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MOBI LE LOCATI ON TECHNI CAL FI ELD Thi s invention rel ates
to nethods and apparatus for locating a nobile radio
WO esoailossho wi t hin a radi o communi cati ons net wor RCT/AU2006/000479
PRI ORI TY DOCUMENTS The present application clains
priority from Australian Provisional Patent
Application No. 2005901735 entitled "Mbile Location”
and filed on 8 April 2005; Adstralian Provisional
Pat ent Application No. 2005903577 entitled "Enhanced
Terrestrial Mbile LMAIBBELQEATIONI on 6 July 2005;
and Australian Provisional Patent Application No.
2005906105 entitled "Profil e Based Conmuni cati ons

TReHNKREAL, 3mg i | ed on 4 Novenber 2005. The entire
content of each of these applications is hereby

i ncorporated by reference. | NCORPORATI ON BY REFERENCE

The fol | owi ng co-pending patent applications are .
Thigfayentipn ¥lites fnmethrdornhappemséns forlomting spgpbile radio

@é{%g LP01358,.entjt]led "Radio Mbile Unit Location
te steg%ftggl Eb‘c?i@lg)ié&%‘é’i‘ma‘aﬁ%s4ﬁe%??ﬁ | ed "Enhanced
Mobi | e Locati on Method and Systent; - PCT/
AU2006/ 000348 entitled "Enhanced Mbile Location”
PRIS&RENIDQCUMIENTSt | onal Patent Application entitled
"Enhanced . . . .
The present application claims priority from:
Australian Provisional Patent Application No. 2005901735 entitled “Mobile
Location” and filed on 8 April 2005; Australian Provisional Patent Application
No. 2005903577 entitled “Enhanced Terrestrial Mobile Location” and filed on
6 July 2005; and Australian Provisional Patent Application No. 2005906105
entitled “Profile Based Communications Service” and filed on 4 November 2005.

The entire content of each of these applications is hereby incorporated by

reference.

INCORPORATION BY REFERENCE
The following co-pending patent applications are referred to in the following
description:

- PCT/AU2005/001358 entitled “Radio Mobile Unit Location System”;

- PCT/AU2006/000347 entitled “Enhanced Mobile Location Method and

System”;

- PCT/AU2006/000348 entitled “Fnhanced Mobile Location”

- Co-pending International Patent Application entitled “Enhanced
Terrestrial Mobile Location” and claiming priority from Australian Provisional

Patent Application Nos. 2005901735, 2005903577 and 2005906105.
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Terrestrial Mbile Location” and claimng priority
from Australian Provisional Patent Application Nos.

WQO®BAGLTB5, 2005903577 and 2005906105. The entPCEAU2006/000479

content of each of these applications is hereby
i ncorporated by reference. BACKGROUND There are a
range of existing systens for_ | ocating nobile phones.
These can be grouped into t hree categories as follows:
Net wor k based systens. Such systens performthe signa
The et emtemief fechef thesaapplicaticns is her¢yciacorporated by
_calculation in one or nore network based servers.
1%%Hﬁ§%t based systens. In these systens, both the
measurenents and the | ocation cal cul ations are
performed in the handset. Hybrid. In these systens the
BACAEHROTENDs are performed in one place while the
osition calculation is perforned in another. For

Theretasp aaange ohexisdeg sysomedticlochiangoashilegrimes. Hngbe can be
repor.t. %h mto. .a netmqg? based entity where the
&1°5e5t'8 O@F%Eﬁ SBPEREALCHOYET f or ned. | n sone cases the
NBRASH! B8R0 S s@hss. BLER i i
Limtati onss'?(saf gsur r entej} %5‘2‘?3’%?0@ efg{eg%%x?%?ilan%ng’.cer.
mpasurements ad weltasahe baatidnselcvlin it deyort@lbes AbINAY based

factor in the success of the service is the post to
SetR¥Suser. In the case of |ocation based services, a

LR ALEPELAN Hlo So0eat e R, BELHE
loe&gdn EfchREBNS Rk PEIORNRES Yn R 1IRRIRERT NY the signal

Hybrid. In these systems the measurements are performed in one place while the
position calculation is performed in another. For instance the handset may make
the measurements and report them to a network based entity where the location
calculations are performed. In some cases the measurements are pre-processed

before sending.

Limitations of current systems

When operating a particular location based service, a key determining factor in
the success of the service is the cost to the user. In the case of location based
services, a large proportion of this cost is due to actually obtaining the location
estimate. In many cases, this cost is incurred primarily in obtaining the signal
parameter measurements for the location calculation. As an example, in a
handset assisted hybrid system, the network based entity has to open a
connection to the mobile and request the measurements. The handset in turn
must transmit the measurements to the requesting entity. This exchange

consumes network resources and as a result incurs a cost. Further the network
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par anmet er nmeasurenents for the |ocation cal cul ation.
As an exanple, in a handset assisted hybrid system
wo b@onetowor k based entity has to open a connecPCDAULMG/000479
the nobile and request the nmeasurenents. The handset
in turn nmust transmt the nmeasurenments to the
requesting entity. This exchange consunes network
resources and as a result incurs a cost. Further the
net wor kresources are finite and thus limting the
resgrnes aot finie eadtthus liaitingéhe naoited of userstthaewnshe/tracked

el itati . ' i,th tt
SRR Boael AP b AR REp A cH BaBbresa s ofher

] . Wil | I ) .
sV et s O PR It Lo P h Epargpts e wil

owtlinketths linfiveRirs@f cubiet By $teRisohipirb@to SNSsyRi@n f Hhigr
_excessive cost or inadequate performance. Network
inyggHens e prisnary lineitatdens drasithes gxtessive costaninkd bpsdel
equi pnent neasures paraneters of signals received from
p?ﬁ%l 1% e. The neasuri ng equi pnment may be existing
nobi | e network base stations or ancillary receivers
installed as an overlay to an existing network. In
Nefutonebasedsgstdter e is a fundamental requirement for the
nmobil e to be transmtting in order for signals to be

Innetpiogk based sysiemsnaimonk based equipprand eneasugessparameters of
Jinmitati.on r_any | pcati.on based service where .
sih gl & AL B o B o me R g Sule R eay, e quiting
mbbile hBBvEEELe stdtforlsQ A rAlhr ‘%Eceq{?é@?ﬁ&hgéd BeaRTvErILT to an
much | ess frequent. To illustrate, consider a nobi ]I e
exagtueg netsvoryy. Bppltharapsotherdipafundarhentabtapngremertiar the

i sh k wh i st d custoner. _approaches a
g £ bt NanGRHIHNG P TEPR AR A EnalS faPyaTeible fox measurement.

This represents a serious limitation for any location based service where frequent
monitoring of a mobile's location is needed but the use of the location for
commercial benefit is much less frequent. To illustrate, consider a mobile
advertising application. A particular store or chain wishes to know when a
registered customer approaches a store. The aim is to transmit a targeted
advertisement perhaps accompanied by a time limited discount offer to entice
the recipient into the store. To operate such an application with a network based
location system, periodic location measurements would have to be performed,
say at 10 minute intervals. Each of these location measurements requires the
mobile to be activated, incurring a cost in terms of network resources and battery
usage in the mobile. As an indicative cost, at the current time, mobile operators
appear to be charging a similar rate per request to that charged for Short
Message Service (SMS). In the example at hand, the location requests might

continue for an extended period of days or even weeks without the customer



adverti senment perhaps acconpanied by a tine l[imted

di scount offer to entice the recipient into the store.
waoooepetsad e such an application with a networ kPGE8BE2D06/000479

| ocation system periodic |ocation neasurenents woul d

have to be perfornmed, say at 10 mnute intervals. Each

of these | ocation neasurenents requires the nobile to

be activated, incurring a cot in terms of network

resources and battery usage in the nobile. As an

being @@ﬁtiedéle@b the stare. The result st veryrtergermbithnelatpd cabioios the

EREPR piifhgdl thosiod a%e%@@%{gg %sb%tﬂ%e%weﬁsgﬁﬁk sngle
a&%&'{‘EE&eﬁE Sl%gzgegowhgﬁ oa%l Pﬁn&?a‘}%%e&lépﬁh}s y?ags%'stem

for an exten peri yS Or “even vvee

mn@ocusémﬁ@giuﬂ@elgﬁ@{@n@ear the store. The result
is a very large accunul ated cost for the |ocations

wi t hout the store owner having the opportunity to send

1t$ ({% £ advertisenment. Store owners and other simlar
H? Celll1 FAP™ K'Y of such a systemw || not use services

IS oS BRIy brid BicheL QG AL It sHYSHhETE akd n{a!?ﬁd}gp@

common hybrid architectures, feasurements are ma
haidsehandghen pndvided o prrce#wdeld bhgedaerﬂﬁ?f\mf iﬁoéﬁlﬁ&ﬁ@alculatlon
entity for position calculation. The [imtation in

The fimitaion insthisgass imihepanians fesnabyeribased syy@mrﬁach

Wela! lua on_r UI es the tr fer
PR on BOR A B B e R o R e o P L gt to
ttRMdtinork Tabsd ERaRS TRs t?&kﬂfé’f KRR @@MSG%%@% PREEERadio
Radi o Service (GPRS) or other wreless béarer however
S@cwicel (ROIRS) avrfathet wnel@ss; bedriee hoacvamull at@s aMitite esstvhich
and jn no fi roportlon to the commerci al
ao&é ﬁesa@tﬂ @a@% £y %an in no fixed proportion to the commercial benefit

being derived.

Handset based solutions

The limitations described in the previous paragraphs can be overcome using a
system in which the location of the user can be monitored without a transaction
cost. In the application example above, a cost should only accrue when the
customer is in the vicinity of the store. Handset based systems can provide such a

solution.

There are existing handset based solutions. Perhaps the most well known is the
satellite based solution in which a Global Positioning System (GPS) receiver is
integrated with the handset. This type of system can provide accurate, cost free
monitoring of position and a transaction only when useful. One disadvantage of

this solution is the relative low penetration of GPS enabled handsets in the
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Handset based solutions The |limtations described in
t he previous paragraphs can be overconme using a system
w0 pooshossio t he | ocati on of the user can be noniPOT/aU2006/000479
wi t hout a transaction cost. In the application exanple
above, a cost should only accrue when the custoner is
inthe vicinity of the store._Handset based systens
can provide such a sol ution. Shere are exi sting
handset based sol utions. Perhaps the nost well known
magketplaeeatlais meansyhablocaioom brsnd denvighs using sacb bahdsets can be

sitjoniNn em S) recejver .is jnteqrated w.t
offEidh Ut DA Bttty Sl e b g e biable,
opSfitich] GRGEDBicepidi Ppebaty ibBRANLAILANAS At ith a
rédsenakleatiewefltheskgnet rati on of GPS enabl ed handsets
i n themarket pl ace This nmeans that |ocation based
servi ces using such handsets can be offered to only a
S | per.centa nmopi l.e..subscr.ibers. Fur )
A PR bR Fsh baretiest S SN BR GHIES hoptser il Mpmtity (CID)
g _ . . L
bl PSSR ALARRI, ST itk TEalchalibh be Ind FARMARFekisEilly
s@vinvg tesmabiloalThe ntishile kaens the/idetiB) obdredry@agibab®station. If
calculation. This uses the |ocation of the base

the mobds hegeveailable adable of pase ataioniidentifivrs apdisiorespanding

the idanti of the serving base statjon Jthe
Ao Bkl pBbrciieRy i 7 Bs BB ey it M approach
av &R ithé k@St TbaAbh eARRACHAMcdsLaREIPAS AR ABjor

approxi mate | ocation can be calculated. Wile this
dispdventigealis hshe iwaccapegtatdhe tmations. Inrsensactseothe errors can

cost, jt.suffers froma mgjor disadvantage due to the
be seyerat kilgmgtres N hilsiigrhuigges pre %wné%%%tatm@gémp@%ed

aéfflacy using more sophisticated algorithms, these are unsuitable for
implementation either on a handset or more particularly on a Subscriber Identity

Module (SIM) card due to the very limited processing and memory resources.
SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a method of
obtaining location data for use in a location calculation, the method comprising:
obtaining at least one measurement of a plurality of radio signal
parameters at a first time;
obtaining at least one subsequent measurement of a plurality of
subsequent radio signal parameters at a second time;
applying the at least one measurement and the at least one

subsequent measurement to a filter to obtain the location data.
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be several kilonmetres. Wil st techniques are known for

obt ai ni ng i nproved accuracy using nore sophisticated
w@b@enoishns, these are unsuitable for inplenment@/AGZ06/000479

either on a handset or nore particularly on a

Subscri ber ldentity Module (SIM card due to the very

limted processing and nenory, resources. SUVMARYOF THE

I NVENTI ON According to one as(bect of the present

i nvention, there is provided a nethod of obtaining

| ocation data for use in a |location cal culation, the

thed c rising: obtainin t l.east one neasurenent

nfphe R PRt {PagPone fiesswiegant apdrifivet st e Sutsehuent
ndda8BrerRB3BiobthiALd bg%srhoﬁﬂé‘ rédi@%ﬁﬂﬂﬁﬁﬁicgﬁaﬁéjf&ffﬁﬂél. of

a plurality of subseguent radio signal paraneters at a

second tinme; applying the at | east one neasurenent and

the at |east one subsequent neasurenent to a filter to
InpehersPechehe decationrlataisstprechios spbseguenhransmissian tome

ur eren nd the at | east, one subsequent

Pg%éﬂorlﬁﬁ%eg‘f%‘e&BFa&i‘%@B@a&"rmbi le radio

communi cations termnal. In one aspect, the | ocation
data is stored for subsequent transm ssion to a
Irpanctbes tornf,dhe lemtion ddte id eaadrhittedctal thalpadbaissod itermittently.
another form the location data is transmtted to the
processor intermttently. In a further form the

' ' . ' d 1.h ,
] REE AL bR F bR B BRR s Saerer ime
irdétvald s transmtted to the processor upon request. In

another form the location data is transnmitted to the
processor upon request of

In another form, the location data is transmitted to the processor upon request.

In another form, the location data is transmitted to the processor upon request of

the processor.

In one form, the location data is transmitted to the processor upon request of the

processor.

In another form, the location data is transmitted to the processor upon request of

a user of the mobile radio terminal.

In another aspect, the location data is transmitted upon a change in location of

the mobile radio terminal.
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the processor. In one form the location data is

transmtted to the processor upon request of the
w@eweae®0Y . | n another form the | ocation dat aPCBAU2006/000479

transmtted to the processor upon request of a user of

the nobile radio termnal. I n another aspect, the

| ocation data is transmtted Apon a change in | ocation

of the nobile radio termnal.1n a further aspect,

further neasurenments of a further pluraljty of radio .
I%Féwgﬁebameﬁétfﬁ CHMeAgHICANGILEY ,0? aftithenplygplirofgpdiqegnal

PRt 500 Dok Bl Ly B0

obt ai ned at |east one neasurenent and at | east one

subsequent neasurenent for filtering according to a

Iy peethier orappihie caethod futthennompeises salentingesuheehofithe obtained
rther conprises stari a plurality of location o

st il RAGIABIO: GPhat iinet B ABReRPR e U der filtering
- ] : the | ocation data according to a

aﬁ%%%%%ﬁ%%%ah{oﬁ'a further form the |ocation

data is transmtted in a variable | ength data nessage.

In anot her aspect, the length of the data nessage is

Injenethet feran dbeonethnd fudher spmpiisesstapppiageluiaity dffiocation

d nother form the nethod further conprises

Périodically renmoving one or nore of the at |east one

measur enent and or the at | east one subsequent

In another form, the method further comprises selecting a subset of the location

data according to a specific application.

In a further form, the location data is transmitted in a variable length data

message.

In another aspect, the length of the data message is determined according to a

specific application.

In another form, the method further comprises periodically removing one or
more of the at least one measurement and or the at least one subsequent

measurement.

In another form, the step of periodically removing the one or more of the at least
one measurement and the one or more of the at least one subsequent

measurement is done according to their relevance.
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measurenent. |In another form the step of periodically
renovi ng the one or nore of the at |east one

woreastosmsnent and the one or nore of the at | eaRECT/ATIZ006/000479

subsequent neasurement is done according to their

rel evance. I n anot her aspect, the nethod further
conprises selecting a subset gf obt ai ned | ocation data
for transn1SS|on according to the rel evance of the
subset

I ﬁ} er agggﬁ%@ t he nethod further
BERBHIE @§P§ { ff‘ﬁtjlo éfma'fpr@ﬁ ar'Reing seubies pf ahtadned
16Qtiohr §is %Pﬁéﬂﬁrms@fbﬁo 5960?8 1 t égné)e of{tlﬂg su??]et

transm ssi on data nes$age. er aspec

plurality of radio S|gnal paraneters |nclude at | east

one unanbi guous radi o signal paraneter and at |east

Ipaaothes |agla@ﬂis’cheadethosh fyndier pamgriseeseledtingmeubset of obtatned
di o sj nal meter_is reso]ved before

1%%%88‘ Cg%?) forrRRIsHIOTy pecoRiing R the piredh éi*e Happissin data

%%pf resol ving the anbi guous radi o signal paraneter
ferred for as long as possible prior to being

applled to the filter. In another aspect, the nethod

further conprises sending assistance information to

lil REUFEHBT pepachdhe pletabity af radie swmhpammetémmphmie at least one

a F%tilon estchrmuo |sclcul ?aéat t he bller dio
P% FATUUGNY SBRe B Sh%% Ph PoRs ¥m sa&%lérla igsignal
phfhrAdther aspect of the present |nvent|on there is
prOV|ded a method for calculating the | ocation of a
mobile radio termnal in a radi o communi cati ons

In one form, the ambiguous radio signal parameter is resolved before being

applied to the filter.

In a further form, the step of resolving the ambiguous radio signal parameter is

deferred for as long as possible prior to being applied to the filter.

In another aspect, the method further comprises sending assistance information

to the mobile radio terminal.

In a further form, a location estimation is calculated at the mobile radio terminal

using the assistance information.

According to another aspect of the present invention, there is provided a method
for calculating the location of a mobile radio terminal in a radio communications

network the method comprising:
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network the nmethod conprising:receiving |ocation data
processes according to the nethod of any one of the

W@e@eilaiesd aspect, relating to the |ocation of PEEAU2006/000479

nobile radio termnal; and processing the data to
calculate the I ocation of the nobile radio term nal.

In one form the step of processing conprises

mnimsing a cost function. I a further form the

cost function is given by: ¢ (x) c,( x )+ V (x)+c (Xx)
where: C '§6iHRg lesiondate progeserswicedrding taithesmethmyt of any
observati gns; IS the cost, associated with timn )
advance oBSePl %el YIOUGAFPELH T ega’re% ?%ﬁget logation: pg{hggnobﬂe
W th unr epeiib ekl SpRSSokAL: fo LA ﬁ% i
Cl-, & and Cn ar eacgl c Igtgsgr%ﬂ}eocw%v\s: g %ﬂ&g[)?%tlmno
; andC Actlemiohije tadiartetrhiztal.aspect of the present :

invention, there is provided a systemfor performnm ng
the steps of any one of the previous aspects of the

R

radio terminal for performng the steps of the first

aspect of the present invention. BRI EF DESCRI PTI ON OF
LB npRenioNGS the gestéudction Islgisen byes the architecture

of the proposed system

C(x)=C,(x)+C,(x)+C,(x)
where:
Cris the cost associated with signal strength observations;
Ct is the cost associated with timing advance observations; and

Cu is the cost associated with unreported cell observations.

In a further form, C;, C: and C, are calculated as follows:

& (7:— r kr’ 2
/)= L

2
i O,

Ct (X) - i (Zi _pt(kt,’x)) ; and

2
Py 20,
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Figure 2 - is a process flow diagram of the processing
to resolve anbiguities in tw neasurenents; Figure 3 -

W@ bwegozmm ar r angenment in a network i n accor danP€r/ai2dns/000479

one aspect of the present invention; Figure 4 - shows
an arrangenent in a network in accordance w th anot her
aspect of the present invent ilgn; Figure 5 illustrates
a position estimate cal cul ated using paranmeters for an

urban environrent; Figure 6 illustrates a position
ngtjga call il at gor, ugt, g . pay|det ers for a rural

Y17 o o |add" Igurp,7 - |l|lustrates the
comput &'i o a cell ‘Centrol/d. DETAI LED DESCRI PTI ON
The present invention will now be described in detail

with reference to one or nore enbodi nents of the

AicEéﬁ%ﬁﬁg ¢85 anSﬁ%\%\f@ct of t%%ﬁ%;e(@f r#gllvjeh{igﬁ gﬂ'@f eig é%l?r\éfnc{égl a system

acconpaéanyi ng ngs. €s and €
fargerforvingetie Biepsayf 2l cepifahabr@Aofihiperitbiahe prederkO
_be taken as limting to the scope of the invention.

IR @lesr nore, features illustrated or described as part
of one enbodi mrent nay be used with one or nore other
enbodi ments to provide a further new conbination. It

A‘M:(l)lldiﬂg SAGEHAEPI, dcPaE tﬂegfreg%rg i {r)réerrl] LN ec‘ﬂél.jqu PY'\%\Eilded a mobile

t
cover these varl ations and e s’as we
radioitatnhions f@fpbrfm@hiﬁgcmé 'smgs of ilad fived ubpedpof UndpFsbapd
by gc’he person skilled in the art.
mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 - illustrates the architecture of the proposed system;

Figure 2 ~ is a process flow diagram of the processing to resolve ambiguities in
two measurements;

Figure 3 ~ shows an arrangement in a network in accordance with one aspect of
the present invention;

Figure 4 - shows an arrangement in a network in accordance with another aspect
of the present invention;

Figure 5 illustrates a position estimate calculated using parameters for an urban
environment;

Figure 6 illustrates a position estimate calculated using parameters for a rural
environment; and

Figure 7 - illustrates the computation of a cell centroid.
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Thr oughout this specification, the term"nobile" or
"nobi | e phone" is used synonynously with ternms such as

w0 e@bl10dnes” or "nobile radio term nal”, andP@i/AD2096/000479

understood to enconpass any kind of nobile radio
term nal such as a cell phone, Personal Digital
Assistant (PDA), lap top or ﬁ her nobile conputer, or
pager. In the foll ow ng description, when processing

[ﬁipgﬁﬁﬁi%ﬁ§§%§xﬁﬁﬁggggyﬁgg:gsgogu:h;? ?hgngiggessing
kbR St hel g AR e PR e o

e @eodihienddlo P thi &Mddn, REQERIS SYOvRIChSR lustAHtéd in the
inserted into the handset, or in a combination of two

acgonnpareying drawsegs. [Mhewixhbnpdéssmdembndenstis ade phastided bly way
f the processing that occurs in fhe inplenentatiqgn of
o} Srrlatation BBt anopra e tghecken anliBHing fp isscapesf the
iREHRL 'FQH'H%%HQ}%E V\,@S&rgml&%ﬁ%‘?&?&r d?s’%%b% adYaft ikeén‘@ K
elements wthin the radi o communi cations network and/

eRibodii@e Rt MR @l ithorRWriher dther eabbliments to provide a
conmmuni cati ons network. It will also be understood

futther ndve combématiom may be applied to any application
in which a location estimate for a nobile termnal is
required. Architecture Figure 1 shows a part of an

SN ETH ﬂﬁdefs%@ﬂﬁa@%?k&@“ AR2nA6h ng.kcol@r Q‘ﬁe\% Qgriago%s and
transmtters or base transcelver stations 1, 2, ‘and 3.
ebedimbotwsiwelFagvafiatiohsard Atdifieaticatithat @00l dBé udterstood
mobi l e 20 and a server 30. The server may either be
by thegewoadkillacbin the atbt wor k or associ ated with the
net wor K.

Throughout this specification, the term “mobile” or “mobile phone” is used
synonymously with terms such as “cell phones” or “mobile radio terminal”, and
will be understood to encompass any kind of mobile radio terminal such as a cell

phone, Personal Digital Assistant (PDA), lap top or other mobile computer, or

pager.

In the following description, when processing is described as being carried out in
a mobile terminal, it will be understood that the processing could be carried out
in the handset, in the Subscriber Identification Module (SIM) that is inserted in
the handset, in an additional processing or smart card inserted into the handset,

or in a combination of two or more of these.

It will also be understood that much of the processing that occurs in the

implementation of various aspects of the present invention can also be
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In one enbodi nent of the present invention, radio
paraneter neasurenents relating to the | ocation of the

woresiieseter m nal are nmade at the term nal. TheBET/AE006/000479

include cell identifiers, channel frequencies, other
identification codes such as base station identity
codes or scranbling codes, a timngs including round
trip timngs or time differences. In one formof this

e dj ngnt,, th asyrenments are made repeatedly, at .

PRI =P dhE P ook O e pe v Siaaeacrbi B the radio
] i | .

O Ol R Tl B pHE ol MonCUnb NS SRS TR
comintuhiastions nsovorkol: vailll aled bé hadentesdidt @ie ifvehfi®n may be

measur enent accumnul ator are encoded in a nessage and
apphed te engdpplicatinn Bewhioh a Igsaiion gstimatefer anhobitatearorinal is
jis.compressed, with or without |oss. This transm ssion
. initiated by a request nessage formthe server.

Alternatively the transm ssion may be initiated on a

periodic basis. Alternatively the transm ssion may be
Archijeneel by t he nobil e upon detecting a sufficient

phanqe in positggn. The types of neasurenents

I ik

Figree 1 showsmpastof pnexsewipmgagdio sermapprationsingiwork éIO having
dRAAI GRS RBRLIdiTdiG5a Mnd 119 BRAY! RILIH0A (PR MEL Y i

type o net wor earer used

ndileratiitetedtifal drahobile2@ARE alRrverGEMIAE EHREK mMW @tferde
SIMcard is used to host the nobile term nal conponent

irdegnated fetthemnetwierkerassodatedt withehe naovade servi ng
cell identifiers, ARFCNs, BSICs and received signal
| evel s. I n another exanple, where the network is a

IS RS0 En’lc b A te;‘{%@sséﬂt Wéﬂt%mé(diiogﬂr%gicquﬁe%rur lefits

serving ce rers, one of nore p anne
re &I tisd Igoatioh ef tHe 1B lEleriEasLER R Sat DBReGhi D Bhese

round trip delay (RTT) neasurenents and
may include cell identifiers, channel frequencies, other identification codes such
as base station identity codes or scrambling codes, and timings including round
trip timings or time differences. In one form of this embodiment, the
measurements are made repeatedly at a configurable rate. The measurements are
added to an accumulator as described below. When the measurements are
required at a network based server for a location calculation, some or all of the
information in the measurement accumulator are encoded in a message and
transmitted to the server. Optionally the information is compressed, with or
without loss. This transmission may be initiated by a request message form the
server. Alternatively the transmission may be initiated on a periodic basis.
Alternatively the transmission may be triggered by the mobile upon detecting a

sufficient change in position. The types of measurements available may vary

depending on the application, the measurement capabilities of the mobile
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one or nore time difference neasurements (SFN- SFN
offsets). In yet another exanple, where the network is

W@ 2bWsenet wor k, the measurenments m ght i ncl udeCDAB2006/000479

nore base station IDs, one or nore pilot channe

(PICH) received | evels, one or nore PN of fsets and one
or nore round trip delays. Ag,tines when the term nal

has an established connection with the network tim ng

B RE Lo i Bitree i R aaR roraRe e iRy torwny the
dAROIFK} IndtdheSNa GEMBMWREK PRRSILY SINIQafetatdlB %\olsg:/ the mobile

establ i shment of a connect’ion and opportunistica

taroliheldorapenatt ofthe systemntheassirefRiitsmay ifclate kbfRag cell
In other cases when the software is inplenented

igantitiers yARFCNseBeKrernckteceivhd signed leveln fin snather enanplie
N Y R SR L N NN N
naesenatg el a1 4,90 g ol AL SSli T A
(RBCRmaasrententds) ofeas wherevundsripdelay €RITT) mMphdtireshents and

processi ng the nost recent neasurenent set avail able
OB Of MIOLRBENG diffreRtemEIcagirementhSHNEORDY fffsatelrpyeiamother

S m achi eves ,si gni.fi t better accuracy throu
FHEPRWIET B Tediiiite S pe o oSt aert Sety
irRfudd6né Bf BI0FBLLANsthA0REDY G d0hokd Bil6BLIEHNRT {Iqa’{-y}'eéeived

enabl es short terra fluctuations in asurenents to be
leveliuore onnibrerdié sffaetdianidane! ori mboy ratridnipdelaiabl e for

the location cal culation. Sone nmeasurenents are only
avai | abl e when the nobile has an established

SRR BRI L AL S ATRLS B Al o
tifBAS i e R Mefburefentd YRR aARDRI ME ARy IR B 8sdd1endeed in
some implementations, including SIM Toolkit in GSM, it may be possible to
detect the establishment of a connection and opportunistically collect one or
more timing measurements at such times. In other cases when the software is

implemented directly in the terminal, the measurements may include all of the

above mentioned measurement types plus time differences.

The radio parameter measurements are processed at the server to obtain a
location estimate as described below. Compared to existing systems in which a
location measurement is obtained simply by processing the most recent
measurement set available at the mobile terminal or in the network, the present
system achieves significantly better accuracy through the use of an accumulator

that maximises the diversity of the information to be used for the calculation.
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accuracy of the location cal culation. Sone

applications m ght have higher quality of service (or
wa@ewenessy) requirenents. To satisfy such appl i BE/ATGZ006/000479

requi renents, the nobile may initiate a connection

with the network, gather one or nore timng

measurenents and then cl ose the connection. Note that

this additional step would ogly be perforned in

measur e

Tt PR PE St e Ree5File b Bieanetooate 6o pe 2biceamdmalces
ARRREMNA TRIYrmalde £KANIBRLHP ﬂié]%g?@&i g%l D660, data, GPRS

or other type of connection t en es a timng
advance neasurenent to be obtai ned. The one or nore

timng nmeasurenents are then incorporated with the
Seremepsiemeeateon]s eyailefrlevitern thermobile hhaan established
General description.of the benefits of neasurenment |
LT % R TR PHS oA SXATEHS PhTRGh dieaaaregnent s Timing
ATBASIE SHEIM AR AH A MealbrdPEntTRP LS t%ﬁe( B Btovhife improve the
accunul ate radi o paraneter nmeasurenents in-a nanner
athrancyrek it beatioh ealcalatibnnSoate #yslidatbhentight hoeahighar
cal cul ation as well as mitigating some of the risks
qQUAKEY af JeSBicRAOHEFIERGYY reqrtireuents. hexmatistnawhapplication -
Tvpi.cal | he accunul ation is perforned,over multiple
recBhaRenbinSuPE R R ARl SePReaRt g e mehipd Bather one
of m%rﬁlﬁfn%:ﬁ@%lh%%ttsgan&_ hgerPETB sORUDITBATOH. NER fiat. this
refer to the lack of a unique 1dentifier for some o
att#iored stepewenidsonlybd peafemehivsierivns wiestengrebbg timing
same non-uni que identifier do not necessarily derive

MeHTeRentsamet praitable and she NOSrpasizemends neprssitelewuck

R froma,GSM t.er nj nal taips at
eer Rl T B AP b R oGl o RE oL Bge of
cShredtiRindhBPEhallléd 4 Siming advance measurement to be obtained. The one
or more timing measurements are then incorporated with the other

measurements used for location calculation.

General description of the benefits of measurement accumulation

The present invention provides a measurement accumulator at the mobile
terminal to accumulate radio parameter measurements in a manner that
maximises the information available for location calculation as well as mitigating
some of the risks that arise in handling ambiguous measurements. Typically the
accumulation is performed over multiple measurement sets where each set
contains a limited number of measurements. The ambiguous measurements
refer to the lack of a unique identifier for some of the measurements. Multiple
measurements having the same non-unique identifier do not necessarily derive

from the same base station.
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Repeat ed neasurenents however over a short period may
exhi bit sone diversity due to the variations in radio

w@e@pagwtd on such as fadi ng and non-st ati onar yPCT/AU2006/000479

interference. This means that conpared to cal cul ating
a location estimte using any single nmeasurenent set,
it is frequently possible to,gbtain a nore accurate
estimate by instead accunulag ng the results of
several successive neasurenent sets and conbi ni ng
these in sone fashion to performa |ocation

I ' | { t hat, £ hi j t .
AP e eSO el BB KR A R BB sgreens
aS i@t InfoeRatibh ?J@rt%[hiﬁg% 386 sOfvifiy el RhE _sﬁpﬁéghbour cells.

observations of the sanme paraneter as wll b

Repdatedtrneasurgments lekiveverdvien atshertgpdriodrrayNedhiinit kome diversity
Measuy enent Report also illustrates the existence of

dyrtp fhie varinkoRT iaeif Broragatiprisyah 8t fadipg|andpaen-stationary

eYeln ' £ t.hei u and _bas .

SRR, SR SOt O e ARG e v

ah$eirp2é Indad@itiohédt set, HEBFrRNAGp BB §8@id # nlfe accurate
uni que across the network. Detérm ning an accurate

estivatd lpninsteadnadcenmdeting dlse tdsatts bheearbl guoesive measurement
asurenents be associated with the correct  bas .
< 3P SOmaEEn e B5 e MR 1o BRiorh rdpERtiomeeilation. Tt

slg&ﬁﬁi %ot@&%h&?%ﬁét ﬁxgﬂ%/og{eﬁféﬁtt I% lilgég? gg P‘g gﬁ(gfe rog%%i&/@ec?ﬁian the

y averagi ng. oW N _ _ \
geeaghi@sed dkgily iépmtiormbit@aiebfMmdliplRReyifl bb@riatichs of the
GSM network to illustrate the additi onal information

sarng apeyetss agayiflde wydersoosyaenagkiled in pheart. The Network
DA S TN B B
TheRidM ERPH AL RN Pi REEPRASINIPBY Fheir frequency and base
station identity code or just the frequency. Unlike the cell identity, these are not
guaranteed to be unique across the network. Determining an accurate location
estimate requires that the ambiguous measurements be associated with the
correct base station and that measurements from different base stations are not

inadvertently mixed together such as by averaging.

In the following paragraphs we show examples taken from a mobile terminal
operating in a GSM network to illustrate the additional information that may be

gained by accumulating multiple measurement cycles.

Table 1 shows the results of two measurement cycles taken on a standard GSM

handset in idle mode, separated by 5 seconds.
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First cycle: cid: 25867 arfcn: [99 14 95 87 2 89 73]
rxLev: [-37 -34 -42 -58 -72 -73 -78] bsic: [20 33 34

W@ 2008/18%195] Second cycle: cid: 25867 arfcn: [BOr/AG206/000479

87 89 2 91] rxLev: [-39 -35 -42 -52 -68 -71 -73] bsic:
[20 33 34 44 54 1 57] In the first neasurenent set, a
cell having ARFCN 73 and BSICi 15 is reported as the
weakest nei ghbour cell. In the subsequent neasurenent
qigéé% wever, this has been replaced with a cell having
91 and BSIC 57. By obtaining the second
g ment and conbining the two sets in the
Pg%g%?ator in the manner shown bel ow, we obtain not
cjdigbs8éhe benefit of averaged power |evels for these

cells, but also a neasurenent pertaining to an
agfgnil 99415 &e? B9 73he avail ability of an additional

cell f | ocati o I ation frequently enables a
1%@?@[ﬁgéﬁﬁééi}ﬁsdgégﬁ%%gihan for instance sinply a

c 3Q§?§ of an existing cell. This is
b%b?g?e 0 %Jﬁgﬁrﬁg reased diversity of reference points
(cell sites) in the data and the correspondi ng

i nprovenent in the geonetric dilution as is well known
Seepriche®@eiin the art. This geometric dilution effect is

cRRIBEE Y

arfen: [99 14 95 87 89 2 91]

rxLev: [-39 -35 -42 -52 -68 -71 -73]
bsic: [20 33 34 44 54 1 57]

In the first measurement set, a cell having ARFCN 73 and BSIC 15 is reported as
the weakest neighbour cell. In the subsequent measurement set however, this has
been replaced with a cell having ARFCN 91 and BSIC 57. By obtaining the
second measurement and combining the two sets in the accumulator in the
manner shown below, we obtain not just the benefit of averaged power levels for
these cells, but also a measurement pertaining to an additional cell. The
availability of an additional cell for location calculation frequently enables a
more accurate location than for instance simply a second measurement of an
existing cell. This is because of the increased diversity of reference points (cell
sites) in the data and the corresponding improvement in the geometric dilution
as is well known to those in the art. This geometric dilution effect is commonly
referred to by terms such as Horizontal Dilution Of Precision (HDOP) or
Geometric Dilution Of Precision (GDOP). Diversity of measurements also

facilitates the rejection of distinctly erroneous measurements which would
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referred to by terns such as Horizontal Dilution O
Preci sion (HDOP) or Geonetric Dilution O Precision

W@ BD6R361D versity of neasurenents al so facil i PEL/ab2a0be00479
rejection of distinctly erroneous nmeasurenents which
woul dot herwi se cause large errors in the |ocation
estimate. Techni ques for achiﬁvi ng such rejection are
well known in the art. Yet another benefit can be

ained fromthe tenporal varjiations in. the reparted. |

oS AP a0 o 31 Bip R it P Ratsn Tecbickies dptNeying
, ﬂw@ d by 5 seconds in tine,

Sanggﬁécg onl%g\’%ﬁqno ﬁﬁgﬁ%}e‘m nal this time in

dedi cated node, that is, the nobile has a connection

established with the network. TABLE2 Cycle 1: cid:
Yot another benefitgniy ggnad freen the teojparal variatidnsiin the yeported

-70 -75 _t701éébq4 -ZXG - 76] . bsi CZ..%PS 4 1¢ 17 -99 -99 .
meggfreR)ents bable 2 ghowsgatother i phyiceessgyemegsurggnts, again
sépdr¥teRlby b sédorid®in tifde, miGasuféd A% GERI mobile terminal , this time
in dedicated mode, that is, the mobile has a connection established with the

network.

TABLE 2

Cycle 1:

cid: 9702

arfen: [26 18 1212 38 14 20]

ta: 8

rxLev: [-74 -70 -75 -70 -74 -76 -76]
bsic: [35 417 17 -99 -99 -99]

Cycle 2:

cid: 9702

arfcn: [26 18 612 6 20 8]

ta: 8

rxLev: [-71 -63 -77 -70 -74 -76 -74]
bsic: [35 4 33 17 33 -99 -99]
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bsic: [35 4 33 17 33 -99 -99]In this case, observe in
the first measurenent that there are 3 BSIC val ues
w0 eponosw as -99. This is a reserved val ue usePCTHABEZN06/000479

the nobile term nal has in fact been unable to decode

the BSIC for this cell, due for instance to

interference. In the second asurenent set however,

the first of these cells, having an ARFCN of 6 has
succgessful | his case the BSICis

been decoded and in
I gB% FRS€gOREeTE] In fg’@& mﬁﬁﬁlaﬁm@l’fttiié’f theremieat BolE- valuas

a i N thi case we, obtain the .
B, TBOHETE DoY) 631 LI S 5P0 MER Bk s in
fdchbert fhhble th@lcbsAeid B5IO Yok ehid®eRf ddd'RorliRGahé O interference.

accuracy descri bed above al so accrue in this case.

Det ai | ed description of neasurenent Accunul ator The
resent invention provides a nethod for accuml ating
11t 5o BARASHFeTREAISTEF bﬁié’ﬁf@l‘rgﬁ% M%ﬂfﬁﬁﬁeéeﬁ@%ﬁwwﬂt
ARG 6 BARIHAh s c&?&ﬁ&?%&cgﬁéggﬁ tiﬁ.ttfliggaéjenth% BRO L %eported
term nal must operate w thin constrained resSOurces,

ad 88. Byngdcantidating theiiopmaieh dkh SVChRs nmudlitedidi® dybles in this
operating the accunul ator. The method descri bed hére

caseove dein bee nenesfsed sdaftifaratiomih dhée bmrnabbihg REICH oa this cell.
ramewor k i n whi he value of the informatiqon held .
T, BRI S s oA B 81450 PoHbP LB AR S0 Accrie in this

@l ution can be optimsed for a given set of resource

constraint. The accunul ator nmintains one table

hol ding the identities of cells that are neasured and

one table hol ding the nmeasurenents pertaining to those
Detdiled desceiptiomef measuremenfAewmnulatgrc) e i s conpl et ed,

Tﬂelg S%e?se%@ %v%%ti%%%r%@gc?ets%drhei!}{odafor accumulating radio parameter

measurements from multiple measurement cycles. Typically such an
implementation on a mobile terminal must operate within constrained resources,
for instance the memory and CPU cycles available for operating the accumulator.
The method described here provides the benefits of accumulation along with a
framework in which the value of the information held in the table, from the
viewpoint of a location solution can be optimised for a given set of resource

constraint.

The accumulator maintains one table holding the identities of cells that are
measured and one table holding the measurements pertaining to those cells. Each
time a new measurement cycle is completed, these tables are updated. If a
measurement pertaining to a new cell is received, the cell table is updated with
the new cell identifiers. Since the size of the tables is limited (subject to memory

and CPU cycle limits) it may be necessary to purge an existing entry from this
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measurenent pertaining to a new cell is received, the

cell table is updated with the new cell identifiers.
w@Rever0I6e si ze of the tables is |imted (subjBCI/AUZ006/000479

menory and CPU cycle limts) it may be necessary to

purge an existing entry fromthistable before adding

the new cell. This purging ofgthe tables is performed

on a relative val ue basis, taai ng into account the

| atj ve | ue,of the j,Sting.nmeasyre ts associ ated
e FetokE ptBireng mely Sl %R g oF e Gblke te feftormed on a
gl i < The: o1l I / IS
B SR TRRES sl o bl P Sl L
mentuieserts atdoeiated swtleamit oftthb kel telma b a As&ainadabdilation.
with that cell. The val ue of individual measurenents

The walug ofia eellda, the gril taple in eleatedrs thasumedfihewaliagpenf the

. the. f t, t fid i at

ik e O T e P B RO WG G PSRt i Grat cell.
TREYaRIeSS thBR i BLASBPES e AR a@%ﬁ:uﬁ%ﬁ&{?sakg{ﬁ%{ég Elfcr?unt the

measurenents. The | east val uable ce
redatifes age) thetype cfemedervalens thé comtdareussbdited with the match
information _at any given tinme. The neasurenent details
toghe csewéawémgm@llﬁeg@lﬁrémmd elepithe presanee af ey more recent

. i.ng the | east val uabl e existing neasurenent as
Slﬁggagil?ec?}nﬁlﬁlgn ol | owi ng paragraphs illustrate the

operation of the accunul ator over two neasurenent
cycles, after initialisation when using the SIM
Thelsakt valfzabieldetlyis pnrgedsramaizr to Gotittismideataludbf the
initialisation the tables are enpty. Table 3 shows the
aqeppyyla AN AN SAR {HRe s eRRIRBINE details are added

to'thk %%u‘rer&éﬁ%‘é%l&lxga{?ﬁéy }%ﬁ%%g e 184G R1dable existing

measurement as required.

The following paragraphs illustrate the operation of the accumulator over two
measurement cycles, after initialisation when using the SIM toolkit facility in a
standard GSM handset. At initialisation the tables are empty. Table 3 shows the

first measurement set obtained from the mobile terminal.

TABLE 3
NMR measurement at cycle 1
Serving cell

cid = 26272 rxLev = -80
Neighbour cells

arfcn bsic rxLev

12 17 -88
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Serving cell cid = 26272 rxLev -80 Nei ghbour cells
arfcn bsic rxLev 12 17 -8826 35 -90 28 23 -90 40 19
W0 2006205689 -99 30 5 -103 Table 4 shows the staper/aii2aobeoos79
accumul ator tables after addi ng the neasurenent set.
The cell identifiers are added in the cell table. In
the case of the serving cell neasurenent only the CID
i s added because the ARFCN arfl BSIC are not reported
by the term nal. Conversely, for neighbour cells, the
Cl29 i $5n0of0reported and therefore remains unspecified
[ tha ta?be. It should be noted that in other
:h? Prentd of the present invention, serving cel
urgnegts may include the ARFCN and BSIC while
neil ghbour "nmeasurenents may i nclude an unanbi guous
ref2er gpacegpo the corresponding cell. The signal |evel
val ues are added to the neasurenent table with a cross
r éler encd0fshown in the cell Ind colum) to the
associated entry in the cell table. The age of each
measurenent is also recorded in the neasurenent table

ThBleldhdvhBhe0h B} thd AR ulator tables after adding the measurement
set. The cell identifiers are added in the cell table. In the case of the serving cell
measurement only the CID is added because the ARFCN and BSIC are not
reported by the terminal. Conversely, for neighbour cells, the CID is not reported
and therefore remains unspecified in the table. It should be noted that in other
embodiments of the present invention, serving cell measurements may include
the ARFCN and BSIC while neighbour measurements may include an
unambiguous reference to the corresponding cell. The signal level values are
added to the measurement table with a cross reference (shown in the cell Ind
column) to the associated entry in the cell table. The age of each measurement is

also recorded in the measurement table in the time column.
TABLE 4

index cellld arfcn bsic
0 26272 xxx  xx
xxxxx 012 17
xxxxx 026 35
xxxxx 028 23
xxxxx 040 19
xxxxx 022 39

B W N RO



-Cell Table Cyclerl - index cellld arfcn bsic 0 26272

XXX XX 0 XXXXX 012 17 1 XXXXX 026 35 2 XXXXX 028 23 3
WOQOBEX0BAD 19 4 XXXXX 022 395 xxxxx 030 05 - VeBGIIAB2®HRN00479

Tabl e-Cycle:|l - celllnd time match rxLev ta 000 000 03

-80 -1 000 000 02 -88 -1 001 000 02 -90 -1 002 000 02

-90 -1 003 000 02 -97 -1 004 000 02 -99 -1 005 000 02

-103 -1 Table 5 shows the se@dnd neasurenent set

obtained fromthe nobile term nal. TABLE5 NWR

breasukexelBo at 0Bycl e 2 Serving cell

-- Measurement Table -- Cycle:1 --

celllnd time match rxLev ta
000 000 03 -80 -1
000 000 02 -88 -1
001 000 02 90 -1
002 000 02 90 -1
003 000 02 97 -1
004 000 02 99 -1
005 000 02 -103 -1

Table 5 shows the second measurement set obtained from the mobile terminal.

TABLE 5
NMR measurement at cycle 2
Serving cell
cid = 26272 rxLev = -83
Neighbour cells
arfcn bsic rxLev
12 17 -88
26 35 -90
28 23 -90
18 4 97
40 xx -97
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cid = 26272 rxLev -83 Nei ghbour cells arfcn bsic rxLev
12 17 -88 26 35 -90 28 23 -90 18 4 -97 40 xx -97Tabl e

WO 2®h00%s19 he state of the accunul ator tabl es aPECBAU2006/000479

addi ng the second neasurenent set. In this case the
cell table has grown by one due to the different

nei ghbour cell reported in the second cycle (ARFCN 18
and BSIC 4). The measur enent %2abl e has grown with the
addition of all the neasurenents fromthe second
cycle. TABLE6 Cell Table Cycle:2 index cellld arfcn

%&@%‘gg glé %,‘)e(lx X e@gcél 01 186‘%029%31195 t 1e335ecc2>nd
measurement set. In this case the cell table has grown by one due to the different
neighbour cell reported in the second cycle (ARFCN 18 and BSIC 4). The
measurement table has grown with the addition of all the measurements from

the second cycle.

TABLE 6
—-=m-mm=—= Cell Table ------- Cycle:2 -----
index cellld arfcn bsic
0 26272 xxx XX
xxxxx 012 17
xxxxx 026 35
xxxxx 028 23
xxxxx 040 19
xxxxx 022 39
xxxxx 030 05
xxxxx 018 04

A O R W N=R o

-~ Measurement Table -- Cycle:2 --

celllnd time match rxLev ta
000 005 03 80 -1
000 005 02 -88 -1
001 005 02 90 -1
002 005 02 90 -1
003 005 02 97 -1

004 005 02 99 -1



5 XXXXX 030 05 6 XXXXX 018 04 - Measurenent Table -
Cycle:2 - celllnd tinme match rxLev ta 000 005 03 -80
W0 2006006005 02 -88 -1 001 005 02 -90 -1 002 OO0BCDARU2M®6/000479
-1 003 005 02 -97 -1 004 005 02 -99 -1005 005 02 -103
-1 000 000 03 -83 000 000 02 -88 -1 001 000 02 -90 -1
002 000 02 -90 -1 006 000 02 -97 -1 003 000 01 -97 -1
r- Waile the preceding exarrplzé illustrates a
particular formof the present invention in which GSM
Ogel | 1D, $Pgnall2| evelOdandlround trip timngs are
represent in measyr engnt accunul ator this shoul d
OH§ ggpprgged as’ a

t be in NMmtation of the invention.
OE@(%WV\AII bgog! eap to_ghe of ordinary skill in the art
001 000 02 90 -1
002 000 02 90 -1
006 000 02 97 -1
003 000 01 97 -1

While the preceding example illustrates a particular form of the present
invention in which GSM cell ID, signal level and round trip timings are
represented in a measurement accumulator this should not be interpreted as a
limitation of the invention. It will be clear to one of ordinary skill in the art how
other types of measurements such as CDMA (IS95) pilot levels and PN offsets

might be accumulated in similar fashion.

Selection and reporting

When the information maintained at the mobile terminal is needed for a location
calculation, the table contents can be encoded into a message for transmission. A
turther aspect of the present invention is the scheme for selecting the optimal set
of information to encode. Typically there is a fixed limit on the length of the data
that can be transmitted. This might for instance be the capacity of an SMS after
other application header or addressing information has been encoded. The
present method, scans the table and iteratively adds information in decreasing
order of their relative value in calculating a location solution. Accordingly the

first measurement relating to each unique cell represented in the cell table is
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ot her types of neasurenents such as CDVA (1 S95) pil ot
| evel s and PN of fsets m ght be accunulated in simlar

wo 2whilais19 Sel ecti on and reporting Wien t he i nf BCTRAUR®H000479

mai ntai ned at the nobile termnal is needed for a

| ocation cal culation, the table contents can be

encoded into a nessage for transm ssion. A further

aspect of the present inventien is the schene for

sel ecting the optimal set of information to encode.

added cathspquertly thes2?d nh¢asadernen telaing toecachiegll fis addedhand so

2 b B R Ga i e g%%tdgl%%%r h%l?\ﬁm B8 R Ll F 3 B Vatue
oﬂf Sﬁ’i{:e Qgﬂ{ ﬂé&gufﬁ DEKP & gﬁo g%}:gi'gl rule

netho scans iterativ

111<61nywa here LSefdBEOaRS ldtgu@ﬁdieéumf: pagipectieé fﬁdﬂ/@lepea’c
value in calculating a | ocation so?lutl on. Accordingly
megeurgment fopasexistivgtcetlel ating to each uni que cel
represented in the cell table isadded. Subsequently

the 2nd neasurenent relating to each cell is added and
A?'Paci\%rﬁlé‘g &t fHis egpfsechg Qelk? Era gmbxtntls%ﬁioﬂ ﬂ{eghéll?igm, the
nmessage. 'S re l'ects t ue ordering since

optingll eubmsuﬂ tleerfbrpetida ihelchlgy tlee mobdwicainit. Aédﬁsorally, this
general rule |likely to be nore useful froma | ocation

ﬂazé@mté(cly e@é@@}é‘@cﬁhﬁ\?’éfoﬁﬁ%% mepesihahtesymnenahef dap teansmitted

&7 ol Ehesectch B8R R0LRSRE te BRPRRe dpitBimgice

V\;Hé@e b QB RPHE %h?a:?y Hhﬁlﬂ‘i@@'d aﬁn% mEdhge contalmng only
Additionally, this fl ity in eRcodingthe

thaseanesstiremerisathat tdrabe ad'cemammdatedoxfwthat asmgémﬁmssatgdmght
can sted based on the requirenments Qf th
asaw@%e? fiﬁ senty Aggeser REEHAEY regarament wight bey 3@\‘7‘%?1&’8\‘1 with a

S%ﬁzﬁ:c;érc@l%¥gé% bt a b 586, 1Red 'f00EAIRE SABE a5 APHALAAPto Tookup

point of interest in the vicinity of a mobile subscriber. In other applications, the
best possible accuracy may be required, for instance with a high value asset
tracking service. In such cases, more information, up to the entire contents of the
tables can be sent. Depending on the bearer used to transmit the information, the
proportion of information transmitted may be determined to a large extent by

the maximum message size supported by the bearer.

In cases where the size of a single message is limited to a maximum value, (for
instance SMS) , the proportion of the information sent when lesser accuracy is
required may be determined by the space available in a single message after
application headers etc. Continuing with the example of SMS, if a higher
accuracy s required, multiple concatenated SMSs might be used to transmit all of

the available information. Taking another example, if GPRS is used, the number
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those neasurenents that can be accomopdated within a
singl e nessage m ght be encoded and sent. A | esser

w@ewenessyd r equi rement m ght be associ ated w t hP@I/AU2006/000479

service charged at a |lower rate, used for instance
with an application to | ookup point of interest in the
vicinity of a nobile subscriggr. I n ot her
appl i cations, the best possibte accuracy may be
required, for instance with a hifqh val ue asset
and g iz P seesprEes M bevariedanere fingyelr onarasat theanogtgecent
to,.the entire contents of the.tables ,can be sent.
S K ENSHEC BRI 5B g’ﬁ PERt IR aRoHsT Fastn i ‘?‘OF*tF&Cerr‘]t theasurement
pRthSiNELS O4bh Hﬁgu@ OR Y, HORIOhbId WP At ih RSNy €d
may be determned to a |arge extent™ by the maxi mum
presdagethe meaxismppattabenyf dibigndtemograptioalaefeeanashssiats in the
the size of a_single nessage is limted to a maxi num
sqlytiga, Appiierialierpgiie isimyend thremesbissent maapfremeat of each
i nformat i.Qn nt,_when. l esser .accur is required may
DS ist R B PR S SR SR BT ®len 2 singl e
nessage after application headers etc. Continuing with
the exanple of SMS, if a higher accuracy s required,
The velye @decmganey diffet (Sotsthat dedcribedwbeste ifodiffeassrtiypes of
all of the available infaormation. Taking anofher
megwsents pre-presentin the gablepg f%@rﬁs@mﬁa Cage, §1t1 zhe gpeasurements
arj te finelv. | h
+ESRHEE AL B el HeB e R e e g 805, R fureblits were
alBB Préint GRATE: tablE aRhing KBRINce FRABUFQABA mREHTHRI i Bbtised
to each unique cell inthe cell table m ght” be sent,
over a sigsalleyelpmegsuengnt. hOthexdypesohoebsurepierds stayralso be

eogr aphi cal reference points i he sol ytion not her
nid g eitéﬁﬁo%g%ﬁ‘&}"rgw. _s?lﬂli%ﬁﬁrti%agﬁ .l%ér@ﬁferaﬁre
e S I e L L S R S
nidaselened tableve if different types of

When reporting the measurements, the mobile also indicates whether it has sent
all of the available measurements. Should Quality of Service needs require more
measurements, the network can request the remaining measurements from the

mobile.

Advantage compared to averaging

Another benefit of accumulating successive measurement sets rather than
averaging parameter measurements from a later cycle with previous parameter
measurements arises because of the ambiguity in some parameter measurements.
If using averaging, a repeated measurement of the signal level or timing for a

given cell would be combined with the existing measurement by averaging
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measurenents are present in the table. In the previous

case, all the neasurenents represented signal |evels.
wolowenets1d f sone tim ng advance measurenent s WeCEHAHR®GE/000479

present in the table, a tim ng advance neasurenent

m ght be prioritised over a signal |evel neasurenent.

O her types of neasurenents Egy al so be maintained in

the table. The correspondi ng“full or partial cel

identifiers are maintained in the cell table while the

e thearheing paeservest iy ihedabls aslasepatate catithflawietes in cases

rah
G B5ER0 AHETHEHAY R ECR R APeagep Rt sy BB a risk that
tHESRSH ﬁéﬁﬁ&éneﬁﬁﬁ&%@éﬁlﬁ%&s&gci%ﬂvﬂvﬁﬁ M?Qgeeﬂt%gﬂ afing the

nmor e nmeasur enents, rk can request t
saraepartiddderaguTherfi¢:e the enedshecmoil inethe Adyant &g is of a
conpared to averagi ng Another benefit of accunulating
differenrispargmateand Biean esor $o puetage it With the firsignaspurement.
aramet er nmeasurenents froma later.cycle w
T B AT A brar e Hsgs e R Pe S P pereeiedable afggls and
ARt hOIIRAIR AR TITRLER eﬁﬁnzsiﬂ "tl%'ﬁ{éta%rehfleﬂﬁélflg, afag is
averagi ng, a repeated neasurenent of the signal [eve
aleo atidedl ngpfeseniing tivedegrek lof vatdidtbin terssogakion bhntalieh with
exi sting measurenent by averagi ngrather than bein

theroseasperding eaidablanmitndhis sapbe abserend fiom t%hd@é\g/%frrving cell

i n_cases ere, a 1. § nly partially identified.i
e AR RSP B e SE e Sl Bt shap iy o e
RASHRTIMMABN A BRI e LRr&BE RG] Alr8FhithitHe ?oten’cially
différent cell having the same partial identify.
arfibegefusr ARTG amd B6HE aenteponterdheresmedimil wyidl &2 reprefertding a
different parameter and it is an_erfor,to average it
legsarplagree of certainty jn the gssaciation. Finally neighbour measurements for

which only the ARFCN was reported (see for instance the last measurement in
table 6) are marked with a match type of 1. In this way the risk of incorrectly
associating ambiguous measurements with the wrong cell and the likely
resulting error in location calculation can be mitigated, improving the overall

accuracy of location estimates.

Location engine handling ambiguous measurements

While the preceding paragraphs described a method for avoiding the risk of an
incorrect association between an ambiguous measurement and a cell, in many
cases, ultimately to incorporate the measurement into a location calculation, the
ambiguity may need to be resolved and thereby each measurement associated
with a specific cell. The present invention reduces the risk of incorrect association
and the attendant location errors by deferring the association step until the latest

possible time. Indeed no explicit association takes place in the measurement
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The present invention addresses this by maintaining a
separate table of cells and neasurenents as

WO Rdoagosad ed. For each entry in the neasurenmentCT/abkme/000479

a tag is al so added representing the degree of

certainty in the association or match with the
corresponding cell table entry. This can be observed
fromtable 6. Serving cell surenents for which the
full CIDis reported are marked with a 3 in the match
apgautespu ihenéheymisosuremeadsineetoritesprotessedtio clerivhe location

FESTE G B0 B A B T B 1
SN AN SR 08 OB TR oo DB pprocimat

l¢@eenfatimdte! Hiie estitatd 8 sheBaslireareainbiguitipldselftiorbstep in

marked with a match type of 1. In this way the risk of
whieh thetemginipg maamneﬁgerﬁﬁbrwg@iatedawﬂhéﬁeimtcgrmspcbnding
the ong cell and the likely resulting error ji.n .,
ot RS enProh Pareess i ordat dheienRiph Gunguitie n the
] | . .
Bl BRSO LR LS TRI L A 68 D rescuion
ppoeeediingrdear aigrmpigaittda thé bateaharthbofedsateraent diithdthe
the risk of an incorrect association between an
loweitgusnbeneieandidatin celh mptehasdp resol yechiirsy Thesestimated location
.ultimately too incorporate t measurenent, into a
it e RGeS stel; PP BB BEATY Ml Singe et
resol ved and thereby each neasurenent associated with
a specific cell. The present invention reduces the
Tioi iBkstohtei the @peestiorasishid @fpieotn canddehheahbesidamient table
| ocation errors by deferring the association step
comients ram fables tepyeduresd in taq%#e? beleweed no explicit
associ ation takes place in the nmeasurenentaccurnul at or.
When the neasurenents are to be processed to derive a

TIABIE yon

celllnd time match rxLev ta
000 005 03 80 -1
000 005 02 -88 -1
001 005 02 90 -1
002 005 02 90 -1
003 005 02 97 -1
004 005 02 -9 -1
005 005 02 -103 -1
000 000 03 83 -1
000 000 02 -8 -1
001 000 02 90 41

002 000 02 90 -1
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estimate, the neasurenents having the | east anbiguity,
such as those which have unique cell identifiers, are
wpewerewmed first to derive an initial approxi NBECEAU2006/000479
| ocation estimate. This estimate is then used in an
anbiguity resolution step in which the remaining
measurenents are associated wiith their correspondi ng
cells. The resolution proces§8proceeds i n order of
i ncreasing anbiguity. In the case of two neasurenents
0gavi ng t h€0gamB2t ypedDf ahbiguity, the resol ution

oceeds | org r of anmbiguity in the sense that the
0 asurerreﬁﬁovvi E thégfomégt nunmber of candi date cell
matches is resolved first. The estimated | ocation is

updat ed at each step, incorporating the newy resolved

[ERsHf2 AR, thel Mebblitepidrdd Batife oPatd type BB (L8iving been
aspect, consider the neasurenent tabl é contents from

spedifieally asspeiathebwith scalkidestifiet)eire wrodagid=toroktelr| 4 ketation
e54f5t1 258 b Pénhptigmebbdaine Sgnalsh bres ook heying heen
reﬂlm@&f Mgﬁp%all%%mﬂigggés AT a'nﬁ%’SIC} apé)grogggsea%o'rgg’olve
the ambiguity and associate each with a specific cell. Finally the single
measurement having a match type of 1 (only the associated ARFCN is known) is
added. This resolution process is illustrated in figure 2. The processing to resolve
the ambiguity associated with a single measurement is illustrated in Figure 3. An
idealised mobile network is shown. Two specific cells 1 & 2 are labelled, in this
example representing cells having the same ARFCN and BSIC. A mobile terminal
20, reports radio parameter measurements to enable a location calculation,
including a signal level measurement for cell 1. The location engine identifies the
signal level measurement pertaining to cell 1 as ambiguous since only the
ARFCN and BSIC were reported and there are two cells in the network database
having that ARFCN and BSIC. The resolution uses an approximate estimate for
the mobile 30, derived from the measurements which are not ambiguous. This
approximate estimate might correspond to the location of a cell identified in a
serving cell measurement for instance. Other estimates might be used such as the
centroid of a serving cell. If multiple unambiguous measurements are available,
various combinations of these measurements might be used to obtain the initial
estimate. Using this approximate estimate, a radio network model as described
below is used to predict the received signal levels at the estimated location from
the ambiguous cell candidates. In the illustration shown, the predicted level for

cell 1is -74.1 dBm, while the predicted level for cell 2 is -127.9. The one that is the
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000 000 02 -88 -1 001 000 02 -90 -1 002 000 02 -90
-1006 000 02 -97 -1 003 000 01 -97 -1 In the first

W@ L@p/1036ie measur enments having a match type of PGI/AD206/000479

havi ng been specifically associated with a cell
identifier) are processed to obtain a |ocation

estimate. After this the neasyurenents having a match
type of 2 (having been report€d with partially

anbi guous ARFCN and BSIC) are processed to resol ve the
Wﬁﬁiﬁ%@l}t to laawe kesnoereived baiche malkiledenpigl fd selensed as the cell

N A B T D St P
oSSR PSS Sl kil AN e o

I&dafigheeskBaseiathitcabscéll t.ustrated in Figure 3. An
i deal i sed nobile network is shown. Two specific cells
1 & are labelled, in this exanple representing cells

Lhavti.n,?;;} he sgtfe ARFCN and BSIC. A nobile term nal 20,
PEDIPE SIS 69X HHBt er neasurenents to enable a

The (i’ﬁmd)g%&ﬁ{&éhl AehQirerntdd®d HHIGD c%lc_?ﬂ%albca_{tﬁﬁ\eﬂnay include one or
nmeasurenent for cell 1 . The |ocation engine

natersigiidl dsvel$ eirsingread vanees tinnedfferenesst opethieaipaiangeters. In the
cell 1 as anbi guous since only the ARFCN and BSIC were .
Pressst centexhy euRier do dheseppepspisemenisipsiahseriatigasAs disclosed in

| hat ARF Cq+ JThe. r | ution
KRR D AR oWk b Bhhb e by
r&fRrdvRd alHa BN SbIRIBHbRIBHySHeld filted om0l 1a8RBF BHPUS .

Thi s approxi nate estinmate m'ght correspond to the
messatrémentsfbeing eortedisior iphi-thoilaincedls. These cells are referred to as
unreported cells. This is on the basis that at any time, signal parameter
measurements are obtained relating to only a subset of all the cells in the
network. Further, in some networks such as GSM, the mobile only reports a
subset of the cells that it can actually measure. For simplicity of explication, we
will only deal here with three types of observations: signal levels, round trip
timing measurements and unreported cells. The algorithm described here is

readily extended to other types of observations such as time differences as would

be understood by one skilled in the art.
We make the following definitions:

The i* signal strength observation is denoted by a vector, 0, where

T
o, =[k..%]
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serving cell neasurenent for instance. Qther estinmates
m ght be used such as the centroid of a serving cell.
woO toorabI6ipl e unanbi guous neasurenents are avai PEIAB2006/000479
vari ous conbi nati ons of these neasurenents m ght be
used to obtain the initial estimate. Using this
approxi mate estinmate, a radi % net wor k nodel as
descri bed belowis used to p Qdi ct the received si gnal
| evel s at the estimated | ocation fromthe anbi guous
wigh| candidates. In the illustration shown, the
predicted level for cell 1is -74.1 dBm V\,hile t he
predicted | evel for ceII 2 is -127.9. The one that i's
t henpst_ | e| e m)b
Mo tlhe Se ﬁxftlé) t&gﬁ efn%\fﬁ go?é(rvsﬂ c}

ter mi'hal " et c‘tu

, t.h | t {
ol ot T oie FEnR Ry LR i 33‘5 éf“ﬁelg%e“?ﬁ%géﬁ ohpgRation

predi cted received povver at the approxi mate | ocation
esti rrate in this case cell 1. Location Engine

élli‘ H&?Q&e@ﬁ@HQO&?ﬁfo@\! BHLBE SRR BIRR1Sa HSR s Eeﬁculated

| ate"tocation may 1 nclude one or nore signal
blaeadsbﬁ ‘thé bbsargadonamed sorrbsponding fpeedinteelsyalaes firlthe observed
paraneters. In the present context we refer_to these
m%ﬁéﬁhespr@élﬁ% gplpgs %‘ﬁ@bf%ecb%légés@e mm@vmeﬁvork

AU200 1 000 ire ont RS of eby
R SRR e RSPk BT ROROR) iR the
c@ﬁﬂgﬁ%ﬁﬁﬂoﬂ‘ the rfhél_d sl Rk iahed ns&&mrﬁomu%es, the helght

reported for particular cells. ese cells are
andfceriemattimm ofiselLimntepoas, éble caahhison Phitern of e arttentrssisswell as

si_gnal

i) Sl 2t ORI P o SsSOBREAIT crHRcabie Tadel

BB BBl R BT B e o
ré&@iv@cEudh hodeagie well kKAbwa iifthe ¢hdd @m@xBldatidhk 8R1d and can
be found in most advanced level texts on the subject. Predicted received signal
powers can be generated for any or all cells in the network. These power levels
can also be used to derive interference level estimates so that the received quality
of a signal from any particular cell can be predicted. The application of network
model for predicting received signal levels and interference levels is well known
to those skilled in the art of cellular radio network design. Detailed references
exist in the literature including, W. C. Y. Lee, Mobile Communications Engineering.
McGraw-Hill, 1982, and P. L. H. A. S. Fischer, Evaluation of positioning
measurement systems," T1P1.5/97-110, December 1997, and IEEE VTS committee,
Coverage prediction for mobile radio systems operating in the 800/900 MHz frequency
range, IEEE Transactions on VIC, Vol 37, No 1, February 1998. The entire

contents of these references are hereby incorporated by reference.
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will only deal here with three types of observations:

signal levels, round trip timng neasurenents and
wantoepaeisted cells. The al gorithm descri bed herBCT/8U2006/000479

readily extended to other types of observations such

as time differences as would be understood by one

skilled in the art. W nmake ?@e follow ng definitions:

The ith signal strength obse ation is denoted by a

vector, OLlL.wherewith kr = the |%1nt|f|er of the /"'
TépgAghis SPERGEH TR wxff&rpn afrfdperctitferpameg b gm«ren &eel

iy ren rvation

e le b aRdahs shhR3Rn bk TR HBRT I P\ Rty cost
f@R&on a§ Ak REwRAS %%@ﬁwyffan@@éﬁ bY 8 eI &kndHh to those

correspondi ng predicted valués for the observed
sipfledriethe srt of meupesdil optidhivafiores are obt ai ned using a

nobi |l e radi o network propagati on nodel as well known

in the art. The nodel uses information on the

TFIELUEBLL .l SR ] RuPEASHEHAGHTIET: i ven

el | antennas, the radi ati on pattern of the antennas
s well as the channel frequencies and any ot her codes
all ocated to each cell. The nodel also covers the |oss
in signal power as radio signals travel from
transmtter to receiyv f?@h—pnﬁekﬁ are well known in
the radio comuni cafi r§95' n be found in
most advanced | evel texts™on tﬁe*subject. Predicted
“ﬁﬁfgived signal powers can be generated for any or al
c s in the network. These power |evels can al so be
used to derive interference |level estinmates so that
the received quality of a signal fromany particul ar
cel | Nantheenpnbelt et Bgnal ptrengpppbsravaienst net wor k

x = the hypothesised location of the mobile.

p,(j.x) =the predicted received signal level of the j” cell at location x

o, =the standard deviation of the signal strength measurements.
The i* timing advance observation is denoted by a vector, o, where

o, =[k,t,1"
with

k,l =the identifier of the i" timing advance observation, and

t, = the i" timing advance observation.



nodel for predicting received signal levels and
interference levels is well known to those skilled in

wao b@eaodc1of cel lul ar radi o network design. DetBGCT/at2006/000479
references exist in the literature including, W C.Y.
Lee, Mbile Communi cations Engineering. McGawHill,
1982, and P. L. H A S Fiscfper, Evaluation of
positioni ng nmeasurenment syst " TIPl. 5/97-110,
Decenber 1997, and_| EEE VTS comm ttee, Coverage
Theswst assoniatest Wignihediming advapse ohsergptions Isn @? i given by
800/ 900 MHz frequency range, |EEE Transactions on VIC,
Vol 37, No 1, February 1998. The entire contents of
these references are herehy incorpogﬁted by
reference. The cost i }@)g At T Pt representation of
the difference betweén 1 hé&neasrenents and t he
correspondi ng predictions. In sone contexts such a
vwloze function may al so be known as a penalty function
as is well known to those skilled in the art of

5 numerical optim zation. The cost associated with the

. e £os!“asdoc! 184 w
2 07, SRR e S S O ver
b ' =.t,he h hesi sed [ f th

b5 48)57De o8 (MBSO bR e

of the f,' cel t;location.x . sr. =the standard
evi 2o sidpddeya drok sEhinpailaheR Birestropments
timng advance observation is denoted by a vector, ot
where with kt =the identifier of the ith timng

10 TREVARERePHTE] ¥&l bBsbrvAAGh is denoted by a scalar, o, where

15

k, = the identifier of the " unreported cell.
The cost associated with unreported cell observations is C,, which is given by

“ Cu(x)= —ilolg [%[1 +erf (f"_:_g_;_(k"_’ﬁjﬂ
i=1 0',.

where

N, is the number of unreported cells,



10

15

20

25

tt =the ith timng advance observation. The cost
associated with the timng advance observations is, C
WQ 2008/1¢86ven by where Nt =t he nunber of tim ng BOVATZ®6/000479
observations, and PtU,x) =the predicted timng advance
of the j"' cell at location x st =the standard
devi ation of the timng adva% e neasurenents. The ith
unreported cell observation i¥s denoted by a scalar, ou
where o,, =t and k =the identifier of the /th
unr epnff,e0=d¢ké predibedsisial dsed (iRt of Wi " cell @ocatbah x
cell observations is Cu, which is given by where Nis
t he nmrbide stdndardefemiatanh ofethesignal strehgth mbasipeectints. ed
signal level (dBm of the /"' cell at location x s,.
=t he rstanfizeditldeshaltli(ondBim)t dsedesicghed isPCEngs h
nmeasurenents. rn = a fixed threshold (in dBm), as
described in PCT...., Note that we describe in a

b uent, par,agraph .a nmeans for identifying the .
NP e e o e e e sl & et Fahidenying the
y L\ =Cr (x) +Ct (x) +Cu (x) The location
1§F§%ﬁfrﬂr§?égtg‘é§£%l%. find the location x , that

mnimses this cost function. Robust numerical nethods

for mnimsing such a cost function are well known in
Thedotl eostdraciiem Geisfgiverbyn texts on the subject such

a8, WHPress: S cy=c, (x)+¢,(x)+¢, (x)

The location algorithm seeks to find the location x, that minimises this cost
function. Robust numerical methods for minimising such a cost function are well
known in the art, and can be found in texts on the subject such as, W. H. Press, S.
A. Teukolsky, W. T. Vetterling & B. P. Flannery, “Numerical Recipes in C++; The
Art of Scientific Computing”, 2nd Ed, Feb. 2002, Cambridge University Press.

Identifying suitable unreported cells

The set of unreported cells for a given location calculation potentially includes all
cells not associated with any of the measurements to be used for the location
calculation. The principle behind the use of the unreported cells is that the lack of
a report for a cell can be used to obtain another positional constraint on the
location of the mobile terminal making the measurements. Therefore the cells
that are of interest for use as unreported cells are those for which the lack of a
report conveys some information. It can easily be understood that a cell at a great

distance from the approximate location of the mobile conveys no information.
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A. Teukol sky, WT. Vetterling &. P. Flannery,

"Nunerical Recipes in C++; The Art of Scientific
w@vpoiony”, 2nd Ed, Feb. 2002, Canbridge Uni VBCEHAU006/000479

Press. Identifying suitable unreported cells The set

of unreported cells for a given |ocation cal cul ation

potentially includes all cellsg not associated with any

of the measurenments to be used for the Iocation

15 it e @omsrrs e kb fad Thacel by ﬁﬁ%@é@ If fyfog cells that
ar& uosg ah ’c}peem*dﬁﬂﬁ tl'ié)t tﬂQtlfélbegdf"x%ﬁalaﬁ' coﬁ)lb%#zé oL 1nf01fmat10n

constraint ont ocation e termn

maki ng the neasurenents. Therefore the cells that are

of interest for use as unreported cells are those for
Rigiiett providlesckswpper tmgpliutsh@@mw eltshgvma mnbdﬁ matwork with a

clisstEHT BT retheptutd 35 RSt Befhetonl i na TigBie terminal
200854 BY %hBRm! The rxﬂ%ﬂﬁér%al%&i@ésya ddt of 9&@5 ﬁ&aﬁ@tel

surprise that he ce I's not reported

m&istiserhbats wigg sicnal transnhietetidbdrhehé Halee cBits hagtetdd 8, 2 & 3.
report conve s useful information. Figure 4 provides a

Theppbave heen highdightad with the hepwvyshadimglin (the gt Based on

RSPl gl il 5D T g0ty ot e RyRT s

cAIRG1¥0RI T18is iLHE PR wilRKS %st%ri%EtIncgrdEﬁgi gie%%f@ @e{?dldate
measur enent s usi ng S|gna S transmtte rom ree

ucmeé}b&temh nﬁésrwd sél,ecefl &nBall fiesendinirg in@epohtedideligithednes
ding in the figure. Based on these

%ﬁg dfrig 23%443 veibgen é%@qsm%a@@lqmrtqdnby e mobilg terminal
af {l}et &%r%ngt%fi lgcatis C %i %ugp??tégop;r}% ig g§e&f) o a}fredlchc the signal levels

eris n or
th R eaId Béir&@wea Mea sedsiktatithe Eétﬁhh’ceﬁh@c&t%@'@ kdlBction criteria

unreported cells, the ones which it is likely could
idthen appdiedn®hsurigdriamoay ke eithedbdsyd tomghmplredlietdcerareivatl signal
level or alternatively a predicted C/I. In GSM for instance a suitable C/1
threshold would be +9dB. . For a UMTS network, a suitable threshold might be a
CPICH Ec/10 level of -20 dB. Other threshold values depending on the network
and application may range from about -26dB to about +15dB, (for example, -
26dB to -12 dB, -22dB to -6dB, -20dB to -12dB, -15dB to 0dB, -12dB to +3dB, -6dB

to +12dB, -3dB to +15dB and +3dB to +15dB etc.).

Any cells for which the predicted C/I exceed this threshold would be included in
the unreported set. In the limit, all remaining cells in the network could be added
to the unreported set, the only penalty in this case is the waste of computing
resource in evaluating the unreported cost for these cells, most of which would

contribute negligibly to the solution.
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at the estimated | ocation. A propagation nodel is used
to predict the signal levels that woul d be received by

w@2006h049689 at the estimated | ocati on. A sel ect i PCIT/AU2006/000479

criteria is then applied. This criteria may be either
based on the predicted received signal |evel or
alternatively a predicted C/d% In GSM for instance a
suitable ¢ 1 threshold woul d be +9dB. . For a UMIS
network, a suitable threshold m ght be a CPICH Ec/ 10
| evel of -20 dB. O her threshold val ues dependi ng on
}gﬁ Ce}; A application may range from about -26dB

t +JL5dB, (for exanple, - 26dB to -12 dB, -22dB
Ihthe 66 Bywin2GtRagmphb2eBoutlifedBpial bB]ts a&]ﬁeﬁed in &%Eiety of
-6dB to +12dB, -3dB to +15dB and +3dB_t o +1g
epyropanands iivp Gl altwaek peiagiacitardand G pehile Fﬁlglmal Table 8

shie SRV A SR bR El Bt fe g ARk Bt Epgfin
RAJE b éﬂﬁréﬁh@ﬁ@ %@‘}eﬁﬁted shisBbd ¥reRBRAhAM] 1dtatiBh Srror at
case is the waste of conputing resource in eval uating

thé 670 peeqeoiti @ dnd dsd 95%pe1tchnah if ellipeintrast ouferedhiactprding to

woul d contri bute negllglblytothe ol ution pi cal
%@ﬁﬁ%ﬂ&aﬁé@ ERFor nENif & (IR PEcH 5@ %H@P%ﬂlﬁ%@%@ accuracy
m ¥19e ﬁ%te r%f)b 12 te%%nglvl%gatl 1. ":i{ s% CFS %I&I\%ﬁ ?c\fﬂ %Qﬁﬁf«%ent

wor Kusi ng
15@%1&1 SIS AREMERC srhs,tl@gt 'réw 1©the @4Be iR AR the results for
measurenents taken at 135 points in a dense urban
ome\ennloovhendnt of ilee pegsent mvestiani The fest dwe ros shawi gie results for
ocation erro the 67 percentile and
a@f@rwﬁfq m@thqc{sﬁtlo%}% Stigpaliah et 8t W&E@ﬁn@“ﬁbu} {he artand
SRR OO0 Pon Bl Bomizdp th dERIIINT RIERGH Rt fered by

the bidédeat ihvesatonon. Results are shown for three
different

TABLE 8

Method 67 % 95%
Cell ID 102.4 264.3
CellID + TA 138.5 505.9
Present invention 73.5 206.4

Table 9 shows the results of measurements at 150 points in a suburban
environment. As will be understood by one of ordinary skill in the art, the
greater cell site spacing in suburban environments accounts in large part for the

decreased accuracy compared to the urban measurements.




| ocation estimati on nethods. The last rowin the table

i ndicates the results for one enbodi nent of the
wWEe@samic19 nvention. The first two rows show t heCT/apedob®00479

for alternative nmethods of |ocation estimtion that

are well known in the art and serve as a reference

measure illustrating the degrge of inprovenment offered

by the present invention. TABLE8 Table 9 shows the
"Irfgﬁi%bs of nmeasurenents at 150 points in a suburban

environment. As will be understood by one of ordinary

M&iHold Tn tThe art, Thgygreater cefl sitergggcing 1m
subur ban envi ronnents accounts in |largejpart for the

QilciDeased accuracy cprgi@ ed to the urbansiszo
measurenents. TABLE 9 Table 10 shows thejresults of

Gedldfurdnent s at 115 $&hts in a rural enl2PomAnent .

TARILF1O Tineo divor ob *”4{1\{* A tec AN i.cclia_

1 Sy anmmnt <
DU i urversS mTcaouurThTTit—Y

Prpsetd DVERIPNysi ng ne&f enent s made ovel 3§5-%“éri od of

e rather tham at the sanme instant—for a nobite
termnal |ocation calculation. The issue is that the
terminal may be in notion and successi ve neasurenent
sets may not have been nade at the sane |ocation. If
Tehke Hoshevemthepeswiieof measuresmets asEibspaintssinfd furbkbatiyonment.
5 | arge, for exanple greater than about 25 netres (eg.

>20m >35m >50m >100metc.), conbining the

gments in a single calculation will as a general

principle result in larger errors than if the

Métiodi dual masuremegﬁ%sets wer e processegy,
individually. The priesent invention provides an

Calidpt i ve | ocation cjalédi2ati on met hod fof 394%2

CellID+TA 12111 2694.1

Present invention 493.8 1271.8

Time diversity of measurement sets

10 Anissue arises when using measurements made over a period of time rather
than at the same instant for a mobile terminal location calculation. The issue is
that the terminal may be in motion and successive measurement sets may not
have been made at the same location. If the movement between measurement
sets is sufficiently large, for example greater than about 25 metres (eg. >20m,

15 >35m, >50m. >100m etc.), combining the measurements in a single calculation
will as a general principle result in larger errors than if the individual

measurement sets were processed individually.
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when neasurenents recorded at nore than one instance
are reported for use in the calculation. The first

WEL@p/10%14 0 use the first nmeasurenent set to JdRCT/XBE2006/000479

profile representing the |ocation at which the
measurenents were nmade. The sets to which individua
nmeasurenent belong is represg?t ed by the el apsed tine
colum in the nmeasur enent tab The subsequent

asur ene ets are.then

SR P S0V e ) RS  PEATID o S e R ethod for use
ﬁﬂ%eé:ﬂﬂ%&e&l@m%ﬁf&ed"gﬁhg% t}{a%eéhetalﬁgtahkg atey e%%r{éavfﬁl use in

e sane vicinit as ntla

tieadailatbn! The fikg stdp w3bakd tlflé)ﬁrdt MG QrRAEH ISR td deieé a
so as to have a relatively small zone of the order of
paofﬁlewepmsnt;ng et loegtlom fit wﬂfwctimsamﬁmentﬁ Waxeemadha"fhe sets

t s are sane %@1 on
Bt B R P b e e e R G er el T A lghped time
% Sinhg it Afe ﬁﬂ%&ﬁﬁgn‘dﬁ%\ S edhibeshd Qudsh ﬁerﬁﬂﬁ@é&ﬁfﬁﬂéh%bts are then
ternati e respective reasurenents appear

che Qa/inat iy prdilé as ﬁisi’tliised S® [plad m-Peh@ﬂ%ta@‘hcatmn [home
cal cul at1 ons are erformed using the respective
zoieldarcheelawhasher. theyare Bkelytte have tges anastedntthe game vicinity as

d ir.ed.
O PR Db s PR TS sl 00t Perspers t
théls‘%IeBhvEe rﬁ§1@ BbhO8f Ilj{beoféi'e{ %PE'fﬁJG t&fs ORhbQRs.as Wil |
be understcdod by one skilled in the art Adaptively

Galnlng l\/bre Data It is well known in the art that the

nber of measurenents and the relative geonetry
eweEParifenipeiptesdhat theaneasamemenisare naadee%tttbetsh@e location,

?2%%%%@%% s BB R ol i o Rghod
described in this specification. Alternatively if the respective measurements
appear to be made by a moving terminal, separate location calculations are
performed using the respective measurement sets. The results of these are then
averaged if a single location estimate is required. Alternatively the

measurements may be used to estimate a vector representing the direction of

motion as will be understood by one skilled in the art

Adaptively Gaining More Data ’

It is well known in the art that the number of measurements and the relative
geometry between the mobile and the transmitters affects the accuracy of the
location estimate. The Dilution of Precision referred to earlier in this invention is
one metric used to quantify this effect. The mechanism for combining the
number and relative geometry of measurements to provide an estimate of the

accuracy of a position estimate is also well known in the art. As discussed
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one nmetric used to quantify this effect. The nechani sm
for conbining the nunber and rel ative geonetry of
wore@sno®neENt s to provide an estimate of the ackCr/avynoef00479

a position estimate is also well known in the art. As
di scussedearlier, the nobile may not make or may not
report all of the neasurementg that could be useful in
maki ng a m)re accurate location estimate. Using the

e location

R RO LS e ST OBy ST CBR R Al of Hhe RS s that
cbfif FPREEE] Mk BB LG TERSH RRRALE YL PUAMIR Dilution

e nost | nprove t tot I'ocat’i on est1 nmat e

omed@aoﬁmsuﬁﬂmﬂemcfthb asatish abirPisation cyeidetppahed
g the nobile and/ or further neasurenents of base
Sg %ﬁqucﬁﬂyaleq@%d)frqm soe nmbﬂelivvhﬁbrfu@%mqaeum@us (A C

t t
P L5 B O A n e S
o540 BBt 0, o o Pt SR e

nanguterhentswrif base Sations ebeadbprdpegesd. Ver | ag, Oct 1992.
If the estimated accuracy does not neet or exceed a
predefi ned accuracy, then further neasurements can be

B B e PR BT oSl e RIS o8 Wy

cRRbe @ﬁ&{ataféaﬁg%&%% ihoRALH theGat 4o ndigfiteat d]lsEBSed inC.
avoi d an endl esS cycle of requests for additiona

Ri. biraneetastivning Systeatd © AsUntfideApheoarbbl betursNotds inlilantrol
tQ _nmake neasurenents of sufficient quantity

syl e saangsnaresion st 195 the getimpaterlfcguracy
GHERBROEL P B 0P NP YO (b can
bé@é@ﬁ@@é’d gort fiR 0BAL] The predefined accuracy can be a global
requirement or a Quality of Service parameter associated with each location
request. To avoid an endless cycle of requests.for additional information in
situations where the mobile is not able to make measurements of sufficient
quantity or quality, a second parameter can be specified to limit the number of

additional requests that are allowed.

Identifying a base station that would improve the accuracy of the location
estimate uses the same approach as that to identify cells that were unreported
but which may convey location information. Having identified those cells that
could be heard based on the current position estimate, the effect each would have
on the accuracy of the solution is evaluated. This provides a ranking to enable
the mobile to attempt to measure the cell offering the greatest potential

improvement in accuracy first given that the mobile has limited resources in
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esti mate uses the sane approach as that to identify
cells that were unreported but which nay convey

wo omattdsm i nf ormati on. Having identified thoseP€CEAU006/000479
that could be heard based on the current position
estimate, the effect each woul d have on the accuracy
of the solution is eval uatedggThis provides a ranking
to enabl e the m)bile to attenpt to nmeasure the cell

fe%%ﬁﬁ(ﬁ a%qqg %tpgﬁltft}lﬁqcyeﬁqg?wgpls &%ggngqguﬁémgats and space in

wifieR rt ﬂ{e%rsﬂﬁan‘?éntgﬁg\gyfcﬁ%rﬁe% oln¥il @R@P&frﬂqng may

to stor measurenents a space I n lch to r port

useasondined smdtic khdtdntlhees tepotentibpinnseent Bad a measure of
ranking may use a _conbined netric that includes the

tfm)kﬂéqrhhcmd hep laseabesauld b raeartisedipe egimeted dutkes Hroimdtial

Cﬁ@f F cell could be neasured as estimted during

HAHPP A OFF8nti fi cati on process. Adjusting

Measur enent Confidence The quality of neasurenents

made by a nobile phone vary with the type of radio

Astjusting Medsuxashenh €onfjsengt neasur errent bei ng made. In

n ur nvi ronment , ive her Ievels of fast

e gualibriof BRGNS ma@{eaty m%ﬁe e R YD ey agert
| f _t A eno

rdiS YRkt PSP ETRA e oL 26E, HSOOEAR

efiv#r8Rflcht TeRS B RIphSr IR difash £asleMiatoTBRd sntef¥érence
accounting for the effect the radi o environnent has on

silg‘niﬁicmglt rdentine qualiiy fitgnilg weasrgnients. hdhasameacy
osition estimte n be i ro.ed. .The first ste
pPenf eaagh% Aot R AR SR AR
n&% ti‘n&’cﬁe ﬁmﬂﬁﬁ%ﬁ'}ﬁﬂéﬁs f‘n‘%} adtblihtiRg f&sﬁﬁe difict the
tarn a

ocation esti mt
radio environment has on timing measurements and signal strength, the

accuracy of position estimates can be improved.

The first step is to quantify the effect the radio environment has had on each of
the measurements that will be used to obtain a location estimate. A common
mechanism for quantifying such an effect is to modify the parameters of the
statistical model being used describe the nature of measurement errors, often
using a scaling parameter. For example in a Gaussian model, the standard
deviation would be increased to reflect the larger uncertainty associated with
measurements deriving from an urban environment. Each measurement in a set
may be considered individually and assigned its own parameters. For a given
location, it is most likely that all measurements are affected by the same

environment and thus could all be assigned the same parameters.
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waele®enodsed t he nature of neasurenment errors,
For exanple in a Gaussian nodel,

a scaling

par anet er .
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Is to nodify
bei ng used
of PETAUS106/900479

the standard deviation would be increased to reflect
the larger uncertainty associgted with measurements

deriving froman urban envi ronrrent

set

A PetRgmLok

envi ronnen

be consi de

t and thus co
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tﬁ’li gﬁfa' ﬁ%o Prol%aga’uon
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he different
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n of one or

elEPRdRARE 4Tt

known in the

radi o propagati on nodel | i ng tool s,
nore of these.

art,
or a
TABLE11l Vari

experi nment al

ous

lsns can be defined for assigni ng an environment

Bt

TEAS
reme

HEETH Recdive:

II.IE

Fogar

pltot

It Hﬁgec% ongflmmgs

originatin

BiRAd&Pt al | INpisliiBu ey IO

NgehldatypPe of
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serving cell can be assjigned to all peasurenents |in

gi ven measiubeviationgéB) [The envi r onnenDevigtorcion) d be
A-Eau-al-L_)L- heneastienents_assighed-the .
Ughenr onmsntlzt ype accor dlﬁguﬂs(lﬁlh coar 585%bsi ti on. Gaussian
SNEaStienet CDLI Ilul C. UUS 11ECTIAll C?(I bl N
SHRATHE ¢ h ]é)nw r onment a?ﬁ‘éssé%réom at e 30% th a basgoaussian
Rural 8 Gaussian 500 Gaussian

Various mechanisms can be defined for assigning an environment type to a

measurement. The environment type assigned to a measurement can be that

assigned to the originating base station. The environment type of the serving cell

can be assigned to all measurements in a given measurement set. The

environment type could be spatially defined and the measurements assigned the

environment type according to a coarse position measurement estimate.

Various mechanisms exist to define the environment type associated with a base

station or a region of the network coverage area. Knowledge of the built

environment can be used to assign environment types.

The density of cells is

highest in urban areas and lowest in rural areas. Hence a metric based on the

average distance to nearby cells can be used to assign an environment type to a
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station or a region of the network coverage area.
Knowl edge of the built environnent can be used to

wa@z®ogeseenvi ronment types. The density of cel | BCT/8U02006/000479

hi ghest in urban areas and |l owest in rural areas.

Hence a netric based on the average distance to nearby
cells can be used to assign aq envi ronnent type to

abase station or for a regi ol For exanple, cell radii

can be estimated to be half the average distance to

hese sidignestionagegion. dlor esampls, celd radihearehe pstinatedito be half the
classif.ication could he radii |ess t | km ar e cCr s
Her s GrEa D 1N RRT e 12 oxerll 3 S PERFO Rt dassification
s By i 1%9 thdd 81 AE Clefifed GlHAE 1> NEmEY & @Elg}ee%pe Suburban

par anet ers have on the | ocation sdlution, consi
anald--edlatan®Rkrall | ustrated in Figures 5 and 6 in which
a nobile at the location | abelled "0" hears 6 base
stations | abelled 1-6. The received signal |evels at

o are -85.9.-66.6 -85.3 -98.8 -99.2 and -70.6 far .
Ts5llsRhF Faier? s wngupetneripetest BaKF o peafion solution,
CORYABF & rABRSHERBRRIIRSPHEA 85 PRI 8nB Y inRhRhY m@BHERY the

with respect to transmtter 2. Alocation estinmate

losatiadabel$edio’ Uhbas dedsk statidns laladlledel-6. Thamnetivkd signal levels
eviations from Table 8 (12dB for received signal

d
at ee ke AP PES0BPBoP8 Bafiye andaddpdahase stafiong bimd |

9dB f.or. regei signal ,level s and 500m f or. .range .
RS Ben P o TRU Ad e Be e R RR s G Mhge estimate
df ORI w R USRI HEnfh GRS 106 21 PEIJ8EBR ehtinatLRShade using

functions along with the true | ocation (marked "0")
waban el andtrachlpelistarstardhieréations tost Takls 8l (@28 for received

(marked "*"). The error using urban paraneters was
seaml é?ﬁ%%ﬂ‘% éP00mfar rageReasEr ements fgr #151?&%%535@5. reggived

s?g%%{l Eév%‘iseé‘&& 50 éfﬁg ?&Aéé ACEH G Rr LR il sy GAES) and 6

e error no
(urban) show contour plots of the respective cost functions along with the true
location (marked “0”) and estimated position where the cost was lowest (marked
“*7), The error using urban parameters was 670.8m and for rural parameters the
error was 583.1m, a difference of 100m in accuracy due to the difference in the

error models.

Detecting change in position at the mobile terminal

A co-pending International Patent Application entitled “Enhanced Terrestrial
Mobile Location” and claiming priority from Australian Provisional Patent
Application Nos. 2005901735, 2005903577 and 2005906105 (the entire contents of
which is hereby incorporated by reference).discloses a method for obtaining a
profile defining a zone based on radio parameter measurements in the zone. The

entire contents of which are hereby incorporated by reference. An aspect of the



10

15

20

25

Detecting change in position at the nobile termnal A
co-pendi ng International Patent Application entitled

w0 BEwhaossed Terrestrial Mbile Location” and clBECTALZN06/000479

priority fromAustralian Provisional Patent
Application Nos. 2005901735, 2005903577 and 2005906105
(the entire contents of which is hereby incorporated
by reference).discloses a nmet#dod for obtai ning a
profile defining a zone based on radi o paraneter
presest ievatiicn winliteh ¢hisonethodhie penvides meanefarsepbrtidg ch

are hereby incorporated by reference. aspect af
RERSHF YRERTS tPAVRSHIYOB elfnatttaudy prhen tﬁétrﬁgla‘?% rijieRlihge raoved

e e T L
USindEdssAEPRPOL A mdARBraRBhts SAdrDtheGhobilé had A6t iokv¥d | This
in tracking'to avoi d unnecessarily reﬁortlng

hae dlsaiadvaribagedhéreduringris domshaptiont o rk Tesagreessand
tgg.advant ﬁgF of reducing the consunption of network
TR fermdna PRtteEh PPW et er mi nal battery power. The

solution is at a starting tine to use the nost recent
measurenents to derive a tenporary |local profile of

TheoBXR&E isef anatiefiiB s usd fite fRsfidtaht HlResurefiEds f8derive a
subsequent neasurenments with this tenporary profile to

tehpokarfydecal profl ¢f thaexpediad gredsnrgoentsi Bie teminalrthiar

céf of ;FE?S %ghr?efaqﬁ%;gth&ggzﬂyleg{?h § *Y%h Ctlﬁiﬂstleg&@ndl C}%{:}iﬂ{‘o}}ﬁé tg check for a

SEFaRT A EankSin BOTRBY, RO (b B AR A Mol

indicateshatlh sipindechtichahgein pbstien bes oappkéd. al édimiqtidsefor
extent of the tenporary zone may be controlled to

capifasing Seahfasurementsryih the p |age disstselenchamgferenced

aggﬁlcétligrg "Alsd 8950 oesfe i e Teferenced gggl:'ulfas’cio‘?i’l(,e e extent of the
temporary zone may be controlled to achieve smaller or larger thresholds for the

change in position required before a new message is sent.

Cost efficient handset based tracking

The present invention also provides a handset based location tracking capability.
On initialisation, the mobile terminal may request from the network an initial
collection of data concerning the base stations in the network. This request is
accompanied by the current filtered measurements to enable the server to
determine the current location of the mobile and compile a suitable collection of
data covering the vicinity of the mobile. The server then transmits to the mobile a
collection of base station network data covering that area, including for each base
station in the collection, identifiers and antenna details including characteristics,

orientation and location. Compression may be applied to the data to maximise
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Cost efficient handset based tracking The present
i nvention al so provides a handset based | ocation

W e@ekoege capability. On initialisation, the neti/AB2006/000479
term nal may request fromthe network an initia
collection of data concerning the base stations in the
network. This request is acc%gpanied by the current
filtered nmeasurenments to enabt’e the server to
determ ne the current_ | ocation of the nobile and

teormgire thatsantbasiorers] wéilia Brebpayland sizsy dddigonally in the

f th Th t t L
G b e OB Pt ot eBbbet ol DI et laeaspars of
dgQMRht @&léﬁgéd SE&8rs fc%H?j \fierd (%l §A%he E%%@méﬁﬁ'fchﬂf‘dig[ﬂt and

the collection, iden fle s and a tenna det arl

thesdmd ilasrgnoham&n@mytappisy toodll exdttasi disiag thd datatpronided, the
TTPYGSSI on may be applied to the data to maxi m set he

ekl el mwﬁcw@p@é@@ﬂ@@tww@m s faadyw@aangn@sébe

Addi t onal or i

et PERoditel a7 TR afpeaie o B@%ﬁ&?gns&sﬁ@%‘ﬁira?%u ffiection. In
sgiﬁefeﬁféﬁ{é‘émSHs,ll&%kﬁpes%ﬁ&e{t@é Srel bRk ngéalttgﬁf S HitbRed, to

st significant digit and t cdtion
redihaectherssoraipl sont@applicasient armarddszelh@utyh&tﬂﬂdta may also be
rovi ded, the nobile term nal may conpute a |ocatio
ggqm%t@e mppie semaimphalse menrilors éh@ epeanted location 1e1at1ve to the

eri.o al.l roin ol Lo use ct| n suc
ﬁﬁrﬁ“ RZLph R ko U AR Rk st Rl ho Bl R RRef e
%}a@‘ﬁ&f’t 1i84hi€s @M%%Egﬁnrc%ﬂﬁﬁécﬁgﬂf YheARd it d85 hlvedi@st is sent to
uce the errors. IR sone applications a coarse
thfed;ewet forestditiana drg. Ab befobe thbtrajuestlis abhempabiddeby the

term nal al so itors th esti ed |ocation rel.ative
CFHGPHEO%IHPP@T@%P‘PE&#@H?}I lelengn thggrver ffo ppiimise the

cé??éﬂagg%? %J’Réﬂv&ér%rha%g %%%?E& Sedifn ‘88%5@%‘?{5 “? 'neHzS@l{ data are

regi on covere ecurre a reques
rétirfRin the rhiiilsRiMehalf @ﬂyetsiﬁlh%r d@&éfdéﬂﬁ%&en&‘écéb@ft@fe@, by

the request is acconpani ed by
memory constraints. The data are discarded based on farthest distance to the
current estimated location. The mobile terminal may also perform consistency
checks to detect cases where previously supplied network data become outdated
due to a change in the network configuration. This may happen for instance
when a base station frequency or ID is changed. For applications where the
location of the mobile is required to be updated regularly at a fixed terminal, the
mobile terminal may be configured to transmit reports of the current location. To
support applications where the route or total distance travelled by the mobile is
also of interest, the mobile terminal may also maintain a history of filtered
location estimates. This informatjon can be retrieved as required by the network

based server. Compared to operating a tracking system using network based

methods, the present invention provides an efficient tracking capability, with
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current position and velocity if available, enabling
the server to optim se the coverage of the network

wal2a0a/1p360% i ded. Exi sting coll ections of networRCTHAU2006/000479

are retained in the nobile term nal, only being

di scarded when necessitated by nmenory constraints. The
data are di scarded based on fgrthest distance to the
current estimted | ocation. e nmobile term nal nmay

al so perform consi stency checks to detect cases where
lpwennevedk anvbbatiess imgaas dkpatidebesshntacourasatwithauiethe high

to a ,chan in th etwaork configuration..This

el Bt ponEed T ora G e kst ny sl gk or

h&ﬁﬂhqoggﬁgggﬂﬁmgpr appl i cati ons where the | ocation of
e nobile

I's required to be updated regularly at a
fixed termnal, the nobile termnal may be confi gured

to transmt reports of the current |ocation. To
I appther eaphsidiowenit ohthepresentrinsentdon dhe mahiteateceiives Hirce

RSRTD SePiy Ao RGPS T iPAFR O S GFyin dpbroach may be

iddfitRhe ‘&(sjin HiRBa&RL dﬂeg@&l%és blPct deE/ti %B(Ejlk 98 PEML RAhich are
retrieved as required by the networ ased server.
répuipdyednhectefdeas dhe igemet Kack dogkisy stattonidiersizaedt therdata to be
based nethods, the present invention provides an )
redqeived isrmotq easily mgcempradated.y Whgnenpo e Pladtigstogkeghdt may

bat.t ery i.npact . provi des usef ul cura i t hout . .
syRRrie Fared P Repyeie e 3nt keSSt R raio Plrptations.
nmeasurenents in the network or hybrid | ocation system

I n anot her enbodi nent of the present invention, the
Anodll 112 bassklocation ketimetessabe/ madeain thefhandadt pioarsded the
statigns in the network. Such an approach nFy

hepdretiasdhe cagidigateaat Sreerrestatiansr isesrinmtht lagaering- In general
E R N T
néksBike fosh8ciate the signals it is measuring with the coordinates of the origin
of that signal. In one embodiment the mobile may estimate its location as a
weighted average of the coordinates of the cells that have been measured
recently. The measurements could be considered equally important in which
case the weighting applied to each cell would be one. Typically a serving cell is
closer to the mobile than cells for which neighbour measurements are made.
Accordingly in some cases the serving cell may be given a higher weighting than
the other cells. For a specific example, consider a mobile in a GSM network. To
perform a cell ID based location the mobile would need to know for each of the
signals it can hear, the Cell ID, the base station identity code, the ARFCN, and

the coordinates.
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received is nore easily accommodat ed. \Wenever the PDA

is docked, it may synchronise its copy of the network
wal2a0a/16qui red for the | ocation cal cul ati ons. BCTaURookMm0479

based | ocation estimate can be nmade on the handset

provi ded the handset has the coordi nates of the base

stations it is currently hearing. In general the

handset requires the base st &0 on identification

information that enables the nobile to associate the

Tiegreggasies of nohieasdio prppeigation hee swdr dhah aesbilsf carhercasionally

origin, of that signal. |In one epbodi nent .t he nobi le )

i i ERALEETTD 4T T a1vRE A Wo IR BERTEUY RrerRgEegHoF pgiven

r o : . th I t .
«EERGR PO Blich, SR Tl SO b P4 S B R K R dmpacy g el

IDREEH A6datioh Mk ifdtyC aF6 nidle he leStiinafion3Rbtdse dnbi@ 1©Bakt to such
cell would be one. "Typically a serving cell is closer

effectshthemsbif eellsttarbecededsinftbe estirngtion @rotase gan be edited to create
measur ement de,. A di ' . the .
<JEFOTing By h e GBI TR LH B PG IERG (o eRgmate

< F i ! bidhe.
8 By P Rl AR CEIStP 0 RRD Sl R s

chiteridredh be uwefsh dirpeincowkitdwell(y) agdidtussed belosi. gnal s
it can hear, the Cell I'D, the base station identity

code, the ARFCN, and the coordi nates. The vagaries of
bi.l e radi ro tion are such that. a npbile.can.
GBIk Reters aveinghan arF bipHartar “HEg o afpich there
poul dngenelflby §§’ﬁﬁf€é? F&I‘)‘ﬁt?ﬁ)uft@sr orte HhVEthB ?%é‘%ﬁf K Consider the
configuration. Such cells can have a significant
callwetiigh i¢ fordledst awageldml the hloseidnl cstiataten Guapttcynewdocation

make the estimation process nore robust to such
egfimade with this eelt resnoved from thaset gbegaswreppntestpmmute she

FRESE R RN TR T SN
rfohlaTRL& metric e/nr where r is the average effective radius of the cells that are
in the set. This metric is a normalised measure of how much the farthest cell has
been able to alter the estimate. If this metric is too high, then the cell is deemed
to have had a disproportionate effect on the location estimate and should edited
from the set used to compute a solution. This process can be repeated until the
furthest cell is not having undue control over the estimate. Other criteria include
editing the furthest m cells or the furthest x percent of cells as measured from the

location estimate.

A more accurate location estimate can be achieved using the cell centroid instead
of base station coordinates. Computation of the cell centroid requires information
on the directivity of the antenna, the pointing angle and the effective radius of

the cell. The equations required to compute such a centroid are shown below.
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has been obtai ned. Mdire than one cycle of editing may
be enpl oyed. Various criteria can be used for choosing
wokioehossed | (s) as di scussed bel ow. Consi der a PCT/AU2006/000479

si ngl e-wei ghted average in a cell 1D location estimte
in which there are n cells. Each cell, in effect
contributes one nth of the result. Consider the cel
mhich is furthest away fron1€%e | ocation estinate.

npute a new | ocation estimate with this cell renoved

The @ﬁﬁetzﬂn@e el T&ﬁmﬁmlé@ﬂ?ﬁ psovmdrmtaétemﬁénmbs f—’%tnn@’ceé by the
en firs nate W t lon esti
RS Bed 95 G TP G et PY Cols (1D (HES & PR pig
t
S I e
cériteoidadddnéitatechy thiasethesk naebbaﬁ bf) ozlih addithen ©6 thalpdse.station

If this nmetric is too high, then the cell is deened to
coendinates Aodilemratporanisisieata Eé@flﬁdﬁ ipp nefwollpugingsactorised

mat e and .sho edi t ed

ST & PATOGHGE Phn B s LS8 Tea e Tepust BiP HHge
the furthest cell is not having undue control over the
estimate. Other criteria include editing the furthest
mcells or the furthest x percent of cells as neasured
’??ggwthe | ocation estimate. A nore accurate | ocation
estimate can be achi eved using the cell centroid

i nstead of base station coordinates. Conputation of
the cell centroid requires information on the
Ifheeellisite iy laohtednat @ptighrthe cehieopbivil] bagivengbe and t he
effective radius of the cell. The equations required
to conmpute such a centroid are shown bel ow. The
effective cell radius may al so be provided or

al ternatively estimated®5y*t hEc9ébi | e based on the

di stance to nearby cell$,=hn+t-gin@ of ninimsing the
conputation in the nobi 1'e, "the nobil e may be sinply
whieaei ded with the cel

@ =pointing angle of cell measured counter clockwise from east.
If ¢ is the angle measured clockwise from north, then 8 =-¢ +-§—.

Figure 7 illustrates these calculations.

Where more than one cell is measured, the location estimate is the weighted

average of the cell centroids for the cells currently being heard by the mobile.
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centroid coordi nates by the network instead of, or in
addition to, the base station coordinates. To
WO kdo6soIsad e, consi der an exanple in a network BGI/AY2006/000479
sectorised cells. For a particular cell having an
effective radius R, we calculate a range If the cel
site is |located at (xb,yb), e centroid will be given
by xc =xb +rcos q yc =yc+rsifiqQ where q =poi nting angl e
of cel] neasured counter clockw se fromeast. Tt If f
Syppasp shatithe cenwaisuolcdes!” oelkia 6, ) ), dhen tin¢ lncatibe estimate is
- . Figure 7 illustrates these cal cul ati ons. Were
nmore than onedeel | nmepsured, the | ocation estimte
i s the weiyght d"dveldfj& pf the cell centroids for the
CaB@ﬂ@@déﬁrgéﬁt=l ifg—heprd by the nobile. Suppose t hat
the centroid Q »@he}ih@c Il is (xt >y,) , then the
| ocation estirmate i &icalcul ated as, ¢ where N =the
nunber of cell sites used in the calculation, and W-
the weighting applied to each cell. Note that W1 O .
As an exanple, W=1,Vz, equally weights each cell
When round trip timng information is available in the
whadset, the handset can conpute a | ocation estimte
that conbines the timng nmeasurenment with the base
station information. For exanple in GSM the nobile

can use the Timng
N =the number of cell sites used in the calculation, and

w; =the weighting applied to each cell.
Note that w, 2 0.

As an example, w, =1,Vi, equally weights each cell.

When round trip timing information is available in the handset, the handset can
compute a location estimate that combines the timing measurement with the
base station information. For example in GSM, the mobile can use the Timing

Advance and the base station pointing angle to calculate a position estimate.

It will be understood that the term “comprise” and any of its derivatives (eg.
comprises, comprising) as used in this specification is to be taken to be inclusive
of features to which it refers, and is not meant to exclude the presence of any

additional features unless otherwise stated or implied.
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Advance and the base station pointing angle to
calculate a position estimate. It wll be understood

W@ b@b/1038@9 t erm "conpri se” and any of its deri vRCT/XE2006/000479

(eg. conprises, conprising) as used in this
specification is to be taken to be inclusive of
features to which it refers, and is not neant to

excl ude the presence of any ad8itional features unless
ot herwi se stated or inplied. THE CLAI M5 DEFI NI NG TEI E

TNYESTACMSAREF BRI NFGITIHMEN VEN ANt ARE A5 FODL@WBNg
| ocation data for use in a |ocation calculation, the
nmet hod conprising: obtaining at | east one neasurenent

£ s Rl et tis b e Bt eledtichinttlen e
a pl %Eﬁédc&%g?#ﬁ%ﬁquem radi o signal paraneters at a
applyi

second t1 ne; g the at | east one neasurenent and

the at | eashtairiingsuhsetoRaincabastianit glaraity iof kediotsdrnal
obtain the location data. 2. A nethod as clained in
cl ai m 1 wheatgipetersetatfiusbtinte; one nmeasurenent and the

at | east one subseqguent neasurenment are obtai ned

Tobi | 6 r ad? GoEURE AN AL POn e L cASr et Op g ety of
clained i ns&ﬂs@ﬁﬂér?t A5 ﬁ?ﬂaf -l Reak191 sg@érfbl hifestored
for subsequent "‘transm ssion to a processor for ue in

t he | ocat i applyaigtheaitdeast éne Memtififleratsart] dierdedsd one
claim3 wherein the location data is transmtted to

the procesitequerimprasiapment tea fitenta plfgimthedlogatien data.
in claim3 wherein the location data is transmtted to

2. A method as claimed in claim 1 wherein the at least one measurement and
the at least one subsequent measurement are obtained by a mobile radio

communications terminal.

3. A method as claimed in claim 2 wherein the location data is stored for

subsequent transmission to a processor for use in the location calculator.

4, A method as claimed in claim 3 wherein the location data is transmitted to

the processor intermittently.

5. A method as claimed in claim 3 wherein the location data is transmitted to

the processor at regular time intervals.

6. A method as claimed in claim 3 wherein the location data is transmitted to

the processor upon request.
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the processor at regular tinme intervals. 6. A nethod
as clainmed in claim3 wherein the |ocation data is

W@ e@esetete ed to the processor upon request. 7. PCTBURWDOE/000479

as clainmed in claim5 wherein the location data is
transmtted to the processor upon request of the
processor. 8. Anethod as clained in claim5 wherein
the location data is transm fPed to the processor upon
request of the processor. 9. A nethod as claimed in
7cl ai vy Brefimed o datm@d v elaimdrwhiarean the locatienidataeid trapsmitted to
t he ocessor on re st. of a user of the nobile
¢ adi ' BRorereg UPs: TeRUR Gl B REOFEod [ n cl ai m 9
wherein the | ocation data is transmtted upon a change
in location of the nobile radio termnal. 11. A nethod
8as clraiFEtbd Bs alained én elfairel5aviEren tite Hanbe datais transmitted to
further neasurenents of a further plurality of radio
si gnéhe peacgsastrarporaeguetitafithegroaessen a buffer of the
nmobile radio termnal is full. 12. A nethod accordi ng
to any one of clains 1 to 10 further conprising
osel eqf |, igh & 34 %ﬁhe?f’m Eﬁﬁn%ﬁéﬁz%q R 1dc88Sh dABEis transmitted to
nmeasur enent an east one subsequent neasurenent
for thd peicesgragenerl wqogstict adusepet tiid obflp radidt tefifinal 3.
A nmethod according to any one of claims 1 to 10
further conprising storlng a plurallty of | ocation
ata., 14 met.-hod or di 13 furt
1l0p SicHP L BF Hatinng 15 e heretn fadlosatipt o s zpnsmitted
acCOuloRG: dfreSR 86!dtioh AL bfdHilcAddicrerfufiEl hod
accor di ng to ny one of clains 1 to 14 wherein the
| ocation data

11. A method as claimed in any one of claims 2 to 10 wherein further
measurements of a further plurality of radio signal parameters are

obtained, until a buffer of the mobile radio terminal is full.

12. A method according to any one of claims 1 to 10 further comprising
selecting a subset of the obtained at least one measurement and at least
one subsequent measurement for filtering according to a specific

application.

13. A method according to any one of claims 1 to 10 further comprising

storing a plurality of location data.

14. A method according to claim 13 further comprising selecting a subset of

the location data according to a specific application.
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is transmtted in a variable | ength data nmessage. 16.
A nethod as clainmed in claim15 wherein the | ength of

W b@odeto® nessage i s determ ned accordi ng to aPGPav2d0b/000479

application. 17. A nethod as clainmed in any one of
claims 1 to 16 further conprising periodically
renmovi ng one or nore of the at | east one neasurenent
and or the at |east one subse§fent measurenent. 18. A
nmethod as clainmed in claim17 wherein the step of
per i odi nwithgd rerodinggtotdry ameofodlaimmy Btof4 Wiheréih the dsdation data
one neasurenent and the one or nore of the at | east
one sibeaTERHted A VrasRla ength detemessagiedi ng to their
rel evance. 19. A nmethod as clained in any one of
claims 1 to 18 further selecting a subset of obt ai ned
tLecat lomedabdas aalmé@manaﬁﬁu@rm@&ﬁ%@ 184 t
rel evance of the subset. 20. A nethod %tfhal rre daamessagels
any odé‘feéiﬁllneféamrding)to]fssﬁesrrﬁdmplmﬁpm sing sel ecting
a subset of obtained |ocation data for transm ssion,
according to the size of the transm ssi on data
irjessa ' f clains,
to Bomehl BRkRastanr bk OBlap s T3¢ 1P Biufer SofpiRing
par an’Féﬁbdmaﬂ? hegevaie bﬁ@@ﬁ nﬁﬁ‘@ o IR 844P USie Eﬁéjelsﬁrement and or
si gna paramster and at | east one anbi guous radio
si gnathenirlaasstome spbseqarent hoghsaomoenti ng to cl ai m 21
wherei n the anbi guous radi o signal paraneter is
resol ved before being applied to the filter. 23.
ﬁgrgﬂﬂg&ﬁﬁ M Agih &1 £l A 47 vaeq* Ll ’ﬂlletslgeep 8t 5grigcf[ically
removing the one or more of the at least one measurement and the one or

more of the at least one subsequent measurement is done according to

their relevance.

19. A method as claimed in any one of claims 1 to 18 further selecting a subset
of obtained location data for transmission, according to the relevance of

the subset.

20. A method as claimed in any one of claims 1 to 18 further comprising
selecting a subset of obtained location data for transmission, according to

the size of the transmission data message.

21. A method as claimed in any one of claims 1 to 20 wherein the plurality of
radio signal parameters include at least one unambiguous radio signal

parameter and at least one ambiguous radio signal parameter.
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anbi guous radi o signal paraneter is deferred for as
| ong as possible prior to being applied to the filter.

wWQ206Apthod according to any one of clains 2 POI/AB2006/000479

further conprising sending assistance information to
the nobile radio termnal. 25. A nethod as clained in
claim24 wherein a | ocation estimation is cal cul ated
at the nobile radio term nal &3ing the assistance

i nformati on. 26. Anethod for calculating the |ocation

ab. a Pohiekleod acioRdiry 16 didiin b whet@dithe & b&MA B8 Signal
network the nethod conprising: receiving | ocation data

pr ocepeeametet irsolyetidbeftre hehapplidd snthediléerof cl ai ms
1to 25 relating to the | ocation of the nobile radio
term nal; and processing the data to cal cul ate the

cati [ ' rm.nal . 27. A nmethod,as
e moc oo SoPBRle . HRL 2% hEeRhe o6 oot T i e
conpr affgibu 1dse Bignal fASIMdtbiNGIdebdtred for ﬁﬂ%hg%g d3sible prior
claimed in claim?27 wherein the cost function I's given
by: Ctxbeingappkipdtorth¢ fijtes:Cu )where: Cr is the cost
associated with signal strength observations; C is
the cost associated with tim ng advance observati ons;

509 Ot RSP SRt M PP i

observat1 ons.
wher esendihg assibtadbelirEurmbBos 8 Gid AbBfle 38dibabhans.

25. A method as claimed in claim 24 wherein a location estimation is

calculated at the mobile radio terminal using the assistance information.

26. A method for calculating the location of a mobile radio terminal in a radio
communications network the method comprising: 7
receiving location data processes according to the method of any
one of claims 1 to 25 relating to the location of the mobile radio
terminal; and processing the data to calculate the location of the

mobile radio terminal.

27. A method as claimed in claim 26 wherein the step of processing comprises

minimising a cost function.
28. A method as claimed in claim 27 wherein the cost function is given by:

C(x)=C,(x)+C,(x)+C,(x)
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Cu(x) 30. A systemfor performng the steps of any one
of clains 1 to 29. 31. A nobile radio termnal for
W@erboowsing the steps of any one of clains 1 tPCRAEU2006/000479

52

where:

Cris the cost associated with signal strength observations;
C: is the cost associated with timing advance observations; and

Cy is the cost associated with unreported cell observations.

29. A method as claimed in claim 28 wherein C,, C: and C, are calculated

as follows:

Y. (1, - p,(k,,X))*
Cr (X): Z 20_2 ;

i=1

C (X) _ %(ti ~pt(kt,i'x)) ; and

2
o 20,

C.(x)= “2: log[—;— (1 +erf (f"_w%%’fz]ﬂ

30. A system for performing the steps of any one of claims 1 to 29.

31. A mobile radio terminal for performing the steps of any one of claims 1

to 25.
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