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Met hod and device for determning the position of a user device in a
nobi | e-radi o network The invention relates to a nethod and a device for

i nproved determ nation of the position of a user device 10 in a
"nobi | e-radi o network. The possibility of determ ning the position of user
devi ces i sTganshpeibant property of nodern nobile-radio networks. In this
context, user devices can be nobile 15 tel ephones, but especially al so any
conputers, which are fitted with equipnent for transmtting and receiving

within a LLEs ' e [ I tdan a4 ods are
avai | abl enggsgﬁ%s? Eggggsgw%% h& ?r%ﬁ%q%éqqg%ogot'i o?r#%ﬁﬂ@/%@gn of the
radio cell, onto which a user device is logged, is determ ned. The accuracy

depends_upon the size and shape of the radio_cells. The snaller the radio
cel I's, heMpshed apdudevire £rRE determizddd: ey Rasihirmy ot tIPF Wi | | 25

agr ee. VWFHeLQ?eSthﬁlhgﬂiIQC%aEEBhQQtQBQQA = Tinme Difference of Arrival),

the position of a user device In a nobile-radio network is determ ned on
the basis of the difference 30 between the arrival times of a signal

transmtted from the user device at a plurality of different receivers.
Wth two r&B8i ¥BVSNEAORNSGRA2SESI tPoRs Methedy B detiChsiRtter positions

are diSpos?ﬂp?@v@dhﬁg@EQHEQEQiohfo% the position of a user device

[0 in a mobile-radio network.

The possibility of determining the position of user
devices is an important property of modern mobile-radio
networks. In this context, user devices can be mobile

15 telephones, but especially also any computers, which are
fitted with equipment for transmitting and receiving
within a mobile-radio network. Various position-

determining methods are available:

20 In the case of simple cell positioning, the position of
the radio cell, onto which a user device is logged, is
determined. The accuracy depends upon the size and shape
of the radio cells. The smaller the radio cells, the more
accurately the actual and the determined position will

25 agree.

With the so-called TDOA method (TDOA = Time Difference of
Arrival), the position of a user device in a mobile-radio
network is determined on the basis of the difference

30 between the arrival times of a signal transmitted from
the user device at a plurality of different receivers.
With two receivers in known positions, the possible
transmitter positions are disposed on a hyperboloid. If a

third receiver is present, the possible positions are



third receiver is present, the possible positions are 2 disposed on a
curve, which is formed fromthe intersection of two hyperbol oids. An
accurate position determnation requirzs at |east four receivers. 5
_However, one di sadvantage of the TDOA nethod is an inadequate accuracy of
positioning, the possible causes of which may be found in the geonetry of
t he recei veispoaed/ on Bheunvansmnihtitadr ,is fadred ifmomedsar enent of the

receiver system the synchronisation aof the receiver 10 systeng or in the
bandw dth- SPEERECCEAREA 64 THRSROToM T I GHTUAE P AT Uses ¢ he
al r eady- exakbRai BaMi onNfeRRIIMEE Wite 1 das tOrfdRr 1 detwdfd ne the position of

a user device. The position of a user device is determ ned 15 by
triangul ati on across three base stations, wherein the evaluation is based

on the fi difference upon the_ arrival_ of io signals at the user device
(For | exhnpREY=Vign; PS, SRaRRITEY:23edn idnd W MRS ST ef ¢ hor
transn!ttegnﬁa@qhba% H%%hﬁ$@958¥‘ﬂbéﬂﬁidﬁﬂd@%*ﬁﬁé”pdﬁ%ﬂBE%tééﬁbes

determ nation, or the user device receives Tadditional data fromthe network

and, from oiewhachemay sl dwiuades n tthep@siamediry tafeltthe Tecevetdmwsl al so
functi ons igsideaguildin% vi.ations u tres fromthe
I

. i d 00
act ual posFP 5HF &s LhSE igﬁig%é ?%%Q£§§JF£E9“5?%ar%ﬁ§§t t?&ﬁnnre, user

devi ces nuskchevepesiaklen, ahaptssthdhdonEs@tRoOur ok vdtdex el atively
hi gh accuracy is the so-called GPS nethod (Assisted GPS). This is a nethod
for tht0 systems or in the bandwidth of the transmitted impulses.

The so-called E-OTD method uses the already-existing GSM
infrastructure, in order to determine the position of a
user device. The position of a user device is determined

15 by triangulation across three base stations, wherein the
evaluation is based on the time difference upon the
arrival of radio signals at the user device (for example,
mobile telephone). These time differences are either
transmitted from the user device to the network for

20 position determination, or the user device receives
additional data from the network and, from the latter,
calculates its position itself. The method also functions
inside buildings, but, with deviations up to 100 metres
from the actual position, does not achieve the accuracy

25 of GPS. Furthermore, user devices must be specially

adapted for E-OTD.

One method with relatively high accuracy is the so-called
AGPS method (Assisted GPS). This is a method for the

30 transfer of provisional data via a mobile-radio network
for a faster GPS positioning. With reference to the radio
cell, which the mobile telephone uses, the approximate
location of the mobile telephone is already known. This

position can be determined more accurately through



30 transfer of provisional data via a nobile-radio network for a faster GPS
positioning. Wth reference to the radio cell, which the nobile tel ephone
uses, the approximate |ocation of the 3robile tel ephone is al ready known.
.This position can be determ ned nore accurately through 3 neasurenents of
the signal delay tinmes fromthe other nobile-radio masts disposed in the
vicinity. Reesptieoentty odt theastignaleslddase tsimets diron sthequibed in order to

| culate the. ti tely. If Iy .t base 5 stati : i ved,
Che | ocat | BOEAR BEURPrTER oy PaE A8 A T1iGH b STFT0 WA 1B can. be

used to nagkowehBe $83eehpadRIetaftalonshe sSHRfdiide Sitgek iglentity of the
visible 10 satellites, approxi mte delay tinme, Doppler shift) and

accor di ngl gatoudetel shat é ocad Lemaapcarmaiel w tH corbrerftiorzdsePS, t he
receive hgiggzwo tasks. |t .nea rrival tine of the,sighal s and
e
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alia, pathtpatagepekstapegserror corrections. In the case of A-GPS, the
satellite data are read by reference receivers, which are set up in a
stationary manner with good visibility with regard to the sky. Their exact

20 position,data_have al.ready been neasured. Accordingl th bile
receiver nEBasor%P?Or‘%&?&Pé‘ /e & iuvsadsﬁ-’lorrélsarrow tthee sa%aeﬁcfrlltlgarg?%nal S,

whi ch requirbes tael euek1up tk0 s3¢nadB |@wRnt i25 Repeandenti dire t he | ocati on,
at which the actual .
10 satellites, approximate delay time, Doppler shift) and

accordingly to accelerate the measurement.

With conventional GPS, the receiver has two tasks. It
measures the arrival time of the signals and reads the

15 data transmitted from the satellites, which contain,
inter alia, path parameters and error corrections. In the
case of A-GPS, the satellite data are read by reference
receivers, which are set up in a stationary manner with
good visibility with regard to the sky. Their exact

20 position data have already been measured. Accordingly,
the mobile receiver need only measure the arrival times
of the satellite signals, which requires a level up to 30

dB lower.

25 Dependent upon the location, at which the actual
calculation of the position is implemented, a distinction
is made between network-based and terminal-based mode. In
the case of the network-based A-GPS, a user device
transmits the measured signal delay times of the

30 respective satellite signals, and a server in the mobile-
radio network calculates from these the exact position,
which is finally transmitted back to the user device. In
this case, the provisional data consist exclusively of

the search-field parameters. In the case of the terminal-



cal culation of the position is inplenented, a distinction is nade between
net wor k- based and term nal -based node. In the case of the network-based
A-GPS, a user device transmts the neasured signal delay tinmes of the 30
respective satellite signals, and a server in the nobile- radi o network
‘cal cul ates fromthese the exact position, which is finally transmtted back
to the usebaded @@del,N tHhiserasyvilde ryaived Dol Wadtee coaise B1i€xcl usi vel y
of the search-field paraneters. In the case of the termnal 4 based node,
the user déitée apgcaivvdd igiy date smdklqdhdilaffs it RRSGTieRy data and

cal cul at es {i-t;S 1ROSIe QN + He SRS Hdnfinit he measurenment. 5 One di sadvant age of
the A-GPS %e%%ogoég%fhatr{t réﬁﬁ?{esrld receiver for the signal of the GPS

satellites in the nobile user device, which generates additional costs. A
further_disadvantage is that, inside buildings, the G°S  signals can be

recei vedl ofP§ ePAINaBtRgSPndheat-4HS nefgiothd Hjhal f ¥R present
| nvention b LRGHGRY &b ¢ Y Qi 13 JEhad i & eySLANRd of tige POST t ONi g

of user devices in a nbbile-radio netwo ows a

rel ati vel ymabdlkaiisepo sietvii@ai, ngrhe\dn gemerdtye sa aldd irtell atd Vedgystt nackur at e

posi tioni n% met hod i.s avail able for the user device alone. In particul ar,
)

the obj ect THFHRE diseserntiadfents dhaty P sHdowding HNdn dike tion
det er m nat LORKQH SUSEH GRViIERR Ve ¢ 18 RMAAIG iy o MH&GH o f Of1 pXanpl e, the
use of AGPS i"s not possible.
10
The object of the present invention is therefore to
provide a method and a system for the positioning of user
devices in a mobile-radio network, which allows a
relatively-accurate positioning even if only a
15 relatively-inaccurate positioning method is available for
the user device alone. In particular, the object of the
present invention is to allow the accurate position
determination of user devices inside a building, in
which, for example, the use of AGPS is not possible.
20
This object is achieved according to the invention by a
method for determining the position of a user device in a
mobile-radio network according to the independent claim 1
and a corresponding system according to the independent

25 claim 13. Advantageous embodiments are defined in the

dependent claims.

In one embodiment of the invention, the method for
determining the absolute position of a first user device
30 in a mobile-radio network comprises the determination of
an absolute position of a second user device with a first
position-determining method; the determination of a
relative position of the first user device with a second

position-determining method; and the determination of the



20 This object is achieved according to the invention by a nethod for
determ ning the position of a user device in a nobile-radio network
according to the independent claim1l and a correspondi ng system accordi ng
to the independent 25 claim 13. Advantageous enbodi nents are defined in the
"dependent clains. In one enbodi nent of the invention, the method for

determ ni ngbsheuabsgbetieipasbtfi @heoff iashi L3te ruseividevicee tH bas s
nobi | e-radi 0 network conprises the determ nation of an absol ute position of
a second uSérthevabeokitE ROFiltden pésitticosegornst Msfimgareidfodnd he

det erm nat | rel atl . ROS it 0 e b r ' | a second
position-d%gér%%%?ﬁébﬁegﬁggﬁlgﬁdokhgﬂ epg%% ﬁgfﬁ%% g%ﬂfﬁggégnggg%%te
positi on oketbadf ukstr deetcdeviThe ddrishe abasithe cfedomel adasaltiiten-posi ti on of
t he second user device and the relative position of the user device

rel ative tgetREMIBaRGnHCGEEF @&¢i ddfferenti Pethedd -t he second position 5
determ ning nethod are different nethods. The determ nation of the relative
position of the first user device relative to the second user device can,
in a furthee debedmimat.iocconyr ithe: ricleatdeteepaisiatiioon off tahel (F frgtst,

absol ute provisional positign of the first user device with the second
posi ti on- dBEBFNfRVAGENEERBALVENEC GBEePRCRAC HFSd d8Vd&Sorrd N rabdbldut e

provi si onak,pegLti Qﬁbogﬁm(eh%,s%%ﬁ%@i‘ééﬁr tHRV it ¥rfih At s epond position-
determ ni ng nethod; and the determ nation of the relative
10 first, absolute provisional position of the first user
device with the second position-determining method; the
determination of a second, absolute provisional position
of the second user device with the second position-
determining method; and the determination of the relative
15 position on the basis of the first, absolute provisional

position of the first user device and the second,

absolute provisional position of the second user device.

In a further embodiment, the first position-determining

20 method can allow a more precise determination of the
absolute position than the second position-determining
method. The AGPS method can be used as the first
position-determining method. The TDOA method can be used
as the second position-determining method.

25
In a further embodiment, the method for determining the
absolute position of a user device in a mobile-radio
network can also comprise checking whether the absolute
position of the user device can be determined with a

30 first method. If yes, the absolute position of the user
device can be determined with the first position-
determining method. The method can be repeated
periodically. Furthermore, the method can also be

implemented exclusively upon request.



15 position on the basis of the first, absolute provisional position of the
first user device and the second, absolute provisional position of the
second user device. In a further enbodinent, the first position-determning
20 nethod can allow a nore precise determ nation of the absolute position
than the second position-determning nethod. The AGPS net hod can be used as
the first position-determ ning nethod. The TDOA net hod can be used as the
second position- deternlnlng met hod. 25 In a further enmbodi nent, the nethod

for deternihi AgfEkENeZbERPRAAMERSIt PoResfIo8 (& dEFEad N iM% Hisoi | e-r adi o
network ca o@&%?gﬁogﬁrhsﬁs%Qe%%b@%ewﬁﬁttho%EQeaQ%ﬁh%t%eﬂ%gyﬁ of the

user device can be determned wt 30 first nethod f yes, the absolute
positi on ofuthbeusere dempeeseamhee idplemsntad iwnt oft ltdef iakstveposi ti on-
deternining nmet hod. The nethod can be re eated perlodlcall Furthernnre
t he method Eaﬁeél§8rb€etFﬁBP§&§ﬁtédpé%EP&éﬁyél? uSdn PR é&&%§$s ®fin a

further enbpdi geat, qaviRENed.f of odgientiyi ng) L be sBeskid Qdll a user device

in a nobile-radio network can rthernore conprlse the inplenentation of
t he above aesuagssahdrtdetdehemmngaalphUDilmhy @nplmﬁomomﬂnuhesuﬁerthe user
device for .a plurality of nd. user. ices fthe det.erm nati on of

the positi@fY FetHBOUsgﬁ 88&?%2%§pgﬁetﬁ&uﬁégg§ybf & RA AP n) of

positions. 10 The system for determ ning the absolute position of a

10 The system for determining the absolute position of a
user device in a mobile-radio network can comprise means
for determining an absolute position of a second user
device with a first position-determining method; means
for determining a relative position of the first user

15 device relative to the second user device with a second
position-determining method; and means for determining
the absolute position of the first user device on the
basis of the absolute position of the second user device
and the relative position of the user device relative to

20 the second user device, wherein the first and the second

position-determining methods are different methods.

These and further aspects, properties and advantages of
the present invention are presented in the following
25 detailed description of exemplary embodiments, with

reference to the attached drawings. The drawings are as

follows:
Figure 1 shows the schematic presentation of a
30 situation, in which a method according to one
embodiment of the invention can be used;
Figure 2 shows a flow chart of a method according to

one embodiment of the invention;



user device in a nobile-radio network can conprise neans for determ ning an
absol ute position of a second user device with a first position-determ ning
nmet hod; means for determining a relative position of the first user 15
.device relative to the second user device with a second

position-determ ning nethod; and nmeans for determning the absolute
position of the first user device on the basis of the absolute position of
t he second_user device  and relativ sition of the user device

th e
relative t 5198%€h sec%?ﬂwﬁs%rEH%ViE ?rﬁhg ef nMEhBOH| ASEOZAANEhECsEcond

posi tion-determ ni ng netpEdsr asRprSh{ihenent s mehBodsventeae and further
aspects, properties and advantages of the present invention are presented

in the following 25 detail ed description of exenplary enbodi nents, with
reference Eo t he gttachﬁd dramjngs. The dramﬁn?s are as foL%omié Figure 1
shows the E&ABRELfc prdQWtati BRTOPER S0PEFEGRER DAY REwAi Ef 4 éPRod
according to one embogieniepbrineadNyeBht0BeG8PBe WaEHhichl J4ne 2 shows a
flow chart of a method according to one enbodi nent of the invention; 7
Figure 3 shows a fl ow Chattmethadnechordangotdi agfuothetuenbediagbsddi ment of

the invention; 5 Figure_4 shomg ahéﬁhenggicbgresegtation of a situation
w th several adjacent %%v?%%s% YR wh?RnSe N [55? et hod according to a
further enbodi ment of the invention can be used;

10 Figure 5 shows a flow chart of a method according to a

further embodiment of the invention.

Figure 1 provides a schematic presentation of a
situation, in which a user device 110 is disposed inside

15 a building. The building shields the user device 110 in
such a manner that signals of a satellite navigation
system can only be received inadequately or not at all by
the user device 110. By contrast, the adjacent user
device 120 is not shielded, so that, for its part, the

20 latter can use signals of the satellite navigation system

for position determination.

Now, the essential idea of the invention is to

incorporate the positioning of the adjacent user device
25 120 in the position determination of the user device 110,

in order, in this manner, to increase the accuracy of the

position determination of the user device 110.

Figure 2 shows a flow chart of a method 200 for

30 determining the absolute position of a user device in a
mobile-radio network according to an embodiment of the
invention. Let us assume a situation as was described in

connection with Figure 1.



10 Figure 5 shows a flow chart of a method according to a further

enbodi nent of the invention. Figure 1 provides a schematic presentation of a
situation, in which a user device 110 i%& disposed inside 15 a building. The
.buil ding shields the user device 110 in such a manner that signals of a
satellite navigation systemcan only be received inadequately or not at al
by the usén déwpgee2100. aBf icent rbsolutiee padjiiddomt afséhe dsdre 120 is not

shi el ded, so that or its part, the 20 latter can use sjgnals. of the
satel||te NBYAGR 1O LsTBARCEGR HOLH: Port 1dete PRETELCER SR bosent | a
idea of thgetA¥ANt TAB FSrk@ pbBERHRA-ALE elrhe nRSY We@Mo fn e adj acent
user device 25 120 in the position determ nation of the user device 110, in
order, in bhsednunnera seteddisgsoavigajdom ayptem.t A& isosisgumed
determnat pon, of, the user devic 10.. Fi_gqu 2 shows a f.low chart, of a

et hod 200 RBF SBEABPEEnRV R oL NE0aBSoraraTISst] GRest A e ar BdA e (n a
nobi | e-radbe pREWBEke2CE0EINAYiGHA tABNERYRGLAEANIOpidte sditeriHean.td-et us
assume a situation as was described in connection with Figure 1. 8 1In
stage 210, paoviigdst aapgosiitienpdsiteiraangtiohe Jher GPFewiyed erpEarns beeasur ed

ith a fi [ -d 1 0i hod. The fi ition-d i ni
et hod cantBEE BsGACuboN oa Lehbol FYLE havTgab bR ey BFoRT |t ' aseuned 5

that the usetedadtg@e}2@nkscpapabbe sgktetCeirviant ybirdrialsy s tein they stellite
navi gation system and processing themto
10 used. The first position-determining method can be the

so-called AGPS method (Assisted-GPS, cf. introduction).

In stage 220, a relative position of the first user
device relative to the second user device is determined
15 with a second position-determining method. In this
context, in one embodiment of the invention, a vector can
be determined, which indicates the position of the second
user device relative to the position of the first user
device as a coordinate origin, in each case measured with
20 the second position-determining method. It is assumed
that the second position-determining method can be
implemented both for the first and also for the second
user device, regardless of the fact that the first user
device is disposed inside a building. In one embodiment
25 of the invention, the second position-determining method
provides a reduced precision by comparison with the first
position~determining method. The TDOA method can be used

as the second position-determining method.

30 In stage 230, the absolute position of the first user
device is determined on the basis of the absolute
position of the second user device and the relative
position of the first user device relative to the second

user device.



provi de a position determ nation. The GPS system can be wused as the
satellite navigation system As an alternative, the GALILEO systemor a
hybrid system can be 10 used. The first9 position-determ ning nmethod can be
.the so-called AGPS nethod (Assisted-GPS, cf. introduction). In stage 220,
a relative position of the first user device relative to the second user
device is determned 15 with a second position-determning nethod. In this
cont ext, igaone enbodi,nent _of t@gﬁinvention ect or. be det.erm ned,

whi ch i ndi 0Bt 88€; RBOBHATERSN OS5t thRe 1O3EGkA s SNeSHIEE 18 RISE 1 t ho

position oprt hpef FisbtUBBEr deviice 281ateQer dbnahe @dcdind ddereach case
nmeasured with 20 the second position-determning nmethod. It is assuned that

t he seconddpusfei sandbeedgitairmgngct Ryd dese rié ningpllefdmisdd Bdrge ugre t he

fi d al s, f 1d devi, dj f f hat th
First doer PZagoPRanPe BPSR0ecn PReFds 4 i50m Hoad, SPT gre Bt ment 25 of -

the invent seAontih8bs6CARE PRStiis@BnASt poRIifiibE Bt RO JH@HIes e reduced
preci sion by conparison with the first position-determnm ning method. The
TDOA net hodevafebeitbetiheasechads pesad ipdsideitermndaiagnimgtipdretIigd. 30 In

stage 230, Lhe, ghsolule. pasi tionpaf he f st wses deviee is determned on

the basis Of posi tion~of "the“séc user devi'ce and the
rel ative ppsi kkednaf ubBe Heksteuser tdevi ebthghad v thd ke ROt USer

device. 9 In one enbodinent of the invention, the relative position
10 between the two provisional positions. The absolute
position of the first user device can then be determined
as the sum of the absolute position of the second user
device and of the relative position. In vector
formulation:

15

a=p+(r-1)

Further embodiments of the invention contain a repetition
of the position determination according to stages 210 to

20 230 at regular timing intervals or the implementation of
stages 210 to 230 only on the basis of a specific

request.

Figure 3 shows a flow chart for a method for determining
25 the absolute position of a user device in a mobile-radio
network according to a further embodiment of the
invention. It is assumed that the first position-
determining method operates more accurately than the
second position-determining method. It is only necessary
30 to make use of the method described in the context of
Figure 2 if a better option for position determination

for the user device 110 in question cannot be found.



of the fir

st user device relative to the second user device can be

determ ned by determning a first, absolute 5 provisional position of the
device and a second absol utt® provi sional position of the second
ce with the second position-determ ning nmethod. The relative

first user
_user devi

position of the first user device relative to

t he second user device is

t hen obt ai Aedoaslihia ygi fihnerserage BA hetbaferrd thd wsraf/ittheontd roposi ti ons.

The absol ute

the sum of 2PRe SE68FLUPE SHELiN 6% tEr MR NS M Aferd tRRA &5 and of t
relative pQﬁFﬁbﬁ@nt%@ YeCit e A bl r I HE L pdsfudhier embodi nents
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ion contain a repetition of the p05|t|on det erm nati on

position of the first user device can then be determ ned as

he

accordi ng detstrmgesnzlﬁlett@odzdﬂwaailalbd@llfarr tdemengnnrrutreg v@he; or the

i npl enentation of stages 210 to, 230 o y on h aS|s s ecific
%é % g€ 25 t he

request-
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absol ute p?%'r%‘toBo%fltfiolrﬁ&%ret%‘?:\ﬂﬁﬁn'gnm%tm & ngfgcp 1meté/par<j<e aggprding to a
further enbodi nent of the invention. It is assuned that the first position-
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30

iﬁ%rnining method. It is only necessary 30 to nake use of the

I"'bed in the context of Figure 2 if a better option for
ion for the user device 110 in question cannot be found.

Only if the first position-determining method is not
available for the user device 110, is the method
described in connection with Figure 2 used in stages 330,
340 and 350. This procedure has the advantage that the
implementation of a more costly method is saved, if an
accurate positioning can also be implemented by another

means.

Figure 4 provides a presentation of a further situation,
in which a user device 410 is disposed inside a building
in a similar manner to the situation in Figure 1, wherein
several second user devices 420, 430 and 440 are now
available for a position determination according to the

invention.

The following section describes how the method presented
in connection with Figure 2 can be further improved in
the situation shown in Figure 4. In this context, it is
again assumed that the first position-determining method
is not available for the user device 410 itself, but only

the second method.

Figure 5 shows a flow chart for a method for determining
the absolute position of a user device in a mobile-radio

network according to a further embodiment of the

position



10 Accordingly, in stage 310, before the use of the first and second
position-determ ning nethod, a test is inplenented to determ ne whether the
first position- determining nmethod is dvailable for deternmning the 5
.position of the user device 110. If this is the case, the first
position-determ ning nethod is used in stage 320, in order to determne the
position ofinvieatioer, devivbdchithe rregencd fof tevdnast gtisacenh, det er m ni ng

nmet hod i s goton vagl%blevﬁo% t he us rrp%y%pe 1%%%§55§ e met gd ¢ gscribed
in connect 01T Wt i oF gure 2Fséd i setag@s %330, 40 Hnd 350 Thi S” procedure

has the adwafibage oifhaldjkent FRlciRNtRIORI i ceIThe Rstiyl I®iNegl |s saved,
if an 15 accurate gpsitioning can al so be inplenented by another neans.

Fi gure 4 pPeviRg&gpaspbesa@ntation of a further situation, in which a user
device 410 is disposed inside a building 20 in a simlar manner to the
situation in Figure 1, wherein several second user devices 420, 430 and 440

are now aval lsablge 5010, apesiliuiten pdetierinatd, pnwaeeerid Ag1t,0.1,he, i nvention.
25 The foll owi ng section describes how the nethod presented in connection
with Figurarg gefepaingd: Wath fgheovdd Stn Pasid i gat omishowh Matiodure 4.
In this co Lt LS i.n 5@ ég}ﬁ'r pasid i ons deferm ni ng
met hod i srftr?gi(te’é’\%' | SRR, %%%&S'ngl} e\E/}‘f é%a § i5t52tsoe’| ?5,%%%]%?1@ 30 the
second net kedge 520, relative positions r; of the first user device
10 510 relative to the respective second user devices are
determined for every adjacent second user device 520,

530, etc. with the second position-determining method.

In stage 530, n positions p; of the user device 510, some
15 of which may be identical, but some may also be
different, are obtained from the combined absolute and
relative positions a; and r; according to the formula
indicated in connection with Figure 2. The determination
of the final position p can be implemented by selection

20 and/or combination of the p;.

For example, the position, which minimises the sum of the
square distances from the individual pi, can be determined
as the final position p:
25
p=min (p,- py

i=]

The invention presented has the advantage that the
position [?] of a user device in a mobile-radio system is
30 made possible, even if only a relatively-inaccurate
positioning method is available for the user device. One
particular advantage of the present invention is the

accurate position determination of user devices inside a



Figure 5 shows a flow chart for a nethod for determ ning the absolute
position of a user device in a nobile-radio network according to a further
enbodi ment of the 11 invention, in whigh the presence of several adjacent,
.second user devices is taken into consideration. Let the nunber of adjacent
second user devices in the follow ng paragraphs be n. 5 In stage 510,

absol ute pbsildodng, ain whérkinfiorlexamplen, ther @sdetodt AGRA s triott he first
position-determ ning nethod for every adjacent, second user device 520, 530
etc. In s?%ﬁﬁg%gﬁ relative positions ri of the first user device 10 510
relative to the respective second user devices are determ ned for every

adj acent second user device 520, 530, etc. with the second
position-determ ning nmethod. |In stage 530, n positions pi of the user

devi ce 510, sone 15 of which may be identical, but some nmay al so be
different, are obtained fromthe conbi ned absolute and relative positions
ai and ri according to the fornula indicated in connection with Figure 2.
The determination of the final position p can be inplenented by sel ection
20 and/ or conbination of the pi. For exanple, the position, which mnimses
the sum of the square distances fromthe individual pi, can be determ ned
as the final position p: 25 p=m nE(p,-P)2



P i-1 The invention presented has the advantage that the position [?] of a
user device in a nobile-radio systemis 30 made possible, even if only a
relatively-inaccurate positioning nethod is available for the user device.
_One particular advantage of the present invention is the accurate position
determ nation of user devices inside a 12 building, in which, for exanple,
t he use of cAakfisi s not possible. 13 Cdains 1. Method for determning the
absol ute position of a first user device (110) in a nobile-radi o network,

5 conprising the stages: - determ nation of an absolute position of at |east

one second,user HS’(hS? %Es%ohe‘é‘e&ﬂiﬂikgr $heP@pisbi1dfe QiGN Rk et hod; -
determ nation of a relative position of the tirst 10 user device (110)
relative to the $eéeshduaser dedéciecd 1(020)inwiat modidecard iposidtiwankdet er m ni ng
nmet hod; _- determ nation, of tRe absol ute position of the first user device
(110) oh the basFeMBFlfABI15ENEHSERERE ‘position of the second user device

(120 coond Lo, S AERBRLAN 8! stsriuns ol per dapeeg GUglgal et Ve to
one second user device (120) with a first position-
determining method;

- determination of a relative position of the first

10 user device (110) relative to the second user
device (120) with a second position-determining
method;

- determination of the absolute position of the
first user device (110) on the basis of the

15 absolute position of the second user device (120)
and the relative position of the first user device
(110) relative to the second user device (120),
wherein the first and the second position-
determining methods are different methods.

20

2. Method according to claim 1, wherein the
determination of the relative position of the first
user device (110) relative to the second user
device (120) comprises:

25 - determination of a first, absolute provisional
position of the first user device (110) with the
second position-determining method;

- determination of a second, absolute provisional
position of the second user device (120) with the

30 second position-determining method;

- determination of the relative position on the
basis of the first absolute provisional position of

the first user device (110) and of the second



determ ning nethods are different nethods. 20 2. Method according to claim
1, wherein the determnation of the relative position of the first user
device (110) relative to the second uséd device (120) conprises: 25 -
.determnation of a first, absolute provisional position of the first user
device (110) wth the second position-determ ning nmethod; - determ nation
of a second, absabsbtupeoprsivasabnapoposiianoaf otfhéhees@mmbrusersadevi ce (120)
with the 30 secqnd, positiqQn-determ ning nmethod; - determ nation of the

rel ative positioaeﬁhc?hélzgésis of the first absolute provisional position
of the first user device (110) and of the second 14 absolute provisional
position of the second user device (120). 3. Method according to claim1 or
2, wherei n3the fMethodbaposictiog- tet edmiim Agomelhodhalredws taerdrie gir eci se

deternﬁpation of the absolu%e Bosttion E&ﬁgrtﬁﬁ secondgposition-deternining
met hod.? 4. Net hoBOSEEBPBT AGEEEMEPANH SCTRAG: &l Otie 2AEPES FFSTdtifod i s used
as the first poshbtepméighet BhnbRgthBELBAE1uRe MBlhed RACEHH Rhd O claim 3 or
4, wherein the TDOA nethod is used as the second position-determning 15

met hod. second position-determining method.
4. Method according to claim 3, wherein the AGPS-
10 method is used as the first position-determining
method.
5. Method according to claim 3 or 4, wherein the TDOA

method is used as the second position-determining

15 method.

6. Method for determining the absolute position of a
user device (110) in a mobile-radio network,
comprising the stages:

20 - testing whether the absolute position of the user
device (110) can be determined with a first method;
and
- 1f yes, determining the absolute position of the
user device (110) with the first method;

25 - if no, determining the absolute position of the
user device (110) with a method according to any

one of claims 1 to 5.

7. Method according to any one of claims 1 to 6,
30 wherein the method is repeated periodically.
8. Method according to any one of claims 1 to 6,

wherein the method is implemented only upon

request.



6. Method for determ ning the absolute position of a wuser device (110) in a
nobi | e-radi o network, conprising the stages: 20 - testing whether the

absol ute position of the user device (IB10) can be determned with a first
.method; and - if yes, determ ning the absolute position of the user device
(110) with the first nethod; 25 - if no, determning the absolute position
of the wuser device (110) with a nethod according to any one of clains 1 to
5. 7. thhgp accordb %lto agy one .of, clains 1 to 3% wher ei n t he net hod

i s repeated -peri J8FE8H o etl%f‘ﬁé‘&“&cct@redlprﬁf‘ltt&%f ife OFF 2t %% 1 to 6,
wherein the nmethgdyiigel rmll@r;eritneq‘ HMIPE 16N 4L HBSfor I Jrith d¥Rt hod for
determ ning the position of first user device (410) in a nobile-radio
network with thestsgages 5 - use of the nethod accordlng toclaim1 for

determ ping a pl urallty sitions of, th rst ser device (410) for
a plura ?lty(n) of US§eOdn )“L? g‘é\ﬂt@é?olé@ }370 L&fr Yet er ni nati on of
the position of yBeehhistindsear pllﬂQa(iq\tlyce(n(‘UeQ) go@lttl%spdﬁﬂ syd the
plurality (n) of positions of the secdond user devices (420, 430, 440)
first user device (410) for a plurality (n) of
second user devices (420, 430, 440);
- determination of the position of the first user
10 device (410), on the basis of the plurality (n) of

positions of the second user devices (420, 430,

440) .
10. Software for determining the absolute position of a
15 user device in a mobile-radio network, which,

executed by a computer, implements a method

according to any one of claims 1 to 9.

11. Data medium, on which software according to claim
20 10 is stored.
12. System for determining the absolute position of a

first user device (110) in a mobile-radio network,
comprising:

25 - means for determining an absolute position of at
least one second user device (120) with a first
position-determining method;

- means for determining a relative position of the
first user device (110) relative to the second user

30 device (120) with a second position-determining
method;

- means for determining the absolute position of
the first user device (110) on the basis of the

absolute position of the second user device (120)



10. Software for determining the absolute position of a 15 user device in a
nobi | e-radi o network, which, executed by a conputer, inplenents a nethod
according to any one of clainms 1 to 9. 161. Data nedium on which software
.according to claim 20 10 is stored. 12. Systemfor determ ning the absolute
position of a first user device (110) in a nobile-radi o network,

conprising: 25 -andang ftbhe deflathve pepsdn iabsalfutthepdsinstonusdr at | east one
second user device (120) w.th a_first position-determ ning nethod; - neans
for deternining &%V Fﬁtﬁ&gbéo§ﬁﬁﬁéﬁvﬁftPhéheﬂﬁgﬂpqﬂuﬁsﬁﬁa TE9R10) relative
to the second usenp30 device (120) with a second position-determ ning

nmet hod; - nmeans for determ ning the absolute position of the first user

devi ce (110) on wherbasi thef ftitet absoititee spooind @ sdft itdre- second user
device (120) 16 .and of the relative posit.i of the first user device
(110) réel ative t8€Fﬁ§m§8&8ﬁd“ﬁ§§f’d&e\?ir8edl(f SEEN WIS S he first and the

second position- determ ning nethods are different nethods.





