1 Method and Apparatus for Navigation Systens Field of the Invention 5This
invention relates to a field of assisted navigation systens and nore
specifically to a format, in which information relating to the health of
the satellites is distributed froma comunications network to term nal s.
The invention also relates to a device conprising a positioning receiver
for performng positioning on the basis of one or 10 nore signals of a
satellite navigation system The inventlon also relates to a network

el enent conprising a transmtter for transmtting assistance data of a
satellite naV|gat|on systemtq a receiver, The invention further relates to
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30 the Russian-based GLONASS (Global’naya Navigatsionnaya
Sputnikovaya Sistema).

35 In the future, there will also exist other satellite based navigation
systems than GPS and GLONASS. In the Europe the Galileo system is




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
154f 0, where fo = 10.23 MHz. Furthernore, the satellites transmt another
rangi ng signal at a carrier frequency of 1227.6 MHz called L2, i.e. 120f0.
In 35the satellite, the nodulation of these signals is perforned with at
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cases, navigation based on only one system is practically impossible due
to the low availability of signals. However, hybrid use of different
navigation systems enables navigation in these difficult signal conditions.

30
Each satellite of the GPS system transmits a ranging signal at a carrier
frequency of 1575.42 MHz called L1. This frequency is also indicated with
154fy, where fy = 10.23 MHz. Furthermore, the satellites transmit another
ranging signal at a carrier frequency of 1227.6 MHz called L2, i.e. 120f,. In

35  the satellite, the modulation of these signals is performed with at least

one pseudo random sequence. This pseudo random sequence is




10nessage is thus 12 mn 30 s. In the GPS system tinme is neasured in
seconds fromthe beginning of a week. In the GPS system the nonent of

begi nning of a week is md- night between a Saturday and a Sunday. Each
subframe to be trans- 15 mitted contains information on the nonment of the
GPS week when the subframe was transmtted. Thus, the tinme data indicates
the nonment of transm ssion of a certain bit, i.e. in the GPS system the
moment of transmission of the last bit 3n the subframe. In the satellites,
time is neasured with high-precision atomc chrononeters. In spite of this,
the 20 opera@jon of each satelhite Is controlled in a control centre for
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rate of 50 bit/s. The navigation information comprises information about

the health of the satellite, its orbit, clock behaviour, efc.

25 In the GPS system, satellites transmit navigation messages including
Ephemeris data and time data, which are used in the positioning
receiver to determine the position of the satellite at a given instant.
These Ephemeris data and time data are transmitted in frames which
are further divided into subframes. Figure 6 shows an example of such

30 a frame structure FR. In the GPS system, each frame comprises
1500 bits which are divided into five subframes of 300 bits each. Since
the transmission of one bit takes 20 ms, the transmission of each
subframe thus takes 6s, and the whole frame is transmitted in
30 seconds. The subframes are numbered from 1 to 5. In each sub-

35 frame 1, e.g. time data is transmitted, indicating the moment of trans-




20Gal il eo 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 25 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 froMfour satellites. This may happen

i ndoors, in urban environnments, etc. Methods and systems have been 30
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(Uni ver sal thdkitallifeel ecommuni cati ons Systen) sends to the receiver a copy
of the navigation nessage and, hence, the receiver does not need to extract
the data fromthe satellite broadcast, but can obtain it directly fromthe
cel | u2ar n&uwing .thehre opieration, fthe ssafellitecThdNitarathdecorditioad of otHedrss t han

18 secondsgqlflfent. The satellites may use for example so-called watch-dog
operations to detect and report possible faults in the equipment. The
errors and malfunctions can be instantaneous or longer lasting. On the
basis of the health data, some of the faults can possibly be compen-

30 sated for, or the information transmitted by a malfunctioning satellite
can be totally disregarded. The malfunctioning satellite sets a flag in a
satellite health field of a navigation message indicative of a failure of
the satellite. It is also possible that a Control Segment of a Satellite
Navigation System detects abnormalities in the operation of a satellite

35  orin signals of a satellite. Hence, the Control Segment can also set a
non-healthy indication for such a satellite. This indication can also be




35reduction in the tine to first fix may be crucial in, for instance, when
positioning an energency call. This also inproves user experience in 7
vari ous use cases, for exanple when the user is requesting informtion of
services avail abl e nearby the user's current |ocation. These kinds of
Location Based Services (LBS) utilize in the request the determ ned

| ocation of the user. Therefore, delays in the determnation of the

5l ocation can delay the response(s) frdmthe LBS to the user. Mreover, in
adverse signal conditions the utilization of the assisted data may be the
only option for naV|gat|on This is because a drop in the signal power
level may ne@ewhen;ascdellite is testedrer @B&gr@mw&let@rmtmmoaeéamn of 10

t he navi gathfothe@eiedetheraRURe, when the navigation data is provided to
the receiver froman external source (such as a cellular network),
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20  Galileo receiver should be able to utilize GPS satellite signals in
positioning.

Positioning devices (or positioning receivers) i.e. devices which have
the ability to perform positioning on the basis of signals transmitted in a
25 navigation system can not always receive 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
30  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
minimum of three signals in two-dimensional positioning or four signals
in three-dimensional positioning does not diminish. However, if the
35  network provides, for instance, barometric assistance, which can be
used for altitude determination, then three satellites is enough for




Galileo uses a 7-bit field (1-128) to identify the satellite. The nunber
can be identified with the PRN code used by the satellite. 10 GLONASS uses
a 5-bit field to characterize satellites. The nunber can be identified with
the satellite position in the orbital planes (this position is called a
"slot"). Moreover, in contrast to other systens, G.ONASS uses FDVA
(Frequency Division Miltiple Access) to spread satellite 15 broadcasts in
spectrum It is noted here that there i6 also a CDVA spread code in use in
the GLONASS. There is, therefore, a table that maps the satellite sl ot
number to the broadcast frequency. This nmap nust be included in any
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(i ndi cat es WRbiAefWidebaadi GiodeatRivisiom Mudtishe i Aceass) eetworks.) Thige
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%5 specmgg in rEﬁe 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
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

20  given instant. Both data are essential in satellite navigation.

The availability of the assistance data can greatly affect the positioning
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
25  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
least 18 seconds before the GPS satellite can be used in position
calculation. Now, in AGPS receivers (Assisted GPS) a cellular network
30 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
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
35  reduction in the time to first fix may be crucial in, for instance, when
positioning an emergency call. This also improves user experience in




10 signals at different frequencies. Then, it is possible that one of these
signals is unusable, but others are fine. Then, the satellite health nust
be able to indicate this node of malfunction. Current solution in GPS is
only able to express malfunction is sonme signal (w thout specifying which
one). The problem was previously solved only by saying that the whol e
satellite 15is broken and not just sone specific signal. Summary of the

| nvention The current invention is that7instead of specifying that some
particular 20 satellite is broken, a list of specific broken signals that
the particular satellite transmts is provided. |If the whole satellite is
br oken, t heYRrols Use sagespier exaviplewhasy theaugenip raquestigganfemation f or

that parti %ﬂ@érvﬁ,%seébawolem@a SertSBuRRN116€an. PRESe Winds
Glil eo, AS, f lhere re al so reser atlon or yet
unknown f ut %‘ @3& %&M@&Sd '1%§ sitigze; insthe,spgeesbihe eetgrm
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el enent. a X e recei ata relating to a

| east (%e ﬂ%(é@%&' %8'ﬁ @%}]@' 3“{5 reéRQPﬁ‘é@qr H-ﬁﬁjp%gg PHLxani ni ng el enment
adapted to exam ne the assistance data to flnd out information relating to

a status ofy0ne.ar léﬁoégveﬁ‘bgnﬁ%?loéoﬁo‘?ﬂ(fﬁ ﬂ?eeu% ?a@tL%”% ?Irle tegg*s Sald%i’aSt one

naV|gat|on systen1 one oOr
nmor e si gnalayibet the @By amdioarios @NmtlonsTb@mprb@au@eu anaiur@mn dhe signahe

reference siidrodvdi %;fh@k@l it Ifhlsfiste fr& thé@NQS' Rcsivet Hﬁobt@ﬁ’i &ebwaf the

usablllty Q erelrn apparatus 1 s to use in

th
a p05| onit E\% i Sltlgnsmﬁﬁgxg%ﬁgwey%r |VYhﬂ’b payjeatiorn @éa&amv ided to
Actcor dlk ngl tthe a?@@a@ﬂﬂdomsm@kt@ﬁaltélfur@éWas @V@Maﬂhét\%ﬂ@ havigaton fled 5a
net wor k el enen [i.s a,contro assi stance
Gt o r o ot TRERaRRATREAS' s BBl e ibBofiaft Brindgsr spRilibly ashaer
navi gat i on asyisturban eheasyovteeressighaleveismayhsignificantik vatyedento buitdimgs
conpri ses de&ﬁg?@hegd% errm&th ‘Féisét%lh‘?é(?{?ggﬁthe status of said one or

10rmr 5| gna rererence stations o navi gati on systemto
determ ne the usability of the signal in a positioning of a device ;
When a mobile terminal having an assisted positioning receiver requests for

assistance data, the network sends the mobile terminal one navigation model
for each satellite in the view of the assisted positioning receiver. The format
in which the assistance data is sent is specified in various standards. Control

20 Plane solutions include RRLP (Radio Resource Location Services Protocol)
in GSM, RRC (Radio Resource Control) in W-CDMA and 1S-801.1/1S-801.A
in CDMA. Broadcast assistance data information elements are defined in the
standard TS 44.035 for GSM. Finally, there are User Plane solutions OMA
SUPL 1.0 (Open Mobile Alliance, Secure User Plane for Location) and

25 various proprietary solutions for CDMA networks. The common factor for all
these solutions is that they only support GPS. However, due to the ramp up
of Galileo, all the standards shall be modified in the near future in order to
achieve Galileo compatibility.

30  The international patent application publication WO 02/67462 discloses GPS
assistance data messages in cellular communications networks and methods
for transmitting GPS assistance data in cellular networks.

The navigation systems index the satellites to express the satellite the
35 information relates to. This is called as satellite indexing. The satellite index




wherein the controlling elenent is adapted to insert, for each signal the
exam ning el enent determ ned not to be usable in a positioning of the
device, an indication on the non- 15 usability of the signal, said

i ndi cation conprising information on the signal and on the reference

station the signal relates to into the assistance dat a. According to
a third aspect of the present invention there is provided a 20system
conprising: - network el enent which con®rises a controlling element for

form ng assistance data relating to one or nore reference stations of at
| east one navigation system and a transmitting element for transmtting
“assi st ance iga¥ged do aidgptiltymthminavigation madedrwith a spegifice satellia. Evepy i ses -

a posi ti oni i idReRl KRterh HashR' dwh md!ﬁiﬁ{f&iem&ﬂi ng on the basis of one or
nore signals transmtted by reference stations of said at |east one

satellite navigation system 30a receiver for receiving said assistance
dat a from tGPSdndeREs sméilimsw,tsﬂwde Velgiole) dBas€d ah PRNQPekadsRarridapt ed to
ata

exam ng t he, . | ved assi st ; .char.act er,i sed . hat the
et vor © of NS BIFPRES & BRI olfidr cos s farefiss Wik B oA 3pe

el enent adadedised fryxbinei sadellites. r ecei ved navigation data to find out

i nformation relating to the status of said one or nore

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.
10
GLONASS uses a 5-bit field to characterize satellites. The number can
be identified with the satellite position in the orbital planes (this position
is called a “slot”). Moreover, in contrast to other systems, GLONASS
uses FDMA (Frequency Division Multiple Access) to spread satellite
15  broadcasts in spectrum. It is noted here that there is also a CDMA
spread code in use in the GLONASS. There is, therefore, a table that
maps the satellite slot number to the broadcast frequency. This map
must be included in any assistance data format.

20  SBAS systems use PRN numbers similar to GPS, but they have an
offset of 120. Therefore, the first satellite of the SBAS system has a
satellite number of 120.

Since QZSS SIS ICD is not public yet, there is no detailed information

25  on the satellite indexing in the system. However, since the system is a
GPS augmentation, the GPS compatible format should at high
probability be compatible with QZSS as well.

Pseudolites (LAAS, Local Area Augmentation System) are the most
30 problematic in the indexing sense. There is no standard defined for

indexing pseudolites currently. However, the indexing should at least

loosely follow the GPS-type indexing, since they use GPS-type PRNs.

Therefore, by ensuring that the range of satellite indices is sufficient, it

should be possible to describe LAAS transmitters with GPS-type
35  satellite indexing.




signals of the reference stations of the navigation system said 5
information relating to the status of said one or nore signals of the

ref erence stations conprising indication on the reference station the
signal relates to, and said status indicating the usability of the signal
wherein the controlling elenent is adapted to - insert, for each signal the
exam ning el enent determ ned not to be 10usable in a positioning of a
device, an indication on the non-usabil®@ty of the signal, said indication
conprising information on the signal and on the reference station the
signal relates to into the assistance data; and that said exam ning el enent
of the devilbe additiampoethase geanirements fsdiexingncelogkt madeli and oubit
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provi ded a nodul e conprising an exam ning el enent adapted to exam ne the

recei ved assistance data relati ng to at | east one navigation system 25
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assi stance dﬁ?a@rﬂi ottt Qyéteh'i‘éf&&ﬂ’idtoﬂafméﬂrﬁtt bﬂﬁ Bﬁeasigﬁ?f, YsutCha@diss OF nore
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30signal relates.t nd.sai d, status_indicati{ng the usabili of the

si gnal , m@rbi‘? ﬁo ﬂrl’fﬁcﬂ%dﬁj\'% mofe Hglm W’P&‘e?%?ﬁ'ﬁlﬁoﬂ)ﬁtﬂoq § éi%sl@@é‘ﬂﬂi ng to
a fifth asmble tobxpresspnetfanttiomiscesdmensighalr @vittoup specifydgavinieh ored)f

conpri si ng: - r t r ar, re
reference gsf}ea?Eoc?rllesmo\?’gg;p%\ggg?ng%cgv%i&ﬁfgplg"%@yﬁﬁtﬁ%éwgﬁaﬁglﬂ%i sed in
that flRe mis heekenuamndheot jstsomespesifigisignal. t he status of one or nore
signals of reference stations of the at | east one navigation systemto
determne the usability of the signal in a positioning of a device; and

10i nserti ngy r I0fhe examining indicated not to be usable in a

positioning of the device, an indication on the non-usability of the
nal and gn the

stonal  Sairhl RO SRE bR SRIP BTSN T et e SRR gt
20  satellite is broken, a list of specific broken signals that the particular
satellite transmits is provided. If the whole satellite is broken, then there is
a special value for marking any signal broken for that particular satellite.
The approach can be used at least with GPS, Galileo, GLONASS, SBAS,
LAAS and QZSS. There are also reservations for yet unknown future

25  systems.

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

apparatus comprising

—~ an examining element adapted to examine the received assistance
30 data relating to at least one navigation system;

characterised in that said examining element adapted to examine the

assistance data to find out information relating to a status of one or more

signals of reference stations of the at least one navigation system, said

information relating to the status of said one or more signals of the
35 reference stations comprising indication on the reference station the

signal relates to, and said status indicating the usability of the signal,




15According to a sixth aspect of the present invention there is provided a
nmet hod for using assistance data in a positioning of a device, the nethod
conprising: - receiving assistance data relating to one or nore reference
stations of at |east one navigation system 20characterised in that the

met hod further conprises exam ning the received assistance data to find out
information relating to the status of said one or nore signals of the
reference stations of the navigation sy$¢em said information relating to
the status of said one or nore signals of the reference stations
25conprising indication on the reference station the signal relates to, and
sai d st at uswheteisatengppaeatusaisi adapted noidosugedn; a grasitieaivignguolta such a

si gnal , Miggpbfwy@é@h@%é}ggﬁ& tg%é‘ﬁ@gb%. fromsignals to be used in a

posi ti oni ng vi ce. 30According to a seventh aspect of the present
I nvention there is provided a conmputer program product for storing conputer

progr am havAsgorimng tid er seesilhapket bhid Fﬁééemsm‘/@mtion tiesrd Ropr>veded ance
ations of at |east one navigation

data r ating 5;0 ne, or rrﬁre reference s
syst em® 35cHECIVPH PIEIENLCOMBASINGE Conput er program further conprises
conput er execat ebhieollingtelentienin®r fformirkp assistance miata relatirag ts ovfe one or
nore signals ' f : | gation systemto
determ ne the%%%ﬁ{q?%@&%fékﬂéhg}gn%lIelégte%ﬁ%ﬁsaslﬁ%ﬁﬁﬁgy%@ ' device ;
inserting, Gharasterised gnthiat the netwerkelementifuthescomprisesbe usable in a 5
posi t +oni ng obn!SigarfifihG dleent MAALH I8 it (RNsHRER!DrI<aid Une BF
signal, said indi ca,tlogicgrrﬁrlm ng Infornation_on t e_m&na and on the
referdfte st aMYR sigBals ghihe rafatence statians Pf]éh%s'?ﬁ‘égﬁ @R ant@m to _
{l%gcor di ngt to det@hﬂhéhhed&mt I][tyfoftt{ié sigRskEinta bt@éﬂiﬁirﬁl@@ dffaed?]@vipé ;provi dted
a conput er, program pr c r _storing conputer program having conputer
execut abl e%yrﬁgﬁ(fﬁés?gﬁg?rpﬁmgefeé‘eg"&snﬁg%gtﬁrasotpance data relating to one or
mor e ref er encinsergtfoneschf signal das texaminiay islemient detetraimed not to be
usable in a positioning of the device, an indication on the non-
15 usability of the signal, said indication comprising information on the
signal and on the reference station the signal relates to into the

assistance data.

According to a third aspect of the present invention there is provided a
20  system comprising:
— network element which comprises
— a controlling element for forming assistance data relating to one
or more reference stations of at least one navigation system; and
— a transmitting element for transmitting assistance data to a
25 communications network ;
— a device which comprises
— a positioning receiver for performing positioning on the basis of
one or more signals transmitted by reference stations of said at
least one satellite navigation system;
30 — a receiver for receiving said assistance data from the
communications network ; and
— an examining element adapted to examine the received
assistance data;
characterised in that the network element of the system further
35 comprises




characterised in that the conputer programfurther conprises conputer
15execut abl e instructions for exam ning the received assistance data to
find out information relating to the status of said one or nore signals of
the reference stations of the navigation system said information relating
to the status of said one or nore signals of the reference stations
20conprising indication on the reference station the signal relates to, and
said status indicating the usability oflithe signal; and |eaving out such a
signal, which is indicated not to be usable, fromsignals to be used in a
positioning of the device. 25According to a ninth aspect of the present

i nventi on the@d examiningoelement gdapteidoto examineithg ensivedmayigriiento a

devi ce, the siygpgko ﬁgﬂg{dtﬁhmmatm}eﬁéﬁﬁg%dﬁé%té@saéﬁﬁd%é)aﬁn%r nor e

reference stations o east one navi gation system aracterised in that

the signal further conprises, for each signal of a 30 reference station
not usabl e inspperild i GNithE. réferentd cablions of the Aavigasishl kystendf shite

i |, id indi ' ! ' i nf ti th | d th
Feforerte st allefies JPERED il stoud, OF SailoBf omiars “Monafi s Boecct o
t he present i meferénamn stdtiems cemprisingd edlicat®ia ovathe eefehenvdengtatiosi fmal

ded th f ' WNg,: ' - devi . i I
[cor ded. e effhal Al S ASEIGH MAERAR i B BIONEp SRS 900
of at | eastwireimtie ganirolling pieraent isnadaptedtdbsed in that the signal further

conpri ses, f Ofns@RCHoP i<l s.%fnaﬁi th&f ARG At HRiteARRUENbN to be
posi ti &nl ng, an indication, on tgﬁ nan-_ 5usabh£d_t .of the signal, ﬁial d
i ndi cdth on coHpRP!Si IRg? iROSHIONRG & 2bfeYiRe .Yy icdfien on theadrtisabilis
station the spptiad sigplaht ssidtindicadenrsbmgrigingadnfarheitiont bn asesigndlfaridie
pr esent |nven15| gn thFre is rowtfl\ed.an aS'fI stﬁnce[ gﬁta server Sotggrl si ng
10- a control PV Beé?gﬁ%'ﬁ?e? 10 ﬁi%n%!srgas}?ﬁ &g 8%5&%%% 5 one or
nore ref er encethet saidexaofiniag ¢leasntaidhealevice inadaptedein exandine the
characteri %{iéthéé‘gtat% ’&?fiﬁ‘&%ﬁ‘iﬁﬁ&%aﬂéﬁ%ﬁaﬁﬁw% he"dihfls GOLRG GifSor an
exam ni.ng el ement adapted t0 exam ne a status-of one of nore _

15 more signals of the reference stations of the navigation system, said
information relating to the status of said one or more signals of the
reference stations comprising indication on the reference station the
signal relates to, and said status indicating the usability of the signal,
wherein the device is adapted not to use in the positioning such a signal

20 which is indicated not to be usable.

According to a fourth aspect of the present invention there is provided a
module comprising an examining element adapted to examine the
received assistance data relating to at least one navigation system;

25 characterised in that said examining element is adapted to examine the
assistance data to find out information relating to a status of one or more
signals of reference stations of the at least one navigation system, said
information relating to the status of said one or more signals of the
reference stations comprising indication on the reference station the

30 signal relates to, and said status indicating the usability of the signal,
wherein the module further comprises an output to

35 produce an indication on such a signal which is indicated not to be
usable.




signals of reference stations of the navigation systemto determ ne 15t he
usability of the signal in a positioning of a device, wherein the
controlling element is adapted to insert, for each signal the exam ning

el ement determ ned not to be usable in a positioning of a device, an

I ndi cation on the non-usability of the signal, said indication conprising

i nformation on the signal and on the reference station the 20signal relates
to into the assistance data. The inventiRon shows sone advantages over prior
art. In those cases where only sone specific signal is broken, the other
signals that the particular satellite transmts are still usable and
therefore there is going 25to be nore usable signals and therefore the

avai | abi I'i tA(c<9c§rd‘iﬁ§’ 5@;&%‘&!& SIS ﬁ%“?%édmwé‘ﬁﬁ@n bessd Lsggmndea g he

Drawi ngs 30In th oW ng, e 1nvention w be descri I n nore detail
Wi th referéﬁ@g?Q_ fPﬁB?FHb?i@ ded drawings, in which Fig. ldepicts as a
general , sinmphi ffopikl agssigtahcey sd£@ irdlatiicr ot hePr @s anbre Nisfarémse can be
applie 15 Fi qsé ﬁdegl (I;t a rteference recelgr of a,navigation system
accordithg to an SRURNP OF @HSAHRINE NBVIGaIoNPYRIERt 8% ention as a sinplified
bl ock di agrararabtérisedimefhiat the anettiosoiuitheresemprisesor ding to an exanpl e
enbodi ment _of ekgﬁiﬁih‘g;sﬁ%t stalltis Btlote 8P nford gig'n'gié &f! {é’ldefé#cé’ SEHGHE of ' 9-
4depi cts a device according to an exanPIe enpodi ment~ 0 n

the at least one navigation system to determine the usability of the

signal in a positioning of a device; and

10 - inserting, for each signal the examining indicated not to be usable in
a positioning of the device , an indication on the non-usability of the
signal, said indication comprising information on the signal and on

the reference station the signal relates to into the assistance data.

15  According to a sixth aspect of the present invention there is provided a
method for using assistance data in a positioning of a device, the
method comprising:

— receiving assistance data relating to one or more reference
stations of at least one navigation system;

20  characterised in that the method further comprises
— examining the received assistance data to find out information

relating to the status of said one or more signals of the reference
stations of the navigation system, said information relating to the
status of said one or more signals of the reference stations

25 comprising indication on the reference station the signal relates to,

and said status indicating the usability of the signal; and
leaving out such a signal, which is indicated not to be usable, from
signals to be used in a positioning of the device.

30 According to a seventh 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 one or more reference
stations of at least one navigation system;

35  characterised in that the computer program further comprises computer
executable instructions for




10t he present invention as a sinplified block diagram Fig. 5depicts
according to an exanpl e enbodi nent of the present invention; and 15Fi g.
6shows an exanple of a frame structure used in the GPS system Detail ed
Description of the Invention 20Iln Fig. 1 there is depicted an exanple of a
system 1 which can be used for positioning a device R The system1
conprises reference stations S, such as satellites S1 of a first navigation
system for exanple the GPS, and satelldtes S2 of a second navigation
system for exanple the GLONASS. It should be noted here that GPS and

GLONASS are onl nﬁ]ﬁ]l oned as non-1i mtl@g’@ga Ies here and al go ot her
reference stafK HH”@QL staipig|qfiqne; OF MPN§eS Ot refergnee $AHORS Obf t he
EAA%1 Al so tl:reeramrr@aist oheredgatics sﬁ/ts@émomﬁdlaﬁerﬂﬁlﬁéétﬁét@f@tﬁillﬁhgﬂvth% n Fig.
e navi ga st ens.,.co ne or nore ground stations e
ground stati o%lg%%éﬁ?r%??t'f’ﬂgpgogé?é%v&ﬁ of the satellites S1, S2 of the 30
navi gat i on isgettiags for edchr sigpat they elxgmimhng mdicaiddsnat ta)becmsabrleenga
det er mge at i.ans _efath t f t el y of
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transmts &efé)%hb@'stétlgﬁ%heﬁﬁ%nﬂ%ét@s ol ittt a%ﬁlstt%t?céﬂ'é lite 51, S2

whi ch then 35perforns a cor tion operation on t asis of the control
signal (s). In 16 other words, the ground station Grefers to the G ound
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mal f unct i oni ng statiensof at easionsnavigation %Vséi?@garded The rral functl oni ng

satellite I tion
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i ndi cati on castatines ok the amavigatied systehe wnlmrriocmatlonsrerimmg)rtb fhén a

t | .
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Gentre (SM-Oartd shite sElib idieatihg tﬁaqjéeﬂf.mi(%ﬁﬁersagﬁtw%{noc can transm t
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assi stance, data to et war k emanE@st res the

assi stancel‘%ﬁa‘{'ﬁgt%UtaSHﬁ @ys'gﬂﬁ @nuﬁﬁ Efce 25 R

when the dsigras fo heecdsed maqs@s|ﬁ© ﬁmeadémcgerfor m assi sted positioning
operation. It is also possible to transmt t he assi stance data fromthe

network elenment Mto the device R before it is needed. For exanple, the
devi c25R cAeccoedjngsio & mintisaspectnufethdapresentdhvendicn theresiat pidvided aand

store the BR3¢ 81iv&iRy HesidtEndE MRty t&a"d8lickNth&' &Mz comprising
— assistance data relating to one or more reference stations of at least
one navigation system;
characterised in that the signal further comprises, for each signal of a
30 reference station not usable in positioning, an indication on the non-
usability of the signal, said indication comprising information on the
signal and on the reference station the signal relates to.

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




30R for later use. The network elenent Mcan also be the Serving Mbile
Location Centre (SM.C) of the GSM network. The Serving Mbile Location
Centre is either a separate network el enment (such as the MSC) or
35integrated functionality in a base station B (BSC, Base Station
Controller) that contains the functionality required to support |ocation
17 based services. The SM.C manages the overall co-ordination and

schedul i ng of resources required for Iddating a device R It also
calculates the final |ocation estimte and estimates the achi eved accuracy.
The SMLC may control a nunber of Location Measurenent Units (L for 5

t he pur pose- ofissistanee Agta seladingriioedne s metssiaferents stajianscal at leashel p

|l ocate the m)gianqé\}igé{igﬁ sﬁfégﬁﬁfi bers in the area that it serves. Now, the
mai n el enents of an I

a odi t of the reference recejver w il be
descri bed i‘?h@f@PEerbﬁﬁémn?th @§@%§RH@R?6 comprises,Tios egeh gigh@l e i s
appl i cabl e refefegice sttiorehet aneblé daepasitiohiryf, amdndlicaionneni et hen- system
and t he ref Eiﬁﬁﬁ( rﬁ(iﬁi ver CI' of.Ctihe .seﬁond navi.gati Qn Sé]sattem al t,hough
practi &l iy, pE s Siongl, Saidhigicilice solppreiia, Taokiatod, o 1) dnee
recei ver C signalasdonatheorgferdrice stationf thre signat odlbtesyta.he operation of the
reference receiver C. The controller C 1 conprises 15 e.g. a processor, a

m croprocessor, a digital signal processor (DSP) or a conbination of these.
It is obvid¥ecaming tthepd &leventbo aspesbraf thenpesentr isyesdien, there is

m cr opr ocegseliddePEn a%ts%tahﬂetdﬁiace%ﬁépbbﬁfrpr%i_ ~There is also a reception

bl ock (&2 co I’ISIB&.a rﬁcelver C2.2.for receivin SI% ls fromthe
sat el I es 512 entpglling e ﬁH\ﬁ’HafPirJﬁr@m asp! C¢ &rda dREIiNG: (. 0Ner O 20
L urt htelr conpr irgsgre r@{@r@mmrsl _'teﬁbﬂsmﬂdtdeésé@:lsefmigatm?s'%@@tmh hgnd ei t hte_r
irectly orindirectly. - n [ enen e ni cati ons
ot vor k. CHASE T in el the ASslSTeNEE fiafh SRRl Hlrler imBREFE T 571 For
transm tting angxdniniog telemestvadaptedeloeexamine d, statuaafersmoy mare ecei ver
0.3.2 for recgiqﬁa'l? 8?'r%ﬁ@r@ﬁc%ré’t%ﬁ%gt@ﬂth@’nbb@d?%%"‘@?gte% ¢geteMhime to the
reference recerver C. e refrerence recel ver nmay also conprise nenory C. 4
for stléring déteausablilitoet the signedimatresifieing.el asteyjce The structure of an
exanpl e em?fﬂ%t’éi’rﬁ"th@fcdn%llﬂﬁ eRikeft RIMBALPMJ fo ffdrEted éa‘éhFé,ignaBtheThe
network el enent, M conpri s squ% contrcﬁ)l I %r 1. 30, Also the controller M1
of the net\ﬁiﬁqm'@“&gr@:g"\%& eppined Natde Be UsaRlecks 8oPOSIHORING 8brdcessor,
?hdit git L al sleyicd , phogekcation Fﬁ%@noﬁ-mbﬂiﬂyaéﬁ the efgridiessid ilrfdi(s%io;bvi ;Jus

a ere S0 be nor an,one.processor CI QDI OCESSOl.. etc.
2 e comcEbing, BforRAfoh G 108 SERACERA I 1k TeRBleP R $8ion e
ref er @0ce sigralvelatesiy ik thee assistanaerdata.cati on bl ock M 2. The first

communi cation block M2 conprises a receiver M2.2 for receiving signals

fromthe reference )
The invention shows some advantages over prior art. In those cases

where only some specific signal is broken, the other signals that the
particular satellite transmits are still usable and therefore there is going

25 to be more usable signals and therefore the availability of the A-GNSS
service can be improved.

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
the present invention can be applied,
35



18 receivers C of the navigation systenms. The first comunication block M 2
may al so conprise a transmtter M2.1 for transmtting e.g. request
nessages to the reference receiver C of the navigation system The network
el ement M further conprises a second comruni cation block 5C 3 for

comuni cating with the base stations B or other access points of the
communi cations network P. The second comruni cation block M3 conprises a
transmtter M3.1 for transmtting signgls to the base stations B and a
receiver M3.2 for receiving signals transmtted by the base stations B to
the network el enment M The network el enent M al so 10conprises nenory M4
for storindgrigala andlepittswaae retarepceerresegrarofcalepavigationet systenel ement
M obt ai ns the assi st Hﬁeatoe'aﬁ'e%x% eét[ﬁbb itqe ,}ﬂro(apctﬂgt Sp%}éeHgl ng a
ref erence receiver or sonme ot her ex er nal ution, rom an
assi stance data serJeyentipp@snsimpbfied diagrafansni t such i nf or mati on
to commnl cations netvvorks The assi stance data server X conprises

anal og nts e net nment, Mwith.respect to the

oper ot tons 1 3t 1 ng JePese 2 odtopHy” REITEAL | BRCORIAG IS, @ exatiple
transmtti ng the assembad:medam the. preseme ineertivera@ sivhglifiad tiieck
controller t he § itter M3.1, the nenory M4). The assistance data
server X nay aI o) co% el enents of the reference receiver C. The

assi stance data server X is, for exanple, a server of a com*rerci aI service

pr ovi der f rigg yho aSisEanseee A8ordng ‘%Guéﬁt@)%mﬁ%’%‘?g g fee. 25

The reference receive I S not necessarify a _separa I ce Iocated
out si d® t he comuni dBEIRSASEAEINMGNLION 8318 YAW @B§&|Q§kai|%@'fﬁmof t he network
el ement M 301 n anot her exanpl e enbodinent the assistance data server X can

al so analy siLgnal s, recei ved t he referen recej.ver C |ch can al so
be part of ﬁ'Jteﬂ BaSSI depicts %%EOJ%ZQQ &é?nﬁx%ﬁe Sl 'm?m ent
signal /satellite is iopentidm;rangroperly or not.

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

Detailed Description of the Invention

20 InFig. 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



19 conprises one or nore positioning receivers R3 for receiving signals
fromthe reference stations S1, S2 of one or nore navigation systens. There
can be one positioning receiver R 3 for each navigation systemthe device R
is intended to support, or it may be possible to use one 5 positioning
receiver R 3 for performng positioning on the basis of signals of nore

t han one navigation system The device R also conprises a controller R 1
for controlling the operation of the dd%ice R Again, the controller R 1 of
the network el enent may be constructed of a processor, a m croprocessor, a
digital signal processor (DSP) or a 10 conbination of these. It is obvious
t hat there @heraverdshéhengreundsiatior GretarsdortherSrownd Sagreent obile et c.

It is also ,ﬁ@\ﬁggﬁbﬁ sésggém'g he positioning receiver R 3 can conprise a
controlling eléenent R 3.1 (e.g. a processor, a mcroprocessor and/or a

DSP), or the positioning receiver R 3 uses the controller of the device R
oper atlons Bra Bt P s 30 Bl moniior aheogbhumon of

oot £1 chi g ERlErTRnG The siABST . "o veHERg b ExamRIRs WalENcar i ed
out by the daptopadrabonRtd détecheantkvepert ﬁdy&iblm/faldtﬂ]rcaheoeqmipm@at e \tI)V: t hk
a base st at4 l.cat | L.cat . on oc
R 2 The 20 RS eHsRs AR HEARERAE A Be IbERidnSol o InSH BINES OF

recei ving shgnkesis dnthenherltie datarisome of thee faulisucarapossiblyndiavor k P.
The Comn'cfcﬂhwgeﬁséﬂe%'foﬂyl ﬂ‘\é%f'&ﬁpétlio??%%éhos?ﬁﬁqt %ﬂe 'Cbgtﬁrnﬁlf%rn%tibﬂin

t |t _ to't ) t at ) 1t t wor k
P “Datld ancaiEhisans bafolalydiaraanidd: femiuncioning SekalitesSesize. The
gevi ce R :%ﬁt%p_ﬂaglcmiaigdgéui@héauha‘reéd rdf? h@?fgddﬁ/@ Mééks 'Mdoilﬁéﬁw ijsesa_

or exanple, a.dis 5 L ad, R.5. or eyboard) . . and audio
nmeans R.mé. ?,f %&%‘h‘@s‘%ﬂ}ﬁ é?@h%n%&%ﬁ%@u%&pgglf@n afsto [NaiGg o? Ukesi bl e
t hat Ithe dendwgatiers messageaa signalser sighalsf agéchSB/é”rfeae rdvoperaring, hfor

e, a 0 C 0 C t he
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Real -Tinme Integrity, | el enment )
the Table ﬂans%mﬁtﬁéﬂ tpaiheccammudnisatigns datverls SLik @ navigalimmessads - di ng to

the present invention, The Real-Tinme Integrity field is intended to be

oused to C? nsI Cgt-' thﬁl satel || teerﬂﬁghfrﬂeﬁﬂﬁe tc%rrtlrrﬁ%n?lceé/ﬁocnes Ir?'etvl\%‘rrkarmt er #
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Bits Scal e
20 P is the GSM network and the network element M communicating with
the reference receiver C is the Serving Mobile Location Centre (SMLC)
of the GSM network. The reference receiver C can transmit assistance
data to the network element M. The network element stores the
assistance data to a memory M.4 (Fig. 3) for transmission to a device
25 R when the device R needs the assistance data to perform assisted
positioning operation. It is also possible to transmit the assistance data
from the network element M to the device R before it is needed. For
example, the device R can request the assistance data of all visible
satellites and store the navigation data to the memory R.4 of the device

30 R for later use.

The network element M can also be the Serving Mobile Location
Centre (SMLC) of the GSM network. The Serving Mobile Location
Centre is either a separate network element (such as the MSC) or
35 integrated functionality in a base station B (BSC, Base Station
Controller) that contains the functionality required to support location




The follow ng field occurs once per message UTC 32 1 0 - (232-1)[sec M The
followng field occurs once per signal (NBStinmes) Bad SSSID 14 1 - --- C
Table 1 The Real -Time Integrity field of the GNSS Assi stance Data
Informati on 10 El enment contains paraneters that describe the real-tine
status of the GNSS constellations. Primarily intended for non-differential
applications, the real-tine integrity of the satellite constellation is of

i nportance as there is no differential 1dorrecti on data by which the device
R can determ ne the soundness of each satellite signal. The 15 Real -Ti ne
Satellite Integrity data conmuni cates possible abnormalities in the

oper ati on opasetk semvigiesi t Eie) SMLE henaang®sc dhet eveeali mesordinatien dendce R in

real -time ogcHdJTMR dferéé?glu‘edég reEUﬁeB%Wdéhﬁhfé*ﬁ@%ch?hl?' }:&‘@M%téé ansmi t

the Real Tine Inte%rlt the curre thy signals,
for any A dR8sfipaki QQ%%’inn&SH arRstinatssy ke 26 J@VGQSgcé%ﬁcé‘t al® data
is sent. | fSMn_e: mEpeonibl baﬂumm&ifsméﬂﬁ@n l\/réaé@?émehhejhutéﬁg_lﬁeﬁlfoil e

I ntegri eId shal | ef erence is.included
| ¢ e i ABrSPd R b BIDG G5 fM8HRGE BER S e oRbR  oVBAa 67 DSt i on
Request rreslsagke thie mobilé stdRiRInPs issdribtens iretHeabeantbas #gervéden the MsS shal |
interpret the 25 absence of a Real Tine Integrity field in the assistance
data provided by the SML.C to nean that the nunber of bad signals is zero.
I f the Ext dNewd thefmeématemenimiofparesexamplehiembadieept cafatheonetgppnces when

the assi st ar@ee.v@at@ wm B AusEased tMSr@ebvé?lr %nﬁ'r%'ﬁ@%hcw %Okigovz Nehé
previ Lbs reﬂscﬁggur% is app |cabfe t§ ioth I?ﬁgl reerFTeEncen rgcerzllver C of the first
navigation system and the reference receiver C” of the second navigation
system, although practical implementations may be different from each
other. The reference receiver C comprises a controller C.1 for controlling
the operation of the reference receiver C. The controller C.1 comprises
15  e.g. a processor, a microprocessor, a digital signal processor (DSP) or a
combination of these. It is obvious that there can also be more than one
processor, microprocessor, DSP, etc. in the controller C.1. There is also a
reception block C.2 comprising a receiver C.2.2 for receiving signals from
the satellites S1, S2 of the navigation system. The reference receiver C
20  further comprises a communication block C.3 for communicating, either
directly or indirectly, with the network element M of the communications
network P. The communication block C.3 comprises a transmitter C.3.1
for transmitting signals to the network element M and, if necessary, a
receiver C.3.2 for receiving signals transmitted by the network element M
25 to the reference receiver C. The reference receiver C may also comprise
memory C.4 for storing data and software (computer program code).

The structure of an example embodiment of the network element M is
depicted in Fig. 3. The network element M comprises a controller M.1.

30  Also the controller M.1 of the network element may be constructed of a
processor, a microprocessor, a digital signal processor (DSP) or a
combination of these. It is obvious that there can also be more than one
processor, microprocessor, DSP, etc. in the controller M.1. The network
element M can communicate with the reference receiver C by

35  the first communication block M.2. The first communication block M.2
comprises a receiver M.2.2 for receiving signals from the reference




21 The UTC field indicates the UTC tinme (Universal Tinme, Co-ordinated) when
the list was generated. The NBS val ue indicates the nunber of SSS ID s
that follow that the 5device R should not use at this tine in a position
fix. This NBS value is determined fromthe Bad SSS ID |ist. The Bad SSS I D
field is used to indicate the system satellite index SSS I D, SV/ Slot and
Signal ID of the satellite signal which is not 10 functioning properly.
Because the indication contains infornmd8ion on the satellite system the
Bad SSS ID field can be generally used to indicate the different
positioning signals in the different satellites and different satellite
systens. THECSHErsCief the nawjgatioresystars ddhet brst cammuniertiomibleckr e as
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10  comprises memory M.4 for storing data and software (computer

program code).

The network element M obtains the assistance data either from satellite
broadcasts by using a reference receiver C or some other external

15  solution, e.g. from an assistance data server X intended to gather and
transmit such information to communications networks. The assistance
data server X comprises analogous elements with the network element
M with respect to the operations relating to the receiving navigation
data, forming and transmitting the assistance data (i.e. the receiver

20 M.2.2, the controller M.1, the transmitter M.3.1, the memory M.4). The
assistance data server X may also comprise elements of the reference
receiver C. The assistance data server X is, for example, a server of a
commercial service provider from who assistance data can be
requested, maybe against a fee.

25
The reference receiver C is not necessarily a separate device located
outside the communications network P but can also be a part of the
network element M.

30  In another example embodiment the assistance data server X can also
analyse signals received by the reference receiver C (which can also
be part of the assistance data server X) and determine whether a
signal/satellite is operating properly or not.

35  Fig. 4 depicts a device R according to an example embodiment of the
present invention as a simplified block diagram. The device R




22 System I D Indication GPS 0 SBAS (e.g.

QZSS 4 LAAS 5 Reserved for future use 6 Reserved for future use 7

10

15

20

25

30

35

19

comprises one or more positioning receivers R.3 for receiving signals
from the reference stations S1, S2 of one or more navigation systems.
There can be one positioning receiver R.3 for each navigation system
the device R is intended to support, or it may be possible to use one
positioning receiver R.3 for performing positioning on the basis of
signals of more than one navigation system. The device R also
comprises a controller R.1 for controlling the operation of the device R.
Again, the controller R.1 of the network element may be constructed of
a processor, a microprocessor, a digital signal processor (DSP) or a
combination of these. It is obvious that there can 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.
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.

WAAS, ECNOS) 1 Galileo 2 GLONASS 3




Table 2 The SV ID is an index nunber for a satellite within a satellite
system 5 The SV_ID has a value range: 0 - 63. The SV ID value range starts
fromO for each satellite system Actual PRN nunber for the satellite can
be obtained by adding a satellite systemspecific offset to the SV ID

val ue. The offsets are defined in the following table 3. System ID I ndex

O fset Paraneter Value GPS SV BASE GPS 1 SBAS SV BASE SBAS 120 Galileo SV
BASE GALI LEO 1 GLONASS SV BASE GLONASS2D QZSS SV BASE ZSS TBD

In the following, a non-limiting example of fields of the Real-Time

Integrity information element will be disclosed with reference to the

Table 1. In the Table 1, associated bit counts are shown. According to

the present invention, The Real-Time Integrity field is intended to be
5 used to communicate the satellite health data to the device R.

Parameter # Bits Scale Range Units Incl.
Factor
The following field occurs once per message
utc 132 |1 [0-(2%1) [sec | M
The following field occurs once per signal (NBS times)
Bad_SSS ID 14 |1 | - | — | C
Table 1

The Real-Time Integrity field of the GNSS Assistance Data Information
10  Element contains parameters that describe the real-time status of the
GNSS constellations. Primarily intended for non-differential
applications, the real-time integrity of the satellite constellation is of
importance as there is no differential correction data by which the
device R can determine the soundness of each satellite signal. The
15  Real-Time Satellite Integrity data communicates possible abnormalities
in the operation of the satellite(s) of the GNSS constellations to the
device R in real-time or almost real-time. The network element M shall
always transmit the Real Time Integrity field with the current list of
unhealthy signals, for any A-GNSS positioning attempt and whenever
20  A-GNSS assistance data is sent. If the number of bad signals (NBS) is
zero, then the Real Time Integrity field shall be omitted. When the
Extended Reference is included in the RRLP (Radio Resource
Location Services Protocol) Measure Position Request message or in
the RRLP Assistance Data message, then the MS shall interpret the
25 absence of a Real Time Integrity field in the assistance data provided
by the SMLC to mean that the number of bad signals is zero. If the
Extended Reference is not present, this interpretation applies when the
assistance data is provided by the network element M following a
previous request of the device R for Real Time Integrity data.
30



LAAS SV BASE LAAS TBD 10Table 3

information relating to non-properly working signals. The Signal ID

specifies one satellite-positioning signal
output by a satellite. An ANY value is used in signal I D when a specific
satellite is selected without specifyi @ any signal.
real time integrity information el enment when reporting integrity failure

In the case of GLONASS, SV ID refers to
orbit Sl ot Nunber of a specific satellite. 15However, it is also possible
to use other inplenentations than the above nentioned to indicate the

fromthe 20 different signals

This is needed e.qg.

in

for a satellite rather than a failure for a specific signal. 23 Si?nal | D

| ndi cati on Pag WTGreeldiindicatespibel b ¢ diuna)(Unigesal ddmei Cetgrdinated
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when the list was generated.

The NBS value indicates the number of SSS ID's that follow that the
device R should not use at this time in a position fix. This NBS value is
determined from the Bad_SSS ID list.

The Bad_SSS ID field is used to indicate the system, satellite index
SSS ID, SV/Slot and Signal ID of the satellite signal which is not
functioning properly. Because the indication contains information on
the satellite system, the Bad_SSS ID field can be generally used to
indicate the different positioning signals in the different satellites and
different satellite systems. The SSS ID is a 14-bit field divided to 3
subfields which are as follows:

The first three bits form the System ID field, which contains the ID
number of the satellite system;

the next six bits form the SV/Slot ID field, which contains the index of
the satellite in the system; and

the last five bits form the Signal ID field, which contains the ID number
of the positioning signal

The bit mask for SSS ID is the following:

System ID (3 bits, range 0...7): XXK==———m——
SV/Slot ID (6 bits, range 0...63): — - XXXXXX—————
Signal ID (5 bits, range 0...31): ————————- KRXKK

The System ID specifies the satellite system that the satellite and
signal belong to. In the current version of this interface the following
systems are supported: GPS, Galileo and SBAS, GLONASS, QZSS
and LAAS (pseudolite). In Table 2 the correspondence between the
system and the value of the System ID field is depicted.



3 GPS L5 (data) 4 GPS L5 (pilot) 5 GALILEO L1-B (data) 6 GALILEO L1-C
(pilot) 7 GALILEO E5A (data) 8 GALILEO E5A (pilot) 9 GALILEO E5B (data) 10
GALI LEO E5B (pilot) 11 GLONASS L1 12 GLONASS L2C 13

22

System ID Indication

GPS

SBAS (e.g. WAAS, EGNOS)
Galileo

GLONASS

QZSS

LAAS

Reserved for future use
Reserved for future use

Table 2

NN WIN|-~ O

The SV ID is an index number for a satellite within a satellite system.

5 The SV_ID has a value range: 0 — 63. The SV ID value range starts
from O for each satellite system. Actual PRN number for the satellite
can be obtained by adding a satellite system specific offset to the SV
ID value. The offsets are defined in the following table 3.

System ID | Index Offset Parameter | Value
GPS SV _BASE_GPS 1
SBAS SV_BASE_SBAS 120
Galileo SV_BASE_GALILEO 1
GLONASS | SV _BASE_GLONASS 1
QZSS SV_BASE_QZSS TBD
LAAS SV_BASE_LAAS TBD
10 Table 3

In the case of GLONASS, SV ID refers to orbit Slot Number of a
specific satellite.

15  However, it is also possible to use other implementations than the
above mentioned to indicate the information relating to non-properly
working signals.

The Signal ID specifies one satellite-positioning signal from the
20  different signals output by a satellite. An ANY value is used in signal ID
when a specific satellite is selected without specifying any signal. This
is needed e.g. in real time integrity information element when reporting
integrity failure for a satellite rather than a failure for a specific signal.




Reserved for future use 14-31 Table 4 The navi gati on system assi stance
data nessage contains also other 5 fields and information elenents than the
real tinme integrity information el enent. However, they are not inportant in
view of the present invention and it is not necessary to discuss themin
nore detail here. When it is necessary to transmt the navigation system
assi stance data 10 nessage in the comunications network, e.g. fromthe
network elenment Mto the device R the2Bnformation is mapped i nto one or
nore nmessages applicable in the communi cati ons network. For exanple, in GSM
communi cations network there is a certain nmessage delivery approach (Radio
Resource Location Services Protocol, RRLP) fornmed 15 for transm ssion of

| ocation related information. Signaldb appr ofch ilsdiehién ned |i n t he standard 3GPP
TS 44. 031, which defines Hngplkfnr mat _of 'rh(jI\ assi sted GP$ data exchanged

bet ween the network el erehit-M-eahd the deyrce R—In this invention, this
approach can be used to %ﬁ{ziﬁlﬂaiﬁfm. e gc‘.éral heatth—data to the deV| ce R
20 I'n the network el el’T'E[prgll_LUé(la‘ataqlle Fabtgmavigattonr—nf ormati on such as
DGPS/ DGNSS correction, e@pen®ipisy and cl ocg correction and al manac data is
mapped i nto correspondi nGALILED d$-Badata) he assi st ance data nessage(s). The
epheneris, clock correctiGARLEQILirfrtReY) and| 6t her 25data felating to a
particul ar satellite ar chgH /f‘i(dﬁtﬁ‘)nm al8atellite navigati on nessage of
that satellite or from "@A:' & ESI? S‘:té))ervi :%o X—Fhe—24—message i s received
by the reference recei veGaL Eh £689 ooty ©f €1 §f1CE TECETVET|in the external
service nodul e X. The assistiama data nessage conprises a C pher Control

el enent to indicate if tleeonadsaroati on 1§11 phered or mot, G phering Seri al
Nunber el enent, and Dat aResefved farfttiresehEl eidedtt . The Dat & | nformati on El enent
(Data 1E) carries the navigation infpggrtgon. The el enents are depicted in
Table 5 bel ow. The Assistance Data nessage is, for exanple, built so that
it is fitted into a fixed | ength nmessage not necessary occupyi ng the whole

message. | tTHe naaigation aystémr assidtdrces elata MERSAGENENtaing afso ather

TPt CRe 1 T ﬁ@%@@%@é@"&ﬁgﬁen@@ﬁﬂ% Rl UnE IRl RN " ©2°

avai | abl e hemenhe Hewevef, they neresawd inportanédinviviews of | thigi tpsesentief i ned
spare bits ﬁf@wﬂbﬁ%éhh%t [OhoPhe QL& RSUS! BIERLR mbFe BBtAKAERE.©

enbodi nent

rg)

When it is necessary to transmit the navigation system assistance data
10 message in the communications network, e.g. from the network
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
15  for transmission of location related information. This approach is
defined in the standard 3GPP TS 44.031, which defines the format of
the assisted GPS data exchanged between the network element M and
the device R. In this invention, this approach can be used to send the
more general health data to the device R.
20
In the network element M the available navigation information such as
DGPS/DGNSS 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
25 data relating to a particular satellite are obtained from a satellite
navigation message of that satellite or from an external service X. The




15 channel to broadcast the Assistance Data nessage is e.g. CBCH (Contr ol
Broadcast Channel) over which the SMSCB DRX (Short Message Service Cell
Broadcast, Discontinuous Reception) service is used. One SMSCB nessage has

fixed information data | ength of 82 octets and the maxi mum | ength of GPS

Assi stance Data is 82 octets.

Resol .

0 -

1 ---
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1 M G phering

message is received by the reference receiver C or by a reference
receiver in the external service module X. The assistance data message
comprises a Cipher Control element to indicate if the information is
ciphered or not, Ciphering Serial Number element, and Data Information
Element. The Data Information Element (Data IE) carries the navigation
information. The elements are depicted in Table 5 below.

The Assistance Data message is, for example, built so that it is fitted into
a fixed length message not necessary occupying the whole message. It
can contain three data sets: DGPS/DGNSS 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 the rest of the message is filled with fill bits. Undefined spare bits are
usually not allowed between elements. In an example embodiment the
channel to broadcast the Assistance Data message is e.g. CBCH (Control
Broadcast Channel) over which the SMSCB DRX (Short Message Service
Cell Broadcast, Discontinuous Reception) service is used. One SMSCB
message has fixed information data length of 82 octets and the maximum
length of GPS Assistance Data is 82 octets. The device R can identify the
LCS SMSCB message with Message Identifiers declared in
3GPP TS 23.041.

Parameter Bits | Resol. | Range | Units | Occurrences | Presence
Cipher 1 - 0-1 - 1 M
. On/Off
Cipher - -
Cc?ntrol Ciphering | 1 - 0-1 - 1 M
Key Flag
Ciphering Serial 16 - 0- - 1 C
Number 65535
Data 638 — - — — M
Table 5

In Fig. 5 an example assistance message A according to an example
embodiment of the present invention is shown. The message
comprises the Real-Time Integrity field A.1. The Real-Time Integrity
field A.1 comprises a Time field A.1.1 (UTC) and one or more Bad
Signal Indication fields A.2 according to the number of non-healthy
signals which should be reported to the device R. The Bad Signal

The device R can identify the 20LCS SMsCB
nmessage wth Message ldentifiers declared in 3GPP IS 23.041. Paraneter
Range Units CQccurrences Presenc4C pher Control

Bits

C pher On/OFf 1 ---




Key Flag 1 --- 0 - 1 --- 1 MG pher Nunber ng Serial 16 --- 0- 65535 ---

C Data 638 --- -
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Indication field A.2 contains information of the satellite to which the
faulty signal belongs (A.2.2), the system the satellite belongs (A.2.1),
and indication of the signal (A.2.3), which has failed. In this example
embodiment the assistance message A does not contain an explicit
indication of the number of failed signals but it can directly be derived
from the number of Bad Signal Indication fields A.2 included in the
message.

Now, an example situation on the usage of the assistance message
format according to the present invention will be described in the
following. The network element has storage area M.4.1 in the memory
M.4 for storing navigation data received from the reference receiver C.
If there is no navigation data stored e.g. of the satellites of the first
navigation system, the controller M.1 of the network element forms a
query message (not shown) and transfers it to the first communication
block M.2 of the network element. The transmitter M.2.1 makes
protocol conversations, 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 communication block of the first reference
receiver C receives the message, makes protocol conversions, if
necessary, and transfers the message to the controller C.1 of the
reference receiver C. The controller C.1 examines the message and
determines that it is a request to transmit navigation data to the
network element M. If the memory C.4 contains the requested
navigation data, it can be transmitted to the network element M, unless
there is a need to update the navigation data before the transmission.

After the navigation data is updated, the controller C.1 of the reference
receiver forms a message containing the navigation data and transfers
it to the transmitter C.3.1 of the second communication block of the first
reference receiver C. The controller C.1 also determines if there are
satellites which are not operating properly. The controller C.1 examines
signals from such non-healthy satellites to determine if there are any
healthy signals which can be received from that satellite. For example,
the controller C.1 may perform measurements of residuals of a
pseudorange and if the residual deviates from a computational residual

1



------ M Table 5 25In 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 Real-Tine Integrity field A 1. The Real-Tine Integrity field
A1l conprises a Tine field A 1.1 (UTC) and one or nore Bad Signal
Indication fields A 2 according to the nunber of non-healthy 30signals

whi ch should be reported to the device R The Bad Signal 25 Indication
field A2 contains information of the 28tellite to which the faulty signal
bel ongs (A 2.2), the systemthe satellite belongs (A 2.1), and indication
of the signal (A 2.3), which has failed. In this exanple enbodi nent the
assi st ance moss dhanra doresiaterminad dhresholdx the gantellerndi t aleterminies he
nunber of figi j : | o O ' f; er of
Bad 51 gnal ot SalMEeis it operafifo brichiolyl AtRIASE DBREN 1S 1B cdMipaTaT o
situation dRet AECUALYe Obfthenephemeliaataniionsgutied by oansateliigokithg t o

t Ihe pr esﬁntrefét}‘éﬁ@bi @atan If Ithge%mﬁ{dtnﬁﬂiﬁmcété% gmalftl m@réqS,éﬂhI%as@tme; k

el enen as S rage akea I n e, ne i or or Ln navi gatl on

Gata oo neatiasorel Sallabis mot abt Sarelkee. the ol GoP BTSN on dat a

st or edI F. g.indicatiba cfagadth of ¢ise wflort-heafthys(t.enfaiiegh)ts'igmalsycsﬁté\lat siabellite hown)
t er Q . t I { . snown

ond ¢ ransr (e e SBnRE dREmESSARR. HAlEed ibthe FREMipATAT MiGealy

el ement . Tlibat ahdbeisigealshiram theken-healthy sateliies are &ileshsthei spewskssary,

to the messRgieafoH &élﬁ@smﬁg)t Esn_”BéSt%gmfbofc})r]{‘ﬂ%eflt%&feﬂﬂé?_lﬁet‘h%'tV@dBﬁeC of the

first navigati on system receiver 0, 3.2 e conmuni cati on ock of
the filFst ek isnedlyxene Pignaldndicatiareielha. 4kalstige, ot safglliteoc ol

conver si onsn thé akeReaRGs Yat@dmessagsf ers the nessage to the controller C 1
of the reference receiver C. The controller 0.1 exam nes the nessage and

determnes that it is a request to transmt navigation data to the network
el enent M THe t ransemtiey © 8.tontransmitshe aftsquestotdc@S coaversionsn ifata, it

can be tra ] t.Q .t Nelwnr I t I e i to
update t he?%?\‘/al%g&’gﬁeﬁﬂggg%rdéat?h@%%aﬂ%ﬁlﬁi %ﬁﬁj%ﬁgr —I?%e?en%\q/?%rat I on
data 16 updhiZed oftthe petwedi element receives the enessage,crekesr prafoesl a
message COBLAVBIIENS " ML CBndArangRfs thahkssage o e bontrbifer
transmtter O. M t he second conmuni cation bl ock. the first reference
recei ver cM-thel Huninedwoes elements or glerasihrnavigation data desaived in es

whi ﬁh ar ehﬂ@?trﬁ@% é {@ﬁhﬁd@tl‘?pﬁ the némorp WP ehe hétworRelaseriti ditd s from
such non- hea e

sa lites to determ ne there ar.e any al thy. signals
whi o can BEBRLTRGcPhiTd, SeMEUT aret M i a4 0530 el SEHIRbY T or
C. 1 nBQ penboigativeadateeotsatellitesr efsdifferent nhvigation 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 either by

25 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,

30  the controller M.1 of the network element M examines (M.1.1) whether
there are any bad signal indications and if the examination indicates
that there is at least one failed signal, the controller M.1 forms the
Real-Time Integrity field A.1 and inserts (M.1.2) into it the Bad Signal
Indication field A.2 for the faulty signals/satellites. Then, the controller

35  M.1 constructs an assistance data message comprising the Real-Time
Integrity field A.1 to be transmitted to the device R.




pseudorange and if the residual deviates froma conputational residual 26
nore than a predeterm ned threshold, the controller 0.1 determnes that the
satellite is not operating properly. Another option is to conpare the
accuracy of the ephenmeris data transmtted by a satellite to a reference
data. If the exam nation indicates that there is at |least one 5 healthy
signal available fromthat satellite, the controller C 1 fornms an

i ndi cation of each of the non-healthy @i7.e. failed) signals of that
satellite to the assistance data nessage. However, if the exam nation

i ndicates that all the signals fromthe non-healthy satellite are falled
the special indication value (=any) can be fornmed for that satellite.

that case 1 shbff Se'rﬁ)@ﬂ'ﬁér@rtﬁaggﬂ’e desifflon Bfti |'n°t'F'n§ hebidtdnce H%tzﬁ‘t ! ng to

t hat satell te in i stance ransmtter .0

transmits, QIT@ '%F’H‘F%%fff@%&'&@@@ﬁ@”?&ﬁégﬁ%aﬂ? meRtonadiqatiebiokat a to
t he netmrMnstthWS tTrhe rbﬂsejveﬁ?relvkﬁ y iéek.2Tieé nbb@tnﬁﬁti@fhut@hecﬂ@é%
receiv S ocol conver si nec
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st ores t he netenapdtfram thetpmmboévrewlofme freverdisage directly to the nenory
M4 of the network elenent. The menmory may conprise certain areas (M4.1,

M4.2 in Fi 3) for storing 20 navigation data of satellites of different
navi gati on tcm;ro lasrean hrawsgathe inavigatien dajat ok the disiumavigation eser ved

for the na mogtowat.ﬁnmbrﬁ@t\@tb é'é?eéﬂ\\/l'cﬁqtﬂo%rﬁﬁbﬂtétaéséi%%é@d The

aSSISt ta can be nsmt o the device R either request or
by a Hb A Tparages o @nsmi; PR A A e
comuni catlons network P. In the GSM system a GPS Assi st ance Data Br oadcast

Message for, i fLn C n_be s ch broadc St tr m ssi ons
For cps. | THUTRD Bsindeq date Infatad AR, oiwrecl, &¥sistahet B3R
format def imessagettdn baviansmittedoto @ktazmn:lommmlcattmscm&thrkerThé 1 of

h | I
 ndi ot o< ROTEr” MRACKERRAS, K5 Tanla IS Aoy SlReR, SR, AT

f ai | edSsi gisdPragen@reanit.413 de thel sesomd cosmmeaicatione blegkedvlid yoffthe d A 1

and insert%étwoihk Dleindn, Tl'hettténgﬁlﬁ'tté* WPQ' 'd?cthéaéééﬁhd 'C%lrﬁh’rﬁf&étﬂfn the
faulty sig er 3bM 1 construgts

n eI |1 tes ro
assi st ance bil%‘%ﬁ& ielﬁﬁrﬁ ’%@FS&%QWQFYPPGF?B@HS O to be
transmtt etﬂotmlrtgtﬂtei@tgrtzﬁs Ror tr%?tsimussrmvbér g ehe assistantBadataheand

el O Sl RS LSRR BBy Ffer et from the
every2@eek. The new tine definition does 5not do this. Mreover, the manner
Inowhich thiR Ry fd I 418% i 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
25 the device R and examines (R.1.1) the assistance data. The
examination comprises determining (R.1.2) the Bad Signal Indication
fields A.2 (if any). As mentioned above, the device R can deduce the
number of failed signals from the number of Bad Signal Indication fields
A.2 included in the message. Indication on the failed signals can be
30 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 (indication on the failed signals
and/or the number of failed signals) to the positioning receiver R.3 but
35 the controller R.1 can use the data stored in the memory R.4.




rel evant fromthe point of view of the invention. The controller can
browse the navigation data of the first navigation systemstored in the
first storage area M4.1 to formother assistance 10data nessages to
transmt other navigation data, when necessary. \Wen assistance data
message A is forned, the assistance data nmessage can be transmtted to the
comuni cations network. The controller M1 transfers the data in the

assi stance data nmessage 15 storage are@8M 4.3 to the second conmuni cation
bl ock M3 of the network el enment. The transmitter M3.1 of the second
comuni cation bl ock of the network elenent M performs the necessary
operations The mememngRhcan geamprisera istaiagd esearRdhi rigrngforing i st ance
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and ex 'E' S1. 1) the assistance data. The exam nation conprises
determning (R 1.2) the Bad Signal Indication fields A 2 (if any). As
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t he positioning receiver R 3 but 35the control ler R 1 can use the data

stored in the nenory R 4. 28 The nenory R 4 can conprise a storage area
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R 3 can use the assi stance. data for performng the positioning as is known
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20  predetermined condition is fulfilled. The predetermined condition can
include, for example, one or more of the following situations: the user
initiates 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
25  the communications network P; the communications network P sends a

positioning request to the device R; etc.

It is also possible that the communications network, e.g. the network
element M requests the device R to perform positioning. The request

30 can be send using the RRLP message delivery mechanism. Also the
reply can be sent using the RRLP message delivery mechanism.

When the positioning is to be performed, the positioning receiver R.3 or
the controller R.1 of the device can examine whether there is enough
35 up-to-date navigation data stored in the memory R.4. If some
navigation data is not up-to-date (i.e. the navigation data has become




data of one or nore satellites, it also examnes the information relating
15 to the real-tinme integrity field to determ ne whether there are any
signals fromsatellites which are not working properly, and tries to use
other signals/satellites instead. The device R can performthe positioning
at certain intervals, or when a 20 predetermined condition is fulfilled.
The predeterm ned condition can include, for exanple, one or nore of the
following situations: the user initiat@® a call e.g. to an energency
centre; the user selects a positioning operation froma nenu of the device
R, the device R and the communi cati ons network P perform a_handover to
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message specifijed ‘contal ns various i ecifica )
i nt er3§ fonctien propely, but are not important from the point-of-view of this

invention. For instance, the reference time for the model can be given

in various ways (now, t,e MSB, t,c and t,,), but changing it does not

affect the functionality of the transmission of the SV health indication.

The parameters, which are not important from the point-of-view of the
20  current invention, are only given for the sake of completeness.

Also, it should be emphasized that the actual bit counts and scale
factors are subject to change, if new specifications or clarifications
should appear. Changing the bit counts and/or scale factors does not

25 change the spirit of the invention. For instance, adding resolution to
velocity components would not be a different invention. As a yet
another example, consider the SS ID. The indexing method currently
used in standards is able to differentiate only between GPS satellites.
The now proposed SS ID contains information on the system and the

30 satellite. These two can be expressed in the same field, but it is not |
necessary to do so (given that the system is defined in some other
field). Hence, a simple modification of the fields would not, again,
change the spirit of the invention.

35 The communications network P can be a wireless network, a wired
network, or a combination of these. Some non-limiting examples of the




toe, ro, rl) that are, of course, inportant for the navigation nodel to 15
function properly, but are not inportant fromthe point-of-viewof this
invention. For instance, the reference tinme for the nodel can be given in
vari ous ways (now, toe MSB, too and toe), but changing it does not affect
the functionality of the transm ssion of the SV health indication. The
paraneters, which are not inportant fromthe point-of-view of the 20current
invention, are only given for the sake30f conpleteness. Also, it should be
enphasi zed that the actual bit counts and scale factors are subject to
change, if new specifications or clarifications should appear. Changing the
bit counts GafENMBications freiwerks doake nalready dheenyementiosedr abowe bk

| nvent i.on. \FIAN BHPINRIax RSS2 HisoBe ery l‘?r%r%d hgréonponent s woul d not
be a different invention. a yet another exanple consider the SS ID. The
i ndexi ng nethod currently used in standards is able to differentiate only
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ment i oned H@dwarBe operations of the different el enents of the systenlcan

nostly be 5 carried out by software, i.e. the controllers of the el enents
operate on the basis of conputer instructions. It is, of course, possible
that some operations or parts of themcan be "hard coded" i.e. inplenented

by hardware. 31 Clains: 1. An apparatus (R) conprising - an exam ning
element (R 1.1) adapted to exam ne received 5assi stance data relating to at
| east one navigation system characterised in that said exam ning el enent
(R 1.1) adapted to exam ne the assistance data to find out information
relating to a status of one or nore signals of reference stations (S1, S2)
of the at |east one navigation system said information relating to the
status of said one or 10 nore signals of the reference stations (S1, S2)
conprising indication on the reference station (S1, S2) the signal rel ates
to, and said status indicating the usability of the signal,




wherein the apparatus (R) is adapted not to use in a positioning such a
signal which is indicated not to be usable. 15 2. A apparatus (R
according to claiml1, characterised in that said information relating to
the status is transmtted in a nmessage conprising a Real-Tinme Integrity
field (A1), wherein said examining element (R 1.1) is adapted to exam ne
the Real -Tine Integrity field 20(A. 1) to determ ne the nunber of signals

i ndi cated not to be usable and the ide@ity of signals indicated not to be
usable. 3. A apparatus (R) according to claim?2, characterised in that
said Real -Tine Integrity field (A 1) conprises one Bad Signal Indication
field 25 (AQ@IEE@r each non-usabl e signal, wherein said exam ning el enent
(R 1.1) conprises a determning element (R 1.2) adapted to exam ne the
nunber of Bad, Signal |ndjcation fields (A 2) inthe Real-Tinme Integrity
field (A 1)T¢AN ﬁi%ﬁh@om&wg of signals indicated not to be usable.

30 4. A appasaft usxdminingCoglenent (R.4l B nadaptdihr 85t &ixap@iflel Nnrddepbedai d Bad

Si gnal 4 ndi caél %(léel g A, 2'% .Conpr i ﬁes tsal d indication on the reference

Statior (Si. eSSwICe fataréating b atigast 9ne nakigslion SHe®al e to i ndicat e

that all sighatactefisedk inefthakrsaidseaaminingSleleSBntdRe 1Mt adeqiee, tovher ei n

said Real - T} LY i : i
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appar atus (3)Ong ebnRIRySignalmef tefererce statiens($h, 82) ohiheet teasfene n t hat
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of the pavigation sysStem are usabl e v%e,n t (e ex nation I nd]cates that
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é0| nthegri E)Orf tred d_eferéﬂc? ?Qﬂ@h%&?ﬂﬁ) theee syl rr@lét_@setbéaﬁsj %éiitd sta@igs 1 to
, charac i .he i_ti.oni receiver is adapte 0 receive

signal s fri’%@%ﬂpgz&g% W'@Yf&gﬁgrﬁ'gﬂgcggati on systens. 5)5 8. A apparatus

(R) accor diwherein dhg apparatusc(R) issadapted’nottausetinra peditiomindistichka d

i nf ti ; i ; i i I f the

Ir(ra]f g; gc??@aﬁ@&é’%&?”é@%@# ﬁwzoggvﬁggﬁﬁgzes%t (ranr)nr go?r;)?ingeg iondi cation

on t.hé].5navi gation systemthe assistance data relates to, wherein the
exani ni ng_20eh eapphrtifs IRY) abSordiip 8ol r Atratieflskadinf hi0Bapn the
navi gatlon.sfystem 9. A. gp rat us %E%‘ according to any of the clains 1 to
8, charact MfogE@tion (1elatinge to phe astatuss ig &Eﬁﬂqr@'"@éﬂn’ﬁ'ni%am%‘?ﬁaﬂﬁ/i ce.
comprising a Real-Time Integrity field (A.1), wherein said examining
element (R.1.1) is adapted to examine the Real-Time Integrity field
20  (A.1) to determine the number of signals indicated not to be usable and

the identity of signals indicated not to be usable.

3. A apparatus (R) according to claim 2, characterised in that said
Real-Time Integrity field (A.1) comprises one Bad Signal Indication field
25 (A2) for each non-usable signal, wherein said examining
element (R.1.1) comprises a determining element (R.1.2) adapted to
examine the number of Bad Signal Indication fields (A.2) in the Real-
Time Integrity field (A.1) to determine the number of signals indicated
not to be usable.
30
4. A apparatus (R) according to claim 3, characterised in that said Bad
Signal Indication field (A.2) comprises said indication on the reference station
(S1, S2) the signal relates to.

35 5. A apparatus (R) according to claim 4, characterised in that said indication
on the reference station (S1, S2) the signal relates to is assigned a




25 10. A network elenment (M conprising - a controlling elenent (M1) for
form ng assistance data relating to one or nore reference stations (Si, S2)
of at |east one navigation system characterised in that the network
elenment (M further conprises 30 - an exam ning elenment (M 1.1) adapted to
exam ne the status of said one or nore signals of the reference stations
(S1, S2) of the navigation systemto determne the usability of the signal
in a positioning of a device (R); wher&2n the controlling element (M1) is
adapted to 35- insert, for each signal the exam ning element (M 1.1)
determ ned not to be usable in a positioning of the device (R, an

i ndi cat i on Rj§detesmingd M@lﬁedgamilpa%ﬂ@ﬁ afldgralg ehloneggferenegistadiond$1,

conpri si ng $2f ardmbt @RabR, WitersirdBald RBEI-Pithd megﬁffﬁ&a%ﬂ 8binPRsés . S2)
511._ A network element (M

the signal relates_tq,.into the assistance data.

accor di ng t%ﬁXIOé’ien?’;aLg,S'gﬂﬁlr m(@rt'iogegbeﬁg Rﬂ‘tﬁafd@rtsh' h&fefeseneengtaireded: (M 1)
i s adapted $2).form a nessage conprising a Real-Tinme Integrity field (A 1),
whereingsaid Real-Time Integrity field (A 1) conprises said indication on

the non-usability of the signal for each signal the exam ning el emrent

(M 1.1) det@rAviapparaios (R) aseondingte angiof thepdaims 3rong, characterisext inf R) .

12. A net i i } to cl.aj q j i at the
cont rol 1 na o] naetihageRioth 19,119 & Alaed o GRRREIaR &l ighdle

I ndi cat i on 4fi Begnavigalon systesme raraovsapiapvlens ithe axaminatienindiceigs - thatre

151 nt egri t thétecbte (Bnd) of tHe3 Bt SRinMprIkdiebesm® Heldd\A2GGAT BleNRehPTipdedi M 12,

chara rised i. t the controlling element (M 1) is adapted to include
sai d ﬁml cjf’fje@ﬁ'?yoﬁeqahe reference station (Si, S2) the signal relates to,

into said Bad Signal 20Indication field (A 2). 14. A network elenment (M
according to £l

: . ! ' \ L
e Cadapt ad T & gBbBtAds (BPBERGUH] REAn| hr 18 bl § B S eneliense i, (M Y
ref erence dhal thenpesiiionigg)receivesisgadapted toeteaeye signélsriromditdaastniyva hat al |

signal s of fsehEhSViGHS §*§cé|in§.” (51, S2) are not usable, and to formonly
one-B@I Signal Indication ld (A.2) into said Real -Tine Integrity field

(A 1) 'Yor such a reference station (Si, S2).
8. A apparatus (R) according to any of the claims 1 to 7, characterised in

that said information relating to the status of said one or more signals of the
reference stations (S1, S2) of the navigation system comprises indication on
the navigation system the assistance data relates to, wherein the examining

20 element (R.1.1) is adapted to examine said indication on the navigation
system.

9. A apparatus (R) according to any of the claims 1 to 8, characterised in
that the apparatus is a mobile communication device.
25
10. A network element (M) comprising
— a controlling element (M.1) for forming assistance data relating to one or
more reference stations (S1, S2) of at least one navigation system;
characterised in that the network element (M) further comprises
30 - anexamining element (M.1.1) adapted to examine the status of said
one or more signals of the reference stations (S1, S2) of the
navigation system to determine the usability of the signal in a
positioning of a device (R);
wherein the controlling element (M.1) is adapted to
35 - insert, for each signal the examining element (M.1.1) determined
not to be usable in a positioning of the device (R), an indication on




3015. A network elenment (M according to any of the clains 10 to 14,
characterised in that the network elenment (M also conprises a receiver
(M2.2) for receiving navigation data of at |east one satellite navigation
system 34 16. A network elenment (M according to any of the clainms 10 to
15, characterised in that the network element (M is a nobile sw tching
centre of a GSM system 517. A network elenent (M according to any of the
claims 10 to 16, characterised in that 38aid assistance data relates to at

| east one of the following: the 3 obal Positioning System the GLONASS; 10-
the Galileo; the Quasi-Zenith Satellite System_ a Space Based Augnentation
system or atheeen-usabilin ghtia signgh sgjdiiadicaligngzomprisingdntorsnaiiem: (M

according to amvthefsighal ahaidrstHdréferdrice SRRIGHEIST | Seitid sidi réfatés a
net work el enept .o ne ofisiahe f%I kOWI ng: a GSM comuni cati ons network; an
UMTS comuni c&ti'8 H'f?e?% ance data. 57 cpvA comuni cations network; 20 - a

W CDVA communi cations network; a WAN comuni cations network; a W Max
comunigat i pnsa BREWBHK eldment(FH HRBr§GiREY' ShIM 10, characterised in that
the controlling element (M.1) is adapted to form a message comprising
a Real-Time Integrity field (A.1), wherein said Real-Time Integrity field
(A.1) comprises said indication on the non-usability of the signal for
each signal the examining element (M.1.1) determined not to be usable
10  in a positioning of a device (R).

12. A network element (M) according to claim 11, characterised in that

the controlling element (M.1) is adapted to form one Bad Signal

Indication field (A.2) for each non-usable signal into said Real-Time
15 Integrity field (A.1).

13. A network element (M) according to claim 12, characterised in that

the controlling element (M.1) is adapted to include said indication on

the reference station (S1, S2) the signal relates to, into said Bad Signal
20  Indication field (A.2).

14. A network element (M) according to claim 13, characterised in that
the controlling element (M.1) is adapted to assign a predetermined
value to said indication on the reference station (S1, S2) the signal

25  relates to for indicating that all signals of one reference station (S1, S2)
are not usable, and to form only one Bad Signal Indication field (A.2)
into said Real-Time Integrity field (A.1) for such a reference station (S1,
S2).

30  15. A network element (M) according to any of the claims 10 to 14,
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.




25network el ement (M which conprises a controlling elenent (M1) for
form ng assistance data relating to one or nore reference stations (S1, S2)
of at |east one navigation system and a transmtting el enent
(M3.1) for transmtting assistance data to 30a comuni cati ons network (P);
a device (R) which conprises a positioning receiver (R 3) for performng
positioning on the basis of one or nore signals transmtted by reference
stations (S1, S2) of said at |east one34atellite navigation system 35a
receiver (R 2.2) for receiving said assistance data fromthe comuni cations
network (P); and 35 - aP exam ning elepent (R 1.1) adapted tgo exanine the
recei ved astfsfaRetverk glerprpt 4M)eaceriding torany fetheeclaime dDeteedd. (M of

the system ¢harduteriseadin sBat the aivtaorkidlenert! PN o Mdbile sadRpiRy to
exam ne the [ecel ﬁedggwél 9a ion data to find out I1nformation relating to
the status B1MEaPh% e "signals of the reference stations (Si, S2)
of the navigation system said information relating to the status of said

one or r i gn n S | risi

101 ni hti o o incvdH. LBl FARRGosHRd Wartiior ©8) cBIMRLNGL 16, ana
sai d st at uschar@icdariseg inhbal said pssistance Hatareglates tavatleast aneotthe rol 1 i ng
el ement (Mfdlopvihgrdapted to - insert, for each signal the exam ning el ement
(M1.1) deter{p'i néﬁl not _t o, be, us%bl e in a positioning of a device (R), an

i ndi cati on ont&&loBal Resitioaing Syslem the signal, said indication

conpri si ng -4 nfliy GLUONASS: the signal and on the reference station (Si, S2)

t he si Wal re zggﬁ%l.io_ Into the assistance data; and that said exam ning
el emar?t (R 1. 145 devi ce (R) is adapted to exam ne the assistance data

to find out- i thfeoQueasi-denithl Satellitet Sy steen;
- a Space Based Augmentation System; or
- a Local Area Augmentation System.

15 18. A network element (M) according to any of the claims 10 to 17,
characterised in that it is a network element of one of the following:
— a GSM communications network;
— an UMTS communications network;
— a CDMA communications network;
20 - aW-CDMA communications network;
— a WLAN communications network;
- a WiMax communications network.

19. A system comprising:
25 - network element (M) which comprises
— a controlling element (M.1) for forming assistance data relating to
one or more reference stations (S1, S2) of at least one
navigation system; and
— a transmitting element (M.3.1) for transmitting assistance data to
30 a communications network (P);
— adevice (R) which comprises
— a positioning receiver (R.3) for performing positioning on the
basis of one or more signals transmitted by reference stations
(81, 82) of said at least one satellite navigation system;
35 — a receiver (R.2.2) for receiving said assistance data from the
communications network (P); and




20 status of said one or nore signals of the reference stations (Si, S2) of
the navigation system said information relating to the status of said one
or nore signals of the reference stations (Si, S2) conprising indication on
the reference station (Si, S2) the signal relates to, and said status

I ndicating the usability of the signal, wherein the device (R 25is adapted
not to use in the positioning such a signal which is indicated not to be
usabl e. 20. A system according to &baim 19, characterised in that the
system al so conprises a receiver (M2.2) for receiving signals of reference
30stations (Si, S2) of at |east one_satellite navigation system 21. A
syst em accor dimg@h &xa@ninind element (Rehd) adantedde enatrwa@ t%ﬁer@@\(@n al so
conprises a receaggigtahkgb%éﬂa for receivi ng navi gati on data of at |east one

tellit t t 36 22. A
ol & (5 TMABReRBeR! LA R0y RER SRV By R chiSnt Rinslr e
recei ved assirapeses data rel ati ng to at |east one navigation system

h t d 1. 5
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stations (S1,insgst, dorigrchitsignak therexamainingt ¢lemenytsi\rh. 1 p dédeemiriate t he
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|nsert|ng, for each sl.g ch mnln I ndi cat usaﬁelna
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signal, said ihedsigabl aNdasHe péfedehdé SEATIA (1 oszylﬂee%i IreRit€s 99, t he
reference st at | om%Sl %& the,signal relates to, into 25assi st ance
data. 24. A QR apsis 9‘?18 afdsi stance data in a p05|t|on| ng of a device
(R, the manidoihat st exantning element (R.1.1) of the device (R) is adapted to
examine the assistance data to find out information relating to the
20  status of said one or more signals of the reference stations (S1, S2) of
the navigation system, said information relating to the status of said
one or more signals of the reference stations (S1, S2) comprising
indication on the reference station (S1, S2) the signal relates to, and
said status indicating the usability of the signal, wherein the device (R)
25  is adapted not to use in the positioning such a signal which is indicated
not to be usable.

20. A system according to claim 19, characterised in that the system
also comprises a receiver (M.2.2) for receiving signals of reference
30  stations (S1, S2) of at least one satellite navigation system.

21. A system according to claim 19 or 20, characterised in that the

system also comprises a receiver (M.2.2) for receiving navigation data

of at least one satellite navigation system from an assistance data
35  server (X).




- receiving assistance data relating to one or nore reference 30stations
(51, S2) of at |east one navigation system characterised in that the

met hod further conprises - exam ning the received assistance data to find
out information relating to the status of said one or nore signals of the
reference stations (Si, S2) of the navigation system said information
relating 35to0 the status of said one or nore signals of the reference
stations (Si, S2) conprising indicatio®6on the reference station (S1, S2)
the 37 signal relates to, and said status indicating the usability of the
signal ; and_- |eaving out such a signal', which is indicated not to be
usabl e, frofdsfgmadsie (Rot) geaprising aivexamininggetement(Ridvi taderied 5 25. A

conput er priROérAmME fedivEarasdistange &&M&ﬂin@ﬁ@ﬂ%%ﬁ@% B

executabl e instructions for - formng assistance ta llating To one or
nore refer €t ati ons (Si, S2) of at |east one navigation system
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comprises an output (R.1.3) to produce an indication on such a signal
which is indicated not to be usable.

23. A method comprising:
15 - forming assistance data relating to one or more reference
stations (S1, S2) of at least one navigation system;
characterised in that the method further comprises
— examining the status of one or more signals of reference stations
(S1, S2) of the at least one navigation system to determine the
20 usability of the signal in a positioning of a device (R); and
— inserting, for each signal the examining indicated not to be usable in
a positioning of the device (R), an indication on the non-usability of
the signal, said indication comprising information on the signal and
on the reference station (S1, S2) the signal relates to, into the
25 assistance data.

24. A method for using assistance data in a positioning of a device (R),
the method comprising:
— receiving assistance data relating to one or more reference
30 stations (S1, S2) of at least one navigation system;
characterised in that the method further comprises
— examining the received assistance data to find out information
relating to the status of said one or more signals of the reference
stations (S1, S2) of the navigation system, said information relating
35 to the status of said one or more signals of the reference stations
(81, S2) comprising indication on the reference station (S1, S2) the




- receiving assistance data relating to one or nore reference stations (Si,
S2) of at |east one navigation system 25characterised in that the conputer
program further conprises conputer executable instructions for - exam ning
the received assistance data to find out information relating to the status
of said one or nore signals of the reference stations (51, S2) of the
navi gation system said information relating 30 to the status of said one
or nmore signals of the reference stati @ s (Si, S2) conprising indication on
the reference station (S1, S2) the signal relates to, and said status
I ndi cating the, us of the signal; - IeavingTout such a

akili

bi |i and .
si gnal , whi chsmaﬁnmleﬁﬁysedon@mc{ Sd stadus eindicalingsdke gHsaRility, afetheed in a
posi tioning okigrixd; dedice (R). 38 27. A signal for delivering assistance
data to a device.(R) . .the signal gonmprising - assistance datag,relating to
one or rmre"r)e‘?ag{“égcdéjtsﬁlﬁn %Qﬁgﬁ@ﬁ @f'%gfcale%‘éasqo@?egﬁéﬁ €i BRMyst em
5char act er i sedignals habet iged iyagloditioningrofctbepdéies (Ror each signal of a
referer%e station (Si, S2) not usable in positioning, an indication on the

non-usability of the signal, said indication conprising information on the
si gnal and &nh AROMputarepregrampredugtsior sieyingreompyter pragramedaving 1028. A

si gnal ficccﬁcﬂhéthércé)@cﬁitﬁb%ﬁnsﬁfﬂ% iaﬁ%g{)} sed in that it is a message
conprising a Re [ |géafA_.1), wherein said Real -Tine
B

a%l -Time Integrity
Integrity field PRI c%¢# afinghde 1on@ Qft inAre i eafarence) for

each non-usabl e stations (S1582) of at dsastesnd avvightdrssystam;r ecor ded thereon
o, ] etk aRABHERATGH, LR, U5: *cERiA e Fhooldls, SUAEE EBTRASITY: o
| east one compater @xesytaleinstractionsfosed in that the signal further
1 Bosi t1 on ng Aning M sidsor Sle GLMGE ST ' Jrrefteng MatBnd 23" ©
i ndi cati on coﬁ%ﬂ,i SZioh M@ ratateast onetmaviganal systenvriot detersiineetiee
ST %t s L e R A
f el at ﬂﬁg te Inserting, ‘rJor eagh S|gnaPthe examining indicated not to be usable in
a positioning of the device (R), an indication on the non-usability of
the signal, said indication comprising information on the signal and
on the reference station (S1, S2) the signal relates to, into the
assistance data.
20
26. A computer program product for storing computer program having
computer executable instructions for
— receiving assistance data relating to one or more reference
stations (S1, S2) of at least one navigation system;
25  characterised in that the computer program further comprises
computer executable instructions for
— examining the received assistance data to find out information
relating to the status of said one or more signals of the reference
stations (S1, S2) of the navigation system, said information relating
30 to the status of said one or more signals of the reference stations
(S1, S2) comprising indication on the reference station (S1, S2) the
signal relates to, and said status indicating the usability of the
signal; and
— leaving out such a signal, which is indicated not to be usable, from
35 signals to be used in a positioning of the device (R).




one or nore reference stations (Si, S2) of at |east one navigation system
and characterised in that the assistance data server (X) further conprises

an exam ning elenment (M 1.1) adapted to exam ne a status of one
signals of the reference stations (S1, S2) of the navigation systemto
determ ne the usability of the signal

in a positioning of a device (R),

30 or nore

wherein the controlling elenent (M1) is adapted to insert, for each signal
the examining elenent (M1.1) determ n&8 not to be usable in a

35posi ti oni ng of a device (R,
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npri sing information on the si

of at Ieast one navigation system;
characterised in that the signal further comprises, for each signal of a
reference station (S1, S2) not usable in positioning, an indication on
the non-usability of the signal, said indication comprising information on
the signal and on the reference station (S1, S2) the signal relates to.

28. A signal according to claim 27, characterised in that it is a
message comprising a Real-Time Integrity field (A.1), wherein said
Real-Time Integrity field (A.1) comprises one Bad Signal Indication field
(A.2) for each non-usable signal.

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

— assistance data relating to one or more reference stations (S1, S2)

of at least one navigation system;

characterised in that the signal further comprises, for each signal of a
reference station (S1, S2) not usable in positioning, an indication on
the non-usability of the signal, said indication comprising information on
the signal and on the reference station (S1, S2) the signal relates to.

30. An assistance data server (X) comprising

— a controlling element (M.1) for forming assistance data relating to
one or more reference stations (S1, S2) of at least one navigation
system; and

characterised in that the assistance data server (X) further comprises

- an examining element (M.1.1) adapted to examine a status of one
or more signals of the reference stations (S1, S2) of the navigation
system to determine the usability of the signal in a positioning of a
device (R),

wherein the controlling element (M.1) is adapted to insert, for each

signal the examining element (M.1.1) determined not to be usable in a

positioning of a device (R), an indication on the non-usability of the

signal, said indication comprising information on the signal and on the

an indication on the non-usability of the
al and on the
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reference station (S1, S2) the signal relates to, into the assistance
data.

31. An assistance data server (X) according to claim 30, characterised
in that it also comprises a receiver (M.2.2) for receiving signals of
reference stations (S1, S2) of at least one satellite navigation system.




