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| Methods and Apparatuses for Assisted Navigation Systems Field of the
Invention This invention relates to a field of assisted navigation systems
and 5 more specifically to a format, in which assistance data is distributed
from a communications network to terminals. The invention also relates to
a device comprising a positioning receiver for performing positioning on
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conditions. Each satellite of the GPS system transmits a ranging signal at
a carrier frequency of 1575.42 MHz called L1. This frequency is also
indicated with 154f0, where -10 = 10.23 MHz. Furthermore, the satellites
transmit 30 another ranging signal at a carrier frequency of 1227.6 MHz
called L2, i.e. 120f0. In the satelllte theymodulation of these signals is

performed Ieasto do random seqyence. Thi e
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high-precision atomic chronometers. In spite of this, the operation of each
satellite is controlled in a control centre for the GPS system (not shown),
and e.g. a time comparison is performed to detect 15chronometric errors
in the satellites and to transmit this information to the satellite. The
number of satellites, the orbital parameters of the satellites, the structure
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20 navigation systems. Therefore, the operating parameters of a GPS
based positioning receiver may not be applicable in a positioning receiver
of another satellite system. On the other hand, at least the design
principles of the Galileo has indicated that there will be some similarities
between GPS and Galileo in such a way that at least ZSGallleo receiver

ould be ab tg utilize GPS satellite s itioning. Positioping .
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10 the signal power level may make it impossible for the GNSS receiver to
obtain a copy of the navigation message. However, when the navigation
data is provided to the receiver from an external source (such as a cellular
network), navigation is enabled again. This feature can be important in
indoor conditions as well as in urban argas, where 15signal levels may
significantly vary due to buildings and other obstacles, which attenuate

ssuhiraragrarnd ramesristisalpshianGRBiRavigationcanessage which
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navigation model assistance to the receiver, the requirement for a
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SBAS systems use PRN numbers similar to GPS, but they have an offset

of 120. Therefore, the first satellite of the SBAS system has a satellite

number of 120. 5Since QZSS SIS ICD is not public yet, there is no

detailed information on the satellite indexing in the system. However,

since the system is a GPS augmentatiop, the GPS compatible format

should at hlgh robability be compatlble W|th QZSS as well, 10Pseudolites
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at a given instant. This data is used to predict the satellite position by 10
simple extrapolation, which is in contrast with GLONASS, in which
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navigation model must INC |on on mo re erence
|FOtﬁB%I6@k‘ﬁWﬁfeﬁ mxrmgtmw@tmn message and,

hence, the receiver does not need to extract the data from the satellite
broadcast, but can obtain it directly from the cellular network. The time
to first fix (TTFF) can be reduced to less than 18 seconds. This
reduction in the time to first fix may be crucial in, for instance, when
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required for the orbit model), model validity period, issue of data (in order

to be able differentiate between model data sets), and SV health

(indicates whether navigation data from the SV is usable or not).

30Needless to say, almost all the systems have their own method of

expressing these items. The range and.accuracy requirements vary from

system to_system. Moreover, the current satellite health field requires )
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terminal must be provided with a new set of data. However, already now

there are commercial services that provide navigation data that is valid for
MaoreovetysinT B vaksgasignabgenditionstithe dddizationcofdée masisted
thae sy %é%nmwmpl%ﬁﬁ@rpt fmnig_w@@amgmg_ﬁéwugﬁl% drop in

is vantagequs..since the useg regeiv e .
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Inagitritioartdalis is quresideapdeltheo tbiseiiede trer as keg@ernal source
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beskadria %Qﬂﬁgﬁé'ﬁé}ﬁféfé? %@Iﬁ?&%@ﬂ}ﬁﬂéemrk according to

various standards in use. Summary of vention The current invention

S e Rs LAl L abe teron Bl Ro I, Bie (467 lisinses
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There are also reservations for yet unknown future systems. 35The
indexing problem has been solved by extending the satellite index field in
¥viaen eaymchitee terpairsits bavisgielainetissistedhapigsifioningtereceiver

tedtiesEalige dobEldhes . SAAS R MAWERS BRI Widbli: terminal
S TR AL 60 SR AR DAL AP e
pesitningareqeivesislheofaraabimwebispeltitcaskistanceadalavis sent is
speefies the S%iadgéiéfaﬂﬁ]@a?a@It@oblmaﬁg?tﬁg?mnﬁur{griﬁ@meemm
(RSO e SRR SO S R i
Reswaraesdasatrel) ulingMrE M éramed dScROIc145-801.A 'in CDMA.
Broadcast assistance data information elements are defined in the
standard TS 44.035 for GSM. Finally, there are User Plane solutions
OMA SUPL 1.0 (Open Mobile Atfliance, Secure User Plane for
Location) and various proprietary solutions for CDMA networks. The
common factor for all these solutions is that they only support GPS.
However, due to the ramp up of Galileo, all the standards shall be
modified in the near future in order to achieve Galileo compatibility.
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10However, the invention does not exclude using different clock models
for each system. The orbit model problem has been solved by introducing
a multi-mode model. The modes of the model are, for instance, Mode 1:
Keplerian 15 model; Mode 2: Position in ECEF-coordinates; and Mode 3:
Position, velocity and acceleration in EgEF -coordinates. More modes may
be added, if such a need arises. An example embodiment of the idea is

theresupjsralrantitaé GB assisiansealaeeil it Reddemsade in the
HeyegvRItdleoamties imelgndentpfonmatmihestided Wevdlopiedhe 2frder to be

rg%(fglt@ gﬂe%é%m%n %ﬁo 98 mod_e index. The mod_es are mutually

exclusive. g-term o require anything special. The
reference time and validity period define precisely, when the model can be

UBke. piré3ldmndrieprodiding awﬂsldac&mda%fmkmmviégst&mmraﬁmaﬂel! as
e Fedhic '*651‘ e%é’“‘%r?iv?‘?ﬁ‘?%ﬁ?@"‘aﬁ%@ﬁd orbit
THRAAD o Fap tﬁeeﬁsv i s o S
tﬁh’&l@latﬂomwrmmghonnsrtodkatMe inatjvermavigation msméormat
sHEiRH B g ﬁaﬂﬁé%@%&%’%’ﬂ%ﬁﬁkﬁ bAEQSN s would result
implementatio OSSIb|e Accordi toa rst as ect oftﬁ elszn each
R eFRBR Uerd ”72 AERCTHRORS JSER JHORRAS oV
ﬁy@@l‘f@)mmblgbsmwmhé amékebdbie oﬂnﬁ@maﬁﬁeé@rgnéﬁslsf aneblematic.
M@r&fﬁ@&'ﬁe ﬂi’é'gﬂ?é@wl?e'sﬁﬁﬁ’at %ﬂ/r%@web@ﬁmﬁﬁwmmlS@f@iﬂ@ecellular

HRERAARS b BT e RO UG, SRS U ot various

ﬂ'ﬁﬂfﬂh@fQ&@é&@ﬁﬁ@MQN&@a determlnlng element adapted to
determine the mode of the assistance data in said assistance data,

e geEsee ADIAGLRBIGS 1554 o Ras IRa satele

receiver rrorming posi

indexingspbbeosatel F@sﬁlﬂ%éﬁti'éﬁQﬁeF@ iidentifycthe r{@w&@tlon model
plithenspanifiissstallitenThén peibleent it tiairove nsSysiern lediity own

{H [east ot igation system; and 15a transmitting element for
ransmitfing assistance data to a communications network; characterised

in that the controlling element is adapted to select a mode for the
GHBnirmdees§ datellitesa{8¥ dSpace Vehicle) based on PRN (Pseudo-

Random Noise) numbers. The PRN number can be identified with the
CDMA spread code used by the satellites.

Galileo uses a 7-bit field (1-128) to identify the satellite. The number
can be identified with the PRN code used by the satellite.

GLONASS uses a 5-bit field to characterize satellites. The number can
be identified with the satellite position in the orbital planes (this position
is called a “slot”). Moreover, in contrast to other systems, GLONASS
uses FDMA (Frequency Division Multiple Access) to spread satellite
broadcasts in spectrum. It is noted here that there is also a CDMA
spread code in use in the GLONASS. There is, therefore, a table that
maps the satellite slot number to the broadcast frequency. This map
must be inciuded in 'any assistance data format.
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insert indication of the navigation system and the selected mode 20into
the assistance data; and construct the assistance data according to the
selected mode. According to a third aspect of the present invention there
is provided a system comprising: 25 - network element which comprises a
controlling element for forming assistange data relating to at least one

navigation system; and a transmitting element for transmitting the
aSHAdh@veten® asenitRNiaumberswioitasdo GRGcduhitiey have an

coffiuises aaMsTRaRICRSEVRS THsPRERETNR BPIHENBBAY heshasishas a
oégﬂﬂlﬂéﬁﬂﬁﬁﬁwsl%aid at least one satellite navigation system;

a receiver for receiving assistance data from the network 35element; and

an examining element adapted to examine the received assistance data;
13inlcar £2i6HSe I8 tHEDts nottmilific gletneheie ddanteddtedeldahformation
: I . 0 e ; ert:;indicati .
oAt TR Sgﬁ*e*gie;‘ ooy S T el s
SHeruauainsneliohe de dSERiRgTBRAURISJarBILy ABRHIEdahabioh
theadalhilityube aoropatibkes with BB Biag alethent adapted to determine

the mode of the assistance data in said assistance data, wherein said

SRRt AR AR ABLERIS IR spe: Berost
mEdelemaiiation he rindexthgdsersaodiherer is devictandandsidgfined for
bedisirigdresaislites Rﬁff?é'ﬁ!l%g PRSIWEDEY THAARIRGT SNSUM BE R ast
iéggnkgé” i r@c&%?%%ﬁ%’ﬁk‘)ﬁ%’in’&%%ag“."é‘iﬁ TRty USE BB Eype PRNS.
Therefore, by ensuring that the range of satellite indices is sufficient, it
should be possible to describe LAAS transmitters with GPS-type

satellite indexing.

The second challenge is the clock model. The clock model for any
system is given by

tsystem(ty =tsy (t)-

8 +ay - (tsystem(f) ~trererence ) + @ -(tsystem(t) — trererence )2]
where tgysey(f) is the system time (for instance, GPS time) at instant
f, tsy(f) satellite time at instant ¢, trererence is the model reference
time and a; (i «{0,12}) are the 0™, 1° and 2™ order model coefficients,

respectively. Relativistic correction term is not shown in the equation.
Since the equation is the same for each system, the only problem in
developing the generalized model is to find such bit counts and scale
factors that the Yrange of values required by each system is covered
and the ?accuracy (or resolution) requirements for each system are
met.

The third problem includes the orbit model. Again, each system has its
own format (excluding GPS and Galileo that use the same format).
GPS and Galileo use Keplerian orbit parameter set: 6 orbit parameters,
3 linear correction terms as well as 6 harmonic gravitation correction
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a receiving element for receiving assistance data relating to at least one
navigation system; an examining element adapted to examine the
received assistance data; 20characterised in that the module further
comprises a determining element adapted to determine the mode of the
assistance data in said assistance datag and an output to transfer
indication on the mode of the assistance data tg the ioglgonlng Jeceiver,

A5 RfeIncRMrastida el gaand LaHee o Bed RaVigatighifyode!
renéjvecdort aievdorimfarmetitoningnof the dedtalliteAqositionio adiveity and
HRIPhiHPHRSEYIWANHRIRE T IS S MfsieA a0 BaH Pidpaniied (by

g@ﬁiﬂﬁrﬂﬁiﬁ%ﬁla{a@%ﬁ“ﬁ;ﬁw 10 A s. o Miafton) to predict

ttaasgatellitaspiositfion datasome destantchaBb@ristliaashin tiseme sense

ﬂ@#&h@? yﬁjl?fﬁ%ngwsetfﬂém@x@ lﬁ‘QYI aﬁ@atltsm%@a@e includes
alqn data relales elect a mo ransmittn

TR o B S bR oA A pateteiion In, FCEF

{RastheCentersst FadhEixesdeansdinate §N§t@¢nﬁ@fuﬁn@ﬂbsystems ata

gw@rﬁamgtdﬁta Tsier difzet40 i e sniectasl pastticbAbeorditeliita puisition by

AL oL MBBRAI AR e o RIANEEH eSS which

|n coml rogram havm g computer exec
%Hﬁh@&%@émmmr@rasm @Mafa émenf\eRiR siscsnthe QZSS ICD
rmwgatwwmmyandth@ tetwiteitifgrasasiehtkalatavigatiericapssage Is

ﬁ'&"l” ﬁeq-I‘B é %‘F‘é oA AENARE E@Bﬁ@%é StSrStgnal

exec ble |nstr uc IOI’]S' termln the system { nawgatlo
Reings @0@9@3% awﬂbd@fywan@ﬁ% RRe SENGRIRIS8Y. BRs-type
bboshctst inderaten eh&wm@ngbabnth;astaemarfdnﬂmtabcmrmmletwlth

P SSHPEEA% 1388 ZSS orbits may be described using the format of
GPS. LAAS require that the orbit model is able to describe objects that
are stationary in the ECEF-frame. Also, pseudolites have fairly strict
resolution requirements for the position. It is necessary fo be able to
describe a pseudolite position at a resolution of about 5 mm in some

cases.

In addition to these requirements (indexing, clock mode! and orbit
model), the navigation model must include information on model
reference time (fggrerence N the clock model, similar time stamp is
required for the orbit model), model validity period, issue of data (in
order to be able differentiate between mode! data sets), and SV health
(indicates whether navigation data from the SV is usable or not).

Needless to say, almost all the systems have their own method of
expressing these items. The range and accuracy requirements vary
from system to system. Moreover, the current satellite health field
requires modification, since in the future GPS (and other systems) do
not transmit only one signal, but various signals at different
frequencies.
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constructing the assistance data according to the selected mode.
According to a seventh aspect of the present invention there is 20provided
a signal for delivering assistance data to a device, the signal comprising
assistance data relating to at least one navigation system; characterised
in that the signal further comprises an,irbdication of the navigation system
the assistance data relates to 25and a mode selected for transmitting the

ablowatbe naw pesielancsdaladempatomusidessupidhat @lidhe system
aspeciiiy itethe sEleniell apgararietordiagde ameigitbasacratiiitements

p&éqgﬂgﬁﬁa%%&iﬁ‘provided 30a carrier having a signal recorded

thereon for delivering assistance data to a device, the signal comprising -
assistance data relating to at least one satellite navigation system;
cﬁi{_ralis_eri&mi prultﬂemevd@namwahérasmmaaee ateitad fcatioatoistithat it only
B O it
P R P BEIS A e GRaR: MoRe! B URcaIam, 1% terminal
Ainyshbseprevidedredénaimawtioat toé ddtaprbioweaven alseadyacatdhere
ﬁre;%@nmmlﬁim{ senacfém_m?tnﬁ:@etménhméigﬁﬂanw%ﬁiﬁﬂ%@qs \t;afud for
rela east 0 | em: ransmitting element for
ol e TR NavgRAR S YRR, e e thi Mittress, but
e fendeR s Bulibla selsplicaavigatinridateoferion@esatellite. In
mmmi@NJS&'Ieth'@iﬁaa@eglﬂ@gé@msﬁiﬁ&@@ﬁénlﬁéh&@@éi%@%ﬂ the
t I ta; onstruct t

?%%%%%E\%%%%@ﬁﬁ% THE RO LR SONEHE T A R Gad.

diRe R Al shlaaformal ronvist tBareferainge aklante rfidpport

hesitalondetexmuonbirfits dalclaretdndaddisiand for a number of GNSS
systems. These characteristics make the current invention a very

tr?ﬁ[ive soll(;t?ﬂon since a globally applicable solution reduces . .

ﬁfﬂ) inlfdherR dashespre s wionde: tharrekiare sThusiskacpyse
tire assis tanoerataicisbitietwbs beén limited to GPS-system and to
CDMA-networks.

The current solution in distributing assistance data to the terminals is to
obtain navigation model for GPS directly from the satellite broadcasts,
modify these data and distribute it to terminals in the network according
to various standards in use.

Summary of the Invention

The current invention includes a generalized navigation model, which
can be used to characterize the satellite clock behaviour and the
satellite orbit in more than one navigation system. The generalized
navigation model can be used at least with GPS, Galileo, GLONASS,
SBAS, LAAS and QZSS. There are also reservations for yet unknown
future systems.

The indexing problem has been solved by extending the satellite index
field in such a way that the upper bits of the field define the navigation
system (GPS, Galileo, GLONASS, SBAS, LAAS, QZSS or some future
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20 possible commercial assistance data service providers. The prior art
implementation in RRLP and RRC only include the possibility to provide
the Assisted GPS receiver with GPS assistance data. There has been no
possibility to support Galileo, GLONASS, SBAS, LAAS or QZSS. This has
been a drawback and can be correcteq {or using the 25 present
|nvent|on Since Galileo assistance data wijll almost ertam be in¢juded

YT ARRARE e bits SuRESy RS n7ale! fie 19 6 cSyptem
Mmmshmmbrﬂféletcf aldestradivpp waliadrE 8y sielex fism Dencﬂpmm denote

tf@ﬁf@\%%@%&éhﬁé@“%@% @%n%eat@wrw}&sseéﬁaemlam%n that
all W|£h reference t ende %@G&%E Em&%é%gtg (or
FHlauR e MASR B S AR 1940 affency
@hsosielknt of the present invention as a simplified block dlagram 5Fig.
3dep|cts a network element according to an example embodiment of the

e et koMt nh e, B Bee Tube, LY P LR counts
amﬂalm@d@lcﬁa@m@r&m thy. eariiicientscéhahdhe Hlaslampgels in all the
eystedifecef the prseRibaenbion uesieglHhie. germvaliredxakk amdel.

%vc ﬁ&ﬁéﬂﬂ&H%@Eg"pﬁ{ﬁ HPefiee Y RSSO models

nven ion 2 ereis an exam m 1 which
lﬁiﬁrﬁosmonlng a device R. The system 1 comprises reference
statlons S, such as satellites S1 of a first navigation system, for example

G t
LS RO L g
medieindhasedaminhdsdnpiel i o8 é{’scé"’!ﬂﬁ@r eplenan
ataiisis Bldde RatPlbsitoanihdaGESF {eapnainatietifearud tN&)d&AS) F;!Useilon
A A e Lo e
R T T knle sambsdentyef the idea is
theaii gheanppystdiits fdhe G2 dtaeEy (T ee gs@i&dﬁtdﬁﬁmﬂ;%rﬁ@jel mode.
ASiGETEE dadslinnel tiagidiintiipRatcdies sl &éieacqwawwniét@ the
cloc ([s) of thes tellites (not s owéi%f If the grougﬁi stati gﬁtects a es are
TOSET e 198 RRISe D SIPg s SRS

rmﬂually@ml(mmntrol signals) to the satellite S1, S2 WhICh then 35
performs a correction operation on the basis of the control signal(s). In

th ds, t d t G.refer to,the Ground t
oneARen bl .96 At SIS AR G S e elo e yme
and cmlmtﬁbh petied defipedamediselatahen sibesm@ﬁ9lu§anfd?e used If
I6Mg® amwwqgm@s@&wﬁaﬁ@w pepoIdegstieladaviina tith the

ment The ert dmalfunctl can n S
BB O AAARR B LarPRR TIN5 TR0 8 o276 of
séorrm@naatédhandimge mtdtrpémoﬁsﬂtan@ﬁunauw&qaammgn rn@he same
s%ﬂaliﬁ@ eéﬁ gstqfﬂiwsmwéeér THethealgidpition seiediés £1nS2 based

o hé B8 AR de N R G ol di2K ISR AR Bdist il could
be indicated, for example, in the Issue-of-Data field, but also other
implementations are possible.

According to a first aspect of the present invention there is provided a

device comprising

— a positioning receiver for performing positioning on the basis of one
or more signals of at [east one satellite navigation system;
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10 of a failure of the satellite. The satellite 51,52 can also indicate in the
navigation message a signal or signals which is/are not operating

properly. It is also possible that the ground station G can detect that some
satellite is not operating properly and set an indication of the

malfunctioning signal(s) of that satellitel. ;This indication can then be
15transmitted to the communications ne%work P in a navigation message.

I ths FRRaINGGnIPEXERSEYIBE LBSHIRANGR catanrelatinghdnahdaasticone
the G&vigadinokyadartheanetwork element M communicating with the

rﬂfe@rﬁ‘%cﬁ’fﬁ‘ﬁiﬁﬁgcelgfhiéﬁh% MY hingife e MesN el a8 ance

GSM, network. The reference receiver C can transmit assistance data to
the orl§ element M. The network element stores the assistance data
toharasteriged. in( gt the desienfisdivartcendprisesk when the device

R n%@@@étaﬁﬁiﬁ?n%iﬁa}to HEHPIEYRISSEtBARIHYIRBEPRIBHRN - &F the

R R oA R daa Bl BORTRIE, Fpesisience

candatpisafapiagstarke uaeddruihespsitinnlng secei wesdotreerforming

navigesitio g tf thrxrdewies, R.4 of the device R for later use. 30The

network element M can also be the Serving Mobile Location Centre

éSMLC .of the GSM network. The Serving Mobile Location Centre is either
SEREFHIE AeGreR @anectrbihe ereseyidnyesdionthenecimpaayided

2] n&w&@@n@(aﬁﬁ;;ﬁ@agﬁaﬂqn Controller) that qontains the
i BB ST TGN 238 AR SRR, TP MG ono

mana%es the co-ordination an of resources require

for RAVGAJIQRISYEEERY: 12840 calculates the final location estimate and
estimateansmittinigveslehemtc Uiy trEms BlltiGgm assiztante ndater 6 a
LOC@&W%M@H§W§WKLMU) for the purpose of obtaining radio

t

interface me%furement o locate or help locate the mobile station

CBLRRISISS i Bl B PREAIROERE RIS RARRIER s of an
exesetﬂembmﬂaéor dinmtraammissk)mcﬁiﬂae @gsistandesdeted in
nojigsdptaihaihiRiArsTCcee 'ﬁ'&v%a o dsraesHie AR PS8 EtB8 mode
the. r%fff nce rec?lver C Eff the firgt navigation system and the reference

re graie'entsh a_Lt@;r%'i} ation system, although practical

imgensintaidhe rasgibaodie datfraoccoudingthe thethealetethcaodesiver

C comprises a controller C.1 for controlling the operation of the reference
eceiver C.. The gantroller C. rises e.g, a processor, a . .

ARibgas S soha SRR Eedd i freds pepviced a

ystamicieropisiingthat there can 15 also be more than one processor,

-migiopvesR SlemeaPwaieH-biasAgksller C.1. There is also a reception

block C. i ' 2.2 1 ! [ Is f .

et S e R -G SRR FaEs Sl ot
comprRastoesniravigediom Setera; Aafg communicating, either directly

or 20 Wdigedmtinythadevrirfotamprinvah are aRsRieHidata to a

netwo(%ﬁn'll'@ﬁi ggmgr}j]catw)&bjock C.3 comprises a transmitter C.3.1
ghalsto

for trans_mlttln?‘.3| ?he network element M and, if necessary, a
TedeflRYiess: SEEMPERnals transmitted by the network element M

tzosihearqj_@"ﬁtimﬁﬁgdé%ﬁr&?wqi@rﬁ?ﬁﬁﬁ@g%iﬁbﬁ' (mgadﬁﬁithe basis of
co S . stogn n ware (computer progra
code Trech iRt el SCie8 Sl Bt oiR SaiEC Arkatior
is defi¥&l8M:Fig. 3. The network element M comprises a controller M. 1.
Also the iegiober Kbl afibeivieig odseistagitienalae cRoRY Uk aiatwdrk
proc i%mprocessor, a digital signal processor (DSP) or a
combination of these. It is obvious that there can also be more than one_
procéRorEXAIpIgesslrmnnd, adanterd cprdramine THbeedrsRived
elemassidteaceatdartanicate with the reference receiver C by the first
communication block M.2. The first communication block M.2 35

comprises a receiver M.2.2 for receiving signals from the reference
receivers C of the navigation systems. The first communication block M.2
may also comprise a transmitter M.2.1 for transmitting e.g. request 19
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messages to the reference receiver C of the navigation system. The
network element M further comprises a second communication block M.3
for communicating with the base stations B or other access points of the
communications network P. The second communication block 5 M.3
comprises a transmitter M.3.1 for transijtting signals to the base stations
B and a receiver M.3.2 for receivin S|gnals transmitted by the base

sthsstetsadindhaibagn inthelgmgbhie et Wso
compefest manmude ¥bd floe StenrgdatcandfsihievassiGtampeatdampgram

cod hggg'tngﬂf‘éﬂ’&k 8&%@%@@%@?}2@2&@@% H3 SHRSEA Mode

sat iver C or some other

casts
extelflq 3R ASSISH ﬁfaiﬁ a88%tance data server X intended to gather
and canstnicéibe |amm@ammuﬁﬂ@mmvigaﬁm system;

A RSB JER RN ErOFrRpFR analogous elements with the
network,element.M with respect to, th atl relatln the receivin
vt S ISR S CHIr cte AGRac e Lige Of the
reccRRSIStameetidatantolait. asmetaaﬂermi@éamvslmm m@tﬁb@swat)ance
The RIS 2RRPHR 18R Ss8ab3ITAEPBBIRMARIeRsIveHTer performing

refere The assistance data server X is, for example, a
ser é%lfgﬁ%ﬁrﬁiyggligy\’/?% provider from who assistance data can be
requested, maybe against a fee. Fig. 4 depicts a device R according to an

Aenopiiminkod Tsunthf #ap et pPtsstpreeaitirentiohptiiedsbisgirovided

R 5B U RSB & SRR Rt i Sming
ResHiang,eRthe Pasis ofione Almestisianale ¢hat Itashppssatellite
navm&mrsmﬂjesd&ylmauﬁemenmdgmgupport or it may be

) *?% %]Sn'?’ %F‘?@'ﬁ@|ﬁ£‘é§%@é?ﬂf&8§?ﬂl§%ﬁ?§ YB%@Qeast

asls O S|gnals more than o navigation system. T evice R

als@BSMIEESHAN S¥SIRMR. 1 for controlling the operation of the device

R mmxdmmmgr@lenfemtoédwptemleedamm ity becsivetluassistince
sor, a microprocessor, a digital signal processor (DSP) or a 35

mbinatiQ these. It is obvigus that there can also be more than one
5?@5@5%% S0 BT EL 45 RGOSR PERSE® that the
positiotetgmnining RI2rwentoadapiend cdatrdébermémesrthR. smgde. ofo the
S%%fgf@ﬁ%@%ﬁ?‘i%ﬁm‘%ﬁﬁffﬁ%’m N o aseble.
b it SR el on e e, Sryiakesiice data
eletneihtmsﬁwmngmecmmeg receiver R.3 and some 5 other
posifsiai ORIl oBs FASALICI PV oRitker BB L b hasiayicBy  the
The esﬁce R can cqmm nlcate ith a base station 8&?’ ice.
cofRl RQ{R%‘?%?WS& B'y& 8@&%&9«?& SHIBRA! K5 9RY
communication block R.2 comprises a receiver R.2.2 for receiving signals

A@E@Fﬂﬁm@aﬁ? étﬁweﬂﬁssb@@@pm@wégé@mmwwthm provided a
aUm% block&{l 2 also co rlses 3@{? amltter g] 2.1 for he method
ey nitanspatting, 2nsieR el vid camiriRSolhy
QﬁHIWlﬂRIFPgData and software can be stored to the memory R.4 of the
devicefothfirilevissdistantse riatislefting user BfelBastRénd naligation
compnses[ for. exa(énple a display R.5.1, a keypad R.5.2 (and/or 15 a

keybogytf) io means R.5.3, such as a microphone and a
loudspEamsterringresistaisie watarie dagiseNiasinore than one user

dﬁm’é@@énsedThetIQQt/maRﬂétf%&*amﬁl& @dﬁmmlgeg)mmunlcatlon

[ S

s D I AR RV R i RV Gl P Sale 6
mélﬁ lecinghamadeioritansmitipssheassielance @@am the
following, a non-limiting example of the assistance data format 25 fields
are disclosed with reference to the Table 1 and Fig. 5. The orbit model
problem has been solved by introducing a multi-mode model. The modes
of the model are at least Mode 1: Keplerian model, which supports at least
the GPS, Galileo, and QZSS systems; Mode 2: Position in
ECEF-coordinates, which supports at least the LAAS 30 system; and

NMoadae 2 DAacitinn violAarcrityrs anA acrcralaraticn 1im ECECECArAanrdAinatace whicrh - -
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Scale Factor Units Incl. (ftoe MSB) 12 220 sec Satellite and Format

Identification once per model) SS ID 9(u) M Carrier Frequency index
5--C (FitInterval) 6 h C (SV Health) 80)

14
— inserting an indication of the navigation system and the selected

mode into the assistance data; and
— constructing the assistance data according to the selected mode.

According to a sixth aspect of the present invention there is provided a
computer program product for storing computer program having
computer executable instructions for
~ forming assistance data relating to at least one nawgatlon
system; and
— transmitting assistance data to a device;
characterised in that the computer program further comprises computer
executable instructions for
— determining the system the navigation data relates to;
— selecting a mode for transmitting the assistance data;
— inserting indication of the navigation system and the selected mode
into the assistance data; and
— constructing the assistance data according to the selected mode.

According to a seventh aspect of the present invention there is
provided a signal for delivering assistance data to a device, the signal
comprising

— assistance data relating to at least one navigation system;

characterised in that the signal further comprises
— an indication of the navigation system the assistance data relates to

and a mode selected for transmitting the assistance data;
wherein said assistance data has been constructed according to the

selected mode.

According to an eighth aspect of the present invention there is provided
a carrier having a signal recorded thereon for delivering assistance
data to a device, the signal comprising

— assistance data relating to at least one satellite navigation system;

characterised in that the signal further comprises
— an indjcation of the navigation system the assistance data relates to

and a mode selected for transmitting the assistance data;
wherein said assistance data has been constructed according to the

selected mode.
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According to a ninth aspect of the present invention there is provided

an assistance data server comprising

— a controlling element for forming assistance relating to at least one
navigation system; and

— a ftransmitting element for transmitting assistance data to a
communications network;

characterised in that the controlling element is adapted to

- select a mode for the transmission of the assistance data;

— insert indication of the navigation system and the selected mode

info the assistance data; and
— construct the assistance data according {o the selected mode.

The invention shows some advantages over prior art. The format
according to the invention is suitable for a number of cellular standards
and for a number of GNSS systems. These characteristics make the
current invention a very attractive solution since a globally applicable
solfution reduces implementation costs. This applies to handset
manufacturers as well as to operators of communications networks and
possible commercial assistance data service providers. The prior art
implementation in RRLP and RRC only include the possibility to
provide the Assisted GPS receiver with GPS assistance data. There
has been no possibility to support Galileo, GLONASS, SBAS, LAAS or
QZSS. This has been a drawback and can be corrected for using the
present invention. Since Galileo assistance data will almost certainly be
inciuded in RRLP and RRC, there is now possibility to make this format
as general as possible in order to able to support future systems also.

Description of the Drawings

In the following, the invention will be described in more detail with
reference to the appended drawings, in which

Fig. 1 depicts as a general, simplified diagram a system in which
the present invention can be applied,
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sec C (Too) 8 Zs' sec C Satellite Navigation Model Using Kealerian
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‘Fig. 2 depicts a reference receiver of a navigation system
according to an example embodiment of the present
invention as a simplified block diagram,

Fig. 3 depicts a network element according to an example
embodiment of the present invention as a simplified block
diagram,

Fig. 4 depicts a device according to an example embodiment of

the present invention as a simplified block diagram,

Fig. 5 depicts according to an example embodiment of the present
invention, and '

Fig. 6 shows an example of a frame structure used in the GPS
system.

Detailed Description of the Invention

In Fig. 1 there is depicted an example of a system 1 which can be used
for positioning a device R. The system 1 comprises reference stations
S, such as satellites S1 of a first navigation system, for example the
GPS, and satellites S2 of a second navigation system, for example the
GLONASS. It should be noted here that GPS and GLONASS are only
mentioned as non-limiting examples here and also other reference
stations S than satellites can be used (e.g. pseudolites of the LAAS).
Also the number of reference stations is greater than shown in Fig. 1.
The navigation systems comprise one or more ground stations G. The
ground station G controls the operation of the satellites S1, S2 of the
navigation systems 2, 3, respectively. The ground station G can e.g.
determine deviations of the orbits of the satellites and the accuracy of
the clock(s) of the satellites (not shown). If the ground station G detects
a need to correct the orbit or the clock of a satellite S1, S2, it transmits
a control signal (or control signals) to the satellite S1, S2 which then
performs a correction operation on the basis of the control signal(s). in
other words, the ground station G refer to the Ground Segment of the

navigation system.
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During their operation, the satellites $1, S2 monitor the condition of
their equipment. The satellites S1, S2 may use, for example, watch-
dog operations to detect and report possible faults in the equipment.
The errors and malfunctions can be instantaneous or longer lasting. On
the basis of the health data, some of the faults can possibly be
compensated for, or the information transmitted by a malfunctioning
satellite can be totally disregarded. The malfunctiocning satellite S1, S2
sets a flag in a satellite health field of a navigation message indicative
of a failure of the satellite. The satellite S1,S2 can also indicate in the
navigation message a signal or signals which isfare not operating
properly. It is also possible that the ground station G can detect that
some satellite is not operating properly and set an indication of the
malfunctioning signal(s) of that satellite. This indication can then be
transmitted to the communications network P in a navigation message.

In this non-limiting example embodiment the communications network
P is the GSM network and the network element M communicating with
the reference receiver C, C” is the Mobile Switching Centre (MSC) of
the GSM network. The reference receiver C can transmit assistance
data to the network element M. The network element stores the
assistance data to a memory M.4 (Fig. 3) for transmission to a device
R when the device R needs the assistance data to perform assisted
positioning operation. It is also possible to transmit the assistance data
from the network element M to the device R before it is needed. For
example, the device R can request the assistance data of all visible
satellites and store the navigation data to the memory R.4 of the device

R for later use.

The network element M can also be the Serving Mobile Location
Centre (SMLC) of the GSM network. The Serving Mobile Location
Centre is either a separate network element (such as the MSC) or
integrated functionality in a base station B (BSC, Base Station
Controller) that contains the functionality required to support location
based services. The SMLC manages the overall co-ordination and
scheduling of resources required for locating a device R. it also
calculates the final location estimate and estimates the achieved
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per model) (t0e) 20(u) 1 sec C(2), MODE 2&3 X MSB 27
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accuracy. The SMLC may control a number of Location Measurement
Units (LMU) for the purpose of obtaining radio interface measurements
to iocate or help locate the mobile station subscribers in the area that it

sServes.

Now, the main elements of an example embodiment of the reference
receiver C will be described in more detail with reference to Fig. 2. The
disclosure is applicable to both the reference receiver C of the first
navigation system and the reference receiver C” of the second
navigation system, although practical implementations may be different
from each other. The reference receiver C comprises a controller C.1
for controlling the operation of the reference receiver C. The controller
C.1 comprises e.g. a processor, a microprocessor, a digital signal
processor (DSP) or a combination of these. It is obvious that there can
also be more than one processor, microprocessor, DSP, etc. in the
controller C.1. There is also a reception block C.2 comprising a
receiver C.2.2 for receiving signals from the satellites S1, S2 of the
navigation system. The reference receiver C further comprises a
communication block C.3 for communicating, either directly or
indirectly, with the network element M of the communications network
P. The communication block C.3 comprises a transmitter C.3.1 for
transmitting signals to the network element M and, if necessary, a
receiver C.3.2 for receiving signals transmitted by the network element
M to the reference receiver C. The reference receiver C may also
comprise memory C.4 for storing data and software (computer program
code).

The structure of an example embodiment of the network element M is
depicted in Fig. 3. The network element M comprises a controller M.1.
Also the controller M.1 of the network element may be constructed of a
processor, a microprocessor, a digital signal processor (DSP) or a
combination of these. It is obvious that there can also be more than
one processor, microprocessor, DSP, etc. in the controller M.1. The
network element M can communicate with the reference receiver C by
the first communication block M.2. The first communication block M.2
comprises a receiver M.2.2 for receiving signals from the reference
receivers C of the navigation systems. The first communication block
M.2 may also comprise a transmitter M.2.1 for transmitting e.g. request
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messages to the reference receiver C of the navigation system. The
network element M further comprises a second communication block
M.3 for communicating with the base stations B or other access points
of the communications network P. The second communication block
M.3 comprises a transmitter M.3.1 for transmitting signals to the base
stations B and a receiver M.3.2 for receiving signals transmitted by the
base stations B to the network element M. The network element M also
comprises memory M.4 for storing data and software {computer

program code).

The network element M obtains the assistance data either from satellite
broadcasts by using a reference receiver C or some other external
solution, e.g. from an assistance data server X intended to gather and
transmit such information to communications networks. The assistance
data server X comprises analogous elements with the network element
M with respect to the operations relating to the receiving navigation
data, forming and transmitting the assistance data (i.e. the receiver
M.2.2, the controller M.1, the transmitter M.3.1, the memory M.4). The
assistance data server X may also comprise elements of the reference
receiver C. The assistance data server X is, for example, a server of a
commercial service provider from who assistance data can be

requested, maybe against a fee.

Fig. 4 depicts a device R according to an example embodiment of the
present invention as a simplified biock diagram. The device R
comprises one or more positioning receivers R.3 for receiving signals
from the reference stations S1, S2 of one or more navigation systems.
There can be one positioning receiver R.3 for each navigation system
the device R is intended to support, or it may be possible to use one
positioning receiver R.3 for performing positioning on the basis of
signals of more than one navigation system. The device R also
comprises a controller R.1 for controlling the operation of the device R.
Again, the controlier R.1 of the network element may be constructed of
a processor, a microprocessor, a digital signal processor (DSP) or a
combination of these. It is obvious that there can aiso be more than
one processor, microprocessor, DSP, etc. It is also possible that the
positioning receiver R.3 can comprise a controlling element R.3.1 (e.g.
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a processor, a microprocessor andf/or a DSP), or the positioning
receiver R.3 uses the controller of the device R in positioning. It is also
possible that some of the positioning operations are carried out by the
controlling element R.3.1 of the positioning receiver R.3 and some
other positioning operations are carried out by the controller R.1 of the
device. The device R can communicate with a base station B of the
communications network P by the .communication block R.2. The
communication block R.2 comprises a receiver R.2.2 for receiving
signais from the base station B of the communications network P. The
communication block M.2 also comprises a transmitter R.2.1 for
transmitting messages to the base station B of the communications
network P. Data and software can be stored to the memory R.4 of the
device. The device R is also provided with a user interface R.5 (Ul)
which comprises, for example, a display R.5.1, a keypad R.5.2 (and/or
a keyboard), and audio means R.5.3, such as a microphone and a
loudspeaker. It is also possibie that the device has more than one user

interface.

The device R is, for example, a mobile communication device intended
to communicate with the communications network P as is known as
such. The user interface R.5 can be common to both the mobile
communication part and the positioning receiver R.3.

In the following, a non-limiting example of the assistance data format
fields are disclosed with reference to the Table 1 and Fig. 5. The orbit
model problem has been solved by introducing a multi-mode model.
The modes of the model are at least Mode 1: Keplerian model, which
supports at least the GPS, Galileo, and QZSS systems; Mode 2:
Position in ECEF-coordinates, which supports at least the LAAS
system; and Mode 3: Position, velocity and acceleration in ECEF-
coordinates, which supports at least the GLONASS, SBAS, and QZSS
systems. There can also be more than three modes for future systems
and different kind of implementations of the invention.

In the Table 1, associated bit counts, scale factors and different modes
are shown. The explanations follow the Table.
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283
Y MSB 27 1 meters ¢ MODE
283
Z MSB 27 1 meters c® MODE
2&3
XLSB g 27 meters 0% MODE
283
Y LSB g 2% meters o% MODE
2&3
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and 3. The information of Table 1 can be divided into six sections. The 5
first section contains one field toe_MSB, which specifies the 12 most
significant bits (MSBs) of the time of ephemeris toe and the reference time
for the clock model toe given in UTC Time (Universal Time Coordinated).
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Table 2. System ID System ID valJeaUeg 0 SBAS 1 Gallleo 2 GLONASS
3 QZSS 4 LAAS 5

The Table 1 discloses examples of the fields and different modes 1, 2
and 3. The information of Table 1 can be divided into six sections. The
first section contains one field t,,_MSB, which specifies the 12 most
significant bits (MSBs) of the time of ephemeris t,, and the reference
time for the clock model t,. given in UTC Time (Universal Time Co-
ordinated). The device R should compensate for the possible rollover in
the time of ephemeris t,. and the reference time for the clock model
upon reception of the navigation model. The time of ephemeris t,. and
the reference time for the clock model .. have a time span of about 1.7
weeks.

The second section relates to sateliite and format identification. The
second section exists once each mode in an assistance message A
(Fig. 5). The first field of the second section contains the System and
Satefllite Identification SS_ID. The System and Satellite Identification is
used to define different satellites and satellite systems. The System
and Satellite Identification SS_ID is, in this non-limiting example, a 9-bit
field divided to 2 subfields. The first subfield (System ID) contains the
ID number of the satellite system, and the second subfield (SV/Slot ID)
contains the index of the satellite in the system for which the navigation
data follows. The bit masks for the System and Satellite Identification
SS_ID are, in this example, the following:
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Reserved for future use 6 Reserved for future use 7 Table 2 SV/Slot ID is
the satellite index in the broadcasted navigation model. 15The second
field of the second section contains Carrier Frequency Index. This
parameter is a GLONASS specific frequency channel index (the map
between the satellite index indicating ot in the orbit and the navigation
signal frequency. This map is included’in the GLONASS almanac
broadcasBYHARADED hieaNpbiadaa8h-tan GLONASS. 20Value
range fongaisfield is [-7,-13]. The third field of the second section contains
Fit Interv S i i vialidi ri f the navigation model.
Value rar;gglzj\(/a}-ﬁ‘)lr8 %{1@::‘@0(? Egoe\%@% ﬁgﬂ#@ 'I@i?i'é%g)r)ameter is specified

according 235 %pecial floating-point representation as described in the
Table 3 below. Exponent, e (3 bits) Mantissa, m (3 bits) Floating-Point

VRUStHEF RIS RUenfel GibkeSdigriitant BilsOikeicaté 2he satellite

system and the {ast six bits indicate the satellite.

The specification for the system ID is disclosed in Table 2.

System D System ID value
GPS 0
SBAS 1
Galileo 2
GLONASS 3
QZSS 4
LAAS 5
Reserved for future use 6
Reserved for future use 7

Table 2
SV/Slot ID is the satellite index in the broadcasted navigation model.

The second field of the second section contains Carrier Frequency
Index. This parameter is a GLONASS specific frequency channel index
(the map between the satellite index indicating a slot in the orbit and
the navigation signal frequency. This map is included in the GLONASS
almanac broadcast). It is set to 0 for any other system than GLONASS.

Value range for this field is [-7,-13].

The third field of the second section contains Fit Interval. This field
specifies the validity period of the navigation model. Value range for
this field is 0.125 — 448 h. This parameter is specified according to a
special floating-point representation as described in the Table 3 below.

Exponent, e Mantissa, m |Floating-Point | Fit Interval Value, F
(3 bits) (3 bits) value, X

0 0 0.125 F<0.125h

0 1 0.25 F=0.25h
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240 1<nn<8 (mMm+1)* 73 F ={0.375h, 0.5h, 0.625h, 0.75h, 0.875h, 1.0h
}1<e<70<=m<8(mM+1)*2"F=xh 7 0<=m<7(MmM+1)*2"F=xh 7
7 512 F = Infinite

24
0 1<m<8 (m+1) * 27 F = { 0.375h, 0.5h,
0.625h, 0.75h,
0.875h, 1.0h }
1<e<7 0<=m<8 [(m+1)*2&"  [F=xh
7 0<=m<7 |[(m+1)*2CY |F=xh
7 7 512 F = Infinite
Table 3

The Fit Interval value of 63 (=2°-1) has a special meaning that defines
infinite interval for the Navigation Mode! of the specific satellite.

The fourth field of the second section contains SV Health. This
parameter gives information about the satellite’s current health. The
health values are GNSS system specific (see for instance ICD-GPS-

200).

The fifth field of the second section contains Issue Of Data. Issue of
Data field contains the identity for the Navigation Model. In the case of,
for instance, broadcasted GPS ephemeris, the 10 least significant bits
(LSB) of IOD contain the IODC index as described in GPS-ICD-200.
The MSB of [OD is set if the Navigation Model is not based on any
broadcasted ephemeris, but is based on long-term fit that is provided

~ from a source external to the navigation systems.

The third section relates to the Satellite Clock Model. The first field of
the third section contains t,;, which informs least significant bits of the
reference time for the clock model. The 12 MSBs are included in the
first section in the field t,._MSB. The second agp, third ag and fourth
field ag of the third section contain 2™, 1% and 0" order coefiicients for

the clock model.

The fifth field of the third section contains Tgp, which indicates
equipment group delay between L1 and L2 broadcasts. This parameter
is defined for GPS and GLONASS systems.
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Table 3 The Fit Interval value of 63 (=26-1) has a special meaning that
defines infinite interval for the Navigation Model of the specific satellite. 5
The fourth field of the second section contains SV Health. This parameter
gives information about the satellite’'s current health. The health values
are GNSS system specific (see for instagce ICD-GPS200). 10 The fifth

f of econ sectlo n su Data Issue of Data ield

o e S SRS RS (5 LTRSS SR 3 5 sgretive
pNRideadten ngédﬂétﬂﬁrtéeﬂi@fl@ﬂdaéf@,@mﬁf&qt bits (LSB) of IOD

contaln the IODC index as described in GPS-ICD-200. 15 The MSB of

ﬁgi‘%ﬁ}é éh? %@Pgw%erm wthaﬁ%gﬁ%%% rom a sé%ameters s
rﬁam@t% ﬁtﬁf IgeebfrE i pnl LA ithig sef pkparameters
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which ifegm 'ﬁastaawasan Saohire migeupImRIRiNaFOffe model
model. The 1 MSBs ar the rst section in the field toe_ MSB.
BAARISESE Gttfafhtﬂ él&’% V¥f the third section contain
2nd, 1st and Oth order coeff|C|ents for the clock model. 25 The fifth field of
the third section contains MD, which indicates equipment group delay
between Parameter 1jri5xplasttionhis parameter js defined for GPS and
GLONASS systems. IMH—é mﬁm%@%tlon relates to the first mode, which
is the S 8 ,, { : : rameters. The
navigati S lan-parametersis 5 the
same as\d@fined for |G aWrEMq?ﬁemHﬁaﬂ@Q%f of parameters-is-used
in the n UrNéQe l, e WtMﬁ@@ @mgIY'{afa relating-to-satellites-of the GPS
and Galiléh systems| WE&ﬁa‘f‘HﬁB@f’ﬁﬂg‘?ﬁMeparameters is giveh in
the Tablé 4 below. 10IRdiratmie@Explanation L Time of ephemeris Se¢
the explamation for to&igSBen Sopenigreity (A)112

An Mean motion correction
é Rate of change of longitude of the ascending node
. Rate of change of inclination
H
Cus Sine correction of latitude
Cuc Cosine correction of latitude
| Ces Sine correction of radius
Cre Cosine correction of radius
Cis Sine correction of inclination
Cic Cosine correction of inclination
Tabie 4

Keplerian parameters are the native format for GPS and Galileo.
However, the native format for GLONASS and SBAS differs from the
format used by GPS and Galileo. Although it is possible, by using
history data on orbits, to convert GLONASS and SBAS format to
GPS/Galileo-type orbit model, it is advantageous to allow for the native
GLONASS and SBAS broadcasted orbit model format to be included in
the generalized model. This is advantageous from the LAAS point-of-
view as well, since representing a stationary object with Keplerian
parameters would require adding significant number of bits to

parameters An and f), if the pseudolite were to be kept substantially
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Square-root of semi-major axis Mo Mean anomaly 110 Longitude of the
ascending node io Inclination (a, toe co Argument of perigee An Mean

motion correction f2 Rate of change of longitude of the ascending node i
Rate of change of inclination Cus Sine correction of latitude Cue Cosine
correction of latitude Cm Sine correctigggof radius Cre Cosine correction

oétraat%unsa(r:y.s Iﬁgseccn%?,cfk%%%ﬁgﬂIB%t}gpn%{%rs can only present the object
position at an accuracy of few cm. However, with pseudolites it is
essential to have a sub-cm resolution (i.e. resolution smaller than 1 ¢cm)
in order to be able to obtain the best possible navigation solution. The
use of GLONASS/SBAS native format in the model allows for
representing the position of a LAAS fransmitter in plain ECEF-
coordinates without additional format conversions.

The fifth section relates to the second and third mode, which are the
Satellite Navigation Models Using ECEF Coordinates.

This set of parameters is used in the mode 2 (i.e. for LAAS) and mode
3 (i.e. for GLONASS and SBAS).

Parameter Explanation Modes
foe Time of ephemeris 2,3
See the explanation for t,, MSB.
X MSB MSB of the x-coordinate in the ECEF frame | 2,3
Y MSB MSB of the y-coordinate in the ECEF frame | 2,3
£ZMSB MSB of the z-coordinate in the ECEF frame | 2,3
XLSB LSB of the x-coordinate in the ECEF frame | 2,3
Y LSB LSB of the y-coordinate in the ECEF frame | 2,3
ZLSB LSB of the z-coordinate in the ECEF frame | 2,3
X x-velocity in the ECEF frame 3
Y y-velocity in the ECEF frame 3
4 z-velocity in the ECEF frame 3
X x-acceleration in the ECEF frame 3
Y’ y-acceleration in the ECEF frame 3
z z-acceleration in the ECEF frame 3
Tabie 5

The number of most significant bits (MSB) in the position field is
chosen so that GLONASS and SBAS range requirements are met.
However, the number of MSB is also sufficient to represent QZSS

orbits if required.

The number of LSB, on the other hand, represents the resolution
requirement set by LAAS (resolution 3.9 millimetres).

The sixth section relates to the Satellite Position Accuracy Model. [t
contains two fields. The first field contains the parameter r,, while the
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Cosine correction of inclination Table 4 Keplerian parameters are the
native format for GPS and Galileo. However, the native format for
GLONASS and SBAS differs from the 15 format used by GPS and
Galileo. Although it is possible, by using history data on orbits, to convert
GLONASS and SBAS format to GPS/Ggjileo-type orbit model, it is
advantageous to allow for the native GCONASS and SBAS broadcasted

onseaiddakhaaniaips ihauBatAM e G EnelNRR® RYAMSIRISISan be used
attvadiegeaibe frtine thedvigdipninebdivierras vprthpmgatiorprasentime by
Aty p(piﬁga{ v"hth. I{ﬁg):%r,i‘a&rheglﬁmeters would require adding

bits

significant number of bits 10 parameters An and 5), if the pseudolite were

to be kept substantially 26 stationary. Moreover, Keplerian parameters
deoroG P Srésenpanarnieiznt poisitibre 4t BhaddsercRahfyey Aocitasy) eglue as

%gﬁ??ﬁl&?iﬁeéligféﬁﬁ% & 8BR-CM resolution (i.e. resolution
smaller than

cm) in order to be able to obtain the best possible

navigation solution. The 5 use of GLONASS/SBAS native format in the

ébereitdenecesparycaitransmibthiemavigatios siatemitassisiamne data
%Q&ts%wélsd'n@ttecﬁtﬁ/it%%ﬁﬂm%@ﬁ#f%mﬁ(tjemﬁﬁrﬁi@r@;thfrﬁeftiif&l?t network
secuon r S €, Second. a Ir'rd mode, wnicn are atellite

GIRIDBL (A0S CERE eSO SHRELOHIE SRRPRA NG Pr more
ueessagesnapicabte ior theaspmunicatmns neivaroNAgsexample, in
SEN) - arraifsstonRnalisviiadendee Tisne oberagmeriesesgdedelivery
xplanalon e ies WaE, i MREMREQL R PABE, RIRE S ofmed
for transmission of location related information. This approach is
defined in the standard 3GPP TS 44.031, which defines the format of
the assisted GPS data exchanged between the network element M and
the device R. In this invention, this approach can be used to send the

more general health data to the device R.

In the network element M the available navigation information such as
DGPS correction, ephemeris and clock correction and almanac data is
mapped into corresponding fields of the assistance data message(s).
The ephemeris, clock correction, almanac and other data relating to a
particular satellite are obtained from a satellite navigation message of
that satellite or from an external service X. The message is received by
the reference receiver C or by a reference receiver in the external
service module X. The assistance data message comprises a Cipher
Control element to indicate if the information is ciphered or not,
Ciphering Serial Number element, and Data Information Element. The
Data Information Element (Data IE) carries the navigation information.
The elements are depicted in Table 6 below.

The Assistance Data message is built so that it is fitted into a fixed
length message not necessary occupying the whole message. It can
contain three data sets: DGPS correction, ephemeris and clock
corfection, almanac and other data information. In case that the fixed
length message has less information elements than bits available then



10

15

20

25

30

MSB of the y-coordinate in the ECEF frame 2,3 Z MSB MSB of the
z-coordinate in the ECEF frame 2,3 X LSB LSB of the x-coordinate in the
ECEF frame 2,3 Y LSB LSB of the y-coordinate in the ECEF frame 2,3 Z
LSB LSB of the z-coordinate in the ECEF frame 2,3 x' x-velocity in the
ECEF frame 3 'Y y-velocity in the ECEF?rgame 3 Z' z-velocity in the ECEF

frame 3 X" x-acceleration in the ECEF frame 3 r
the rest of the message is filled with fill bits. Undefined spare bits are

usually not allowed between elements. In an example embodiment the
channel to broadcast the Assistance Data message is e.g. CBCH
(Control Broadcast Channel) over which the SMSCB DRX (Short
Message Service Cell Broadcast, Discontinuous Reception) service is
used. One SMSCB message has fixed information data length of 82
octets and the maximum length of GPS Assistance Data is 82 octets.
The device R can identify the LCS SMSCB message with Message
ldentifiers declared in 3GPP TS 23.041.

Parameter Bits | Resol. | Range | Units | Occurrences | Presence
Cipher L --- 0-1 - 1 M
. On/Off
Cipher - -
Ccf)ntrol Ciphering | 1 - 0-1 - 1 M
Key Flag
Ciphering Serial 16 — 0- - 1 C
Number 65535
Data 638 -—- - -~ -—- M
Table 6

In Fig. 5 an example assistance message A according to an example
embodiment of the present invention is shown. The message
comprises the 1, MSB, i.e. the 12 most significant bits (MSBs) of the
time of ephemeris {, and the reference time for the clock model t,,
given in UTC Time. That parameter is followed by a number of
assistance data records A.2 (ADATA1, ADATA2,..., ADATAn). Each
assistance data record A.2 contains assistance data relating to one
satellite S1, S2 of a navigation system. As a non-iimiting example, the
first and second data record of the message A could contain
assistance information of two satellites of the GPS system and the third
data record of the message A could contain assistance information of
one satellite of the Galileo system.

The structure of the assistance data record A.2 is depicted below the
message A in Fig. 5. The assistance data record A.2 comprises e.g.
the Satellite and Format Identification record A.2.1, the Clock Model
record A.2.2, the Navigation Model record A.2.3, and the Position
Accuracy Model record A.2.4. It is also possible to define more or less
records for the assistance data record A.2 than these four different

records A.2.1,..., A.2.4.
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y-acceleration in the ECEF frame 3 z" z-acceleration in the ECEF frame 3

15Table 5 The number of most significant bits (MSB) in the position field

is chosen so that GLONASS and SBAS range requirements are met.

However, the number of MSB is also sufficient to represent QZSS

20orbits if required. The number of LSBgon the other hand, represents the

resolution requirement set by LAAS (resolution 3.9 millimetres). 27

second field contains the parameter rl. These parameters can be used to
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BT R i Tenelante daE AR Uie Navkation Model

reaisl R%&Cvr@néwm Q@ta.@s b:‘b&b‘éosyst&m) fhenstrasture indicated
BenMoidsi o if IPRptienoslate bhénfasadtiamd hif trprassisiante dbhtze of the

@é@@@ﬂﬁ%ﬁ%&éﬁiﬁ%ﬁﬁﬁ% S S QA b b
wm%%vﬂmﬁlfmwﬁﬂﬂﬂéﬁm by Medey 3dRdfig moroykhdg used
heathatidabio pestibieddrugeleige thevatricierseof Mode aﬁ/&ddblsatellltes

Bf‘Yfﬂf‘@Z Zy’gtégn such as DGPS correction, ephemeris and clock

correction and dlmanac data is mapped into corresponding fields of the
assistance data message(s). The ephemeris, clock correction, almanac
Hrehathlel bataodédingere dhatreadhr Naeifiation Mmielada‘cmdaﬁsﬁélicé the

SRUGHEA SR LR IR o 08 0 v
Re8Rer D eRE SERIOR SRS RSP R b RV AU s sism the
parawrictsrs Gitiler Oourdrtthenseieotionterteradambgiarsigd to select
ﬁi@hﬁfsaé"i’@ﬂr&%é%%ﬁ%‘?ﬂwE@ﬁ%?ﬁiﬁérﬁaiﬁd@ﬁé?érﬁotﬁﬁ%@lbcted

Element. The 30Data Information %Data 1E %arrlest
&aﬁbﬂ? ﬁaﬁﬁgﬁgﬁnly depen en on the navigation system.

Now, an example situation on the usage of the assistance message
format according to the present invention will be described in the
following. The network element has storage area M.4.1 in the memory
M.4 for storing navigation data received from the reference receiver C.
If there is no navigation data stored e.g. of the satellites of the first
navigation system, the controller M.1 of the network element forms a
query message (not shown) and transfers it to the first communication
block M.2 of the network element. The transmitter M.2.1 makes
protocol conversions, if necessary, to the message and transmits the
message to the reference receiver C of the first navigation system. The
receiver C.3.2 of the second communication block of the first reference
receiver C receives the message, makes protocol conversions, if
necessary, and transfers the message to the controller C.1 of the
reference receiver C. The controller C.1 examines the message and
determines that it is a request to transmit navigation data to the
network element M. If the memory C.4 contains the requested
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The elements are depicted in Table 6 below. The Assistance Data
message is built so that it is fitted into a fixed length message not
necessary occupying the whole message. It can 35 contain three data
sets: DGPS correction, ephemeris and clock correction, almanac and
other data information. In case that theqfjxed length message has less
information elements than bits available then 28 the rest of the message

iaMgfanHdia. UraBhRdrgrsmitiadte theastwarkieipmensdieammless
elkerenis. dmaedenypdatiaiod mevightiohadatal beforathastadnemission.

Assistance Data message is e.g. CBCH (Control Broadcast Channel) over
which the SMSCB DRX (Shart 5 Message, Service Cell Broadcast,

AU RGBS RIS s, COMGNSS frcbSigbidsference
freeEiverfenos eamessgueotantaining dhe thavigaiionrdataghditepsfers
AbtStReCE aifimiti82 OCIe1Sofl fifedsisshid ediirpamiivdhed-blo VT tRe first

RS IR L e s ppecol
CRREeiPDF iIf -nagegsary, theenayipatien data to the network element
M. The receiver M.2.2 of the network element receives the message,
makes protocol conversions, if necessary, and transfers the message
to the controller M.1 of the network element, or stores the navigation
data received in the message directly to the memory M.4 of the
network element. The memory may comprise certain areas (M.4.1,
M.4.2 in Fig. 3) for storing navigation data of satellites of different
navigation systems. Hence, the data is stored to the area which is
reserved for the navigation system from which the navigation data was

received.

The assistance data can be transmitted to the device R for example by
request or by a broadcast transmission, e.g. on a control channel of the
communications network P. In the GSM system a GPS Assistance
Data Broadcast Message format is defined which can be used in such
broadcast transmissions for GPS. The assistance data is included in
the message utilising the format defined in this invention. For example,
the controller M.1 of the network element M examines which kind of
navigation data there is stored in the memory M.4. If, for example, the
memory comprises navigation data of one or more satellites of the first
navigation system and navigation data of one or more satellites of the
second navigation system, the controller M.1 can construct the
assistance message A in the assistance data message storage area
M.4.3 in the memory M.4 e.g. in the following way. The controller M.1
retrieves the time of ephemeris t,, from the navigation data and stores
the 12 most significant bits of the time of ephemeris into first field A.1 of

the message A.

It should be noted here that the definition of time in this assistance data
format is different from the present GPS time. As mentioned earlier, for
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Key Flag 1 --- 0 - 1 --- 1 M Cipher ng Serial Number 16 --- 0 - 65535 --- 1
C Data 638 --- - --- --- M Table 6 In Fig. 5 an example assistance
message A according to an example embodiment of the present invention
is shown. The message comprises the toe_MSB, i.e. the 12 most
significant bits (MSBs) of the 15 time afsephemeris toe and the reference

e S e o e T e I BAEteE fton coes
ADA TR, this\DOredVEaCHIs sS@nbeddm wbigh Aimeoisardefined is not
NSl SR FRIAIBMIOPRRSRBHiIBSThvahfbA.navigation system. As

a non-limiting example, the

Then, the controller browses the navigation data of the first navigation
system stored in the first storage area M.4.1 to form the first assistance
data record A.2 (ADATA1). The controller M.1 determines (M.1.2) the
type of the system and sets (M.1.1) the first three bits of the SS_ID
field in the Satellite and Format |dentification record A.2.1 accordingly.
The other six bits are set on the basis of the number of satellite the
navigation data of which is in question. In a corresponding way the
other fields of the Satellite and Format Identification record A.2.1 are
filied. Also the fields of the Clock Model record A.2.2 are filled on the
basis of the reference time and the coefficients of the clock model. The
equipment group delay Tgp between L1 and L2 broadcasts is filled if
the assistance data relates to a satellite of the GPS or GLONASS
system. The parameter Tgp may be needed in other systems as weli.

The usage of the Navigation Model records A.2.3 depends on the
navigation system i.e. the controller M.1 selects one of the available
modes Mode 1, Mode 2, Mode 3 or some other additional mode not

mentioned here.

The Position Accuracy Model record A.2.4 is also filled to inform the
navigation model error propagation in time.

If there is navigation data of another satellite of the first navigation
system in the memory M.4, the controller M.1 of the network element
forms the second assistance data record A.2 (ADATAZ) accordingly.

When assistance data records A.2 are formed from the navigation data
stored in all the navigation data storage areas M.4.1, M.4.2, the
assistance data message can be transmitted to the communications
network. The controller M.1 transfers the data in the assistance data
message storage area M.4.3 to the second communication block M.3
of the network element. The ftransmitter M.3.1 of the second
communication block of the network element M performs the necessary
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20 first and second data record of the message A could contain
assistance information of two satellites of the GPS system and the third
data record of the message A could contain assistance information of one
satellite of the Galileo system. 25The structure of the assistance data
record A.2 is depicted below the message A in Fig. 5. The assistance data
record A.2 corggris s e.g. the Satellite and Format Identjfication record
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update the navigation data before the transmission. After the navigation
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15 navigation systems. Hence, the data is stored to the area which is
reserved for the navigation system from which the navigation data was
received. The assistance data can be transmitted to the device R for
example by 20 request or by a broadcast transmission, e.g. on a control
channel of the communications networ#. In the GSM system a GPS
Assistance Data Broadcast Message format is defined which can be used
in such broadcast transmissions for GPS. The assistance data is included
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the data from the received signals and e.g. transfers the data to the

controller R.1 of the device R. The controller R.1 stores the data into the

memory R.4 of the device R and examines (R.1.1) the assistance data.

The examination comprises determining the mode of each received 10

assistance data record. The examination may also comprise determining

(R.1.2) the navigation system. Indication on the mode can be transferred

to the positioning receiver R.3 e.g. through the output line R.1.3 of the
controller R.1. However, it is also possible that the controller R.1 is also

11iead 1n thea nAacitinninAa Anaratinne wwhoarainm 1+ maas-
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15 not be necessary to transfer the data (the mode and the assistance
data) to the positioning receiver R.3 but the controller R.1 can use the
data stored in the memory R.4. The memory R.4 can comprise a storage
area R.4.1 for storing the 20 navigation data received in the assistance
data messages. Navigation data can alggp be received, in some
\c/%:umstances from satellites by demodulating received satellite srgnals

Al b angiher embrdisisalethrodaMicasEisiRetioras pseudorange
receaks)ycheyniarabe Keansmits temoryasuteseehib bsylissitobie nedwork

eXfRRhtVhED tha p%'t'qweagﬁréh\sehB 3.5%M.Sﬁm%e@é%§@naﬂewss
from one or two sa) Ilte ositioning regeiv canu &Il
R L R ol NS e L O GSTREE Db, Ugsto the

dJegeswemepricesulis muimﬂﬁﬁ@mmeetadataerﬁmmeﬁ wherthe network
ﬁl‘"M?‘bﬁQ%éﬂfe& frbitethd f@s%rs%ﬁe@ﬂ@%cgeﬂr@nxarrhen the
%H?/ %eexam ne or ore fthef #ownrbq{gﬁuaions trﬁg th
CSfEPAtM Saicule &/%%ﬁ orhed g, LRYee R O Using the
ra@eraﬁ@asmﬁr@emte tﬁ oedigasistanpe daire q:rafhe pstwork
tbﬁemmrnumattﬁmmmt&or% PesEEIe A Vanseetneetll oty and
{5]’1‘&,3&'0 etwo njcatjo or AN
posnig oning re(%;e%t Pg tfgﬁ%teﬁvgl? %éj @ t %ﬂa SO osbs"ﬁbI th%%ﬁorms the
ResHOR GRIsHANONRIK, e.g. the network element M requests the device
R to perform positioning. The request can be sent usrng the RRLP

R e %W@éy l’i’?@ﬁﬂﬁﬂ@&‘eﬁ%mﬁ\@ﬁ@%ﬁé Ei%tnﬁormatron

en the positjoning |s

RRLP m y.mech

aﬁmﬁﬁ?ﬁg’ H&v&*c%. ﬁ’%mﬁmmra ement MiBadgpend
€dn thmmmgﬂtmhesﬂséeenstnﬁosw thetpdatiplesigatisenied sslvedencan
e IeSPRRBridtRINE déheasioat ISVHIEHREO; ﬁ@%@rﬁié‘?ﬁ on the

naV| ath)n data has become older than a preset time), or some necessary
&ﬂ R g'??nssmg the device can form and send a request
message to the communications network P, for example to the base

TRE®ORe BRI AVEHI R RANTS MAFSAISIS HIRERONAILE '?‘F\‘é '§é\fblirte

e P R oA T AN A S ey AR b7 508 fof some
ethengthatsstindicaad thy HaeiddBBsef theiaS fnelexfmay define the
ﬁmum@@r@wlqﬁe%abtrﬁﬁa%ﬁw%@@ea@&eéa W‘ﬂfs‘i’ﬁ'@?ﬁhﬁﬁactors

essag the vrgatl ndata, Th navigation dat
ﬁg egaén 2%? f?f’?&&no 8atg%fgra8eoﬂ aofﬁ{e é?noﬁ?rtam
|mﬂleﬁlﬁﬁﬁﬂi@ﬂ§rﬂ1§&ﬁhﬁ1ﬂlﬁQKmd§émQ%ntlon the network element

M performs at least some of the positioning calculation. in this

f
R e e
mnr qatinn reentainsidrfermation rﬁ@aﬂﬂj@erﬁ)éﬁiﬂﬁioﬁﬁdnéh&n&\éhg@ an

é%ﬁaﬁ@ememﬂm lﬂ‘i@rﬂﬁﬁmiﬂofﬁhefbet@u@pjﬁggqtqybmfgrmquen oy
Fﬁﬁ-.tﬁ’dcﬁf'%;\}ﬁ”{lg ﬁlae\/§$h itg from a reference receiver C
e ne e assist

elemen receives ance 30 data from the
assrstance data server X. Then, the network element M calculates the

Ibissitiotevidnthsietiiae ReylotRatirislsssermrordise aldiassistaiss (and
tHaIRfAPINe5OPLigN Is fhat trﬁere Sncal%%gﬂgﬁr pegfprmgglin example

another server (not shown) e network server M transmits

implemenia ?Fbsb'l%i@fhé%ﬁ%%@%&'tdﬁﬁé/:ﬂjﬁﬁoﬁﬁ@%&fltmi e

nhodeet another embodiment the device R performs pseudorange
measurements and transmits the measurement results to the network

me in a measyrement informatjon messa%)e (GNSS measurement
e&%liqr\/h e@ @]gmyrgp@rg& assistance message specified
contams various items (specifically, t,._MSB, fit interval, SV health,



10

15

20

25

30

35

5 measurement results and assistance data formed by the network
element M or received from the assistance data server X. Then, the
network element M calculates the position of the device R by using the
pseudorange measurement data and assistance data, or the network
element M transmits the pseudorange gagasurement data and

ed ta to an erver (not shown), which
T et dondont i CELBliow e IO dhe Tavigation
rﬁ@fa@afdméumﬁ@nmmarﬁanm’ttedermm inapguiery Rromntibegaintkof-view
dEmmstiNveRticie PG Q'ﬁdfhﬁe'féi@gaf F@ﬁrﬁlﬁ@éké’lét ﬁi"iHBetﬁﬂrl?'ﬂ@ﬁmng
e r f IC
e TORRERD S Gratahes the T8 e i e FRkich 88 e given
Mumaﬂeaé R {RRY, ﬂo&é\ééﬁitetaofﬂ?@tém)(@ﬁ changing it does not
GHOARS, HBlSbHs JuRARHAltgome ethethéabicinitaidddithimterval

AEDRIHE 2 L A DRI st o
%@? andring, filiiarvRlranaalea e arediliediiticRBgPiheidneans
tal«ingaslystbmnweod" ofissiemintateltitzrufit. Therpargatietensodehich are

ﬁ%ﬁ?%fﬂstw&meW{% OSIRR B0 TWERESh, are only

essent I element in the In n. For GLONASS, Carrier Frequency
YR, Eilﬁ RbAABRIEIEEGSSex). It is noteworthy that the clock

model is common for all the modes (and therefore for all the navigation

AY§E?”]§)§F|H?JFQ%@“EI?HHH9§E€6WH%’? HeVEKHIdIN Bt CURRIA RS cale
chan the 35 10D, too, TGD, toe-r ro,.rl) that ar o pns
b‘fftéé

;?or? rﬂ‘\ﬁlj}aﬁ%n IhdueMoSER g
ﬁhpukérﬂﬂnﬁﬁlth@bamgtsfg/m drithzounésitamdior scabe dactiers geds not

Wméﬁﬁiaﬁ%ﬁﬁ”?“mfit"wdl‘;"”@%weg%ﬁ g Fesoitn to
VRS RS e SR 0 B A e IRIGRARS @ vet
anet @lrmnwesh@qmw@wdh@ &Snﬁa abheradayinginneahed rakently
dethebite)standi desis bl gifafdhi didnipivabetvelse @P@%ﬁéﬂéﬁltes

ThE IS R0 %%%Té"’%”@m&y?,ﬁ%% B rRe O ST SIGHE and the
&aﬁ?ﬁﬂﬁnﬁiﬂﬁﬁm twe eap hecerarerseskdnthensasenfisidakut iit is not
raémbtéq;emph@slged(@&bﬂﬂetﬁﬁwﬂhélts;@t@maisd@éﬁ}eef@mr%@me other

B A T S
chanse:fiye it ﬁsﬂaﬁd@VﬁﬂﬁlﬂQ resolution to velocity components

would not be a different invention. As a yet another example, consider the

S‘ﬁerenﬁ*lﬁe s ﬁ%ﬁe‘l‘%@%@% B ?ﬁ%"‘ﬁé‘&@@riﬁcﬁ%@é& f wired

nedwarks m@rﬁ%hlaam@ SaEsaRARdimiting sxamples of the
cerpmesicdtiohs saetwﬁel@ thawtes abbaeledsegntodertivtuidrabetthebut

VILARTERG SR B AL Sl dhediBRca ey gpcaton ofthe

S wWou E’ange e spirit of the invention
communications network P can be a wireless network, a wired network, or

Theoopenationsidhése. Gifferendreliontiegtsxefimtiessfstem can mostly be
céﬁ‘?aa%iﬁaﬁ JTERYPELS '11:3 E@é‘f&%ﬁ YrERE Oﬂsﬁ”b?“ﬁ%‘ 8ty (§> on
can als he ns o

e%(ﬂ iMax etworks e mentloned here operatl
Fis <k eRMBUIELIBI YGRS h Sotlycouskiapssitg that some
opel'atanasl ertpadsnobithenof dam eheentimts o prodedin e ibaglewfented by
h&RIPAERr instructions. It is, of course, possible that some operations or

parts of them can be "hard coded" i.e. implemented by 35hardware. 36



Claims: 1. An apparatus (R) comprising - an examining element
(R.1.1) adapted to examine received 5assistance data; characterised in
that the apparatus (R) further comprises a determining element (R.1.2)
adapted to determine a navigation system the assistance data relates to
and a navigation model selected for said ggsistance data, wherein said
assistance data is 10adapted to be used by the apparatus for performing
positioning of the apparatus (R). 2. An apparatus (R) according to claim
1,c fised in that the apparatus is adapted to receive signals from at
least two different 15 navigation systems. 3. An apparatus (R) according

to cl,auﬂrjr o aatai:gmeiﬁé Eﬁ%&Bé%ﬂjéhe assistance data is received from

a communl Ions_net An apparatus (R) accordlng to claim
3, char8RerRXAMINING helegrentddudhs Adariedr)ie aamipe received
Snetworlassistamcapgatatus (R) according to any of the claims 1 to 4,

Cha&?é?ﬂ%‘f@ﬂ&ﬁmﬁ‘ﬁmé?ﬂ?é %?rét[]’é’? ‘FBHHEWES?& Rglfyice. 25
6. An a p i%ugs R accordin ¥l| aracterlsed in

ec 1to
thatth Dl e )Rl do SR EHaIS cmavigation
the asm dbha reissisianoehetata tielatesrntmirgdleenamayiyjatiris model

adapte?él@e@t@dnf@? d%@ﬁ:l'%gﬁtﬁﬂ&% 3@’@?9 %‘gﬁ@ﬁ'ﬁ%tﬁhﬁéﬁtégélsfaﬁéb data is
gapparaty ordin characterjsed.in that the sai

0 e R A R e R RS dORA RHREENON qpitioning of
satellitth® @ppasaiued Bata relates to, wherein the determining 35

element (R.1.2) is also adapted to examine said indication on the satellite.

378 %age?)jfgfé?@& %?58 % Oél%]ﬁf'?'”lﬁﬂa% terised in that the

characteri ocom rises a posl onln rec

(R. QPﬁﬁrﬁéH‘émﬁnQCﬂﬁﬁiﬁQnﬁﬁb W%a@xlgﬂﬁ@néf@mn@ﬁe lagﬁb@ré@adlfferent

15 leaptoigatiinlgpstemgation system; and 5a receiver (R.2.2) for receiving
assistance data relating to at least one navigation system. 9. A network

element (M) comprisin a controlling eIement (M 1) for forming
assist @B%r%lﬁlﬁ%}Mf‘ﬂ)%é: g/ gharagterised in that

the assistance data is received from a communlcatlons network (P).

20 4. An apparatus (R) according to claim 3, characterised in that the
communications network (P) is a cellular network.

5. An apparatus (R) according to any of the claims 1 to 4,
\ characterised in that the apparatus is a mobile communication device.
25
6. An apparatus (R) according to any of the claims 1 to 5,
characterised in that the assistance data comprises indication on the
navigation system the assistance data relates to, wherein the
determining element (R.1.2) is adapted to examine said indication on
30 the navigation system.

7. An apparatus (R) according to claim 6, characterised in that the
said indication on the navigation system alsc comprises an indication
on the satellite the assistance data relates to, wherein the determining

35 element(R.1.2) is also adapted to examine said indication on the
satellite.



10, dicatQRSHAKIR

a transmitting element (M.3.1) for transmitting the assistance data to a
communications network (P); characterised in that the controlling element
(M.1) is adapted to determine the navigation system the assistance
data relates to; 15 - select a navigation model for the transmission of the
assistance data; insert indication of the ngyigation system and the
selected navigation model into the assistance data; and construct the
assistance data according to the selected navigation model. 20 10. A

netvibrl\Bl8RRATEING RLGeAAGHBS e Ay ehdhe@aies ihadf tebaracterised in
netwhet tHemapphhlfuaiserceenipiéaes a memory (M.4) for storing

navigati ' jgati -and :
examming A SIS 107 QEHIHAR PSRBT ofthe pasis of one
25dete PR IRSIHARAbAl IGaR ANRs AR MR igalioR pysterm: and A
etworlaetensiveKR. A2 pfdingeedlng 26sistanactatistiadrisidtingtie at least one
controll%@gﬂm{}g)@éﬁis adapted to form said assistance data on the

basis of the'navigation data. 30 12. A network element (M) according to

claim 10 or 11, characterised in that the network element (M) also
conthrseebvadcdlem@niaF) engeigingg navigation data of at least one

satellitg gy RREnt 301 9P iersAHalCdAa faneaipRLAR IR RS at least
to, wherein the.de{frmlnlr‘%g]l_eme{t (R.1.2) is also adapted to insert

RORES '%ssistance data. 5 14. A network

elemerft (IWANscabiiometonentdMnd t)farstensnatting thacassigtangedata to a
said asgisHRGRIfaie F MRk PRR or more assistance data records.

15. e according to any of the, claims 9 to 14. 10
(:hara(%(ra‘eér\%%{dFi %ﬂﬁﬁéﬂsgﬁgﬂﬁ dna%a\eri16%0”(‘)‘?1 tr?a“gi} lga‘{ﬂsqa r%gdohhe

followis§ GsRtinsos NaKigglion s ysisdathe assistancecite delatepdtss;

150r Positifcivelnpiigatishagesrlel dpths tirsmigesdinatee d&sid@inde data;

networ. : ccoral h ims 9.t C eri o
i et e TSt S N IOAIEN SRS add e “SBageY Wvigaton
networRefishige the assisi@neadalainang, characterised in that the 20
networtoisined tiih pissistantd ejavdtabitgdiagtie tiadsdeisianigatdn’model.
network element (M) according to any of the claims 9 to 17, characterised

in that said assistance data relates.to at least one of the following: 25 - the

20 gtk P akwRikgelsment: (M ascerdingdo claim 9, characterised in that the

network element (M) further comprises

- a memory (M.4) for storing navigation data of at least one satellite
navigation system; and

— an examining element (M.1.2) adapted to examine the navigation data to

25 determine the navigation system the navigation data relates to.

30

35

11. A network element (M) according to claim 10, characterised in that the
controlling element (M.1) is adapted to form said assistance data on the
basis of the navigation data.

12. A network element (M) according to claim 10 or 11, characterised in that
the network element (M) also comprises a receiver (M.2.2) for receiving
navigation data of at least one satellite navigation system.

13. A network element (M) according to any of the claims 10 to 12,
characterised in that said navigation data also comprises an indication



the Galileo; the Quasi-Zenith Satellite System; a Space Based
Augmentation System; or 30 - a Local Area Augmentation System. 19. A
network element (M) according to any of the claims 9 to 18, characterised
in that the controlling element (M.1) is adapted to select the navigation
model on the basis of the navigation systeyg the assistance data 35
relates to, wherein said indication of the navigation data also indicates the
selected mode. 39 20. A module (R.1) comprising - an examining

elen®hiie. satellifspthe Bavigalios datecralatasstoandiessia;the determining
charalegaTed(R.tha)the ahsolide4Btéd fisthesermngdrastion dAeEdatedite into

elenﬂqgtégsgs@%%to determine a navigation model the assistance

data relates to and a navigation model selected for said assistance data;
and an output to transfer an indication on the navigation model of the
dassitthnée datwarle pdsitientd Meveortingl té mathed chepplaings -9 to 13,

formipg pset data sielating; igati ;
characte@é?ﬁ;n?g%t meﬂniég h%%'%rtgﬁ%:%rﬁ%%srgg{% g%'é@%%@mé’ ﬂ?e or more
nav@%ﬁgme AdGLLISEnce data relates to; selecting a navigation

model for transmitting the assistance data; inserting an indication of the

navigatign siRsrensldhtoReIqRIFIRAYRAHEN HOdRY N tRARHHASCE to 14,
mdata;haand r'CO§StF1u§£|I%]fFE|]e assis ance_d t acc_ordl %to the selected

20N ARSRTRE el 01 e ARPRIRBTaIAE defAd 1neRaAbdpanteng of the

thafelewigHaditunagelomprises obtaining assistance data from an

extern{ gsiafied Maddl; A method according to claim 22, characterised in

that saj inj orises receiving from a reference station (S1, S2)
navigzﬁgr% %gtglﬁ%a _eas(ioc%glg %ﬁltéqrna_vigation system. 24. A method
accorditRptioaxnalogity anst agcelesalion in &ORFepaulimeiesethod

15 further comprises inserting an indication on a satellite into the assistance

dat 5. i f the claims 21 t . |
cﬁaﬁbtéis&%ﬁyﬁgﬁﬁiﬁéﬂﬁw go%r%?%de’gargr%gr%slt n Of)hiﬁgss%?gﬂgeg to 15,

datgharacisdsaehinthatthescasmmsmigasions network (P) is a cellular network.

17. A network element (M) according to claim 16, characterised in that the
20  network element (M) is a mobile switching centre of a GSM system. ‘

18. A network element (M} according to any of the claims 9 to 17,
characterised in that said assistance data relates to at least one of the
following:
25 - the Global Positioning System;
— the GLONASS;
- the Galileo;
— the Quasi-Zenith Satellite System;
— a Space Based Augmentation System; or
30 - alocal Area Augmentation System.

19. A network element (M) according to any of the claims 9 to 18,
characterised in that the controlling element (M.1} is adapted to select the
navigation model on the basis of the navigation system the assistance data

35 relates to, wherein said indication of the navigation data also indicates
the selected mode.



40 26. A method according to claim 25, characterised in that said
communications network is a cellular network. 27. A method according
to any of the claims 21 to 26, characterised in that 5 said constructing the
assistance data comprises selecting for the assistance data at least one
of the following orbit models: Keplerian n@glel; Position in
ECEF-coordinates; or Position, velocity and acceleration in
ECEF-coordinates. 10 28. A method according to any of the claims 21 to
27, darAcrersidad hdd weneigibn model is selected on the basis of

the ravigatigxapsieingheksaistat (R, daty reldigstéel wbereitamaide a received

|nd|catl% gﬂ%@? on data is also used to indicate the selected
navigation mo uter program product for storing

S e AP e T T pey
&ormmgaas%@mmm@aebmmgttﬁ%ﬂI@sadm)temgatldemmne a navigation
characigisgel INiaa! JagiSolC el PSIIL Soc el 185 aNBEén  modied
20 execut tructions for, Fgetermln ﬁr;% the navigation system the
as&staﬁ@g f?é?jé;]ﬁl%%'aoasﬁ @mifad rg%'ﬂ n model for transmitting
the assillantiépudtdo ivensiay @ninddiaaiioo o theigaidgalistermane! of the
the sele@isirMEEEAMTOLHHERIGRIAGTESERRAata; and 25-

1 0(:onstructlng the assistance data according to the selected navigation
model. 30. A computer program product according to claim 29,
chafdetéritethocheomdsiigiter program further comprises computer

executablgnsiingtianssistattaindatassislatiog deda Benedsexiehal navigation
service. 3 X% t%h omputer program product according to claim 30,
characterised In tiat said obtaining comprises receiving from a reference

staghiaracterisgd igdhat theaeethoshirdher-emsiagSgation system.
15 41 <contptéaminiery i hinsigatiom s jetorctiio assistdrosadeta felates to;

t II .
ecorch #3%% ?%%Sﬁﬁ‘ﬁﬁ?’aﬁ.é’@%i’%% BaH SR LSS ance data;
compdfé? ﬁ&ﬂ&%lﬁ&%‘@rﬂsﬁﬂﬁlc@% f§elected
form|ngmgatmncemmmtwdhaaﬁmsbaﬂwﬁmamn@atlon system the

oSl RRARSIBHIE hio S<stamiL! HRad ABAIRIING 260" ‘elected

any of the c aracterlse In that the computer

20 eyecubiYigAl Qﬂcﬂlﬂg%r selecting a navigation model for transmitting
the assistance data comprise instructions for selecting the navigation

magie! andhakadiaetElamgy WEPA]&V?‘F”UHSI%’%%H&&%I%‘%H&HW@ method

to, a usm said indicatjon of the navi atlonéi { s the indication of the
sef @QT%S%’;?'TB’Q aSS|st nce data rom an external service.

25 23. A method according to claim 22, characterised in that said
obtaining comprises receiving from a reference station (S1, S2)
navigation data of at least one satellite navigation system.

24. A method according to claim 21, 22 or 23, characterised in that
30 the method further comprises inserting an indication.on a sateliite into
the assistance data.

25. A method according to any of the claims 21 io 24, characterised in
that the method comprises transmitting the assistance data fo a
35 communications network (P).



35. A signal for delivering assistance data to a device (R), the signal
comprising - assistance data relating to at least one navigation system,;
characterised in that the signal further comprises 20 - an indication of the
navigation system the assistance data relates to and a navigation model
selected for transmitting the assistance d4ig; and wherein said assistance
data has been constructed according to the selected navigation model. 25
36. A carrier having a signal recorded thereon for delivering assistance
dat2® afevietiesl urceRiHNG oAl a38istaharasterisadingno that said |
leastamenoaicgditos agdioTk haraelietimedetwtdhrét the signal further
comprises an indication of the system the assistance data relates to

and_a navigation 30model selected for transmitting the assistance data;
P ORI 2Bl N RS Ao EraiFaEAsterised in that

Sselsaisti canstartingribech saistancasdstaneaisesesete i fon hisisg sistance
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35 waeeatRisesieBeMd iR duminmBaasiance data relating to at
least ope navigation system; 42 characterised in that the controlling
KRISHE Ry

eleme 2y EE&% d to determining the navigation system the
assistaiesitiarindiiEd teooatinate sia0fgation model for the transmission

of the FxséiRNCwslaLHPantD sRBNSTROR MO eMayisietiensystem and

the selected navigation model into the assistance data; and construct the
assistance data according to the navigation system. 38. An assistance

datdGefvBrethpdaeraming taany 3 hireieimsset ttodi.ieharagterised in that
cortpsises/iation o] Is2 S ENECREIBIN AR WESHOD! AR ehAGERS Btem the
satglis RAAAHN PEIRIY 151 0nérSn Y- Rdication of the navigation data is

also used to indicate the selected navigation model.

29. A computer program product for storing computer program having
computer executable instructions for
— forming assistance data relating to at least one navigation system;
characterised in that the computer program further comprises computer
executable instructions for
~ determining the navigation system the assistance data relates to;
— selecting a navigation mode! for transmitting the assistance data;
— inserting an indication of the navigation system and the selected
navigation model into the assistance data; and
- constructing the assistance data according to the selected navigation model.

30. A computer program product according to claim 29, characterised in that
the computer program further comprises computer executable instructions for
obtaining assistance data from an external service.

31. A computer program product according to claim 30, characterised in that
said obtaining comprises receiving from a reference station (S1, S2)
navigation data of at least one satellite navigation system,

32. A computer program product according fo claim 29, 30 or 31,
characterised in that the computer program further comprises
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computer executable instructions for inserting an indication on a satellite into

the assistance data.

- 33. A computer program product according fo any of the claims 29 to 32,

characterised in that the computer program further comprises computer
executable instructions for forming assistance data records on the basis of

the navigation system the assistance data relates to.

34: A computer program product according to any of the claims 29 to 32,
characterised in that the computer executable instructions for selecting a
navigation model for transmitting the assistance data comprise instructions
for selecting the navigation model on the basis of the navigation system the
assistance data relates to, and using said indication of the navigation data as

the indication of the selected navigation model.

35. A signal for delivering assistance data to a device (R), the signal
comprising

— assistance data relating to at least one navigation system;

characterised in that the signal further comprises

an indication of the navigation system the assistance data relates to and a
navigation mode! selected for transmitting the assistance data; and
wherein said assistance data has been constructed according to the selected

navigation model.

36. A carrier having a signal recorded thereon for delivering assistance data
to a device (R), the signal comprising

— assistance data relating to at least one navigation system;

characterised in that the signal further comprises

an indication of the system the assistance data relates to and a navigation
model selected for transmitting the assistance data;

wherein said assistance data has been constructed according to the selected

navigation model.

37. An assistance data server (X) comprising
~ a controlling element (M. 1) for forming assistance data relating to at

least one navigation system;
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characterised in that the controlling element {(M.1) is adapted to

determining the navigation system the assistance data relates to;
select a navigation model for the transmission of the assistance
data;

insert indication of the navigation system and the selected
navigation model into the assistance data; and

construct the assistance data according to the navigation system.

38. An assistance data server (X) according to claim 37, characterised
in that it also comprises a receiver (M.2.2) for receiving navigation data
of at least one satellite navigation system.



