaRtES froft t SRYhafs it PositionWthOURRF R adtfitiéial ~information from other
sources. The $econzkmode i§ vs networksdssisted mabilestationdased GP positiening. For this

mode, the GP$gcgiver may,be assacialed ig.a-mopile Gempaunication deyice, The GPS receiver can

be integrated into the mobile communication device or be an accessory for the mohile communication

device. A mobf& it inieain newaiR Provides assistancy datat Which & ré8eivéd Dy the mobile
communicatiod devicdlane forsiarded tothe@@PSimceiVel terimhprove itgipedormianee. tSuch

assistance data.can;bg f@e@fa@_m_e aljeast.gphemeris. position and time, jnformation. The positioning

calculations are performed also in this case in the'GPS receiver. The third made is a network-based
mobile statiorFasdistet GPECRSSticniAG For g AodE the @15‘§ both will be |

related to a Galileo system time.

A GPS positioning can be performed in three different
positioning modes. The first mode is a standalone GP3
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 mods, the GPS receiver may pe assoclated to a
mobile communication device. The GPS receiver can be
integrated intc the mobile communication device or be an
accessory for the mobille 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 informsticn. The positioning
calculations are performed alsc in this case in the GPS

" receiver, The third meode is a network-based mobile
station assisted GPS positioning. For this mode, -the GPS
receiver is associlated asg well to a2 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



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 thé® peowvidet 4ia the mobile WO 2006/134414 PCT/182005/00&6418 Bosomsmunication
device to the mobile communication network, which calculates the position. The second and the third
approach are also referred to in common as assisted-GPS (A-GPS). If the assistance data comprises
a reference position and ephemeris data for a particular satellite, for example, the GPS receiver may
determine the agt%gkoximat@E Satellci}e‘position arﬁslémoti?_zi\\%? thus limif the possible progagation time of
the satellite sigial ahd- Tie oeBurfiRG Doppier FraGuBREy. \With RHBWH-fif ks IF the Brob&gation time
and the Doppl@hfrefuendys aled tive Possible toderphdes thatdrane tonige theckéd ean be limited.
Assistance data:{or A-GPS hasheen spacifiedand cstapdardized, for all.cellular communication

systems. The %(}a_l_iﬁvzgéy of @I%sl_s_i?ncg data is build on top of cellylar communication system specific
protocols, namely BRUP for- the G155 8 Sy G for Mabire BB imiGicaticis £ 8M)S1S-801 for Code
Division Multipfe Atcéss (EDMARIRRESOF WidebahoCBM& (WRDNMA) ar-@MA StJPL. The mobile
station assisted, madesiscurently-deplayed i CRM qeksaip, the U S A. for positioning of

emergency calls. There are many common features in all of the cellular protocols,1 for example, the

supported GP&THOAB&™ it 152 afl-celilifrprStoco R s GppbrifobiB X&forrBiSed 8BS,

the possible propagation time of the satellite signal and
the occcurring Doppler freguency. With known limits of the
propagation time and the Doppler freguency, also the
possible code phases that have to be checked can be

limited.

Assistance data for A-GPS has been specified and -
standardized for all cellular communication systems. The
delivery ©f assistance data is build on top of cellular
communication system specific protocels, namely RRLP for
the Glcbkal 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 deploved in CDMA networks in

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

There are many common features in zll of the celiular
proctocols, for example, the supported GPS modes. That is,
all celluiar protocels 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 celiular communication network may comprise satellite
navigation data .including GPS ephemeris and almanac data.
A1l cellular protocels for GPS assistance data define to
this end ephemeris and almanac data information elements

(IE) with only slight differences. The ephemeris and



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 protowalaéos/ GRS assistance data define to this end ephemeris apdaigrama@ data information
elements (IE) with only slight differences. The ephemeris and WO 2006/134414 PCT/182005/001641
7 almanac IEs defined in the cellular protocols are practically identical with those defined in the
ICD-GPS- 200. Thus, they have also the same limitations and expected accuracy as the ephemeris
and almanac daé';]a which i% broadcast by the satellites. This correspondence makes it easy for a GPS

receiver to usé HE ASSistarce ata i Dosition Calchttiond “ad i FEqGires pfadically no conversions
or extra softwareaslsoca GRS icitospheré mbde| isrserd over theedelidartliak accerdirg-to all cellular

protocols. The/GBS assistanee dataglements arenlinked o GRS, time according to all cellular

protocols. Moreover, the acquisition assistance is taylor-made for GDS only and cannot be used for

position calculZfG i The FToBISHAtiBR accordinl TB SN cRIGRT profhRBES Enafly AIkd5ta elements
are indexed iniatdordastEwithbthetGP Sssatellite tonstellatien accarskng taiath cellulakprotocols.

Hovever, while theig.are-sany conunog Jeatues inallol thg GBS selaiedcelluas proools, here are

also differences. This means that terminal software receiving the assistance data has to either have
an adaptation A8§erfoP th& 2efiiar brotBeelst supporfoniy eongBFtically no

conversions or extra software. Alsc a GPS lonosphere
model is sent over the cellular link according to all
cellular protocols. The GPS assistance data elements are
linked to GPS time according to all cellular protocols.
Mocreover, the acquisition aséistance is taylor-made for
GPS only and cannot be used fof position galculation in
the mobile station accofding to all cellular protocols.
Finally, all data elements are indexed in accordance with
the GPS satellite constellation acceording to all cellular

protocols.

However, while there are many common features in all of
the GPS related celliular 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 prbtocols. 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 prcblem 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 receiy@r for the initial signal acquisition, the
assistance data from the network has to also include an

accurate GPS TOW assistance. In G5M and WCDMA networks,



the cellular protocols. 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 sat¥matfedet4ihases and Doppler frequencies in the GPS recerer/ferdbmninitial signal
acquisition, the assistance data from the network has to also include an accurate GPS TOW
assistance. In GSM and WCDMA networks, WO-2006/134414 PCTRB2 0051001641 -B an
accurate GPS TOW delivery requires deployment of Location Measuring Units (LMU) at every cellular
base station, which are able themselves to acquire and evaluate GPS signals. LMUs, however, are

expensive an@redfeirera EBnfiRFo kSt ifteA%AEY. MRRNGVST StHEPEUPEMEPhetheris and almanac data
formats in the,eelulasprotecelsaradbaseton fanmats defised rspecifidallyfor &RS. Assistance data

wil atso be of imporanee o ralleg, iDadeLia.gnsute at ihe, prrlormance of Gallleo Wil be equal
edt [ ' ifl

to A-GPS. It c‘f;ri]abe eXpected that the Galileo ephemeris format will be different from the GPS
ephemeris an8@Aiatae foFRatsl 66 ahat tHe'GPs Beyisiaiice i (6/FRANSET RofSithply be used for
Galileo as welkdfGalilea epbamertisds sdiffeterddrem«sPS 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 MoaROTRililed-EphEMBHS Hat& ARSFBE Mo dc@rignac data rormats

in the cellular protocols are based on formats defined
specifically for GPS. Assistance data will also be of
importance for Galiled, in order to ensure that the
performance of Gallleo will be egual to A~GP3. It can be
expected that the -Galileo ephemeris format will be
different from the GPS ephemeris and almanac formats s0
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 Galilec for a positioning
requires extra software in the recelvers. Moreover,
Galileo and GPS may have a different guality 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. Morecver,
Galileo and GPS ephemeris parameters may have different
1ife 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 GP3S

assistance data.

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

the ephemeris date elements so that the indexing could



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 9 also include
Galileo satellites. The format of the ephemeris datd would then be essentially the same for GPS and
Galileo satedlites. With this®olutions, GBS arkk Galiléd assistafibe dataavould stilbbe restected to the
Iimitatiodns Qié#%@éﬂ@ﬁt @E&e@@riﬁ%wwna@ data,; and QIS@@%B%ESWOEGMW is S]Eill
required. Further, it is known to enhance the accuracy and.integrity. of orbit models by means o
correction d'aétrtlffé9 Thg;eaﬁEﬁr;oepoeanS teeofs,ﬁgﬁf?()ensdry I\(l&gl%gatio%}qé\?erla%/gétér%ﬁcoen(sEGN 19 an%nt%e Wide
Area Augmentatibfi Syatem PAVRAS), fot fistardel cdefdrimine GPS edkrbEficn datatwhiehtake
account, for. example -ofsGBRS signal delays:caused by the: atmosphere aad rthedenaesphere. The

correction d;gtlzaisatfggsrgit%vi@o\geggﬂigggr}y 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. Theylare suited i remove atmosphiereeffectseartsatelite’ pesition andgtacky drifts.

WAAS, EGNOSand DGR corrections are aways BoUPdction data. The European
Gecostationary WNavigation Overlay Service {(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 atmoesphere and
the ilonosphere. The c¢orrection data 1s 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 avallability. They are suited to
remove atmosphere effects and satellite“position and clock
drifts. WAAS, EGNOS and BGPS corrections are ailwavs bound
to & single set o¢f ephemeredes, though. When long-term
satellite orbital parameters are used instead of normal
ephemeris parameters, WAAS, ZGNOS and DGPS corractions
cannot ke used, because they are bound to the normal

ephemeris data.
SUMMARY OF THE INVENTION
Embodiments ¢f the inventicon seek to provide alternatives

to the convenitional provision and use of assistance data

for a satellite based positioning of a mobile arrangement.



to a single set of ephemeredes, though. When 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 Embodiments of the
invention seek to provide alternatives to the conventional provision and use of assistance data for a
satellite based positioning of a mobile arrangement. 10 In a first aspect of the invention, there is
provided a method for supporting a satellite basedositioning of a mobile arrangement with
assistance data, said method comprising: converting in a communication network available
parameterstéf adleditafed oibi AfddePdestiBing aiibvement 6f&Satellite, WhicH é&6dicated orbit
model is defiseddara particalassatellitesbasedpasitioning systemy inte paranyeters of & cammon orbit

model desgyibing a mavement of .3 satellite, wheyein saigd.comman prbit mogelis ap.orpit,model

defined in common for at least two satellite based positioning systems and wherein said at least two

satellite baSEUPostioHig SyStEms coprice 4t IEAET W' Sfithe °GIdbET Posttionity $§5teh GPS, the
Global OrbitingaNavigation SatellitecSysteatiGLONAS 8andthe <alited sSystem; marnapeoviding said

converted parameters asa part of,assistance; datador said satellitebased positioning fer transmission
to said mobile arrantgem%nt. Ina s,ec%d aspe%t of tge invention, there is prov{ded a method for
supporting i sa?eelIlrtelbca%e%rpos?t‘?‘otnelng ofa mobile arra%%%rln%h?rbls? assistance data. said method
comprising PrEceIVATG AF saifl molsikraRangeent Essistaneé sdatafici afcamirinfcdtionnetwork
including parameters of g common:arbit saadel deserthing-a piovement of a sateliteofit

model defined in common for at least two satellite based

positioning systems and wherein said at least two satellite

-

based positioning systems comprise at least two of the
Glchal Fesitioning System  GPS, the Globkal Orbiting
Navigation Satellite System GLONASS and the Galileo system;
and providing said converted parameters as a part of
assistance data for sald satellite based positioning for

transmission to said mobille arrangement.

In a second aspect of the invention, there is provided a
method for supportiﬁg a satellite based positioning of a
mobile arrangement using assistance data, sald method
comprising: receiving at said mobile arrangement assistance
data from a communication network including parameters of a
common crbhit model describing a movement of a satellite of
a particular sateliite bpased positioning system, wherein

said common orblit model 1s an orbit model defined in commen

by

or at least two satellite based positiconing systems; and
estimating a position of a satellite of a satellite based
positioning system based on said received parameters of

said common orbit model.

in a third aspect of the invention, there is provided an

apparatus for a communication network supporting a



a particular satellite based positioning system, wherein said common orbit model is an orbit model
defined in common for at least two satellite based positioning systems; and estimating a position of a
satellite of a satellite based positioning system based on said received parameters of said common
orbit model. In a third aspect of the invention, there is provided an apparatus for a communication
network supporting a I0a satellite based positioning of a mobile arrangement with assistance data,
said apparatus comprising a processing compongm, said processing component being adapted to

convert availaple parameters of a dedicated orbit m(%del des%Lbi'ng a movement otf a sa;:%llite, which
dedicated os?%ﬁe?ln%ﬁgﬁis Béﬁﬁe{j f%?%%a‘rﬁ%d]%? satellité based p%sit%nrlﬁg %?/stee?n, into parameters of

a common ersit.modekelestribing asaovemant of atsatellite;whereimsaidecorpmiore Dbt tnodel is an
orbit model definedn comman for af, least gvm&ateégﬁgb&%gqtposﬁmnﬁgt systems.and wherein said
0

at least two satellite based positioning systems "comprise at leas'- two of the Global Positioning
System GPS; e GlolEl OrbitiheENavigatibhtSatellite 'Sy sterd SLHORRSS ant tie G4iféd system, and

said processing-companent beingragapted to provide said-conyerted parametersas.apart of
assistance data for said satellite based positioning for transmission to said maobile rrangement. In a
fourth aspetfafthe im@ntidht 1HéSs providedan é)ﬁpratréﬁiélélo?npri%fhtgegig;réjges;iﬁﬁsco ponent
adapted to pestimatera pasition péa,satellite efatdeastcone sétellite based positioningesistem based

on received, parametets of a commen prbitmodel desgrining 2 meyement of .3 gatelile of a particular
satellite based positioning
orbit model i1s an orbit model defined in common for at

least two satellite based positioning systems and wherein
sald at least two satellite Dbased positioning systems
comprisze at least two of the Global Positicning System GPS,
the Glcbal Crbiting Navigation Satellite System GLONASS and
the Galileo system, and said processing component being
adapted to provide said converted parameters as a part of
assistance data for said satellite based positioning for
transmission to said mobile arrangement.

In & fourth aspect of the invention, there i1s provided an
apparatus comprising a processing component adapted to
estimate a position of a satellite of at least one
satellite Dbased positioning system based on recelived
parameters of a common orbit model describing a movement of
a satellite of a particular satellite Dbased positioning
system, wherein sald common orbit model is an orbit model
defined in common for at least twoe satellite Dbased

positioning systems.

In a fifth aspect of the invention, there 1s provided a
software code for supporting a satellite based positioning
of a mobile arrangement with assistance data, said scftware

code realizing the following steps when being executed by a



system, wherein said common orbit model is an orbit model defined in common for at least two
satellite based positioning systems. In a fifth aspect of the invention, there is provided a software
code for supporting a satellite based positioning of a mobile arrangement with assistance data, said
software code realizing the following steps when being executed by a lob processing unit of a
network element of a communication network: converting available parameters of a dedicated orbit
model describing a movement of a satellite, which gdedicated orbit model is defined for a particular

satellite based Cpositi.oning system J'Ento parameters of a common orbit. model describ'ngOa movement
.gro essing YUurlit ] 8 neawia.r = einent O LA communicatiron
of a satellite, wherein said common orbit model’is an orbit model defined in common for~ at least two

satellite based-positioningrsysternsrand avherkir said atleastetivorsatellife basetbgositionifig systems
comprise at|east two of the Global Positioning pystem GPS, the Glabal Orbiting Nayigatipn Satellite

System GLONASS and the Galileo system; and providing said converted parameters as a part of

assistance @lata-for '<aftl Helfite’akel positibhing fot tiisniis$i6r to SEitFobié Sartdrigement. In a
sixth aspectgkthe ipyentianthere is\previded &, software gede for. supportinga-satellite based
positioning of a mobile arrangement using a‘sgsistancﬂe data, said1 so[tware code realizing the following
steps wherTb58iRg exethtet by a procBSSing it of Said moBile arrah§em&nt YetBiving dbsistance
data from saigheammuirtidationdiworks inctuding parameters afea copunomorbitrnodelidescribing a
movement of a satelie of g parigular satelte based positionng system. wherein said common orbit

wherein said at least two satellite based positioning

systems comprise at least twe o©f the Global Positioning

System GPS, the Globkal Crbiting Navigation Satellite System

GLONASS  and the Galileo system; and providing said

cenverted parameters as a part of assistance data for said

satellite based pcsitioning for transmission to said mobile

arrangement.

In a sixth aspect of the invention, there 1is provided a
software code for. supporting a satellite based positioning
of a mobile arrangement using assistance data, said
software code realizing the following steps when being
executed by a processing unit of said mobile arrangement:
recelving assistance data from saild communication network
including parameters of a common orbit model describing a
movement of a satellite of a particular satellite bkased
positiconing system, wherein sald common orbit model 1is an
orbit model defined 1in common for at least two satellite
based positicning sysiems; and estimating a position of a
satellite of at least one satellite Dbased positioning
system bpased on said received parameters of sald common

orbit model.



orbit model defined in common for at least two satellite based positioning systems; and estimating a
position of a satellite of at least one satellite based positioning system based on said received
parameters of said common orbit model. 1Cc I. According to example embodiments, 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;ene satellite based positioning system. The method
comprises converting in the communication network available parameters of a dedicated orbit model
describing a movement of a satellite, which dedichted orbit model is defined for a particular satellite
based positioning system, into parameters of a common orbit model describing a movement of a
satellite. Thzgcmetr&od furth r conégg%esl Brovied%%% éﬂ% ecnotrlélerte% parameters as a part of.lasssistance

C . i r
data for the sa'?elilltérbgaseg posmonln%. According to example embodllrrnents, moreover a second

method is proposeddorfsupporingra satdllite based positioningsefd a mcbilelarangeméntausing
assistance gata, wherein the.mabile arrangementiis adaptedto communpicate with g ,communication

network and to acquire signals transmitted by satellites of at least one satellite based positioning
system. Th3ThetHEIrEsmprisesTedeiviitg atthé iobife: afraRgéfent dssistarte datfrom the

communicationnetwokk dncluding parameters of a-commonorbitenodel desedbinga mevement of a
satellite. The, method further comprises estimaring a position of & satellite of the at jeast one
comprises converting in the communication network available
parameters of a dedicated orbit medel describing a movemsant
of a satellite, which dedicated orbit model is defined for
a particular satellite based pesiticning system, into
parameters of a common orbit medel describing a movement of
a satelilite. The method further comprises providing the
converted parameters as a part of assistance data for the

satellite based positioning.

According to example embodiments, moreover- a second method -
is proposed for supporting a satellite based positioning of
a mobile arrangement using assistance data, wherein the
mobkile arrangement 1s adapted to communicate with a
communication netwerk and to acquire signals transmitted by
satellites o¢f 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 commen orbit model describing a
movement of & satellite. The method further comprises
estimating a position of a satellite of the at least one
sateilite based positioning system based on the received

parameters of the common orbilt model.



satellite based positioning system based on the received parameters of the common orbit model. 11
According to example embodiments, 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 comprises processing means. The processing means are adapted to convert
available parameters of a dedicated orbit model describing a movement of a satellite, which
dedicated otbitmuodelds definedderampatticutarsatelliter thased positioning systemnmdnteoparameters of

a common arhitsmedet describing-a maversentof.a.satelite. Theprocessing means are. further
adapted to Broveii%e the converted pargmeters E§ f\epa&rltrof assistance data for the satellite based

positioning. ﬁg’cordiﬁﬁ o %ﬁg%ﬁg e ocﬂr_n@ﬁ S, moreoy}:earnagr%%%ﬂé‘ a‘?ﬁatnkber%%%f'gﬁﬁﬁgﬁing a
satellite bas&t-posifioRing T #5€ ' mobife afran§ement ising assistancardata i$ propesedzThe mobile
arrangementcomptises.a satellite:signal. receiver agapted 46 agquire, sighalstransmittedby satellites

of at least gne, satelite bsed positianing sysiem, Ihe,mobile arangement fufthet, comprises a

communication component adapted to receive from the communication network assistance data with
parametersf& omnfon oIt hodét Sdédébing a mdveRient of Asatefiité Fie nfdlsileeafrangement
further comprses psecessimgomeans aglapteektos estimate a positiars of asatetliteof thezatleast one

satellite based,positioning systggbased R1eeeVed oo rameters of a dedicated
orpit model describing a movement of a satellite, which
dedicated orbit medel 1s defined for a particular satellite
based positioning system, into paramsters of a ccocmmon orbit
model describling 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 positicning.

According to example embodiments, moreover a mobile
arrangement supporting a satellite based positiconing of the
mobile arrangement using assistance data is proposed. The
mobile arrangement comprises a satellite signal recaiver
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 movemnant of a satellite. The mobille
arrangement further comprises processing means adapted to
estimate a position of a satellite of the at least one
satellite ©based positicning system based on recelved

parameters of the common orkit model.



parameters of the common orbit model. 12 According to example embodiments, moreover a system is
proposed which comprises the proposed network element and the proposed mobile arrangementas
disclosed. According to example embodiments, 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 satellite bagsed positioning system. When being executed by a
processing _unit of a network element of the communication network, the software code realizes the
first method ‘6t the firdfaspéct of the ihvention CALESTAITY to BRAMPIEEmbodiménts ordover a first
software pragramsproductisipropased iinawhich: therfirsbecftware casde-proposed as disglosed is

stored. Accorging to, exampl embodiments, moreover a second sftware code for supporting a

. Lo 3 . .
satellite basedep smgnlng 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 hy satellites of atdeast.one satellite hased positioning system; Yuhen being gxecuted by a

processing unit of a mobile arrangement, the software code realizes the second method as disclosed.
13 Accordifgs exsihplesErbotimefits, Inofdover alsecord: SoftwateSirbgrarhiproduét isproposed, in
which the sgeend software cogedqroposedias disclosed ds stored; e example embodiments are
based on the idea that the , , _ ,

wherein the mobile arrangement is adapted to communicate

with a communication network and to acqguire 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 example embodiments, moreover a first software
program product is proposed, in which the first software

code -proposed as disclosed is stored.

According  to example embodiments, norecover & second
software code for supporting a satellite based positioning
of a moblle arrangement using assistance data 1s proposed,
wherein the mobile arrangement is adapted to communicate
with a communication network and to acguire signals
transmitted by satellites of at least one satellite based
positioning system. When being executed by a processing
unit of a mebile arrangement, the software code realizes

the second method as disclosed.



format of parameters of an orbit model, which are provided as assistance data for a satellite based
positioning, could be decoupled from the format of orbit parameters that are defined in the scope of a
respective 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

example erBGdifiehts of the invehfioh that e SAmE BhBiP moddI Canbe Used for the4dsistance data
of various satdlliteuzsed positioningrsysterns. Withr the common orbitiniedel ta sinfilar pefformance in

terms of acgyracy-¢an beachievad-forallsupposted-satallitesbased fositioning 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 arrah§émetitariheccofiet ofsitimddel Facilitates “motBoveRa hytstidizafibi Hford¥ample a
Galileo-GP % claytaridizatiopavhieh adlows @ mehile-arrangement basiing positioning-ealcdlations on

satellite signals of GRS .satellites ana Galileosatellites, It 15 14. glsppossible {9 yise the, cgmmon orbit

model as a single orbit model for a particular satellite based positioning system, for_ instance instead
of the GPS Bphéifenstar’ afiaiachédel afd bqlally dsta SingrRIGibR hbdel F6fall PpbSitioning

modes, for instancetfor mobile station@ssisted a respective satellite based
pogitioning system. It is proposed to this end that
avallable orbit parameters for a particular satellite based
positiconing system are converted 1into parameters of a
commen orbit model. The common orbit model may, but does
not have to be, defined in common for at least tTwo
satellite based positioning systems. It 1is to be noted that
the term "conversion” 1s meant tTo iInclude as well a re-

calculaticon of the parameters for the commen orbit model.

It is an advantage of example embodiments of the invention
that the same orbit moedel can be used for the assistance
data of wvaricus 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 svstems, Also new satellite based positioning
systems can be added easily. Thus, assisted positioning
like A-GNSS could be harmonized in wvarious communication
standards, for instance in all cellular standards. In the
mopile arrangements, the common orbit model facilitates
moreover & hybridization, for exampile a Galileo—-GPS
hybridization which allows a mobile arrangement basing
positioning calculations on satellite signals of GPS

satellites and Galileo satellites. It is



GNSS and mobile station based GNSS. Using a common orbit model thus reduces the number of
data elements that have to be supported in the communication standards. The size and complexity of
a positioning software in a mobile arrangement can be minimized when using the common orbit
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. Ffie same common orbit model could even be used
in addition fot providing assistance data far-terrestrialc positidning systerhs.dtis alse angdvantage of

example embedimen(s 0f the- ipveqtiop that; possible changes; inthe,format of parameters, of

dedicated orbit models, like the parameters deﬂned in the ICD-GPS-200, do not necessitate changes
in the convatedParameters. Trie itEitace Betwéén the communication RETOTK ahd e “mobile
arrangementsimay thuso geay: thersanse@nly the implemented:paraicterrcoindersion  ldslto be

adapted. It is-alse ap-advantage of example-embadiments ofithe: investign that theformatiof the
converted p&@@eter%is g%titi%d to the f(())[}me};[) C_% gge Qr'&gsir%al parameters. T%e conv%rskiyquthus

.oan Caltl in C on I o
enables a provision o enharced 15 parameters and thus an |mpr0\?emcént of the performance of an

assisted posiidhing: The catfiortorbit madEris example émbddRrRERtsmay ebmptisé for example
more parametersiihan acdedicated nebitanadelorc patameters:having a.lormger worddengtl than

CO”eSpondg%hpiexity of a positicning software in a mobile
arrangement can be minimized when using the common orbit
model in a mobile arrangement, vpossibly for a  hybrid
GPS/Galilec receliver, that dispenses with a standalone
positioning. That is, in case tThe mchile arrangement itself
does not have any software for deceding satellite
navigation data, but only software supporting the proposed
common orbit model, even though this 1s 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 example embodiments 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 moblle arrangements may thus
stay the same. Only the implemented parameter conversion

has to be adapted.

I+ is also an advantage of example embodiments of the
invention that the format of the converted parameters 1s
not tied to the format o©f the original parameters. The

conversion thus enables a provision of enhanced



parameters of a dedicated orbit model. This allows increasing the accuracy of the orbit model and/or
the validity time of the respective parameters. If the orbit model is more accurate, also the achievable
positioning can be more accurate. If the parameters are valid for a longer 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 hoursperiode overthd nteraet JPLmpublishesso catled utra-tapid roehitjeositiorsdata that is
valid and accurate-atdecimeter, 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 i5
min. The dateisprovided forthe fulbGPS sateliteegonstelkitiond Tivendatanie notsuitable or terminal

positioning as.suehahut musthbe modeled e-.g: Hy:pelynemial fittingtoprevidera ;compact set of
parameters fggaﬂ'{grrgmgl tgrgg%ellitea pggitiograngqéljgl C'E)égx_r polattfi?gn asol}mction of time. For the
polynomial I?ittlnaé,Tt |s‘posélﬁle‘toguse the QSOIynomla format” t2 %/1%44&%558%%%05/001641
- 16 defined@6riHe-6PS ephlemetis dats Médetihg i§ also" nedtfstf-for thel Sdtellitedcloék drifting. The
IGS offers accutraie infgrmatien alsa forsatellite clocks thatthged model and/ocr the

validity time of the respective parameters. If the orbit
model 1s more accurate, also the achievable positioning can
be more accurate. If the parameters are wvalid for a longer
time, fewer updates are required, which saves communication

bandwidth in the communication system.

The Jet Propulsion Laboratory of the California Institute
of Techneclogy (JPL) has already shown that it is possible
to increase the accuracy and 1ife span of the satellite
orpit models by increasing the word length of the orbital
parameters. The International GPS Service, 1GS, 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 wvalid and accurate at decimeter
level at ieast +/- 24 h, that is, 24 hours ahead in time.
The data 1s ftyplcally 1in sp3 format, which centains
satelilte position and wvelocity coordinates in ECEF (Earth
Centered Earth Fixed) frame, clock time and accuracy
estimates sampled &t some interval, typically 1% min. The
data 1is provided for the full GPS satellite constellation.
The data 1s not suitable for terminal positioning as such
but must be modeled 2.g9. by polynomial fitting Co provide a
compact set of parameters for a terminal for satellite
position and wvelocity extrapolation as function of time.
For +the polvnomial fitting, it 1is possible to use the

"polynomial format®



to be modeled, for example, with polynomials too. A clock model is included in the standard satellite
broadcast in subframe | in accordance with the GPS ICD, and itis provided as well in cellular
assistance. The clock model is typically assumed to be a part of ephemeris, but it is still a model of its
own. Global Batatesifgdhas already shown that it is possible to increase iz aseassaay @nd life span of
the satellite orbit models by calculating the ICD-GPS-200 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 appsichefofeverhis sif boaRdaBakS GRS ephelirsiis! Giats TheXvailable parameters
of a dedicated,gkbit-mogsi-can e farexanpledireadcast:ephemerisae oties asbitakdata, ephemeris
or other orbital data provided by GNSS control segments, and/or ephemeris or pther orbital data
provided by an Skltre%ael s']“o%%gémsau‘b 4s fe80T g%cosmar%%ﬁ%f%ﬁ mcgl eﬁr%:%an%bgL gaggg %n Keplerian
orbits and pafametersededder tHeoG S abhemerisidit Blpdarsihiddel§oBut f i$aRBXpossible to

use various othescrepreseniation g medelibe satgllite-position: informatensBxamples.are Spline
polynomials, Hermitean polynomials, piece-wise continuo olyngmials,.etc. By WO 2006/134414
PCPllBZOOSIBB%rgﬁm-e 17 vl‘\lL/Sy %?%Qép%apli‘g,ea%u?ﬁw “Efer%%yn“oergibl ?ﬁﬂc%ejlg%ogfd be fitted into the
true satellite arbivalitdgéctosy givbh in cellular assistance. The clock model :

is typically assumed to be a part of ephemeris, but it is

still a model of its ocwn.

Global Locate Inc. has already shown that it is possible
to ingrease the accuracy and life span of the satellite
orbit models by calculating the ICDQGPS~2OO 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 belmuch 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 date,
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 commen 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 wvarious other
representation to medel the satellite position
information. Examples are Spline polynomials, Hermitean

polynomials, pilece-~wise continuous polyncmials, etc. By



in an ECEF frame. The polynomial model can be fitted using a criterion that minimizes the root mean
of squared errors (RMSE). The polynomial model can then be used to extrapolate the satellite
position information forward in time. Due to its spa-format, including an ECEF position, an ECEF
velocity and Bockbias#dr#t accuracies (std), the IGS data is easy to use, ¥foraxavgae;dan 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.thg 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 afntRtheWord Hgthe can B sdiB ot S cBRENG B R dBSIFSH abQraRy hd expected life
span of the fitz Thesecommon erbit model parameaters whichi akel eventyaly: qrovigiedeas a part of

assistance dalg,may ¢omprise paramglers.lor s entlie alelite constelation plg particular satelite
: nstellati ‘

based positioning system, the entire satellite constellation of a plurality of satellite based positioning
systems, or a PaHISE Snesi-froFe Qatdiitat cBhstenatisss, depertity bR ife ¢apaBHitiessf the mobile
arrangement. dhecsstppatiesksateliite: based-pasitioning aydtemscambe selectssbarbitrarily. They may

comprise for e%%%ég%%?,% O%‘@%“‘@%%ﬁ%%% ;%E'&‘Qi put.gayally FGNOF ane AR, §tg. WO

2006/134414 - Ion to the converted parameters, the provided
Time. : '

Due to its sp3-format, including an ECEF pesition, an
ECEF velocity and cleck bias/drift accuracies {std), the
IGS data is 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 the entire satellite constellation of a
particular satellite based positioning system, the entire
satellite constelliation 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
selacted arbitrarily. They may comprise for example GPS,
GLONASS and Galileo, but equally EGNCS and WAAS, etc.



assistance data may comprise in particular a reference time, for instance in form of clock model
parameters, and a reference location. It has to be noted that also the common orbit model itself could
contain, in addition to a model for satellite position and velocity data, a model for satellite clock bias
and drift, a tify@ PéfetBrée for initialization, estimates for satellite position p@iEeRysant€lock accuracy
and possibly as well a model for satellite attitude for phase wind-up correction for precise point
positioning (PPP) calculation. The coordinate frame fer 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 gliveis: ether infermatorobxampies are-BERS correttiens;RedldFine Kinematics

(RTK) corrections god.cayris; phase, measyemens fousaleli signals. For 2 bighiaccuracy RTK

positioning, ré-’lfs'e?ence IS made to the'document WO 2004/000732 Al. Carrier phase measurements
and RTK reféfcie dita, fotinsmante LarefSiitedPio Supsort BOMgh-RetREE) BoSitioRATHy. It is to be
understood thatr RI&r-earrections:krianwn farGRG:may e adapted as:eequirest fanthe support of a

Galileo based positioning. etc. Furthet o ddiignal.assistance daia gre EGNOS and
WAAS correc%%rﬁzgflllhg a:% br?gé%cﬂasﬁréogr%? gz%s%%%oggr%%éﬁog %n%%vﬁ\g/i%s satellites is difficult to
receive in highdgtudecaresdt Thé detaPRay thetergtBhe’ praided aSietwork B8&Rtance data

instead, in 19for satellite clock bizs and drift, a time reference for
initialization, estimates for satellite pesition,
velocity and clock accuracy and possibly as well a model
for satellite attitude for phase wihdvup correction for
precise point peositioning {PPP) calculation. The
coordinate frame for position and velocity models is
advantageously the ECEF frames, as an earth rotation
correction can be performed easily in an ECEF frame. A
conversion to local frames {(Zast—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 suppdrt a
high~acburacy pesitioning. It is to be understood Tthat
RTK corrections known for GPS may be adapted as reguired
for the support of a Galileo bkased positioning, etc.
Further examples of additional assistance data are EGNOS
and WALZS corrections. The data broadcast from
geostationary EGNOS and WAAS satellites is difficult to
receive in high-latitude areas. The data may therefore pe

provided as network assistance data instead, in



particular if the common orbit model is a short-term orbit model, as the current EGNOS/WAAS
corrections as such are not suitable for long-term orbit models. A further example of additional
assistance data are short-term differential corrections for long-term orbit models. A still further
example of additional assistance data are ionosphere model parameters and/or troposphere model
parameters. A still further example of additional assistance data are short- term integrity warnings,
which may be provided in the case of a sudden satellite failure, in order to exclude the satellite from
position calculation. A still further example of additibnal assistance data are data bits of at least one
satellite basetpositioRihg systéifi erfdbling & tatd wive-eHf upbrfa FEGUEsT By 4 nisEilktarrangement.
Data wipe-gffdea methochte impreve the sensilivitiin a-satellite signakreceiver. Eorexample, if GPS

data content is unknown, it is possible to coherently integrate the GPS signals only for 20 ms periods
Hat it o R

(1 GPS bit). A the case that 52 Bits AFE KRoWn® dBhefent sighal iHtsgfation™ &4R be continued

over severab GRS bits giving approximately d:5-dBagain ihesensitivityevery tkne the integration time is
doubled. For example 40.ms (2 bits) could resultin a gain 0£.1.5,d8, and 80 ms (4 bits) in a gain of 3
dB. In one example embodiment of the invention, the same or’ another network elément of the
communicafioATetRofk faftHerrepiacesss réferencevaltiedn e converted: aranveters that is based

on a satellitg based:nositioning csystewirme hy,a reference valyg that,is based.ona communication

system time. That is, the common orbit model is referenced to a communication system time base

only, and thé Eatsitite PEEOITinforniation-¢ar thushé pptance data are short-

term integrity warnings, which may be provided in the case
of a sudden satellite failure, in order to exclude the
satellite from position calculation. A still further
example of additicnal assistance data are data bits of at
least one satellite based positiconing system enabling a
data wipe-off upon & reguest by & mobile arrangement. Data
wipe-off 1s a method to improve the sensitivity in a
satellite signal receiver. For example, 1f GP3 data content
13 unknown, it 1s possible to coherently integrate the GPS
signals only for 20 ms periods (1 GPS bit). In the case
that the data bits are known, ccherent signal integration
can be continued over several GPS bits giving approximately
1.5 dB gain 1in 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 example embodiment of the invention, the same or
another network element of the communication network
further replaces a reference wvalue in the converted
parameters that 1s based on a satellite based pesitioning
system Time by a reference value that 1s based on a
communication system time. That is, the common orkit model
is referenced to a communication system time base only, and

the satellite pesiticn information can thus be



calculated as a function of the communication system time instead of, for example, GPS or Galileo
time. The communication system time base can be used if the relation between the GNSS system
and communication system times is accurately known to enable accurate signal phase and Doppler
prediction for a high sensitivity. For the communication system time, optional fields may be provided
in the assistance data, depending on the communication system. System specific information could
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, respectivély, as well in GSM and WCDMA ensures a
sufficient reS8ittion2FHE fiéfdls ay Hiso-cohtainta tiMé UreBHaihty Estiffate &idyfor edfifating the
uncertainty iof signal phaserand Boppler predictions. lnanother example 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 fitlpossilertoremvaduatethe sgmbser of:possibles framefsuperstsamesrallovers speeific, for

example, for Selliassyplem, The LUTC Bmedeleranceis 4lso sulled ig s emous thgg@%@fm .

possible GNSS system time differences. GPS, Galileo and G ave different s
Thus, biase§ Betiee:s thesysterhdimesiavetobe RAGWA S theBystems afeiuged inthybrid

positioning as such,for instapce ysing;ope GRS Signakt;pg@lredé@ﬁégtgk}%%@f Galileo signals. This
problem is removed by basing the model into a common time base, that is, UTC time. The

differences befiteén e ENISS ¥5éteh thhB€ cane’ eBfpensatedin the'clbék mbdsE EEommon 21

in the assistance data, depending on the communication
system. System specific information could be frame, slot
and bit for GSM, system frame number, sict and chip for
WCDMA, and UTC time for CDMA. Considering slot and kit 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 example embodiment” of the invention, the common
orbit model 1is referenced toc twoe time bases, for example
UTC time and/or a communication system time. The UTC time
provides a universal time reference for all GN3S systems
and makes 1t possible to evaluate the number of possible
frame/superframe rollovers specific, for example, for
cellular systems. The UTC time reference is also suilted to
remove the problem of possible GN3S system time
differences. GP3, Galilec and Glonass have different system
times. Thus, biases between the system times have to be
known, 1f 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 bhase, that is, UTC time. The
differences between the GN3S system times can be

compensated in the clock model. A common



clock model can use for example a second-order continuous polynomial fit having three parameters,
bias, drift and jerk. This is roughly the same as the clock model in the current GPS ICD. Still, any
other model can be used as well. The clock model could also include an accuracy or uncertainty
estimate for the clock error. The OTC time may also be a time stamp/ID for the orbit model. The
assistance data can be transmitted to a particular mobile arrangement, in particular upon a request by
the mobile 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 thehoestimaté=a pasition:oka satellitewitheat leastane: Gateltiterbasedpositioning system

using the C%@%Pﬂa”@%m-H!axﬁi%?@rdmgr@eexwpﬁagwglm%i%éﬁr%if@_‘é‘c{@f’daﬁdproposed
for supportinggIe satellite based positioning of a mobile arrangement with assistance data, wherein the

mobile arraligefient i ddapted (6" Eominunicate it a Fommiinicatish“ndtidFk and to-atquire signals
transmitted byrseralliteS oF atlleast oheisatellitelbaset: positioniiipsystem. The metked eémprises

replacing in.tbe communication petwork a refereacesvalue that is;based:on a-satellite,based
positioning syste timetin aﬁ\e/gialaltl)r!etpear%rglete{ é)f an Cg)(g%it ép:g%q} deiﬁr]ibi% 2 movement of a satellite

Frall . L . e . & Ife | Ia .
by a reference vre}ue tha is based on a communication systemtime. The method’?urtherycomprlses

providing thFarafifetérs-ineRidig thé Teplacéd referehte 22mG4fe as a part of assistance data for
the satellite based

The assistance data can be transmitted to & particular
moblle arrangement, 1in particular upon a reguest by tThe
moblle arrangement. Alternatively, however, 1t c¢ould also
be broadcast, for instance in a respective c¢cell of a

cellular communication system.

A mobile arrangement receliving the assisiance data may then
estimate a position of a satellite of the at least one
satellite Dbased positioning system using the converted

parameters.
IT.

According to example embodiments, a first method is
proposed for supporting a satellite based positioning of a
mobile arrangement with assistance data, wherein the mobile
arrangement 1s adapted to communicate with a communication
network and to acgulre signals transmitted by satellites of
at least one satelllite based positioning system. The method
comprilses replacing in the communication network a
reference wvalue that 1s Dbased 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 1s based on a communication system time. The
method further comprises providing the parameters including

the replaced reference



positioning. According to example embodiments, 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 a
time stamp that is based on a communication system time. The method further comprises determining
at the mobile arrangement a communication systéim time. The method further comprises estimating
at the mobifé2 Bfangémenta position ot alsdtalieeoftheat feast 6re smélifelbased pasitioning
system using-the-paiamefers in the assistance data based on the determined communication system
time. According to example embodiments, moreover a network element for a communication network

supporting a satellite based positioning of a mobile arrangement with assistance data is proposed,
wherein the*moBilé Bifan§emBRERPaFaptE 16 Cofmiinicafer Rt e onimtiRitatiBR metiwork and to
acquire sigrials tramsmitted by satellites:of atdeast onecdatellite based! positionihgrsyistem{The

network element, comprising pracessing means; The pragessing means, are;adapred toyeplace a
reference value that. is based on a satellite ba%%% §%§itioning system time in available parameters of

an orbit modsFdescribiiy’a TVEhent ofa saf y a refere & Uhitiethifis basEd on‘a
communicationsysters tinde. THeC2Z rproeassing meansiare farthecaddagted teprévidé parameters

satellites of at least one satellite Dbased positioning
system. This method comprises receiving at the mobile
arrangement assistance data Irom the communication network
including a time stamp that 1s based on a communication
system time. The method further comprises determining at
the meobile arrangement a communication system time. The
method further comprises estimating at the mobile
arrangement a position of a satellite of the at least one
satellite based positioning system using the parameters in
the assistance data based on the detzrmined communication

system time.

hocording  to example embodiments, morecver 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
te communicate with the communication network and to
acguire signals transmitted by satellites of at least one
satellite based positioning system. The network element
comprising processing means. The processing means are
adaprted to replace a reference value that. is based on a
satellite based positioning system time in availlable
parameters of an orbit model describking a movement of a
satellite by a reference value that is based on a

communicaticn system time. The



including a replaced reference value as a part of assistance data for the satellite based positioning.
According to example embodiments, 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 a time stamp
that is based on a communication system time. The mobile arrangement further comprises
processing meanrs adapted¢e determinefa redmmuaitatior Sy stentime. The probilesdrearrgement

further comprisesprocessing means adapted-to.astimate aposition gta satellite,of the at least one

satellite basaedS ,potsétglocnin s %tego usigg param t(irjs&ig rgg%ig d agsgsgag%% data based on a
determined ¢ommunication system]iime. According To example eiibodiments’ moreover a system is

proposed which comprises the proposed network element of the second aspect of the invention and
the proposed mohilen arrangemestt asgdiscloseth Accatding 10 example-embodiments mogeover a first
software cqde for supporti satellite based positioning pf a_mobile arrangement with, assistance
data is propors%dT gv?/ﬁﬁ’leilgn rtlﬁleg %ob‘sltlé a rangemlé@n_t i|lea%apte%eto cgmmur%icafe%wit 'a communication
network anB36 acquife SRR rahsmittetbby satefites ¢feat fedlst orte 24 'SHtelfite basedositioning
system. Wherbheing executgd:yna progessingeinit of asnetwiork etemengof the communication

network, thg&%\@ﬁe ng%@ﬁli§9§ t.@%g?%f%ettﬁ%ﬁ§mitted by satellites of at
least one gatellite based positioning system. The mcehille
arrangement further comprises a communication component
adapted to recelive from the communication network
assistance data with a time stamp that 1s based on a
communication system time. The mobile arrangement further
comprises processing means adapted to determine a
communication system time. The moblle arrangement further
comprises processing means adapited To estimate a position
of a satellite o¢f <the at least one satellite based
positioning system using parameters in recelved assistance

data based on a determined communication system time.

According Lo example embodiments, moregver a system 13
proposed which comprises the propesed network element of
the second aspect of the invention and the proposed mobile

arrangement as disclosed.

According to example embodiments, moreover a first software
code for supporting & satellite based positioning of a
mokile arrangement with assistance data is proposed,
wherein the mobile arrangement is adapted to communicate
with a communication network and to acguire signals

transmitted by satellites of at least one



disclosed. According to example embodiments, moreover a first software program product is
proposed, in which the first software code proposed as disclosed is stored. According to example
embodiments, 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. When being executed by a processing unit of a mobile

. 4 . .
arrangement, the software code realizes the secgn‘d method as disclosed. According to example
embodimerits trmbtedver laesecong oséftwarel prograrm imbdudtispropesed, invdtich ge second

software cogepropesed as disclesedris:stered, Example embodiments-of theinvention:are based on
the idea th%te %%tgy'te p%ﬁiltéonss gguld be eséim‘fted baﬁe“d on paramefers of an eotrgliit) model using a

. . are ode 2allze St .. d a
communication sys ém fime msteéig OJ? a satellite 6asedeosmon|ng sysﬁerﬁ" time. To enaBIe such an

estimation, #i§ pt6F&Sed that a reference value in available parameters which is based or a satellite
based positioning system time is replaced by a communication system time based reference value.

For 25 example, in;the case.of GPS ephemeris parameters, the, TOE, is-teplaced by g communication

system time and in caSe of GPS almanac parameters, the TOA is replaced by a communication
system tim& P félatiohbetieer the® §5tefité based' pdSitidring SY/stem-fime ahd doffimtinication
system time migstibecknowia in theldembuiidation aétwaerk in order to replace the reference values as
proposed. But as

According to  example embodiments, moreover a  second
software code for supporting a satellite based positioning
of a mobile arrangement using assistance data 1s proposed,
wherein the moblle arrangement 1s adapted to communicate
with a communication network and to acguire signals
transmitted by satellites of at least one satellite bkased
positioning system. When being executed by 2a processing
unit of & mebile arrangement, the software code realizes

the second method as disclosed.

According to example embodiments, moreover a  second
software program product is proposed, in which the second

software code proposed as disclosed is stored.

Example embodiments of the invention are based on the idea
that satellite positicons could bs sestimated 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, 1t 1s proposed that a
reference value in available parameters which 1s based on a
satellite based positioning system time is replaced by a

communication system time based reference value. For



the accuracy: for the time relation is not very tight, the relation can be made available to the network in
several ways. It is an advantage of example embodiments 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 example
embodiments 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 example, the
communication system time may be defined b%/%a 2r:és%ective,combination of a frame number, a time
n

slot and a Bif Atllmber. If the ‘comniidrication netwofkis A WCDMA*halivdrk=for ek&mple: the

communicatien systemtimeimaybe defineddyta sespectivesystem:=frame numbeg,ssiotand chip. All
current cellgggterrgnals, for examrplg Iready decc}%je t}f‘n frame_number .Tgﬁis,p%itable time

. . mang amnbters . A1y replac .a
information is already availablé for satellite position calculations, that ISP or extrapolation of the

satellite positions:usingta cellulavesmmunication system tintes WO1L2006/183444PCT/NB2005/001641
26 In the case of GRS, apaxtension.ofithecurrent GSMand \WCDMA cellylar standard. with cellular

time stamps is easy. There are already IEs and parameters for an accurate time transfer. The same
parametersTHay He adted B1the ephelfigandalinafaciEetsbecdsedihsiedltr 6t TOEand TOA,

but having thessame: temparakipformation andruse as FTOWe T hig approashswould hebackwards
compatible too. , ‘ , ‘

the accuracy for the time relation 1s not very tight, the
rejation can be made avallable Lo the network in sewveral

wWays.

It is an advantage of example embodiments of the invention
that the assistance data i1s made independent of the
satelilte based positicning system time, and that the
satellite based positioning system time does not have o be

made available to the mcobile arrangement.

The example embodiments can bhe employed for any assisted
satellite Dbased positioning system, for example for A-GPS

or assisted Galileo.

If the communication network is a GSM network, for example,
the communication system time may be defined by a
respective combination of a frame number, a time slot and a
it number. If the communication network d1s a WCDMA
network, for example, the communicatlion system tTime may be
defined by a respective system frame number, slot and chip.
A1l current cellular terminals, for example, already decode
the frame numbers. Thus, suitable time information 1is
already available for satellite peosition calculations, that
is, for extrapolation of the sateilite positions using a

cellular communication system tTime.



A mobile arrangement may receive the assistance data with the replaced reference 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 d&ta brsadtérd a communication system time. With the satellitequsitions/(danmation, 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 peskioning 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 ﬁpredetermined set of feedback items to the communication

network. In existing Xppraaenés. thé Set BRfEEIbRR RBne ddpen dstin TontraStln 3R€ positioning
mode, that is,#6iDWhetligrithe spositionimg isimebile statidribased domanehitenstation assisted. The

feedback dataJnay inaiude pasition informatian, Jike,a dstermined position of the mobile

arrangement, a determined velocity of the mobile arrangement, a determined time of at least one

satellite base@ Poskonng &Jstent RS detferntinéd SABSs BRI "ardiof BYsiiBnaifi@ftainties. The
feedback datatmayw(O=2066/4 34414 RCH1B2005/M0641- 2B = furthet inclede sseasurements on

received satelkigz signalsand/as.arelationbetweena satellite hased PQ%@H@&%tg%ﬂme and a
communication s%stem time. The feedback data ma%/l also include observed Time Difference (OTD)

measurement& perfdfmed’on E%%ﬁlsa?é’féﬁéﬂdlf%w ColRfaIfpofHass Statiore oL e

too.

A mobile arrangement may receive the assistance data with
the replaced reference value from the communication
network. It may then determine a communication system
time and estimate a position of z satellite of the at
least one satellite based positioning system using the
parameters in the assistance data based on a
communication system time. With the satellite position
- information, an accurate prediction of code phases and
Doppler frequencles of received satellite signals is
enabled as known in the art, even though a satellite
based pesitioning system time was not provided to the

mobile arrangement.

A mobile arrangement having received assistance data from
the communicatidn 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 informaticn, like a determined position of the
mobile arrangement, & 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



communication network. The mobile arrangement may return OTD measurements to the
communication network in the units of seconds, that is micro or nanoseconds, instead of frame or
subframe differences, in order to make the information independent. The mobile arrangement may
also be requived 1enaitain a relation between a time of the at least one sateilitmoh®aesh 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 forEXahpld fy BVaIRRHE HRETiHE réft e RFGHIERONSRGR thé Fetwork, by evaluating
OTD measurements tarrigtigutinatheanebilesrartangamentand establisking asWd C-cellular time

relation againittheincertainyafihe relgliongets Loaarge, oLbY.CYRINAIING GNSS fime assistance

from the network. For instance; in CDMA networks, GPS an times are avai %I%'by default. If a
mobile arrangement RESRAFTIF3RTe RSatiGH, TRisretatsiecaPBeticed teiMmprove the performance in
terms of time-tD:firsefixmnd sensitivity Rerfeimrance iaprovements sas bgrachieved with a time

relation havingr@gg%g@cyr%fﬂp%W@g%o{ir%gcr%se%o%ds. Jbhemaintained time-relation may also be
Of assi ata by the mobile “afran

28 included in a request for assistance d: e mobile arrangement to the communication
network. The OGOt RefifoTK idy collettiod poSitRhihia SHse infearel aworidata and the
OTD measureoEntapsevided@ists to the communication network in the

units of seconds, that is micro or nanoseconds, instead
of frame or subframe differences, in order to make the

information independent.

The mobile arrangement may also be reqﬁired to maintain a
relation between a time of the at least one satellite
based positioning system and a communication system time.
If the moblle 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 ilnitisl time relatlion as assistance data. The
time relation can be maintained for example by evaluating
time difference information from the network, by
evaluating OTD measurements carried cut in the mobile
arrangement and establishing a UTC-cellular time relation
again 1f the uncertaintyv of the relation gets too large,
or by evaluating GNSS t{ime assistance from the network.
For instance, in CDMA networks, GPS and UTC times are
avallable 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



a feedback by mobile arrangements to create a database of time differences between the base
stations. This data base can be used to deliver time-accurate assistance data to mobile
arrangements for improving the sensitivity without delivering a satellite based positioning system time
per se. If a mobile arrangement fails to calculate a position solution, the satellite signal
measurements in the feedback, if any, can also be employed to estimate the position of the mobile
arrangement in the communication network. Ill. According to example embodiments, a method is
proposed for supporting a satellite based positiorﬁﬁg of a mobile arrangement using assistance data,
wherein the.mobild =drraingementdsiadapted to communicate svitki atcommunicatiomaietwerk and to

acquire signals dranspaitted by satellites.of, &t 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 Aigde # AR 185t dhedire & befweehithe mobile tarrahgenvertidnid the €@Rmmunication
network in the=scope-0f a=pasitiening of the: mobile-amangement: Acterding te example embodiments,

moreover afiepygr, slement fol.8 communicafionnelork supporling. 29, a sarelite basel positioning

of a mobile arrangement with assistance data IS proposed, wherein the mobile arrangement is
adapted to eoRfmunicate T e Esmitiiicatioh netwérk>aAd t& agquird'$ignald transhiitted by
satellites ofatnleast one sdtellite baséd positianing systematke netwbdsk ance data to

mobile arrangements for improving the sensitivity without
delivering a satellite based positicning system time per
se. If a mobile arrangement fails to calculate a position
solution, the satellite signal measurements in the
feedback, if any, can alsc be employed to estimate the
positicn o¢f the mobkile arrangement 1in the communication

network.
IIT.

According to example embodiments, a method is proposed for
supporting a satellite based positioning of ‘a mobile
arrangement using assistance data, wnherein the mobile
arrangement 1is 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
ieast two different positicning modes. The method comprises
transmitting at least one set of data that 1is independent
of an emploved 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 example embodiments, moreover a network

element for a communication network supporting



element comprises processing means, which are adapted to transmit at least one set of data that is
independent of an employed positioning mode to the mobile arrangement and/or to receive 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 example embodiments, 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 trgﬁ;smittﬁgl by éatellites of at, least one satellite based positionin s%_st%m. The

mobile arrahgehidnt farther Comprides’a comm moorle. ar

rides’a commtification component a ap?gﬁagﬁansrﬁl at least one
set of data that is: indepenterd of anemployed positienmgnmode tonabcdmmunicatiprmeetvork and/or

fo recelve of Joagl g st of Jafa fhatds independant ot erployed positioning fugge from the
communication network in the scope of a_positioning of the mobile arrangement. Accordlfng to
example embodinténtsa paredver aigysterm ist propuselwhichtcompasées the propssed agtwork

element of the third aspect.efthe:invention.andthe propesed.mabile: afranggmentas,diselosed. 30

According to example embodiments, moreover a first software code for supporting a satellite based

positioning &t & fHobile aRBRGEMENFTTIT ESistihcETatis pfBpdsed, 2 Wherditttheolife

arrangement:is agapted:to cempwnicate swith accommunication netwerk-and teeacquire signals

transmitted by satellites of at least one satellite baseg poshiigoirﬁitng S)éstem. When being ﬁjxrecuted by a
e

processing SRt 6F'& NekiSik el&Ment of thacommuniCatibh netiofk. the 9ement  an

WO
to receive 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.

Accordiﬁg to  example embodiments, moreover a mobile
arrangement supporting a satellite based positioning of the
mobile arrangement using assilstance data 1s proposed. The
mobile arrangement comprises a satellite signal receiver
adapted to acguire signals ftransmitted by satellites 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 employved positiconing moede to a
communication network and/cr to receive at least one set of
data that is independent of an emplcyed positiconing mode
from the communication network 1in the scope of a

positioning of the mobile arrangement.

According to example embodiments, moreover a system 1s
proposed which comprises the proposed network element of
the third aspect of the invention and the proposed mobile

arrangement as disclosed.



software code transmits at least one set of data that is independent of an employed 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 example embodiments, moreover a first software program product is
proposed, in which the first software code proposed as disclosed is stored. According to example
embodiments, moreover a second software code for supporting a satellite based positioning of a
mobile arrangement using assistance data is propdSed, wherein the mobile arrangement is adapted to
communicate apithl argpmmurigatipn Metworkagnd:toracquirersignals  trarismigted ayrsateltites of at

least one satgliite based posjtioning,system\Whemheing executed by.a progessing it of the mobile

arrangement, the software code transmits, at least one set of data that is independent of an employed

positioning Fiddefo thé chiiATARRAtion Aetbrk aRd/0T “fHtefves 4t Iast ofie sBEGFAtaThat is
independeritiof sl employedipdsitiening: nrodesfremtthel consranicationtretworkinithesdeope of a
positioning of the mabile-arrangement. 31 Acserging to example emhodiments, finally,a second
software program rggugt i% groé;f)ogggiilncwgicg %heascec gg Ssoftvg)/%r'ee go%ee pral %segaasse%isclosed is
stored. Example embodiments o the invention proceed from the “Consideration that cirfent assistance
standards allsrovide” titfereht $p&tificalibRs foP 8iffefenfp6sitiching Modes. Ry 6fefet 1 umify and
simplify thespecificatiens and the: proeessing,drisprepasedithat af teast onetset of datandhat is

exchanged ?@f“l‘f%@t@@ ”&%@@ arrangement an A east one set of data that is
independent of an emploved positioning mode to the mobile
arrangement and/cr receives at least one set of data that
is independent of an emploved positioning mode from the
mebile arrangement in the scope of a positioning of the

moblile arrangement.

According to example embodiments, morecver a first software
program product 1is proposed, in which the first software

code proposed as disclosed is stored.

According to example embodiments, noreover a second
software code for supporting a satellite based positioning
cf a mobile arrangement using assistance data 1s proposed,
wherein the mokile arrangement 1s adapted to communicate
with & communication network and to acguire signals
transmitted by satellites of at least one =satellite based
positioning system. When being executed by a processsing
unit of the mobile arrangement, the software code transmits
at least one set of data that i1s independent of an employed
positioning mode to the communigation network and/oxr
receives at least one set of data that is independent of an
employed positiconing mode from the communication network in

the scope of a positioning of the mobile arrangement.



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 casi, the %t Igast ese_ of dﬂa may complrése f0£ instance
measureméitinformation “for Satellite selggnha?s zlatrgaﬁiresd by theé mobilé a?rea%%emesn e mobile
arrangemenpt-detesmines ditself its pesitiavriaset] onithe wicquired-satellitecsignals cthevdetermined

position maé/O%%a g%% 15% %lgje %%?%%%%?ﬁgg&d%@. 32, It has to be noted that the position of the mobile

arrangement can be calculate e mobile arrangement and the communication network. IV.
Example embodiments proceed from the consideration that instead of calculating any kind of

correction data.hased onyhormal ephemeris parameters. this gorregtion data ceuld;pe :calculated
based on parameters of a long-term orbit model that have a validity of at least one day, As a result,

the correctidii'dataSeartbeutilizéd-with ThE TongEFmPorbitar pardmeters SnétonlyPwith short term
ephemeris paramaeters. The-parametersmay have beert pravidedeaslierithantbe womestion data or
be prOVidedIgt tggcfggnettci)m%%%%ge and simplify the specifications and the
processing, it is proposed that at least one set of data
that 1s exchanged between a moblle arrangement and a
communication network 1in the scope o©f & positioning is
substantially the same, no matter which pcsitioning mode is

employed,

The at least one set ¢f data may belong for example to
assistance data that 1s transmitted from the communicatilon
network to the mobile arrangement. This allows providing as
well that the operations performed in the mobile
arrangement for the satellite Dbased positioning are
substantially the same irrespective of an employed

positioning mede.,

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 informatlion
for satellite signals acgulired by the mobile arrangement.
If the mobile arrangement determines itself its position
based on the acguired satellite signals, the determined

position may ke added to the common set of data.



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 arrangemeﬁ% is reduced and the load on the bandwidth is
lowered. Al$d thézerrettion prodelstaf benore actarate cand fony-tepin thiicexistingiAfodels. Due to

the nature af sglective availability, DGPS cesrestions WO 2006/184414 PCTAB20Q51001641 33 for
example, were initi%g&/egl%v%odge%ﬁ% be very short: term correctiqéns and not very accurate. Because

. [818) NLCaT 1ol Il WO K X
selective a%ﬁaal?lﬁty IS howac ays turned off, a new type oeﬁ)ch corrections can be designed to be

very accurate. Further, a single format of correction data.can be used for all satellite constellations,
like GPS, Galileo, Glonass, etc. On the network side, a server may calculate the correction data for
the long-term orbit models 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 SEEPEF of IHRSESISHACe dATR TS e rhobile arfihgen it $RETorEttion data may be

valid for instead of calculating any kind of correction data based on
normal ephemeris 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 & result, the
correction data can be utilized with the long-term orbital
parameters, not only with short term ephemeris parameters.
The parameters may have Dbeen 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.

Alsc the accuraconf 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 mobille
arrangement 1s reduced and the load on the kandwidth 1is
lowered. Also the correction models can be more accurate
and long-term than existing models. Due to the nature of

selective availlabllity, DGPS corrections,



several hours, but it requires less bandwidth then a transmission of the parameters of the long-term
orbit model. A respective set of correction data can be calculated in various ways. The actual
correction data can be calculated for instance based on real measurements from reference stations
or based on #Pekitivigt EGNOS/WAAS model. The form of the actual cofr€etiseoattaisdoes 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 patameters of a long-term orbit model before a
respective estimation of a satellite position is performed. The implementation in the mobile
arrangement may use the provided correction data in a similar manner as the conventional DGPS
corrections. HowewsiaTie 6alcuREiBn g psdudoranyaL e8rectich amoltmt BeF8afetite depends on

the correction- grefelo34 - the sredelthatisiermployeddorcamputing dhe serreetientdata can be for
instance some high-grade polynomial, like a 2d or 3rd order pol i piece;wise continuous
polynomial, 0?}5\5}%}% %Dﬁ%rhég %o%nsplgf Vr%ao%aeY .Slﬁsuﬁ)n%égj u%ladgfstgo@thaﬁ gaepropose(? calculation of
correction datoEnebé used With eRanfife eailstifents ARrar teTvetiiotk efetént%as disclosed

can be for exampie, & BetvrkServer oloa base station ehihe-eommunicationo neayork. The
communication netwark in the first, the, second and the third f the-inyention can be for
* Til\il 2 C %e; T A %I\?EI c(%%fgf\%/% Ekqu%%’s

example a célfursr communication AStWOrK like & nefw CDMA “network or a CDMA
network, etc.,45ut equally a non-cellular network, like a WLAN, a BluetoothTM network or.a WiMax

network, etc. The mobile arrangements in the first, the

On the network side, a server may calculate the
correction data for the long-term orbit models in
accordance with the third aspect of the invention. The
parameters of the long-term orbit model may be valid for
several days and regquire some network bandwidth when
being transmitted as a part of the assistance datz te the
mobile arrangement. The correction data may be valld for
severazl hours, but it requires less bandwidth then a
transmission ©f the parameters of the iong—tefm orbit
model. A respective set of correction data can be
calculated in various ways.'The actual correction data
can be celculated for instance based on real measurements
- from reference stations or based on an existing
EGNQOS/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 respéctive estimation of a
satellite position is performed. The implementation in
the mobile arrangement may use the provided correction
data in a similar manner as the conventional DGPS
corrections.'ﬁowever, the calculation of a pseudorange
correction amount per satellite depends on the correction

model.



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. It is to be understood that
all details described herein can also be combined with embodiments of the second aspect of the
invention, and vice versa. BRIEF DESCRIPTION OF THE FIGURES WO 2006/134414
PCT/IB2005/001641 35 Other objects and features of the present invention will become apparent
from the follqﬁwin detajled description corisidergd ipog:onjémction with the accom an%jcr}%drawings.

Fig.lisa schem&ic Brock fiatg;raﬁsof%m?ys?é/r% suﬁportingoﬂ%ﬁégg ant Eig.cflsrg oW chart.

illustrating arz operationtia thie rsystern of Fdgurerte DETARED OESCRIPTHON OF THEINVENTION
Figure 1 is gnschecngaticébhockodri gram %fO% ystem ls,uppgrting fé?é\l_své é'% acqp(ggggﬁ% with an

embodiment of the invention. The system avoids the necessity of providing GNSS time as assistance
data and umitizes el provided 6F essistanceedarinThessystéinlcomprises 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 (Mszz 40, GPS satellites

(GPS SV) 50-antfGalifeo”&atéMtE(EPS SV 66 [TheFasB Statiuitio providesa radio imterface to
mobile statieis-20:-30tocated ir-ils Vienitys dccomprses:anple embodiments.

Any of the network slements as disclosed can be for example
a network server or a Dbase station of the communication
network. The communication netwcerk in the first, the second
and the third aspect of the invention can be for example a
cellular communication network like a GSM netwerk, a WCDMA
network or a CTDMA network, etc., but equally a non-cellular
network, like a WLAN, a Bluetocoth™ network or a WiMax
network, etc. The mobile arrangements in the first, the
second and the third aspect of the invention may comprise a
. moblle communication device like a mobile phone, in which a
satellite signal receiver 1s integrated. Alternatively, the
satellite signal recelver can pe an accessory device for

the mobile communication device.
It is to be understood that all details described herein
can alsoc be combined with embodiments of the second aspect

of the invention, and vice versa.

BRIEF DESCRIPTION OF THE FIGURES



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 basevataioas3d0of the cellular communication network. WO 200&/¢84#dds/001641
PCT/182005/001641 - 36 Moreover, it is connected to a GPS control server and to a Galileo control
server (not shown) . It comprises a memory 21 stoApg-a database and a processing unit 22 that is
able to execute various implemented software code components, including a parameter computation
component Ziéﬁlggta ase chdatin component 24 and a position estimation component 25. The first

mobile station 301§ a Mobile &fr MERWARA MHolddds RES5STecaiverat 1 PRe GRS receiver 31
comprises antkeguigiticraadarackigoornpenénil32yvhichduay bee tealizedrngrardware and/or in

software:. For instaneg,- {Qf 61%9%@}% and dracking; signajs.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:areellular @agmes 8basaa tellblas comihangication tomponentnA cellular engine is a

module which comprises @Illl_g%glp@gg@tqqxg%ggd for.a conventional mobile communication between
the mobile phogne 30,and a cellular communication network and which may further be enhanced with
additional funétidhis.The t8lidiar tRYiINE ¥ fs drcdinprigsd fotrfig operation in the

system of Figure 1.
DETATLED DESCRIPTION CF THE INVENTION

Figure 1 is a schematic block diagram of a system
supperting A~GNSS in accordance with an embodiment of the
invention. The system avoids the necessity of providing
GNSS time as assistance data and unitizes the‘pxovided 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 moblle station (MS1) 30, a second mobile station
(MS2Z2) 40, GPS satellites (GPS 8V} 50 and Galileo
satellites (GP3 8V) 6&0.

The base station 10 provides a radic 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 referance time
replacement component 13, a message assembly component 14

and a feedback forwarding component 15.

The network server 20 can be accessed by varicus base

stations 10 of the cellular communication network.



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 applic¥dR%oEiptkent 36 can be any application which requires p@sitdn2aefated+information,
for example a navigation application or an application which ensures that specific services are WO
2006/134414 PCT/1S2005/001641 - 37 offered t®a user of the mobile station 30 at specific
locations, etc. It is to be understood that, alternatively, the application component 36 and the position
estimation component 38 could be executed by some other processing unit, for example by a

processing ulRBEHEEPS FeddivePELeTHE SeEbnd nfthileSRRESHT 40T Z BTt deSign as the first
mobile stations3@;sautlinsteadrafa GRS reeeivarib ineltides p.Gilileogrpeiveradapted to acquire and

track _signals Iaee%e&%d gﬁn% %a}gii%%sgteélgg%ggs éltgm}atg/ﬁ%/rgg% gggg@d.%bgleﬁt_a_tion_ 40 coulq
comprise for example a hybrid GPS and Galileo receiver. e determination of position information for

a mobile statighed0, 40 Pthe SRtEFFEIEGUIET WP oW Be SRS BRIt FsTEFerice™® Figure 2.
Figure 2 is a flownehast vehich dltusitates oa thetefhband sideran tepérationdmonesofthe mobile

sations 30, 49.Jn e i an gpsralan,Indie, base sian 10, g et gt hand sic an

operation in the ﬁetworl server 2 e network server 20 receives at regular intervals GPS
ephemeris an8&iHanac FarariBereRénthe GPS control

The first mobile station 30 is a mobile arrangement which
includes a GPS receiver 31. The GPS receiver 31 comprises.
an acquisition and tracking component 3Z, which may be
realized in hardware and/or in scftware. For ilnstance,

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 scftware cocde 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 reguires position related
information, for example a navigation application or an

application which ensures that specific services are



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 almanac orbit model, respectively. The Galileo
parameters commpbgatithuas Galileo ICD and belong thus to a Galileo specificonitomadaliThe network
server 20 may also receive additional information from the GPS control server, from the Galileo
control server or from another entity. Such another W0 2006/134414 PCT/IB2005/001641 38 entity
may provide for instance EGNOS and WAAS corrections that are broadcast by geostationary EGNOS
and WAAS satellites. The parameter computation component 23 converts the received GPS
parameters intofiaramtés of aleemnedn bhsit iebdeldstepa20Dn Fafthet, isperveristhe received

Galileo parametess infe parargeters of the same,comman- orbitmogel The satellite for which the
respective parameters are valid may be identified for example using _indices containing not only PRN,

id m
but also a con&tehi&aaIT 17 Thé commotrarbitFRodeis oL thtionthal Hegcfibes orbital
parameters arplcaigoritimsto-calstiate. samliterpositiGn inforrdtioe, likesposition bgelocity and

acceleration fog GRS ankkGalilegsatellites, @nd: p0§89|yea;%wsﬂé%%atg“}s%%@@mqwf GNSS, like
GLONASS, EGNQS and/ar WAAS. In addition, the common orbit model may allow calculating

corrections to S&tetiit€ 'sigRiis Hue fo°EIGEK Siftifty: It has to be noted that any correction data,
including W_AAS-, EGNOS- and/or DGPS- like correction data, may be calculated or re-calculated

The second mcbile station 40 has a similar design as the
‘First mobile station 30, but instead of & £PS receiver it
includes a2 Galileo receiver adapted to acguire and track
signals received from Galileo satellites 60. .
Alternatiﬁely; 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 svstem of Figure 1 will now be
described with reference to Figure Z. 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 gll available Galileo satellites 60. The GPS
parameters comply with the GPS ICD and belong thus to a
GPS specific ephemeris ozr almanaé‘orbit mocdel,
respectively. The Galileo parameters comply with a
Galilec ICD and belong thus to a Galileo specific orbit
model. The network server ZC may also receive additional
information from the GPS contrel server, from the Galileo

control server or from another entity. Such another



specifically for the employed common orbit model. By the parameter conversion, the parameters of
different GNSS5 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®&a#iebided4onger period of time than the GPS ephemeris paramsetessobdoreover, 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 usinggmore parameters or by using longer word lengths
than defined for the parameters transmitted by the satellites. Thus, the common orbit WO
2006/134414 PCT/IB2005/001641 39 model may also be the only orbit model, for example, for GPS.
It is to be understood WAl tHereoHARSIBATORtRE t pafin SV EoffiisE&fso a re-calculation of the

parameters. Fhe-generaied parameters oftbe conmynopwrbioaadel foma mespestive satellite comprise
a reference value, which ong,titutes a reference time for the included information that is based on the
system time é él?%@é 6 which the satellite belongs, just like the TOE for GPS ephemeris data or
the TOA for GPS almanac data. For example, for a GPS satellite, the reference time is based on the

TOW count ofyGP S5 like the TObapthe:TOMA: Nowpthecappliration:compenertta6 of a mobile station
30, 40 may need som p%o?'gion relateg informaﬁtlign. For htaining. the required information, it may
or [

€ &
request assiStance Uata for GBS andlor 1ro Galileofrom the cellular communication network (step

301). The assistdate fegeestifdicateS e erSS fype st 1 SupptiteE 6§ tie :

Galileo parameters into parameters of the same common
orbit model. The satellite for which the respective
parameters are valid may be identified for example using
indices containing not only PRN, but alsc 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 ncoted that
any correction data, inciuding WAAS-, EGNOS- and/or DGP5-
like corraection data, may be calculated or re-calculated

specifically for the employed common erbit model.

Ry the parameter conversion, the parameters of different
ANSSs are unitized, that 1s 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 cf time
than the GPS ephemeris parameters. Moresover, 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



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 GLASS or GNSSs that are currently visible at the
location of tYethx8@sStefi®n 10 (step 101). The instruction comprises an iBehtifizEt®AI6fithe base
station 10 and an identification of the GNSS or GNSSs. Thereupon, the parameter computation
component 23 of the network server 20 determines dhe satellites 50, 60 that are currently visible at
the location of the base station WO 2006/134414 PCT/IB2005/001641 - 40 10 and that belong to the
indicated GNSS or GNSSs (step 202). The current position of the satellites can be determined by
means of the GeAertBaBriSit foded Pranidibss. THeldatemtks that 3Fe RUFBAHG visiBE at an

identified baseystation:1Q sam shus: be-deteenined easily, ifan asseciatonbhetyeemnthe respective

identification of all base stations and their logation is. stored.in e petwarkserver 20, for example in
the databaselffi thé memory e hé parameéter computation component 23 selects the orbit model

parameters fop&f@miresitly visible satellites and provides them to the base station 10, possibly
together with additional information. Such additional information may comprise for instance DGPS
and RTK corregtions, EGNOS and/or WAS cgueglions, shortterm difiefeplial cprpcons, short-
term integrity warnlﬁgs and carrier phase measurements. Upon a special request by a mobile station
30, 40 forwardedmpythesasesstation 19, tednddiienal reference value, which ‘

constitutes a reference time for the included information
that is based on the system time of the GNSS to which the
satellite belongs, Jjust like theVTOE for GPS ephemeris
data or thé TOA for GPS almanac data. For example, for a
GP3 satellite, the refersnce time is based on the TOW
count of GPS, like the TOE or the TOA.

Now, the application component 36 of z mobile station 30,
40 may need some position related. information. For
cbtaining 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 GN3S type that isg supported‘by the

moblle station 30, 40.

When the base station 10 receives the assistance reguest,
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 (stép 101). The instruction
comprises an identification of the base station 10 and an

identification of the GNS8S 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



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 B 88s5as0d reference time of the orbit model parameters feC&aBtMsHDle: satellite 50,
00 by a cellular system based reference time (step 102). In case the cellular communication network
is a GSM network, the cellular system based referegce 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 WO 2006/134414 PCT/1B2005/001641 - 41
communication heork s WEBRIA nbRvahe the Chifaiar Sy3tem riscditefsrehB& e can comprise

for example az$ystentinamemumber (SN, istot arfd thip sahieh 1 tepresentrthedime of the GNSS
based referenge {imeIp pider 1q he able o tplage fhe GLASS based reference time with the cellular

system based reference time, the base station 10 has to be aware of the current relation between the
GNSS time aRtPiREEEIRTE commupidaiion” s58tehh 3ime Thers BRe ReVEral Bftékiaives of providing
the base statiem 10dritit this selatian ssince therretirement iontheacsaracy-ebthe relation is not very

fight. It s sufigient 1o haye aJelation uith an. 205uraey.of 19:100 9.5, rewen with an accuracy of 1
i I K

. e . - .
ms. A satellite moves at approximately 3.8 km/s, so the position erfor in the satellite position in 1 ms
is 4 meters aﬁﬁ@%%\%?&h‘%g rféﬁli@i}cﬂe.base stations and their location is
stored in the network server 20, for example in the '

database in the memory 21. The parameter computation
component 23 selects the orbit model parameters for the
=curxently.visible satellites and provides them to the
base station 10, possibly together with additional
information. Such additionzl 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 measﬁrements,
Upon a special request by a mobile staticn 30, 40
forwarded by the base station 10, the additionzl
information may also comprise data bits for a data wipe-

o

off.

The parameter retrieval compcnent 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, 80
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



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
determine the relation itself. It has to be noted, though, that it would be rather expensive to provide all
base stationsist thestidtydrk with an own LMU. In a second alternative, thete/isoniame: 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 BABESHEHGHS. 00 iR He"REKVOrR e TheNSurediH WS 20067158414 BEET/IB2005/001641
- 42 order to grpate GG timertoresltdar-carmmimication systent timesselaticnefos any base station

10 in the cellular communication etv?\,/or{%_'_l' ti ifferences can be;measured, for example, by
collecting ands&saﬁgﬁﬁé: Gt Dr-lr%lg?igﬂre 5r1\?t):'r£%??(]§d y default by mobile stations 30, 40 to the

cellular commuBRERRFPTetWeRk [iREtHIE abtsnative, thefe eGIaRB1F ohe™MU available in the
cellular communication network, and the time differences are measured with a Matrix solution. In this

alternative, the mabile stations 30,.40 are harn for measurin ase ion time differences
’ e HAI€aReUng, '%%B $& stauan
based on OT pm@&s%r%%@n%?cg% ?[db% PO i%%%%g%sglste?ns Ltdé CPS), for insta?nce, has -

proposed a pdsitiening@nd-ene ke iy MEHTEIsREIRR dpbr6aERCrhis H&thod&omprises more

specifically measiyring basestatiomiiBeto be aware of the current relation
between the GNSS time and the cellular communication
system time. There are several alternatives of providing
+he base station 10 with this relation, since the
réquirement on the accuracy of the relation is not very
tight. It is sufficient to have a relation with an
accuracy of 10-100 ps, or even with an accuracy of 1 ms.
L satellite moves at approximately 3.8 km/s, so the
pocsition error in the satellite position in 1 ms is

4 meters at the most, which is negligible.

In & first alternative, an IMU 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 réther expensive to

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

In a second alternative, there is only one IMU 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
eguipped with an LMU to create a relation between 2 GNSS
time and a cellular communication system time. The time
differences between the IMU-egquipped base station and all

other base stations 10 in the network are measured in



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 is called Enhanced-GPS
(E-GPS). The use of the E- GPS method enables the cellular communication network as well to obtain
the time diffevépeesirs+be cellular system between the LMU base station eqmhtkretinasdiase 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 IgMULis 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 previoudsHsRicHinG 5e8§®ncor e thé = GRS csoldiicri thigdfifetmatiohicemh be sent to the

cellular WO 20064134414 REC T4 B2006/00464 12 n ¢ 3rcoramynicatien network along with the assistance
request. Some opfions for gbtainin al_njdoma}lnt%li{flgg{a valid tipe re(ljaltiggejn a mobile station 30, 40
will be described i "some Tore detail Turther DEIOW with Teferenee to Step 306" Tfie Hase station 0
may then use 8f fPRYekaion Providedtyithe Mobile steioh 30y 40® Giledlattthey cellular system

based referenes timestosithe psbit adal paramelersiAsseciating aGNSS tigseto acellular
communicatior%rosys&%m, timg has al en described in US 1Qate ts 6,678,510 B2 and 6,748,202 B2,

to which it is réfefred. Once 1fhee i %%s%ﬂle{%rr%ﬁé?‘éi fime int Vémorr)t%i’t model parameters for each
visible satellite 50, 60 of the

In a third alternative, there ils egually only one LMU
available in the cellular communication network, and the
tTime differences are measured with a Matrix sclution. In
thiscalternative, the mobile stations 30, 40 are
harnessed for measuring the base station time differences
pbased 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 is called Enhanced-GPS (E-GPS). The use of the E-
GP3 method enakles the cellular communication network as
well to obtain the time differences in the cellular
system between the LMU base station and the othsr base
stations 10, if the time differences determined at the
mobile stations 30, 40 are reported te the cellulzar

communication network.

In a fourth alternative, no IMU 1s required in the
cellulzr 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 z previous positioning session or from the E-GPS

solution, this information can be sent to the cellular



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 message includes Information
Elements (IEjvWithetisaakit model parameters, including the replaced refexenoeéises ik 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 netwgtk _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 alternatively, the base station 10 could -
assemble suckAESEHgeR B gURFTRtER 1S 9610 allreBpediRehpvisibleaatllites %0560 and

broadcast WOs2026/334434 £ G b4 B2005{00164 b nd4e1nessagrs to alkmobilesstations 30, 40
located in the cell that is served by. the base station 10. The message evaluation component 37 of the
mobile stationrﬁ%égé Feceives tﬁﬂéy JPn”“efs‘éalagg ‘élrlc(}jndez"]ég())’degsth‘éﬂfri;mgejenlﬁ%ﬁgﬁjt%rﬁé} sfot and bit
number in ordéPiFdBREmMifE the ceflukktommahrativh By steed tinss Rurtitersiteextracts the
information inguded imthesepceived tnessages(sier 302). Arindicationef the cellulay communication
system time, %)Isg‘irthéérar%atign to tho% :J&%al St%%i%@ld gbe eﬁtéaqttgd ci:nfger ti%n, ig}gluding the orbit
model parameters, are provide Yo tive position ~estimation componen*vf1 g! ﬁe%os‘itleon estimation-
Componentgg%ﬁéﬁgﬁﬁgQ@ﬁﬁmmngased reference time for the orbit model

parameters.

Asséciating a GNSS time to a cellular communication
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 tyvpe 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 regquesting
mobile station 30, 40.

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

all respectively visible satellites 50, 60 and brocadcast

o
b



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 cod@ctiorisidete. (step 303). Based on the obtained satellite trajentargpoine osition
estimation component 38 may limit the possible propagation time of the satellite signal and the
occurring Doppler frequency in a conventional manggr.- With known limits of the propagation time and
the Doppler frequency, also the possible code phases that have to be checked can be limited. Such
code phase limitations are carried out for all satellites for which orbit model parameters have been

provided, excéptdorrgosesfsr Which & shebtietmshtigrity atRingtasi e providled ¢ addition. A

short-term integsity watging:may hepovised: by the network-sesiver 20 via the base station 10
whenever there is a sudden satellite failure. WO 2006/134414 PCT/1B2005/001641 - 45 The
position estimation component 38 forwards the determined code phase limitations and possibly further
information indltige @& # feceiiedifiesaageo 1y tHee e oRiisitioh Bhé tieeRineccsrhpbhent 32. The

acquisition angtfacking cempanent|a2 acriresdbe asible-satghites-{step:304). The information is
usedin a convnelglrglgn'al rr_nt—;lnnerséi%cca(f,\rllt%:{aktjc%\.L an ac wsrltpon of saé{teeglteC glg(%l Is Il%g/.llmltlng the search

options. The acqws?t?:dn and tra Cfng componenlt] r%aylarf‘sooge résponsiblé for JLdﬂé‘c‘f:oding the

navigation datali tie aéghired soreiitel Sighhiz Thesacguisiling anBuradkedy cdmponent 32
extracts the information included in the received

messages (step 302). An indication of the cellular
communication system time, possibly in relation to the
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 28 extrapociates the
respective satellite trajectoryv as a function of the
current celiular 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 ccomponent 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 besn 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.



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 50, 60 edowhiahisignals have been acquired. Further, it determinestthezeosaet ssatellite
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, GNS8-timeo Bieastirement and pasitompmeertairies; etos Ihesdeteemined position related

information may then be provided to the application . compgnen rihe intepded use. WO
2006/134414 NB20t ) /Obigil&igels%g(ﬁ%gl%ﬁ%%%%o%ﬁ%n%g)gigr%gt?gn %ombo%]:nt 38 of the
mobile statiori IS prEVAEESthe BEteiffiAed oSN PEIBISIERISIHTRRAT Ihé Pecdtfed measurement

results and agelptips:hatweeatheellularcoraminioesion system:tine cand te-GHSS time as
feedback data lo,the celliar, communication helwatks Jie feedback daia isaluays fug same

irrespective of the em%%@lé%gposmgning mode, except that the position of the mobile station 10 may
only be providedtitR is @éternfined By tpenebid staticiFe0. FheFebdPI& dari& forwarded by the

manner to accelerate an acguisition of satellite signals
by limiting the search options. The acguisition and
tracking component 32 may also be responsible for
decoding the navigation data in the acguired satellite
signals. The acquisition and tracking component 32
provides the measurement results, including any decoded

navigation data, to the position estimation component 3€.

The position estimation component 38 may now determine
the position of the mobile station 3C, 40 in a
conventional manner {step 305). That is, 1t determines
pseudo ranges to those satellites 50, 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 conventiocnal
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.



feedback forwarding component 15 of the 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
measurementsieioseidtdiand update a database 21 of time differences betgpesrvariousbase 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 deliverings 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 itseP Y268 dhetmobite sERbhIE 4G Ay A5 PRaiitiR aRe Felatién Beten the cellular
communicationsystiem dime-and the GNSS tiewe birdefmttis(stem806)dhis tan be done if the mobile

station 30, 40 has abtained a.yalid GNSS fix and, hasheen able 1o assaciate the eurregtcellular WO
2006/134414 PCT/IB2005/001641 47 communication system time, for example in terms of frame,

subframe, slot? b RitcHip, WRAYREGNSS tifd ot s FETRRAEY tetihital Peiatish dsidistance data.
In this case, thadnabite station 4 Ocarteetinstrikctiar #ecaverihe &ENSStme at any moment just

by estimating {he elansedtime from.the last GNSS fisiising the . gellular compuinigation system time
[ d

and assuming that the mobile station 30, 40 does not move from one cell to another. If the mobile
station 30, 40 AfVRsifFéiRGRCEdlye of the emploved positioning mode,
except that the position of the mobile station 10 may

only be provided if it is determined by the mobile
station 10. The feedback data is forwarded by the
feedback forwarding component 15 of the base station 10

to the network server 20 (step 104).

The database updating component 24 cof 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 Z1 can be used tc
deliver time-accurate assistance data to moblle stations
30, 40 for improving the sensitivity without delivering

GNSS fTims per se.

The positiocning calculation compenent 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 3C, 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 1f the
meobile station 30, 40 has obtained a valid GN3S fix and

has been able to associate the current cellular



to another, the relation between the GNSS time and the 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. FHe Xifed 3¢itference can be obtained from OTD network assistanesoassuming that there
is a time difference database available. The time difference can further be obtained from OTD
measurements that the terminal performs itself. Theztime difference can further 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 corRTEMTCARMREWOYR IRTC DMIE netidrke*fBiPétamples BB tifife iSCasiable by
default. If the mobite statjorns36;:40 bas avaliGNSStd-cellulae cansmunicationrsyiséam time relation,
this relation canpe;ysed la,marve {he pedprmange.n tems otUmedoafistfixand sensithity.
GNSS-to-cellular communication system time relation having an accuracy of hundreds of WO -

2006/134414 PEI$1BSBE-/0E64E SES SiRtosEeorfds RASuifGERTBF Ivéde pérformance.
improvementsr #hevnobite stations3a; 4G=maty retuyrnperformeh@©T Dbymeastireaieits; to the cellular

communicatiog}pgt\gg%yga each r%%b‘?ét{%reaﬁsi%té‘n&ﬁs%"t%i%%&%& lfymay return the OTD

measurements for example in the units of seconds, in particular microseconds or nanoseconds,
instead of fran¥& bt $tbfraR & differéifdes to fiidkePthet1me and assuming that the

mobile station 30, 40 does not move fFrom one cell to
another. If the mobile station 30, 40 moves from one cell
to another, the relaticon between the GNSS time and the
cellular communiéation system time has To bes created
again based on a new GNSS fix. Alternatively, the
existing relation can be updated with the time difference
between the base station serviﬁg the previous cell and
the base station serving the current cell. The time
difference can be obtained from OTD network assistance,
assuﬁing that there is a time difference database
available. The time difference can further be obtained
From OTD measurements that thg terminal performs itself.
The time difference can further 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 Ttime assistance from the
celiuvlar communication network. In CDMA networks, for

example, GPS time 1s 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 perfdrmance in terms of time-to-
first-fix and sensitivity. GNSS-to-cellular communication

system Time relation having an accuracy of hundreds of



information independent of the cellular communication 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 aBd¥vélirstéHd of a GSM network, any other type of cellular cfiffmivaners+ietwork could
be employed too. Also some processing could be shifted between different elements. By way of
example, the reference time replacement could equglly 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 Bs6T6F BHEIGNSS BatdifiteseAlsofoie brffcteRitbit 18IS Standardized for another
specific GNSS seulckengsed..Further, the reference time replacement is not required, in case GNSS
time is readily available at the mobile stations, etc. 49 Claims 1. Method for supporting a satellite
based positioning of a mobile arrangement with assistance data, said method comprising: -
converting in & eBniTRGHIEELSH RehRorcavailbbleidbarafieidn sterdediated it model describing a

movement of asatellitenwtieh dedicated-ethit: moedeldstefined faroa padicuarnsatetite based
positioning system, i%oqr%%rsatm%lg;s ggglc%g;nﬂgn 8rabd'gm9gg[%%e5ﬂ9ing ftmnq\é%ment of a satellite,
wherein said common orbit model is an orbit medel

return the OTD measurements for example in the units of

seconds, in particular microseconds or nanoseconds,

instead of frame or subframe differences, to make the

information independent of the cellular communication

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 tvpe of cellular communication network could be
empioved 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
raeference time replacement is not reguired, in case GNSS

time is readily available at the mobile stations, etc.



defined it common for at least two satellite based positioning systems and wherein said at least two
satellite based positioning systems comprise at least two of the Global Positioning System GPS, the
Global Orbiting Navigation Satellite System GLONASS and the Galileo system; and - providing said
converted parameters as a part of assistance data f&r said satellite based positioning for transmission
to said mobile arrangement. 2. Method according to Claim 1, wherein the common orbit model is
defined in addition for one of the following: 50 - the European Geostationary Navigation Overlay
Service EGNOS; and - the Wide Area Augmentation System WAAS. 3. Method according to claim 1,
wherein said common orbit model is more accurate than said dedicated orbit model. 4. Method
according to claim 1, wherein said common orbit model comprises more parameters than said
dedicated orbit model. 5. Method according to claimalimgherein said parameters of said common orbit
model have a longer validity time than parameters of said dedicated orbit model. 6. 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 said dedicated orbit model. 7. Method according to claim 1,

wherein said assistanee data.comprises-a-reference time and a rﬁfﬁsf@@ic%ositioniﬁg
cf a mobile arrangement with assistance data, said
methed comprising:

-~ converting in a communication network available
parameters of a dedicated orbit model describing a
movement of a satellite, which dedicated orbit
model i1s defined for a particular satellite based
positioning system, into parameters of a common
orbit model describing a movement of a satellite,
wherein saild common orbit model is an orbit model
defined in common for at least two satellite based
positioning systems and wherein said at least two
satellite based positioning systems comprise at
least twoe cof the Clobal Positioning System GBS,
~the Global Orbiting Navigation Satellite System
GLONASS and the Galileo system; and

- providing said converted parameters as a part of
assistance data for said satellite based
positioning for transmission to said mobile

arrangement.

2. Method according to claim 1, wherein the common orbit
model 1s defined in addition for cne of the

following:



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 Navigatigh Overlay Service corrections; 51 Wide Area
Augmentation System corrections; short-term differential corrections for said converted parameters;
ionosphere model parameters; troposphere model parameters; short-term integrity warnings; and
data bits of at least-onecsateliite-based: positioning system enabling aidata wipe-dffupon a request by
a mobile arrangement. gﬁM?tlg%d la&wgli;ngatrcl)dclaim 1, said method further comprising calculating

correction data specifically for said common orbit model, said correction data enabling said mobile

arrangement to correct safd fe€€ivéd pardmeters b Sdidcommonoriitmddel based on said
correction data, and providing said correction data as a part of assistance data for said satellite
based positior%ilng. 10. Method according to claim 1, further comprising at a network element of said

communication netWork t8pREHY & réfererte Vatud'insaid 2bheried HarametBtsthat is based on a

satellite based orbit model is more accurate than said dedicated

orbit model.

4. Method according to claim 1, wherein said common
orbit model comprises more parameters than said

dedicated orbit model.

5. Method according to claim 1, wherein said parameters
of said common orbit model have a longer validity

time than parameters of said dedicated orbit model.

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

said dedicated orbit model.

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;

- LEuropean Geostationary Navigation Overlay Service

corrections:



positioning system time by a reference value that is based on a communication system time. 11.
Method according to claim 1, wherein said assistance data is transmitted to a particular mobile
arrangement upon a request by said mobile arrangement or broadcast in a cell of said communication
system. 12. Method according to claim 1, wherein a jpobile arrangement receives said assistance
data and estimates a position of a satellite of said satellite 52 based positioning system using said
converted parameters. 13. Method for supporting a satellite based positioning of a mobile
arrangement using-assiétarcerdata, saignmethod compkising:- reseiving at-said mobile arrangement

assistance data from %%c?g@@éq%lo%in@%\g%%@glggmig]go parameters fo% gorg]an}]k% orbit model .
describing a movement of a safellite of a particular satellite “based positioring System, wherein said

common orbit model isc&R BEGIt Fodef défitisesincommon for at least two satellite based positioning

systems; and - estimating-a-p@sitior of.asatellie of a- satellite based positioning system based on said
received parameters of said common orbit model. 14. Method according to claim 13, wherein said

common orbit model compPRsEE Widre Parametdrs THEE 4edédicated orbit model defined for said
particular satellite basethpositibring systemy.r15. Method acgerding:td claim 13, wherein said

parameters of said common grbitmedel have alonggryalidity, 11 pageq
positioning system enabling a data wipe-off upon a

request by a mobilile arrangement.

9. Method according to claim 1, said method further
comprising calculating correction data specifically
for saild common orbit model, said correction data
enabling said mobile arrangement to correct said
recelved parameters of said common orbit model based
on saild correction data, and providing said
correction data as a part of assistance data for said

satellite based positioning.

10. Method according to claim 1, further comprising at a
network element of said communication network
replacing a reference value in said converted
parameters that i1s based on a satellite based
positicning system time by a reference value that is

based on a communication system time.

11. Method accerding to c¢laim 1, wherein said assistance
data 1s transmitted to a particular mobile
arrangement upon a reguest by said mobile arrangement

or broadcast in a cell of sald communication system.

12. Methed according to claim 1, wherein a mobile
arrangement receives said assistance data and

estimates a position of a satellite of said satellite



time than parameters of said dedicated orbit model. 16. Method according to claim 13, said method
furi~iher 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 respegtive estimation of a position of a satellite. 53 17.
Apparatus for a communication network supporting a satellite based positioning of a mobile
arrangement with assistance data, said apparatus comprising a processing component, said
processing component deing: adapted toccanvettavailablepasametersof a-dedicated orbit model
describing a moveg/ggta%fe%esﬁqllite, 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, wherein said common orbit model is an orbit model defined in common for at least two

satellite based positioning.systems apd whergin §ai9aa3é%q3£4@0b$££®&teg@§§9i%§i%i”9 systems

comprise at least twa of the Global Positioning System GPS, the Global Orbiting Navigation Satellite
System GLONASSand thaGaliiEo &y<tehhid saidrotessing EompoRenthb&ing Hiapted to provide

said converted parameters asanpart of rassistance data for said satellite based positioning for
e e Y MR SGo0ogg iy, AL M e comm
data from a communication network including
parameters of a common orbit model describing a
movement of a satellite of a particular satellite
pased positioning system, wherein said common
orbit model is an orbit model defined in common
for at least two satellite based positioning
systems; and
- estimating a position of a satellite of a
satellite based positioning system based on said

received parameters of said common orbit model.

14, Method according to claim 13, wherein said common
orbit model comprises more parameters than a
dedicated orbit model defined for said particular

e

satellite based positioning system.

15. Method according to claim 13, wherein said parameters
of said common orbit model have a longer validity

time than parameters of said dedicated orbit model.

16. Method according to claim 13, 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 saild common orbit model based on said
correction data before a respective estimation of a

position of a satellite.



- the European Geostationary Navigation Overlay Service EGNOS; and - the Wide Area
Augmentation System WARS. 54 19. Apparatus according to claim 17, wherein said common orbit
model is more accurate than said dedicated orbit model. 20. Apparatus according to claim 17, wherein
said common orbit model comprises more parametggs than said dedicated orbit model. 21. Apparatus
according to claim 17, wherein said parameters of said common orbit model have a longer validity
time than parameters of said dedicated orbit model. 22. Apparatus according to claim 17, wherein
said common orbit model comprises at least one parameter having a longer word length than a

corresponding paraypeter. of said dedicated orbit model, 23. Apnaratys according fg claim 17, wherein

said processing component is further adapted to provide a reference fimetand a reference location in
addition to said coRvérted paranrétersias agsistaticetata 24 Apparattisaccarding t:élaim 17,

where--n said progessing-compenentds further adaptedsiorovide at lsast.ang gfthe following as
assistance data: - differential, Global Positioning System corrections; - Real Time Kinematics RTK

corrections; - carriet Phase TEdsUrSHIRRES for satétite Sigriats: S SElibpedfrEa68tatioRaryNavigation
Overlay Service cerregtions; £Wide Area Augmentation:Systeameareections; &

dedicated corbit model describing a 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 a2 satellite, wherein said common orbit
medel is an orbit model defined in common for at
least two satellite based positioning systems and
wherein said at least two satellite based positioning
systems comprise at least two of the Global
Positioning System GPS, the Global Orbiting
Navigation Satellite System GLONASS and the Galilec
system, and saild processing component being adapted
to provide said converted parameters as a part of
assistance data for said satellite based positioning

for transmission to said mebile arrangement.

18. Apparatus according to clzim 17, wherein the common
orbit model is defined in addition for cne of the
following:
~ the Eurcopean Geostaticnary Navigation Overlay

Service EGNOS; and

- the Wide Area Augmentation System WAAS,



55 short-term differential corrections for said converted parameters; ionosphere model parameters; -
troposphere model parameters; short-term integrity warnings; and data bits of at least one satellite
based positioning system enabling a data wipe-off upon a request by a mobile arrangement. 25.
Apparatus according to claim 17, wherein parametegg of said common orbit model have a validity of at
least one day. 26. Apparatus according to claim 17, wherein said processing component is further
adapted to calculate correction data specifically for said common orbit model, said correction data
enabling said Mobiferatrangement t@ cdrect said réeeived. farantetersiof saitcammonrorbit model

based on said correction, datas and;to prgyide said couection data asa part. of assistance data for
said satellite based positioning. 27. Apparatus according to claim 17, further comprising a processing
component adapted 6 tépl&eé areference 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. ?% AREarant:%st%%corgigg }8 j?r|1aimt17’ \%hgrein siaid ssistance da(tS%is provided for
transmissiontoa p FiCUIAr mobile arr"ange?nencf u%o%‘énrejquésfd yé&ﬂ%ﬂﬁ if%ogVPgﬁlgement or for
broadcast in a cell of saitl model comprises more parameters than said

dedicated orbit model.

21. Apparatus according to cliaim 17, wherein said
parameters of sald common orbit model have a longer
validity time than parameters of said dedicated orbit

model.

22. Rpparatus according te claim 17, wherein said common
orbit model comprises at least one parameter having a
longer word length than a corresponding parameter of

sald dedicated orbit model.

23. Apparatus according to claim 17, wherein said
processing component is further adapted to provide a
reference time and & reference location in addition

to said converted parameters as assistance data.

24. Apparatus according to claim 17, wherein said
processing component is further adapted to provide at
least one of the following as assistance data:

- differential Global Positioning System
correcticns;

- Real Time Kinematics RTK corrections;

- carrier phase measurements for satellite signals;

- European Geostatlionary Navigation Overlay Service
corrections;

~  Wide Area Augmentation System corrections;



communication system. 29. Apparatus according to claim 17, wherein said apparatus is one of a
network server and a base station. 30. Apparatus comprising a processing component adapted to
estimate a position of a satellite of at least one satellite based positioning system based on received
parameters of a common orbit model describing a mpvement of a satellite of a particular satellite
based positioning system, wherein said common orbit model is an orbit model defined in common for
at least two satellite based positioning systems. 31. Apparatus according to claim 30, wherein said
common orbit model comprises guoredparametersthan saidr dedicated drbit maedel. 32. Apparatus
according to claim 30, wherein said IBQE%IHE@QQ‘; said common orbit model have a longer validity
time than parameters of said dedicated orbit model. 33. Apparatus according to claim 30, wherein
parameters of said commisiEarbitifiodeIt avera Validif it least one day. 34. Apparatus according
to claim 30, wherein said (qreeessHge: componeptis fueheradapted to correct said received
parameters of said common orbit model based on received correction data, which has been
calculated specifically for 2aid recaned parametars 57 of 84id ‘comitrion orbit model, before a
respective estimation of& position of & satellitez 35. Appamtus:addordingaestaim 30, wherein said

appaﬁnusiSa'nOb”eﬁﬂﬂypgﬂgﬁﬂﬁgdgyggeﬁagnabling a data wipe-off upon a

reguest by a moblle arrangement.

3]
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Apparatusg according to claim 17, wherein parameters
of said common orbit medel have a validity of at

least one day.

26. Apparatus accerding to claim 17, wherein said
processing compenent is further adapted to calculate
correction data specifically for saild common orbit
model, said correction data enabling said mobile
arrangement to correct said received parameters of
said common orkbit model based on said correction
data, and to provide said correction data as a part
of assistance data for sald satellite based

pesiticning.

27. Apparatus according to claim 17, further comprising

m

processing component adapted to replace 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.

28. Apparatus accerding to c¢laim 17, wherein said
assistance data is provided for transmission to a

particular moblle arrangement upon a request by said



mobile communication device further comprising: - a satellite signal receiver adapted to acquire
signals transmitted by satellites of at least one satellite based positioning system; and - a
communication component adapted to receive from a communication network assistance data with
parameters of a common orbit model describing a mwvement of a satellite. 36. System comprising an
apparatus according to claim 17 and a mobile arrangement. 37. A software code for supporting a
satellite based positioning of a mobile arrangement with assistance data, said software code realizing
the following stepstwhendeing exectted by arprocessing aiditofa networkelemertt afai d
communication netwark: - converting g\@l@&“& parameters of a dedicated orbit model describing a
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,

wherein said commgib0rhit modet is-an orkjt medet definedin comumen rfok at least two satellite based
positioning systems and wherein said at least two satelli%e based Eositi ning systems comprise at

least two of the GI%BEF&S&HS’N%@ @%?en%bﬁs,n fhe"Globarsg v@rbitia‘r{b ﬁviﬁéﬁgn Satellite System

GLONASS and the Galileg:system; and providing said converted parameters as a part of assistance
data for said satellite based positioning for transmission to said mobile

30. Apparatus comprising a processing component adapted
to estimate a position c¢f 2 satellite of at least one
satelllite based positioning system based on received
parameters of a common corblt model describing a
movement of a satellite of a particular satellite
based positioning system, wherein said common orbit
model is an orbit model defined in common for at

least two satellite based positioning systems.

31. Apparatus according to claim 30, wherein sald common
orbit model comprises more parameters than said

dedicated orbit model.

3Z. Apparatus accerding to claim 30, wherein said
parameters of said common orbit model have a longer
validity time than parameters of said dedicated orbit

model.

33. Apparatus according to claim 30, wherein paramsters
of sald common orbit model have a validity of at

least cone dav.

34, Apparatus accerding to cleim 30, wherein said
processing component is further adapted to correct
sald received parameters of said common orbit model
based on received correction data, which has been

calculated specifically for said received parameters



arrangement. 38. A software code for supporting a satellite based positioning of a mobile arrangement
using assistance data, said software code realizing the following steps when being executed by a
processing unit of said mobile arrangement: - receiving assistance data from said communication
network including parameters of a common orbit megdel describing a movement of a satellite of a
particular satellite based positioning system, wherein said common orbit model is an orbit model
defined in common for at least two satellite based positioning systems; and - estimating a position of
a,satellite of at least fore: satetliterthased pbsitioningssystem based anrsaifd seeeaived parameters of

said common orbiterggg%I

35.

36.

37.

atlon of a position of a satellite.

Apparatus according to claim 30, wherein said
apparatus 1s a moblile communicaticn device, said
mobile communication device further comprising:

- & satellite signal receiver adapted to acqguire
signals transmitted by satellites of at least one
satellite based positioning system; and

- a communication component adapted tc receive from
& communication network assistance data with
parameters of a common orbit model describing a

movement of a satellite.

System comprising an apparatus according to claim 17

and a meobile arrangement.

A software code for supporting a satellite based
pesitioning of a mobile arrangement with assistance
data, sald software code realizing the following
steps when being executed by a processing unit of a
network element of a communication network:

- ceonverting available parameters of a dedicated
orbit model describing a 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, whereln said common
orbit model is an orbit model defined in common
for at least two satellite based positioning
systems and wherein said at least two satellite
based positioning systems comprise at least two of

the Global Positioning System GPS, the Giobal



38.
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Orbiting Navigation Satellite System GLONASS and
the Galilec system; and

providing said converted parameters as a part of
assistance data for sald satellite based
positiconing for transmission to said mobile

arrangement.

A software code for supporting a satellite based

positioning of a mobile arrangement using assistance

data, said software code realirzing the following

steps when being executed by a processing unit of

saild mobile arrangement:

receiving assistance data from saild communication
network including parameters of a common orbit
model describing a movement of a satellite of a
particular satellite based positioning system,
wherein said common orbit model 1s an orbit medel
defined in common for at least two satellite based
positioning systems; and

estimating a position of & satellite of at least
one satellite based positioning system based on
sald received parameters of sald common orbit

model .



