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1 A PEIHSERATJCN METHOD I N A CELLULAR MOBI LE RADI O SYSTEM  TECHNI CAL
FI'ELD ‘The present I nvention relates to a nethod of registration in a
cellular nobile radio systemwhich includes a plurality of registration
artas, each being divided into service aregas or cells and all of said

regi strati-on areas covering all service areas, and in which each service
area is served by a base station for those nobile stations that are | ocated
in the as- sociated service areas. The inventive nethod can be a E lied, for
i nstance, t@ REGASTRATEON MFSHHOL J3t anCELLURARMOBILE RAPER §¥RT

regi stration areas do not overlap one another and has for each such area a
defi ned identi%¥ whi ch clearly discloses the registration area.
BACKGROUND AHECHNIGAL EBEEER| ar npbil e tel ephone system the various cells

of the systemare often collected in so-called registration areas. A nobile
station is registered . nitial
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associ at ed rgpé)éigtrat:l.on areas, each being divided into service areas or
cells and all of said registration areas covering all service
areas, and in which each service area is served by a base
station for those mobile stations that are located in the as-
sociated service areas. The inventive method can be applied,
for instance, to a mobile telephone system of the kind in which
the registration areas do not overlap one another and has for
each such area a defined identity which clearly discloses the
registration area.

BACKGROUND ART

In a cellular mobile telephone system, the various cells of the
system are often collected in so-called registration areas. A
mobile station is registered initially in a certain area, the
home area, and a calling subscriber, possibly from another
registration area, is able to reach the mobile station as a

-+ result of the base station (BS) and the associated mobile
telephone switching centre (MSC:n) having recorded in its home
location register (HLR) the registration area in which the
called subscriber (the mobile station) is located.

If the mobile station moves to another registration area (so-
called roaming), it is important that the mobile station
registers itself in the new area and that this new registration
is recorded in the homne location register of the mobile
station. If the mobile station fails to register its new area,
it will be extremely difficult for the land system (mobile
telephone exchange and home location register) to page the
mobile station when this station is called by a calling
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t el ephone switching centre (MSC.n) having recorded in its home |ocation
regi sterr (HLR) the registration area in which the called subscriber (the
nobil e station) is |ocated. If the nobile station noves to anot her
registration area (so- called roamng), ityis inportant that-the nobile
station registers itself in the new area and that this new registration is
recorded in the hone | ocation register of the nobile station. If the nobile
station fails to register its new area, it will be extrenely difficult for
the | and sysiepséribelre teh ephenothehahgadandimmmethecatewnregissrationo
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within the systemregisters itself imediately it crosses the border

bet ween two r r
I%gl Sttr?l;.sl Oer;:ta}:[eelﬁaesly important that each mobile station within

the system registers itself immediately it crosses the border
between two registration areas.

The registration areas must not be made too large, because of
the balance that needs to be maintained between paging traffic
on the one hand (i.e. the traffic created when the mobile
subscribers are paged from the land system) and the number of
registrations within the area on the other. Small registration
areas will preferably be chosen, when the number of regis-
trations is permitted to be high while paging traffic shall be
kept low. Larger registration areas can be permitted when the
opposite case applies, i.e. when paging traffic can be per-
mitted to be high and the number of registrations shall be kept
low. A balance between these two mutually conflicting re-
quirements is made in the majority of cases in a mobile radio
system.

As is known, registration is effected by a base station within
the service area in which the mobile station is located
transmits a global message which contains the registration
identity of its own registration area. In the case of the U.S.
digital system according to standard "IS-54B" for instance,
this message is transmitted over the FOCC-channel (forward
"analog control channel) and periodically to all mobile
stations within the service area. A mobile station reports that
it is new in the area and that registration is thus desired,
see Figure 1 below. This request is normally transmitted over
the RECC-channel (reverse analog control channel). Thus, if a



The registration areas nust not be made too | arge, because of the bal ance
that needs to be maintai ned between paging traffic on the one hand (i.e.
the traffic created when the nobile subscribers are paged fromthe | and
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channel capacity is used in a registration process. It would be
desirable to reduce the extent to which the channels of the
system are used as much as possible. As before mentioned, the
identification message is transmitted from a base station over
the control channel FOCC periodically and cannot therefore be
altered. However, the number of accesses requesting registra-
tion of mobiles over RECC and responsive acknowledgements over
FOCC can be influenced when registrations, and therewith the
number of subsequent updates Y“registration update" from the
base station, are only required and effected on seldom occas-
sions. This would result in a reduction in the control channel
capacity used.

EP-A1-0,439,628, for instance, teaches an improved registra-
tion method for reducing and distributing the number of
registrations to a given extent. This method is applied in
systems in which a base station belongs to several location
areas (= registration areas), i.e. several mutually overlap-
ping location areas. According to this method, a list of those
identities of the registrat'ion areas in the location area to
which the base station belongs is transmitted periodically
from the base station. These identities are compared with the
identity which is stored at that time in a listening mobile
station. If none of the identities received and read by the
mobile coincide with the identity that is stored in the mobile
station the mobile station registers in the registration area,
the identity of which is first read from the transmitted list.



nmobil e station has not stored the transmtted registration identity, it
asks to be registered. Regi stration creates a particul ar problem when a
nobil e station noves in the vicinity of and across the borders of one or
nore registration areas. A large nunber ofg registrations nay-be entail ed by
a nobile station crossing several such borders. It wll be understood
fromthe aforegoing that a given control channel capacity is used in a

regi stration process. It would be desirable to reduce the extent to which
the channel sThiist heospduem neduosedths minienoHregistaationsof since the
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restricted to the global location areas that have been deter-
mined by the land system.

An object of the present invention is to reduce still further
the number of registrations in a cellular mobile radio system
containing the registration areas in relation to prior art
techniques.

Another object of the present invention is to provide a method
for application in a cellular mobile radio system which
includes registration areas which will enable the registration
method to be better adapted to an individual mobile station
when the mobile station moves between the different registra-
tion areas and, at the same timé , @ smaller number of registra-
tions in relation to prior art techniques.

A further object of the present invention is to provide a
method for storing area-identities in a mobile station in the
process of fegistration, so that the mobile station need not
register itself in the earlier known manner when moving across
a given number of registration areas in a given, predetermined
manner.

In accordance with the proposed method, a so-called location

area is defined as being an area which includes parts of two or



fromthe base station. These identities are conpared with the identity
which is" stored at that tine in a listening nobile station. |If none of the
identities received and read by the nobile coincide with the identity that
is*stored in the nobile station the nobileg station registers-in the
registration area, the identity of which is first read fromthe transmtted

list. 4 Thi s procedure reduces the
nunber of registrations, since the nobile station is located in the centre
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reduce still whiehhg€s transmitted to the mobile station in conjunction with
registration.

The inventive method is characterized by the method features
set forth in Claims 1-6.

An inventive mobile station is characterized by the features
set forth in Claims 7-8.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in more detail with
reference to the accompanying drawings, in which

Figure 1 is a diagram which illustrates parts of four registra-
tion areas of a cellular mobile radio system according to known
techniques;

Figures 2a-2c are block diagram which illustrate a radio
connection between a mobile station and a base station at
different points in time for carrying out the inventive method;
Figure 3 is a flow chart which illustrates the inventive method
more clearly;

Figure 4 is a diagram similar to the diagram of Figure 1 but
shows the allocation of registration identities in accordance
with the proposed method; and

Figure 5 is a diagram which illustrates a number of registra-
tion areas through which a mobile station roames while applying
the inventive method.



t he nunber of registrations in a cellular nobile radio system contai ning
the regi‘'stration areas in relation to prior art techniques. Anot her

obj ect of the present invention is to provide a nmethod for application in a
cellular nobile radio system which includgs registration areas which wll
enable the registration nethod to be better adapted to an individual nobile
station when the nobile station noves between the different registra- tion
areas and, at the same tine, a smaller nunber of registra- tions in

rel ati on to BESDIMGDES (OX QARRYING OUA THE! DNVEN{Tent of the present
invention is to provide a nethod for storing area-identities in a nobile
station in the process of registration, so that the nobile station need not
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5 which is incorporated herein by reference. Each of the regis-
tration areas RA1-RA4 includes a number of cells or service
areas, and each service area is served by a base station.

The registration area RA1l includes the two illustrated base
stations B11l and B12, each of which serves a respective service
area S11 and S12.

The registration area RA2 includes the two illustrated base
stations B21 and B22, each of which serves a respective service
area S21 and S22.

The registration area RA3 includes the two illustrated base
stations B31 and B32, each of which serves a respective service
area S31 and S32.

The registration area RA4 includes the two illustrated base
stations B41 and B42, each of which serves a respective service
area S41 and S42.

A given registration area has a given identity X which is
unique to said area and which is used in the registration of
those mobile stations that enter this area. In the Figure 1
example, it is assumed that

X = X1 for the registration area RAl

»
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X2 for the registration area RA2

X = X3 for the registration area RA3

X = X4 for the registration area RA4



nore registration areas (or whol e such registration areas) and a given
nobi le Station is allocated a given |ocation area that is unique to
precisely this nobile station on each registration occasion. The |ocation
area for a given nobile station is defined conveniently as a'list of
registration identities which is transmtted to the nobile station in
conjunction with registration. The inventive nethod is characterized by
the met hod features set forth in Cains 1-6. An inventive nobile station
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It is assumed that the mobile station MS has entered the area

RA3 and has been registered in this area as a result of the
base station B32 having received the subscriber identity of the
mobile station MS in a known manner and having informed the
mobile telephone switching centre of the land system of this
identity, the switching centre storing this identity in the
home location register (see Figure 2b). The mobile station MS
is therewith allocated the registration identity X = X3 and
stores and retains this identity for as long as it remains in
the area RA3. The mobile station MS is assumed to move towards
the border between the registration areas RA3 and RA4 and enter
the area RA4. It is necessary for the mobile to register itself
in this area, since the base station B41l transmits the afore-
said global message (via FOCC) with its registration area
identity. If the mobile station MS has not stored this iden-

tity, it asks for a registration update in accordance with the
aforegoing.

. It is assumed that the mobile station continues along a path
indicated by the arrows in Figure 1 and is therefore neces-
sitated to make several registration updates in the same manner
as that carried out in area RA4, i.e. continues to update its
registration in area RA2 when passing the border between RA4
and RA2;

update its registration in area RA3 when passing the border
between RA2-RA3;



6 BEST MODES OF CARRYI NG OQUT THE INVENTION Figure 1 is a sinple
di‘agram™which illustrates part of four registration areas RAL, RA2, RA3 and
RA4 of a cellular nobile radio system of a known kind, for instance from
U.S. 5,081,679 which is incorporated heregn by reference. Each of the
regis- tration areas RAI-RA4 includes a nunber of cells or service areas,

and each service area is served by a base station. The registration area
RAl includes the two illustrated base stations Bll and B12, each of which
serves a ream;iatereltsrregﬁsﬁrealsﬁllﬁndrS&ZRAz W e@isdiriy ithe WamdiA2

I ncl udes th%é%? Y e rﬁfgzﬁi%t ations B21 and B22, _each of which

serves a respective service’ 1 and S22. The registration area RA3
includes the two illustrated base stations B31 and B32, each of which

Serves a respyeedty i €8 ¥b§estraRionlifiNdrad’ral when passing the border
between RA2-RAl.
It is therefore conceivable that because of a hilly and
mountainous terrain or because of heavy traffic in a city
centre (several re-routes), the mobile station MS is forced to
make at least four registration updates according to the known
registration methodology, until it is located in the area RA1,
as assumed in Figure 1.

The inventive registration method will be described in more
detail with reference to Figure 2. A base station BS, which may
be one of the base stations B31, B32, B33 ... according to
Figure 1 for instance, transmits a registration identity (X3)
in the form of a message word for the registration area
concerned (area RA3) over the control channel (FOCC). The base
station BS communicates in a known manner with a mobile radio
switching centre MSC which includes a home location register
HLR which stores data relating to the location of the mobile
stations in the system. The mobile radio switching centre MSC
and the register HLR may be common to all base stations shown
in Figures 1 and 4, for instance. '

A mobile radio stat-ion Ms has entered the area RA3 and is
assumed to have registered itself in response to the registra-
tion identity X = X3 transmitted by the base station BS.

The mobile radio station MS is constructed in a known manner,
for instance in accordance with the teachings of the aforesaid
U.S. 5,081,679 (Figure 2). The station MS includes a processor
which controls the various transmission and reception func-
tions of the mobile telephone set and includes memory space for

the various messages that are exchanged between the mobile



The registration area RA4 includes the two illustrated base stations B4l
and B42,” each of which serves a respective service area S41 and S$S42. A
given registration area has a given identity X which is unique to said area
and which is used in the registration of tdhose nobile stations that enter
this area. In the Figure 1 exanple, it is assuned that X = X1 for the

regi stration area RA X = X2 for the registration area RA2 X = X3 for
the registration area RA3 X = X4 for the registration area RA4
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In the illustrated case, the mobile station MS is assumed to be
a mobile telephone set which includes a processor P capable of
executing the aforesaid control and memory functions. The
processor P includes a memory space M which in the illustrated
case has three memory positions M1, M2, M3 in which three
identities of given registration areas are stored in accor-
dance with the present method, as explained in more detail
‘below. When receiving over the control channel FOCC, the memory
space M can be accessed in a known manner, via the receiving
units of the telephone set, for writing into the memory posi-
tions M1, M2 and M3 those identities that are contained in a
message word which relates to the registration process and
which is received from the base station.

It is assumed that in a previous registration process, the
mobile telephone MS has been allocated the registration
identities X1, X2 and X3 for three different registration areas
which have been stored in the memory positions M1, M2 and M3
respectively, in accordance with Figure 2a. According to
Figure 2a, the base station BS transmits a message in the form
of a so-called "OMT" ("overhead message train") over FOCC with
a registration identity X for the registration area of the base
station, so that the mobile telephone will be able to evaluate
the transmitted identity. The message is received by the mobile
telephone MS and the transmitted identity X is delivered to a
comparison unit JF. This unit compares the identity X with the
identities X1, X2, X3 stored in the memory positions M1, M2,
M3. The comparison unit JF produces a signal magnitude Y (0 or
1) which informs the processor P of those measures or proce-

dures that may possibly be taken in accordance with the
following.



a nobile station M5 which enters the registration area RA3 or is already

| ocatedin said area, so as to update regi stration when the nobile station
is not registered but requests to be so. It is assunmed that the nobile
station M5 has entered the area RA3 and hgs been registered in this area as
a result of the base station B32 having received the subscriber identity of
the nobile station M5 in a known manner and having inforned the nobile

t el ephone switching centre of the Iand systemof this identity, the
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in area RA3 phgR Patshgs £8echerservied Whesh B thé3base station, this is
reported to the base station in conjunction with the message
sent over RECC, Figure 2b. The base station BS informs the
mobile switching centre MSC of the subscriber identity AbID,
and the switching centre then effects registration in the
location register HLR and sends to the mobile station "as
confirmation of registration in the location register HIR a new
list D containing registration identities X4, X5, X6 which
replace the earlier stored list X1, X2, X3, see Figure 2c. At
least one of these identities may be identical to one of the
earlier stored identities, with the exception of the identity
X that applies to the new registration area and which was not
found among the earlier identities. The new list D, however, is
not a global list sent to all mobile stations within the
service area, but an individual list which defines a so-called
location area and which is sent to this mobile station in
conjunction with precisely this registration. The new list may
be determined by the mobile telephone subscription and is
adapted directly in accordance with movement of the mobile
telephone.

Thus, in a corresponding situation in the same location,
another mobile telephone could be sent another list which has
at least one identity which is common to the list of the
aforesaid mobile telephone, namely the registration identity
X of the aforesaid base station.



update its registration in area RA2 when passing the border between

RA3- RA2; and to update its registration in area RAL when passing the
border between RA2- RAL. It is therefore conceivable that because of a
hilly and nountainous terrain or because pf heavy traffic ina city centre
(several re-routes), the nobile station M5 is forced to make at |east four
regi stration updates according to the known regi stration nethodol ogy, until
it is located in the area RAlL, as assunmed in Figure 1. The inventive
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aforegoing. This makes, a further saving on registration
traffic. For instance, the list D may be stored in the mobile
telephone when signing the telephone subscription.

The flow chart shown in Figure 3 illustrates the afdredes_cribed
and the different steps stored in a program in the mobile
telephone microprocessor (referenced 134, Figure 2 in the
aforesaid U.S. patent specification). In Figure 3, the block.
101 discloses that the mobile telephone MS is in its "idle
mode", i.e. switched-on and ready to receive messages over the
channel FOCC, in this case a global message OMT from a base
station for possible registration.

At a given time point, block 102, a base station BS sends the
message OMT, which reaches all mobile stations within the base
station service area, including the mobile telephone MS in
particular. The message OMT includes an identity X for this
service area. Block 103 denotes that the mobile telephone MS
makes a comparison between the received identity X and the
identities X1, X2 and X3 stored in the memory space.

If the comparison showed that one of the identities X1, X2 or
X3 was identical with identity X (“"Yes"), a return is made to
the beginning of the process and a loop is formed, provided
that the condition “Yes" is fulfilled.

On the other hand, if none of the identities is identical to
identity X ("No"), the mobile telephone MS asks to be registe-
red, block 104. Registration is effected in the register HLR by
the mobile telephone switching centre MSC (Figure 2b) in a



stations in the system The nobile radio switching centre M5C and the
regi ster HHR may be common to all base stations shown in Figures 1 and 4,
for instance. A mobile radio station M5 has entered the area RA3 and is
assuned to have registered itself in respﬁgse to the registra- tion

identity X = X3 transmitted by the base s

station M i

with the teachings of the aforesaid U S. 5,081,679 (Figure 2).
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s constructed in a known nanner, for instance in accordance
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base statiioneBSebephothe storwind rcanttell ehanneloFOSSo( Fgure
%85Ut £BgetherAlRtASA CoPIEnLt 1 8RN H ok Yt i1 hakN€aken
place. The procedure then returns to the starting state, before
the block 102.

The 1list sent to the mobile telephone after registration may be
configured in accordance with the wishes of the mobile tele-
phone subscriber. For instance, the identities contained by
the list may define a location area which corresponds to the
home location, working place and a route often taken between
these two iocations, these identities being stored in the home
location register HLR and sent to the mobile telephone by the
switching centre MSC in conjunction with the registration
procedure, when the mobile station has entered the aforesaid
location area.

Figure 4 illustrates the allocation of registration identities
for a given location area which covers non-overlapping
registration areas.

Each of the base stations Bll, B12; B21, B22; B31l, B32; B41,
B42 within the area is lecated in only one registration area
and has therefore only one identity which it sends to the
various mobile stations in conjunction with registration.

In the area shown in Figure 4, it is assumed that a mobile
station MS has roamed into the registration area RA1l having the
identity X1 and is located in this area. It is assumed that the
registration identities X1, X2 and X3, i.e. the identities of
the areas RA1l, RA2 and RA3, are stored in the memory space M of
the mobile station (according to Figures 2a-c). The arrow P2
indicates the route travelled by the mobile station. It is



processor P includes a nenory space Mwhich in the illustrated case has
three henory positions M, M2, M3 in which three identities of given

regi stration areas are stored in accor- dance with the present nethod, as
explained in nore detail below. Wen reggiving over the control channel
FOCC, the nenory space M can be accessed in a known manner, via the
receiving units of the tel ephone set, for witing into the nenory posi-
tions ML, M2 and M3 those identities that are contained in a nessage word
whi ch rel abesured Hmirtdgildy ahiadn theomebd lengtaltiichn entieaseithed skrodcihe

base stati tod ssu t v t he
nobi l e tel (%Eﬁgngkl\}éﬁ% B eeg%gé:h%%cajtlfﬁcﬁe%r g%lgsi %%Jleo%nglgdﬂ] #“?l es%fgs

and X3 for atnaaeef:utm<pvete¢arraghst-patt| @n aupdstmgcmm@%n singednion the
menory pos 'ﬂég‘é.'?t%l&@ h%'&de%ﬂ&:?lq%kéﬂ H1acd BnRCEIhERNERe ddhtitgrka 2a.

According to ure 2a, the base station BS transmits a nessage in‘the form

of a so- Camse@,ncéwied( iy Ehe s tretorgd F—PaT—he)m?}?é}eF‘ﬁﬂW@h The sane
regi strati eippidiesd ifior xmoreﬁaeniﬁgn@aé@tsmﬁm witiie ﬁlﬁ@r&t;a.tsltm- SO

that the buletelephon% # IEeto eval.ua}iethetra mt‘;e
i dentity. ThEdEiye 1 TRECR %%lacw AT TR R RS P he
transmtted identity X is delivered to a conparison unit JF. This unit

conpares t %é{%ﬁ#ﬁﬁhﬂ Wt Q:%Es?ése}lgfélb er’betilif! ¢nd talipea@em)r y

positions nparison unit uces a signal nagnltude
(Oor 1) wiRAdh anét BMBanﬁetbease@s%rewterﬁhbeesméq?e%r%a of dhe bagees

that may peasition B31,2KY) ikNn8eCRECEESErY £8ri Bite IRbbLYE Nkation MS to
register itself or for an earlier registration to be updated,
since the identity X3 is also found on the list. Neither is it
necessary to register the remaining base stations in the area
RA3 (base station B32).

No registration or registration updating is effected when the
mobile station leaves the area RA3 and enters the area RA2, as
shown by the arrow P2, since the identity X3 is stored in the
memory spacé M of the mobile station MS. In the case of the
illustrated embodiment, registration and subsequent updating
are only carried out should the mobile station MS choose to
follow another route, as indicated by the broken line arrow P3, .
in which case registration is made in response to a global
message from the base station B4l, in accordance with the
above. This base station transmits the identity X4, but since
this identity is not found on the list stored in the mobile
station, B41 sends to the mobile station MS in conjunction with
the updating procedure a new list D which includes, for
instance, the identities X2, X3 and X4, which are then stored
in the memory space M of the mobile station (Figure 2).

With the intention of illustrating the principles of the
invention and the advantages afforded thereby still further,
reference is now made to Figure 5 which illustrates an extreme



10 If the identity X is identical to one of the identities X1, X2 or X3,
t he nobi'l e tel ephone M will do nothing. On the other hand, if the identity
X differs fromone of the identities X1, X2 or X3, the nobile tel ephone M5
Wi'll request registration over the revergg control channel RECC with

information relating to the subscriber identity AblD, see Figure 2b. | f
the conparison made in the unit JF shows that none of the identities X1, X2
or X3 is equal to X and that the nobile tel ephone is thus still not

regi stered icasehefr mgvenedit of aresbibatstwet bogbétwedre Geffemmreyial- t he
base statio é‘h@%éeﬁgrwd to the base station in conjunction with the
nmessage sent T&Ver I gure 2b. The base station BS inforns the nobile

switching centre MSC of the subscriber identity AblD, and the sw tching
centre thenqgfd gbigur&ess Sii%éﬁ?atﬂoh“&nb?ﬁabbo@1@?&' %téaléﬂﬁtﬁ.% ks to
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event of registration during the journey of the mobile station.
The registration identity is referenced Xk and is sent from the
base stations in respective areas during the journey of the
mobile station. In this case, no registration is necessary and
accordingly no registration is carried out during passage of
the mobile station through the different registration areas.

The different identities are reported to the mobile station
from the home location register HLR of the home system, via the
base station, in accordance with Figure 2a.

It is also possible for a mobile telephone subscriber who knows
that he/she will often travel along this particular route to
allow the telephone operator to insert those registration
identities that will be used in accordance with the aforegoing
at the time of procuring the telephone set.

The invention has been described above with reference to
registration areas that include several cells, which is
assumed to be a future standard when many microcells are
- present. It is also conceivable, however, for each registra-
tion area to consist of a single cell and therewith increase
so-called granulation in the proposed method. In this case,



Thus, in a corresponding situation in the same | ocation, another nobile

t el ephohe coul d be sent another list which has at |east one identity which
is coomon to the |ist of the aforesaid nobile tel ephone, nanely the
registration identity X of the af or esai dyBase station. : The i st
D need not be stored in the | and systemin accordance with the aforegoing,
and is sent to the nobile tel ephone. Alternatively, the new list D nay be
stored in the nobile tel ephone and the | and system (base station) can send
an address thet fiﬁdmihiﬁﬁ £l gphegespoatibngadida Wil Nayoinsidé owbeh usne,
when conflrmn%t Qy sttat on_in accordance wth the aforegoing. This
makes a furﬁﬁ 43 R Snsfga €tF%tton traffic. For instance, the list D
may be stored in the nobile tel ephone when signing the tel ephone

subscri pti 0 Ha.%%lt%"‘é ehLr ShONL A JF Qﬂéelﬁvéhjcﬁéhr i n{e@?sa e O

aforedescrl e d| erent steps stored in a progfamin t nmobi | e

t el ephone rrPé‘r Pd@é%%’é?l(PPQQ%FGH@é'Hsl%Obﬂer@?Q%Waé?’&r“eéﬁﬁﬁtyt$
patent spe Néta Qeélpnidehal’éygum'c% tHee &i&bel&Lwlﬁdmﬂ%ﬁé@tamﬁ rRbi | e
t el ephone IS 1N t-lt Q:k 1I: étj t che 59 %n,d‘L reagx 8 EEEI ve
messages ov&eMgpmection with registration, inforns emo e individua _
of the radius of the local area. In this case, a new registra-
tion is made immediately the cell to which the mobile listens
is a cell that transmits a global cell identity X-Y which lies
outside the circle defined by said radius and the latest

registered X-Y coordinates (= cell identity).

This enables individual mobile-station location areas of
different sizes to be defined by sending to an individual
mobile in conjunction with registration procedure a radius
instead of list D, in accordance with Figure 2. In this case,
the memory unit and comparison circuit of the mobile are
replaced with an algorithm which calculates whether or not the
mobile has proceeded beyond the circuit that constitutes the
valid allocation area.

The aforementioned X-Y coordinates need not ambiguocusly define
the position of the earth as a whole, since the last digits in
the coordinates will suffice. For instance, the position can
be calculated with a resolution of 100 m and with 100 km
maximum in a cartesian coordinate system, which corresponds to
three decimal places.

The present invention can also be combined with existing
methods of defining location areas. For instance, a single
mobile-individual home location area can be defined as
including the home, work place and the route between home and
work, while applying global location areas in general, in
accordance with existing standards. This may require the cells.



channel FOCC, in this case a gl obal nessage OMI from a base station for

possi bl é regi stration. At a given tinme point, block 102, a base station
BS sends the nessage OMI, which reaches all nobile stations within the base
station service area, including the nobilg.tel ephone M5 in particular. The

message OMI includes an identity X for this service area. Block 103 denotes
that the nobile tel ephone M5 nakes a conparison between the received
identity X and the identities X1, X2 and X3 stored in the nenory space.

| f the conpard sm-axsésmmedbblmt e meﬂmy dept theeredistidt@onXA@s and

i dentical wgh J |ty Yes A return i s nade to the beglnnlng of the
process andt%‘ Igp T4 g FegrstEadion gxeayes” s
fulfilled. On the other hand if none of the identities is identical to
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swi t chi ng Ce,ﬁ#n@em;@j: F;gu‘r:bezgpspno§ perlodlc reg:l.stratlon, and in the

12 known "Fower . ohY hbaeF lthd Sk MP hAaFtIBhe b vhienStthe re-
gistration area on OMT no longer coincides with the stored
values.



sending its subscriber identity in accordance with the aforegoing. The
mobi | e r'adi o switching centre MSC then sends (bl ock 105) the new list Dto
the nobile station MS via the base station BS over the forward control

channel FOCC (Figure.2¢);-—t oge‘r’rrer with agonfirmati
has taken place. The hen returns to the s a|T R Tallas BeeNoft
the bl ock 102. um“ ﬂ!“ o the nobile tel ephofleait BEPHAGED! r at i

may be confi gur ce with the wi shes of the nobile Telre-
subscri ber. For |nstance the identiti es.xrmgai ned by the Iist may define a
| ocation area which corresponds to the honme | ocation, working place and a
route often taken between these two | ocations, these identities being
stored i n thk. hdnpetbodt bﬁmeg@ktr&tibhﬁmrwceéﬂulm hbbilebraéid eyerttenne

h | ' e.dur e
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i.e. the idephati®PeOfncluded in said registration area, and wherein the
mobile stations listen on the transmitted identity, char -
acterized bydefining a given location area, including
at least two registration areas, and storing information
relating to said given location area in a given mobile station;
and by registering the mobile station in the registration area
of the primary station when none of the registration areas in
said location area is the same as the registration area of the
primary station.

2. A method according to Claim1l, characterized by
transmitting the aforesaid information defined and stored by
the mobile radio system to the mobile station in conjunction
with an earlier registration procedure.

3. A method according to Claims 1-2, characterized
by storing and transmitting said information in the form of a
list of identities of those registration areas which are
‘included in said location area at that moment in time.

4. A method of registration in a cellular mobile radio system
that comprises a plurality of registration areas (RA1l, RA2,
«++), each of which is divided into service areas (ci, c2,
..+), so that all registration areas will cover all service
areas and wherein each service area is served by a base station
(B11, Bl1l2 in RAl; B21, B22 in RA2; ...) for those mobile
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the areas RAl, RAZ-ant—RA3,--are stored in the menmory space Mof the nobile
station (accor ures 2a c). The arrow P2 indicates the route
travelled by t mm 'ﬁ It is

' n
13 assumed e nobi | e 5 ation enters t T@"é%g&%@g@%&
t he base station Bll and is reg| stered as being in this Lt

carrying-out an updating procedure, since no registration has earlier taken
pl ace and since the identity X1 is included in the list stored in the
nobi | e st atdtatidiie thar appéi eocheedalin raﬁaiarégtg:iasai ssarivhoe \widd n

this regis h # Ve
When t he rm"é}a?réir? %’S’é& Ssegé‘s%tr%gﬁ% ]".‘g"t"be"i1 eémtgﬁt ag"%f&g 3
and t her evmqltamieemshecsefvthesaneeaoantihe:hb@e la dotamsE3ted tpewigrot

necessary fffcd ey @Péﬂl% c%j}ﬁéx?'iaa%@ ERatignSter th&és'ﬁxoﬁiléoété’fll@ﬁé'ir?r
registration to be updat e since the identity X3 is also found on the

list. Neit rﬂé"rs‘i’%lq‘?eﬂe"é%?éa?? AR F P AT Sti B KgibFs® St RY SR n
the area m@etﬁéatla@mﬂ%@ (X) prrenesicéghseﬁraeﬁohegifaar addriderts@t i ng

I s effected when tﬁg gobllesét ﬁ: eaves t area RAE and enters .the ar ea
RA2, as sho e 1C8 L H¥ITHE FRNt ?ﬁe@ 1Qn A Heretyed
menory spadsy M qﬁ.vtelmemabmlbes‘sa'aionrtm. wiirkht aelrstsestrﬂrad]en the mobile
station and containing at least two identities (X1, X2, X3),
wherein the mobile station requests to be registered (Figure
2b) when the transmitted identity (X) does not coincide with
any of the identities (X1, X2, X3) stored in the mobile
station.

5. A method according to Claim4, chara cterized in
that the base station (BS) sends to the mobile station in
conjunction with said registration a new list which contains
at least two identities (X4, X5, X6) which are stored in the
mobile station (MS) and of which identities one identity is the
identity of the registration area to which the service area of
the base station belongs.

6. A method according toClaim4, characterized by”
taking no further measures in the mobile station (MS) when one
of the identities stored in the mobile station is identical to
the identity (X) ‘sent from the base station (BS).

7. A mobile radio station included in a cellular mobile radio
system having a plurality of registration areas (RAl, RA2,
«++), of which each area is divided into service areas (Cl, C2,
...) so that all registration areas will cover all service
areas, wherein each service area is served by a base station
(B11, B12 in RAl; B21, B22 in RA2; ...) for those mobile
stations that are located in an associated service area, and
wherein a given registration area has an identity (X) which is
characteristic of this area and which is sent periodically from
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Il lustrated enbodinent, registration and subsequent updating are only

carried out should the nobile station MS choose to foll ow anot her route, as

i ndi cated by t”ﬂ, mﬁﬂnm row P3, in which case regjstration—i-s—rafe
in response to um from t hezpase stati on [Bile SHEERHAG: BEEN

with the above. This 'bade Station transnits the identilty XAREPMWACED nce this
identity is not found on the list stored in the nobil dst+at+omr—B4FT sends
to the nobile station M5 in conjunction with the updating procedure a new
li st D whi cbherkdsdestatibonipsttheaoktile stattionseinX@sso@iated erwideh

are then storggdgin I:hﬁ gegvéycstpaecer M of of Be bths?%ﬁ%%bifé%&%

Wth the intenfion lustrating the princip eso I nvention and the
advant ages HFPGP&é&rt Hé’r)eblyn%lf‘iCHS f%ur!“ﬁ@?ryr @P@F&%@@ i @)n e RPN Yur e

5 whi CP i |§§&&éhe%m0 eost, rﬁ@?t f?r stor%.ng at least two identities {41,
case of nov e statiqQn_be

Croes ) MRHE Y Pl T Baafng €6 ks B e R et LAt ERE P R (Fad e g
RA1, RAS, RA7 ) Rait RédiciRABrencsiRbeistcd nvitie ar gdvien wuolkcile kmtanb:boﬂ\e

ALl On ToOVESChBARGCREIRNCE Wil AT ééggwﬁét AEREREGCEY UP 4O

wor k pl ace Wwhi'ch™roam ng
in this Casgtatngnh()ﬁﬁ) within whose service area the moblle station (MS)

is located is indicated in the mobile station by means of a
received signal (OMT); in that comparison means (JF) is
intended to establish whether or not the identity (X) in the
receive signal (OMT) coincides with one of the stored iden-
tities (X1, X2, X3) wherein the mobile station requests
registration in the registration area in which said service

1%

U

area is included when no coincidence is found.

8. A mobile station according to Claim7, character-
i zed in that the memory function (M) stores a list (X7, X8,
...) containing the identities of those registration areas
(RA7, RA8, ...) which belong to a location area in which the
mobile station moves and which includes a given, often recur-
ring route travelled by the mobile station.

i



| ocation register of the nobile radio system may contai p.the seven

di f f ef ent ThEShat GalH-Rebd@At I ties X1, X8, X7, X3, X4, XDTHIS?ISP@ET WAS BEEN
shal | be st ' he nobile station processor agcor 'HEPL?\GE[E' gur gs
2a-2c and WE“ﬂ “H& IFn the event gf registration durrg—t-he—otvhey—of
t he nobil e . egistration identity is referenced Xk and I S sent
fromthe base stations in respective areas during journey of the nobile
stat i or REGLYIRATTON, METHQR, I¥ ofy CELIULAR JIPBILE ﬁé&é%@fﬁ‘y‘ nd accordingly no
registration is carried out AHSTRAQT @R WHE INVENTXO®bI | € station through
the different registration areas. The different identities are reported
to the nobile station fromthe hone |ocation register HLR of the hone
system viThet prement sinvenhionnretatedatoe avmetiodjpt ragistering al so
possi bl e i 3.d18BkL ohh Ghl1eRs 11 BRI Wih e Y cllici il clihls Of ten

travel along tths pal‘tICU route to a oneoerator to
i nsert t h&%e sy ide AFeas: d%%‘?ht%@%l‘ﬂmgmlpl%’éahé ¥ Ph ﬁeééﬁdaﬁeé'n\mth
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Lion arearddhiaUiskehedbnd YA Cehe! i tathel {0 Yk BvdAHiERS Cart Ouiflelotd

granul ation I'n the propose I'S case
essarily hlgh number of regn.stratlons in border areas of the

different registration areas. A location area may have the form
of a list (X1, X2, X3, ...), which is stored in a mobile
station (MS), or may be stored in the system (HLR, MSC) and
transmitted to the mobile station (MS) via a base station (BS)
in a given registration area, in conjunction with registration
of the mobile station in this area. A new registration is made
only if the mobile station enters a service area that belongs
to a registration area whose identity (X) is not found on the
stored list of identities (X1, X2, X3, ...).

FIGURE 5



15. the identity of a registration area will coincide with the identity

of a single cell. According to another variant of the invention, the
nmessage OMI on the channel FOCC reports globally the registration identity
(= cell identity) with the aid of X-Y coordinates and, in conjunction with

registration, infornms the nobile individually of the radius of the |ocal
area. In this case, a newregistra- tion is nmade imediately the cell to
whi ch t he nnFﬁtg Histens is acell thaystransmts a global cell identity
X-Y which |iessutside the circle defined by said radius and the | atest

regi stered X-Y coordi natesRA¥ cell identity). This enabl es i ndiRAZua

mobi | e-station |ocation aréds of different spzes fo be defined byX8endi ng
to an individual nobile in conjunction with i gtration procedure a radius
instead of list D, in accordance with Figur . /In this case, the nenory
unit and conparison circuit of the nobile ane rfeplaced wth al gorithm
whi ch cal cul ates whether or not the nobile hgsfproceeded bey@nd the circuit
that constitutes the valid all &&tion area. he af orementioned X-Y
coor di nat es need not ambi guousl y* defi ne tgﬁ1po (tion of the earth as a
whol e, since the last digits in the coordisategw || suffice. For instance,
the position can be calculated with a resoluti ofegno m and w,th 100 km
maxi mumin a Cartesian c di nate system whi corresponds t
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t hree deci mal pl aces. The present invention can also be conbined with

exi sting nethods of defining |ocation areas. For instance, a single

nobi | e-i ndi vi dual hone | ocation area can be defined as including the hone,

wor k pl ace and the route between hone and work, while applyi.ng gl obal

| ocation areas in general, in accorda@dé® with existing standards. This may

require the cells 16 to transmt both

the identity of the registration area and their owmn identity within said

regi stratigﬁ'g'i It should be noted that registration can al so be
initiated ti out" in the case of periodic registration, and in the
"power on" node of the nobile, in addition to when the re- gi stqu'éon ar ea

on OMI no | onger coincides with the store al_ues.
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17. A nobile radio station included in a cellular nobile radio system

having ‘a plurality of registration areas (RAL, RA2, ...), of which each

area is divided into service areas (Cl, C2, ...) so that all registration
areas will cover all service areas, wherein each service area is served by
a base station (B11, B12 in RAL; B23/%#B22 in RA2; ...) for those nobile

stations that are located in an associ ated service area, and wherein a
given registration area has an identity (X) which is characteristic of
this area.and which is sent periodically from the base station to the
nobil e stations in associ ated service areas, char acterizedin
that the nobile station processor (P) includes a nenory function (M
havi ng nmenory spaces (ML, M2, M3) for storing at least two identities
(X1, X2, X3) which belong to different registration areas (RAl, RA2,
...) but which aregrP@ ated wth a given nobile station | ocation area;
inthat the registration identity (X) of a base station (BS) wthin whose
service area the nobile station (M) is located is indicated in the
nobi l e station fyf=K eceived signal (OMIN); in that conparison
means (JF) is I N\G \| i sh whether or not the identity (X) in
t he recei ve signal (@?’Elbﬁ@dée' ges with one of the stored iden- tities
(X1, X2, X3) wherein =St =—&t ati on requests registration in the
registration area in which paid service area is included when no
coi nci dence is found. C dlngto Caiml, c har
acter - i zedinth (M stores a |list (X7,
X8, ...) containing the i entltles of those regiptration areas (RA7,
‘RA8, ...) which belo v lon area in whichfthe nobil e station

o\ | often recur- -

"
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to X1 or X2 or ¢
X3 7

No

104~ |MS asks for
0 \ registration &
sends AbiD

105~ |BS sends & MS
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& next list D
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ring route travelled by the nobile station. - 18- stations that
are located in an associ ated service area, wherein a given registration
area has an identity (X) which is characteristic of this area and which is
transm-tted perio- dically froma given base station to those nobile
stations in associated service areas, ®¥*har act er i z e d by com
paring the identity (X) of the registration area concerned transmtted
periodically fromsaid base station and received by a given nobile station
(M5) with a list stored in the nobile station and containing at |east two
identities (X1, X2, X3), wherein the nobile station requests to be

regi stered (Figure 2b) when the transmtted identity (X) does not coincide
with any of the identities (X1, X2, X3) stored in the nobile station. 5.
A method according to Claim4, char acter i zedinthat the base
station (BS) sends to the nobile station in conjunction with said
registration a new list which contains at |least tw identities (X4, X5, X6)
whi ch are sFigdSn the nobile station (M5) and of which identities one
identity is tM identity of the registration area to which the service area
of the base station bel ongs.
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6. A met hod accor di ng to daim4, char ac r ] aki ng no
further neasures in the nobile stat-i on " (NbB) mmmme entities
stored in the nobile station is identical to thefidentity (X) jsgnt fromthe

base station (BS). 7. A-nmobile radio stationgipcludefUN 1998 clel{l ul ar

nobil e radi o system having a plurality of regi Et*ation areas ({RAL, RA2,
..), of which each area'is divided i@ servige areas (CIL, CZ, }..) so
that all registration areas will cover all serii Lin each

service afeg i 3 sebiad¢ Praaobasatsbat inel1edéd, ilBh2cel1BAdy BEBil822ad hoRA2;
...) for Those nobjle . .tatio that are_l . LI ' S hce
area, and ETEFR Rayiinsh are‘gf'%’f%f?%n"gr %%géggrégllgge%%%% (% V\h?%%hl's
charact eri stic) pfof hilsichi eachnareni th diyised ipteisrireiFe pugasm(Cl, €2,
the base statign_to | ' I N 88CkALd SRfatt GELBIr€8Bvieeh a
racter’ i’ ggdtfﬁr%eﬁ.%tﬁga%%t?gﬁg?a??%n processor ‘_QSP% inclgdgé a
nmenory funca¥eas wyhﬁafmgemﬂmsyr%&@eérem,lswﬁ?%é P3rapaFengtaFPRast
EWO identitigsy( é%l%ﬁinﬁ&)\l")him,beﬁ%giho ?lz‘;f ereny fegi Hee omobidas
RA1, RA2, ...) . but ich are_associated with a giye ' S Lon
‘| ocati on ar%ﬁ?zi?ﬁn?hﬁ‘f‘at’:h@rﬁebf’gﬁgﬁgi 5k ?Beﬁfls?ﬁgfg(?aogggbgggeég%éfi 8ﬁd( BS)
Wi thi n whosehegeinca @ieen iy imthidtei ot atrieenhasBni Wenfete d %)s whighcased
in the nobilg SLatioN % J'Ehid afea and which is sent periodically from

the base station to the mobile stations in associated service
areas, characterized in that the mobile station
processor (P) includes a memory function (M) having memory
spaces (M1, M2, M3) for storing at least two identities (X1,
X2, X3) which belong to different registration areas (RAl, RA2,
--.) but which are associated with a given mobile station
location area; in that the registration identity (X) of a base
station (BS) within whose service area the mobile station (MS)
is located is indicated. in -t__he--mobil-e_" station by means of a
received signal (OMT); in ‘that comparison means (JF) is
intended to establish whether or not the identity (X) in the
receive signal (OMT) ¢coincides with one of the stored iden-
tities (X1, X2, X3) wherein the mobile station requests
registration in the registration area in which said service
area is included when no coincidence is found.
_ 1

2#. A mobile station according to Claim7, character-~-
i 2z ed in that the memory function (M) stores a list (X7, X8,
...} containing the identities of those registration areas
(RA7, RA8, ...) which belong to a location area in which the
mobile station moves and which includes a given, often recur-
ring route travelled by the mobile station.
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received signal (OMI); in that conparison neans (JF) is |ntended to

1 L ONATN

establi sh whether or not the identity (X) in the receiv
coincides with one of the stored iden- tities (X1, X2, X

NAVIT 7

rSéIEET

nobil e station requests registration in the registration rea |n WAT T3
service area is included when no coincidence is found. g. 11%9
station according to Cdaim7, char acter -1 z eldfi hatt
menory function (M stores a list (X7, X8, ...) containijng—t+he—centitiés
of those registration areas (RA7, RA8, ...) which belong to a | ocation ar

in which the nobile station noves and which includes a given,

ring route travelled by the nobile station.
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A REGISTRATION METHOD IN A CELLULAR MOBILE RADIO SYSTEM
ABSTRACT OF THE INVENTION

orten recuor=

The present invention relates to a method of registering a
mobile station in a cellular mobile radio system in which cells
or service areas, each including a plurality of cells, form
registration areas. Each registration area (RA1l, RA2, RA3,
...) has its own identity (X). According to the proposed
method, individual location areas are formed for one or more
mobile stations with the intention of avoiding an unnec-
essarily high number of registrations in border areas of the
different registration areas. A location area may have the form
of a list (X1, X2, X3, ...), which is stored in a mobile
station (MS), or may be stored in the system (HLR, MSC) and
transmitted to the mobile station (MS) via a base station (BS)
in a given registration area, in conjunction with registration
of the mobile station in this area. A new registration is made
only if the mobile .station enters a service area that belongs
to a registration area whose identity (X) is not found on the
stored list of identities (X1, X2, X3, ...).

FIGURE 5
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