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A REGISTRATION METHOD IN A CELLULAR MOBILE RADIO SYSTEM

TECHNICAL FIELD

The present invention relates to a method of registration in a
cellular mobile radio system which includes a plurality of
registration 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.

s

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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subscriber. On the other hand, when the new registration
identity is recorded in the home location register, the country
- system is able to establish the registration area in which the
subscriber is located, thereby enabling the land system to page
the subscriber and set-up a call connection.

It is thus extremely 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



mobile station has not stored the transmitted registration
identity, it asks to be registered.

Registration creates a particular problem when a mobile
station moves in the vicinity of and across the borders of one
or more registration areas. A large number of registrations may
be entailed by a mobile station crossing several such borders.

It will be understood from the aforegoing that a given control
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.



This procedure reduces the number of registrations, since the
mobile station is located in the centre of the new location
area instead of at its outer border when making any new
registration, i.e. a space hysteresis is generated which
avoids oscillating registration.

SUMMARY OF THE INVENTION

Although the aforesaid method taught by EP-A1-0,439,628 will
reduce the number of registrations and afford a given degree of
flexibility as the mobile stations move, this flexibility is
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



more registration areas (or whole such registration areas) and
a given mobile station is allocated a given location area that
is unique to precisely this mobile station on each registration
occasion. The location area for a given mobile station is
defined conveniently as a list of registration identities
which is 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.



BEST MODES OF CARRYING OUT THE INVENTION

Figure 1 is a simple diagram which illustrates part of four
registration areas RAl, RA2, RA3 and RA4 of a cellular mobile
radio system of a known kind, for instance from U.S. 5,081,679
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

X = X2 for the registration area RA2

X = X3 for the registration area RA3
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X4 for the registration area RA4



Thus, by "registration area" is meant an area within a cellular
mobile radio system which has one and the same registration
identity X for the registration of the various mobile stations.
Thus, the base stations B31 and B32 send the identity X = X3 to
a mobile station MS which enters the registration area RA3 or
is already located in said area, so as to update registration
when the mobile station is not registered but requests to be
so.

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;



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

update its registration in area RA1l 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



station and base station/switching centre. These functions and
associated switching units form part of the known technique and
will not be described in detail here.

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.
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If the identity X is identical to one of the identities X1, X2
or X3, the mobile telephone MS will do nothing. On the other
hand, if the identity X differs from one of the identities X1,
X2 or X3, the mobile telephone MS will request registration
over the reverse control channel RECC with information
relating to the subscriber identity AbID, see Figure 2b.

If the comparison made in the unit JF shows that none of the
identities X1, X2 or X3 is equal to X and that the mobile
telephone is thus still not registered in the registration area
that belongs to the service area of the base statibn, 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.
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The list D need not be stored in the land system in accordance
with the aforegoing, and is sent to the mobile telephone.
Alternatively, the new list D may be stored in the mobile
telephone and the land system (base station) can send an
address to the mobile telephone pointing-out the new list to be
used, when confirming the registration in accordance with the
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
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known manner, by the mobile telephone MS in Figure 2b first
sending its subscriber identity in accordance with the
aforegoing. The mobile radio switching centre MSC then sends
(block 105) the new list D to the mobile station MS via the
base station BS over the forward control channel FOCC (Figure
2c), together with a confirmation that registration has taken
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



13

assumed initially that the mobile station enters the service
area of the base station Bll and is registered as being in this
area without carrying-out an updating procedure, since no
registration has earlier taken place and since the identity X1
is included in the list stored in the mobile station. The same
applies for all remaining base stations within this registra-
tion area, in the absence of any registration whatsoever.

When the mobile station crosses the border between the areas
RAl and RA3 and therewith enters the service area of the base
station B31, it is not necessary for the mobile station 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
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case of movement of a mobile station between different regis-
tration areas.

The Figure 5 illustration includes eight registration areas
RAO, RAl, RA8, RA7, RA3, RA4, RA6 and RAS5 within the area in
which the mobile station moves in accordance with the arrow P4,
for instance from home to work place, and through which roaming
mobile station MS shall travel. Thus, in this case, the home
location register of the mobile radio system may contain the
seven different registration identities X1, X8, X7, X3, X4, X6
and X5, which shall be stored later in the mobile station
processor according to Figures 2a-2c and which are used in the
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,
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the identity of a registration area will coincide with the
identity of a single cell.

According to another variant of the invention, the message OMT
on the channel FOCC reports globally the registration identity
(= cell identity) with the aid of X-Y coordinates and, in
conjunction with registration, informs the mobile individually
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.
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to transmit both the identity of the registration area and
their own identity within said registration area.

It should be noted that registration can also be initiated by
"time out" in the case of périodic registration, and in the
"power on" mode of the mobile, in addition to when the re-
gistration area on OMT no longer coincides with the stored
values.
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1. A method of registration in a cellular mobile radio system

I-‘_

CLAIMS

comprising a plurality of registration areas of which each is

divided into service areas and where each service area is

served by a primary radio station for mobile stations that are

located in associated service areas, wherein a given registra-

tion area has an identity which is characteristic of this area

and which is transmitted continuously from a given primary
station to those mobile stations in associated service areas
that are included 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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stations that are located in an associated service area,
wherein a given registration area has an identity (X) which is
characteristic of this area and which is transmitted perio-
dically from a given base station to those mobile stations in
associated service areas, characterized by com-
paring the identity (X) of the registration area concerned
transmitted periodically from said base station and received
by a given mobile station (MS) with a list stored in 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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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 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
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.
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