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ENHANCED TERRESTRI AL MOBI LE LOCATI ON TECHNI CAL FI ELD

This invention relates to nethods and apparatus for
waledoennodoms ng whet her a nobile is in a particul BET/AU2006/000478

geographical region. PRIOR TY DOCUVENTS The present

application clains priority from Australian

Provi si onal Patent Applicati on No. 2005901735 entitl ed

“"Mobi | e Location"” and fil e(} on 8 April 2005;

2005003 AN FPLRERRERT TN SROBLEEXITATION .
Location" and filed on 6 July 2005; and Australian
Provi si onal Patent Application No. 2005906105 entitled

TEPINICAE BEERD Conmuni cati ons Service" and filed on 4

Novenber 2Q05. The entire_content ach of these
Thigiprertien salateste edy and ApPpEAtHS 3@ @Velrr@%% ther a

g R SRR TOAE) Bre AP PLY B R to i The fof | owi g

description: - PCI/ AU2005/ 001358 entitled "Radio
Mobile Unit Location Systent - PCT/ AU2006/ 000347
PREORITY 20CEMENISd Mobil e Locati on Met hod and Systent;
and PCT/ ﬁU2006/ 000348 entitl ed "Enhanced Mobil e
The pegiens APPLCANLeAINH BLIPRFE O onal  Pat ent

B
Loca’clon 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 are 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”; and PCT/ AU2006/000348 entitled “Enhanced Mobile
Location”

-~ Co-pending International Patent Application entitled “Mobile
Location”, claiming priority from Australian Provisional Patent

Application No. 2005901735.

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

reference.
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Application No. 2005901735. The entire content of each
of these applications is hereby incorporated by

wO0 edoenessce. BACKGROUND Mobi | e tel ephone subscr i PET/8U2106/000478
typically charged a flag fall per call as well as a
usage fee based on the duration of the call. This
timed rate is typically higper than the correspondi ng
rate for users of fixed Iine networks. In sone
markets, fixed Iine callers are charged a fixed fee
per call, with no tinme based fee. As a consequence,

BAORAROEMYSCri bers, when at honme, frequently use their
fixed line service in preference to their nobile

Mobibe eelepliniriel sbopebat ars typiealbedkirggd weles fall penenbas evell
t he usage of their networks. One nethod is to

as @rits3ae Z%Pebaﬁséiqnetf@scgrr@tlpa of 5he ratly d hisptied rpfrisity pically

- ' ] in prefterence to fixed |ine
i 88 R AR e PARor BB FSETER sbBSeh Wil
midiRtd, fikbali@eTallorsife CRARBIAD Lo Mdepdr R8I WiiBithd #iRR based

charges. This is sonetines referred to as zone based
tea Wer gyt onpeqitecarpimbike sldsedbédsewhies at hange frequantlyabe their

. jle rate. while away fraom hone, .but a | ower rate

fl&'%ﬂﬁ}f&seg‘(mﬁ BnBrefErense fo gibmaPHePhaRenor k ef f ect i vel y,
the nobile network nust be able to distinguish between
when the nobile caller is at home and away from hone.

Mobbild Spéraesretaes Seckiin®@ia§6ito dhcrbiR thE&BEHE of THepNhdtarbrke
provi de a method and/ oOr system for determ ning
Onhenetierd & tpancoetsgemenbibé 11gers $0 contdnuetc usf thair mobiles
evBi rv&lrlle%uellt ron‘zlg,qg ‘preference to fixed line services. To achieve this,
mobile operators must lower their charges to be comparable with the fixed
line charges.
This is sometimes referred to as zone based charging. The mobile subscriber is
charged a normal mobile rate while away from home, but a lower rate whilst

at home.

In order for this to work effectively, the mobile network must be able to

distinguish between when the mobile caller is at home and away from home.

It is therefore an object of the present invention to provide a method and/or
system for determining whether a particular mobile is in or out of a particular

zone.

SUMMARY OF THE INVENTION
According to one aspect of the present invention, there is provided a method
for generating a profile representative of a region about a mobile radio

terminal in a radio communications network, the method comprising:
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SUMVARYOF THE | NVENTI ON According to one aspect of the
present invention, there is provided a nethod for

w@emwenaicihg a profile representative of a regi PCT/AD2096/000478

a nobile radio termnal in a radi o conmunications
networ k, the method conprising: obtaining at | east one
value of a plurality of radgo signal parameters from
the region about the nobile radio; and processing the
at | east ne. val ue of the | ur r adi nal
par anet er ?%ﬁ@?ﬁitémteﬁ’ o 8??IPL‘YTPE£Y @’g‘@ﬁt?% é@?of
t he hide gq'&tg [ n one
for rﬁa&tghe a@q{a}ggg%@o ngﬁgftggﬁﬁfﬁé drigjlalr%dy of radio
si gnal pgrranessargsthest dhisabne dahie dfhhe phlialiey ofetiddo signal
termnal. In another form the at |east one val ue of
t he Rerameters o generath Beprghile rqpapsEmER btesof the spgianmbgut
radllgx corcr{ru |cat|10ns network device in the region
abo pe bl tadio terigpal t erminal; In a further form
the at | east one value of the pI urality of radio
signal paraneters is obtained by intercepting a
In comforrng tite atriedst bne enluchef thielplumlitpof eadiesigmdipasadeters
the. radj o communi cati ons network. In one aspect, the
is glptainecsby ghemeilepadio tgramaly of radio signal
paraneters is a cell ID In one form the step of
processing the at | east one value of the plurality of

In ﬁﬁ@tﬁér%ﬂﬂa{he%ﬂ@e@%ﬁé Faide HEht AL qiltfbf td8o ahe

radio termnal. In a further as he stepo
paproetrss usmgiotahedd:ty 4 e comenuaication$ netveorid davdtd inythef

radi o si gnal ran&ters for generating the profile is
regigp it ghem 1o terminal;

In a further form, the at least one value of the plurality of radio signal
parameters is obtained by intercepting a communication between the mobile

radio terminal and the radio communications network.

In one aspect, the at least one of the plurality of radio signal parameters is a

cell ID.

In one form, the step of processing the at least one value of the plurality of

radio signal parameters is performed at the mobile radio terminal.

In a further aspect, the step of processing the at least one value of the plurality
of radio signal parameters for generating the profile is performed at a

network processor of the radio communications network.
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networ k processor of the radi o communications

networ k. |l n anot her aspect, the step of processing the
w@rookaests one val ue of the plurality of radi o BCJAER006/000478

paranmeters for generating the profile is perforned at

a processor external to the radi o conmunications

network. In another form the at |east one val ue of

the plurality of radio signal paraneters are

transmtted fromthe nobile radi olﬁterm' nal to

h .
In gBPTST RSPFSCBESEFP PHPTYSERRE el lesstquierdieot ﬁﬁr@éplurahfy
of Pidlbist il pRrARicle for oS INR Sheiihicdhea .,

prb@issor etetrial 8 the/raefio vamuasniedtiditendtverRl i ty of radio
signal paranmeters are obtained. In one aspect, the

step of processing conprises averaging the plurality

f | ues. 1.n another aspect, .th llural ity of radio
InginetfientFa, ol Redons altes o dlerluraltly daadiosigndl
pa%érﬁg%?g% tr &t oA e HobHEMdid Yo RPnG P he Ir{%:t@'ork

urther aspect, the radi o comuni cations network 1's a

pr&SNb Sy @d&dir%%gh*ﬂﬁmekhé gsfdency identifier is the
Absol ut e?ggdi o Frequency Chaﬁnel Nurmbers (ARFCN) and
the identifying code is a Base Station ldentity Code

BSLC) .. I n one aspect, the.at |eas ne.value.is ..
In GEPYFh Fergt (R Bt e oo engepted I meangBil Fesio
terhghhdati ng conprises cal cul ating an approxi mat e

'ocation of the nobile radio term nal and conparing

t heapproxi mate |l ocation with a | ocation associ at ed

with the region represented by the generated profile.
In another form, a plurality of values of the plurality of radio signal

parameters are obtained.

In one aspect, the step of processing comprises averaging the plurality of

values.

In another aspect, the plurality of radio parameters comprises one or more of

a channel frequency identifier and an identifying code.

In a further aspect, the radio communications network is a GSM system and
the channel frequency identifier is the Absolute Radio Frequency Channel
Numbers (ARFCN) and the identifying code is a Base Station Identity Code
(BSIC).

In one aspect, the at least one value is validated.

In one form of this aspect, the step of validating comprises calculating an

approximate location of the mobile radio terminal and comparing the
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In anot her aspect, the approximate |ocation of the
nobile radio termnal and the | ocation associated wth

W0 b@onegion are within a given di stance of eachCDALIZN06/000478
accepting the at |east one neasurenent, otherw se
rejecting the at | east one neasurenent. In one aspect,
the step of obtaining the at | east one val ue of the
plurality of parameters is controlled to control the

PP oeHenat Th edee N par e bR ioe SRR EEFsgRied
' lled b [ i od of
byﬂ&ﬁgég@ﬁ{téd ba%ﬁ[gnt rol l ed by controlling a period o

uring ich the at | east one val ue of the
plurality of radio signal paranmeters are obtained. In
a further aspect, the step of obtaining the at |east
In gpethes|agpeds therpypyinapterlgcasfonrfrthamelile taglie tavmioal anl
by an external .op. or. .In anot her aspect, at |east
iAo it SR Shefemianfy Vg BptLstdie of 85cfn
otRE h@dég‘t'iﬁﬁ_rtﬁg P13k 0hAE nRAAENG, SitdrRlse BRSNS Pfe S least
the plarality of radio signal paraneters i's an
ongmaedsugeroast.r adi o si gnal paraneter. In a further

aspect, at |east one of the at | east one values of the
plurality of radio signal paranmeters is obtained by

t. . | £ t t f .t;he at |
IngRE hRTed st REC i 0 oot g pe ek S
pakSmBfeRglistloRtroiedAboRdrdl theBAERESS tRERESInOT t he
present invention, there is provided a nethod for

determ ning whether a nobile radio termnal is within
a predefined_region, the nethod conprising: obtainin

In apofhez eppesiethgfer obpbiinngithe rt ipasifonevalge of ghfapluralgty
of @%%%Hﬁ%?g 3 c%ﬁ%l%drb%lgéoq{%rﬁﬁﬁgta ptel?‘leo D8 Ju%gﬁgOWMCh the at

least one value of the plurality of radio signal parameters are obtained.

In a further aspect, the step of obtaining the at least one value of the plurality

of parameters is controlled by an external operator.

In another aspect, at least one of the plurality of radio signal parameters is an
ambiguous radio signal parameter and at least one of the plurality of radio

signal parameters is an unambiguous radio signal parameter.

In a further aspect, at least one of the at least one values of the plurality of

radio signal parameters is obtained by measurement.

In one form, at least one of the at least one values of the plurality of radio

signal parameters is predicted.
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conparing a profile representing the predefined region
wWth the at | east one value of the plurality of radio
W@Ee@nabsepgar anmet ers; and det ermi ni ng whet her t heCTb23106/000478

radio termnal is within the predefined region on the
basis of the conparison. In one aspect, the at | east

one value of a plurality of_.radio signal paraneters is
obtai ned by the nobile radio termnal. |In another

aspect, the | east one value of the plurality égda

AG o TIRtes AR o Be PEossBE i vratiopy Thets Bupiovi

. . . . Cnel De. Leqi t he

TGk RloAUE B O 3HbBRe b RISV ARAE. |

pré@éfitedrerivial the ndthbleoplptisghgt y of radi o signal
paraneters is obtai ned by interce?ting a communi cation

bet ween tdhsaiming dtdeagidine vaduerphalplunalityt bkradaelsignal
conmmuni cati ons ne%vvork. In ori)e form at, | east one (i

; f
the pl ur A3TENCHRTS TR 8 T8FIPRALOYA thgamobile rpdioferginal) p,

I n anoth i J .

- oprosentomils & ol TpRleifiD Bid Pl deAfip B Ghiohtyich the
val uelefst bhe vhlueratlthé plofalitpef tadib givalal paraanetbR) SnklS
conducted by the nobile radio termnal.ln a further

form thelesempingig wheparithg mokilepradio teamingrie sethinrthe
the rgd@ifqicped.regi gﬂ 364 t.h g e at | east one val ue of
thef%F T PR PRATD P87 RAF 9T BREEEYs i s conduct ed
at a radi o comuni cations network elenent. In a
further form the step of conparing the profile

In bepraepert; heatlibest phedaiiaeih ?E@hﬂ@ ofirablid dignal pdraasdters is
one value of the plurality of radio signal paraneters

obfained ky e agokile radip trrasalk external to the radio
conmmuni cati ons network el enent.

In another aspect, the at least one value of the plurality of radio signal
parameters is obtained by a radio communications network device in the

region about the mobile radio terminal.

In yet another aspect, the at least one value of the plurality of radio signal
parameters is obtained by intercepting a communication between the mobile

radio terminal and the radio communications network.
In one form, at least one of the plurality of radio signal parameters is a cell ID.
In another form, the step of comparing the profile representing the given

region with the at least one value of the plurality of radio signal parameters is

conducted by the mobile radio terminal.
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In a further form there are a plurality of predefined
regi ons, each having a respective representative

wW@e@hbilb®18 In one form two or nore of the pl uretT/Ay206/000478

predefined regions overlap. In another form at |east
one of the at |east one value is obtained by
measurenent. In a further fprm at least one of the at
| east one value is predicted. In another aspect of the

t,i ti h i, i ded t hod
T R L E N T,
N N G

patradeers Brdontiictedhit 4 £akd comenvsicaitory nétwrkleddrhént, of
radi o signal paranmeters of a region about the nobile
radio termnal to a processor for conparing with a

rof il e.of the predefined.region, mherein the at |east
In B ML L Pac bR bt O tina e o Fereertiti
. ¢ | ! . i

P r%?éf\%%%%?o# ﬁ\;el{}?mbi Itééa%ggﬁgk’t)ﬂer m na%%l S | E’etB ﬂ%&%ﬁ& S%%al
paparadiels sadndegiahat s praegsior @stterhal torthe asgeciommb@idtions

| east one value of the plurality of radio signa
nepypEheleEenti s transnitted upon initiation by a user of

the nobile radio termnal. In another aspect, the at

| east one value of the plurality of radio signal

In RFGANBE B:9n | theld KRBy W aﬁé}%&@&f iGHs, b4 ARRLLS

radio termnal initiating a . I'n afot her aspect,
redpeetiae rémasentative pabfile. of the plurality of radio

! | e ya

si gna

In one form, two or more of the plurality of predefined regions overlap.

In another form, at least one of the at least one value is obtained by

measurement.
In a further form, at least one of the at least one value is predicted.

In another aspect of the present invention, there is provided a method for
determining whether a mobile radio terminal is within a
predefined region in a radio communications network, the method
comprising:
transmitting from the mobile radio terminal, at least one value
of a plurality of radio signal parameters of a region about the
mobile radio terminal to a processor for comparing with a
profile of the predefined region, wherein the at least one

measurement of the plurality of radio signal parameters is
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paranmeters is transmtted upon receiving a request
fromthe radi o conmuni cati ons network. In yet a

wo eobhetsilaspect, the at | east one val ue of thePCT/AU2006/000478
plurality of radio signal paraneters is transmtted
upon receiving a request froma processor external to
the radi o communi cati ons network. In one form at
| east one of the at | east one value is obtained by
nmeasurenent. In ot.her, form _at | east oge of tthﬁt ,

mobile

| east one YATTHEISKORY siet if defeaiafiag ot yvhsiben '
aspect °fra¥:1(§]§te‘ffrﬁﬁ§llni‘s éﬁ %ﬁ?{]édéﬁnea 'ilg@sn'ﬁ rg[ﬁigoﬁe a

met hod for determnin er a no e radto térm nal
is within a predefined region in a radio
conmuni cati ons network, the method conpri sing:

Incmepaspestly the atj leagttoneriealve biithegfluzalisy wf ahdioysighal praameters
. Si gnal. rameters in a region about the pobile radio
is B THAPS HPOR TS S $3o e GBR PaghilActagho fgrgninal

predefined region;determning, on the basis of the
conpari son, whether the nobile radio termnal is
Inwirioher dsipectp tiedef Teastbricegilanof trclifFAity Hftrhdiiagsighe
determ nation to a processor. In one form the
PaspBeieys éy tragsmitiedbupen dhe npertdidhe aihileqediniterodnalons
; r)cettwor K. I{n another form the processor is a processor
AR A o the radio conmunications network. In one
aspect, the determnation is transnmtted to the
processor upon initiation by a user of the nobile
Inreadditioert asputinthe at least one value of the plurality of radio signal

parameters is transmitted upon receiving a request from the radio

communications network.

In yet a further aspect, the at least one value of the plurality of radio signal
parameters is transmitted upon receiving a request from a processor external

to the radio communications network.
In one form, at least one of the at least one value is obtained by measurement.
In another form, at least one of the at least one value is predicted.

According to another aspect of the present invention, there is provided a
method for determining whether a mobile radio terminal is within a
predefined region in a radio communications network, the method
comprising:

comparing at least one value of a plurality of radio signal parameters
in a region about the mobile radio terminal with a profile representative of the

predefined region;
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I n anot her aspect, the determnation is transmtted to
t he processor upon the user of the nobile radio

WO eooriessls initiating a call. In a further aspeRCT/AUL®6/000478
determ nation is transmtted to the processor upon
receiving a request fromthe radi o conmuni cati ons
network. In another form tde determnation is
transmtted to the processor upon receiving a request

ext er nal e .radi.o communi cati.o n

fro to, t twork, In_.
ofkEhaie o et Beit Phrk S BRATor, MRhs Pednpbile st
: : g}ﬁ{lz]gf s L. etermnation. In a
ter%ﬁ%ﬁgﬁﬁ;&gﬁn&%#ﬁ%&at e%eglo%nrbgldsal ue of at | east one
of thespilitiirg the \eedrniiadiion $b g?ﬂbce%a@lanet ers is a
0

measurenent.ln yet a further rm the at |east one
value of at |east one of the plurality of radio signal

aranmeters is a predicted valug. According to another

In 6135, Bt he precSp s APTORGAT Foflie 1AM PMENHiGARY o
net¥Bifpod for determ ning whether a nobile radio term nal

Is wthin a predefined region in a radio

comuni cations network, the method conpri sing:

obtaining a profile representative of the predefined
In aefihen foramtthe pragpsser is eagocesser eulenralde the tadieal ity of
COradi Q Sti' nalegf;)vargrreters froma regi on about the nobile

TPHH Y AT N End conparing the at |east one val ue

of the plurality of radio signal paraneters with the

profile to determ ne whether the nobile radio term nal
In oe aspdui,rthe ketqrreddetiom édtrapghitted torthepeodasson upbr st ep

. .of _conparin onprises . .
inttiation %%’, a use% o? tlrlrepmo ile radio terminal.

In another aspect, the determination is transmitted to the processor upon the

user of the mobile radio terminal initiating a call.

In a further aspect, the determination is transmitted to the processor upon

receiving a request from the radio communications network.

In another form, the determination is transmitted to the processor upon

receiving a request from external to the radio communications network.

In another form, the determination is transmitted to the processor upon a

change of the determination.

In a further form, the at least one value of at least one of the plurality of radio

signal parameters is a measurement.
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calculating a cost C associated with the at | east one
value and the profile and conparing the cost Cwth a

wo hooegbrsligl. |n a further form the cost Cis cRCTAUA06600478
as follows: C=Cn Cl1lln + C1 1 . where Cln = Cost
associated with cells that are observed and are
mat ched in the profile C1 =Cost associated with
cells that are observed but are not natched in the

n§HEA ety he pelRgion atfﬁww& S5 ari g Be R of
rm

Egyngtl%ps ul ated as foll ows:

ra&t%‘%h 1%1 o@?p&a ‘f':— N,,,+N M Wiere rpi -~
The expect ed val ue of the signal strength (dBm) of the
i"" cell, as entered into the profile, r i-The

Acgprdingda amrﬂw asnectsquhepr@enéﬁgtenﬁpaatherefs piewidecha
resents the

mfpthfob AR RmEct Pefst A R e R ine AT RE S ¢« nat
prg%éltlﬁftesd Wdibn € a P24ioRBnARRRIMEENS RetbEr R HRS iethdd the

comprising:
obtaining a profile representative of the predefined region;
obtaining at least one tralue of a plurality of radio signal
parameters from a region about the mobile radio terminal; and
comparing the at least one value of the plurality of radio signal
parameters with the profile to determine whether the mobile

radio terminal is within the predefined region.

In one form, the step of comparing comprises :
calculating a cost C associated with the at least one value and

the profile and comparing the cost C with a threshold.

In a further form, the cost C is calculated as follows:

c=C,+C,,+C,.

m um

where

C = Cost associated with cells that are observed and are matched in

m

the profile

C,., = Cost associated with cells that are observed but are not matched
in the profile

C,, = Cost associated with cells that are in the profile but are not
reported.
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expected signal strength is above tum, tur =a fixed
threshold (in dBm s = scaling paraneter, and erf =the

w@@adessa8 error functi on and where N n =NunberP@f/AU2006/000478
observations that are matched in the profile, wn
=Nunber of observations that are not matched in the
profile, Nur =Nunber of celths that are in the profile
but are not reported. A nethod as clained in claimb55
wherein:1f C< c2 (x,N7/ - 2) then in Zone otherw se,
not in Zone. here c2 is the standard statisti cal
function, NT Nm+Num +Nur Xx -a. percentage between 0

In afdrtheo form.camcliof it Ewaand Gihisrcabsbated asffollbespr esent
invention, there is provided a nethod of controlling
the performance of a systg,ng,f ar,. }jeterrri ni ng whet her or
not a nobile radio teq;;imﬁ*ﬁ'—s—zfem—{ hin a predefined
region in a radi o comuniGati%hs system the method
conprising: associating a threshold with a ratio of a
probability of an Qut-Gven-In error and a probability
of an I n-G ven-Qut error,;,m,,@pg adj 515ti ng the threshol d
to achi eve a desi recheff “i | n one form the

threshol d may be adj ust edifr omd@bout 0% to about 100%

Nm"'Num"'Nur 1 l'- —F
C,=- log| —| 1+erf| —=2~
i=N,,,+ZN,,,,,+1 2 ( ( \/50' )J

Where

r, = The expected value of the signal strength (dBm) of the i” cell, as entered
into the profile,

r, =The observed value the signal strength (dBm) of the i cell,

L., =a fixed value (in dBm) that represents the value of signal strength such

un

that it is unlikely that a cell will be not be observed in the profile if the cell’s
expected signal strength is above ¢,

um 7

t,, = a fixed threshold (in dBm)

o =scaling parameter, and

erf =the standard error function
and where

N,, =Number of observations that are matched in the profile,

m

N, =Number of observations that are not matched in the profile,

un

N,, =Number of cells that are in the profile but are not reported.

A method as claimed in claim 55 wherein:
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According to another aspect of the present
in a systemfor determ ni ng whet her

there is provided,
W@Rr00n005688 mobi | e radi o term nal

i nventi on,

is within a predEAUZ®E000478

region in a radi o comuni cati ons system the
predefined region having a transition regi on between
an in-region and an out-reghon, a nethod for
controlling the size of the transition region, the
nmet hod conprising:  associati a threshold with a
ratio of a probggﬁifﬂéfﬁfzaﬁz n“@%@@h-ln error and a
probability of aghévidd M&in@dhe.€rror; and adj usting
the threshold to control the size of the transition
region. In one form the threshold nay be adj usted
‘Vq?%nypbout 0% t o _about 100% According to a further
aspertt isghe standsr @ statisticalfanetion, there is provided, in
a system for determ ning whether or not a nobile radio
termynalasi ithyn a predefined region in a radio
congx%igéifgﬁéizgéten1 a method for controlling the
size of the predefined region, the nethod conpri sing:
assoct atieregeriagabezresnd® add H0th ratio of a probability
of an Qut- G ven-In error and a probability of an
In-Gven-Qut error; and adjusting the threshold to
A e TErT et Rt Do P RAg BF e (e Sl O0fieds
methodtof £06eolling dheqidrfrrniatcmof blsgsiehr forafetédimining ndether
decreases as the probabi|ity of in-givenout errors
or mﬁéﬁ@a%@ie. ragie raningl isgvishinya presiefined aegiopfingwadio
r Nt LNV ion. there is provided a nmethod of
co%g?&&gg‘abgs ffe}gst’éc%:rglhthﬁ I{‘ﬁjf’hr? co|r§

ning - a B3 €omuni cat i ons
net weydeidiig & ehreshold with a ratio of a probability of an Out-Given-In

error and a probability of an In-Given-Out error; and

adjusting the threshold to achieve a desired performance.
In one form, the threshold may be adjusted from about 0% to about 100%.

According to another aspect of the present invention, there is provided, in a
system for determining whether or not a mobile radio terminal is within a
predefined region in a radio communications system, the predefined region
having a transition region between an in-region and an out-region, a method
for controlling the size of the transition region, the method comprising;
associating a threshold with a ratio of a probability of an Out-
Given-In error and a probability of an In-Given-Out error; and
adjusting the threshold to control the size of the transition

region.

In one form, the threshold may be adjusted from about 0% to about 100%.
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at |least one cell, the nethod conprising defining the
regi on i ndependently of a location and/ or orientation
wo@toobheseeel | and/ or a sector of the cell. |n POEADZIOA00478
the met hod conprises generating a profile
representative of the region about a nobile radio
termnal within the cell. one aspect, the step of
generating the profile is perforned using the method
of the first aspect of the present invention. A nethod
of translating a zone expressed as one or nore
A&S&%%RB laGru P @k Qgﬂﬂ B tﬂé;érlgs@ntziﬂ%nﬁéﬁrtﬁél%qg Iﬁﬂéﬁ&ﬁd?fhea
or noie radi o signal par ter values and/ or ranges
sy stesofuir atetel nuinidp whedidr agiriog aimobiheradio iterinhinabis witkin a
zone, in a radio comunications network, the nethod

predefpracsiagipe By ¢ BadipicAgURRBICAHANDFY Sienea HRVHPAST ¢

coof,di nat es w one re.cel] sites.of the.radio
ol Bkt Redififinahimint she Flioe femim Siidte
radi o si goalciff, ShotalWek 23966 @' $roBasEity Bf bA®ut-
correlated one or nore cell sites. In“one form the
one or m@ieegdngraphind copabdbiiity ed aala-GiveatOttieleos pd
or a longitude. In another form _.the one or nore
geogr aphrejussagdha faeshalddojcongral thegire gfthepredefinedne
red8RECt, the step of correlating the one or nore
eogr aphic coordinates with the one or nore cell site
is by way of a | ookup table. According to a further
aspect of the present invention, there is provided a
In wet hounofhedbféshohymayrbegidjasted feomadhout 6 %nmationat DoY%s
net work, wherein the region nmay be defined in the
vertical dinension.

In another form, the size of the region decreases as the probability of in-given-

out errors increases.

According to a further aspect of the present invention, there is provided a
method of defining a region within a radio communications network having
at least one cell, the method comprising defining the region independently of

a location and/ or orientation of the cell and/ or a sector of the cell.

In one form, the method comprises generating a profile representative of the

region about a mobile radio terminal within the cell.

In one aspect, the step of generating the profile is performed using the

method of the first aspect of the present invention.

A method of translating a zone expressed as one or more geographic
coordinates into a zone expressed using one or more radio signal parameter
values and/ or ranges associated with a cell site in the vicinity of the zone, in a

radio communications network, the method comprising:
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In one aspect, the extent of the region in the
vertical dinension may be controlled. In a further

w@sgpeaoscidvherein the region is defined by a predT/AB2006/000478

one form the profile is generated according to the
met hod of the first aspect of the present invention.
According to a further aspggt of the present

i nvention, there is provided, in a radio

conmmuni ¢ t

Croma mabHRIREN diihok E& ot Blicl L BPATAR it opg or
a conmunifatd @Dl%ﬂe@@ﬂtlﬁ@rddi@ coRhPnic TR &AFIrRNEnd
network, the nethod conprising:controlling the rate at

whi ch t heprﬁdiﬂtmg qr@mronommdm@lslgmhpsmm@eﬁm]aes and per
radi o comuni cations n In one form the nobile
radi o terAB& M} ﬁQYﬁef%e 208 OF SMAECRY SHESr adi 0 si gnal
par anet ers about the nobile radio termnal. In another
form the nobile radio termnal transmts the data

In vpefoAmpEes ore ot MeréBbbdraphRAicerdi@ardstab allatitudl Al or a
the transm ssion of the | ocatl on data. In a further

lomgitwgle.t he nobile radio ternminal transnits the data
upon a user of the nobile radio terminal initiating a
call to the radio communi cations network. In yet a

Infaﬂﬁ{ﬁb?rfof‘lﬂrfﬁe %}‘ﬂae S5hBrd E@o ghlceco[) 'r191t earrg]lg]%gtreet

transmts ft ta upon®a uest
addesgsuni cat i ons netmork I n anot her forn1 the nobile
radio termnal transmts the data upon a request from
a processor external to the radi o cormuni cati ons
|l e radi o

In PG A8t I 2R oA b ang 87 mre R0pFapiic Cociinates

with the one or more cell site is by way of a lookup table.

According to a further aspect of the present invention, there is provided a
method of defining a region in a radio communications network, wherein the

region may be defined in the vertical dimension.

In one aspect, the extent of the region in the vertical dimension may be

controlled.
In a further aspect, wherein the region is defined by a profile.

In one form, the profile is generated according to the method of the first

aspect of the present invention.

According to a further aspect of the present invention, there is provided, in a
radio communications network for receiving transmissions from a mobile
radio terminal, a method of controlling a communications load on the radio

communications network, the method comprising;
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of the data. In a further form the nobile radio
termnal transmts the data upon the nobile radio

W@ egoailesshs novi ng out of or in to a predefined PEOATZN06/000478
wi thin the radi o conmuni cati ons network. According to
a further aspect of the present invention, there is
provided a nethod for opergting a service wherein the
| ocation of one or nore subscriber termnals relative
to anot her ' i.ber | i tored nd .
actions ?: gﬁéﬁﬁl%%%ée %ﬁgﬁﬁ% t?\ § mrr%%}e[ﬁg 1(?: ?Efr 1F1ialg’c’ransnuts
wher ei n tdaga B Seeslid Borhthded Htsth@wpiexi m ty of one
or nore target termnal to another terminal is carried
out on the one or nore target termnal. According to

In @netfoan, gepeobiletadibaepniesetnsmnvetlatorelatife t@rddio signal
provided a system capable of perfornming the nmethod o

Paéwe@ﬁi%abiﬂu?fé’ﬁén@bﬂ@r@l@bﬁv@lﬂakpects of the present
i nvention. A machi ne readabl e nedi um cont ai ni ng
instructions to cause a nmachine to performthe nethod

In @hoBH¥Y 8RR, ﬁ? Iﬂg’bﬁ? eddib I%ﬁréﬁ%%gﬁiaﬁ%@g tatﬁ% g%%at L:gé%rl? L eRENDS

i nventi on. one formt umi s

thanfsiileandieterhdaalt initiatiodie erdrShidsioBBF Bie TI0tHGhHh Bat-ON
OF THE DRAW NGS Various aspects of the present
i nvention will now be described in detail with

P S 5 QR R e e o
théVH dblled-adf Rerhinsiehiththe SEAHFHR réd?@?ﬁnfﬁrﬁ@ﬁi&ls

comruni cati ons network i“n which two overl appi ng
network.

In yet a further form, wherein the mobile radio terminal transmits the data

upon a request from the radio communications network.

In another form, the mobile radio terminal transmits the data upon a request

from a processor external to the radio communications network.

In another form, the mobile radio terminal transmits the data upon a change

of the data.

In a further form, the mobile radio terminal transmits the data upon the
mobile radio terminal moving out of or in to a predefined region within the

radio communications network.

According to a further aspect of the present invention, there is provided a
method for operating a service wherein the location of one or more subscriber
terminals relative to another location or subscriber is monitored, and actions

taken when the proximity meets a criteria, wherein the processing to monitor
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zones are defined; Figure 3 - shows a radio

comruni cations network in which two overl appi ng zones
wapweoowisepar at e zone are defined; Figure 4 -PGHAWS008/000478

radi o communi cati ons network in which three

over | appi ng zones are defined; Figure 5 - shows a

radi o communi cati ons network in which three separate

zones are defined;Figure 6 - shows an exenplary

r m rese nvent in
th8 R IRE o ] et OO R G MSE Bk oue
onéhd d@{eQﬁeﬁmapg'etttgﬁnﬁgpl le radio termnal; Figure 7 -
is a process flow chart of the nethod used in
generatlng a profile using neasurenents; Figure 8 - is
ocess flow chart of the nmethod used in_generatijng
Ao i5gitp anghsi@sRer & iBe RrersaEmventign there is prayidecha

f 0 of the
S R QAR O i S s
Emp@gs@fﬂﬁg@@ggﬁgﬁygnm@ﬁmnrk server; Figure 10 - shows
an exenplary arrangenment of anot her formof the

present i nvention in which signal paraneter

uremnme are_processed by a processor external to
A e aﬁﬁe EPEdHUEN sntaiBEAnK s tpicaushaRachie to

peiﬁ?nf@lter}ﬂ lé%le(q? d’irgrr %?C#W&r Abkd g ﬁ\epe{b%fv' fgp(l—flcsc’s 0P the p}%@g%%ts

measur enmen s an ctions;
infdr@tgrchart of the method used in generating a profile

In one form the machine readable medium is a Subscriber Identity Module

(SIM).

BRIEF DESCRIPTION OF THE DRAWINGS
Various aspects of the present invention will now be described in detail with

reference to the accompanying drawings in which:

Figure 1 - shows a radio communications network in which a zone is defined;
Figure 2 - shows a radio communications network in which two overlapping
zones are defined;

Figure 3 - shows a radio communications network in which two overlapping
zones and one separate zone are defined;

Figure 4 - shows a radio communications network in which three overlapping
zones are defined;

Figure 5 - shows a radio communications network in which three separate

zones are defined;



10

15

20

25

using predictions and refining the profile using

nmeasurenents; Figure 13 - illustrates an exanpl e of
w0 bwegesses at i on of a profile for the case whereCTDaUR006/000478
identity (cell 1Dy plus other radio signal |evel

measurenents are used in a UMIS network; Figure 14 -
illustrates an exanple in gyGSM network in which the
system uses sone neasurenments taken within the zone in

. r Qf i neration process: Figuge 15.- shows .an
R e T e et

| ocat {areneidariaeyigich £8dio ol Par&@leter dRES Uk ¥mefttsGHE Saldd

- is a plot showing the resul'ts of tests on a GSM

net woakd iproeessed by tlenmiobdenedio wepmmappl i cati on of one
.aspect of the present invention; Figure 17 - shows a
Fl%rssf s HPEIresito WAk otithe mpthad sisediim geperating a profile
rel at .ol i ut - G ven-In error and
In-G{\}glglg]QJ?n%s@éé?ﬁ&ﬁ%ure 18 - is a plot show ng the

Fig188d 1 & PprdcesAflSwichadt SE3NE DEdtWBH Kiska iR §laﬁéﬁ‘a@i% | bbfile
urban area and showi ng the effects of varying the
r el at ixsimgta petberiveerdelut - G ven-In error and
j is an illustration of

Fige 41 SHOWE n FGRBHEY AREMESHHF of PG £9 S0 chithpEEsent
ot nEehin HER FRio! Sl ket R RA R e (1o
resul prd@ssxt 8 nefwolkesezosg of Figure 16 when
attenpting to increase the in-zone reliability; and

Figtrgdile- stiows ath evemplaey nexuigeiregt ok anpthen fornh ef Honpresént
Figur ISI’IV]éZIﬁVO\@Iqu which signal parameter measurements are processed by

a processor external to the network;

Figure 11 - is a process flow chart of the method used in generating a profile

using both measurements and predictions;

Figure 12 - is a process flow chart of the method used in generating a profile

using predictions and refining the profile using measurements;

Figure 13 - illustrates an example of the generation of a profile for the case

where cell identity (cell ID) plus other radio signal level
measurements are used in a UMTS network;

Figure 14 - illustrates an example in a GSM network in which the system uses
some measurements taken within the zone in the profile generation
process;

Figure 15 - shows an example of a zone defined in a GSM network in an

urban location characterized by high cell density;

Figure 16 - is a plot showing the results of tests on a GSM network in a rural

environment upon application of one aspect of the present

invention;
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increasing the in-zone reliability using an aspect of

the present invention; Figure 23 - illustrates sone of
w0 b@opasss bl e zone shapes and | ocati ons w t hi nPEI/aBd05/000478
and Figure 24 - illustrates zones defined in the

vertical dinmension in a building. DETAI LED DESCRI PTI ON
The present invention w |l 18ow be described in detail
with reference to one or nore enbodi nents of the

Fid ¥ 97U QRyw X BIR 731 95t Culr¥st g the
lgf}\it;fcon'panyi ng gr aw ngsg. e%%i% eskg%dﬁ(gk’nggdﬁhr@}ent S
ar e prebatidashipybatayen Outpivandhieproratdy IaGivean-©utadrr ¢
be taken as limting to the scope of the invention.

Figrpe flRerifdrrlot skawingstherpsults ofdrialp isra @eltnethearkds adamt
of one,enbodi pent nA used wi th.ope or nore,other
erbod JERES CRaREvt dt S i B RRE B, 1
w1 berdndel B&qvéeﬁ%uf-@ﬁ/ég%ﬁ?&qbr LAY ARLERRAYLE error;
cover these variations and enbodi nents as well as

Figtare 18t ioas iHnstratioh bf tratdistiscttregionsalihitcapebaliddatifibd adith

by the person skilled in the art. Throughout this
speci fa ¢2Re datectipRSYSeMy "nobi l e radio termnal" is

. US syRonynous| .t h, 1 er s s._"npbil e phone" |,
Bl P R S5 el b AT 17 S R er st ood ¢ o
FigRite OMatvad thelvebEltialk XBditlof thadbRe bEFIBLRI6 fiHh as a

cell phone, Personal "Digital Assistant (PDA), lap top
or ot htemmbig & inorgase die inezorpagdiabilfEygurde 1
Jilluyustrates radi 0 communi cati ons nfet_vvork 10,. in
Fighe k=8 spulliggexientiod the opeat Fighge ¢ ¥
accor dj . . ' .0 t er
et nan EftaktheOn® hOpih Sridiif) DARB O B L Riseen:
not. HAOBhEbAL
Figure 23 - illustrates some of the possible zone shapes and locations within a
cell; and

Figure 24 - illustrates zones defined in the vertical dimension in a building.

DETAILED DESCRIPTION

The present invention will now be described in detail with reference to one or
more embodiments of the invention, examples of which are illustrated in the
accompanying drawings. The examples and embodiments are provided by
way of explanation only and are not to be taken as limiting to the scope of the
invention. Furthermore, features illustrated or described as part of one
embodiment may be used with one or more other embodiments to provide a
further new combination. It will be understood that the present invention will
cover these variations and embodiments as well as variations and

modifications that would be understood by the person skilled in the art.
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determ nati on, nunerous uses and applications may be
used as wll be described in nore detail below In
wa@edstomm t o a single zone, nmultiple zones canP@BAU2006/000478
defi ned and supported simultaneously, including for
exanpl e, hone, work and other zones. In addition a
zone coul d be defined and ogerated as an excl usion
rat her than inclusion zone. It is also contenpl ated

: 1 & 0 A . al
T pL LR SOUAE R R L1 BRD B BT heo
syhogyeoudly Wi terins sabiews “hafdile pHOReUNIEdl pReSeNEL Wor k
10 in which is defined a school zone 11 that provides
hendseli”f fdl avitlibgl undarstopdrtoeneosipass atpkirsthiomobie nadio
for students, and th st udent .coul d hav not her
teiRine U P cr PRob P ROR Al IR ASOHant P Ry IaB dop e
A& M one. In a further enbodi nent, as
Oshomﬁ%PE%E| uféggggkﬁépstudent's honme zone 12 m ght
only partially overlap the school zone 11. In this
.case, the hone zone nmay not be restricted to the
Figiara hillustwssesot radie chowaunisationsypetmarkdd, irowhich aregionbr
t he_ bl gck o ich,the ho is situated, .In this case,
o 15 Fofpe 1 St peghciag Jooue Kivghes thelruenton o
det@nifles RABRh&NE mbbIESLsdri zto%i !
defi negl and assocnifl atig% ‘\%l’st%ﬁ%tk ﬁfe% @?ﬁ%@r}ﬁ% eiogﬁ{o?mq%oﬁgthat
detemematiphenuinerdleudes ndafpichtiban thawhsy ésddhes willgent
may spend tinme after school. The service provider may
deé%b@»@?wmr?éewaﬂaelpm this further zone 13. In Figure
4, all three zones 11, 12 and 13 overlap partially.
The way in which this overlap is treated by the
InSEIAV € tPA Bl o, FhiltYI€ $6/ks AnBE BRSNS ardEYbSSrted
contract offers. For exanple, the service provider may
sirpfiftenedusdy, ihbleidipg Foroadineple dhembomoek aad lotlosr trkern

transaction w {hi he_overlap region is that
addition a zone com& Qe Heftmed and ope?ated %s an exclusion rather than

inclusion zone. It is also contemplated that there could be zones within zones
or partial overlap of zones. For example, as illustrated in Figure 2, there is
shown radio communications network 10 in which is defined a school zone 11
that provides one differential rate for users in that school zone for students,
and that student could have another differential rate within the home zone 12

that could be within the school zone.

In a further embodiment, as shown in Figure 3, the student’s home zone 12
might only partially overlap the school zone 11. In this case, the home zone
may not be restricted to the actual area of the home, but may extend to the
area of the block on which the home is situated. In this case, the service
provider may charge a higher rate for a larger home zone. Figure 3 also shows

a third zone 13 defined and associated with the student, which may for



10

15

20

25

of the | owest rate of any overl appi ng zone. For
exanpl e, the school zone 11 rate m ght be the | owest,

W b@ohawses zone 12 rate m ght be hi gher and t hePCT/AUZ106/000478
zone" 13 rate mght be the highest. In the region 14
bei ng the overlap of school zone 11 and hone zone 12
the applicable rate m ght bg that of the school zone
11. In the region 15 being the overlap of the hone

o508 2 A { L RO s R el i

ome zone e region

scHdol. Dié sgvidegrovRidr aﬁa}ﬂﬁp?l}ﬂ a tHif®eaté dohethis fdither zone 13.
applicable rate m ght ‘be that of the school zone 11,

being the | owest rate of all three. Figure 5 shows a
In Fignisg e BB AGRST Alrii S b 6V BRdialyeThe Reaveiny which
L RS ALS S S S

sesficed@itiazt pHesNFer axamphy dicdeedica pdotitRr shaidefiér thav s
part tinme in two hones. In this case, the sane rate

appBeahle nete fone calk ar pthittragsprijon withinshe everlaptegion is that
it wll b d t ood that t
of BsFiest faif of Py v EMaRBRECATIAE! PP o tsoickpp) zone 11
ra€highe bIRAE 10 WORHRIIRARS ShA01S Rak rh%lﬁgﬁg‘fﬁ%}{%s%nﬂsthe
bei g carried out In a nobile, It w e under st ood

“tidrat zome 1 eeessghipbe thd liighestchf theadgint 14 beiag ¥he overlap
conbi nati on of the handset, the Subscri ber ‘

of sehanl zpne Al ped howaeizeng &, ¥he ppplicabie ratsanight be thatref the

handset dditio r ocessor . or rt card
scttf PRk BEERE R R Bhe TR SR of €7 oS Siiins 12 an the
frith@boRaIed) RE ahpﬁcsﬂﬂ@ 9@@%@%@%@&%@%@% Péhe 12, while in
i npl ementati on” of vari ous aspects of the present
the reggon Lo rbetag thed overkep df al thirkezedes, tie paplidabld yate might be

di'stri buted, between the handset, aone or nore network
that|of %ﬁ‘ﬁm?@ﬁnﬁ114%@%&%’1%1%%@416@5@116 et wor k and/

or one or

Figure 5 shows a further embodiment in which all zones are non-overlapping.
In this case for example, there is provided a school zone 11 and two home
zones 12a and 12b. Such a situation may arise for example where the student’s
parents are separated and the student lives part time in two homes. In this
case, the same rate for home zone 12a might apply to home zone 12b. Of
course it will be understood that any other combination of rate applications is

also possible.

Furthermore, when processing that is described as being carried out in a
mobile, it will be understood that the processing could be carried out in any
combination of the handset, the Subscriber Identification Module (SIM) that is
inserted in the handset, an additional processor or smart card inserted into the

handset. It will also be understood that much of the processing that occurs in
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nore el ements outside the radi o comuni cations
network. It will also be understood that the invention
woreapeheseappl i ed to any application in which a PCT/AU2006/000478
particular region within the radi o conmuni cati ons
network is required to be defined. This region can
include, but is not limtedito, a zone as will be
understood by the person skilled in the art. Wile
V. ] :
e Py 2 R TS e R B0 also be
distéibdd, obpattidBr skadshte Aetihenithy BRASMR, GRUbEmdee
applied to a broader region, or a nore
netyaerioslements withih thegiadio coramunicatiensardtwdirkentdd or one or
def i ned her%La. Nbgt.existingglocation systens are
MQre gleraents Gt tht tdia coppaptisationsnetatkon needs to
know t he | ocation of the nobile, a transaction is
initiated with the |location systemto obtain the
It wilf sleobegaapiapbil ¢hat the ¢avéreioroialye dppliedao aflyi s
means that each time the subscriber initiates a call
appheatiaciay whirhor patiisulsegiomyithinthamediueemmumications
det ermi ne whet her .t he hone .(or wi.t hi one r.
nefyorid B rPauito b defted s BptoRadifdtidduf T bt Binited
to, &l AdrRr RRLA1ADA ﬁﬂdﬁﬁtcﬁicg&( b ﬁ@rs@ﬂ@}dlﬁq th@h& &+ $Vhile various
termnating at the nobile then a location transaction

aspestsadisd endudimedtsfafrthe pedseint aorantignoaill be dyqeiribat with
| ocation transaction costs are conparable to a short

refisHice 40 @gone, maHdrgmdarstooddhabthie iavepiomeen ddreanlied
e subscriber a_low, fixe unt for galls fromthe

to 4 et 6 Re bt 2 S meri WO ENE) sl il BeMbsor e
embodifentd fefidig haemt i on system provider for the

transaction that determ ned whether the caller was at

honme or not. This transaction orientated approachadds

a locatiqn transaction cost to every call_which either
Mash exisgBE)| Igc%ms&rts@rms are transaction orientated. When an
application needs to know the location of the mobile, a transaction is initiated
with the location system to obtain the current geographical location of the
mobile. This means that each time the subscriber initiates a call, the location of
the mobile must be measured to determine whether the at home (or within a
zone) or mobile rate should be applied. If zone based differentiation is also to
be applied to calls terminating at the mobile then a location transaction is also

required for each incoming call.

Typical location transaction costs are comparable to a short mobile call.
Therefore if the mobile operator charges the subscriber a low, fixed amount
for calls from the home zone, most or all of this revenue may be absorbed in
fees to the location system provider for the transaction that determined

whether the caller was at home or not. This transaction orientated approach
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or the nobile subscriber nust pay. Using |location
systens to support zone based nobile charging nmay al so
wheoopnaishemat i ¢ because of capacity constrai nt BCDAU2G06/000478
| ocati on system Although |ocation systens offering
capacities of a few transactions per second are
sufficient for certain markgets, nore transactions per
second will be required for |arger markets. If t he

ad!:l%g %da%nﬁ%‘#s%mlbﬁ lcgg e@g%y%arlfe% éiﬁ?eqcﬁlg e bile ﬁ%? %&)x

|on

ort}[g:l&@@g@@uﬂg@f@wrﬁaﬁlpa in pr oportl on to the t ot al
call initiation rate’in the network. |In npbst cases

this represents an increase of several orders of

ityde. G that th st of thj ddi t I
UsiiReoh sztﬁ%gqa.Spgepw%éﬁ%aa%im%ﬂ@h%ﬁénghﬁ%? rlsdie,
proBienikif Held Ry c%é&&@ﬂ:&%ﬁ%ﬂt?% he cgaoﬁggi%a‘ﬁ% Alhough

ocatl on systemc ar ge

lochﬁan@bﬂeh% (ﬂ:&ﬁ‘ﬁr&kg @apacits@tga ﬂéwtthalll@cﬁ@n§ gey@&bhamaé
nobil e |l ocation systens for use in differential

suffietargifoicertain anaketsy ivareftranwactions parercondivglb beaequired
th the.location calculation. Typically, l|ocation
fordgrgespatkels-t ake several seconds or nore to conmpute a
| ocation fix for a nobile. This delay typically
i ncreases with increasing volumes of |ocation

If the do@sion. sykterh fealgd Ii‘é(ﬁ.ﬂi"ed Rcatp it 2bné basedindbiak ginlstHeo
be used to alter the ndling of either nobile
W%klogidrfm e cation |SV%teIIbWFH hameaﬁ@ﬂl Ckama’s@allmlarvaorﬂon

S0 hth atl er m atlo beco
to IR0 et Qpants e e et e Y s EREn Ban
incH8lsR¥febvaay Sf&érs %? 8. €8ldn 30t Wi Eadk %Y {9 addltlonal
| ocati on net hods can be adapted to the probl em of
wattkloadns moh directly chargeable to the subscriber, the significant
expenditure required to add the location system capacity has to be largely

borne by the mobile operator.

Issues with using conventional mobile location systems for use in differential
charging may also arise from the latency associated with the location
calculation. Typically, location systems may take several seconds or more to
compute a location fix for a mobile. This delay typically increases with

increasing volumes of location requests.

If the current location of the mobile is to be used to alter the handling of either
mobile originated or mobile terminated calls, the latency associated with the
location determination becomes a factor in the overall service quality, for

example, a delay of several seconds in call setup.



10

15

20

25

whether a nobile lies in a particular zone. An
approach is to calculate the estimated | ocation of the
woresliesead t hen conpare this estimted | ocat i POT/AU2G06/800478
geonetrical description of the zone. For exanple, if
the zone is a one kilonetre by one kilonetre box,
centred on a person's hone,st hen the al gorithm woul d
sinmply check if the nobile | ocation estinmate |ies

i i ] i f Z i S e _Ver.
E ek R0s Y Bl G PO Bl e
whéther i mdbik: 1Zea adﬁ&t@if:ﬂid?%h@.%ﬁ%@p’r@admg tb BRICLRAE the
randomerrors in the |ocation estimtion process. Wth

estngtedlvcappn oéthe ndbdeemidythen gotmpade thie astmates] ecaton
rate is tqg arpbitrarily_increase the size of the zone.
with g gsomattic c§erBHan of {fifezons Fr Pampleait thanoBe inmae

. The fj e i
R GHE By B o B, chhdbg RURSp o5 BBlnd B thes
algdrathnt hould birtlx_ﬁlyl Eheltif fe thBBild RRAtIWABtiatd Bed WithhtY that
In the zone. e second type of error is Qut-G ven-In,
ZOWRi ch occurs when the system deci des that the nobile
is in the zone when it is really out. In a honme-zone
application, an Qut-Gven-In error nmay cause revenue

: [ ej : i L ower
SRR ot D mafeRRESSRGHEIR ORI 5L QR
erttirghr inrthbizbae datdrniinbfon Ade ko tid MBRTé&AMraRA bR errBrsdn the

honme zone application may lead to a custoner being

locaigngpstimation priaghes: VWidh sugihan appegacly theaonlyavdytadecrease
hone instead of a.discount .rat.e, adi ng to customer

th%?]ggﬁﬁncgﬁ%ﬁq ?rg’ﬁ?ratfﬂ'&‘ﬁr‘?a\% the 3jae Ok)& s are rel ated
in the sense that adapting the systemto optimse the
rate of one type of error will typically have a

Theet atierertt génexdl pies of error that can be made by such a system. The

first type of error is In-Given-Out, which occurs when the system decides that
the mobile is out of the zone when it is really in the zone. The second type of
error is Out-Given-In, which occurs when the system decides that the mobile is
in the zone when it is really out. In a home-zone application, an Out-Given-In
error may cause revenue leakage, that is, a person being charged using a
lower "at home" rate when they should have been charged at a higher mobile
call rate. An In-Given-Out error in a home zone application may lead to a
customer being charged at a higher rate when they are actually at home

instead of a discount rate, leading to customer dissatisfaction.

These two types of errors are related in the sense that adapting the system to
optimise the rate of one type of error will typically have a detrimental effect
on the rate for the other type of error. Another limitation of using existing
location systems for a zone determination application is that there is no direct

means of adjusting the system to achieve a desired compromise between the
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on the rate for the other type of error. Another
[imtation of using existing |ocation systens for a

wQeme/105st&r m nati on application is that there PGI/ATG2006/000478
di rect neans of adjusting the systemto achieve a
desi red conproni se between therates of the two error
types. The rates in this cage are a function of the
i nherent accuracy of the location fixes and the

rfbIBNHQND Qfof %ﬁeéoﬂ?e reREER Bl Gk 38 ?lill?(ﬁ'%%g yfst é t he

present invention, inprovenents over ce s

irdreeergaicoethch\of the icptioAfixeg and dhé Hanahsibid 6f thatdone. i n
the formof other radio signal paraneter neasurenents
in determning a given region or zone. These

aranmeters may b e or nor.e signal power or timn

ARSI R frdaonest ohthearmath KNG, ErPIoYEpERts Oeh el ID
SR P e by TRES HORTRAE SqRlrdP HEolah O LB el of
otiea sadiensigyicd pacarhetel ak@zuaémahts ih IdERSmihiiy A gives BRI or

the nobile is idle. In a further formof this aspect
zegte- t Hiesp ppeaneisss maydepre esriongsighat pewenketiming

neasurengnt or measurenents is conducted at the nobile
e HCHS™ This elim nates or reduces the need to

transmt the neasurenents to a renote decision naking

el enent, reducing the cost in terns of network

IncaEeeinbydanehitf afithisespeetd titd mgafigehihy op @YW@kurements are

consunption. Figure 6 shows a part of an exenplary
mﬁé@i éfn‘fgs maehileadio s miaaler knableh Thisrdlowsherndditiesalor

n iV st atj,ons BTS1, .BTS2. and BTS3.. Al s
AR B T e TRl EE A TS e
fuaRl HeFm fop kiR @ﬁ}%ééﬁ ®f Hﬁ@ﬁﬁ%ﬁbﬂ)’ﬂﬁ?r%@ess r&eof@lg'thﬁen

radio term nal 20 nay nake the one or nore
masRgameme 0t sncasuiEneerds invrrelisitedhat theanabibé ssrminal. This
eliminates or reduces the need to transmit the measurements to a remote

decision making element, reducing the cost in terms of network capacity and

further reducing battery power consumption.

Figure 6 shows a part of an exemplary radio communications network 10
having transmitters or base transceiver stations BTS;, BTS; and BTSs. Also

shown in Figure 6 is mobile radio terminal 20.

In another form of the present invention, the mobile radio terminal 20 may
make the one or more measurements of one or more signal parameters
associated with surrounding cells as previously described, but in this form,
the measurements may be communicated to another processor such as a
network server for processing the measurements to determine the extent of

the zone.
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associ ated with surrounding cells as previously
described, but in this form the neasurenents nay be

we oeietat ed t o anot her processor such as a neCT®DR006/000478
server for processing the neasurenents to determne
the extent of the zone.Figure 7 shows the arrangenent
where nobile radio term nab520 in network 10
com*rum cates its measurenents to network server

F1 7635%[1;95 e &%at? e%ent%er% 8}?1'[@ k8 @el%n%{lﬁ) in network

asurenen Imze O mnimse

10 €BRTHHIRIChRR 1@‘m@§§uft@ﬁién€sa@afcdmmrmel%ﬁ do,for BReBPUCSia
only when they are likely to be needed. Sendi ng

BISea$he trmpntdsoon pf bbtwnea&aqameebb mlay deggrtieized do minimise
mnimze nobile term nal ttery drain.F or exappl e,
the eRnsumapon 9§ NeHvek lagagisy Ey |S§]@é1rn§dn8§ﬁa8ﬁ%°%léfb‘§gg? Hasy

aré ﬂffél&%glbré% \ﬁ%ﬁ' éer%cﬁﬂg %&u@%%k?%%ﬂ%re%l}ggu? ﬁd also

en | require e zone

seffifed & Snih@hiZcinioBlle feréahhl ba‘t«kéryz Id¥ain. B et ¥xdrhiple, the
transm ssion could also be triggered by the subscri ber

transorsshiomeould betmiggered by tthe mlmzlrlber(entlamg heell, thereby
1g}l}ter atlve is for th ransm ssi be ,tritﬁ%ered b
or fegthe iRy pREOR i?ﬁé‘rlﬁlso"&ﬁé‘b‘e eIgHNg G gone status

foﬁ%%%g% %ﬁf z%lterﬁggggi&ftgg Ecra%%ﬁ%f&{ﬂ g%ﬁ H%I%H;Q%Jcr a%ée%[e@bs}%e

suBé.drfb%b |fﬁ)rh 2l 19@R1 ifedt oh lhSte-hranslTyesansthet Alt@nhtikt iefor the
form and as illustrated in Figure 8, the neasurenents

trapentishioe te be hdggeedy anssuest frami thetnetyiorkabasegl seider on an

as gaded Eﬁ%ﬁ”@%?{tké?ﬁim%%&s@&bﬁ? DR fipad B the

suﬂé&ﬁa%?f t bk @Qéﬁea{] ﬁug%&?&ﬁ%&tfé tlﬁé)&aﬁ%ﬁﬂsf‘dlﬁ or

further processing. T e processi ng
could then be sent to the network server 30 and/ or
nmobi |l e radi o term nal In certain enbodi nents, the

In @)ftlgthﬁaform,@r@g@@ﬂua@atﬁynlfgggrq $ithg measurements could be

collected by mobile radio terminal 20 and sent to a network server 30, which
then sends the measurements either unprocessed or partially processed, to an
external processor 40 for complete or further processing. The results of the
processing could then be sent to the network server 30 and/ or mobile radio
terminal 20. In certain embodiments, the external processor 40 may be a third
party system or may be part of the service provider’s system. Of course any

other combination of data transmission paths could be used.

In yet a further embodiment of the present invention, the measurement or
measurements may be obtained by the network 10 itself. In one form, the
measurement that may be obtained by the network is a round trip delay value
such as a Timing Advance (TA) measurement in the case of a GSM system.
Similar measurements may be obtained in other systems such as RTT in

UMTS. In another form, the measurements may be made directly in the
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party systemor may be part of the service provider's
system O course any other conbi nation of data

WO e@nde§68%i on pat hs coul d be used. In yet a furehiap2006/000478
enbodi nent of the present invention, the neasurenent
or neasurenents nay be obtained by the network 10 -
itself. In one form the negsurement that nay be
obtai ned by the network is a round trip delay val ue

C s _a Timng Advance (TA) neasutepent in the cas
nefbl)c B2 plpioeeARiRal dierenanic Maaymisiadsmdne
mbbilot her systens such as RTT in UMIS. In another form
t he neasurenents nay be nade directly in thenetwork by
measuring receivers that intercept radio transn ssions

fromthe nobile. Alternatively, the neasurenents may
Aliggnaiyely ke masuwesenimias dPernitaingd dysiatarceéping ntessages

ser b ad e ek 16G0 R RiRmirainaniairom e
mdBteratko MasHAEIE Hn B@eﬂﬁ{afe it MEN 8581 ﬂ%a@u%r{ﬁ@ﬂg@t
termnal periodically while in communication wth theé
(NMR)gemik by BHESH nesddlagesmirab pbﬁ'oﬂﬁhlﬁy @ﬁg}e‘éﬂl ddﬁilt 'ﬁ@tf nication
[ i f i nstance on the interface
wifly s ﬁﬁéﬁséss%ﬁalggmus W b inipicEptoel Wi pignelingipyobes
1 ' i e art. ce .t nme ene or
ol aRBE SRS Witk R B PR SRHRE, ARASH SrEnl
undbrstdied By he pefdoprdaDin i B0 | e radio termnal 20

is generated. By profile, it is meant a quantitative
characterization of the zone in terns of the radio

Ori@tRERIBEErd Akt Me?ﬁrgﬁ@ﬁ’t‘g 7 eg[?eeﬁulﬂ?ih%:agp}q?ﬁéﬁ nal .

A profile may typically consist element s
represattatige bbthoedres sutrouldeivg tHevinbpilotadibeerAifl 20k t 0

the different types of paraneters that may be .
generated. By profile, it is meant a quantitative characterization of the zone in
terms of the radio parameters that may be measured by a mobile terminal. A
profile may typically consist of multiple elements relating to cells in the
vicinity of the zone and to the different types of parameters that may be
measured by a terminal. The elements of the profile are generally designed to
reflect typical parameter values that may be observed in the zone, optionally
with some representation of the expected variation of the parameter values
within the zone. For example, in the case of cell identification parameters, the
profile may contain one or more cell ID values. If more than one cell identifier

is included, this reflects the expected variation in the identifiers that may be

measured by a terminal in the zone.

Optionally the cell identifiers may be associated with weights which reflect
the relative likelihood of the associated cell identifiers to be measured. As
another example, if a signal level for a particular cell features in the profile,

then a mean value for the received signal level from that cell may be included
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measured by a termnal. The elenments of the profile
are generally designed to reflect typical paraneter
wo alogresethat may be observed in the zone, optiPCEAU006/000478
with sone representation of the expected variation of
t he paraneter values wthin the zone. For exanple, in
the case of cell identification paraneters, the
profile may contain one or nore cell 1D values. If

. ' if i IS i nel t hi -y

i 381 05,06 ROERALER 18 OIS i e

zohbataynayo be indadud e thy pifllerThis dhay be §88s7QN R ,
Optionally the cell identifiers my be associated with

acqhgiedatenaiations dieeto tadko chidnndl phehokeha lsodd asfading,

. taifggci at ed Cl || identifiers tonge rreafured. anot her
intepigtics asielbagseasanal; aygtiong ang mapylaciiripg tolegances
beﬁ@@éi%%gilie@eﬁaﬁlﬁ ofile, then a nean value for the

recel ved signa Fevel fromthat cell may be incl udedin

the profile. Optionally a representation of the

expected variation wthin the zone may al so be
Onetitaglairapiesansatpproforn the rqusieechsignaldedelss gstatistival log

B GERTIBIPL b L et R Bl RET
pOVR: 'v_%fsibﬁﬂﬁs.g]‘}% gﬁéﬁﬁ{ﬁ%tﬁf'tﬂﬁ rhOU & AP ‘Eﬁé?%ghyag@%tm&éﬂde

term nal s. e representation

deviatieny ¥dlgss foathd stuedaidsdevistion typpitad) rdnp@ beewaeh a few dB
distribution as is well known in the art for nodeling
angl 28i4B, shegradingone the/degrae obiariatipe aptieipatade rAltemativies

the nmean and standard devi.ation.., Val ues_for

kB8 T e AR PR Bl e
miFbdildliable BBpeERBH fHe HRCKRGPHITAESN HorBhhile A

%ﬁ% i ci pat ed.gpAl ternati veﬁ!ﬁgdel , known iorf t Egﬁ;ar’t zone
assoniltedtieritRegnh EndpraordniRedi zana diast bé motré stisabl ¥ ieséeledyvith

e_sujtabl % dependi ng on the specific apFI i cation. For

a éﬁ"’r&d‘ glistgbugiga since there is a lesser likelihood of a direct line of sight
to the cell antenna. Conversely a zone associated with chiefly outdoor areas
may be more suitably characterised with a Rician model. For timing
parameter measurements, alternative models may be suitable. In one
situation, a Gaussian model may be suitable however alternative models are
known in the art for the distribution of radio signal timing measurements.
Alternative representations of the typical parameter values may also be

suitably applied such as a median. The expected variation may also be

suitably represented by other measures such as inter-quartile range.
The profile defining a zone may be derived in one of several ways:
In one embodiment, the profile is derived from measurements made by the

subscriber’s or user’s mobile radio terminal 20 from within their zone. This

measurement process may be initiated by the subscriber selecting a menu
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associ ated with an indoor or m xed area may be nore
suitably nodeled with a Rayl eigh distribution since

W b@oaoiess a | esser |ikelihood of a direct |ineP@f/AB2bN00478
to the cell antenna. Conversely a zone associated with
chiefly outdoor areas may be nore suitably
characterised with a Rici a? ghodel . For tim ng
par anmet er measurenents, ernati ve nodel s may be

enich el moRLS BB Bl P e o b dHarar FHe pe

inifibfed RmdiBE 1Y ﬁéM&‘ktBa,%Ed Qbrve28DOAR I5A lé b 2 set of
.

nmeasur enen Al'ternative representati o
meagpraraénipas protided balou\esrhmptroaégsmfbﬁrﬁung albé rcﬁﬂe inh €1ds
such as a nedian. The expected variation ma% aI so be
B

casg jp eaBlystraied axEanER|, byh@bnﬂustﬁ@tag precess 1@t Tagn optional

rirgs 3t 160 Sibick ol St B B Sy i o e hahE i
terhnﬁapa&fdoh@ctba ﬂmegtbg QG2f&1@%8ﬁPe%éﬁ@&Fé}hﬁnﬁPﬁqmzo frrag%

subscri ber's or use e radio term
pawdrhéien nidesirreraems wilthindtsmamuorargivn. fheerslsilamdib éerminal
jnitiated by the subscriber selecting a nenuentry on
wiil fhen m@ﬁm@hﬁ%maﬁ@eﬁw&ﬁ tog neN’P’é‘r PRACESESI fOI ¢p@mple.

| at not el networ k _base
ArPOREGEN SR P KO e G ROt ARBL R Rt
chd¥koM dleedribed ‘HWmo-EE RLeBAiPBEDSy ﬂfergs%&é W Ghé ﬁ?ea@ﬁﬂefrﬁér?cs lafe
this case is as illustrated in figure 9, which
valifll ishe eherk ipdonesmd 8@ meastmanmaptd anealechiadsto Isd eqlid

0 subscrl ion details for the subscriber of the
(10#86# EYFIEH Wi i BF%eﬁ§|t0 geperae fhecpratile phstep o she ¢ he

iR o @0 QabERIN B SALUERES. USSR AEN Ble zome

nmeasur enen S zZonhe

loca@ighy) thekedistehtion tdqudter dendéts it dtep NO5 CONRAG BN Bas
to a network processor for exanple. An optional step

bearpgeneyatest, ittibadnribismxaknplectns sothe mobile dadio tarmomé.

al i gnnment
In another embodiment, the profile may be generated entirely by radio
network propagation modeling as well known in the art. The process is
illustrated in Figure 10. The desired location for the zone as well as the
desired extent is used in the prediction process as illustrated in Figure 10. The
model uses information on the configuration of the radio network including
the location of cell sites, the height and orientation of cell antennas, the
radiation pattern of the antennas as well as the channel frequencies and any
other codes allocated to each cell. The model also covers the loss in signal
power as radio signals travel from transmitter to receiver. Such models are
well known in the radio communications field 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
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check as described in nore detail below to ensure that
the nmeasurenents are valid. If the check is done, and

W b@oiresmstir ements are deened to be valid (104)PCT/AB2006/000478
systemw || proceed to generate the profile at step
106. If the neasurenents are deened to be invalid
(i.e. inconsistent with thegzone |ocation), the
regi stration request is denied at step 105. Once the

sgBle o <P PR BSREREL 6 mroilaRt i <R R O ntwork
m@d@lqgi* ﬁ?étlmtlﬁg Ped¥iRid élgrcl)m)évél@ aﬂﬁqﬁfe%?gﬁ%rl&‘bélg iy WQM

radi o networ k™ propagation nodel i ng as we nown
knomen tr thos&skilfeddaehs aitsofidel lukir rad@chdtnolk glumgnlDetaﬂéel
esired |ocation for the zone as well as the desired
refgxenaep exist i e litgrathee BickiiagiWnCpl obess absle Communications

Erlg el e P R P T S R BPr Bie E
poﬁzﬂ@nﬂ; ?Gﬁéab@;@n@ﬁt SR lehmsi Tﬁﬁl t/?h—@lb‘ GHERiniHR q997 'a@f&fﬁHH:’VTS

ant ennas,” the radi ation pattern of
coanmmgomammdzaﬁon foe nobdmneio sfysieqns epmzﬂﬂg aﬂﬂwamp/QOO
ed to each cell. The npde

ME ey amgs 1N If%%f&ﬁs’lw%% NT&%; VroA@VONglg ﬁag@lary 1998,

o connunlca ons
be found |n nDst advanced | evel texts on the subject.
Predi cted received signal powers can be generated for

In ghy applightion ethese ithe rére isetquirkd tﬁbﬂymemmmschbmé:t home,

|
th& R AR SeRE b Rcihien 6% s Brae bl Fripnaitade Farssponding
to Y hOHe! Ak?ﬂék'ﬁécrnfeq# bhERRaREn B{aﬁﬁﬂ)&%@‘eglﬁew @1@@1 1%%Hd9§bs of

of netwo predicti |ve ["eve

thehdmientret & Mcﬂsfu}fﬁnéﬁd‘l@héd bR avlbbkujs AL td afahblﬁﬁeetlrﬁéﬂiﬂtb €He
in the art of lular radi o network design. Detailed

sapgfcopedhivate Eamstiniwhichdhe peevortkueedl sitedpeatiomy, aredetinyd.
Th eperedlMged recelvelgrslfgngla}evéis Yor all cells, as received in the zone are

compared and a detectability criterion applied to select those cells that are
likely to be measured and reported by a mobile terminal. Typically the
detectability criterion would be a predicted carrier to interference (including
noise) value greater than a threshold. For example in a GSM network, a
C/(I+N) threshold of +9dB could be applied. For a UMTS network, the
equivalent threshold could 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.).

Alternative criteria such as comparing predicted power levels against a

threshold or selecting a number of the strongest predicted cells could also be
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Engi neering. McGawH Il, 1982, and P. L. H A S
Fi scher, Eval uation of positioning neasurenent systens

w0 20063616/ 97- 110, Decenber 1997, and | EEE VTSPCT/AU2006/000478
commttee, Coverage prediction for nobile radio
systens operating in the 800/900 MHz frequency range,
| EEE Transactions on VIC, Ygl 37, No 1, February 1998.
The entire contents of these references are hereby

ated b enc |.i cat i on wher.e
eSS % et PSR E oo Bt o VRS
wmae id 0GREY Ofs ARArBRLSPRE izbhe aeﬁﬁltfdh% it% btk %o%flﬁe&{]for
| ongi tude corresponding to the honme. Alternatively the
opkrtatsi zonl users bé zepesérvised tasohdetvediionedddutess aid &ttents
honme _and a | ookup performed on_a | ookup table to

in spafiad temas, oaest qom@omemstarms eba2grgtaphic eoprdinaie fainahor

BN IR e i
stre@CRIMess. ThetB8id dﬁ&%n?ét@r ﬁl@%ﬁ%ﬂ%‘ﬂib@dﬁ@&ﬁ&l&f@éﬂv‘et&ﬂ

criterion applied to select those cells that
defink ghe/zane fmmeasotisdy a]nﬂﬂereapdnﬁmbmny hewrewbi.| Ehe present

S P e e TR
OPQ&E%‘%? it BEEGHR A e B SR B BF D ”
m@@ﬁfd&&ts E\@édéd B bpereé vadtka zbhe Iﬁ%@s&ﬁflﬂ:@@é zbhe %%&hg

could be a CPICH Ec/10O level of -20 dB. O her
whetie értiobiinge the gonesetedined simplhin reemswf khasetving cells, this

RGP DR, BLEmPREM 2000, 0 SR
dog% %e%t&ﬂ’% 8&%? f‘-S% gﬁ@loggti%oft tg% _l%_%g 5&85 11{31‘1? v1c1§1‘ijt§ d%he

zoié hey lnedwieF @ pieefsezonu clefiafti @siaréng, wheed sdédiopaleidio
| evel s agai nst a

parameter measurements must be used to achieve the finer spatial

discrimination, this translation process becomes significantly more complex.

One aspect of the present invention provides this complex translation facility.

In the process 200 shown in Figure 10 then, again, the optional step of
collecting subscriber details is performed at step 201. In step 202, signal levels
from surrounding cells are then predicted, and a profile is composed in step
203 using these predicted levels. The generated profile is then transmitted to
the mobile radio terminal in step 204. In the optional further steps, the mobile
radio terminal may collect radio parameter measurements in its zone in step
205 and use these to refine the profile in step 206. During this refinement
phase, measurements are obtained from the mobile terminal and used to
adjust the parameters in the profile. In this case the signal level and statistical
scaling parameter in the profile would be adjusted based on the mean and

variance of received levels measured for each of the cells.
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threshol d or selecting a nunber of the strongest

predicted cells could al so beenpl oyed. The present
wepwodissent il lustrates a feature of this inventT/an2006/000478

which is to serve as a translator for zone

definitions. It is often convenient for operators and

users of zone services to cgnceive of zone |ocations

and extents in spatial ternms, nost commonly in terms

of a geographic coordinate frame or alternatively in

spatial ternms with reference to sone | andmark, perhaps
Inar®tlh@edmBedings®; illReata@ind 1ORRS %wg

whi ch actually serve to defﬁkﬁgta}%gﬂ{z%r ne spig%l an cherated
usemg bo’eh yediirearents asivellnsipradittivay generakeal by esadio network

i ment row es a translation facility between the

m? 0 qqle\ﬁﬁf @%P%?%%F&PQ&*@@@WW@@S@@ enalysed
anw&ryﬁ%c lféalhaw;\%gfegngﬁe?)ﬁ{eﬁrbﬂ%?g é%emg&&%ﬁgre% ee? Ig{?gsm ed in

€ SucC €ss

thwizehe bh&d bl heaprlittihzaaadded 46 theprbak 'tsgl the 's@rvte§ AR
of the serving cells, this translation although

expmyle ohthis imalso poovideddehpiex and t heref ore can be
done nentally or by hand if the |ocations of the cell
sites in the vicinity of the zone are known. For

InRr geés'g%oé ﬂﬂ?stﬂﬁé&%i? mn@{ear n@‘@ﬁé Sgggﬁgltgtg

I 0 paraneter neas 0 ac Ieve

collbetirig sieiscaipat dedaildl h§$éﬂf6@rﬂétl hﬂé’cep Bbt Saﬂd B1Shabil®Radio
pr ocess becones_significantly nmore conplex. One aspect

teigninah a0 S@]é@f-’éfhradlﬂ\mmm@tﬁl preAsugsenisiis itsaepkeeat step 302. As

in g ioe Mo A gt o i Bresess s aptbmoliaidate e
m@&éﬁ?&hbﬁ%rtaﬁ&{ Bz liRe h?oﬂ?f%rxfaafd@grg?ﬁalqﬁg %%)3 édllhzfﬁc? B05 as

202, signal I's from surroun are t

befmedlrcstep SOQr’tﬁe aypteat prelicts th@stgﬁalelévela fﬁdrﬁ&uﬁﬁﬁﬂdﬁh@ g

t heseﬁ{)r edicted | evels. The gener ated profile is then
cells, sale h@aable C@H%lrmi@p |387 aadigenerates aprofile usingboduthe
méa%u&gnelen 3 predlc [ ifiGh o2 &% T}te gelr{te)rateg profile may then be

sent to mobile radio terminal in step 309.

In yet another embodiment, the profile may be generated in the server using a
network propagation model and then relayed to the mobile radio terminal 20
without the refinement phase being initiated. This process is illustrated in
Figure 12 in which process 400 begins with a prediction of signal level cells
instep 401, selects hearable cells in step 402, generates the profile instep 403
and then sends the profile to the mobile radio terminal 20 in step 404.

The following illustrates an example of the generation of a profile for the case
where cell identity (cell ID) plus radio signal level measurements are used in a
GSM network for zone definition and detection. In this case the parameters

included in the profile include cell identifiers and received signal levels. A
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radio term nal may collect radi o paraneter
measurenents in its zone in step 205 and use these to

wo edosnesethe profile in step 206. During this redT/AB2®000478
phase, neasurenents are obtained fromthe nobile
termnal and used to adjust the paraneters in the
profile. In this case the gjgnal |evel and statistical
scaling paraneter in the profile would be adjusted

he,. vari ance of.received | evel.s
LR Bl ol B R B BB E G o o o B tovels
asideb@ﬁbé@g)@éi,ibﬁslﬁfj gure 11, the profile may be generated
usi ng both neasurenents as well as predictions

generated by a radio network nodel. In one form of

Dt~hi S&ﬁs ect, the reported neasyrements are anal ysed
ue e meastienenphee sendngcel sndaighhourcelldeened

' LDy b t
miEieh B PRATNES hOblCBATRFRABNED S aolBrd . an
lye Thesé Riegst ' ] 00
B R TR R e Ao
identéfierstfor the repoited celibsnd itheassdeiasid sighsl lpeelf meandenatents.
step 301,. and the biile radio term nal 20 collects
In g e PTG PRRE M AT PRPASHETBEHe fet thay el are
, . ) . this.
g A Bl b A A0S pbsPive: avcen

mésutfifeftinded nabevieedddd) &h thelcask P &SP Bhe QA REh PP
as before. In step 306, the system predicts the sidnal

somg\asises, fondyrbs uepaitesiforghe seiving sell. ddismiagaratit,doc ekdmaple,

o t.ep,,30.7 ,and generates, a,profile using bqth the

if o TN PRI Dot QbR iSh i e asEep: Irpifis case the cell

D3RG 8¢ 89 BNLivh i ' hQtifi
ter m nal iCn st e%&S%%.%e#ﬁﬁggp ﬂi}%ﬁg?ﬁ%ﬁ%&cﬁlﬁgﬁg ?a(?[ﬁﬂef ied

onfy by iARF@hYyarueBEKD dhatcetdrdspohfigS@IIMEY fieldi g tlke RBIBElwW
propagati on_nodel and then rel ayed to the nobile radio

g@dps pigknown. In this example, theé Absolute Radio Frequency

Channel Numbers (ARFCN) and Base Station Identity Code (BSIC) for the
serving cell are also marked as unknown because the mobile terminal 20 does

not report these values for the serving cell.

Table 1 below shows an example table constructed accordingly, over 10

measurement cycles.

TABLE 1
CellID ARFCN | BSIC RxLevMean(dBm) | Count
25068 Unknown | Unknown | -80.0 10
Unknown | 81 59 -88.3 10
Unknown | 67 46 -92.1 8
Unknown | 71 61 -98.7 8
Unknown | 73 34 -101.3 7
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wi t hout the refinenment phase being initiated. This
process is illustrated in Figure 12 in which process
waldehegisrs with a prediction of signal |evel PEi/AB2006/000478
instep 401, selects hearable cells in step 402,
generates the profile instep 403 and then sends the
profile to the nobile radiggtermnal 20 in step 404.
The following illustrates an exanple of the generation
of a profile for the case where cell identity (cel
ID) plus radio signal |evel neasurenents are used in a

In GRMpREEMOSarhPle, BRIRL Gf?ﬁ{eﬁ!;ﬁfeﬁ'ibr'ﬂ‘ 3 t‘i’%s?&{dé&lﬂ] }]rg{orh d}élmfﬁe

case the paraneters included iIn t e pro
by cehipletdeg tinfineman felds usire) thechesivorialatabaed snd/ or network
ALog- Nor statistical characterization is used in
Pa’cﬁﬁﬂ%te&%\ Iggﬁéﬁﬂ%é dditignal elﬁwat%n%ﬁ;dedégbﬂieme decision

P&l 1S P 0 e AR RIRY LRARRR S o g i the
nefv@@iﬂl@ditﬁbﬂéd‘@r tﬁ@ cRE&st Ol E@ﬂ{eel‘ép()%ﬁ%te ¥-cell Wl%%ﬁngntghm

measurenents are used to popul ate a table COI’]t al ni
ARV tainici BSIS” dsodedchibed ép ordre dletail beloandhicheligsssigigat ed

o e S it W
colfi R AL R B Plor A TE i e et e

onm@r@faﬁeecp&euﬁylthe cell IDmy in sonme cases, only be
reported for the serving cell. This may occur, for

exanple, if a SIMtoolkit is being usedtolgbgainltlhe
hi L1 1D
TG, Hiovis BV GBS Th6 g Bl e rideqiy the
ser @R {deGfl RO |z$n@¥leﬁt tggi) gsb Bﬁl fhis gx@l%oaﬂ&&gfs RANYE 0% to a

cell IDfrelds int ow are mar
deﬁaulﬂmn&ne of A (tlbd:lhele)( b#ctick fﬂﬁes%hﬁ Hitle SRt %fﬁ@ﬁﬂéency

bef%xhgg?\?%eém - nbldeﬁgcsiepeAnl?ifng onaizllpéj aggﬁceatlgna;rllg ?heI r?aetﬂtrelz f)%/ th(e:Od °
environment in which the zone is to be defined. Optionally the sigma values
in the profile may be set differently for different cells based, for example, on
their local environment. In a dense urban area larger values would typically
be used, for instance between 9dB and 15dB, or between 12dB and 20dB or
between 14dB and 25dB. For less dispersive environments or environments
with less clutter sfnaller values may be suitable, for instance between 3dB and
9dB or between 6dB and 12dB or between 8dB and 15dB. The values may also

be varied according to characteristics of the respective cells such as antenna

height.
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serving cell are also marked as unknown because the
nmobil e term nal 20 does not report these val ues for
W b@esetsys ng cell. Table 1 bel ow shows an exanpCEAU2b000478
constructed accordingly, over 10 measurenent cycles.
TABLE 11 n the present exanple, the set of neasurenents
is transfornmed into a profigyhe by conpleting unknown
fields using the network database and/ or network
T4ﬁ£€2Eters and addi ng additional elenents needed by
one deci sion process. For exanple, the unknown

i TARE Ber@dq g[ezs]] in the network
(%atabase gﬁ/ tﬁe@cl g{s&gjs%%(m%egﬁ Qéfqgl%t e reported serving
25@d8 (esvi ng 1B8s ARESINoand BSIC as |[described in nore
det aill bel ow when di scussi ng lanbi guous neasur enents.
5418 yrknown ABFCN anr88.BSI C far9the |serving cell are
added—by—tooki-ng-up—these parapeters in the network
IS A ¢
18882 H«e bas e on f{h&2-Leport e cel I| ID. Table 2 bel ow

o e )

84TV ipe resgiiing_?g fte—dte—stjgma val ues are
0]
[

added ‘by t he| Server use i the |zone deci si on
18891cEs® I'n s enbpgisent, [@T arle set to a default
valug of 9 (decibell[s). In prdctice these m ght be set
to any val ue between 3 and 20 dB dependi ng on the
application and the nature of the environnent in which
A eV flesaribegleahare; theprocessingnial derivere zeng profilafiss a

i h rofile may b t differeptl or different
Se’cc(gl rhgg‘cb aseq nlt% BYe f’a‘ﬁﬁ%@?u’%‘% Aoy ﬁl‘? %’@gﬁ’méﬂ?ﬂ‘%ﬁ e fgveral
diﬂfékeﬁt@l&%.e urban area |l arger values would typically be
used, for instance between 9dB and 15dB, or between
12dB and 2QdB or between 14dB and 25dB. For |ess

IS ersiﬁe nvironnents or environﬂents
Referring back to Figure 7, in one embodiment, the measurements are made at

the mobile terminal 20 and then relayed to network based server 30 where the
profile is generated. In this case the server 30 may utilize a database
describing the configuration of the radio network to analyse the

measurements and add any missing or additional information.

In another embodiment, the profile generation may be completed at the
mobile terminal 20. A limited set of network configuration information may
be sent from the server 30 to the mobile terminal 20 for use with the
measurements to derive the profile. Using the particular GSM example
discussed previously, a list of CellID, ARFCN and BSIC triplets could be sent
for the area of interest, enabling the processing at the terminal to fill in the
missing details. Similarly variable parameters such as Sigma could also be

sent to the mobile terminal 20 for use in generating the profile.

In yet another embodiment, the profile generation may be completed entirely

at the mobile terminal 20 without any aid from a network based server 30.
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with less clutter smaller values may be suitable, for
i nstance between 3dB and 9dB or between 6dB and 12dB

wo@eoobaoiseen 8dB and 15dB. The val ues nmay al so PET/&HRG06/d00478
according to characteristics of the respective cells
such as antenna hei ght. TABLE2 As previously described
above, the processing to d gi ve a zone profile froma
set of rreasurerrents may be “di stributed across the

S sever al ferent ysS. Referrin
TrY S 1{5’1 s toncesben ﬁﬂ&g? Fedtire { kotraaten aragble
Rt mmr kgéa m%"aﬁ gl SR Ao Fo bl G
IDgenerated. In this case the server 30 may utilize a

dat abase descri bing the configuration of the radio

network to anal yse the neasurenents and add any
m ssi.n IIO i nformation. .1 n_anot her
In JhE3 bt e APt e il M b %@orbﬂeaf@aﬁsgte@a at
exieti‘ﬁal%bchk @eb@ b, Bake@PredAol r@ln‘g%gl tre oﬁllettovﬂé-hre 8in
configuration i nformation ent from theoserver
wlgéeh tloe trivasumbhdre data s ﬁﬁaxhsrﬁﬁtefddb s tedriabh ptdissor 40,
weasurenents to derive the profile. Using the
Pephans admuystersd by thaprovidecefsspartisulayilewtion basetliservios or
apgﬂ&it ARFCN and BSIC triplets could be sent for the
rea of interest, enabling the processing at the
terminal to fill in the mssing details. Simlarly
vari abl e parameters such as Sigma could al so be sent
In the tdse wrhetﬁelmobiéaf farmahal 2D heasuremeints grensedtih nhe bge
rofile. In t anot her enbodi nment, the profile
ge %W&Oatr?f&ﬁe% e esHiNBeRIP R R Hdes samne machapisinpsefor
any aid froma network based
hnjisl%1 tﬂ@%@h%{}%o% § be done for instance when all the
required information is avail abl e

In certain embodiments, the measurements made by the mobile 20 are limited
in duration. For example, the system may permit the subscriber to roam
around in the desired zone for a limited period as described below, during
which measurements are collected. This duration may be sufficient for an
apartment or small house. By limiting the duration in this way the user is
discouraged from making measurements beyond the approximate intended

extent of the zone. g .

For larger zones, the system can allow the user a larger window of time in
which to collect measurements at sample points in the desired zone. The
duration may also be varied by the network operator based on different
service offerings associated with different sized zones, having different
pricing levels or structures. The desired zone sizes may vary depending on
the application or service. One way to express the zone size is as a single

distance from one size of the zone to the other. For instance in a home zone
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at the nobile termnal, for exanple if the term nal

decodes and reports all cell IDs. In yet a further
wepdvediossesit, t he processi ng may be done at an BCEABZI06/000478

external to the network, as referred to previously in

relation to Figure 8 in which the neasurenent data is

transmtted to an external gy ocessor 40 perhaps

adm ni stered by the provider of a particular |ocation

afARGHOACE YHE S0b P BBRI AR Mnd el B LERSES B STk 8

erm naf nmeasurenents are use

beg@ren 20h0an@ 508G anyt e PiaSEATf iR THhO& ﬁﬁg\ﬂe%ﬁable. In
some nmechanisnms for limting the extent of the zone.

thisrase attithe dawrhidoin bretvresn Gstrendn2issanlmteres 1aaaah|ed BYs ﬁh e
bile 20 limted in duration. ampl e, the
el eR AR AY ot et REARlBEEPSION o PeMAAaRBRIN P t he
' WAy ' 2SCl | el ow,
TSRO FRNEr M mBaa AR, BECh SR SR RGBS LG
howsys, igossibly hav By miiltiplaBtorpps & MRBEr 9on&EBE ndJObSQuitdBe,
limting the duration in this way the user i$s
fremsidon tagdann i fspmmdan fy7 s fren=dns t@%@ﬂmdmtlhre; example,
i mat e intended extent of th Far | arger
s g Rlser Ryt S AP oWaY Range 0mh )ioR0e QtHIR0s to
. . . I
S R ! ek oy bR U nes GRS Ry e

suitablee dOthertdogie batabsdevivpe friitybe Rageddem caih@trMt
service offerings associated with different sized
engeypaises hayingffices er ether pernenergial pveperties. Zmesizesriasuch

' ' ary, dependi n__.
caggéem%ersflarrlgg b&RVEera feW mitres And hundreds of thetres with
corresponding ranges of time required to obtain measurements characterizing

the zones.

In some applications, an account representative of the network operator may
be responsible for collecting the measurements that define the zone using the
mobile radio terminal 20. In this case the system of the present invention
provides an alternative mode of operation whereby the account manager has
the ability to control the duration of the zone definition measurements.
Furthermore, the measurements may also be collected one at a time, at
representative points by selecting a menu item to trigger the addition of a
new measurement. Depending on the size of the area to be included within
the zone between 5 and 20 measurements or between 10 and 50
measurements or between 25 and 100 measurements may be required to
adequately characterize the zone. For larger zones perhaps comprising
multiple buildings larger numbers of measurements may be needed. For
instance between 50 and 250 measurements or between 200 and 1000

measurements or between 500 and 5000 measurements.
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the application or service. One way to express the
zone size is as a single distance fromone size of the
wQoive/105818 he ot her. For instance in a hone PCT/AU2006/000478
zoneapplication, a zone size of between 5m and 20m or
bet ween 10m and 30m or between 20m and 50m or any
conbi nati on of these rangegymay be suitable. In this
case a tine duration between 5s and 20s or between 10s
and 30s or between 20s and 2 minutes or any
conbi nation of these ranges may be sufficient to
IngahhesppiitatiBia SHaRBtDhe ldtedBff REAMIEME t68e LR HREAE M ber
to |l arge houses, possibly havirng nultiple storeys a
of [nagagurements raade dusipgiibe gone afitielizdticymIa Ghistcase hinmay be at
from25mto. 75m or f£0n140n1t 200m In this exanple,.
the ppetaheliscration ASdRdRT heiens or Bpyamenyapeasgeentoe roade.
. ' . | mn o 5mnuytes
A bbefeuB ol R PRS0 PRABE b0k oM el 0 SbdE ehe
1némim@n@ﬁﬂ?haﬁ§ed services may be targeted at
comercial enterprises haying offices or other
commerci al properties. Zone sizes in such cases nay
range, between a few netres and hundreds of metres with
Fof 3y SPOHUIEHE the NGRS BRPOPRELE (o 198" 8 §acTahe
. i ¢
mRERIDETR RSB G U Dbt D0 BE R0 TR Lot vor i
reqpieerabot to@yplhehedspngisttethae the@ddratlsigegfdrivRed the
measurenments_that define the zone using the nobile
meaggremenisiihe apg nominaed ircdweserviee sgsirech bf ondaspect, the
resent invention proyide n alternative node of
pris T B st SRR ey B GBI it Resosiomens to
a 1b@atfR ¥y ®mitheatlAb 'aﬁ'ésﬁfne&{@f #R16c A Bbhd (here ’ihe user
nmeasur énents. Furthernore, the nmeasurenents may al so
mésutahbestededrenahade. Hxampled of fprepeitatiedeodrobint S
by selecting a menu itemto trigger the addition of a

obtdining the approximate location of the mobile radio terminal 20 include
those as described in co-pending patent application numbers:

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

PCT/ AU2006/000347 entitled “Enhanced Mobile Location Method and
System”; and PCT/ AU2006/000348 entitled “Enhanced Mobile Location” The

entire contents of each of these applications are hereby incorporated by

reference.

The results of this calculation can then be compared against the nominated
location of the zone (based for example on a reverse geo-code of the
nominated street address) and if the two are within an acceptable distance of
each other then the registration process proceeds. What constitutes an
acceptable distance may vary from network to network. As an example, a

threshold of the order of the average local cell site separation may be suitable.
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30

35

new neasurenent. Depending on the size of the area to
be included within the zone between 5 and 20
wore@snosnent s or between 10 and 50 neasur enent BCDAU2006/000478
bet ween 25 and 100 neasurenents may be required to
adequately characterize the zone. For |arger zones
perhaps conprising nmultipl eggoui | di ngs | arger nunbers
of neasurenents nay be needed. For instance between 50

5 asH nts_ of_bet n 200 and 1000
ORI HER PR bR TB e 25157 b B Mot et isapiying
the @Br &PRIpeGAiHedBSistiatioflRY NOt be necessary to limt

the tinme or the nunber of neasurenents nade during the

zone initialization. In this case, it nay be at the
user's di%retion as_to for how [ ong or how man

Apgxemplarylgorthan gaerd to detesminewheihardhe E@tﬁkd\ﬁ%é@d on

' f I t I t
el S0 Bfthe B SR APl e SR RG] L pBR SRS
thablgRahin akas h detisldiPad RATHERIRR B SmidbAE ib Th AR JdHNG

the zone, it may be an application requirenent to

cabqud ting: heoktsand cemgparingt thist cdshwithse thrastsolde rifterdvstlistahe
neasurenents in the area.nomnated in the service

queghitatieg reprfeeation phihe diffetense debreen Hipgnepgtements and
thEZ8Mé Eg?éﬁl%u&ﬁ ﬁgﬁe(zfésiﬁéafdogtsér ?{B«PAI 1% gﬁ as is well known
measurenBnt s to a 1oecaei on system to cal cul’ate an
to ehbdeBMiRe@in fHeeart OF Alrh@Richl OptiRAR N Mehel®@dl cost, C, is equal
measur enents have been made.” Exanpl es of appropriate
tonet hods of obtaining the approximate | ocation of the
nobile radio term nal 20 include those as described in
co- pendi ng patent application nunbers: PCT/
AU2005/ 001358 entitl|e& =RadilnMbile Unit Location
wisyret ent'; PCT/ AU2006/ 000347 entitled "Enhanced Mobile

Locati on Met hod and
C = Cost associated with cells that are observed and are matched in

m

the profile

C,,, = Cost associated with cells that are observed but are not matched
in the profile '

C,, = Cost associated with cells that are in the profile but are not
reported

In this example, cells are uniquely renumbered such that cells 1 to N, are
,cells N, +1to N, + N, are associated with cost C

uin um /

+1toN, +N,, +N,, are associated with C,,, where

un ur”’

associated with cost C,,
and N,+N,

um
N,, =Number of observations that are matched in the profile,

N,,, =Number of observations that are not matched in the profile,

N, =Number of cells that are in the profile but are not reported,

Each of the costs is then calculated in the following manner:
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Systent; and PCT/ AU2006/ 000348 entitled "Enhanced
Mobi |l e Location" The entire contents of each of these

wa@ppbilewts ons are hereby incorporated by refereptiyau200beoo47s

results of this calculation can then be conpared
agai nst the nom nated | ocation of the zone (based for
exanple on a reverse geo-cage of the nom nated street
address) and if the two are within an acceptabl e
di stance of each other then the registration process
proceeds. What constitute§ an acceptabl e di stance nmay
vary fromnetwork to tv Q&‘ﬂs)an exanple, a
threshold of the order™of < heygverage |ocal cell site
separation nmay be suitable. therwise the registration
may be rejected or other steps initiated, requiring
the user to repeat the registration. An exenplary
al gorithmused to de e[pﬂg%m%@eﬂbé% the nobile radio
termnal 20 is in the~Zong.or st W ll now be
described. I1n one enbodi fifit, the al gorithm makes a
decision as to whether the nobile is in the zone by
cal cul ating a cost¥.+&nd. co ringthis t with a
t hreshol d. Th€.cost ﬁg'abangi+tﬁ£F§§r¥a§Eesentation
of the difference bbtiwetn measuiVeffe and the
zone profile, calculated using a cost or penalty
whdpaction as is well known to those skilled in the art
of numerical optimzation. The total cost,C, is equa

to ﬁ = C +C_+C whe Cln = Cost associated with cells
"»thane gxregpd dalsoidhe sigmal saersdy(dBamk ¢idhprioeell,@s entered

into the profile,

r, =The observed value the signal strength (dBm) of the i" cell,

L, =a fixed value (in dBm) that represents the value of signal strength such

that it is unlikely that a cell will be not be observed in the profile if the cell’s

expected signal strength is above Lum ,

.« = a fixed threshold (in dBm), as described in PCT/ AU2006/000347 entitled

“Enhanced Mobile Location Method and System” as referred to above and

herein incorporated by reference in its entirety.
0 =scaling parameter, and
erf =the standard error function.

The decision as to whether the mobile is in the zone is made as follows
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Cm = Cost associated with cells that are observed but
are not matched in the profile Cur =Cost associ at ed
wowdok/1ewhs s that are in the profile but are noPCT/AU2006/000478

reported In this exanple, cells are uniquely
renunbered such that cells 1toN 111 are associ ated
with cost C, cells Nln +1gN +Num are associated with
cost Cum, and JVmtNllln +1to JVn, +N111ln +Nir axe

associated with V2 e Nln =Nupber of

observati ons thaﬁ%ﬁé’ ng%h_e%i {ﬁﬁnfrh N ofile, V
=Nunber of obserotldrivsesndttiimZoms.e not matched in the
profile, N .=Nunber of cells that are in the profile

widt are not reported, Each of the costs is then
calculated in the foll ow ng manner:where rpi -The

expect @ahy Hawdlatd stafigtisd $Batticd,r ength (dBm of the
i"hcell, as entered into the profile, r0 -The observed

val ue the signal strength (dBnm) of the i'h cell, twn
=a fixed value (in dBm that represents the val ue of
si giél =, reNgt hMNsuch that it is unlikely that a cell
will be not be observed in the profile if the cell's
expected signal strength is above M, tm= a fixed

th hold (i d d jbed.i PCT/ AU2006/ 000347
I eshold, (oS BSodesEibed L ECTL uRooe 0003
as_E6ARHERL) bevARAVEaREhNELRERL ARPEAAL 3 8% Bihe.

S
reference imits entirety.

In a GSM system, experimentation and simulations indicate that suitable
values for the unmatched cost threshold lie between -80dB and -95dBm or
between -85dBm and -100dBm or between -90dBm and -105 dBm. Similarly,
suitable values for the percentage, depending on the application lie between

50 and 70 or between 65 and 85 or between 75 and 100 percent.

The value of o may depend on several factors including the radio
environment, and may range from about 3dB to about 24dB (eg. about 3dB -
9dB, 6dB-15dB, 9dB - 20dB or 13dB ~ 24dB). One method of calculating the
value of 7,,is as described in PCT/ AU2006/000347 entitled “Enhanced Mobile

Location Method and System” as referred to above and herein incorporated
by reference init entirety. In GSM, the signal strengths may be quantized to
about 1dB.

The system may observe the signal levels, timing advance, time differences, or
other parameters. In addition, the fact that a particular cell is not reported is
also an observation. In the following example, only three types of

observations are used: signal levels, timing advance, and unreported cells.
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s = scaling paraneter, and erf =the standard error
function. The decision as to whether the nobile is in

W b@eaawes i s made as followslf C < c2 (x, Nt - POT/ALZ006/000478

in Zone otherw se, not in Zone. where c2 is the

standard statistical function, U- N- N +N x = a
percent age between 0 and 1Q9, which represents.the
degree of consistency between the neasurenents and

. . . . : Cati

i B S 00 Uk RSB A P

1 tolVTREE BOsho@sd wilH esdtal d il Wel Weely 800 B @80 ith
or 'bet ween -85dBm and -"10QdBm’"or bet fveen™-90dBm an

cost10p , dBN NSOV | ar1ley v SUNt abhe AralikRidted wile C,, where

um m ur

percent age, dependi ng on“the“application |'ie Between
50 and 70 or between 65 and 85 or between 75 and 100
percent. The value of s nay depend on several factors
i nclNjgMNpmher ofachsereationsdhaeare, matctedury thapgeilér om
about 3dB to about 24dB (eg. about 3dB - 9dB,

6dB-,15d - 3 or. 134B,- 24dB) . . hod gof
cal CA}U‘I" a%ﬂﬁg‘%t%ﬁ of éé%‘jegé’ Hions ﬁ“rat pEe et %185(:3%?16@3&? Rrolde;
AU2006/ 000347 entitled "Enhanced Mobil e Location

Met Hgd=afumBysbecdlisabat aedn tkel ptefilabat arandt @b@deﬂ,
i ncorporated by reference init entirety. In M the
signal strengths may be quantized to about 1dB. The

It shpsil @ be MdyeDisR bweridie of hePRIxilaHehs mdyl B Aepladl @ @tuce
time differences, or

the computation load associated with these calculations especially in mobile

terminals. Examples include a lookup table approximation to the error

function and the Chi-Squared distribution.

The following description illustrates the decision process using an example

based in a GSM network.

This example uses the profile defining the zone as previously shown in table 2
above. In this example, a new set of measurements are available as illustrated
in table 3 below. As before, the ARFCN and BSIC are not available for the
serving cell because they are not reported in the NMR data.

TABLE 3
CellID ARFCN | BSIC RxLevMean(dBm)
25068 Unknown | Unknown | -67.0
Unknown | 81 59 -83
Unknown | 71 61 -92
Unknown | 67 46 -99
Unknown | 69 43 -103
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ot her paraneters. In addition, the fact that a

particular cell is not reported is also an
woebmenessts on. In the foll owi ng exanple, only tPCEAU2006/000478

types of observations are used: signal |evels, timng

advance, and unreported cells.In this case, the cells

are assuned to be uni quel y4penunbered such that cells

1to N 111 are associated with cost Cln , cells Nln +

1to N 111 +Nl1n, are associated with cost C 11 , and

N1ln +Num + 1t oNln +N111n +N 1. are associated with C
Thklbtal costiecacliated hudbetribetl (ovef bath@RSnEBE c8dte

matched in the profile, Nlln =Nunber of observations
copegpordiagriethematehad, vmmatehed and arepuited-sellsbEhe of

ell.s.that are,int rof,ile but are no ported, It
cafflaRa vyt SoEtmaltiel Bl cafty 3¢ By aR Tahlh neprrgnted
toQQk@ﬁﬁthgagp reduce the conputation | oad associ at ed

with these cal cul ations especially in nobile

term nal s. Exanples include a | ookup table

ximation to the error function and the

T/gplE quared distribution. The foll owi ng description

R AR R I e TP B et bt ™ "
RxLev | RXLev

D

25068 |95 38 -80.0 -67 1.04
54763 | 81 59 -88.3 -83 0.17
892 71 61 -92.1 -92 0.00
18322 | 67 46 -98.7 -99 0.00

The calculated value for the single unmatched cost is shown in Table 5.

TABLE 5

CelllD ARFCN | BSIC Measured | Threshold | Cost
RxLev

Unknown | 69 43 -103.3 -105 0.02

In this example, since the measurement was not fully populated, using the
methods described in PCT/ AU2006/000347 (referred to above and herein
incorporated by reference in its entirety), an unreported threshold value of -

105 is used. The calculated value for the unreported cell cost is shown in

Table 6:
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Thi s exanpl e uses the profile defining the zone as
previously shown in table 2 above. In this exanple, a

woewesetc1Hf neasurenents are avail abl e as il | uRET/AU2086/000478

in table 3 below. As before, the ARFCN and BSIC are

not available for the serving cell because they are

not reported in the NVMR dat4g. TABLE3The total cost is

cal cul ated as descri bed above, by sunm ng the costs
TARIEgspondi ng to the matched, unmatched and unreported

cells. The cal cul ated values for the nmatched cel
CelisDs| ARFECMOBBIC N Takbfiled, | TiepsksldNt@estt o 2 deci| mal

pl aces. TABLE4 The ﬁalculated val ue [for the single
unmatched cost is s d&ihevn [Tabl e 5. [TABLE5 In this

e—St+he the—reasStfet WaS ot F"II"
llated, us gﬁg t he "1 % ig%scribzﬁain PCT/ AU2006/
000327 (referred to above and herern incorporated by
reference in its entirety), an unreported threshold
Theadudr o0 thelPlivisudbeshts Hhisatahprtied sval ue for the
unreported cell cost is shown in Table 6: TABLE 6 The
sum of the individual costs in this exanple is 1.57

o A MR e
cuWuhQ‘a@e aenaf}rnﬂﬁ'&rn%ﬁ.%ﬁ? 6ff e%d&) eeSh Y ﬁd(})}{ ;@%ég

approxi mat | tot unct i on roun

nu@h@x@@.l al Pﬁokiﬁ{alﬂ@nl t® thisFunSHes, eroufidedab 1 Wlcatrasl }ﬂ@@é tﬁé
. 575;5 ess than the threshold val ue of 7.8,
vatue 18

Since the calculated cost of 1.57 is less than the threshold value of 7.8, the

mobile terminal in this case is deemed to be within the zone.

The following example illustrates the generation of a profile for the case
where cell ID plus radio signal level measurements are used in a UMTS
network for zone definition and detection. As in the previous example, a
series of measurements are taken and accumulated in a table. In each cycle,
measurements for the cells in the active and monitored sets are recorded and
added to the table. Table 7 below shows an example table constructed in this
fashion, over 10 measurement cycles. In this case unlike the GSM example
described above, the same cells are reported in each cycle, hence the counts

are all equal to 10.



nobile termnal in this case is deened to be within

the zone. The follow ng exanple illustrates the
w@emwenaisi®on of a profile for the case where cePCT/AD2006/000478

plus radi o signal |evel nmeasurements are used in a

UMIS network for zone definition and detection. As in

t he previous exanple, a sergqes of measurenments are

taken and accunul ated in a table. In each cycle,
TABEgyr enents for the cells in the active and nonitored
sets are recorded and added to the table. Table 7
CetlioW BHOWs acRCBIPl eChahlt € constructed in this
fashijon, over 10 neasurenent cycles. In this case

unli kle t he GSRSE€Xanpl g descti bed above, the sane cells
gﬁﬁ%{epor{““ H—each—fEyele— hence the counts are al

I T

E7 Th set | of measurenents i s

53(ﬁ§sfo”'e' T3 & Pr iéic y first validating the
ce
St

reporis|agai nst,|{Tor ekxanple, a database, to
1Ty apgl| agdsess pQy erfors either in the encoding
of the neasurenents or in the network database. A
peahdagat i o20 hddfed nay| then be used to predict the
signhals—that!lwould bel detected by a User Equi pnent
(UE) at the location nom nated by the user for the

TP og ool e pARBrae i < e el welisaidag the
cell REbS 88aihbAFoRkaRHdEd QRRbaSELD i(%e?ltify lﬁﬁPyacfd}e&ea
det'ected by a nobile termnal as shown” below n tabl e

5  er®rs kithgeirethel encoliirg ofrthk usésnraheagdirtih thehetveddksddtabase.
the profile hased on prediction nmay be done for

A prRRraggtionggedgkmay ﬁﬂ%h% used k3 predig the signelsrihat gvould be

T T SR S A i
def R B2 CHGRRb Bt (k] R B R Fuati bt Hhepsifr
thé Hénd. aRCAAR Vel ﬁ%ﬂﬂ?ﬁﬁg & BeteReHiH @RBABA I8 Tor bkarhph¥, tic/10

al so occur if t
> -20dB, the predicted data indicates that an additional cell is likely to be

10 detected by a mobile terminal as shown below in table 8. In general, this
inclusion of additional cells in the profile based on prediction may be done for
several reasons. In some cases, the measurements recorded during the
initialisation phase may fail to include a nearby cell. This could be by chance,
due to the random variations in radio propagation. It could also occur if the

15  cell is in-operative, due to maintenance.

TABLE 8
CelllD | PSC CPICH Count
RSCP
39756 507 | -76.3 10

Table 9 below shows the resulting profile. The sigma values are added by the

20  server for use in the zone decision process. In this case, all but one are set to a
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cell is in-operative, due to maintenance. TABLE8 Tabl e

9 bel ow shows the resulting profile. The sigma val ues
w@e@oaoidexl by the server for use in the zone dBCI/AUN06/000478

process. In this case, all but one are set to adefault

val ue of 9 (decibels). The additional cell added by

prediction is assigned a | @ ger sigma because of the"

greater uncertai nty associated with a predicted rather

deitaﬁﬁ:rb Tilegéﬁ@r%l gy PSF& :’E)]y airle? Hogligs an

exan'p he ge?er ation e case
assigresden Iaegér sigent bdcpubeof ﬂhelég%aﬂ@f uﬁc@tdﬁﬁf sxetiatsl 9N a
| evel nmeasurenents are used in a UMIS netvvork The
pregiefed gethenithann mgasured eelbxpressed in terms of radio
paraneters is generated using a nodeling tool based on
a zone | ocation specified in geographic terns. The
TARPGad i on is specified in terns of easting and northing
and corresponds to the point marked with an asteri sk
CelHDx h@SCent r|eCPICHF gyrSgerhd.| The nodeling tool is used
to predict the CPICH|RSCP as well as CPICH Ec/ 10 for
each|cel | inRHeLar ed at the specified location. From
these predit he—e/f—10 threshold is applied to
S?QFQ ot thg‘lceﬁ"g to t i nclijuded in the profile. For
exa e, I'Ts 0, 41505 and 43136 shown in
géﬁ% e 1gggre6%gl ecteg) The predicted CPI CH RSCP
5eapséies foeb0thgse cel l|9 are (then used to create the
zonelprofile which is shown bel ow in table 10. TABLE 10
5Ph29 :)r eceéﬂr g7é%anpl | § 91lugtrates the use of cell IDs
ang—si-ghe evel—reasuyreredt s only. Ot her neasurenents
5}6 | so%gg %?l zed é@ch as timng nmeasurenments. In
UMTS for instance, Round—Irip Tinme (RTT) neasurenents

Figure 13 illustrates an example of the generation of a profile for the case
where cell identity (cell ID) plus other radio signal level measurements are
used in a UMTS network. The zone definition which is expressed in terms of
radio parameters is generated using a modeling tool based on a zone location
specified in geographic terms. The location is specified in terms of easting and
northing and corresponds to the point marked with an asterisk in the centre of
Figure 13. The modeling tool is used to predict the CPICH RSCP as well as
CPICH Ec/10 for each cell in the area at the specified location. From these
predictions, the Ec/I0 threshold is applied to select the cells to be included in
the profile. For this example, cells 4150, 41505 and 43136 shown in Figure 13
are selected. The predicted CPICH RSCP values for these cells are then used

to create the zone profile which is shown below in table 10.
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for the cells in the active set may be utilised. In
this case, reference neasurenents may be taken during
w0 b@oilodets al i zati on phase. For each cell and pBCEHABRM®6/000478
an entry is then added to the zone profile
representing a typical value for this paraneter al ong
Wi th a val ue representing t4ge expected statistical
variation of this parameter within the zone. Wen
TENBEYat i Ng a set of neasurenents against this profile,
a_cost is copputed as illustrated for power I|evels
CzHove| RBer ei nMdae GRIECHer rigmbet weéen t he measur ed
val ue| of the ggrg?meter and the vallue in the profile is
cal cu] ated ap al ed by |the statilstical scaling
pas@get er ol opt@i n a cogrjof or cofbining with the
costs| associated with thg other mpasurenents. In
41593 pr f ashi eBi.Dt her radil@ paramgt er neasurenments nay

be ‘6.“. orpot-at-ed—+A—the—process—su¢h as tine

g?}% ef enced Tgnogeed any raléi 0 par ameter neasurenment
for which a typical varde and a measure of its
variation within the zone can be obtai ned may be used

in simlar fashion as will be understood by one
THeMpdeb@dinbexhfipl@iitustidleS@RIB1LATREN TDEEnd 3R] RAfANMEL er
nmeasurenents may not include a cell identifier. This

meapyiremefizronlpsOthrreneaserementd rnay tasol enutilizeal stabi dseiming
term nal oi ﬁtl\i?ﬁr acteristic of the radio network. In
MEAFUReNEEss Iy far ipstange Royn e FripokimsARdris maeasusempents

B9 PHE IR SRR SR, SRS P 1
meisiesmpAtsanRy Bk telkahdasing thE iafilizdthiColiRe. B ach cell and
exanpl e uses cell IDs and signal |evel neasurenents
pagaingterApn ahtrg inthenes]desutodthisezone pabfle repoeseptingtactypical
vaﬁ?ﬁg oggg{si;%rgligg%er(allqgg wit ag llega urcreerrétpicfesfeg{intg r’c]1(1ee gfllaelc%eé "
statistical variation of this parameter within the zone. When evaluating a set
of measurements against this profile, a cost is computed as illustrated for
power levels above wherein the difference between the measured value of the
parameter and the value in the profile is calculated and scaled by the
statistical scaling parameter to obtain a cost for combining with the costs
associated with the other measurements. In similar fashion other radio
parameter measurements may be incorporated in the process such as time
differences. Indeed any radio parameter measurement for which a typical

value and a measure of its variation within the zone can be obtained may be

used in similar fashion as will be understood by one skilled in the art.

In some cases, the radio parameter measurements may not include a cell
identifier. This may be for instance due to a limitation of a mobile terminal or
a characteristic of the radio network. In such cases alternative identification

parameters may be used, such as a Location Area Code (LAC) in the GSM
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In certain enbodi nents, Base Station Identification

(BASEJD) and Pil ot Power (Ec/ 10) can be used in a
wEDMB(1¢36805) network for exanple, for zone defPCi/AUZI06/000478

and detection. As with the GSM and UMIS exanpl es a

series of neasurenents may be recorded fromw thin the

zone. The measurenments mayg4gorrespond to any

conmbi nation of the nenbers of the active set, the

neGB0HL P Ao ANEHEL S B PR 06

screenblehdeodinder st ood by a person of ordinary skill in
the art, In a CODVA network, the nobile term nal
di vi des searching into three wi ndows, SEARCH W N_A,

1o e A aser shaet bt e bt RoBhat nte
A T B Al Rbtng L TR BB AP Bl e
celldig thetawtikk sedVuch i ke in the previous exenplary

enbodi nents, appropriate nodifications can be nade to
the data if necessary (eg. errors can be resol ved,

g5k F3Pa el SETHAS R, BRASEL 510 i ©
PeBATEEA) Dk 1006 bk TRBK LT e

definitsort aned detection eAs edel trASSRGavd UNTS exangbisst @oibs by
a person with ordinary skill in the art, additional or
messHEYMPREERARDPE speasdpd Atasp vithindhe zpne. dl Tephpagisemsnks

for zone definition .and detection., This .nmay incl
may o et e BRAE L B hbaer B P ot e
caitiiRed Sot RIS B IRASU BRBRE $ein@lRhl B8t 6B hfaihBARed
one cell for zone definition
by the mobile terminal. As would be understood by a person of ordinary skill
in the art, In a CDMA network, the mobile terminal divides searching into
three windows, SEARCH_WIN_A, SEARCH_WIN_N and SEARCH_WIN_R
to gather information to support the handover process. In these windows, the

mobile terminal gathers information about these four types of cells which

collectively include all cells in the network.

Much like in the previous exemplary embodiments, appropriate
modifications can be made to the data if necessary (eg. errors can be resolved,
cells can be added or removed based on selected Ec/10 criteria etc.) and the
data can be compared to a propagation model to detect if the mobile terminal
was situated approximately within the zone when the measurements were
recorded.

As would be understood by a person with ordinary skill in the art, additional
or other information can also be used in a CDMA network for zoﬁe definition
and detection. This may include pilot channel received power levels and

measured PN offsets.
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and detection, in sone cases a situation arises where

one or nore of the neasurenents is anbi guous. The term
WO a00bilgiseris’ Wi || be understood to nean that tPEI/AU2006/000478

par anmet er nmeasurenent by itself could be associ ated

with nultiple cells in the radio network and it is not

possible fromthe nmeasurene itself to identify which

cell was neasured. In many cases, to generate a useful

zone profile, it is necessary to resolve the

R e o 8 L PR Dt o
artddAeEHINE 18 sotid @RbEa Bies Aﬁaﬂ%ésngﬂérve\;qcﬁ%%r IB% (ir)fl;%e

th
anbi guous neasurenents. One exanple eret

méasaselnleatd is anfisipaons THeaekmi’ smibéguouse oril et deistood to
actyal location fromwhence the neasurenents were

megiyhat Fheyppeamater mepsuremnery hynitwetbemld bemssoaksml with
neLwor ki i n i.ch.the system.uses sone surement s

ReIR R B BRSSP B el P

méHsReEEnt IIE LI dRkP WhidiDed Pyl MU Gn A AERLL 261
hexagonal representation tor the area serve y each

gepetdte aMsbfdleonadirofite itris nates24yyi to reeslve ﬂhéambi%.li@}em

wn

4. Two other cells 1 and 2 (shaded) are_al so shown.
suitplleaneans éfwf(@ntlﬁﬁ thig ﬁ%llﬁkﬁp@ﬁ@% elopsicothat cases it may

t e Lf s by . ile termn as., .
e ARSREL b SRBBRL A SORLE ST e g
mERAFEHSARN el dkabhiisle 9028 thiB 34 fdabiblSishPheRIRSEHIR is

W t hout using additional information such as the cell
reqDrédps ththesartuahligeatidn from ddeacathremelsirbmehtd Wwesemade.

two cells was actually nmeasured. During the

measur enent process, the nobile radio term nal 20

PSR O A RS TRsLl 40 LGS
sofrieeanBxdia¥enieotts tdhk@nGeithin theweyiein thé'rdtae tbRédaBbn process.
Mobile network 10 is shown using an idealized hexagonal representation for
the area served by each cell. Mobile radio terminal 20 is served by the cell 4.
Two other cells 1 and 2 (shaded) are also shown. These cells share the same
ARFCN and BSIC and therefore if reported by a mobile terminal as neighbour
measurements will yield ambiguous measurements in the sense that it is not
possible without using additional information such as the cell ID for the

serving cell to determine which of these two cells was actually measured.

During the measurement process, the mobile radio terminal 20 reports a
power level measurement for a neighbour cell 1. The measurement consists of
the ARFCN, the BSIC and the RxLev for the cell. However, the particular
ARFCN and BSIC values reported are shared by more than one cell in this
network (1 and 2). To fill in the cell ID in the profile, it is necessary to resolve
the ambiguity and identify which of the cells having this value of ARFCN and

BSIC was actually measured by the mobile terminal.
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ARFCN and BSI C val ues reported are shared by nore than
one cell in this network (1 and 2). To fill in the

w@edob/10918 n the profile, it is necessary to reROI/%B200h/000478

anbiguity and identify which of the cells having this
val ue of ARFCN and BSIC was actual ly neasured by the
mobil e term nal . One way toggchieve this resolution is
to identify all the candidate cells using this ARFCN
and BSIC and then select the one which is closest to
the point nom nated by the subscriber for the zone

O@dﬂaﬁ@acm@v@{mﬂés@my&l {gecbfiaé*n aupthe%analdmg &l ksing
tool” and cal cul ate the kely si | evel received

this ARHGEN|andhBSICaaretd tlfwresedmlt ltlse ae wﬂmac}zxs redosebntot thiepoint
case, the one with the stronge G{mpredl cted | evel would

nopgnatad i the sgbaerikerdor Biq zaneaddysss. Aayrlteraatig metkod is to

o R A PSR RS S5
cartcbht do8ls U Bth ZSQTEn TR RASES 11 oRdivihNHB %%‘iirti'lgést?ﬁgedicted

approxi mate | ocati on of nobi l e radio ter

level wioubd he fidwntidickDasite atisbat Wves reportwmt e tik sugbsetiber’s
atent application nunbers: PCT/ AU2005/001358
ternak [ B U Qe OB t7sme; ofber/

ap Ribinite SRS Gl e HIRREANAC b BbeR P ap

approXIRREEh - Mabh bﬁrﬂcﬂﬁl@tﬂaa{b terrhi@al QORI nCRSTRIH I 0Qfre
each of these applications are hereby incorporated by

desastbeddnce-panding iR gs@nt tpplicagion rmmbﬂrSp rocess

P@éﬁ@gbﬁ%&em el g eh{F el ehgop Sieleet Par - ©

A"Uﬂﬁmg 9bd)347Té?ﬁ1t1e%19%lP£1cém&iféul§ EEdRUE Ma:‘n
I ses again during the zone detecton process where a
Syﬁeﬂh”;)imd: PATYM UReE 0003t éstitlea] ‘CExipaiced Mghilabbeaticidne
The entire contents of each of these applications are hereby incorporated by
reference. In this case, the resolution process attempts to identify the

candidate most likely to have been measured contemporaneously with the

particular serving cell.

The issue of ambiguous measurements arises again during the zone detection
process where a set of current measurements is compared against a zone
profile. Again referring to figure 14, in the case where mobile radio terminal
20 is situated within the zone and reports a neighbour measurement for the
neighbour cell 1. As previously described, this measurement is in itself
ambiguous. Although the ARFCN and BSIC reported match the ARFCN and
BSIC of an entry in the zone profile, without knowing where the mobile radio
terminal 20 is situated, it is not clear whether there is a match against the cell
in the profile. It is only known that the measured parameters match some

fields of an entry in the profile. In this case the present invention does not
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profile. Again referring to figure 14, in the case
where nobile radio termnal 20 is situated within the
wQewe/1a38d8 r eports a nei ghbour measurenent for PEEAU2006/000478
nei ghbour cell 1. As previously described, this
measurenent is in itself anbiguous. Al though the ARFCN
and BSIC reported match t hggARFCN and BSI C of an entry
in the zone profile, w thout knowi ng where the nobile

SN A P
whén ?éﬂléta’tiﬁg\ﬁne pM1e.,tm§te@aaﬁ§ihg% BRRERE ﬁh?ﬂ@é;ﬁfhs%ﬁ?ch,

fiel'ds of an entry in the profile. In this case the
relfieeaan herplectd on thioesambiguemsi metchrtoerpstraintthe location of

TR I b A L B L
' . B [ I d th .
caB ORI AR LB R, MR Ay e

Forekiin®le, atihe duefdhitiidasdPemsniih@ian tﬁl svérﬁhg*&eﬂl% %t%f Eell

can only be one candidate cell in that vicinit ose

4, thenditris lerewmihattoftthe agitigyouscel hengliddties e7haSe ARFCN and
urrent neasurepents include a serving

B0 ERR B 55 fertabtecEBRarIg et ani Il Caule e epsre s
' ' RF S| C.
ari?ﬂ%l{cg HutSErE i mbgnsl Jalfen é}}ﬁgteﬁe e%ﬁéﬁf&qgggé& te

reported paraneters, on Sasur ed
in this area and therefore it nust be a match agai nst
the entry in the profile. Wiile the present exanple
Whiletle presentsexaptpla sbewss thouseof asell 112 to nescdwbitparhbiguity,

o ill b dth h L
it B g et Bihothes meftiagioge v e B fon ammple,
usig{ e@RLGtibh Nrba IR A El%tﬁé}shgﬁ It]{l)e & WWO&[&H %gi’t?e{%

ses al so enable the antiguity to be resolv

cases @i veenabbs thdrrhbigpitystotle eselvedeY o aothéoposaility is to use
informatjon to resolve the anbiguity for the zone
the{BfqWAsioNEIE IbeEnatéonia tesolve thapsbigaisy for therons dsfinition

mAIREGHONE. 15T LRy gesriecsoolfla%l?lguous measurements could be
collected and the nominal location supplied by the user used to constrain the
location of the mobile terminal and thereby enable the ambiguity to be
resolved. In other networks, similar parameters can be used to resolve the
ambiguity. In UMTS, the similar assignment of cell ID and LAC enables a

similar mechanism as described for GSM.

Figure 15 shows an example of a zone defined in a GSM network in an urban
location characterized by high cell density with cell site separations ranging
between 100metres and 1km. The desired zone was defined in a small coffee
shop. The location of the coffee shop is marked with an H. A series of test
points are also marked on the map around the zone using either a dot or a
cross. Dots mark those test points where the system returned an IN-ZONE

indication while crosses represent points that were determined by the system
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col l ected and the nom nal |ocation supplied by the

user used to constrain the |location of the nobile
W@ eqoaitesshs and t hereby enabl e the anbiguity to BPEI/AU2006/000478

resolved. In other networks, simlar paranmeters can be

used to resolve the anbiguity. In UMIS, the simlar

assi gnnent of cell ID and C enables a simlar

mechani sm as descri bed for M Figure 15 shows an

X f one defined.jn.a GSM network in an urb
to B RPN ECTBe Mo etho e iabily GBIt qaRa e - eHEEL Y be
m
B AR Ty R I A THED,
attdéhéathtdeakagnareh i Hes erdthpbe BinPrddiugof K esvwbhdofetdes A
.series of test points are also nmarked on the nmap
cirgle s wadivsd0Panetressisishorin ¢emtresl eivthepdesiredrasae. topooyide an
. r.k thPse test points where the systemreturned an
INGIRAERRNERE $%¢F-cat i on whi | e crosses represent points that
were determ ned by the systento be OUT- OF-ZONE. The

in-zone reliability in this case was neasured to be

Thgspatiéic rehabiliBOand zornsize ghowa e should natl beditdrypréedss
than 1 hour. The attendant |eakage area in this
a ligs pp) theppsratiomef the pyesentivvention With diffensot pararheter e

s B0 B B SR P R Sl
pefc@ht 8PLlidir @AH ABLIO pER-ANBNBrIREANINALLH: 08 beRnt or

T
interpreted as a limt on the operation of the present

grdateretiipinarbou\bY (perieint eoelalt bepadtaewdce Sim#dhtly mgae sizes between
reliabiljties greater than about 75 percent or greater
SmyefreR m gt by eeshiOrg angr29Rpe or thgkieeih SIHm s d0fent
CO%@@;&E 4 han about 94 percent or greater than about
percent could be achieved. Simlarly zone sizes
bet ween 5netres and 30m or between 20m and 200m or

bet ween 100m and 3000m
Another way to represent the detection performance is as a curve of in-zone

status versus range from the notional centre of the zone. The vertical axis
represents the proportion of time (or proportion of measurement cycles) in
which the system returns an in-zone indication. Ideally the curve should start
at 100 percent inside the zone and then drop as quickly as possible to 0

percent at some range from the zone.

Figure 16 illustrates this type of representation to show the results of tests on
a G5M network in a rural environment. Separation between nearby cell sites
ranged between 6 and 10 kilometres. The desired zone was defined as the -
interior of a small farm dwelling. In this case, the reliability within the zone
exceeded 99 percent as shown by the curve at the leftmost extreme of the plot.
Outside the zone, the proportion of points reported as IN-ZONE decays with
increasing range from the zone, reaching zero at about 460 metres meaning

that for this test, any point greater than 460 metres from the dwelling was
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could be achi eved. Another -way to represent the
detection performance is as a curve of in-zone status
wa ensaesersange from the notional centre of the PCHAaU200k@00478

vertical axis represents the proportion of time (or
proportion of neasurenent cycles) in which the system
returns an in-zone indicatiggn. ldeally the curve
should start at 100 percent inside the zone and then

er cent §#§sone range
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network in a rural enviro Separ ati on bet ween
testqmuihty wedel distrileged angh dlukmeﬁmmr(ﬁlrﬁh&e]z@nkl herglines.

The desired zone was_defined as the interior of a
uféi?aﬁitPOfi dyrhepearsomekilled in thesarsfbe vagpties ef 1agho pregagation
d 99 t hawn
i} Ut b REREs FIBSRAER PBOHIEr o BB Bl 4 Zenee
of 2R& Q@né hg tHfsCiHﬁéttrhﬁﬁn GblRA ﬁtﬁdl&ﬁé}%ﬁéﬁﬂ s8Fof &eiﬁﬁ}lgments

decays with increasing range fromthe zone, I ng
argend the zaoantolbSinght ads re}nfasﬁmmgt taaigeffoymtthe sohesduses
oi nt gr ater than 460 netres fromthe dwellin

h@va Bgrexgent e produgea rige betwean 200 and 350m

Qt decay nmonotonically to zero with increasing
m%)aéﬁgrils due in part to the fact that the test points
were distributed in all directions around the zone. As
wi |l be understood by the person skilled in the art,
Intthis evgg:amm, i?h‘e w@@ltmf the degjead mnmwasa of that oxzlenef 20

B D 8 A ey
co?reg#)m’éooﬂ?@re &n & clﬁ%%ﬁ %ﬁ’éﬁ]ﬂg} zon Qﬁ'oﬁpﬁﬁ)

axl's epr esenti ng r rom t causes
méthes m&%@méws torredigorabivethe Xfa&ﬁitldrpzéﬁ@ﬂltﬂ@ﬁkﬁgd ar®8, while

bet ween 200m and 350m
beyond ranges of 460 metres correspond to out-of-zone. These values were
observed with a particular setting of the system parameters. With other
settings, reliabilities of greater than about 75 percent or greater than about 85
percent or greater than about 90 percent, or greater than about 94 percent or
greater than about 97 percent could be achieved. Similarly zone sizes between

200 metres and 800m or between 500m and 1500m, or between 800m and
4000m could be achieved.

An advantage of one aspect of the present invention is the ability to adjust the
zone determination to directly control the trade-off between in-zone reliability
and leakage to trade off the in-given-out error rate against the out-given-in
error rate. In different applications, an operator of the system will placea
different importance upon Out-Given-In errors and In-Given-Out errors. For
example, in zone based charging application, users will demand a very low

probability of In-Given-Out errors. In contrast, in a geo-fencing application
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in Figure 16. In this experinent, the extent of the
desired zone was of the order of 20 netres across.

wo-e@ailodee8 curve in Figure 16, it can be seen tPEI/AURI06/000478

corresponds to the region of close to 100 percent
reliability. Ranges from 20 netres to 460 netres
correspond to the transitigg zone or | eakage area,
whi | e beyond ranges of 460 fretres correspond to

co L St S L SR B i from
70R& ’Bg "n@%{&ﬂixgﬁ mélﬁiét %Pﬁﬁﬁ%‘a‘%tfﬁc@%d & BL8Im 3B oA
percen or eat er an apbou percen or great er

erroR @llReutt if 9Re REATHREMVed Gheahe théfh amethibtect8d. This is an
percent or greater than about 97 percent could be

Oudhivendd erSirmlh antly cassetheiopesatbe tvigbhaept adtighas and
00m.or bet n 500m and 1500m aor between 800m. an

Pr‘glt?g’gfr‘rwc‘fﬂﬁ “’é:-‘éh&é’\‘i EHOLAR rﬁ'ﬂ’x?&?f?’é@ i‘“’(‘fﬁf Bﬁgjag’;nlb‘é( ég Bof
he. nr.e invention is the ability to adjust-the

O&zttot%lg@ég?%?%ﬁrhati on to directly control the trade-off
between in-zone reliability and | eakage to trade off

the in-given-out error rate against the out-given-in
Thisraspect efttbe piresedit ifreerdivm pispidesst ingans taachipes atwdediff
the systemw || place different inportance 0
betyerciis B9 (D7 PPE 0% ol 1P S D R8s PYSAREE Hi threshold
é%%ﬁﬂ% ' . Ol 8Pl e
bevm I c]%r%r?gﬂgp%%qﬁg\?v pr obg}b%?l?? ty ()eftﬁ?érlé-h%%gn?e%fﬁnes 2
diféerent salubocthet prabhbilitn o ag€ut@lvenAg error and an In-Given-

applicationconcerned wth determning if a high val ue
OutesrArh abhip @eReraderd BanorHb APST BBV enshithe sy $igma An

nmobi |l e term nal. attached to t ite he st _ser,i ous.
xRl & OpBRirH + AFVES i kil o eal s ErikpiSts
considBRblIgEaBHRY in Ihbésihg tROd ek Wlhed Of @lef@fors) But a
such cases, the operator m ght accept a higher
trade-off between the two is involved, as embodied in the Operating Curve of
Figure 17. It will be appreciated that changing the threshold also alters the
size of the transition zone, with the zone size increasing with increasing

probability of In-Given-Out errors.

Figure 18 illustrates the effect of this type of adjustment with real world data.
It shows the results of trials in a GSM network in what might be described as
a low density urban area. In this case the desired zone was of the order of 35
metres diameter in size. For this trial, two separate zone definitions were
utilised, both derived from a single set of initialisation measurements. For the
second zone definition, the decision threshold as described earlier was
tightened by a small amount with the aim of reducing the in zone reliability
by approximately 10 percent in order to achieve a smaller leakage area. In this
case, the solid line shows the performance of the first zone definition while

the dashed line shows the performance using the second zone definition.
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probability of an In-Gven-Qut error, in return for a
| ower probability of a Qut-Gven-In error. This aspect
w@boobheseps esent i nvention provi des a neans to BCTABY®6/800478
trade-of f between the two types of errors. This can be
done by changing the threshold between about 0 and
about 100% Each val ue of g%e threshol d determ nes a
di.-fferent value for the probability of an Qut-G ven-In

error and, an I n-G ven- Qut..er.r.or. .This generatgs. a
T S 2RSS it Refronsbtehlitt yad R <Hevel 3h iR ves
‘ . . . . : _ be
redled BPEPSOAAaEY et S effecE o iRgHiendl 620 ©
defihitiodi 61 ehieletkygd ares opfransiticer regicn (thedsued hacteasd Tinear

. between the two is involved, as_enbodied in_the ]
distyrgeaethey thapge asea)fis gapduation of approxirpatelppl argteasedhis
ha ngi_n he threshold also alters the size of
st W AR P Dbt 48 B Drtf 2 bR Bredadiong
peMbifahBe gsﬁhaaréoﬂmagl et Vic® bréidEsupfthise ZoAE S -
Figure 18 illustrates the effect of this type of

defidjtisstsriesuitviheir applicatimnd. dndhe aasd of sshows zbhe appdichticn,
of trials in a GSM network in what m ght be described

thig gneansdhiatidieyiarg ableggchieys a g9pd alancedaewiera cyatmney
a ?Q&'cﬁ‘?ﬁm?ieaﬁ%&e?fe%.er of 35 netres dianeter in size.
S téor {A S 9% ¢

WO separate zone definitions were
utilised, both derived froma single set of
initialisation nmeasurenents. For the second zone

Thigefsipect olothe inhentitecivill onwt dlse bh dlescrdseddfreny a different
earlj.er was tjightened. by a_snma amount with the aim

pepertifitiab b {eieauch 19 Satea D RBCRi (v by anpr oxi mat ol v
10 percent in order to achieve a snaller |eakage area.
In this case, the solid |line shows the perfornmance of

Figdte 10ishetvszosithetteficiepiadantaltionef the elements of a zone and
zone boundary. The region bounded by the rectangle represents the desired
or ideal zone boundary. This might in one example be the extent of a
subscriber’s home, office, relative’s home or friend’s home etc. In other
applications this might be the extent of a commercial premises, a school, park
or even a portion or entire area of a hotel. In some cases, the extent may be
defined in three dimensions, including horizontal limits as well as vertical |
limits, constraining the extent to one or more storeys of a multi-storey
building. It should be noted that the ability to limit zone extents in the vertical
dimension in general is provided by an aspect of the present invention. In
zone definition systems with less spatial discrimination, unless separate
storeys in buildings are served with a dedicated cell having only limited local
coverage it is not possible to achieve vertical discrimination while
maintaining high levels of in-zone reliability. The desired zone is the region
within which the system should determine that the mobile terminal is in the

zone. Because the radio signal parameters do not change sharply at the border
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t he dashed |ine shows the performance using the second
zone definition. These curves show that the in-zone

WO 2dobabichs ty with the second definition was repCDau20vy/000478
approximately 6 percent. The effect of the tightened
zone definition on the | eakage area or transition
region (neasured here as agdinear distance rather than
an area) is a reduction of approximately 50 netres. -

hi qus t hat i_nvent i i des ne, .
Feted e et B iR A RSP S B g Mty te
theS&ésYﬂe‘aezcﬁ{eoﬁ)(fitﬁﬁ( the ééh?a{ltzbﬂb °F nZéH?sﬁré’c?Ed)ﬁlé Be Bﬁdttﬁlssié'the
their applications. In the case of a hone z

O\nmﬂqui area, It thisanee dinssytshah almegt a]meayabieemsdhamtake
good bal ance between custoner s tisfaction and
terrraaklat@éoeawap zemes The preden Betwern § ired #oRe pnd ihgout-

of—% e are%g Is e%ﬁ.l:gﬁ% bk ﬂgggt??xq§1éé8r gﬂé perspective, with

Tefsh I'gur es I'gure 19 shows a
schenatlc representation of the elenents of a zone and
zone boundary. The regi on bounded by the rectangle
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m ght in ne eﬁ Ie b t he exteqt of g subscriber's
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omrercl a or even a

ceritfe @mierzemrtaam@fpanhﬁicﬁidecﬂ With@ie. Sidge Sherk iﬁﬁa;fsksé Eéiﬁdom
may be defined in three dinensions, including

van@irnplzsmlt partllculnrtfsma@, i genexaliensefehto Irichidesa statistical
th t ent f

SRS B e 30, BT e

pr%ghjc h{ﬂ’% Rslid WrletfR04 160 16M (Ej%t% Q?a Bt dt8h-zone

n1n general is provi aspect of the
indiéasaivoiuld betremrnecﬂ i Zwte thiat 1 Iﬁesttl mypsqa$ tieesfom thd desired
| ess spatial discrimnation, unless separate
zone may range from about 5 metres to about 2500 metres (for example about
5-10m, about 5-25m, about 5-50m, about 10-100m about 25-2000m, about 50-

2500m, about 100-2500m, about 500-2500m etc.).

For zones that include a vertical dimension (limited storeys in a multi-storey
building for example) the zone sizes may range between about 1 metre and
about 250 metres (for example about 1-3m, about 1-5m, about 2-10m, about 3-
25m, about 5-35m, about 10-100m, about 25-250m, about 50-250m etc.).

Typical leakage areas may range between about 20 and about 5000m (for
example about 20-50m, about 20-100m, about 20-250m, about 20-500m, about
20-1000m, about 100-1000rﬁ, about 100-2000m, about 500-2500m, about 500-
3500m, about 500-5000m, about 1000-5000m, about 2000-5000m, etc.).
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storeys in buildings are served with a dedicated cell
having only Iimted | ocal coverage it is not possible
W eooaabices/e vertical discrimnation while nai NPEI/AUZNY6/000478
high I evels of in-zone reliability. The desired zone
Is the region within which the system shoul d determ ne
that the nobile termnal iggin the zone. Because the
radi o signal paranmeters do not change sharply at the
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serSAROk Alsosawaiabld ©aondd eent IndUe Yimiiesh zdie fepresents a
convenient to use a single value representing the

comgxéiincosingeeyenne ldabagentre of the zone to any point
included within it. Since there may be random
variations at particular points, it is generally

B 8, 31) T AL S g

in fiey déhedpicere e Pretdaeosret8y WREHRLAN iz i ERSQN.
tests at a point an in-zone indication wuld be

Typiwallyibe réqningment isdar this eddiability g belvesy hégh becaushé is the
desired zone nay .range,from about netres to ut )
forS 55t AR B (A SRANEY & BB S A0 Ay o vEd s8pfiency in

% . - . - a - - .
SRR SRS AL SRR, S5 T Ay
magopesbdutedlO% oc predtern They nkadd that (Fe9% babof 100%stREiments or

storeys in a nulti-storey building for exanple) the
betieh avhanythe mabile teygrinplis wedhindbe desiredrgone thadystem

should return an in-zone indication. The evaluation may be measured as a
percentage of points randomly selected within the zone or alternatively as a

proportion of time.

In other applications, the in zone reliability may be required to be about 80%,
about 90%, about 95%, about 97%, about 99.5% or other values as would be

applicable to a particular application.

The second term is the leakage, already referred to above. In one case this
represents the area outside the desired zone, where the system deems the
mobile radio terminal to be within the zone. In applications where subscribers
are being offered a preferential quality or service or a reduced tariff, this
leakage area outside the desired zone represents a cost that must be

minimised. In some cases the leakage area may have a temporal component to
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about 250 netres (for exanple about |-3m about |-5m
about 2-10m about 3- 25m about 5-35m about 10-100m
W@bwat105888 250m about 50-250metc.). Typical |RPERAT2006/000478
areas may range between about 20 and about 5000m (for
exanpl e about 20-50m about 20-100m about 20-250m
about 20-500m about 20-108&m about 100-1000m about
100- 2000Om about 500-2500m about 500- 3500m about

. bout, 1000- 500 bout 2Q00-.50
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transition zone is often referred to as | eakage area.
tregtdsay im-Faneawben iy fact aut-pf-zone desired zone is

associated with a reduced tariff or preferential

qual ity of service. The fact that this service is also
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represents a commercial cost or revenue
compnemis. lmmadriytapplicatibhe titeigr @metrelisbiliehis avhiznpbitent
nmobile radio termnal is in _the desired zone, the
re%%ﬁtf@ﬁmc dhe @ene fefiptignimughtheietosnbe el igareddi, provide this

f |
e LB B8 Pt BOMASTRabEF ablt bRt e bR,
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inthe reliability is unlikely to be tol erated.” As an

mm&mml that fortayspiecHiedrieeuorearetinbilitpthb eosbspondialeakage
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Cafb e paaqetmaljgrdha Pdsting frchaiques. ’ieﬁilﬁﬂ‘f?lﬁr if the

R I

lesp eixesdia8 & alife, B @ltent @rdisatonstRliect, efthh Aiktenthgt zone
or alternatively as a proportion of tine.
reduction in the in-zone reliability.

It is a further advantage of this aspect of the present invention that the
tradeoff between reliability and leakage can be adjusted with fine granularity.
This feature is now illustrated, by contrasting the present system with a

system using cell IDs only.

Figure 20 illustrates a cellular network comprised of 3 cells labeled 1, 2 & 3.
As with all practical cellular networks, the coverage areas for each cell overlap
to a degree. In this case a subscriber registers for a zone whose extent is
shown in perspective view by a rectangle. In this rectangle, the subscriber’s
mobile terminal may be served by any one of cells 1, 2 or 3. As can be seen
from the illustration, the majority of the coverage areas of cells 1,2 & 3
constitute leakage area. The fractions of the zone covered or served by each of

the cells are shown by different strengths of shading. Cell 1 covers the major
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In other applications, the in zone reliability may be
required to be about 80% about 90% about 95% about
wO7Zods/1eds081t 99. 5% or ot her val ues as woul d be PCT/AU2006/000478
applicable to a particular application. The second
termis the | eakage, already referred to above. In one
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advant age of this aspect of the present I nvention that

for a specified in-zone reliability, the correspondi ng

| eakage can be nmade sma) | er. than through existing
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cost of increasing the leakage area by between 30 and 40 percent. The

resulting extent of the actual zone is illustrated in Figure 21, in which the

shaded regions indicate the extent of the zone.

Figure 22 illustrates the same network with the same desired zone, using the
present invention to provide the zone definition and detection. The darker
shaded region 4 represents a zone definition achieved with a certain set of
radio parameters. In this case, as with the previous example, only a small
fraction of the desired zone in the lower right corner of the zone is outside the

effective zone as operated by the system.

An in-zone reliability requirement of greater than or about 99 percent is
assumed once again. As a result it is necessary to adjust the zone definition to
cover at least 99 percent of the desired zone. In this case rather than having to

add the entire coverage area for another cell into the zone definition, the
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It is a further advantage of this aspect of the
present invention that the tradeoff between

w0 edobabichs t y and | eakage can be adj usted w th PCTI8U2006/000478
granularity. This feature is now illustrated, by
contrasting the present systemw th a system using
cell IDs only. Figure 20 i lF‘éust rates a cellul ar
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is achieved., The |eakage in this case is the total
t0 p 3RAPh PR SSSERCERRANEEMFed by these two cells. In

order to increase the in zone reliability to about 99
Fidife 08 hoWfs LFPREQRINNGNEYLA cell 500, SvilSHESHRLY cbRnd@sications

cell 3 into the zone definition. This only
network, in which are defined a number of regions or zones 501, 502, 503, 504
and 505, in a completely controlled manner. As can be seen, the size, shape,
position and orientation of these zones is completely independent of the cell

500 within which they are defined.

As previously described, this feature may also be extended in the third
dimension, enabling systems utilising this aspect of the present invention to
define zones in a vertical orientation as well as horizontal one. Figure 24
illustrates an apartment building 50 having multiple floors, including floors
51, 52, 53 and 54, as well as a lobby 55. In accordance with this aspect of the
invention, tightly controlled zones 57 and 55 are able to be provided. This
allows individual floors or level and individual apartments to be
individually-zoned to provide location-based services to those living in high-

density, multi-level areas.
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achieves a gain of a few percent in the zone
reliability, but at the very great cost of increasing
w0 bwolhesskaage area by between 30 and 40 per centPCITAB2006/000478

resulting extent of the actual zone is illustrated in
Figure 21, in which the shaded regions indicate the
extent of the zone. Fi guree%z illustrates the sane

network with the same desired zone, using the present
ipvention to..provide the zone finition and
In B¢ ExtTe BUEE Phahe SRAGU L gRorPa EpF G5 Ehe lovel
indRARSS IS4 RIeRENLRYEhM LD G880 PRl Hifn 1AM £
paraneters. In this case, as Wt he “previ ous
“hexenpdiee” 1lline arsn@dheht, adidrelty ahy td1e Made fREnz@ne in
the | ower ri%@F corner of the zone is outside the
apatireentimay be hilletbaiop yveerartethantatside ttherpparimentzone
reliability requirement of greater than or about 99
percent is assunmed once again. As a result it is

ST RO S ARG B

cor@hhbafcatibas shaidengrovidadiiat fiey gnédts er bouél capaatsf or
another cell into the zone definition, thedecision
malingsrelidrom thellelvlexiof the kidkding beeicharged et didifexssitiohrate.
above with reference.to -ap, application he
TP e i e ARl B it ee Blo MtSosrumart efhe
hohdeosxhgRhodaBresented by the lightly shaded ellipse
5. The incr%ased zone reliability inthis case is

achieved at the cost of a small increase in the
| eakage area. The present exanple also illustrates
t

Sigtlatliett willhe arprseiateshEhas ivhe aprasmosanst 51 maypndaeinverlap,
I 43 ' Yy the.ext egt qf . the zone need not
o FUSBLLORoARYcthed Hs B0t 911 i, 06
budikliieh birie@nRly Have drelicd iARS Woédyiedrkariddntdntah thit the
cel| sectors. "This is in contrast to systems in which
enhh@bzﬁdmg is patevideddvith audiffieserdfal call katephe hagmgprarasio
ex?e%tcf t%nc%lvle}/ the entire building. At the same time, the occupant of the
apartment may further enter into his own service contract whereby calls made

within the apartment covered by zone 57 (which is within the volume defined

by zone 56), will be charged at a different rate.

Of course any other applications or services that can be location or zone-based

may be equally applicable.

The achievable zone detection performance in real world radio networks
depends on a number of factors. Below are described some of these factors
including examples of performance of the present invention measured in real

networks using standard mobile terminals.

The zone detection problem can be conceived of in similar terms to detecting

a signal obscured in random noise. The signal of interest in this case is the
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including a round trip timng neasurenent; in these
cases, the zone nust either enclose one or nore of the
w@edob/1836tes or else lie in sone fixed rel ati onBEI/AUS096/00478
as when a round trip delay neasurenent is used to
constrain the extent to a sector or a sector of an
annul us. Figure 23 shows a6iepresentation of a cel
500, within a radi o communi cations network, in which
.are defined a nunber .of regions or zones 501, 502, .
aienCS o SR PRI oS AT G Hit il
rad'}ﬁ.ppaqgn{%f?eﬁﬁ@ r%ﬁ%n‘?s' iA8he SRGREL zBﬁé'Ltﬁ'rg@r Tences
ori‘entation of these zones 1's conplete i ndependent
inditatehegieatdr [5QAhWbA bE beinld it By zéne defined. - As
previously described, thi's feature may al so be
extended in the third dinension, enabling systens
uti.lLisin hi.s aspect..of the_ present jnventio 0 X
In fafsisal WOHRALROVBFH chantist Fasomish S el sidw fading,
: ' tal: j . i1l I
i R 5P R O Bt mp S el Ao AP AT zone
thebadid 2igraB parinéidrs measiell aatoss thebbye buld be relatively
accordance with this aspect of the invention, tightly
copm#tent|Aethesonbile srlia fernsimab?@isappued oubef therorgdd.
. This allows %pdié}dual floors or Iev%l Sﬂ@ igdividua
INCHRAP P ot HtaSt St hARAIST e ety Worly chrnge
smloPeRY SRS 1RBNAIESS beQet OFFRIIN, Bhrkihe the limit of the
hi ghdensity,” nmulti-level areas.In the exa ein

zofe.gWhen 2he diffrenochgtarenahe réferapaiarmneted médsaréaeats in
indicated 52 is able to enter into _a service contract

the gons R4 Hee HitreRbimaasreshts teagked Hiis thigehaldy thegarbile
de f hi b
coffERe B Gocried R e bAAT B Sl B "o s ot

Simlarly, the apartnment owners nmay enter into a
service agreenent with the
In practical radio networks, the presence of the radio channel phenomena

described above contributes much of what can be considered as noise in the
detection problem. The achievable performance therefore can also be
understood as a function of the signal to noise ratio. If the difference in radio
parameter measurements between the desired zone and elsewhere is small
but the noise factors produce large fluctuations in the parameter

measurements then the achievable performance may be limited.

As described previously, two performance characteristic are in-zone reliability
and leakage. These two characteristics may be combined into single term -
spatial discrimination. A superior zone detection system is one that exhibits
greater spatial discrimination, being able to detect more accurately the
difference between when mobile radio terminal 20 is in and when it is out of a

particular zone.
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conmuni cations service provider that any guests or

bui | di ng occupants making a call fromthe [ obby of the
wheobdiegs are charged at a differential rate. HEI/AUMY/000478

be the sane as, or different to the rate charged to

the occupant. of the home zone arrangenment. Sinmilarly,

it will be appreciated thatgthe zones 56 and 57 may in

fact overlap, as discussed above with reference to

' d 4. d.n this.exanple, .the byildin wner s
THo SHE Hia et SRR Bt B Rradri b B e of
infdieneR it ifd0 Wbl HishifiplesceRTPVbAAEE s treﬁ‘l,%eﬂ'sfzfe%ﬁﬁbb ah

call rate, by having zone 56 extend to cover the
imgrertard fooetich agtheAiza dfths aneetigagred biethedadpadialaklls. e
apartnment may further enter into his own service
the gﬁ?ﬁegé fo yhese msongapent signal level apepsuraments are leo
: ich is within the.vol une .def.jne
inEHBERE 1K RO i dgls I Pebetipb ol SRR g Shlep
factOr B @rasywhkhetheaellldepdi el ivet h%l’? IEMIP@&{EFQ@
| ocati on or zone-based may be equal |l y applicabte. The

huachied vadties areodless Ciliespapiet discriatination carbé veny prkcise -
nds on_a nunber of factors,

[ ks d B
of SR ORI fEH SR8 DIeHCL L THSoris TRl Ry hesebpiels

LOventd. on. neasur i.n

] LPSELALIBNGE o R LESE Uhe LONR D IRARUL S
achieebldaisag bipmaplevll shs@RNRe LS ARGBHRAREL TR sticHIchsds
terns to detecting a signal obscufed in random noi se.
pragticallypshieveblq zane szes may bhiafewalsendieds imé@hétf&s[jiarsihm.

t t r.adi.o rajret.er neasurenents and, t he
W B Bl e B RS e SBl imatty
in &08ftiort & dehaldblEIGhERtEEmEAR), 1Ak &M HhFeadihl Bt NOO

of being olut of the zone.
dimension are substantially reduced.

Another factor affecting the achievable performance is the number of
measurements available. For example a system utilizing serving cell
identifiers plus radio signal level measurements will on average exhibit
greater spatial discrimination when presented with larger numbers of signal
level measurements. The number of measurements available is in turn
affected by a number of factors. One such factor is the cell density and
network planning. If more cell sites are within detectable range of the zone, a
mobile terminal will generally be able to report a greater number of signal
level measurements. Network planning also has an effect because an inferior
network plan can result in greater levels of interference observed by the

mobile and a corresponding reduction in its ability to measure weaker signals.

Another factor that affects the achievable spatial discrimination is the size of

the desired zone. Generally, a larger desired zone exhibiting the same in-zone
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In an ideal world, absent of radio channel factors
such as fast and slow fading, interference, noise and

woreBshieseier m nal neasurement errors, for a snakPCT/AU2B6/000478

the radi o signal paraneters neasured across the zone
woul d be relatively consistent. As the nobile radio
termnal 20 is noved out ofsthe zone to increasing
ranges the radi o paraneter neasurenments woul d change

t hi bl threshpld to.be set fidently,
el he'4 spafion 4 ekl 4ot D 0Re Sepp g Wil Raton gieater
h v .
B8 L5, TR BTG i
a l¢3rshatw hansitioe, foobi theés £91d 10 the oacobzahekycidgemed to be

away, or out of zone. In practical radio netmorks t he
presence of the radi o channel phenonena descri bed

b h of b d
tn B8R Baf e o e SelTHR sFpusBams M ehavbre °°
peﬁ@fmﬁe@afs&et@%&{tqwem &l SR Dend! H%ﬁﬁfﬁo‘ﬁ? %g Sl as

function of the signal to noise rati
abolitf T-285@mqe.gl abowidi-b0maslbatet k5-35ma o BOH SN o S0-100m,
desi red zone and el sewhere is small but the noise

abew{cd09-2505n.eneEe Sphy f&@lﬂﬂém’ @RerbAAM; @bqufeéoﬁaraéam 85m,

DTS ot a0 ol AP RS R TR Pt o

tar%@@fh%1ﬁr ﬂeﬁhbﬂﬁtﬁ bf bé’d@va’e‘ﬁ%oﬁﬁ |70-61'90 b n(%y% abdul sakaae about
hese tV\DcaraCter|St|C3rra be co ed into S|nge

7508 %r;rabosp&i -D9%, albarr85a9ha%) wbput@OsQﬂj’é,rahmutﬁOr% %, about 92-
etecti ste ne_th S greater spati al
98%r 8% Htal 8Htg%‘l r?l(g a%}/e,aéqf@g[g E'ﬂgle‘i,ﬁa)accurat ely
the difference between when nobile radio termnal 20
is in and when it is out of a particular zone. The
slrmmﬁmablhmsmtar@és, Witege coll Biaé b&hrhSoh s PhterdBREMAMan

upon the type of
areas, the performance of the present invention allows zone definitions as

~small as about 50-800m (e.g. about 50-100m, about 50-200m, about 100-400m,

about 250-500m, about 250-700m, about 300-800m, about 400-800m, about
50m , about 70m, about 100m, about 150m, about 225m, about 320m, about
380m, about 450m about 575m, about 700m, about 780m etc.) while
maintaining a target in zone reliability of between about 70-100% (e.g. about
70-80%, about 75-95%, about 80-99%, about 85-99.5%, about 90-99%, about 90-
95%, about 92-98%, more than about 85%, 90%, 93%, 95%, 99%, 99.5% etc.).

Similarly in rural areas, where cell site separation is greater than in urban and
suburban areas, the performance of the present invention allows zone
definitions as small as about 100-2500m (e.g. about 100-300m, about 100-450m,
about 150-600m, about 250-650m, about 300-1500m, about 600-2250m, about
800-2250m, about 1200-2500m , about 1800-2500m, about 100m, about 220m,
about 320m, about 450m, about 560m, about 800m, about 1220m about 1600m,
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i nformati on used. For a sinple cell ID based system
cell size may be an inportant function of the size of

W0 b@oasses age area of the individual cells. |nPeTaUu2006/000478
present invention, where in one aspect, signal |evel
nmeasurenents are al so incorporated in the zone
detection processing, the ggl!l dinmension is still a
factor. In areas where the cell density is rel atively

r re rt_or
e B B R L F5o BBE e iy

oftbleeweéxd g0t 7020 0SKV(d. £ NEb i 70B0%8 2boliD 75954 8Bbut 80799%,
rural areas where the cells may "be separ at ed by many

abpiat 8PP &% abohe 9858t abouﬂi Y05 % aledutdR-29t nicse than about
l S I vel measurenments may be
85%%8 gA’I’ Rg?zu@%% %%5(2 eﬁ? ctically achi evabl e zone

sizes may be a few hundreds of metres in size. Wen
the present invention is applied using timng

Inrpdsodinmend of thepiressmalihyeritiorgdhlé Lb®NdéEnisioas ahdlteMRlt in-
measurenents), the effects of increasing cell

zoge reliahibenean kepentinmally acyustedun @bsolAm)tdnms drdmt wlative

pefrcalicenbnt SarnEt B ane eBFs chRp e sy kpanibRat g
ab®8f ¥ /rmbo@/e{e'g a@%ﬁ%ofz'fyefa%oﬂlt 450530 gB?ﬁ‘c %' &H&h 25:90%,

nmeasur enen on average exhi rea ef

abdusﬁ@-iZﬁﬁ)% aalncmt mbesa;ow, abent £30-900%, eilﬁﬁﬂ €500l UbeO%,(hfbout -
gnal measur enents. The number of neasur ement s

35@6’&1 119@_)7 eal‘,)%ut, 359%1 rrnoQief awd99% -a2hlentlerutob0Yoactdbs .

ych,fac d ne

oo 9 Bl 535 Sakl 5750, AR B0k ot -
280 BNGBO@ + 1@0%3 Boufl+ MOPIA%, JISIHTNNRIS0%, hboGEPLr 49, Y,

able to r}epor t a OIrlea?Ie) nutrber 4?@ % F ?? /e QW B
+/reA % nboeint ,é-lZBthbouk+ pr8gsrebogt al/s59b h&iﬁ)tﬁﬁ- /6P %eeﬂ:t: )-

because an inferior
The following tables provide some exemplary values for the achievable
performance in different networks and conditions. It will be understood that
these are exemplary figures, based on a significant number of tests carried out

in networks in several countries, in a variety of environments with different

desired zone sizes.

In these tests, the following assumptions are made:

- the desired zone is a single storey building with an extent not exceeding 25m
X 25m

- the target in-zone reliability is 99%

- the leakage size is measured as the radius of a circle centered on the desired
zone which includes 99 percent of points given as in-zone when test points
are spread uniformly across a circle also centred on the home zone with a

radius scaled appropriately for the environment.
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network plan can result in greater |evels of
interference observed by the nobile and a
weorosreodi ng reduction in its ability to nmeaBCr/au2006/000478
weaker signals. Another factor that affects the
achi evabl e spatial discrimnation is the size of the
desired zone. Cenerally, agkarger desired zone
exhibiting the same in-zonereliability as a smaller
desired zone in the sanme |ocation will have a greater
| eakage area. A zone having a greater in-zone area
Fo# ?g?nelr{ ﬁ%f%ﬁéntté"o&# \%ﬁjag? ICEI} Qlécéo % r?xﬁ@ﬁ Bf Q?(%ﬂge'rt]feb?%used
with € aixwherst webilellsiahd BRPEERE. @Ucﬂ‘de b@ t@dmy gkin BAREH in
t he performance of the present invention allows zone
megeffingleadingeas smal | as about 1-250m (e.g. about
1-1Om about 15-35m about 50~75m about 50-100m
about 200-250m about 5m, about 15m about 27m about

Fof’%% t ZZSm@%QR\Aﬁ Lélg1 a,I‘;%e?g%]t g‘?ﬁélﬂneg g t 5%‘82?”.1‘%‘7’ g% nme
assuehedkirld 4 yirdé ob eddies 6kabBuised Gn hRiutitgdealaipeut

70-80% about 75-95% about 80-99% about 85-99. 5%
about 90-99% about 90-95% about 92- 98% nore than

50/ 90% 30/ 50/ 9 5% et . .Simlar
Fof {8} pRPRARTRR A0 2\ gHere CELTIS st eI PR o ShingRapiried ¥nd
a cﬁE%f%diMMlM%ﬁn%&?s%ﬂ P%é‘ ormance of the
present invention allows zone “def tions as small as
about 50-800m (e.g. about 50-100m about 50-200m
about 100-400m about 250- SOOn about 250-700m about
hb@brwa#e@%b@rae@w 6YF!1 ladderfor aamanimaonet Gbout

0 m 0 20 bout.
R e T e
ondBilRddiieRt 8f tHeNfederitahB&itidr) aZR88tek Buindiirl df teRirements
bet ween about 70-100% (e. g. about 70-80% about
ma?%@@@(ﬁlraiobﬂubnﬁhegﬁ%ﬂatwnunﬂ&ﬂeﬂolﬁ% giEbourtpedfdrBdifce).
about 90-

TABLE 11
Information used | Urban Suburban Rural
CID only 200m-1km 1.5km-8km 4km-15km
CID plus round | 200m-1km 600m-3km 600m-5km
trip delay
CID + rxLevs 20m-200m 100m-800m 150m-~1500m
CID + rxLevs + 20m-200m 100m-600m 150m-~1000m
round trip delay

UMTS network - leakage area

Assume CPICH RSCP measurements are available for all cells in the active

and monitored sets



95%
99%

ar eas,

zone definitions as small
about 100-300m about 100-4p

about 92-
99.5%etc.).
W@ Roe/16pRar ati on i s greater than in urban and BCDADREN000478
t he performance of the present
as about 100-2500m (e.g.

nore tha
Simlarly

98%

n about 85% 90%
in rural areas,

93% 95%
where cell

i nvention all ows

Om about 150-600m about

250- 650m about 300-1500m about 600 2250m about

AR AR D

! 120%5]%%%%%a11 %{n

800- ,a%SO about
856t s60m

about 800m about 1220m about 1600m about 2100m about

2400m etc.) while naintaining a target
TABIEBbility of between about 70-100% (e.g.

70 QDOA about

75- 95%

Ir&sb@@t@@-m

Ysbar 90- 95%

OO A OO

_80-99% ah
%}H@}aﬁbayz 98%

in zone
about

bout 85-99 '—'\%

Aal t han

CHIRRL, 85%

85%—950
enbodl ment s of

20 L ont

59 etc)

FOSTRR, t he | ZaE 1ok

CHSIfs Foap @
continually a

trijedeleyt ages.

ar~|| usted from

ngio(jrﬁ.rlg@itl I NZo

dj usted I n abs

For exanple th
0

CH 2o Pipdut 1

0281898508 out

t

r@mkﬁplllﬁe

olute terns or
e zone si zes cd
0,

m0R00mbout 2515091 HKsut

S00/15R%

by relative
n be

bout -500% -

100- 350%
L 350% - -1009
pRRHIo00RP 70 -

0 about +/-

about 150-500%
about -250% -
- 255105 @gﬁhu - 29%019)
00% ut +/ -
bout +/- 120%

250% abou
Rg@EO% about

CIYPePICIH>%
about -2%- O
RSCP 288Md about +/ - 140%
80%_ about +/} 40% about 4/ - 20% about
trigg d about [/ -5% about 4/ -2%etc.). Thd fol | owi ng
tabtes provide—sone—exenptary vatues—for—the

achi evabl e performance in different networks and
conditions. It will be understood that these are

- 50% about

5 % a%out
about +/ -
/-12% about

5 CDMBeavyri L Blle@ge Rased on a significant number of
tests carried out
TABLE 13
Information used | Urban Suburban Rural
BASE ID only 200m-1.2km 1.5km-10km 4km-18km
BASE ID plus 200m-1km 500m-3km 500m-5km
round trip delay
BASEID + PICH | 20m-300m 75m-900m 150m-1.6km
power
BASEID + PICH | 20m-250m 75m-600m 100m-1km
power + PN offset
Once a determination has been made as to whether the user is in or out of the
defined zone, there are a variety of actions that may be taken depending on
10  the outcome of this determination. The mobile communications operator can
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in networks in several countries, in a variety of
environments with different desired zone sizes. In

w0 bsaoteest s, the foll owi ng assunpti ons are NaRET/AU2006/000478
desired zone is a single storey building with an
extent not exceeding 25m x 25m - the target in-zone
reliability is 99% - the | ggkage size is neasured as
the radius of a circle centered on the desired zone

' iNC. rcen f points qgiven i n-zone
cobflefil: LRSRE pCCu B il rclroRRiIoR e igddie s e
Opﬂi@@ai@@ﬁideed on the hone zone with a radius scal ed

appropriately for the environnent. For urban

environnents, an average cell site separation of 250
I S use ture of unbrella and mcro

L d, ith '
- §‘P1i“ré§ ?heAC‘H‘F?I(‘:’q Séa*\émlrs at é‘g‘? énso rlifer ysewhen the #ger injgates a

call 8RS seFPe SUbUr ban environnents, an average cel |
t '3

site separati'on of 2kmis assunmed, and a circle of
radius 6kmis used in neasuring |eakage. For rural
envi ronnents an average cell site separation of 5kmis

- Updatinganindlicatoi poltbe ofohikdl0udispRiyreoi thatdedisen is aware of
asurin eakage. RxLeyv, nmeasurements are assunmed to .
thg gy B ERT St sty ony geTasedrp heEamesentioeatipn;

one neasurenent cycle. (As discussed previously, in
one enbodi nent of the present invention, a greater

- Ihthebels fhargrufiserte (that ByoiRg fAlth an18%ohe8ahftBItidme
term nal, enabling greater performance). TABLE 11 UMIS

state) srnrding o mascage tametify a network based entity of the updated

state. This indication could be sent via Short Message Service (SMS), General
Packet Radio Service (GPRS), Unstructured Supplementary Service Data
(USSD), Wireless Application Protocol (WAP) or an alternative wireless
bearer. In this case, the mobile terminal may optionally include some or all of
the measurements upon which the determination was based for further

processing by the server;

- If a call is initiated, sending an associated message to notify the relevant
network entities of the call rate that should apply or alternatively modify the
call setup signalling to enable the network to apply the correct rate.

In some applications of the present invention, the service associated with the
zone may be designed to have a short duration only. In this case, the profile
definition may be associated with a lifetime parameter which represents the
duration for which the profile should remain in effect. After this time the
mobile terminal may discard the profile. In one example the zone may be
associated with a time limited marketing offer being designed to alert either

the user or a merchant of the user’s proximity to a merchant’s premises. On
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Assune CPI CH RSCP neasurenents are avail able for al

cells in the active and nonitored setsAssune round
W0 eoop/1088iey is available for all cells in the BCI/AUZI06/000478

set TABLE 12 CDVA network - | eakage area TABLE 13 Once

a determ nati on has been nade as to whether the user

is in or out of the defineggzone, there are a variety

of actions that nay be taken dependi ng on the outcone

of Lhis,det i nation.. . JThe nobil e conmuni gat, ons
exBisalich bt KB B PBovle RaliBRal Fal BERIAGY HirRa8d the
profiRHeIRBEEM ﬂfrﬂ%%'i%ﬁdlﬁﬂ% WAEh SfeY neBvolRPEARNS in arder to

include: - Storing the current status at the nobile 20
mihomisesetwoekhtitfféc.user initiates a call or other

service; - Updating an indicator on the nobile 20

di splay so that the user is aware of the tariff that

will apply if they initiate any, servi.ce fromthejr
il s tdselopates el RS AR e SRvickaThi type of
serlviddnablesdOb ity 60M0Be sHbFPMRrd © RBit asd cARREve. At any
state) sending a nessage to notify net wor k based
tinend imembér dfttbe gpoiap ean stsat e.redhiest to ik setémrto detdrehihe
sent via Short Message Service (SM5), General Packet
Wl‘méﬁ‘?roalye?ﬂﬁhs othetppembery of thegrarpdrensprhynd alfgrnative to

R e e T e L R S e
indtAece P thEren@diiBAbf ideveBidgnal Iy include sonme or all

of the neasurenents upon which the determ nation was
based for further processing by the server; - If a

AR . . q i
Oq%gltal! gr;g)%pl Ist bgctg d, §2§enlgég?s erae , g?lssglg xl/v?ﬁ (’EypirCTEl?}/‘s ggrscactqche

server to register a request, optionally specifying an expiry time for the
request as well as a geographical proximity threshold. If the request is issued
from a mobile terminal, the terminal may send back a set of measurements to
a server. Insuch a case the server can develop a profile based on those
measurements. The user may also issue the request via an alternative means,
specifying a location or a region in geographic coordinates or civic address
terms. On receipt of such a request, the server translates creates a profile
based on either predicted data, historic profile data or a combination of both.
The created profile can take into account the proximity threshold specified by
the requester. The created profile can also take into account the location of
the requester to which the requester subscribes, tailoring the profile to the
environment. It is possible that members of a group will be subscribed to
different mobile networks. In this case, the server uses tailors the profile for

that each network.

Once the server has created a profile, this profile is then sent to the mobile

terminal of other members of the buddy list. On receipt of a message bearing



10

15

20

25

network entities of the call rate that should apply or

alternatively nodify the call setup signalling to
wepabhessthe network to apply the correct rate.PCTIABRIUE/000478

applications of the present invention, the service

associ ated with the zone may be designed to have a

short duration only. In thig case, the profile

definition may be associated with a Iifeti rre pararreter

gy P Ao bR A AR FEre Rl Al BB

cult RIATREbE PROFi164. Sthe etvaﬁtﬂ{ @Ell’h&’nbéln Offe lﬁ?ﬁﬂ t
zone nay gﬁ%};\ssom ated wit r? atime I(l)m ted ﬁ%ﬁdﬁgm

haykefagyuitabila gpp]eeatgme(m te telminale texe ba$d’db1m5&ﬂfge@:ané>e
nerchaa;nm@ﬂé e yser's proximjiy to_ a nmerchant's

i PERTIRE Pt and éubv%@mea%tegr@fldﬁw. 1hn€mrmng
oS T PR ) SR

\d@hﬁgr to mnimse network traffic. The present
invention is also applicable to a buddy fi nder
service. This type of service enables a group of

bers t.0 reg col |l ective. At any

bile subscri i st
ngRR gV En{ AR e b LrAOR B dpo LT ShiendpEaIATA { ho
beﬁ%éélﬁ fd rd%ﬁ& Sha'the cﬁ%@hpﬁﬁe 8&51{1‘@1%&)1%41 ?trw{ﬁa georglrocs)se

are near ernative

ani dmi&dhéésa é ﬁiﬁiﬂﬁ‘yl heQrigBai GltefiaAnHemesihiny ﬂ{é current
defi ned tlne perio for Instance for the renai nder of
filgeped m@ﬁun@nemﬁ cl vaﬂlgqhen praoingtifee alebemessage to the server.

regi stere cal |, nt act th seryer
THeGRdey e hed <P aatissags 1 Birpignd ategten g eahing Ry
hek kg £ Bﬁd&f Biab Bgé&?ﬁien@ﬁleﬁﬁkrho Avedts %%ﬁﬁgﬁba ghgerla

proximty threshold. If the request 1s 1 ssue

nobile termnal, the term nal may send back a set of

measurenents to a server. In such a case the server
Th@éﬁrw\@m@éscapmeq the rpaasagemenis, ebecking the result against the

original criteria specified by the user as well as the proximity threshold in

order to reduce the risk of false alarm. This is because the server has greater
processing power than the mobile terminal and also may have additional

information.

This description deals only with the case of one person setting a profile to
other people in a group. Clearly each person on the group could also send

their own profile to other members of the group.

As an example of this application, consider a person, Jodie, in a shopping
centre who wishes to be informed if two of her friends, Jean and Jennifer
come into the shopping centre. Jodie, chooses a buddy finder menu on her
mobile terminal. The application would request from Jodie the size of the

zone and the duration of the request. For a shopping centre the size of the
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measurenents. The user may al so issue the request via
an alternative neans, specifying a |location or a

WO e@baos6i$ geogr aphi ¢ coordi nates or civic addP@€BaU2006/000478
terms. On recei pt of such a request, the server
transl ates creates a profile based on either predicted
data, historic profile datagr a conbination of both.
The created profile can take into account the

A AR e S oD

. : | '
e P S A P DS e Ra R RSB B dupation
oflthe requeet sindl hetshat of theens.. The 8erged gpndatds xﬂﬁxoﬁle, as

subscribed to different nobile networks. In this case,
desgrabecbeqidier i the present apnlivetipnofhe prafde it then seatto

net wor k. ce the. server has,created profile, this
PRSP P8 AP LIS o R RO I oP e T P Ss8RE ik be
O S oy T M g 12 (ARIRUR Bl FIRE RS B Rotified
if Jeanrronads indHs vidiritpodhet within thenextithaiethdursInghis case if

profiles. In the event that a menber of the buddy |ist
Jeypacceptn thegequeststhendbe erafils is ededpd to eny oHrertprofilesdh,

4 ext .based. message .can pe. transm tted, inst.ead .

Teffyt BRI MR ERGe B PR Cett S ERu R rphiteg
Fok iRe he%H P& hotifigbalk’Ben SRR ciRfarcs %Ei«cﬁme @%ﬂ&%&%g At

of any buddies in that vicinity. In the event that e
aregoplhiecajddia idsnednbe oéqudsewithhiheesir thett asdasueernetish If there is

[ t filt d
@ ptrn A B5 S PPt O 685 e B BT eeagads a message

ol ARSI Dt RO ok B8 B TP BV el Fpae
ortilkSshe bthdrRrsiede A Siniilte sBebV A& tionsRanIREVEWiTARsHOE R0

send a nmessage to the original requester alerting him
Jemprifer’s mobile.

In another embodiment of the present aspect, Jodie’s mobile can monitor its
own location using the profile previously defined and the current
measurements. When Jodie moves by more than a configurable threshold, her
mobile can notify the server, either to update the existing profiles in Jean and
Jennifer’s mobiles representing her location or else to extinguish those

profiles.

One advantage of an embodiment of the present invention in relation to this
application accrues when the processing to monitor the zones of the target
mobile terminals is performed at those terminals. This eliminates the need for
periodic polling that would exist if the location monitoring were to be carried
out at a network based server, and the attendant network load to obtain the

measurements for this purpose. Furthermore, the distribution of the
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her that a buddy has been identified who neets the
requested criteria. The server can al so process the
wore@snosnent s, checking the result agai nst thePOr/Ag2008/000478
criteria specified by the user as well as the
proximty threshold in order to reduce the risk of
false alarm This is becausg the server has greater
processi ng power than the nobile term nal and al so nay
have. addifiqnal ;infqrmatipn. This description al.s
Py s hista Ry el Tvalia d Uil s he BakfRes o
digtkbee PEABEStHe bt tdiriidhlsy €ach person on the
group could also send their own profile to other
menbers of the group. As an exanple of this
application, consider a person, Jodie, in a shopping
centre who wi shes to be inforned if two of her
Theréndvdsed Jeramd etedmimatint ebtatredeby theovaressispepisng the
centre. Jodie, %ﬁoosgg,a buddy finde[ nmenu on qir
PIRRAME Y GOEfom RaY Pesseit ipmant o applicrtianguidudipgnbut
not @iifd e size of the zone and the duration of the
request. For a shopping centre the size of thezone
SelfirgRigdtRnl@6 aeiniple aanth dlkengdivatd aPs @;ygﬂéin 4 ctatiBHBased
The nobile termnal then sends a set of filtered
Serdae Ul S in which a telesemyumicattimsdareice prosgtlet ¢an tailor
request, and.the size. of the zone. The server, |, .
cofupupisetian 3 egfier wrvices depcadiBadinasy he bR IRgs location
o B PR LR RIERE G reang BRI S e I RE be hftividual
peCqirispfoalekymplersslagiea phugiit thee 1 shildyatyone d @asbike phone
mobil e informng her that Jodie wuld Iike to be
hap gravelledioptsideaha Cepfety zong’md apathiietiyeen theeehild's hpme
next, thyee hours. .ln.this case |f. Jean accepts the
anftdfie SEE s st BEOR Al Mebed BRfprlin gt o Rl
appliedtidrRs traAsp&i@ Medt Hﬁ?ﬂa?@nﬁaﬁf %S‘P&lns, BT btfer 39bl1ihtion
actions occurs at Jennifer's bile.
where knowledge of the location of a mobile or a person associated with a

mobile may be used.

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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WO e@aeIc1sM t h t he current measurenents.

For the next three hours Jean's nobile conpares the
profile representing the area where Jodie issued the

mat ch, then a nessage is sent to the server. The
server then sends a nessage to Jodie's nobile
inform ng her that Jean i g2nearby. Jodie can then cal
Jodi e or take sonme other action. A simlar set of

THRGL RINSTHIRARKE THH INVRRPAEIN WRE RSHAELOWEDD! | e,

n-an er e present aspect, Jodie's
nmobil e can nonitor its own |ocation using the profile
previously defined and the current neasurenents. \Wen

. Jodi & metiesl foy gepewmtingamprofidomeprgsenibtive phasegiondborep

nmobil e ¢an notify . the server, either to update the

exi sPIaGTegROra ething] SoagadintrSitHnraions ThoRPrsahe
repr ' .lacation or else to extinguish those
profl(%géagggﬂgg%égtage of an enbodi ment of the
present dprupihg anlebst ¢red wdluebf hliuhilisy appldioatgrab
accrues when the processing to nonitor the zones of

t heparamgsersifodin the regiphmiiost the mebfleradie; and t hose
termnals. This elim.nates the need for riodi .
pol | i ng EW&?S%'&E agl?%s% one Vtaﬁée ?!ﬁtgkgtpﬁgﬁﬁ%ﬁff%cﬁpﬁbgml
wer 8

e D B P Bl B P SRSl
f or tHehhebidel Faadie eercmial.her nore, the distribution of

theprocessing in this way | eads to a scaling advantage
since the workload is distributed across the

- ot evieEE! S Bt REtiy L RRERIT R 148 Bne yolye oh e

pr e?ﬁﬁﬁliwjﬁﬁﬁh&ﬁggg%’%ﬁﬁn&@@s% obfih@Yy ehdiobile radio

appt i cations, inc g, but not limted to:
terminal.

A method as claimed in claim 1 wherein the at least one value of the
plurality of radio signal parameters is obtained by a radio
communications network device in the region about the mobile radio

terminal;

A method as claimed in claim 1 wherein the at least one value of the
plurality of radio signal parameters is obtained by intercepting a
communication between the mobile radio terminal and the radio

communications network.

A method as claimed in any one of claims 1 to 4 wherein at least one of

the plurality of radio signal parameters is a cell ID.

I f t hePET/AF2006/000478
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10.

11.

12.

Sel f navigation (for exanple as an alternative to GPS
systens); Location Based Services (LBS) in which a

conmuni cati on and ot her services dependi ng upon the
subscriber's |l ocation at any one tine; emergency/
rescue | ocation services; f$gacking of individua
persons, for exanple to alert a parent that her child

car Rryin ok 0 ve I.de.of

aaparghRy St P IOy 088 oL LAt 1 R Rt of
th gpﬁ&gﬁhg tRE RORhst AROEHIAL B B plvirdagesdt retodigaalnnent
and gam ng applications, transport fleet managenent

sy spammetarsis geyfootriedrat e inakilei rediodesménddnowl edge of
the location of a nobile or a person associated with a
nobil e may be used. It will be understood that the

ter 0, GOy §SQaindls irta%(y 8he b glaﬂﬁé tl‘éé“s'vvﬁ&e&f&e step of
conprises,” conprising) “asS used I1n this spécriication
I's pfbd”éﬁsih%\lfﬁ@a{ Rabeorieedlue bvm@lmufr@m'zttrf&adicpsighalch it
refers, and is not neant to exclude the presence of
anypaiddneterrialperoameded aurdteosk proeassirse the sadio or

i mplied. THE CLAI M5 I NI NG THE | NVENTI ON ARE AS

FOLE OB CatOnSReY P or generating a profile
representative of a region about a nobile radio
termnal in a radio conmunications network, the nethod
conpringtii@l andhahéd fga@f oheastlagne1tabueh@kirathe step of
plurality of radio signal paraneters fromthe region
aboprocepsingdhe htleasidine valne op Hecplisaliyy afradin sigaalst

| f.th I it f di i ) t er
o el isparroRiaoh o s P Tt he RRSRTS on°

abous mbgiERRbAEndadR. t er mi nal .

-

A method as claimed in claim 7 wherein the at least one value of the
plurality of radio signal parameters are transmitted from the mobile
radio terminal to the network processor for processing to generate the

profile.

A method as claimed in any one of claims 7 to 9 wherein the generated

profile is transmitted to the mobile radio terminal.

A method as claimed in any one of claims 1 to 10 wherein a plurality of

values of the plurality of radio signal parameters are obtained.

A method as claimed in claim 11 wherein the step of processing

comprises averaging the plurality of values.



10

15

20

25

2. Anmethod as clainmed in claim1 wherein the at | east
one value of the plurality of radio signal paraneters
w0 g0oehosmihed by the nobile radio term nal. 3. PCTHBUN®A000478
as claimed in claiml wherein the at | east one val ue

of the plurality of radio signal paranmeters is
obtai ned by a radi o communizgations network device in
the regi on about the nobile radio term naI 4 A

0 nclaimil
18051 e iR i Ghg e R HAREE 4 a2 Seftut B Bistiey
obt gf ArRfo %ﬁr&rﬂb@% @&hﬁﬂe@oﬁ@ﬂ?ﬁwré ath Qﬁaﬁ%l\ﬁ&jgleh@?
nobil e radio term nal "and the radi o communi cati
net wierkifieb and areiidendfy@agebdemed in any one of clainms 1
to 4 wherein at |least one of the plurality of radio
si gnal parameters is acell ID 6. A nethod as clained

in e the. of . .
17 oAt 1 bR 12 YRR ' BRus bl nies e

r adhetvwbiki8la @ﬁ%ﬁ&@ﬁ%nﬂ&h@ @h&ﬁﬁaﬁféq‘-ﬁen&ﬁ fdéﬁ%ﬁiéx@s the

radio termnal. 7. A nethod as clained in any one of

cl aipsolirte Raﬁnvxﬁmcp:lemcy KhasneloNohsrs CABECHN) aridethat

| eas e val ue .of the plural of i gnal

par %&Y%‘%@d&é?ﬁd}%@a&torﬁld@g‘ﬁbp&’ 2%%5350r of the
radi o communi cations network. 8. A met hod -as cl ai ned
in any one of clains 1 to 5 wherein the step of

15pr ogeseting] Ad\eaphed @a8hy @AE of alaiv@s Aftotilevérefattic at 104st
radi o si gnal pararreters is perforned at a processor

ext enaahlueds valdatadl. o

16. A method as claimed in claim 15 wherein the step of validating
comprises calculating an approximate location of the mobile radio
terminal and comparing the approximate location with a location

associated with the region represented by the generated profile.

17. A method as claimed in claim 16 wherein if the approximate location of
the mobile radio terminal and the location associated with the region
are within a given distance of each other, accepting the at least one

measurement, otherwise rejecting the at least one measurement.

18. A method as claimed in any one of claims 1 to 17 wherein the step of
obtaining the at least one value of the plurality of parameters is

controlled to control the extent of the region.

19. A method as claimed in claim 18 wherein the step of obtaining the at

least one value of the plurality of parameters is controlled by
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w@bkwerabictyy of radi o signal paraneters are tranBOi/AUM6/000478

20.

21.

22,

23.

24,

communi cations network. 9. A nethod as clained in
claim7 wherein the at | east one val ue of the

fromthe nobile radio termnal to the network
processor for processing to generate the profile. 10.
A method as clainmed in anyygone of clains 7 to 9
wherein the generated profile is transmtted to the

mb&ér}ecrélﬁgﬂ %Bﬁe%ﬁcﬁ) 08 elciurif/{\%{@{i%f%eaﬁscil alls‘rfligmé:qzai@e &f"

one O wher'ei ura Yy val ues o0

t hepRIrHIiB) bidadd sicadl Patingitals RaLBIBARL.S are obtai ned.
12.7 A nmet'hod as clained in claim1l1l wherein the step .

of processing conprises averaging the plurality of
val yes. 13.. A net hod. as cl ai.ned .i n_ an ne of clains 1
to @mﬁ@ﬁe@%ﬁﬁéecgmﬁaxmﬁ? 063% rsiyrb%eéﬁﬂ% ef ebtaining

o RO P A DBy

C|aéﬂ@ﬂxﬂ@p@hﬁbﬂ113 wherein the radi o comruni cati ons
network is 'a GSM system and the channel frequency
identifier is the Absolute Radi o Frequency Channel

Nurmher s FCN). and. the identifying cqde.is a Base

St s BRUILAR i b B et CHnS Al ReRTad & Brthege
va ToheG Ry T Tl RS o SRR RSO Bl
15 phemettar bhe asleapt Gie yeiheddlitdlly o dibS@snal parameters is
cal cul ating an approxi mate l'ocation of the nobile

r ad®io uneptHigadusradlie sigoal patpra¢ter-appr oxi mate | ocati on
with a | ocation

A method as claimed in any one of claims 1 to 21 wherein at least one
of the at least one values of the plurality of radio signal parameters is

obtained by measurement.

A method as claimed in any one of claims 1 to 21 wherein at least one
of the at least one values of the plurality of radio signal parameters is

predicted.

A method for determining whether a mobile radio terminal is within a
predefined region, the method comprising:
obtaining at least one value of a plurality of radio signal
parameters from a region about the mobile radio terminal;
comparing a profile representing the predefined region with the
at least one value of the plurality of radio signal parameters; and
determining whether the mobile radio terminal is within the

predefined region on the basis of the comparison.
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associated with the region represented by the
generated profile. 17. A nethod as clained in claim16

wob@rade1s f t he approxi mate | ocation of the nobCT/aU2006/000478

radio term nal and the | ocation associated with the
region are within a given di stance of each other,
accepting the at |east oneygeasurenent, otherw se
rejecting the at | east one neasurenent. 18. A nethod
as gl ai ' e [ : '

5.3 o B HER! &T HRRe P REc i P 60 ot [ PRl o

pl Upmmﬁp Sff ralidd BIPBEpSrainfet&RAS bBldiged b thonidbille bR
extent of the region.” 19. A nethod as clainmed in claim

18 teleriraln t he step of obtaining the at |east one
value of the plurality of paraneters is controlled
bycontrolling a period of tinme during which the at

26.I east Olfiod % Uai feditiﬁgba?}n%jﬂ%%eéﬁfthé’ Q‘fjfegs &”@A ue of th

paraneters are obta hod as clained in -
cl aprariBtyo6f rb@.i@@%ﬁ'ﬁl Pataigetsisap obtainkd biynimadid he at

| east oneé value of the plurality of paraneters is

c onteminedciiyornnevask welvicega the oegion about thethobilezadio
clainmed in any one of clains 1 to 20 wherein at | east
one'BMPRe plurality of radio signal paraneters is an
anbi guous radi o signal paraneter and at | east one of
the plurality of radio signal paranmeters is an

27.unapbingtidibad ddired ingdlaimPaneh@eat theld. ledst Wik Matias! the
claimed in any one of clains 1 to 21 wherein at | east
onepbiratifjeotradie signabparapagtrssis obtained by dntereepfing a

S eSS ET L o  ACoR TR
wWhet it @ticASSE ndfork.

28. A method as claimed in any one of claims 24 to 27 wherein at least one

of the plurality of radio signal parameters is a cell ID.

29. A method as claimed in any one of claims 24 to 28 wherein the step of
comparing the profile representing the given region with the at least
one value of the plurality of radio signal parameters is conducted by

the mobile radio terminal.

30. A method as claimed in any one of claims 24 to 28 wherein the step of
comparing the profile representing the predefined region with the at
least one value of the plurality of radio signal parameters is conducted

at a radio communications network element.

31. A method as claimed in any one of claims 24 to 30 wherein the step of

comparing the profile representing the predefined region with the at
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of the at |east one values of the plurality of radio
signal paraneters is predicted. 24. A nethod for

waledenosons ng whet her a nobile radio term nal | BCIAURIOR000478

a predefined region, the nethod conprising: obtaining

at |l east one value of a plurality of radio signa

parameters froma region apput the nobile radio

termnal; conparing a profile representing the
one_val ue.

fi ned
P g B v oh o bl i e SRS fherddifged
wh eéthef?r&cggsdf@'térﬁaf RAhe 15&fd’@d?ﬂnuh§ca‘€ioh§ Rt Bk elemen/&

predefined region on the basis of the conparison. 25

nmet hod as clalned in claim?24 wherein the at Ieast one

val ue of plurality of radio signal paraneters

32.0bt A m@@oﬁfa& Heimaesbin any aue of elaims Ahto Shwh eAelﬁéhﬁ’é?om&sa

cl ai .25 . wherein t e

t hepféf FeibT oty RaphARa P ORERY Rait BaPing T RRbe Vet nRltive
%Kﬁﬁglo communi cati ons network device in the region
bout the nobile radio terninal; 27. A nethod as

clalned in claim26 wherein the at | east one val ue of

the pluraljty of radiq signal paraneters is qbtai
3B.py frnethosing ﬂ@lraecé BhelaRn S&tWireBeiwR ehmare rahty

r adi n and the .radi o conmuni cati ons netvvor K.
28. %P rﬁgteﬁlgaaggg&nglo ec}aP'n any one of clainms 24 to 27
wherein at | east one of the plurality of radio signha

paraneters is a cell ID
34. A method as claimed in any one of claims 24 to 33 wherein at least one

of the at least one value is obtained by measurement.

35. A method as claimed in any one of claims 24 to 33 wherein at least one

of the at least one value is predicted. |

36. A method for determining whether a mobile radio terminal is within a
predefined region in a radio communications network, the method
comprising:

transmitting from the mobile radio terminal, at least one value
of a plurality of radio signal parameters of a region about the
mobile radio terminal to a processor for comparing with a
profile of the predefined region, wherein the at least one
measurement of the plurality of radio signal parameters is
transmitted only when the determination of whether the mobile

radio terminal is in the predefined region is required.
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29. A nmethod as clained in any one of clains 24 to 28
wherein the step of conparing the profile representing

W b@egoisesr region with the at | east one val ue PET/ALZ006/000478

37.

38.

39.

40.

41.

42,

43.

plurality of radio signal paraneters is conducted by
the nobile radio termnal. 30. A nethod as clained in
any one of clainms 24 to 28ygherein the step of
conmparing the profile representing the predefined
reghpon with the at;.eas: / f j ot
SR Pei S 1578 0SBRSBIt
COMpRAhEE! 4A88iNE WAL far@hRABRls trddsmiAtdtetpod itisiation by a
claimed in any oneé of clainms 24 to 30 wherein the step
of espdithemndbile rpdisf ferminapr esent i ng t he predefined
region with the atl east one value of the plurality of
radi o signal paraneters is conducted at a processor

ext gr to I i O [ ' t
32, SAR e S A SDURRBLIRS o RAELRe TaRIRY fhe
whepRiralityef R das SighaPpavasddteiy iotrapsegiedd npdnrkgusasof the
each having a respective representative profile. 33. A
met tredilagadicdienmihal anidlagingy s@lherein two or nore of
the plurality of predefined regions overlap. 34. A

nmet hod as clained in any one of clains 24 to 33

whenei ty 1l eas: . ) [

obt A ety A Rm AL uirh 13 Pler FTL 1eae) BhiRghit of the
onephiraityabftadssigaaBfarehtdtersiis atanbediséd apenabedihingad

| east one value is predicted. 36. Anmethod for

det raquient ixgnmwihettadio compbinicationginetwerls nal is wit hin

a predefined region in a radi o communi cati ons network,
t he net hod

A method as claimed in claim 33 wherein the at least one value of the
plurality of radio signal parameters is transmitted upon receiving a
request from a processor external to the radio communications

network.

A method as claimed in any one of claims 36 to 40 wherein at least one

of the at least one value is obtained by measurement.

A method as claimed in any one of claims 36 to 40 wherein at least one

of the at least one value is predicted.

A method for determining whether a mobile radio terminal is within a
predefined region in a radio communications network, the method
comprising:
comparing at least one value of a plurality of radio signal
parameters in a region about the mobile radio terminal with a

profile representative of the predefined region;



10

15

20

25

conprising: transmtting fromthe nobile radio
termnal, at |least one value of a plurality of radio

WG e@nabsepgar anmet ers of a regi on about the nobi | BCT/aURW6/000478

termnal to a processor for conparing with a profile
of the predefined region, wherein the at | east one
measur enent of the plurality of radio signal
paraneters is transmtted only when the determ nation

of wheth he .mmbj ! r.ni b S :
predef i ncg%tei egliugg’ Jl)llé ﬁ}eglg%?s?%ftdt %?OH%L%&ES? Hb%htglg?eg ItgF r]?ne0 ile
in clai ma3fio whenighNisthighialthe redefone] kot 0d t he
plurality of radio signal paranmeters is transmtted
upon i ni treasmtingythe detemindtiorhto apbddessaradi o

termnal. 38. A nmethod as clained in claim34 wherein
the at |east one value of the plurality of radio

145, S BREEIPIG R ) ARTSTA T hOEP) el

as @ efBdid forihAidita3BrshetRofk.t he at | east one val ue
of the plurality of radio signal paraneters is

transmtted upon receiving a request fromthe radio
conmuni catj ons netwrk.. 4 net hod as clained in
15.¢] ek Qrehe deint 43 athen Vi Rigegrot e protessor
P! UL ALLIY (8l S0 ShORMicRAATRUGIGK S transmitt ed
upon receiving a request froma processor external to

the radi o communi cati ons network. 41. A nethod as

clainmed in any one of clainms 36 to 40 wherein at |east
46.oneAdanetltnsl g clpizaed inoary one gbclpimy BB 49 A2 avhsyein the

neasurenent . . . NPT
délefinination is transmitted to the processor upon initiation by a user

of the mobile radio terminal.

47. A method as claimed in any one of claims 43 to 46 wherein the
determination is transmitted to the processor upon the user of the

mobile radio terminal initiating a call.

48. A method as claimed in any one of claims 43 to 45 wherein the
determination is transmitted to the processor upon receiving a request

from the radio communications network.

49. A method as claimed in any one of claims 43 to 45 wherein the
determination is transmitted to the processor upon receiving a request

from external to the radio communications network.

50. A method as claimed in any one of claims 43 to 45 wherein the
determination is transmitted to the processor upon a change of the

determination.
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51.

52.

53.

54.

55.

42. A nethod as clainmed in any one of clainms 36 to 40
wherein at | east one of the at | east one value is

nobile radio termnal is within a predefined region in
a radi o comuni cati ons network, the nethod conpri sing:
conparing at |east one val gg of a plurality of radio
signal paranmeters in a region about the nobile radio
termnal with a profile representative of the
predefined region;determning, on the basis of the
CONPafiesait adbiaiAed if Bﬁy BRB oK elai@d 49 tb 80 R MAkir the at least
within the predefined region; and transmtting the

det eneivahtd omitleash ope of sspluraldyy. ofAadit sigdalgsarehreitemds a
in claim43 wherein the processor is a processor in

t he™R8MEPTBSMUNi cati ons network. 45. A nethod as
claimed in claim43 wherein the processor is a
processor external to the radi o comruni cations

net wWokethdtP as AaiBbd Y aAP ok df BREME 3335 B0 9Eerein e tNBast
43 to 45 wherein the determnation is transmtted to

t heope vebssof atdpant onaiof il plomality of radey sighalt peransbedsds a
radi o _erninql. 47. A nethod as clainmed in any one of

cl aPeligted YAlue wherein the determination is
transmtted to the processor upon the user of the
nobile radio termnal initiating a call. 48. A nethod
as @l et For ddtyraRen® wiekitéBnrbbile @adi teh@ireilin Wichin a

determ nation is transmtted to the processor upon
r eceredefinesl regipredt a radio communications network, the method

comprising:
obtaining a profile representative of the predefined region;
obtaining at least one value of a plurality of radio signal
parameters from a region about the mobile radio terminal; and
comparing the at least one value of the plurality of radio signal
parameters with the profile to determine whether the mobile

radio terminal is within the predefined region.

A method as claimed in claim 53 wherein the step of comparing
comprises calculating a cost C associated with the at least one value

and the profile and comparing the cost C with a threshold.

A method as claimed in claim 54 wherein the cost C is calculated as
follows:

c=C,+C,, +C

um ur

where
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fromthe radi o conmuni cati ons network. 49. A nethod as

clainmed in any one of clains 43 to 45 wherein the
waledoenotomsmt i on is transmtted to the processorPQpPAN2006/000478

receiving a request fromexternal to the radio

conmuni cati ons network. 50. A nethod as clainmed in any

one of clainms 43 to 45 whegein the determ nation is

transmitted to the processor upon a change of the

cl ot G VB BBy A LR R P BoyMeg in

| edde ppnBileof the plurality of radio si gnal par anet ers
is a neasurenent. 52. A nethod as clained in any one

of el al @sﬁé’ssé&a@a Witgr@iis ﬂu}%r@bbé@%a RAGr é’ﬁbﬁh%a@tfhed
rfgs Pfoftepuraltyo radi o si gnal
parlé1 EEFS™ s a predicted value. 53. A nethod for
determ ning whether a nobile radio termnal in within
a pC,g deCostedsoagiedrwith cells tdit ereciontinerprofitd omsametoor Kk,
gg fgd conprising: obtaining a profile
repr entative of the predefined region; obtaining at
| east one value of a plurality of radio signal
paramsters froma region about the nobile radio
56.t erfyimethod as@l@lamﬁam dgim b2 whereiapach @b &y SouwandCut pre
pl ural it dio signal parameters with the profile
to QTZ %ﬁd f\%ﬂgfl‘ﬁer the nobile radio termnal is
within the predefined region. 54. A nethod as cl ai ned
in claim53 wherein the step of 2con‘pari ng
—r)

LG,
Clll Z 26’

Nm"' um (; —_— um)
T a2

C

wm

=N+l 20-

Ny+N,+N, 1 r
C,=-— log| —| 1+erf —"1—’1"—)
i=N nﬁ'z]\;um"'l 2 [ ( \/50-

where

r, = The expected value of the signal strength (dBm) of the i” cell, as entered

into the profile,

r, =The observed value the signal strength (dBm) of the i cell,
t,, =a fixed value (in dBm) that represents the value of signal strength such

that it is unlikely that a cell will be not be observed in the profile if the cell’s

expected signal strength is above ¢

um ’/
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conprises calculating a cost C associated with the at

| east one value and the profile and conparing the cost
w@2M6tb5688 t hr eshol d. 55. A net hod as cl ai med | PICAHRO®S/000478

54 wherein the cost Cis calculated as follows: c

=cmtc ™M +c r whereCln = Cost associated with cells

that are observed and are gmtched in the profile CM

=Cost associated with cells that are observed but are

ot nat § s rofile Cur =Cost associated with
%fegﬁP%%ﬂﬁ%%%§?£@%2ﬁ¥ﬂe profile but are not reported.

56. A nethod as clainmed in claimb55 wherein each of

Cln, Cum and Cur are calculated as follows: where rp =

o =ldaliexneesedterphne of the signal strength (dBm) of the
i"" cell, as entered into the profile, T =The observed

val ue the signal strength (dBnm) of the i"' cell, tmm
-a.fixed value (in dBm that represents the val ue of
erf & g standar r‘r‘@{CFf(fEB‘&‘iﬁO’%hat it is unlikely that a cell
andMJHere not be observed in the profile if the cell's
expected signal strength is above tum ,tur =a fixed
threshold (in dBm

N,, =Number of observations that are matched in the profile,

N,,, =Number of observations that are not matched in the profile,

um

N,, =Number of cells that are in the profile but are not reported.

ur

57. A method as claimed in claim 55 wherein:

If C < x* (x,N, —2) then in Zone

otherwise, not in Zone.

where
x° is the standard statistical function,

NT=Nm+N +Nur

um

x = a percentage between 0 and 100.

58. A method of controlling the performance of a system for determining
whether or not a mobile radio terminal is within a predefined region in
a radio communications system, the method comprising:
associating a threshold with a ratio of a probability of an Out-
Given-In error and a probability of an In-Given-Out error; and

adjusting the threshold to achieve a desired performance.
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59.

ol.

62.

63.

s - scaling paranmeter, and erf =the standard error
function and where NLn =Nunber of observations that

observations that are not matched in the profile, Nur
=Nunber of cells that are in the profile but are not
reported. 57. A nethod as 83l ai ned in claimb55 wherein:
If C<c2 (x,Nt - 2) then in Zone otherw se, not in

ﬁr?_nlg ﬁir#{_%t%%eas‘ﬁ%nh%dt 1P Al r&haht ehiesRbldl IHQ§ tb'e on,

X =a. percentage between 0 and

58.adjustet iashmeboap@krioldbong100%. per f or mance of a
system for determ ning whether or not a nobile radio
termnal is vvithi n a predefi ned region in a radio

nlcatlo ste t t hod [,1.Si NG . 4.
axﬁt?@ F eheEutiomg Wheeh of dof 6 Aoybily B pinals
Akhlibhy sPdte@Nth
‘%“ Bt et il Ao RoRi AR ORY sl the
ac ﬁed@fmedes foRchavénd atramsitirb@oion betweec mlmﬂ%mreaind
in cI ai m 58 erein the threshold may be adjusted fraom
aboit OG%Qgioﬁb%)Hteﬂl@@)%f C@Oﬁfquhn&t}s%/%?%ﬁf theytransition region,

det rmn vvhethelr or not a nobile radio termnal is
erfnﬁ FEFPHEREr egion in a radio comunications

syst em  JdBciating a threshold with a ratio of a probability of an Out-
Given-In error and a probability of an In-Given-Out error; and
adjusting the threshold to control the size of the transition

region.

A method as claimed in claim 60 wherein the threshold may be

adjusted from about 0% to about 100%.

In a system for determining whether or not a mobile radio terminal is
within a predefined region in a radio communications system, a
method for controlling the size of the predefined region, the method
comprising:
associating a threshold with a ratio of a probability of an Out-
Given-In error and a probability of an In-Given-Out error; and
adjusting the threshold to control the size of the predefined

region.

A method as claimed in claim 62 wherein the threshold may be

adjusted from about 0% to about 100%.
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predefined region having a transition regi on between
an in-region and an out-region, a nethod for

w@omvbnaedehs ng the size of the transition regi onPCT/AB2006/000478
nmet hod conprising: associating a threshold with a
ratio of a probability of an Qut- Gven-In error and a
probability of an In-G verg4ut error; and adjusting
the threshold to control the size of the transition

64." €9 @}{Fth@é g]sgleﬂﬁ{e'agﬂ &agnpéfw@ﬁwﬂar&h%gsﬁ@ oS Féﬁ?oq

the thres may be adj usted from about 0% o abo

10Qfpreages dgthe BybAlstity of indgiven+fiutiengpraietréeesor not a
nobile radio termnal is within a predefined region in
a radi o communi cations system a method for

confrolli the size of. the predefined regi.on. the

65. o hoRr Lo EERgPE 8 aSiieh AHG EroED SemBRI o etwork
r aty Q,; L7 il 5 a
o 4240 PR BN e Ry SRl il

t héntipesdaitly doa teationbnt fier stizatationtdfeheceltlehd heda

regi on. 63. met hod as clainmed in claim®62 wherein

t hesector &$ o eelrmy be adj usted from about 0% o about

100% 64. A nethod as clained in claim62 or 63 wherein
the size of the region increases as the probability of

66.1 N- AN&RLAWs BLihRISIn AMGHESS Gher&in thé ni@hB@¢of{prises
defining a region wthin a radi o communi cati ons

netgupiekativay b pyofile depastnanioeaélthe redien abohbal mobile radio
conprising defining the region
terminal within the cell.

67. A method as claimed in claim 66 wherein the step of generating the

profile is performed using the method of any one of claims 1 to 23.

68. A method of translating a zone expressed as one or more geographic
coordinates into a zone expressed using one or more radio signal
parameter values and/or ranges associated with a cell site in the
vicinity of the zone, in a radio communications network, the method
comprising:

correlating the one or more geographic coordinates with one or
more cell sites of the radio communications network; and
predicting one or more radio signal parameter values and/ or

ranges in the correlated one or more cell sites.

69. A method as claimed in claim 68 wherein the one or more geographic

coordinates are a latitude and/ or a longitude.

70. A method as claimed in claim 68 wherein the one or more geographic

coordinates is a street address.
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i ndependently of a location and/ or orientation of the
cell and/ or a sector of the cell. 66. A nethod as

web@sired1s n cl ai m 65 wherein the nmet hod conpri BEFAU2006/000478

generating a profile representative of the region

about a nobile radio termnal within the cell. 67. A

met hod as clainmed in clai %6 wherein the step of

generating the profile is perfornmed using the method

of any one of clains 1 to 23. 68. A nethod of

transl ating a zone expressed as one or nore geographic
71. COOA @héthbdsisichtimed inemy aepofedsiad G8sio) wheran thestep of

radi o si gnal paraneter val ues_and/ 8; ran‘gels_Ldr

as seeTelataeg e oneoimiore gpegraphic ordingtes Withghe ppg or
zone, in.a.radip_comuni cati etwork, the nethod
corfi‘}f)f%?%&lgegé? B&‘%ﬁ}i %ﬁa {:Onoé< u%ﬁéb%r nore geogr aphi c

coordinates with one or nore cell sites of the radio
conmuni cati ons network; and predicting one or nore

72.r adAansthgdalf definamnet eegivalin esadindéoromurdcafemnsimetwiosk,
correl ated one or nore gdil qut S. 69. .met hod as
cl avhetein theTegion ef@ma req Wethgyerical N§©8gr aphi c
coordi nates are a |latitude and/ or a longitude. 70. A
method as clained in claim®68 wherein the one or nore

73.9€ 08 ARMNOE £ dMBInESains 72 wildreigltha @t ®f fie refrion in the
nmet hod as clained in any one of clains 68 to 70

whevatinalt dienestsim wfayderqogitatliedg t he one or nore
geographi c coordinates with the one or nore cell sites
is by way of a | ookup table.

74. A method as claimed in claim 72 or 73 wherein the region is defined by

a profile.

75. A method as claimed in claim 74 wherein the profile is generated

according to the method of any one of claims 1 to 23.

76.  Inaradio communications network for receiving transmissions from a
mobile radio terminal, a method of controlling a communications load
on the radio communications network, the method comprising:

controlling the rate at which the mobile radio terminal transmits

data to the radio communications network.

77. A method as claimed in claim 76 wherein the mobile radio terminal
transmits data relating to radio signal parameters about the mobile

radio terminal.

78. A method according to claim 77 wherein the mobile radio terminal
transmits the data upon a user of the mobile radio terminal initiating

the transmission of the data.
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72. A nethod of defining a region in a radio
comruni cati ons network, wherein the regi on nay be
waledosnesd1s n t he vertical dinmension. 73. A net hpdI/aB2006/000478
clainmed in claim72 wherein the extent of the region
in the vertical dinension may be controlled. 74. A
met hod as clained in clainmgg2 or 73 wherein the region
is defined by a profile. 75. A nethod as clained in
claim 74 wherein the profile is generated according to
the nethod of any one of clains 1 to 23. 76. In a
791 adiromeeiatiad €atrh&d s A/INTSkvh&ieit B6endbN8radio terminal
transm ssions froma nobile radio termnal, a nethod
of tensmatsithedata epoma miseraof iesnbbideratio téreninabingtiating a
co i cgtions network, the nmethod conprising:
conf? EF‘? f HCQRPEItatSACtVRES obi | e radi o
term nal transmits data to the radi o communications
network. 77. A method as clained in claim76 wherein
801 he Amplth®l sodhinédintliagh 77HiReRIH thed@bbilé eAdbitBmirRl
radi o signal paranmeters about the nobile radio
t er fanamitstBe datamepdivd request diomy therasliaicomFTumineatiens
the npbile radio termnal transmts the data upon a
usePCBY%he nobile radio termnal initiating the
transm ssion of the data.79. A nethod as clainmed in
claim 78 wherein the nobile radio term nal transmts
811 he Ad@iethdtbairoadingeo cbfint Fewiieléihehe aghiale @ fRminal
initiating a call to the radi o communi cati ons networKk.
80. tranpmitsdhe detacipomre dequest fraiva Prosessprexterng tortiy faslio

radi o terninal
commumceﬂlons network.

82. A method according to claim 77 wherein the mobile radio terminal

transmits the data upon a change of the data.

83. A method according to claim 82 wherein the mobile radio terminal
transmits the data upon the mobile radio terminal moving out of or in

to a predefined region within the radio communications network.

84. A method for operating a service wherein the location of one or more
subscriber terminals relative to another location or subscriber is
monitored, and actions taken when the proximity meets a criteria,
wherein the processing to monitor the proximity of one or more target
terminal to another terminal is carried out on the one or more target

terminal.

85. A system capable of performing the methods of any one of claims 1 to

84.
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transmts the data upon a request fromthe radio
communi cati ons network. 81. A nethod according to

W@ b@ies6T8 wherein the nobile radio term nal treOEFAUL@6/000478
the data upon a request froma processor external to
the radi o communi cati ons network. 82. A nethod
according to claim77 whergrn the nobile radio
termnal transmts the data upon a change of the data.
83. A nethod according to claim82 wherein the nobile
radio termnal transmts the data upon the nobile

86.r adhanadrine neddabbyinedivantcontaining imstractons edefusaead
region within the radi o_conmuni cati ons network. 84. A
metaghing o feaionm the mether\afeayipne ofi gaimel 1dht i on of
one or nore subscriber termnals relative to another
| ocati on or subscriber is nonitored, and actions taken

87.WheR hheniRE 90X I/ nldBRIS B iRl 1'naola1‘M‘84 YHerbiRGhe
processing to nmonitor the proximty of one or nore
t arpathinereadable heedinni serSulscribanldensity Madwd (SIM).on
the one or nore target termnal. 85. A system capable
of perform ng the nethods of any one of clains 1 to
84.86. A machi ne readabl e medi um cont ai ni ng
instructions to cause a nmachine to performthe nethod
of any one of clains 1 to 84. 87. A machi ne readabl e
medi um as clained in claim84 wherein the nachi ne
readabl e nediumis a Subscriber Identity Mdule (SIM.



