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BACKGROUND OF THE INVENTION

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

For GPS, for example, more than 20 satellites - also
referred to as space vehicles (SV) - orbit the earth.
Each of the satellites transmits two carrier signals L1
and LZ2. One of these carrier signals L1 is employed for

carrying a navigation message and code signals of a



(Coarse Acquisition) code. Thus, different channels
are obtained for the transm ssion by the different
satellites. The C A code is a pseudo random noi se
(PRN) code, which is spreading the spectrum over a
nom nal bandw dth of 20.46 MHz it is repeated every
1023 bits, the epoch of the totle being 1 ms. The
bits of the CA code are also referred to as chips.
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and tinme-of-applicability (TOA) for the al manac

paraneters. Both the TOE and TOA are referenced into

GPS TOW Epheneris paranmeters can generally be used

only during 2- 4 hours for determi ning the position

of a satellite, due to the rather short-term

fitting. On the other hand, a et'ter accuracy can be

achi gv;déyvith this short fit than wth a longer fit.
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4 correlation value exceeding a threshold val ue
indicates the C/ A code and the code phase, which are
required for despreading the signal and thus to
regain the navigation information. Then, the

recei ver determnes the time pf transm ssion of the
code transmtted by each satellite, usually based on
data in the decoded navi gati on nessages and on counts
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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. '

Sim;larly, it is the general idea of GNSS positioning to
Teceive satellite signals at a receiver which is to be

" positioned, to Ineasure the time it took the signals to
propagate from an estimated Satellite position to the
Tecelver, to calculate from this Propagation time the
distance between the receiver and the respective
satellite and further the current position of the

Ieceiver, making use in addition of the estimated



-s- Positions of the satellites. The European
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tB@cessory for the mobile communication device. A mobile
communication network provides assistance data, which is
received by the mobile communication device and forwarded
Lo the GPS receiver to improve its performance. Such
a531stance data can be for example at least ephemeris,
p031tlon and time information. The positioning
calculations are performed also in this case in the GPS
receiver. The third mode is a network-based mobile
station assisted GPS p051t10nlng For this mode, the GPS
receiver is associated as well to a mobile communication
device. In this mode, a mobile communication network
provides at least acQuisition assistance and time
information via the mobile communication device to the
GPS receiver for supporting the measurements. The

measurement results are then provided via the mobile



GPS receiver for supporting the neasurenents. The
nmeasurenent results are then provided via the nobile
6 comunication device to the nobil e comunication
network, which cal culates the position. The second
and the third approach are Iso referred to in
comon as assisted-GPS (A . If the assistance
data conprises a reference p05|tion and epheneris
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L#niged U S. A. for positioning of emergency calls.
There are many common features in all of the cellular
rotocols, for exanple, the supported GPS nodes. That
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the U.s.A. for positioning of emergency calls.

There are many common features in all.of thé cellular
protocols, for example, the supported GPS modes. That is,
all cellular protocols Support mobile station based GPS
mobile station assisted GPS and standalone GPS. Further,
all protocols have a high dependency on GPS. As indicated
above, the assistance data that is provided for A-GPS by
a cellular communication network may comprlse satellite
navigation data 1nclud1ng GPS ephemerls and almanac data.
All cellular protocols for GPS assistance data define to
this end ephemeris and almanac data information elements

{IE) with only slight differences. The ephemeris and
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the GPS related cellular protocols, there are also
differences. This means that terminal software receiVing
the assistance data has to éither have an adaptation
layer for the‘cellﬁlar pProtocols or support only some of
the cellular brotocols. Moreover, the differences in the
cellular protocels, éspecially in the message contents,
have effects on the A-GPS performance in terims of time-
to~first fix ang sensitivity.

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

accurate GPS TOW assistance. In GSM and WCDMA networks,



expected satellite code phases and Doppl er
frequencies in the GPS receiver for the initial
signal acquisition, the assistance data fromthe
network has to also include an accurate GPS TOW
assi stance. In GSM and WCDVA networks, 8 an accurate
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assi stance data. It has been proposed to augnent 3GPP
GPS assistance data elenents for Galileo signals by
nodi fyi ng the indexing of the epheneris data
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fﬁﬁ%éJﬁ@ﬁQ“éﬁ% accuracy of a GPS based positioning.
Further, differential GPS (DGPS} corrections had been

intreoduced for mitigating the effect of selective
availability. They are suited to remove atmosphere
effects and satellite position and clock drifts. WAAS,
EGNCS and DGPS corrections are always bound 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 conventicnal provision and use of assistance data
for a satellite based positioning of a mobile

arrangement.



Enbodi nents of the invention seek to provide
alternatives to the conventional provision and use
of assistance data for a satellite based positioning
of a nobile arrangement. - 9a According to a first
aspect of the present invention, there is provided a
met hod for supporting a saallite based positioning
of a nobile device using assistance data, said
nmet hod conprising at said nobile device: - receiving
assi stance data froma conmuni cati on network
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par amgi el a4 Al thal dscdifferent froma
format of paraneters of an orbit nodel defined for

~ receiving in addition differential corrections for
said received parameters of said orbit model; and
- correcting sald received parameters of said orbit

model based on said differential corrections.

According to a second aspect of the present invention,
there is provided a methed for supporting a satellite
based peositioning of a mobile device with assistance
data, said method comprising:
- obtaining in a communication network parameters of
an orbit model describing a movement of a
respective satellite of a particular satellite
based positioning system, wherein said obtained
parameters have a format that is different from a
format of parameters of an orbit model defined for
said satellite based positioning system or are
derived from ancther source than broadcast

satellite data; and



said satellite based positioning systemor are
derived from anot her source than broadcast satellite
data; and -9b- providing said obtained paraneters and
differential corrections for said obtained

paraneters as a part of assistance data for said
satellite based positioningShhe at | east one nobile
device, wherein said differential corrections enable
a nobile device to correct said paraneters. According
to a third aspect of the present invention, there is
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assistance data from a communication network
including parameters of an corbit model describing
a movement of a respective satellite of a
particular satellite based positioning system and
differential corrections for said parameteré of
said orbit model, wherein said parametfexs have a
format that is different from a format of
parameters of an orbit model defined for said
satellite based positioning system or have been
derived from another source than broadcast
satellite data; and
- a processing unit configured to correct said
received parameters of said orbit model based on

sald differential corrections.

According to a fourth aspect of the present invention,
there is provided a apparatus for supporting a satellite
based positioning of a mobile device with assistance

data, said apparatus comprising a processing component



data, said apparatus conprising a processing

conponent 9c- adapted to obtain paraneters of an

orbit nodel describing a novenment of a respective

satellite of a particular satellite based

positioning system wherein said obtained paraneters

have a format that is diff@ent froma format of

paraneters of an orbit nodel defined for said

satellite based positioning systemor are derived

from another source than broadcast satellite data;
adapbeddapt eltain B@é@mﬁbe§ﬁlQfoBPaPﬁ@étp@PQﬁét@?§Céﬁ8lng
a dhiigreptial 5 985%&8% ?QSS£9&1§§tQ gptai p ggtlcul

par aneters a8 a t o assistance data for sa
saselbitetbabadeﬁosbslbhbn@ngysoematwheaennoeeldnbbteined

devi ce, erein said dlfferentlgg correc%lons enab

Palamphife HRVFcR [OrBdtreRetsaPd® pAranBtefs SPma

of Ac&PEALPEr§0c8 ShfEh, a8PR6H: Of qthenpresgat skaventi on,
there is provided a software code for supporting a

sa%@ih¢¢¢tba@a@eﬁ09©§i©mbngnQYéﬁe@ fbbire devitedusiag
an@@ﬁ%?tggggcgg han aldagggéﬁa éggftéeggké dggéhgdapted

OVG ng execu

toppﬁ@@ﬁ@engauﬁl@bt@iné@lﬁaﬂ@heterdeandedlé@eoedtmglto
a sixth asgect of the present invention, there is

CORF AT HIHS a %f%%h?eo%%%%n?%rpgﬁﬁﬁﬁF?Fﬁgaﬁ 2sBeEF| Pfe

éﬁg%gké@saétgnfag of: 4 Q@@éile@ngge&n5831@§§h§hanﬁs
data, said software code realizing the nethod

atc&ﬁam@da@©OMQbmh@nd©®1©@,eubeneed byld @ﬁﬁﬁessnhgal
mmuni ca

cotti s “era 8 gt T el BT THaL £8HE ORat o

pafd@sents j nvention, there is provided an apparatus
conprising: - 9d neans for receiving assistance data
froma conmmunication network including paranmeters of

Acéﬁkding to a fifth aspect of the present invention,
there is provided a software code for supporting a
satellite based positioning of a mobile device using
assistance data, said software code realizing the method
as defined above when being executed by a processing unit

of said mobile device.

According to a sixth aspect of the present invention,
there is provided a software code for supporting a
satellite based positioning of a mobile device with
assistance data, said software code realizing the method
as defined above when being executed by a processing unit

of a network element of a communication network.

According to a seventh aspect of the present invention,

there is provided an apparatus comprising:



orbit nodel describing a novenent of a respective
satellite of a particular satellite based positioning
system and for receiving differential corrections

for said received paraneters of said orbit nodel,
wherein said paraneters have a format that is
different froma format of-9hraneters of an orbit
nodel defined for said satellite based positioning
system or have been derived from another source than
broadcast satellite data, and neans fer correcting
said memBiwyeth pararstensy ofss s ahor blat aotedm based
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data, wherein the nobile arrangenent is adapted to
communi cate with a comuni cation network and to
acquire signals transmtted by satellites of at

| east one satellite based positioning system This
nmet hod conprises receiving-t-the nobile arrangenent
assi stance data from the conmunication network

i ncludi ng paraneters of a conmon orbit node

descri bing a novenent of a shtellite. The nethod
further conprises estimating a position of a
satellite of the at | east one satellite based
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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 parameters of a
common orbit model describing a movement of a satellite.
The method further comprises estimating a positicn of a
satellite of the at least one satellite based positioning

system based on the received parameters of the common

orbilt model.



The nobil e arrangenent conprises a satellite signal
recei ver adapted to acquire signals transmtted by
satellites of at |east one satellite based
positioning system The nobile arrangenent further
conprises a comuni cati on conponent adapted to
receive fromthe communication network assi stance
data with paraneters of a common orbit nodel
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According to example embodiments, moreover a mobile
arrangement supporting a satellite based positioning of
the mobile arrangement using assistance data 1is proposed.
The mobile arrangement comprises a satellite signal
receiver adapted tc acquire signals transmitted by
satellites of at least one satellite based positioning
system. The mobile arrangement further comprises a
communication component adapted to receive from the
communication network assistance data with parameters of
a common orbit model describing a movement cf a
satellite. The mobile arrangement further comprises
processing means adapted to estimate a position of a
satellite of the at least one satellite based positioning

system based on received parameters of the common crbit

model.



software code for supporting a satellite based
positioning of a nobile arrangenent using assistance
data is proposed, wherein the nobile arrangenent is
adapted to conmunicate with a comuni cation network

and to acquire signals tran@mtted by satellites of

at least one satellite based positioning system

When bei ng executed by a processing unit of a nobile
Aarcandiempnto d¢tenp bofdmar@ircoes r eabreeset he secomd is
met hod of the first .aspect of the invention, -13-
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positioning systenms. Wth the conmon orbit nodel, a
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software program product is proposed, in which the first
scftware code proposed for the first aspect of the

invention 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 preocessing unit of a mobile arrangement, the
software code realizes the second method of the first

aspect of the invention.



accuracy can be achieved for all supported satellite
based positioning systens. Al so new satellite based
positioning systens can be added easily. Thus,
assisted positioning like A-GNSS could be harnonized
in various comrunication stegndards, for instance in
all cellular standards. In the nobile arrangenents,
the conmon orbit nodel facilitates noreover a
N&@@fdiﬁ@tt@nexiﬂpléxambbﬁlﬁenﬁﬁliﬁ@ﬁe&%ék a second
bridi zati on which allows a nobile

% é?%@r%o@m%%mn@rea%m a8 Bﬁ%@%ﬁe%a? 3215 ?nﬁjech f@%aF%COﬂd

obrlPSrsatehid i p£5pands Gabt | eResat ebt i dgsect tofsthd4-
al so possible to use the conmon orbit nodel as a
SpvghetonrbftSHOHRT- for a particular satellite based
positioning system for instance instead of the GPS
epheneris and al manac nodel, and equally as a single
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the common orbit model.

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

signals of GPS satellites and Galileo satellites. It is



orbit nodels, |ike the paraneters defined in the

| CD- GPS- 200, do not necessitate changes in the
converted paraneters. The interface between the

conmuni cati on network and the nobil e arrangenents

may thus stay the sanme. Onl-the inplenented

paranet er conversion has to be adapted. It is also
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model could even be used in addition for providing

assistance data for terrestrial positioning systems.

It is also an advantage of example embodiments that
possible changes in the format of parameters of dedicated
orbit models, like the parameters defined in the ICD-GPS3-
200, do not necessitate changes in the converted
parameters. The interface between the communication
network and the mobile arrangements may tThus stay the
same. Only the impiemented parameter conversion has to be

adapted.

It is alsc an advantage of example embodiments that the
format of the converted parameters is not tied to the
format of the original parameters. The conversion thus

enables a provisicn of enhanced



ahead in tinme. The data is typically in sp3 format,
which contains satellite position and velocity
coordinates in ECEF (Earth Centered Earth Fixed)
frame, clock tinme and accuracy estinmates sanpl ed at
sonme interval, typically 15.18an. The data is
provided for the full GPS satellite constellation.
The data is not suitable for term nal positioning as
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over the Internet. JPL publishes so called ultra-rapid
orbit position data that is valid and accurate at
decimeter level at least +/- 24 h, that is, 24 hours
ahead in time. The data is typically in sp3 format, which
contains satellite position and velocity coordinates in
ECEF (BEarth Centered Earth Fixed) frame, clock time and
accuracy estimates sampled at some interval, typically 15
min. The data is provided for the full GPS satellite
constellation. The data is not suitablie for terminal
positioning as such but must be modeled e.g. by
polynomial fitting to provide a compact set of parameters
for a terminal for satellite position and velocity
extrapolation as function of time. For the polynomial

fitting, it is possible to use the "peolynomial format”



The avail abl e paraneters of a dedicated orbit nodel

can be for exanpl e broadcast epheneris or other

orbital data, epheneris or other orbital data

provi ded by GNSS control segnents, and/or epheneris

or other orbital data provideds _by an external

source, such as IGS. The common orbit nodel can be
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The available parameters of a dedicafed orbit model can
- be for example broadcast ephemeris or other orbital data
ephemeris or other orbital data provided by GNSS controi,
Segments, and/or ephemeris or other orbital data provided

by an external source, such as IGS.

The common orbit model can bes based on Keplerian orbits
and parameters used for the GPS ephemeris and almanac
models.lBut it is also possible to use various other
Tepresentation to model the satellite position
information. Examples are Spline Polynomials, Hermiﬁean

polynomials, plece-wise continuous polynomials, etc By



The common orbit nodel paranmeters which are
eventually provided as a part of assistance data may

conprise paraneters for the entire satellite
constellation of a particular satellite based

positioning system the entire satellite
constellation of a plurality of satellite based

positioning systens, or a part of one or nore
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mobile arrangement .
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NASS and Galllep, but equally EGNOS and WAAS, etc



measurenents for satellite signals. For a high
accuracy RTK positioning, reference is nade to the
docurment WO 2004/000732 Al. Carrier phase
nmeasurenents and RTK reference data, for instance,
are suited to support a high-accuracy positioning.
It is to be understood that K correcti ons known
for GPS nay be adapted as required for the support

of a Galileo based positioning, etc. Further
assi stance data are EGNOS and

exa f._additjonal

V\A%F)Qis\ﬁ:cgflrtgg igﬁs%@rh%ora‘é%%@ﬁogeéawtémmthe provided

get3t dtticonar ya EENGS, arshpMAS sat ghli is difficult

t orimeecebye; b, hi gh-J atitude ar egs. H‘I%g%ataarﬁgflrence
therefore be ~provi ded & hefwetRCadsidslapeeadatars, and
i St edarenfe - doratpamt i qul aesi fothe CAMORKYLDLT gl

| oamsA0b En R gor B del,.as the current
EGNOS/ WAAS correc(_% gﬁ;segg “RULR FHEAIG d0i pddikidroto a
| NGt et A GHHial Hdgepesini of iatdarelexanp! €205 2 mogel

adert sanal 1 assiSt-ance; dat re short- term
diif}ﬁ@{ ent i aaiﬁcor recti é%g %cl)c? %ln%-’t 8r M BF bf ¢ £ Hesdstes for
A sil THHRTREr ExAAPRECDf faiddidtiednak casss stance dat a
arelo¢ignosplie e ofRdetcRas &Pt r tropasphere
megdel s, RAnaNEt e;cg, Astil] flﬁ grgggég%p‘?se ‘%’?ﬁ @ model
~ addi tional - “as§rstERdR it #hdce whodtup eramiattagni tyr
VB3 s POl chos egorindr @isdedat Bt g Gase,of a
sesiden nsateklite fail ure, in or der to excl ud& the
s%el lite from positifon " '¢alcaPdt Ferecitstiddelbuis her
eXdifpireI6ruatii theIEr dsaiet anseadalf @l _‘%o‘éétt?o]?i ts

aforaleck a8t - 0N, S i.te . based positioning system
dat a vm%peg{flg SHpSASALY r iy s ECBY Arambi 17

%%%bl [ ng%ﬁ
ar r angendhtto B Wwifperesf (Essa-Namithag)t @k npLove
wElrbiseasiwitH 3/ ditrAeSALELL LT ignal receiver. For
égng%eéoif GPS da aecontengt{ 'ﬁE%fB%&ﬁﬁ,mPt I3 data
| G S6erenthe FREBgFzamethe GPS signals only
for 20 nms periods (1 GPS bit). In the case that the

'ﬁﬁ%@her, the p;pvided assistance data may comprise divers
—ther information. Examples are DGPS éorrections, Real
Time Kinematics (RTK) corrections and carrier phase
easurements for satellite signals. For a high accuiacy :
RTK positioning, reference is made to the document WO
2004/000732 Al. Carrier phase measurements and RTK
reference data, for instance, are suited to support ‘a
high-accuracy positioning. It is to be understood that
RTK corrections known for GPS may be adapted as required
for the support of a Galileo based pPositioning, etc.
Further egamples of additional assistance data are EGNOS
and WAAS corrections. The data broadcast from
geos?ationary EGNOS and WAAS satellites is difficult to
Tecelve in high-latitude areas. The data may therefore be

provided as network assistance data instead in
- r



bits are known, coherent signal integration can be
conti nued over several GPS bits giving approximately
1.5 dB gain in sensitivity every tine the
integration tinme is doubled. For exanmple 40 ns (2
bits) could result in a ga®-of 1.5 dB, and 80 ns (4
bits) in a gain of 3 dB. In exanple enbodi nents, the
same or another network elenment of the comunication
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is possible to coherently integrate the GPS signals only
for 20 ms periods (1 GPS bit). In the case that the data
bits are known, coherent signal integration can be
continued over several GPS bits giving approximately 1.5
dB gain in sensitivity every time the integration time is
doubled. For example 40 ms {2 bits) could result in a

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

In example embodiments, the same or another network
element of the communication network further replaces a
reference value in the converted parameters that is based
on a satellite based positioning system time by a
reference value that is based on a communication system
time. That is, the commecn orbit model is referenced to a
communication system time base only, and the satellite

pogition information can thus be



a comuni cation systemtine. The UTC tinme provides a

uni versal tinme reference for all GNSS systens and

makes it possible to evaluate the nunber of possible
frame/ superframe rollovers specific, for exanple, for

cel lular systens. The UTC t2me reference is also

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

times can be compensated in the clock model. A common



According to exanpl e enbodi nents, a first nmethod is
proposed for supporting a satellite based positioning

of a nobile arrangenent with assistance data,

wherein the nobile arrangenent is adapted to

conmuni cate with a comuni catdi on network and to

acquire signals transmtted by satellites of at

| east one satellite based positioning system The
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II.

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

providing the parameters including the replaced reference



Accordi ng to exanpl e enbodi ments, noreover a network
el ement for a conmuni cati on network supporting a
satellite based positioning of a nobile arrangenent
with assistance data is proposed, wherein the nobile
arrangenment is adapted to camunicate with the
comruni cati on network and to acquire signals
transmtted by satellites of at |east one satellite
babed PO tpor ngt systemnddhelaed Wws K ehenenteilite

co i Si ng processing neans. The processing neans
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on the determined communication system time.

According 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 to communicate with the
communicaticn network and to acquire signals transmitted
by satellites of ét least one satellite based positioning
system. The network element comprising processing means.
The processing means are zdapted te replace a reference
value that is based on a satellite based positioning
system time in available parameters of an orbit model
describing a movement of a satellite by a reference value

that is based on a communication system time. The



recei ved assi stance data based on a determ ned
communi cation systemtine. According to exanple
enbodi nents, noreover a systemis proposed which
conpri ses the proposed network el enent of the second
aspect of the invention and-2he proposed nobile
arrangenent of the second aspect of the invention.
Accordi ng to exanpl e enbodi ments, noreover a first
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estimate a position of a satellite of the at least one
satellite based positioning system using parameters in
received assistance data based on a determined

communication system time.

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

mobile arrangement of the second aspect of the invention.

According to example embodiments, mcrecver 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



sof tware program product is proposed, in which the
second software code proposed for the second aspect

of the invention is stored. Exanple enbodi nents nay

be based on the idea that satellite positions could

be estimated based on paramt-ers of an orbit nodel
usi ng a conmmuni cation system tinme instead of a
satellite based positioning system tinme. To enable
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by a processing unit of a mobile arrangement, the
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software code realizes the second method of the second

aspect of the invention.

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

invention is stored.

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

a communication system time based reference value. For



a respective conbination of a frame nunber, a tine

slot and a bit nunber. |If the comrunication network

is a WCDMA  network, for exanple, the conmunication
systemtinme nmay be defined by a respective system

frame nunber, slot and chips-Al current cellular
termnals, for exanple, already decode the frane
nunbers. Thus, suitable tinme information is already
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[ exér apol ati on of the satel sitions
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The example embodiments can be employed for any assisted
satellite based positioning system, for example for A-GPS

or assisted Galileo.

If the commﬁnication network is a GSM network, for
example, the communication system time may be defined by
a respective combination of a Irame number, a time slot
and a bit number. If the communication network is a WCDMA
network, for example, the communication system time may
be defined by a respective system frame number, slot and
chip. A1l current cellular terminals, for example,
already decode the frame numbers. Thus, suitable time
informaticon is already available for satellite positiocn
calculations, that is, for extrapolation of the satellite

positions using a cellular communication system time.



predeterm ned set of feedback itens to the

communi cation network. In existing approaches, the
set of feedback itens depends in contrast on the
positioning node, that 1is, on whether the
positioning is nobile statiop; based or nobile
station assisted. The feedback data may i ncl ude

pasition information, |ike a determ ned position of
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mobile arrangement.

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



time difference information fromthe network, by

eval uati ng OID neasurenents carried out in the nobile
arrangenent and establishing a UTC-cellular tine
relation again if the uncertainty of the relation

gets too large, or by eval,ﬁuazt7i ng GNSS tinme
assi stance fromthe network. For instance, in CDVA

ne}fvvor ks, GPS and UTC tines are avail able by
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and chip, with the determined satellite based positionin
systém time. Alternatively, the mobile arrangement may ’
r?celve an initial time relation as assistance data. The
t?me relation can be maintained for example by evaluating
time difference information from the network, by
evaluating OTD measurements carried out in the mobile
arr?ngement and establishingra UTC~cellular time relation
again if the uncertainty of the relation gets too large
Or by evaluating GNSS time assistance from the network.r
For‘instance, in CDMA networks, GPS and UTC times are
aYallable 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
Sénsitivity. Performance improvements can be achieved
Wwith a time relation having an accuracy of hundreds of

mic : | 1 i
Foseconds. The maintained time-relation may also be



conmuni cation network and to acquire signals
transmtted by satellites of at |east one satellite
based positioning system and wherein the

comuni cation network is adapted to support at |east
two different positioning nogfes. The nethod

conprises transmtting at |east one set of data that

i s independent of an enpl oyed positioning node in at
1eastdeneidi & ecéinons befarens s het ambe | @aaar apgeneniobile
and the conmunication network in the scope of a
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&&@Po%? tiorne obil.e arrangenent conprises a

atel1ite signa f'ecei ver adapted to acquire signals

transmtted by satellites of at |east one satellite
based positioning system ITMhe nobil e arrangenent

further conprises a communication conponent adapted
ﬁé%é£&¥gangoégxgﬁ%'é éﬁg%diments, a method is proposed
for supporting a satellite based pesitioning o¢f a mobile
-arrangement using assistance data, wherein the mobile
arrangement is adapted to communicate with a
communication network and to acquire signals transmitted
by satellites of at least one satellite based positioning
system, and wherein the communication network is adapted
to support at least two different positioning modes. The
method comprises transmitting at least one set of data
that is independent of an employed positioning mode in at
least one direction between the mobile arrangement and
the communication network in the scope of a positioning

of the mobile arrangement.

According to example embodiments, moreover a network

element for a communication network supporting



set of data that is independent of an enpl oyed
positioning node to a conmuni cati on network and/or to
receive at |east one set of data that is independent
of an enpl oyed positioning node fromthe

conmuni cation network in ti¥-scope of a positioning
of the nobile arrangenent. According to exanple
enbodi ments, noreover a systemis proposed which
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sof tware program product is proposed in which the
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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 transmit at least one
set of data that is independent of an emplovyed
positioning-mode to a communication network and/or to
tecelive at least one set of data that is independent of
an employed positioning mode from the communication
network in the scope of a positioning of the mobile

arrangement.

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

arrangement of the third aspect of the invention.



IS proposed, wherein the nobile arrangenent is
adapted to communicate with a comuni cati on network
and to acquire signals transmtted by satellites of
at | east one satellite based positioning system
When bei ng executed by a pr3#cessing unit of the
nobi |l e arrangenent, the software code transmts at

| east one set of data that is independent of an
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software code proposed for the third aspect of the

inventicn i1s 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 the mcbile arrangement, the
software code transmits at ieast one set of data that is
independent of an employed positioning mode to the
communication network and/or receives at least one set of
data that is independent of an employed positioning mode
from the communication network in the scope of a

positioning of the mobile arrangement.



The at | east one set of data may further belong to
feedback information transmtted fromthe nobile
arrangenent to the communication network. In this
case, the at |east one set of data nay conprise for
i nstance nmeasurenent infort¥tion for satellite
signals acquired by the nobile arrangenent. |If the
nobi |l e arrangenent determnes itself its position
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of a long-termorbit ‘nodel degrades over tine. But

Wi SRR Sst-oposed  correction data, it is possible to
extend even the life span of these |long-termorbital

paraneters. |In exanple enbodi nents, the proposed

Ty réctlissstidate t9fls of data may belong or 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 informaticn transmitted from the mobile
arrangement to the communication network. In this case,
the at least one set of data méy comprise for instance
measurement information for satellite signals acquired by
the mobile arrangement. If the mobile arrangement
determines itself its position based on the acquired
satellite signals, the determined position may be added

to the common set of data.



al  ows enhancing the accuracy and the integrity of
long- termorbit nodels. As the orbit nodel updates
have to be Iless frequent with accurate correction
data, the anobunt of data that has to be transferred
bet ween a conmuni cati on netvi#-k and a nobile
arrangenent is reduced and the |load on the bandw dth
is lowered. Also the correction nodels can be nore
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very accurate. Because selective availability is
nowadays turned off, a new type of DGPS corrections
can be designed to be very atcurate. Further, a
single format of correction data can be used for al
satellite constellations, like GPS, Galileo, donass,
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cal cul ated.
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.

In example embodiments, the proposed correction data thus
allows enhancing the accuracy and the integrity of long-
term orbit models. As the orkit model updates have to be
less frequent with accurate correction data, the amount
of data that has to be transferred between a
communication network and a mobile arrangement 1is reduced
and the load on the bandwidth is lowered. Alsc the
correction models can be more accurate and long-term than
existing models. Due to the nature of selective

availability, DGPS corrections,



On the side of a nobile arrangenent, the correction
data is received and used for correcting the
paraneters of a long-termorbit nodel before a
respective estimation of a satellite position is
performed. The inplenentatdi @ i-n the nobile
arrangenent may use the provided correction data in
a_siml|ar manner as the conventional DGPS
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descrj bed for the exa ment's “can also be
cdhpitdadged in various ways. The actual correction data
can be calculated for ‘instance based on real measurements
from reference stations or based on an existing
EGNOS/WAAS model. The form of the actual correction data

does not depend on how the corrections were calculated.

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

model .,



BRI EF DESCRI PTION OF THE FIGURES - 35 O her objects
and features of the present invention will becone
apparent fromthe follow ng detailed description
considered in conjunction with the acconpanying
drawings. Fig. 1 is a scherdtic block diagramof a
system supporting A-GNSS; and Fig. 2 is a flow chart
illustrating an operation in the systemaof Figure 1,
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provi ded of assistance data. The system
conpri ses a base station 10 and a network server 20
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comuni cati on networ urther conprises a
darstchiohi |datst atdrohg MeBd 301,1:13 e greiniplst |gubodiments.
station (MS2) 40, GPS satellites (GPS SV) 50 and
Glileo satellites (GPS SV) 60. The base station 10
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WLAN, a BlueteothTM network or a WiMax network, etc. The
mobile arrangements in the first, the second and the
third aspect of the inventicn 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 communicatign device.

It is to be understood that all details described for the

example embodiments can also be combined.

BRIEF DESCRIPTION OF THE FIGURES



a Galileo control server (not shown). It conprises a
menory 21 storing a database and a processing unit 22
that is able to execute various inplenented software
code .conponents, including a paranmeter conputation
conponent 23, a database updating conponent 24 and a
position estimation conpdhéﬁt“ZS. The first nobile
station 30 is a nobile arrangenent which includes a
@SRl s3dng T eiyer_31 conprises, an
cqgisit?on andn?rg%ﬁgﬁgﬁﬁgﬁbgﬁgn?r%ﬁfngmﬁngﬁnﬁﬁQBb%lll
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code whigggis @gcuéggggg.algfrocessing untt of the
GPS recei ver 31, PhETIBBPT ¥t ation 30 further
i'i6l-udes ¥ celflyhachengi NBluB5aa5nd 68! b¥bAltion in the
connunicqﬁgggnpggp%ggﬂg cellular engine is a

S

e 1. . :
nodul e whi'ch conpri s alT” conmponents required for a
conventional nobile comuni cation between the nobile

Bonerdd mnrdra uhpr i i,on network and
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which may further be enhan addi ti onal
functions. The cellular engine 33 is or conprises to
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tEatgAegebgathe application conponent 36 can be any
~application which requires position related

%nfornation, for exanple a navigation application or
SHSHPRCEPTROR $#F ch kassuséstitat1Gpesi i acsabyices

srerer 30 of a GSM network or of any other celiular
communication network. The system further comprises a
first mobile statien (MS1) 30, a second mobile station
(MS2) 40, GPS satellites (GPS SV} 50 and Galileo .
satellites (GPS SV} 60.

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

and a feedback forwarding component 15.

The network server 20 can be accessed by various base

stations 10 of the cellular communication network.



offered to a user of the nobile station 30 at
specific locations, etc. It is to be understood
that, alternatively, the application conponent 36
and the position estimation. conponent 38 could be
executed by sone other processing unit, for exanple
by a processing unit of the' ‘GPS receiver 31. The
second nobile station 40 has a simlar design as the
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from anot her entlty. Such another - 38

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

application which ensures that specific services are



entity may provide for instance EGNOS and WAAS
corrections that are broadcast by geostationary EGNOS
and WAAS satellites. The paraneter conputation
conponent 23 converts the received GPS paraneters
into paraneters of a comon orbit nodel (step 201).
Further, it converts the recélved Galileo paraneters
into paraneters of the sanme cormmon orbit nodel. The
sakek)d r ich_t respective  paraneters are
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the nunbe g par amst 6r's and —t he word fBngtwoéf the
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etc. The parameters of the common orbit nodel nay
r a |longer period of tinme than
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fiidale 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 7
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 pParameters comply with a
Galileo ICD and belong thus to a Galileo specific orbit
‘model. The network server 20 may also receive additional
information from the GPS control server, from thé Galileo

control server or from another entity. Such another



39 nodel may also be the only orbit nodel, for
exanpl e, fory GPS. It is to be understood that the

conversion of the paraneters conprises also a
re-cal cul ation of the paraneters. The generated

paraneters of the conmmon orbit nodel for a
respective satellite conpr@§e a reference val ue,
which constitutes a reference tinme for the included
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t he
WAARNRaGedal ass For exanple, for a GPS satellite,
reference tine is based on the TON count of GPS,

like the TCE or the TOA. Now, the application
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model may allow calculatlng corrections te satellite
signals due to clock drifting. It has to be noted that
any correction data, including WAAS-, EGNOS- and/or DGPS-
like correction data, may be calculated or re-calculated

specifically for the employed common orbit model] .

By the'parameter conversion, the parameters of different’
GNSSs are unitized, that is the number of parameters and
the word length of the parameters is exactly the same for
GPS5 and Galileo, etc. The parameters of the common orbit
model may further be wvalid for a longer period of time
than the GPS ephemeris parameters. Moreover, they may
define the position of the satellites more accurately
than, for instance, the GPS almanac orbit model. This can
be achieved for example by using more parameters or by
using longer word lengths than defined for:the parameters

Transmitted by the satellites. Thus, the common orbit



10-and that belong to the indicated GNSS or GNSSs
(step 202). The current position of the satellites
can be determ ned by nmeans of the generated orbit
nodel paraneters. The satellites that are currently
visible at an identified bag; station 10 can thus be
determined easily, if an associ ation between the
respective identification of all base stations and
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request indicates the GNSS type that is supported by the
mobile station 30, 40.

When the base station 10 receives the assistance réquest,
the parameter retrieval component 12 instrﬁcts-the

network server 20 to provide the parameteré of the common
orbit model for those satellites 50, 60 of the supported
GNSS5 or GNSSs that are currently visible at the location
of the base station 10 (step 101). The instruction

comprises an identification of the base station 10 and an

identification of the GNSS or GNSSs.

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

are currently visible at the location of the base station



- 41 communication network is a WCDVA network, the
cellular system based reference tine can conprise
for exanple a system frame nunber (SFN), slot and
chip , which represent the tine of the GNSS based
reference tinme. In order to 6 able to replace the
GN\SS based reference time wth the cellular system
based reference tine, the base station 10 has to be
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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_reférence time replacement component 13 of the base

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

the GNSS based reference time. In case the cellular



- 42 order to create a GNSS tine to cellular

communi cation systemtine relation for any base
station 10 in the cellular conmunication networKk.
The tinme differences can be neasured, for exanple,
by coll ecting and eval uating _ OTD- neasur enents
reported by default by nmobT 1 &l stations 30, 40 to the
cellul ar comuni cation network. In a-third
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relation either froma previous positioning session
oEnf£(¥9§gE3a§%g§E2tive, an LMU is associated to the base
station 10. In this case, the ILMU may determine the GNSS
time and provides it to the base station 10. The base
station 10 may then determine the relatiori itself. It has
to be noted, though, that it would be rather expensive to

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

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

other base stations 10 in the network are measured in



solution, this information can be sent to the
cellular - 43 communication network along with the
assi stance request. Sone options for obtaining and
maintaining a valid time relation in a nobile
station 30, 40 will be described in sonme nore detail
further below with reference 4tzo‘s'tep 306. The base
station 10 may then use the tine relation provided

by L a 30,,40 to calcul ate t
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bp@g@@ag@ndlng 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 differences in the cellular
system between the LMU base station and the other base
stations 1Q, if the time differences determined at the
mobile stations 30, 40 are reported to the cellular

communication network.

In a fourth alternative, no IMU is required in the

cellular communication network. Instead, the mobile

station 30, 40 provides the relation between the GNSS-

time and the cellular communication system time. If the

mobile station 30, 40 already has a valid relation either
‘ from a previous positioning session or from the E-GPS

solution, this information can be- sent to the cellular



- 44 the nessages to all nobile stations 30, 40

| ocated in the cell that is served by the base
station 10. The nmessage eval uati on conponent 37 of
the nobile station 30, 40 receives the nessages and
decodes the frame nunber, tiyge _slot and bit nunber
in order to determne the cel'lular conmunication
systemtinme. Further, it extracts the information
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t refldetiary sastamfiomead orefsfrenke tewer ot et |abdit model
CuRiMeeal-kon systemtine using the provided orbit
nodel paraneters, and possibly taking account of the
short-termdifferential corrections, etc. (step

30PsocBasedgon tines obtndd ned asabehhibe Eémhatlidion
theg&%si%Lon estiqg%; n conponent 38,nq¥ limt the
pSaEiHe PG padaLT bif (157 §PSCRePsat B 1S Pt and
t e 67@¢6Lbr BAgadppl B8, faieqaencyoi whacie oiw el ireifakred.
manner. Wth known |imts of the propagation tine

and the Doppler frequency, also the possible code
plases thhabNbdvieasel beefagiveckedinanibethd mrtted. mSdeh
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addition. A short-termintegrity warnin nﬁ%_be
prOTPEBRENL bl tHSSTRINGSY I# T6PVEFC28°Fi R ¢thehidese
Stsattie@Di 48s Whenes®r(step 103). The message is the same for

any type of positioning mode. The message includes
Information Elements (IE} with the orbit model
parameters, including the replaced reference time. In
addition, it may include a reference location, namely the
known location of the base station 10. Further, it may.
include any of the information provided by the network
server 20, information provided by some other entity, or

information generated at the base station 10 itself.

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

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

all respectively visible satellites 50, 60 and broadcast



there is a sudden satellite failure. - 45 The
position estimtion conponent 38 forwards the
deternmi ned code phase limtations and possibly
further information included in the received
messages to the acquisitionand tracking conponent
32. The acquisition and tracking conmponent 32
acquires the visible satellites (step 304). The
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neasurenent resu e position estinpation

conmponent 38 then uses the pseudo ranges together
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estimating the position o nobil e station
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position related infornmation like velocity 5@
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be cgl%\élddggbgg rtnggefpgpalu_la?n?etéeq:%, and possibly taking
account of the short-term differential corrections, etc.
{step 303}). Based on the obtained satellite trajectory,
the position estimation compeonent 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 be
checked can be limited. Such code phase limitations are
carried out for all satellites for which orbit model
parameters have been provided, except for those, for
which a short-term integrity warning has been providéd 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 satellité failure.



conponent 36 for the intended use. 46 By default,
the position estinmation conponent 38 of the nobile
station 10 provides the determ ned position related
i nformati on, the received neasurenent results and a
rel ati on between the cellul ag-comuni cati on system
time and the GNSS tine as feedback data to the
cellular communication network. The feedback data is
al ways the sane irrespective of the enpl oyed
positioning node, except that the ositiogFof
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calculate a position itself (204). The nobile station
30, 40 may also maintain the relation between the,
c dHeulpar i & bamue daateRns pOPRANET he3tamd vt Rev GRS
by fefaul tifstep t3BhobINesseanibe Hdonaoi finthe
nmobi | e station 30, 40 has %btalned a . valid S fix
ar@nventional manner {step 305). That is, it determines
pseudo ranges to those satellites 50, 60 of which signals
have been acquired. Further, it determines the exact
satellite positions based on the decoded navigation data
at the time of transmission of the signals, which is
indicated in the decoded navigation data and refined by
the measurement results. The position estimation
component 38 then uses the pseudo ranges together with
the determined satellite positions for estimating the
position of the mobile station. The position estimation
component 38 may equally determine in a conventional
manner any other desired position related information
like velocity, GNSS time, measurement and position.
uncertainties, etc. The determined position related

information may then be provided to the application

component 36 for the intended use.



has been able to associate the current cellular 47

comruni cation systemtine, for exanple in terns of

frame, subframe, slot, bit and chip, with the GNSS

time or has received the initial relation as

assi stance data. In this Case,_ the nobile station

30, 40 can reconstruct or recover the G\NSS tine at

any nonent just by estimating the elapsed tinme from
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SNSBi bOs Caiddl AoV AMUALCALEIPase 21 can be used to
deliver time—accurate assistance data to mobile stations
30, 40 for improving the'Sensitivity without delivering

GNSS time per se.

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

to calculate a position itself (204).

The mobile station 30, 40 may also maintain the relation
betwaeen the cellular communication syétem time and the

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

has been able to associate the current cellular



systemtinme relation having an accuracy of hundreds
of - 48 mcroseconds is sufficient for these
performance inprovenents. The nobile station 30, 40
may return performed OTD neasurenents to the

cel lul ar comuni cation network with each request for
assi stance data (step 301). i may return the OID
nmeasurenents for exanple in the units of seconds, in
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available. The time difference can further be obtained
from OTD measurements that the 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 time assistance from the
cellular communication network. In CDMA networks, for

example, GPS time is available by default.

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

system time relation having an accuracy of hundreds of



of a nobile device using assistance data, said nethod
5 conprising at said nobile device: - receiving

assi stance data froma conmuni cati on network

i ncluding paraneters of an orbit nodel describing a
novenent of a respective satgllite of a particular
satellite based positioning system 10 wherein said
paraneters have a format that is different froma

f afieRbs 8o anetRIrgief Al PEPIthe SR rdehbRes for
said satellite based positioning systemor have been
deéfPyEUSTE Yt -anot her source than broadcast satellite
data; 15 - receiving in addition differentia

corrections for . sai.d recei ved paraneters of .s
bR - S Hor SLCh TR aary PetérgRge OtF
parapetensntef teaittheorbilubadetonrasddadiosandtwork with
differ i r ie 0 T, a | ng
t SR T AR RSP it 10T o Ty oh 1
parsnet ety AT® megeiverenss nipe expenleate thammsdisd of
Ors@!:&nﬁ@,_deiln %%ffﬂ%@lggrmﬁéf e(,sc?ﬁc@ |drI %a93§_§cgonds,
positioning system 25 3. The nethod according to
chapRrad qlurfrivgle esnprPErale &t iaiedomshi Fe dde
eshkBhd i A iPR&EIJeheRnof osaikk sAtielilairt ech@seteaton
said recei ved paraneters of said orbit nodel. - 50
ASYFRE netH¥od according to claim1, further
conprising estimating a position of said nobile
deyice jn.said, npbil evi ce using said received
pg}f/aﬁ%t%? ¥ eoflo§§dd%lh§go€%? 't&f‘rsocdtelipe SMROGEIHRY f or
suppetituigsa csdtyeloniet ef basea: posi tdfomorgibbé enbmplirests.
d§¥-' &?%"Eﬂn%n%i%inﬁt auce.dan s . sald ethad Lol A1ng:
10" - obtaining 1Th a comuni cation network paraneters
ofalilec, other or additional GNSS could be supported as

well. As mentioned above, instead of a GSM network, any
other type of cellular communication network could be
employed too. Also -some processing 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 variled.
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 alsc for other GNSS
satellites. Also one or more orbit models standardized
for another specific GNSS could be used. Further, the

- reference time replacement is not required, in case GNSS

time is readily available at the mobile stations, etc.
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an orbit nodel describing a novenent of a respective
satellite of a particular satellite based

positioning system wherein said obtained paraneters
have a format that is differ4e§1t froma 15 format of
paraneters of an orbit nodel®defined for said

satellite based positioning systemor are derived

from anot her source than broadcast satellite data;

and-- providing said obtained paraneters and 20
differential corrections for said obtained

ar ters sapart of  .assi stanc ta.for said. . .
o & Attt PRGN 3 6 e 4 eadt. g toning
devig®,a wheridien @@:ﬁ@ldém@mg@lsmdﬁﬁams s&ine-hod
a nobi | e device to co t, sal ararreters 25 6.

The FEFHIE AL GYdiSRy ]\H’?e’r ein said orbit

model Qfedﬁﬂﬁmgoﬂéﬁﬁiﬁfrﬁceﬁr@@tﬂldﬁﬁda ieniif cation
accurate than said orbit nodel defined for said

sat el | Y& "P4ded PoSAATehiRfg @F&sam 230 &7 ottt

accor digagd-ashal @ %oﬁéﬂéﬂiﬁfoﬂwrifés%é&gzlv@téd@ll@&e of
in said comuni cati on network a position of a nobile

devi ce & BRI EH 9ai Fadttdiltéu Hrdeamiasis Lorgng desten,
providad iusisng £ Jeedhad  nomsal dJmpid endevice.

8. The nethod according to claimb5, wherein said 5
assi st &ficd edand it andmadd afo Péflr@ﬁletﬁecﬁﬂ &f mebiqreit

devi ce (RRN A8FULStr Y s%ﬁ'dj SR8 devG8q %os@"tlonlng
apparatus supporting a satellite based positioning

of sai ¢YSpEar SruSaysi Mg eds siedtiairce fdem ansdihgri@ource
appara&%%n?%ﬁ%”&%d&% satellite data;

- receiving in addition differential corrections for
saild received parameters of said orbit model; and
- correcting said received parameters of said orbit

model based on said differential correctioﬁs.

2. The method according to claim 1, wherein said orbit

model of which parameters are received is more
accurate than said orbit model defined for said

satellite based positioning system.

3. The method according to claim 1, further comprising

at said mobile device estimating a position of said
satellite based on said received parameters of said -

orbit model.
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- a comuni cati on conponent adapted to receive

assi stance data from a conmuni cati on network

i ncludi ng paraneters of an orbit nodel describing a
novenment of a respective s@%ﬁijte of a 15 particul ar
satellite based positioning systemand differentia
corrections for said paraneters of said orbit nodel
wherein said paraneters have a format that is
different froma format of paranmeters of an orbit
drodéahedefatied! farcesalithg 20 satell ilte thagdeer comprising
posi ti.ani syst em ar, .have been . deri.ved from anat her.
Do B Ghtiert a1 BT AT e Ml
pr ocessilrg daviitcec anfirgursed d o worineet saiahe teeceiofedaid
paranet.ers of .said orbit nodel based on 25 said
diffgi’ F51E%Urrections. 10. The apparatus accordi ng
to claim9, conprising a processing conponent

adapted to estimate a position .of said. apparatus, . .
s B TEL R 30 T S R £ S8 1 30 oS At Lt Loning
52 o¥la AckRpar aldis JeorisipRYdilNG s alald |t ikhsed hod
positioning of a nobile device with assistance data,

sai ¢ dpparati¥s conprising a processing conponent 5

adapt edpi@ i@atdl N rpal ARhRrS Cft idh fdilorERraneters of
descri bing a novenent of a respective satellite of a

par ti c@ParTddfeMaded BESEd 1Fdix iFoMNETS st &t 2
wher ei Bc$ajcd tQRIAINRY NARATRIETS ava & :ar Ml dihal e

is different froma format of paraneters of an orbit
10 nod&Esgel Peed tHeM iyl ¢ vsdea] | ihe tsdde dgidkidteningg

syst emQr-akg d&f ived ff .AR0! Nefa (SQW CE AR Lt from a
broadcast satellite data; and adapted to provide said

obt ai néd rpaitapdt @eg aaed edisf fodr et icab idomastst]i gles igd for

sald satellite based positioning system or are

(

derived from another source than broadcast
satellite data; and

~ providing said obtained parameters and
differential corrections for said obtained
parameters as a part of assistance data for said
satellite based positioning to at least one mocbile
device, wherein sagid differential corrections

enable a mobile device To correct said parameters.

6. The method according to claim 5, wherein said orbit

model of which parameters are obtained is more
accurate than said orbit model defined for said

satellite based positioning system.

7. The method according te claim 5, further comprising

estimating in said communicatiocn network a position

of a2 mobile device to which said obtained parameters



sai d obtai ned paraneters as a part of assistance data
15 for said satellite based positioning to at | east
one nobile device, wherein said differenti al
corrections enable a nobile.device to correct said
paranmeters. 12. The apparatus according to claim11,
wherein said 20 processing conponent is further

ada ' 14 fed byl Vi to
whi %f& sﬁ%‘%ﬁéﬂ%@pgﬁédﬁbgﬁe&pr OV|1£§%SJSI|1% a

f eedbracice.rom said nobile device. 25 13. A software
code for supporting a satellite based positioning of
a nobil e device using assistance data, said software
fodd reealdtdicny adve mtritod cofcldial M, 1 whehen rbeiangl
executed by a processi uni t. .of i d_ nohil.e device., .
30 f£°°R t%ﬁemérae “code For" Sgﬂul&%& ?Cr?g % Pt ‘iuﬂtaer mobile
baselt:vipes idboonian g eofuea thiibi |sa idewicte i tdevassd .St ance
data, - 53 said software code realizing the nethod

of claim5 when being executed by a processing unit

of amelpserrstel enpplorafing comataildaticomangiowpide i thoning

15. apparatus conprising: - means foy receiving
assit SOG ARER PO 45 ICOMARTCAErEs (DT 1831

I nclagsiang oy aeierisielg:an orbit nodel describing a
nmovenent of a respective 10 satellite of a ,
par ti cd SPTER SRt EO T OB PESTT 9Pt S y$t SREAT S or
recei vigRg idichhekenkbicdl £real e Edntig iflaf isal dhatgiyed
paraneters of said orbit nodel, wherein said

par aneti@Fs VRAPE RAFGFWEE TSt Idt als cdibfifelentelf damcribing
format j0f,cRARAMEL BFFS 20fr 1P AR 1QIbidt: hmdal: defd ned for
said satellite based
particular satellite based pecsitioning system and
differential corrections for said parameters of
sald orbit model, wherein said parameters have a
format that is different from a format of
parameters of an orbit model defined for said
satellite based positiconing system or have been
derived from ancther scurce than broadcast
satellite data; and
- a processing unit configured to correct said

received parameters of said orbit model based on

said differential corrections.

10. The apparatus according to claim 9, comprising a
processing compenent adapted to estimate a position
of said apparatus using received parameters of said

orbit model.
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positioni ng systemor have been derived from another
source than broadcast satellite data; and - neans for
correcting said received paraneters of said orbit

nodel based on sai d differenaij al 20 corrections. 16.

An apparatus conprising neans for realizing the

met hod of claim5. 25 17. The apparatus according to
claim9, wherein said orbit nodel of which
paranmeters are received is nore accurate than said
Iorbiza appdedatdef | fed forpediichg satselddltle traseded

PO IS, UL, 3005 THS Bper i A6SVAA9 41,

par aveiceraprare tobt aidwgd iissi mpre praceisstrey tduamp st

ggg:aiqag:ﬁ%% tgil;c%kgigﬁgnorpasr%{mdetesrast %lg Iatne oq: Siecd model
describing a movement of a respective satellite of a
particular satellite based positioniﬁg system,
wherein said obtained parameters have a format that
is different from a format of parameters cf an orbit
model defined for sald satellite based positioning
system or are derived from another scurce than
brcadcast satellite data; and adapted to provide said
chtained parameters and differential corrections for
said obtained parameters as a part of assistance data
for said satellite based positioning to at least one
mobile device, wherein said differential corrections

enable a mobile device to correct said parameters.

12. The apparatus according to claim 11, wherein said
processing component is further adapted to estimate a
position of a mobile device to which said obtained
parameters are provided using a feedback from said

mobile device.

13. A software code for supporting a satellite based
positioning of a mobile device using assistance data,
said software code realizing the method of claim 1
when being executed by a processing unit of said

mobile device.

14. A software code for suppeorting a satellite based

positioning of a mobile device with assistance data,
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15.

16.

17.

18.

sald software code realizing the method of claim 5
when being executed by a processing unit of a network

element of a communicaticon network.

An apparatus comprising:

- means for receiving assistance data from a
communication network including parameters of an
orbit model describing a movement of a respective
satelliite of a particular satellite based
positioning system and for receiving differential
corrections for said received parameters of said
orbit model, wherein said parameters have a format
that is different from a format of parameters of
an orbit model defined for said satellite based
positioning system or have been derived from
another scurce than broadcast satellite data; and

- means for correcting said received parameters of
sald orbit model based on said differential

corrections.

An apparatus comprising means for realizing the

method of claim 5.

The apparatus according to claim 9, wherein said
orbit model of which parameters are received is more
accurate than said orbit model defined for said

satellite based positioning system.

The apparatus according to claim 11, wherein said
orbit model of which parameters are obtained is more
accurate than said orbit model defied for said

satellite based pesitioning system.



