1 Methods and Apparatuses for Assisted Navigation Systens Field of the
Invention This invention relates to a field of assisted navigation systens
and 5 nore specifically to a format, in which assistance data is

di stributed froma communications network to termnals. The invention also
relates to a device conprising a positioning receiver for performng
positioning on the basis of one or nore signals of a satellite navigation
system The invention also relates to al net wor k el enent conprising a 10
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25 navigation systens enables navigation in these difficult signal
conditions. Each satellite of the GPS systemtransmts a ranging signal at
a carrier frequency of 1575.42 MHz called L1. This frequency is also
indicated with 154f0, where fo = 10.23 MHz. Furthernore, the satellites
transmt 30 another ranging signal at a carrier frequency of 1227.6 Mz
called L2, i.e. 120f0. In the satellite, the nodul ation of these signals is
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25 @lileo receiver should be able to utilize GPS satellite signals in
positioning. Positioning devices (or positioning receivers) i.e. devices
whi ch have the ability to perform positioning on the basis of signals
transmtted in a 30 navigation system can not always receive strong enough
signals fromthe required nunber of satellites. For exanple, it may occur

t hat when a three-di nensional positioning should be perfornmed by the
device, it can not receive signals fromMfour satellites. This nay happen
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The subframes 2 and 3 are used for the transmission of Ephemeris
35 data. The subframe 4 contains other system information, such as uni-
versal time, coordinated (UTC). The subframe 5 is intended for the
transmission of almanac data on all the satellites. The entity of these



10 the signal power |level may nmake it inpossible for the GNSS receiver to
obtain a copy of the navigation nessage. However, when the navigation data
is provided to the receiver froman external source (such as a cellular
network), navigation is enabled again. This feature can be inportant in

i ndoor conditions as well as in urban areas, where 15signal |evels may
significantly vary due to buildings and other obstacl es, which attenuate

satellite signals. The internationat patent application publication WO
02/ 67462 di sghfpapesCBRdasainégnsecamd érB@P@EhFa\h afi6h | edsagaMukic¢at i ons
net wor ks 20and rreth for tran tti fjfhaln cel |l ul ar

net wor ks. frafie s 95 Al @ﬁsas r‘g‘og DMAYITARR ver

requests fomeasagetlsmtesdatmm B0es.net wor k sends the nobile termnal one
navi gati on nodel for each satellite in the view of the assisted 25
positioning receiver. The format in which the assistance data is sent is
speci fi%®d iln ther GHSs systamaatinne, isameasuredimsecsoratframsthieneeginnirRRoP (Radi o

Resource L i nt r ol
h W CDVA 2%3\’%%@@8'@‘%“%/@2- SBSRAf.ahe ihAnfeflofBEainfit B FS9ELK e nifan o)
i nf or mat i oNghEREAVECAr2 SRlkrdRY and a uedaxt Eaghr gubicame b@aber Han@sm

Final ly, thaitkedeentdrs imcrrtatw uhlthésn%nﬁtlﬂtthﬂe @R%Mérﬁtiﬂ i ance

Secure User_Pl.ane for Locati variQus p ol utions
et wor ks - BB TRges S ae. s, e diis Mtk indoples ik Mamgroaly,
support0 GPSransmission afus certamebntanp up thé GHS Isysteral Ithehemnmrtdaf ds

iBﬁLLt b 1t orhisSton, b B PRR bt ih €, KObREHRE. P BE RARLT IS or pe
adequat e i rmeaéurfﬂsbwnhuhl@lfep@emslanrﬁwnuamrononmtermsln spiteiof #hispthe i n
order to b%é)’é?bﬁohcbfsé'é’cﬂﬁ’@attélh% REWo it p@aﬁn a‘SEgggBl %hﬁ@ fo tgéoGP@ ng

assi st ance i for new syste as vve uced
finding a FYPieBINGH 51%@&‘6%/ @(ﬂrgﬁ@g %HW%‘PW%@&”} 'St% O'E!Hﬂ dde drlestt o

descrifge aldhrohenfefieldrrd® By e atelitedt anddot franvmitdtiadlinforaiation te t ake
the native Vi gg‘i.tﬁon nmessage format for each of the systens and use this

format. 's would result 10 in various different nessages
(different message format for each system) which would nmake the

| b
| neonpat 1 biliR MR of AERES IR pat fighéls, 4P he REURN, B0, o 1.
such that wécture af th%mwgatmnrm%sms:cﬁtw By beddnffeserrh@ diffgreshges in
devel opi NG it iPATBH h 3@5 t% 'T'ﬁér‘éf ré' e%éhﬁp' Rl’a B -a 1BPS

satellite indée |dent| VI gat vvlt a specific
satel || to. DPRECPOSIIGAING FaeRIVEreh ysygt hasplicable @wm .m@wﬁgnm hod. 20

CGPS i ndexesesaivel |dft anothey, sSRAlite ef.eDro#se bther M, Pae lskestRiedom

Noi se) nu rs. The P Wit spread code
oLy ¥ P85, ACHEs AR (SR b Pl i, B wi bE SBiEE, £°

t he sat el | similartties rhethererc BBPIS ardbrGalileed imi $uch hee WEN ttmieatlsledsby t he
sat el bkt e. t WLI hZ
nume?scan%ﬁ%\@%&? 2 vﬁ"ﬁa Ré ggﬁae tﬁl éﬂiﬁﬂﬁ% tﬁ%ng?%ﬂstﬁ Sﬁﬁ? pI anes
(this posi Posiiogings called a "slot"). Mreover, in contrast to ot her
systens, GLONASS uses FDVA (Frequency Division NUI tiple Access) to spread
satellite g)oadca,sts n spectrum_ It is noted Eiryere that there is also a

CDMA spr eafOSHIRNING dRWCER (OfP@sitiRAIng. ragrivers)si-e+ devices: which hayee t hat
nmaps the s&teebbnwtéIpetrfd*mnb@@tmmg@nbwsag@toﬁéugﬁu@wnsﬁmtéd iR 35nust

be i ngbUdeHa'\/fg;a?‘% g)?ést'e?ﬁ 6E:rflslcn‘:"no ?ways recéive strong enough signals from
the required number of satellites. For example, it may occur that when

a three-dimensional positioning should be performed by the device, it

can not receive signals from four satellites. This may happen indoors,

in urban environments, etc. Methods and systems have been

35 developed for communications networks to enable position in adverse
signal conditions. If the communications network only provides

navigation model assistance to the receiver, the requirement for a




8 SBAS systens use PRN nunbers simlar to GPS, but they have an offset of
120. Therefore, the first satellite of the SBAS system has a satellite
nunber 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
systemis a GPS augnentation, the GPS conpatible format should at high
probability be conpatible with QZSS as well. 10Pseudolites (LAAS, Local
Area Augnentation Systen) are the nost ﬁ)robl ematic in the indexing sense.
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fact ord t hagenerally,) assigiedopositibnizgy devidgesed by each systemis covered and
the 2)accuracy (or resolution) requirenents for each systemare 30net. The

third probl emincludes the orbit nodel. Again, each systemhas its own
format (ex&Widenly.Govlynnassiaiancsy datat reledinghdos GRSt satellites Gas ded
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specified in the GPS-ICD-200 SIS (ICD Interface Control Document;
SIS, Signal-In-Space) specification. This navigation model includes a
clock model and an orbit model. To be more precise, the clock model is
20  used to relate the satellite time to the system time, in this case the GPS
time. The orbit model is used to calculate the satellite position at a
given instant. Both data are essential in satellite navigation.

The availability of the assistance data can greatly affect the positioning
25  receiver performance. In the GPS system, it takes at least 18 seconds
(the length of the first three subframes) in good signal conditions for a
GPS receiver to extract a copy of the navigation message from the
signal broadcasted by a GPS satellite. Therefore, if no valid copy (e.g.
from a previous session) of a navigation model is available, it takes at
30 least 18 seconds before the GPS satellite can be used in position
calculation. Now, in AGPS receivers (Assisted GPS) a cellular network
such as GSM or UMTS (Universal Mobile Telecommunications
System) sends to the receiver a copy of the navigation message and,
hence, the receiver does not need to extract the data from the satellite
35  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




5 the satellite position at some instant. SBAS utilizes in sone sense
format simlar to GLONASS. The SBAS navi gati on nessage includes information
on the satellite position, velocity and accel eration in ECEF
(Earth-Centered Earth Fixed coordinate systemdefinition) systens at a
given instant. This data is used to predict the satellite position by 10
sinple extrapolation, which is in contrast wwth GLONASS, in which equations
of notion are |ntegrated in tinme. Agalrf5 since the QZSS ICD i s not

avai | abl e y@és:tubhmgdahaeﬂn@@lgé@éw@tanofrm@%lé@\: V8 UBRS S@gferiendtdin known.
However, there are docunents that o % i gnal be| nﬁyco atible
with eitherVa8Is Use GASRS |%X%pp ﬁ'@ rb'tso@g’éﬁs“f uring

fj hat rIt Bgdnemf $anvicds asaitabipatedrby thviet thlséﬂ%calmdan&ilw&tldmeT@%kmdB 0} 3 may be
abl e to desct T *?és%ﬁ%i&ce? RpEORIFET e HRhetfie dudkr

pseudold t edonatr@nfe the wsel.cTheesfore: |d§a1\ay&qm therglaterminatiare qfoﬂin on. It
I s necessar i ion at a
resol ution g@%@g@?&%ﬁné%@@@%@q’r% tis(}%q't]gqghéerse requirements

(i ndexing, clock nmodel and orbit nodel), the naV|gat|on nmodel nust include

i nformati Orl\/léf’ecﬁmehnzédi@ét%beﬁ@ﬁdl lcfmwdmaEEEREl\lﬁﬁuzamdmgf theckssistsd |

nodel va perlod

I t t d | i,di t
soue of | aaiE MANobE P EShit: o el b us AR s 8 BiER 10 et s
and SM(healthk s{lgndi paives Im&&ltrhay make glinpossibkesfor tbenGNS Bkecdaives bl e or

ot JoNecgliehe 40gBY LRS! EMgdRG SRS RdAR Wikifid of

exXpr essi ng ese 1te cura eq ulrenents var rom
system to diatigationdatey is pr@wgleduta dhe m@vew ff@meamtep(ter@aldso@mﬁ res

modi fi cat i f(@ucE L8 EANGIAP nEHvEF aﬁ%%.éa@t% 3 @ﬂ"abfé’é%@%ﬁi TRisMRathfens t

only one signa ut vari.ous sig uencies., 10 Now,

the new as$idt RRJBRAIEaNtigrIREPOMEONd Héorﬁué‘ﬁ Wﬁ 2S84 Uk §§ﬁﬁ%rﬂv§6@’0| fic
itens 1@ Walignals |§&é®m’h@y rsi‘gﬁliﬁcaﬁﬂ agavy agvier aguibuil s and totken into
account . 5F|bcﬁlgl% 2“%’? P g rrent assistance data format is that
it only alq or YW ? ?\§9ﬂ o9 @Jﬁa to be available for a given
satellite. This neans that vvhen t he navi gation nodel is updated, the

term nal mitie bdematiordd patenbapplieaticepublicdtiva WEb(bEXﬁaMGzaUrmsemow

there are SSRECOGLAlaRal feanElahgBOaH dendjay @i emidaion hwbAyal | ¢

for 10 5-1 e navi gation not 1 ncrease, but
the s@vi c@@bmhﬁds fopiransatiingt GRSy agala’t@mcaidaéa frocelbular s@tworks.e. 1 n
assisted GNSS this is advant ageous since the user receives all the

assi st ance eded for the next pl e of weeks in a single downl gad. The
new assi st é&géndzﬁ anobilgatermna ?‘ﬁé’m oPR, agsisted eppgtghnﬁﬂﬂ)rfe%ﬂt’ﬁ'ése

I olngt ter mt @étélﬁésfsl \‘esrl ass@tém@tdatgd%é naivdrki §eﬁl@ét Qhéhm&)llbagerh?ﬁal n?
sol uti on 0 e em | S ecaus ance a | S util on
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hesene a SER o 7l VETBUS! SEfidarab! R, PR Solftions) AiadaL R 1Y
various st éRadtmﬁeaouw Loz atine éﬁ@af\an@enst Premod?)eﬂner@&l\d).n RRECt (Radlia p
proj ect: Tegduy ch'f%(%{) EG'W‘GD éﬁav'@e@o@gﬁs% 1 9N ASPEPIMA.

Location SerV| ces I ntq pl I cabi

oinp.L
Rel ease 6 sspad aasb.a%sﬁan@ﬁed@a |IFBHFT%%I$berﬁ ﬁﬁlﬁﬂi%t arg @ﬁﬁ fk%ﬁéﬂucie of
usi ng3@al i keshddrd( Fiorg., 035 fONBORE Finklly Ciifereoars ¢IsercPldins fsolu@see. The

cnanges Uyl Shele TRRILAS, it Al (i | SecPER Ploes” Hafer 197 arD are
i dentifi edLocaflen) and various proprletary solutlons 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
35  modified in the near future in order to achieve Galileo compatibility.



Paragraph 5.2 discloses that it is possible to create a "GPS like field" or

to define new nessages adapted to Galileo so that Galileo data coul d be

provi ded as assistance data. It is also stated that in case of Ms-assisted

user equi prment, the existing nessages could be used if the 5 type of

satellite (GPS or Galileo) is standardized. It is for the nonment possible |
to describe 64 satellites but their type is by default GPS while the
description text indicates that a satelfite can be GPS, WAAS, GLONASS.

o och e Hende s bR SR OBt satce ohe A R BQBLATRE K e
u i i ite, . I ,

Lhe beor - odinan it @b At WTatRootnigl fmuis bt CeNElaRarbi ofer 18 Bhe
current i nvableitorsuppdrtittesnewosysteais.zed navi gation nodel, which can be
used to characterize the satellite clock behaviour and the satellite orbit

in nore than one navigation system The generalized navigation nodel can be
used atd | eakie wirobleBPdn pravidirg assistbings, daa BBARW IsXamsd agA8s|l ahere are

al so reservgtgd qg{&léw . 1 j em ha
been sol ve abd;p%t&eé%lb)‘r?gﬁet e sa ef'f‘?t ?nr?eﬁbﬁ@? ?ﬁe’sﬂgﬁ%%\%gsbﬁﬁgt thes
upper bit s pdehe thateic@ngdrg isachdon desgibeorll2the ysateflite pestends.i Heo,
oxpr 655 he e o e e B T B0 PO et | b
. e a e
ool ed ss TG ERch Ahrcwems il Use SR, Komidn hisuould festaf s i o
a GLCJ%SI k S dpevafioasadiffarent mbssagtgbo‘(ﬁiffboenmeisme hforBati fole>edah t Ee
satellite st & requen n c| oC .em has
been sol ve?ygﬁtgﬁ?ngfr{\wsm?%i &%uﬁtﬂg gﬁ@'%%‘%?‘ia%@t gariwﬁgé’bf‘%@gh&
coef fi ci entMoreauert Hbechatike nfoteiad Mayalalsa tee dpeompatible with dealtdabed by
using the Geatdaldsteeheteible ! findOISBIRIGH  mbSE BRI Mafl ARid
excl ude usin Ifrerent clock nodels for each system e orbit nodel
probl em haéj"g@@m@@fmékﬁ ate nat reiEetg a nul ti - node nodel . The nodes of the
‘nmodel 1&g e, for instance, Mbde 1. Keplerian 15 nodel; Mde 2: Position in
ECEF- coor diinat es; ,and Mde, 3. ,Position el ocit nd accel erat i an
ECEF- coor di ik SBalIRRYES 1R dleValapingea kiamon fomiah Meliie Arsfy satelite
exarrplrr)e Sninmdie'_ pxingt Tdfe Sadeliiteindex tidaisdd¢o Uudpatifyothe nevigdttorsnoddex (L. e.
syste efi.ne t : B, al.s t [ t. can be
used to in;&Y'ggta_e §%§ﬁ§%ﬁ§§®?§n£ﬁ§%ye tfn@\ag rk’lsglvrggt]&gieﬁégé{sioﬁg@x. The
nmodes are mdexingyneifwdisi ve. Long-termorbit fits do not require anything

speci aph. The reference time and validity period define precisely, when the
nodel can he used. If 25 |long-termdata is available, the ne{mork 8rovides

the term n&P%iindexgs sateites (9\babragrdVehidle) pased amd?BNo(PseYdes t he
term nal t RerdemMCRBbRE) NEhBErITREPPRANAUNISeMBAh IHY Riatifledoivithatiegat i on

data for t me satellite (o5, S§ index). However, if the navigation nodel
i s not basgﬁjm ?H@#SQG@&*&%M@W&Q&%W%%I , but is long-termdata,
this could
25  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
30 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
35  must be included in any assistance data format.



30be indicated, for exanple, in the Issue-of-Data field, but also other

| npl enment ati ons are possible. According to a first aspect of the present

i nvention there is provided a device conprising 35- a positioning receiver
for perform ng positioning on the basis of one or nore signals of at |east
one satellite navigation system 12 a receiver for receiving assistance
data relating to at | east one navigation systen and an exam ning el enent
adapted to exanine the received assistdahce data; 5characterised in that the

de‘éi cef f ?LWBB?\S?% férﬁ@sust?e GERRY ﬁhmﬂé}s_eéifrﬂl%ﬂttoa@?@S?%LRQhé?tﬁé\?%% the
node o e assis e_data.in | d. assi ce a rei p saij

assi st ance U&el ¢ q%@aﬂﬂﬁfef%’ebzﬁﬁgfgé W??Iﬁ Bégﬁﬁl %ﬁ% ﬁyég’ﬂp\a/}é?sf‘%r
per f or mi ng gatellité ewingerodf 19@. devi ce. 10 According to a second aspect of
the present invention there is provided a network el enment conprising - a

controlling elenment for form ng assistance relating to at |east one

navi gatd on Sicec@ZSHhSIS5ILD iamatipublicgyet, dhere is op detailediinfarmptisi st ance
data to a CGKe T s WO K ey W reld i ng
elenent is ég%ot esg?étlgfa;e ,dea:'g{"\@'%@%%%hbﬁ%ﬁ%ﬂi%@%%ﬁ%%yg%a{gsél st ance
dat a; i adgmentatipratthen GPS neompatigla | timatsstyaultha af nBidde| ect ed

node 20i nt probabifs bel ehepatiblawitirdzeBakél. the assistance data
according to the selected node. According to a third aspect of the present

i nvention there is provided a system conprising: 25network el enment which
conpriikks -Pseudolites! (LAAS elLavahtArear Augmeniatiass Sistewng alet the ehaest ng to

the assi ot AnobeAe f™ R Mdeindzreid KRR ik 74 SaRERA ddindd Momor i see
a posi ti oniindexiagepseudolitespeutrenity nblgyever, dhenigdexinghshbuid atdeashe or
more si gnali§o8élyStidwitnd eiss-t9ps indeting St hdRUse"GRS B PRNS.
Therefore, by ensuring that the range of satellite indices is sufficient, it
15  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
20

tsystem(t) =tsy () -

[ao +ay - (tsystem(t) — trererence )+ @2 - (Esystem(t) — trererENCE )2]
where tgysrei(t) is the system time (for instance, GPS time) at instant
t, tsy(t) satellite time at instant f, tgerrrence i the model reference
time and & (i € {0,1,2}) are the 0™, 1 and 2" order model coefficients,

25  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 "range of values required by each system is covered
and the ?accuracy (or resolution) requirements for each system are

30 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,
35 3 linear correction terms as well as 6 harmonic gravitation correction




a receiver for receiving assistance data fromthe network 35el enent; and -
an exam ni ng el enent adapted to exam ne the received assistance data; 13
characterised in that the controlling elenent is adapted to sel ect a node
for the transm ssion of the assistance data; insert indication of the

navi gati on system and the sel ected node into the assistance data; and
5construct the assistance data according to the navigation systenm and that
the device further conprises a determ rf ng el enent adapted to determ ne the

node ?f thetg@?%i. _Slhaé'%mr?@ttﬁ%i@lgsabﬁdgggliﬁécﬁ“%@ﬁpﬁs Yﬁbﬂﬁgéﬁbﬁ%édg
assi st ance a is,adapted to .be use sitioning Teceiver r
per f or ni ng qa%oﬁ@it%'ﬂﬁndn&m@jf@rhegpcéth(?@g?IB‘O%gp?%'tIan OM?&)r?'té(sp?é'lff of the
present i nvasdeleratidmeatai givenoinistit.  hiw dnfoentationacdethea lsemseds(ng a
pOSItIOI’lI n I I i r I . S. .0 or nore
si gnal s of gsacil%gaélﬁ '8&%' s\’%ﬁé&t{ %r%%ﬁgﬁh%%%@?% éﬁ]ﬁ]m tr%hﬁé)@&
conpri §i ng ther satsllitenpositiomeat samer inséant. ngBAS iWilizeseindsome edengeng to at
| east one ' i t ) i I i ' t he
r ecel ved a@f@%ﬁl‘%@“@ii‘é;%%??é??k?&?ﬁ?ﬁ?ﬁ??“?ﬂe%‘%m 208 mernas
conpri ses IBIQIBIANAR ANHGecs2iptie ReRileRdVeloCH¥AndiaseetaratlinBde sk Ehe
fisg! st ?DCG (E%Trmt HC@arﬁ@ﬂe‘ﬂj F&fﬂhsl‘r' i@(@@j?cétﬂ‘dﬂlt atg@a@énp?ﬁﬁﬁﬁiohf?tsyéf@ﬁéfyt a
I ndl catl on On . e . e, assSl stance da o) e 1. ont.n recel ver,
o5 wher of o1ka dneliitc: thisedatd 451 G585 oaediot dbe, SalFiRle wRmi i on ng
recei iér f wimpde fextrapgation) twhichnis af d¢drraktvinith GLONAD®SBdiingwhicha fifth
aspect of t e | ' I Vi a.i h mtting
o5t st ance a7 mdfELate ThieaRiRa B8, ARl o BiE BRSS IEPET e
dat a rel at iindiatoavailakdasyetoiie rdataiadiformey nfetive padigation message is

not known. However, there are documents that quote the QZSS signal

being compatible with either GPS-type ephemeris or SBAS-type

15 broadcast. Hence, ensuring that the new format is compatible with

GPS and SBAS, the QZSS 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 to be able to

20  describe a pseudolite position at a resolution of about 5 mm in some

cases.

In addition to these requirements (indexing, clock model and orbit
model), the navigation model must include information on model
25  reference time (tpererence in 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 model data sets), and SV health
(indicates whether navigation data from the SV is usable or not).

30 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

35  frequencies.



transferring assistance data to the device; characterised in that the

nmet hod further conprises 35- determning the navigation systemthe

navi gation data relates to; - selecting a node for transmtting the

assi stance data; 14 inserting an indication of the navigation system and
the selected node into the assistance data; and constructing the

assi stance data according to the sel ected node. 5According to a sixth
aspect of the present invention there i9 provi ded a conputer program

product forNeWorthehew Husistaneé AHtaToRAst RIUSOHD Sueh Brse et k! System

I nstructions f0ﬁ it form n\%eﬂSSI stance . dat a relag}tdcn% to at | east ongS
navi gat i on RRGUG R SfoWvell a5 DAremelgr L2ye @l ataUrack tPaHIERIDERE
char act er i sae fakehhato abeognhput er program further conprises conputer
execut abl e instructions for determ ning the systemthe navigation data
relates to; _selecting a node for transmtting the assistance data,;

15i nser i ngFinatly cthe problem véth surgenti assistancendatadfarmatsiel dat gt omlitie int o
the assi StaélRﬁN@?él%né‘r%g_t of ARSIt Gétef]fbebésail'taﬂg?[étcger%‘ AR Eelliteg to the
t i |

sel ected e. Acc Ing to a seventh as &i@l pfesent 1 nvention
there is 20pRIgVESNS,t gWg?”f'if\e G@I"lgﬁéiqrhgﬁ) i ISt dReatasht e Eraigali ce,
the signal magpbespryides Wit aneewdgdtaof dhtd.i Howevet alréady rove therd gat i on
system characterised.in that thﬁ fl ﬁnald furt.hef. coapr ﬁ’e?é . an ltcﬂgl cation
of the navigt FEMNEGEAPeivices dhat pRVIdghavigaligh «data, R isgvallqigk

sel ectldd f d—ttadayst Thegavigatiosimodet galidity tinheloeisnnehintreasé sbahce dat a

has been cqpstidil el BRART LML S ERATEEANTBIE for oAGCOIEING. fp a7

ei ghth asp ) esent I'nven e'1s provi Ja carrier having
a signal reassisted 2olis d8 afvaniageaysasiics Hie disgiteoeives @dvinge, the

si gnal conpyds¥étAfice needed for the next couple of weeks in a single download.
The new assistance data format must, therefore, be able to support
15  these long-term orbit fits in current models.

To this date there has been no solution to the problem. This is because
the assistance data distribution has been limited to GPS-system and to
CDMA-networks.

20
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.

25

The document “3 Generation partnership project: Technical
specification group services and System Aspects; Location Services
(LC); Study into Applicability of GALILEO in LCS”, Release 6 some
details of the Galileo system and potential benefits of using Galileo

30 (alone or combined with GPS) on service performance. The changes
that might be needed to 3GPP standards to support assisted Galileo in
addition or in combination with the currently specified assisted GPD are
identified.

35




assi stance data relating to at | east one satellite navigation system
characterised in that the signal further conprises an indication of the
navi gati on systemthe assistance data relates to 35and a node sel ected for
transmtting the assistance data; wherein said assistance data has been
constructed according to the selected node. 15 According to a ninth aspect
of the present invention there is provided an assistance data server

i si | | i | t fy ' i st | at i t
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system and tassigietedserdequipment chehexiating snessageatcouldie usedniétthect t he
assi stamce Cigéé‘ &%é%éﬂl‘té‘Qdﬁﬁ%éﬁie%ﬁtig%tﬁﬁeérdﬁé‘& [tN¥ EfEF 98 RBAYSHSOTE
advantages over prior art, e forn,at 1 according to the 1nvention Is
suitabl e foPossiRlgderdescring b4 sateliites but daeintype by by dafauit/CBP whde

systenms. Thehe ABSEMSHAT iteki GACITAKES tthat CA'r sS@llite ARt hONGR Y eNWYARS racti ve
sol ution si rs&te %ﬁbal | y applicable solution reduces inplenentation costs.
This applie g set manufacturers as well as to operators of

comuni cati ons networks and 20 possible comercial assistance data service

provi deps. ' t .l i Qn | A . I 3C t he
possi bi? ity%ﬁgﬁwgg" tdr\%agégggﬁégtoagéopgcE%}:W?%%%qé%ﬁrgt&aﬂﬂg dat a.
There has bbeninttoducesdi to idantify dheutyper of Gatellitep, naBhelyASBS sBASAlIleRAS or
QZSS. This PERN taé]g) rected for using the 25
present i nvgﬁ't%‘l on. Lélg%lgée%ﬂ%neo sIS| s%g%clggéfat a wll alnost certainly be
included in RRLP and RRC, there is now possibility to make this format as
general as goasmaNE of thél\Rintigh abl e to support future systens also.
Description o € aw ngs n the followng, the invention will be

described in nmore detail with reference to the appended draw ngs, in which
16 Fig. 2dephetcurrenelimichition inchedesn genaraliped aavigationshrdelcodiidhng to

G agram SR Baied s, REFREEREE dhereatsuls, Bk PeMByiausfp e
satellite orbit in more than one navigation system. The generalized
navigation model can be used at least with GPS, Galileo, GLONASS,

20 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
25  system (GPS, Galileo, GLONASS, SBAS, LAAS, QZSS or some future



enbodi nent of the present invention as a sinplified block diagram Fig.
4depi cts a device according to an exanpl e enbodi nent of 10t he present
invention as a sinplified block diagram Fig. 5depicts according to an
exanpl e enbodi nent of the present invention, and 15Fig. 6shows an exanple
of a frame structure used in the GPS system Detail ed Description of the
Invention 20In Fig. 1 there is depicted an exanple of a system 1 which can
be used for positioning a device R Thélsystem 1 conprises reference

stations Sg ﬁﬂéﬂﬁ%aéné%hé' ldW@erﬁé ébi r@sé' the sﬁPédh&amdQ-B( Y thensydtem exanpl e
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| ocati on
According to a first aspect of the present invention there is provided a
device comprising
35 — a positioning receiver for performing positioning on the basis of one
or more signals of at least one satellite navigation system;



35 based services. The SMLC manages the overall co-ordination and
schedul i ng of resources required for locating a device R It also
calculates the final location estimate and estinmates the achieved 18
accuracy. The SMLC nmay control a number of Location Measurenent Units (LMJ)
for the purpose of obtaining radio interface neasurenents to |locate or help
| ocate the nobile station subscribers in the area that it serves. 5 Now,
the main el enents of an exanpl e enbodi #8nt of the reference receiver C wll
be described pnré@digegbaifecivifg 265150 datdi @lattng Tioe ofli IakpTHeE 1S
applicable to both .the reference receiver C of the first navigation system
and the refer@ﬁX@@t'g@éWé?”@a the second 10 navigation system although
practical i-rpbhanewdminingselemenicadapteer enexamime ¢ae receherd assistaredeer ence
receiver C cogg{'_ses a controller C.1 for controlling the operation of the
reference rec r C. The controller C. 1 conprises e.g. a processor, a
m cr oprocesd@racterisiegl indthad thye devigetlrtirc@prsesr a conbi nati on of these.
It is obviaqusjt C r n r SOV,

a Qg@ﬁ@g@ &enjent ARMIEE 17 felchlind theABARS R - the

m cr opr ocessor, | e contro re1s also a reception
bl ock C.2 conpbsistance dataeinyspidcassistagee rdata;, Whareln gsridsassisiange

satel lites 5SldafRisthAdapredRVbeUsedby 1sé g@i‘sitiﬁ?ﬁng ebeeree forr pedoMAINgC
further conprise ni cati on bl'ock C. 3 for comunicating, either

. a.Co
directly or 2803'}?'98?’?%9 2 AGVI9% t he network el enent M of the
commurfiCcat i ons network P. The conmuni cation block C 3 conprises a
transm ttery

necessary, ‘a roigild/gj; agw %%bégtc@: g\lré?l%'sesslteg]ﬁi&eﬁ}ﬁa%réteﬁé%yfqéﬁeand’ a

networ k el enpetwankelementredrapdsing receiver C. The reference receiver C may
al so 25 conpyictiBil %I%écrﬁrfoftf&’m dasidtae Feﬂ%iiwgrt% éﬁ@'ﬁ%‘t‘t&fe program
e e t of the neétwork ele

code). The structure of an exa di nen ment Mis
depicted in F'i‘@\/'ggtlomkﬁé’ﬁﬁ%@w{a el ement M conprises a controller M1. Al so

the cadrolles Mahsphitlig efdmenk foreneansmmiinge dudisthhuet ethtaf te 3D
processor, a m cropr. a digital signal processor (DSP) or a

cessor _
conbi nati on o‘fomﬂé‘é@.‘?aﬁP”W%ﬁWﬁ”&us that there can also be nore than one
processor, chiacacterisedsadhat BPcontrollingrelemerbistaddpted thl 1. The net wor k

el enent M can i i : e ' C .the first
comuni cat i ons%g%wgg%?mﬁé]#ra&%n@g%n&ﬁ&e{ %‘%&%Yagf:% %%’35 conprises a
recei ver M-2.ipsedr indicalion mf theymavigatiamsaystemebadetie setedpdemoa® of t he
navi gapi on snﬁg@ﬁ atBRthhés a9 aNg! cation block M2 may al so conprise a
transmtter : or )

transmtting e.g. request 19 nessages to the
reference rece@n&Fuct the a&%swgcgataoa\c@q@mﬁo the salacied ined@nment M
further conprises a second comunication block M3 for comunicating with
t he base st,ati ons B or&ﬁ}rger ac eosfswpm nts (% conmuni cati ons network P.

f. the.
The second CSRFHRS A | IRRE g RIGHA é%e'gt'?’? et 5 Browed A ¢ o

transm tti sgstengmansptisinghe base stations B and a receiver M3.2 for
recei ¥gng si r ] . by . e stations B to the network el enent
M Th 5net M%E&@Jmeﬂeﬁﬁrgb@glcgo@ﬁgggg_mm)ry' M4 for storing data and
sof t war e (compuBecoptroliingmetardent fao famminge aesisktarce ata nalatingitasat he
assi stance dat ajgidt eﬁég@ﬁ@},&%}ygtéﬁ].tgﬁ@dcasts by using a reference

er. externa dti

receiver C or sone ot her, SO on, e.g. from,an assistance data
server X int end@dirapsguiting elarent for thansouitling fhe rassistanceoda3@ifi@ cat i ons

networks. The agshfrhaRkatibhs G@worker ver X conprises anal ogous el enents
W th éae network el e Wi th respect to the operations relating to the

nt, M
recei ¥¥ng nad ng’ic@n‘%ﬁéﬁrhgomﬂﬂﬁ% and transmtting the assistance data
(i.e. the recei aeposditidnihg réeeiventfoopeeforMing pdsitionimgsontther bdsis. 4f t he

menory M 4). Th SsLS e ta s I C k.S e s of the
reference 20 rgggi @trh%?gﬁgﬁgiii@éﬁ@%ﬁ?@eﬁ@%rg%"g? P%&@@ le, a
server of a confysteindl service provider fromwho assistance data can be
request ed, nayb i i Vi Ryagc A to an
exanpl e enbodi ngn?eg?&?ﬁe?%%%&e@g t%sg'\?ﬁe%ﬁlﬁf:%n@gggJ@?nan?i ggmlg@g(ck

di agré® The de®ledaert;@ibri ses one or nore positioning receivers R 3 for
receiving signaaf fé@mimRg’ Glenrime sdatednstoSlexdhiné e FecBNVer

navi gati on systens.  Ther an be one positioning receiver R 3 for each

navi gati on syst@%’?@%aﬁg% Ris intended to support, or it may be

possi ble to use one 30 positioning receiver R 3 for perform ng positioning
on the basis of signals of nore than one navigation system The device R

al so conprises a controller R 1 for controlling the operation of the device
R Again, the controller R 1 of the network el ement may be constructed of a
processor, a mcroprocessor, a digital signal processor (DSP) or a



35 conbination of these. It is obvious that there can also be nore than
one processor, mcroprocessor, DSP, etc. It is also possible that the
positioning receiver R 3 can conprise a controlling elenent R 3.1 (e.g. 20
a processor, a mcroprocessor and/or a DSP), or the positioning receiver

R 3 uses the controller of the device Rin positioning. It is also possible
that sonme of the positioning operations are carried out by the controlling
element R 3.1 of the positioning recei ¥8&r R 3 and some other positioning

oper ati ons @{AagfrigeRtinomiat 'Hﬁ{ebbﬁtl_@‘ﬂﬂidaéiérﬁénﬁs]a&éptbﬂetod_ev' ce. The device
R can conmmuni cag% W th aFg)a?e Et ation B of {he co_n’gqpm cgt ons network P by
the communicabelset Bl Hederos thefranssaissiancat thehassistange datdnpri ses a .
receiver R-2.ihdept imcﬁﬁaiFi)uhthg ai@rrfd\ﬁgém@mstmm&aenditlﬁ izsyh?cﬂedf midue

comuni cati on rk.p, e, . 10. ni cati on bl oc al so conprises a
transmtter @8%%\0 Sﬁiaﬂgﬁiqutgnéﬁﬂggsages to the base station B of the
comuni&at i-onsonstruct theRas$hatamn cendateod coending ton the nawvigationt systee;nenory R 4

of the devi e i ided with a user interface R5 (Ul)
whi ch comr@egh:g}ﬁgg%eég%&#ﬁ%@%;é@ {%%%R.S. 1, a keypad R 5.2 (and/or 15 a

keyboard), an@ SeteeiREkhelirMerd, dsta Getermimenthearmodel ofidéeeaker .

It is al so pogssiBtehdd@fatd A 9810 e8siRanc® ®athhaphenrgnusqad hssistdrree. The
device R is, le, a evice iintended 20 to

for exa nobi | € co ni cation d !
communi cat o wHR Erad 3% US40 HieBPR IO NG FECRINBIOLREGOANThe user
i nterfl@ce R Spositiohingoftiendeviceot h the nobil e communi cation part and the
positioning receiver R 3. In the following, a non-limting exanple of the
assi stance data format 25 fields are disclosed with reference to the Tabl e
1 and Fi g. Axcordingotdhat foustheBspecbdE thé prederhinvention thereris myovidaty a

| ti-nod | . . : :
model . wini chiaule TP BEFSe YompRsIES' ptifipfind RATGLRF dertBRRI A0
Posi tion i POstEmipgothabesis ahoae QupYe: Signals ehat least enasatrllity st em

and Mage 3:ndvRgdtidrPBysteph:Osaitmantleesriprisiidon i n ECEFcoordi nates, which
supports at |east the d\IASF SBAS.. .an seé;séems. T{]er«? can a|PO be
more than thr @SR RIEMENT [preraGrlYingsashialance: datantelrting tgat leas

i mpl enent at i ooise elavigatiomepstenon. 21 Paranmeter # Bits Scale Factor Units

ncl . (L0, MSBY, 15 0035 BlemBHE dddnted 8 So4iffte S PELENER! A80statREe Per

nmodel ) SS ID
data;

20 characterised in that the module further comprises
-~ a determining element adapted to determine the mode of the
assistance data in said assistance data, and
— an output to transfer indication on the mode of the assistance data
to the positioning receiver,
25 - wherein said assistance data is adapted to be used by the
-positioning receiver for performing positioning of the device.

According to a fifth aspect of the present invention there is provided a
method for transmitting assistance data to a device, the method
30  comprising:
— forming assistance data relating to at least one navigation
system; and
— transferring assistance data to the device;
characterised in that the method further comprises
35 - determining the navigation system the navigation data relates to;
— selecting a mode for transmitting the assistance data;
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— 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.

5  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 navigation
system; and |
10 — 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;
156 - 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
20  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
25 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
30  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 indication of the navigation system the assistance data relates to
35 and a mode selected for transmitting the assistance data;

wherein said assistance data has been constructed according to the

selected mode.



20m 1 sec C af2 18 2-65 sec/sec2 C afi 16 2-43 sec/sec C afo 28 2-33 sec C
(TA) 8 2-31 sec C Satellite Navigation Mdel Using Keplerian Paraneters
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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

5 navigation system; and

— a transmitting 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;

10 - insert indication of the navigation system and the selected mode

into the assistance data; and

— construct the assistance data according to the selected mode.

The invention shows some advantages over prior art. The format
15  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
solution reduces implementation costs. This applies to handset
manufacturers as well as to operators of communications networks and
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 corrected for using the
25  presentinvention. Since Galileo assistance data will almost certainly be
included 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

30
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
35 the present invention can be applied,
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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,

5 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
10 the present invention as a simplified block diagram,
Fig. 5 depicts according to an example embodiment of the present

invention, and

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

Detailed Description of the Invention

20 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
25 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
30 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
35 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 S1, 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.

5  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 malfunctioning satellite S1, S2

sets a flag in a satellite health field of a navigation message indicative

10  of a failure of the satellite. The satellite S1,S2 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 satellite. This indication can then be

15  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

20 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

25  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.

30 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

35 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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accuracy. The SMLC may control a number of Location Measurement
Units (LMU) for the purpose of obtaining radio interface measurements
to locate or help locate the mobile station subscribers in the area that it
serves.

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
10  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
15 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
20  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
25  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
30  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
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




2-29 radians C(1), MODE 1 Satellite Navigation Mdel Using ECEF Coordi nates
(once per nodel) (toe) 20(u) 1 sec C(2), MODE 2&3 X MsSB 27 1 neters C(2),

MODE 2&3 Y MSB 27 1 neters C(2), MODE 2&3 Z MSB 27 1 neters C(2), MOXDE 2&3
X LSB 8 m
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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 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).

10
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

15  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

20  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
25 present invention as a simplified block 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
30  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 controller R.1 of the network element may be constructed of
a processor, a microprocessor, a digital signal processor (DSP) or a
35  combination of these. It is obvious that there can also 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 and/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
signals 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 possible 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.

26



26 2-12 neters/sec 0(2),
2-22 neters/sec2 0(2),

(no)

MCDE 3

MODE 3 X"
Z" 19 2-22 neters/sec2 0(2),

19 2-22 meters/sec2 0(2),

MODE 3 Y"
MCDE 3

Satellite Position Accuracy 5(u) Mdel (once --- per nodel) neters
21
Parameter # Bits Scale Units Incl.
Factor
(t.e_MSB) 12 2% sec
Satellite and Format Identification (once per model)
SSID oW M
Carrier Frequency 5 - - C
index
(Fit Interval) 6 - h C
(SV Health) 8w - Boolean C
(10D) 11 C
Satellite Clock Model (once per model)
(too) 20" 1 sec C
af, 18 2% sec/sec? C
af; 16 2" sec/sec C
afy 28 2% sec C
(Tep) 8 2 sec C
_ Satellite Navigation Model Using Keplerian Parameters (once per model)
(toe) 20" 1 sec ¢’ MODE 1
® 32 23 semi-circles | C"), MODE 1
An 16 2% semi- c”, MODE 1
circles/sec
Mo 32 2 semi-circles | C", MODE 1
. 24 2% semi- c”, MODE 1
Q circles/sec
e 32W 2% c'”, MODE 1
. 14 2-5 semi- c™ MODE 1
! circles/sec
(A)"” 32 2" meters ' c!”, MODE 1
io 32 2 semi-circles | C'", MODE 1
Q, 32 2% semi-circles | C"), MODE 1
Ce 16 2° meters c" MODE 1
Cs 16 2% radians ¢ MODE 1
Cus 16 2% radians c”, MODE 1
Cro 16 2° meters c™ MODE 1
Cic 16 2% radians Cc™™ MODE 1
Cuc 16 2% radians c, MODE 1
Satellite Navigation Model Using ECEF Coordinates (once per model)
(tos) 20™ 1 sec c® MODE
2&3
X MSB 27 1 meters c® MODE
2&3
Y MSB 27 1 meters c®, MODE
28&3
Z MSB 27 1 meters Cc¥, MODE
2&3
X LSB g\ 28 meters o% MODE
2&3
Y LSB g8\ 2% meters 0% MODE
2&3

19




C(rl1l) 5(u) 2-18 neters/sec 0 NOTE 1: All of these fields shall be present
together, or none of themshall be present. NOTE 2: All of these fields
shall be present only if position information for a specific satellite is
given in ECEF frame, or none of themshall be present if position
information for a specific satellite is given in Keplerian paranmeters. NOTE
u: unsi gned paraneter Table 1 The Table 1 discl oses exanples of the fields
and different_npdes 1, 2 and 3. The inPérmation of Table 1 can be divided
into six sedt4b®B. The 5 first8%ction |@ht ai nanaters fi e| 0%t MOMBB, | whi ch
specifies the 12 nost signifigcant bits [(MSBs) |of the tinB&®f epheneris toe
and the referénce tine for the2&l ock nyd&F t od neetersrset n| OFCMODE 3( Uni ver sal
Ti me Coordinafed). The devi ce| B shoul d [dhpendameateisect hO“hMBDBRe| r ol | over
inthe time |&@ ephenmeris toe p2dl t he refx¥ence nidtam/skor | Ot MODER podel 10
upon receptilo¢f of the navigat] o nodel .| JBe ti|metek/sepheoBl MODBS and t he
reference tiin® for the clock jmpglel toc [¥e a|tmatersspah of alope 31| 7 weeks.
The second gertion relates to| atelliteg 2Ad T omaérsiséehf OF sdp@B. | The 15
second sectijon exi sts Di6ifteFERioNPERulaby Mdda(®héd pétGRodapssage A (Flg. 5).
The first fijeff of the second gection dantai n§ {h&sSyStpa and Satellite

| dentificatigR) SS_TD. The SySfgm and SatEblite J4eRiefication is Used to

def i ne di f eI FT el KTbPRoBE TomE LRl Id Foimtagter Wirony g FlBRATY patel lite

| dentificatiQRaR bldstf: N this non-limting exarrp e, field
divided to 2 l\ﬁj‘fﬁbe' IS Al SfReld Fidilis ITBeedrgsé ﬁf&r e ID
number of the %Elﬁé %t&ﬁ? ety Fvsm SFR t@ﬁf rﬂtnf D
cont ai ns ¢ he JERdEK Ahmblis) l&.ﬁ@s au.@h@gégﬁm@ P et ali gat i on
datafOIIO.;N L)IL RS ranBfer Oy Stent and-Saterfrite emlll(,sltlon SS
ID are, in Hﬂ—s—e‘xa*n'prke——@?uec g llg 23—Systemtb—(3bits,—value range
0...7) )ocx Table 1

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

5  first section contains one field t,e_ 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

10 upon reception of the navigation model. The time of ephemeris t,. and

the reference time for the clock model t,. have a time span of about 1.7
weeks.

The second section relates to satellite and format identification. The

15  second section exists once each mode in an assistance message A
(Fig. 5). The first field of the second section contains the System and
Satellite 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

20  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:




SV/Slot ID (6 bits, value range 0...63) ---xxxxxx In other words, the three
nost significant bits indicate the satellite systemand the |ast six bits
indicate the satellite. The specification for the systemID is disclosed in
Table 2. SystemID SystemID 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/ Sl ot
IDis the satellite index in the broadcasted navi gati on nodel. 15The second
field of the second section contains C38rier Frequency

System ID (3 bits, value range 0...7)

XXX-----
SV/Slot ID (6 bits, value range 0...63)
——=XXXXXX
5
In other words, the three most significant bits indicate the satellite
system and the last six bits indicate the satellite. “
The specification for the system ID is disclosed in Table 2.
10
System ID 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.

15  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.
20  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
25  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=025h




I ndex. This paraneter is a GLONASS specific frequency channel index (the
map between the satellite index indicating a slot in the orbit and the

navi gation signal frequency. This map is included in the GLONASS al manac
broadcast). It is set to O for any other systemthan GLONASS. 20Val ue range
for this fieldis [-7,-13]. The third field of the second section contains
Fit Interval. This fleld specifies the validity period of the navigation
nmodel . Val ue range for this field is 02425 - 448 h. This parameter is

speci fied daggording to a Phspgck fl 0ati %ﬂ repre t
descri bed i(rzlpt he Table 3 bgl OoW. ponegﬁ‘I ﬁg bItS A S{te?s?:f?rpﬁég' Di t'S)
Fl oati ng- Poi nt value, x Ft Interval Value, I 0 12@)7 hg| 1 0.25
F=0.25h|{ 240 1<m<g8 (ml) * 2-3 O.875h,1.0h}

1<e<7 0<=m<8 |[(m+))*2®D |F=xh

7 0<=m<7 |(m+t1)*2®" |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 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 instance ICD-GPS-
200).

10

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 10D contain the IODC index as described in GPS-ICD-200.

15  The MSB of IOD 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
20 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 ag, third ay and fourth
field ag of the third section contain 2™, 15! and 0" order coefficients for
the clock model.
25
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.




F ={ 0.375h, 0.5h, 0.625h, 0.75h, 0.875h, 1.0h } 1 <e <7 0 <= m< 8
(m1)* 2(e-1) F=xh 7 0<=m<7 (ml)* 2(e-1) F=xh 7 7

10

15

20

25
The fourth section relates to the first mode, which is the Satellite
Navigation Model Using Keplerian Parameters.

The navigation model as defined by using the Keplerian parameters is
the same as defined for GPS in GPS-ICD-200. This set of parameters
is used in the mode 1, i.e. with assistance data relating to satellites of
the GPS and Galileo systems. The explanation of the model
parameters is given in the Table 4 below.

Parameter | Explanation

toe Time of ephemeris
See the explanation for t,e MSB.
e Eccentricity
(A)"™ Square-root of semi-major axis
Mo Mean anomaly
Q, Longitude of the ascending node
i Inclination @ t.e
® Argument of perigee
An Mean motion correction
é Rate of change of longitude of the ascending node

Rate of change of inclination

Sine correction of latitude
Cosine correction of latitude
Sine correction of radius
Cosine correction of radius
Sine correction of inclination
Cosine correction of inclination

Table 4

{od
o

fod
3]

3]

@

]

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 é, if the pseudolite were to be kept substantially

512



F=1Infinite Table 3 The Fit Interval value of 63 (=26-1) has a speci al
nmeaning that defines infinite interval for the Navigation Mdel of the
specific satellite. 5 The fourth field of the second section contains SV
Heal th. This paraneter gives information about the satellite's current
heal t h. The health val ues are GNSS system specific (see for instance

| CD- GPS200). 10 The fifth field of the second section contains |ssue O
Data. Issue of Data field contains the 5dent|ty for the Navigation Mdel.

S oni i cant® tioney. Mm@”‘f’% plonas ek tﬁ’i‘“’fﬁoﬁc@aﬁ@ﬁ;se%@?wﬂ%ﬂ
i gni fi | | X
e | CD- 200P ﬁ'go'?h@ I%BWUFW few o t*HeWﬁé(W’gé{\f'ﬁfbrPSn%@QI" €S hé? based
on ané 3r](c)ael$$€mtfai te htzamea issib-dmtreisel Utimre(l. e resohdionesmiallet tHdrat] Grﬁd

rovi de r r t
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afo of the QQQerH"%t§§tW'8PP‘étoﬁﬁkéﬂ'ﬂn§h m@tCO&W@r@pﬁSorder coefficients for
the clock nmodel. 25 The fifth field of the third section contains TGD,

whi ch i ndi eS..£qui nt gr.ou ay between L1 and L2 broadcasts. This
par anet er f’@l‘%iﬁf&héagﬁ'}’ il eﬁﬁﬁ %?Ogﬁ %ké'.rg @Qé?hé“’h'gﬁrqrﬁ tion
rel at & t o SatelliterNdavigation Mbdels UsurtgwEC‘E'a‘f &dordmadtiesi gat i on Model Using
Kepl eri an Parameters. The navigation nodel as defined by using the

Kepl eri an paraneters is 5 the sane as defined for GPS in GPS-1CD 200. This

set of par aiise&iel afsparesteters imusadde the mode Ri(ie. tsdiAAS)eaddanade el at i ng

to satelli t@g Offof 1 GRASS dndesBlgy). systens. The expl anation of the nodel
paraneters is given in the Tnble 4 Pel ow. 10 Paraneter Explanation toe Tine

of epheneris e the explanation for toe MSB. e

Parameter Explanation Modes
toe 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
YLSB LSB of the y-coordinate in the ECEF frame | 2,3
Z1SB 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
z 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

15 Table 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
20  orbits if required.

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

25  The sixth section relates to the Satellite Position Accuracy Model. It
contains two fields. The first field contains the parameter ry, while the




Eccentricity (A)1t2 Square-root of sem -major axis Mo Mean anonaly C20
Longi tude of the ascending node io Inclination @toe (0 Argunent of perigee
An Mean notion correction S2 Rate of change of |ongitude of the ascending
node i Rate of change of inclination Cus Sine correction of |atitude Cuc
Cosine correction of latitude Crs Sine correction of radius Crc Cosine
correction of radius 97

second field contains the parameter ry. These parameters can be used
to describe the navigation model error propagation in time by
Error(t) = ry + 1 - (t - trerereNCE ) -

5  For GPS the parameter ry is the URA (User Range Accuracy) value as
described in GPS-ICD-200 specification.

When it is necessary to transmit the navigation system assistance data
message in the communications network, e.g. from the network

10  element M to the device R, the information is mapped into one or more
messages applicable in the communications network. For example, in
GSM communications network there is a certain message delivery
approach (Radio Resource Location Services Protocol, RRLP) formed
for transmission of location related information. This approach is

15 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.

20  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

25  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

30 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
35 contain three data sets: DGPS correction, ephemeris and clock
correction, almanac and other data information. In case that the fixed
length message has less information elements than bits available then




Cis Sine correction of inclination Cc Cosine correction of inclination
Tabl e 4 Kepl erian paraneters are the native format for GPS and @Gl il-eo.
However, the native format for GLONASS and SBAS differs fromthe 15 f or mat
used by GPS and Galileo. Although it is possible, by using history data on
orbits, to convert GLONASS and SBAS format to GPS/ Galil eo-type orbit nodel,
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Par amdi0er Expl anation Modes toe Tinme of epheneris See the explanation for

toe_MSB. 2,3 Parameter Bits | Resol. | Range | Units | Occurrences | Presence
Cipher 1 - 0-1 -— 1 M
. On/Off
Cipher | hering | 1 [ 0-1 | — 1 M
Control
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 t,e MSB, i.e. the 12 most significant bits (MSBs) of the

15  time of ephemeris t, 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, ADATAZ2,..., ADATARn). Each
assistance data record A.2 contains assistance data relating to one
satellite S1, S2 of a navigation system. As a non-limiting example, the

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.

25  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

30 records for the assistance data record A.2 than these four different
records A.2.1,..., A.2.4.




X MSB MSB of the x-coordinate in the ECEF frane 2,3 Y MSB 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 frane 3 Y y-velocity in the
ECEF frame 3 Z' z-velocity in the ECEFngrame

The structure of the Navigation Model record A.2.3 is also depicted in
Fig. 5 and it contains the fields of the third section of Table 1 as
disclosed above in more detail. For example, if the assistance data of
5 the Navigation Model record A.2.3 contained data on GPS, Galileo or
QZSS system, the structure indicated by Mode 1 in Fig. 5 could be
used. Respectively, if the assistance data of the Navigation Model
record A.2.3 contained data on LAAS system, the structure indicated
by Mode 2 in Fig. 5 could be used, and, if the assistance data of the
10  Navigation Model record A.2.3 contained data on GLONASS or SBAS
system, the structure indicated by Mode 3 in Fig. 5 could be used. It
may also be possible to use e.g. the structure of Mode 3 with satellites

of the QZSS system. -

15 It should be noted here that each Navigation Model record A.2.3 of the
assistance message A should contain all the fields of the respective
mode. The mode selection can be based on the navigation system the
parameters relate to, or another selection criteria can be used to select
the mode for transmission of the assistance data, wherein the selected

20  mode is not necessarily dependent 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
25  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 conftroller 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
30  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
35 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



3 X' x-acceleration in the ECEF frane 3 Y* y-acceleration in the ECEF
frame 3 Z" z-acceleration in the ECEF franme 3 15Table 5 The nunber of

nost significant bits (MSB) in the position field is chosen so that G.ONASS
and SBAS range requirenents are net. However, the nunber of MSB is al so
sufficient to represent ZSS 20orbits if required. The nunber of LSB, on
the other hand, represents the resolution requirenent set by LAAS
(resolution 3.9 millinetres). 27 secold field contains the paraneter rl.
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i nvent i on, 'fhil0€afRiEueh D MPERIEIER! fRAGVERBPINERE0EN dat a
to t hdOdevimak&s protocol conversions, if necessary, and transfers the message 4
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
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 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,
25  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
30  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.
35
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



20l n the network el enent Mthe avail abl e navigation information such as
DGPS correction, epheneris and clock correction and al nanac data is mapped
into corresponding fields of the assistance data message(s). The epheneris,
cl ock correction, almanac and other data relating to a particular satellite
are obtained froma satellite navigation nessage of 25 that satellite or
froman external service X The nessage is received by the reference
receiver C or by a reference receiver Bh the external service nodule X. The
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basis of the reference time and the coefficients of the clock model. The

15 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 well.

The usage of the Navigation Model records A.2.3 depends on the

20 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
25  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 (ADATAZ2) accordingly.
30
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
35  message storage area M.4.3 to the second communication block M.3
of the network element. The transmitter M.3.1 of the second
communication block of the network element M performs the necessary
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operations for forming the signals for transmission carrying the
assistance data, and transmits the signals to the communications
network P.

The signals are received by the receiver R.2.2 of the communication
block of the device R. The receiver R.2.2 demodulates 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
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 used in the positioning operations wherein it may
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
navigation data received in the assistance data messages. Navigation
data can also be received, in some circumstances, from satellites by
demodulating received satellite signals.

When the assistance data is retrieved from the assistance data
record(s), they can be kept in the memory and used in the positioning.
For example, when the positioning receiver R.3 can only demodulate
signals from one or two satellites, the positioning receiver R.3 can use
the assistance data for performing the positioning as is known as such.

The device R can perform the positioning at certain intervals, or when a
predetermined condition is fulfilled. The predetermined condition can
include, for example, one or more of the following situations: the user
initiates to a call e.g. to an emergency centre; the user selects a
positioning operation from a menu of the device R; the device R and
the communications network P perform a handover to another cell of
the communications network P; the communications network P sends a
positioning request to the device R; etc.

16




------ M Table 6 In Fig. 5 an exanpl e assi stance nessage A according to
an exanpl e enbodi nent of the present invention is shown. The nessage
conprises the toe MSB, i.e. the 12 nost significant bits (MSBs) of the 15
time of epheneris toe and the reference tinme for the clock nodel toc given
in UC Tinme. That parameter is followed by a nunber of assistance data
records A 2 (ADATALl, ADATAZ,..., ADATANn) . Each assi stance data record A 2
contai ns assistance data relating to od8 satellite 51, S2 of a navigation
system As a non I|n1t|ng exanple, the 20 first and second data record of

t he nessag uld contain assi stance infgormation o atellitag of the

t wo
GPS syste %Pcoﬁs# edieh t @c@ﬁ@%”'@ﬁ@oﬂﬁs‘ﬁ@/@rk 8y W& HRIWP
assi stance eleﬁwnmw lfﬁqw‘st@ﬂﬁes@é\ﬂbélﬂietoobeﬁbﬁn $|h©ﬁ|r©(STI$énrea5§bte
structure of t%g géé stancgé 3:2'3 ecord A 2 rs)pl ct bel ow, e nessage A
in Fig. 5. CAMEPERPLt IRIY e RRE oF‘be%a;gecgﬁﬁ}’? Efba“'?'ﬁ‘e eff¥te and
For mat 8 demepty can bensertousidg she RRLPhmeSsage déliery neechanian®. 2 t he
Navi gati on Model record A 2.3, and the Position Accuracy Model record

A 2.4 It is also possible to define nore or |ess 30records for_the
assi st ance \Whea thegeesitioning: isda hepesformad, dhemasiieninggeceives R.310r

A 24 29 REHioigrRal of hbeidViee G BRaMire wher s dnérd ¢ driolso

t t the field d t f Tabl
1Bt scl EElPdBlR oNENGRI0R (E |SIORS  Hkallis eMETOBheRdbs Lt SRS dat & of
5 tthemaw grvigaitidvb dialta ﬁgmmpﬁt@-d&téghéatmmaﬂ/@@tmﬂd%ha@beb@m@r QZSS
syste
Rgspe(r?t [ vel%ya;é L{ﬁ%ﬁe a?ggéégﬁﬁﬂegapé 8?"1%5%\&#&5% % 9%(&'2’?‘ %Eaggrﬁs A 2.3
cont ai ned dwissing; theadlesyer axgn tfhemsandcsend antequesidnisssdyte t@ ihe F| g. 5

Id b
Focora . 225 Al [FVTON B SRRl 0 A
i ndi cated fQriyds e request message tadhespatwark s;iam%ntsM Hélq)agﬁmwl@ to use

e.g. f{Be sklaipent N%aﬂ@@ tﬁe"‘#écﬁhéﬁb@' héi/%gatl@h Hag @ﬁﬁféﬁl‘ﬁé eé”reﬁﬁ) t
shoul d be noted herg that each Navi Psafhefi card

assi st ance N33R WeHsRMSssELe H’@rﬁ"é'ﬁ@ g W&S@%’b@é}aﬁ@e node.
The node setatign & toatthdodebmm oMhehredeivegR.2dh cffyt$feettbtﬁmun&ra‘timt ers

e ate, L0 el RER I PRSI RS il BRI QR4S 116 3Bl YR e
necessaril $o detrt&umme mwgailmadam,t The sgvigationNdata isnstoradpd.g. shtouat i on
o vin?Oun? 8k Py cHE 3L SRFAoRI85R 4§ OTthohEfigy . o Lhe presen
In another embodiment of the present invention the network element M
performs at least some of the positioning calculation. in this
embodiment the device R assists the network element M by performing
25 e.g. carrier-phase measurements and transmitting the measurement
results to the network element M in a measurement information
message (GNSS measurement information). The network element M
also forms assistance data by receiving navigation data from a
reference receiver C or the network element M receives the assistance
30 data from the assistance data server X. Then, the network element M
calculates the position of the device R by using the measurement data
and assistance data. Another option is that the position calculation is
performed in another server (not shown) wherein the network server M
transmits the measurement results and the assistance data to the
35  another server.




foll ow ng. The network el enent has storage area M4.1 in the nenory 25 M4
for storing navigation data received fromthe reference receiver C |If
there is no navigation data stored e.g. of the satellites of the first

navi gati on system the controller M1 of the network el enent forns a query
message (not shown) and transfers it to the first comunication block M2
of the network elenent. The transmtter M 2.1 nakes 30 protocol
conversions, if necessary, to the ness&fe and transmits the nmessage to the

reference rigcel wot &ndther Nembddim e vVingaldefics YR BBHoMhe EQ@@HI‘SP&né&:” 2 of

t he second conmini cati on first reference, receiver recei ves
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af I

0.3.1 tran erlf@RNEEo REGEs W@@éé@%rr“ﬁn Aad t| on
data t1@ t heasmsmlcle dhtardot ahbthBresepasi (/reast hawd)ofwhibh petformks tHeenent
recei ves t kes protocol conversions, if necessary, and
transfers [hioegiﬁérigggc‘yl%@oqﬂg controller M1 of the network el enment, or
stores the navigation data received in the message directly to the menory

MA of the ’lﬁtt}“{g)rsb z%&i?%entﬂ}?ed*%'r’%éf diffintsthel thgé%gﬁ it iffsthzat 4. 1,

M4.2 in Fi for orlng navi gati1on es o erent 15

navi gat i on tE3nsraitied f‘l@ﬁ@:é etdrvigath tpsthe BEBMO%GH*{@G@P Mamﬁy@len@d eserved
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comuni cat inavigatedrweyktef. | n the GSM system a GPS Assi stance Data Broadcast
Message format is defined which can be used in such broadcast transm ssions
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format def |Trh§ijCDl’e ohthe inventioinois.infbe rewdifprege amctidmalitpnthelsatellitg 1 of
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filledPif the assistance data relates to a satellite of the GPS or GLONASS
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If there is navigation data of another satellite of the first navigation
systemin the nenory M4, the controller M1 of the network el enent forns

t he second assistance data record A 2 (ADATA2) accordingly. 30 Wen

assi stance data records A 2 are formed fromthe navigation data stored in
all the navigation data storage areas M4.1, M4.2, the assistance data
nessage can be transmtted to the conmunications network. The controller
M1 transfers the data in the assistan®® data 35 nessage storage area M 4.3
to the sec c i cati@nehl 3 t i
transmi tteﬂ@l\?é%g(’em?b't%%’ @égggﬁggg;r%ﬁh%?%gh?%ﬁqbllo éﬁg?ot?ggénneatvlgﬂogl ement
M per f or ms TREEh g%%yqp PEOPRIr Bt @i NPbIMPERANk amdhgippal-9f-yigw
transni ssit of s ir%&ierrgidrgﬁh;?_ﬁeipérah&leted@me iﬂmﬁabk@t@lsjilﬂii t;h% tatge %i_@imi% t202t hfe
comuni cat i rk P e_si re receive receiver R2.2 o
t he connunit@%tsflogrﬁ’a‘\gﬁ F&rdgﬁta&cer ﬁ@gggfﬂrgggﬁ.t'%éo? ﬂ'&weqﬁaﬂ © $¥fdlul at es
the dat&a frionvatieus evays ¢dowi, daalMSBnd,cand tt¢)admit eshsandingdhtdoasonbhe
controller t i Nil0 : knto the
menory R 4 0 é%tﬁbedﬁﬁi“(g???&gr@n%ﬂ_%lﬁgskﬁ Réﬁ&%e'?t%aﬁgggeleztp %E@eﬁ ar?rg'_l The
exani nat i oriScéefed as @fleakngi paint nealue dd akile eddbo)ei Whig isojush<an st ance

dat a recor cexatplee¥aditRatitdntdrexl 848 AISOBY §5cifleliahBdthebthBr nednd he
navi gati on stem e transferre o the

S | ndi cati,on. on the, node ca d
post L oni ndBKESEPYRIENR SPEGHE: ISSHES G BREOUTIL LR INTATIEIErS Whidhdre
clont r dig gr idtlimpertentefron tthéSpcﬁhso_f-MaNiAcgl the batrehh&nv@ﬂﬂﬁlS o) émi) ORI\ is
al so used i [ r ons erein it may not be necessary
to transf erd]Y%Q?%'gﬁié %%@goﬁ%gg&gﬁgéd#'assi stance data) to the positioning
receiver R 3 but the controller R 1 can use the data stored in the nenory
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at certai nusedeinvalandasdsiiaeable tor differentiateedniyobetween GBSt satelliteed. The
pr edeber M N4 ABAFbFoSEsERSS 18! Elitain infB¥AERIGH: oA tRe SydIBAP afly e
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anot her cel.l of the conmmuni cations.network P; the comrunjcations network P
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posi ti oni NgehEEAL VG a RomiihaliBh SRS ISYm& dorPlintififig Wdnifiesdsr fream ne
whet her there 1s enough
communications networks have already been mentioned above but
WLAN and WiMax networks can also be mentioned here.
30
The operations of the different elements of the system can mostly be
carried out by software, i.e. the controllers of the elements operate on
the basis of computer instructions. It is, of course, possible that some
operations or parts of them can be “hard coded” i.e. implemented by
35  hardware.



up-to-date navigation data stored in the nenory R 4. If sone 10 navigation
data is not up-to-date (i.e. the navigation data has becone ol der than a
preset tine), or some necessary navigation data is m ssing, the device can
formand send a request nessage to the conmunications network P, for
exanple to the base station B, which forwards the request nessage to the
network el ement M The network 15 el enment M gathers the requested

navi gation data and fornms a reply nessage. The reply nessage is then
transmitted via the serving base station B to the device R The receiver
R 2.2 of the comunication bl ock R 2 of sghe device recei ves and denodul at es
the reply nes{lgiend:o retrieve the navigation data. The navigation data is
stored e.g. into 20the navigation data storage area R 4.1 of the nenory

R 4. In another .enbodi nent of the present invention the network el ement M
perforns at | dad\n appasatys (RA&opyyisindni ng cal cul ation. in this enbodi nent
the devi Cﬁ R assarst exddinimgt wlarkest @) Mdaptedr tor skagiritd ﬁecﬁai\lled .
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net wor k el enment Iiéllil né%tsaﬁ@ganéﬁﬁ 8%%@%‘%#%@?%'&5?@@ %ré%@tafemsnt
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cal cul ation is pedéterminingnelenmrii¢R. 5.2} vadapiedttos ieawrgaidhiadidiationh net Wﬁr k
server Mtransm ] . . ' ta to the
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position of the device R by using the pseudorange neasurenent data and
assi stance d ; NS S e
measur ement gL e ?ﬁﬁ%%’é?ﬂ?%#ﬁaﬁ%? ol 37 ek bRecl £ e
perforns the | reGPIET 48 jagapteq Ho ipcalve signalsidiom Heleashlw@ nent s
t he measur enghiferient oavigatiom systenssti tted from the device R to the network
el enent M nay depend 15 on the navigation systembut still the principles

presented abqve, can be us for fogrm ng a general nmessage, which is

i ndependent 83n /%rh@pﬂé(ﬂtﬁﬁfﬁbﬁcg%cﬁ’égntoﬁﬁ'"gdr gr %f chﬁéa?l%\‘?@tﬂq lfhg'i'ast in the
mul ti - node f dine assistanceydatd iereceivdd from &ComymumivalidSnetaadrk|(Bp, GLONASS,
SBAS, LAAS, QZSS, or sone other) that is indicated by the MSBs of the SS

i ndex, may define the d However, the pod al sq be deci ded by using
ot her fact orgr Afhépﬁﬁffgl&?z%h a&é‘f"f‘ﬁ@@ tohgladn 3t gﬁ%@‘gte% Anihat ﬁﬁgertai n

i mpl ement at i comnalrscatines meteokk BYis a colfidar Aétwdrkar | y, the nethod of

i ndexing satellites (i.e. the navigation nodel identification contains

i nformati on gn éﬁe S\éstem 2&9 the S isS an ess?nti al elenent in the
i nvention. For < ORBBIIAtES () eACEPEIIRGNEY RAAYeR! | theyi¢laimsi A dadi%ion to
t he SS i ndex¢haracterisedtietinattthy apparatusds @ mokilerodmimunicatiomdaviter al | the

nodes (and therefore for all the navigation systens) in this exanple

i | ement ati on., However, t cl ock podel may al so change with the node. 35
P 8™ An appardtus ?ﬁ) according to aXy of the (gglms 1 to 5, _

- characterised in that the apparatus also comprises
— a positioning receiver (R.3) for performing positioning on the basis
of one or more signals of at least one satellite navigation system;
and
— a receiver (R.2.2) for receiving assistance data relating to at least
one navigation system.

Shown), which




|OD, toc, TED, toe, rO rl) that are, of course, inportant for the

navi gation nodel to function properly, but are not inportant fromthe

poi nt-of -view of this invention (these paraneters are in brackets in the
tabl e defining the format). For instance, the reference time for the nodel
can be given 5 in various ways (now, toe_MSB, too and toe), but changing it
does not affect the nulti-node functionality. As another exanple, the fit
interval is defined as a floating point value (Table 3 above). This is just
an exanple and the fit interval can al be specified in sone other neans

t aki ng system_specific issues into account. The paraneters, which are 10
not i nportant % Aoietwieek plementdM)\Comprising he current invention, are only

gi ven for the-sakecdttrol I@bﬁmﬁw_ﬁl S8y f&nﬁ@”é@siﬁ%n@@paéfé zed 4 hat the
actual bit count n%?ﬂ %ﬁa e.f%ct or sdaL.e ﬁJ(Lgljb ec£a t 0, change, | ew
speci fi cati ons PR ER9BI00 TROgHBGIUdINg e lgast @ﬂ%ﬁ&chd“?‘ﬁ #d counts
and/ or scal e fadtdeast@nesomitmodahcrpatie ta hierusedio characteretsatallita-or
i nstance, addi ngldcksbérdvienr BAdVE! Béii i fferent
invention. As a g{?ggn%{éerr exgarr}giee, r?oéngi ewmés%ﬁ%a%ﬁ){?ng
met hod currentlfx' 84 YH9s SR idata, Campsisiig 1 eiRCicatian oRf y et ween
GPS satel | ites. N2Gigatien sysiep tpoassist@pceDatanelatesto; ahdr mati on on t he
system and the sataidnhitting dIBAERL (V3.9 ey jeld, but
it is not neceagq{oin&]éngg. ﬁ F‘%’%‘??‘ g%rqﬁe systeﬁﬁ%ﬁc‘i&g?ﬁiggﬁn{dsone
other field). nce, . i ® i ition of the fields would not, again,
change the sp?m"tac&"%é'ﬂ the eentrolingieteroentiMil} is adapteddowor k P can be
a wireless netwselct & hogd SRING! dlock! mBdBPTBH B | GBitOMmodeper RS
non-limting ex conmuni cat.i ons net wor ks have al ready been
menti oned above?gﬁ%rﬁ.wﬁ{qéﬂge\ﬂ%aﬁ%ﬁ% s can al so be nmentioned here. 30
The operations HseftHadigationoéthe spvigatios systamavhigh thenassistancet databe
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9. A network element (M) according to claim 8, characterised in that
the controlling element (M.1) is adapted to form said assistance data
on the basis of the navigation data.

10. A network element (M) according to claim 8 or 9, 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.

11. A network element (M) according to any of the claims 7 to 10,
characterised in that said assistance data comprises one or more
assistance data records.




sai d assi stance data, wherein said assistance data is adapted to be used by
the apparatus for perform ng positioning of the apparatus (R). 2. An
apparatus (R) according to claim 1, Characterised in that the positioning
receiver is adapted to receive signals fromat |east two different

navi gati on systens. 3. An apparatus (R) according to claim1 or 2,
characterised in that the assistance data is received froma comruni cations
network (P). 4. An apparatus (R) according to claim3, characterised in
that the comruni cations network (P) is cellular network. 5. An apparatus
(R) according to any of the clains 1 to4, characterised in that the
apparatus is d2n#binebvarkneiemardt (M adeordi®y to GnyAof dpaldings 7(#8) 1accor di ng
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assi st ance dacharacterisedninnihahtthensometumicdtionB) netwarkdPY) eisi aeckliutart hat t he
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or the orbit nodel for the transm ssion of the assistance data; insert

i ndi cation of the navigation systemwhich the assistance data relates to,
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network el e & VY' “according to claim8, characterised in that the

control ling el dhelilopal RYsitisniadsfptstemt o f or m sai d assi stance data on the
basis of the_nays@toAagta. 10. A network elenment (M according to claim

8 or 9, charac HF%??I In that the network el enent (M also conprises a
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16. 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 mode on the basis of the navigation system the assistance data
relates to, wherein said indication of the navigation data also indicates
the selected mode.

17. A module (R.1) comprising the apparatus of any of the claims 1 to
6.

18. A method comprising:



12. A network element (M according to any of the clains 7 to 11,
characterised in that the assistance data record has at | east one of the
foll.owi ng nodes: a Keplerian nodel; Position in Earth-Centered Earth
Fi xed -coordinates; or - Position, velocity and acceleration in
Earth-Centered Earth Fixed - coordinates. 13. A network elenent (M
according to any of the clains 7 to 12, characterised in that the
comuni cations network (P) is a cellular network. 14. A network el ement
(M according to claim13, characteriseg in that the network element (M is
a nobile switching, centre of a GSM syst th 15. A network element (M
accordi ng to any—ofOrf¥rg cassistanget dattu,of chaganeralizeddnavigation swidel
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navi gati on system whi ch the assistance data relates to, and an indication

of the clock ypdel and the orbit nopdel into the assistance data; and
constructi ng the Beihed ageerding o glaimr t8.reharacterisedkincthaidhewaethod19. A

met hod accor durtbet comprisen dBtaiming aveistinceedatarfrdmain dierdmisbadcéd.ur t her
conpri ses obtaining assistance data froman external service, 20. A nethod

according to claim 19, characterised in that said obtaining conprises
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21. A method according to any of the claims 18 to 20, characterised in
that said transferring comprises transmitting the assistance data to a
communications network (P).

22. A method according to claim 21, characterised in that said
communications network is a cellular network.

23. A method according to any of the claims 18 to 22, characterised in

that said constructing the assistance data comprises selecting for the

assistance data at least one of the following modes:

— a Keplerian model,

~ Position in Earth-Centered Earth Fixed -coordinates; or

— Position, velocity and acceleration in Earth-Centered Earth Fixed -
coordinates.




22. A nethod according to claim2l1l, characterised in that said

communi cations network is a cellular network. 23. A nmethod according to
any of the clainms 18 to 22, characterised in that said constructing the
assi stance data conprises selecting for the assistance data at |east one of
the follow ng nodes: a Keplerian nodel; Position in Earth-Centered Earth
Fi xed -coordinates; or Position, velocity and acceleration in
Earth-Centered Earth Fixed - coordinates. 40 24. A nethod according to
any of the clains 18 to 23, characterizgd in that the node is selected on
the basis of the navigation systemthe assi stance data relates to, wherein
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service. 27. heoapgition $agh e Msdude @is aslgiedeo:t 0 cl ai m 26,
characterised ing that. sai g}?olét ai ni nggcorrpri ses receiving froma reference

station (Si, 52)d6{eNmighg; ay'gaten systesa e assistaace data celatas tgat i on
system 28. shatagietieedpimgthah phedeomputepr sioggarmo fandePf coidrigkgi s 25
to 27, charackghippst dxBclifaBle frﬁ‘?ru?ﬂfmgtf&r. program further conprises

t]ons, 1or

conput er executabl e .instruc orm ng assi stance data records on the
basi s of the navPEtnas 9% hdh@ssioskamadealaen thel atit model 4or 29. A
conput er pr ogr afiapsoittiog tiee assidgtangetdatapny of the clainms 25 to 27,

characterised.ijh t r axegqut tnstructions for selecting a
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27. A computer program product according to claim 26, characterised

in that said obtaining comprises receiving from a reference station (51,

$2) navigation data of at least one satellite navigation system.

28. A computer program product according to any of the claims 25 to
27, 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.




characterised in that the signal further conprises an indication of the
cl ock nodel or the orbit nodel selected for transmtting the assistance
data; and wherein said assistance data has been constructed according to
the selected node. 31. A carrier having the signal according to claim 30
recorded thereon for delivering assistance data to a device (R). 32. An
assi stance data server (X) conprising,ithe network el enent of any of the

claims 7 to 16.
29. A computer program product according to any of the claims 25 to

27, characterised in that the computer executable instructions for
selecting a mode for transmitting the assistance data comprise
instructions for selecting the mode 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 mode.

30. A signal for delivering assistance data to a device (R), the signal
comprising
- assistance data of a generalized navigation model including at least

one clock model and at least one orbit model capable to be used to
characterize satellite clock behaviour and a satellite orbit in more than
one navigation system, said assistance data comparing an indication of
the navigation system the assistance data relates to;

— an indication of the navigation system the assistance data relates

to;
characterised in that the signal further comprises
an indication of the clock model or the orbit model selected for

transmitting the assistance data; and
wherein said assistance data has been constructed according to the

selected mode.

31. A carrier having the signal according to claim 30 recorded thereon
for delivering assistance data to a device (R).

32. An assistance data server (X) comprising the network element of
any of the claims 7 to 16.




