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PCT/FI97/00554           METHOD AND ARRANGEMENT FOR CONTROLLING SUBSCRIBER
REGISTRA-       TIONS IN A MOBILE COMMUNICATION SYSTEM        FIELD OF THE
INVENTION                 The invention relates to location updatings and
subscriber registra-  5  tions in a mobile communication system where
subscriber data concerning       visiting subscribers is temporarily stored
in a visitor location register.        BACKGROUND OF THE INVENTION
In mobile communication systems where mobile stations are free to
move within the system area and access the system via a base station cur-
10  rently selected by a respective mobile station, the aim is to maintain
data con-       cerning the location area of the mobile stations by means
of their registrations,       so that the system is able to route calls and
offer other services to the mobile       stations. The pan-European digital
mobile communication system GSM has       been designed to allow the users
to move very widely, both in the network of 15  the home operator and in
the networks of other operators in the same country      or in other
countries. This means that a mobile subscriber may fully access
services in many countries by means of a single subscriber contract. Such
ability to move inside a mobile communication network or between different
mobile communication networks is called roaming. In this connection, the
mo- 20  bile communication networks of different operators are called
public land mo-      bile networks (PLMN). Typically a PLMN is limited to
one particular country, in      addition to which each country may comprise
a plurality of mobile communica-      tion networks whose coverage areas
may be partly or completely overlapping.                 Figure 1 in the
attached drawing shows a simplified example of the 25  structure of the GSM
mobile communication system as a block diagram. The      units shown in
Figure 1 also exist in other mobile communication networks, but
different terms may be used for them. A mobile station MS in standby or
active 



mode is continuously in a radio connection with one base transceiver
station      (BTS), in the case of Figure 1 to the base station BTS1. The
base station 30  system (BSS) consists of a base station controller (BSC)
and base stations      BTS under its control. Usually several base station
controllers BSC are under      the control of a mobile services switching
centre (MSC). A mobile switching      centre MSC communicates with other
mobile switching centres, and via a      gateway mobile services switching
centre (GMSC) with a public telephone 35  network. Location data and other
subscriber data concerning a mobile station         WO 98/15133
PCT/FI97/00554                                                2      MS are
permanently stored in the home location register (HLR) of the system
and temporarily in the visitor location register (VLR) in whose area the
mobile      station MS is currently located. The location data concerning a
mobile station      MS is stored in the visitor location register (VLR)
with an accuracy of a location  5  area (LA). The visitor location register
(VLR) comprises necessary subscriber      data concerning all mobile
stations MS located in the area of the VLR.                 The
geographical area controlled by a visitor location register VLR      is
divided into one or more location areas (LA) within each of which a MS may
move freely without notifying the VLR. One or more base stations BTS may 10
operate in each location area. Base stations BTS continuously broadcast in-
formation concerning themselves and their surroundings, such as the base
station identity code (BSIC), information on adjacent cells, and the
location      area identifier (LAI). On the basis of the latter a mobile
station MS locked to      the base station BTS knows in which location area
LA it is currently located. If 15  the mobile station MS notices, when
changing base stations BTS, that the lo-      cation area identifier LAI
has changed, the mobile station sends a location up-      dating request to
the network. Location updating may be rejected e.g. if the      mobile
station subscriber has no respective to access services in the VLR area
concerned. This rejection may result e.g. from the VLR belonging to a PLMN.



20  network with which the home PLMN operator of the mobile station MS has
no      roaming agreement. If the mobile station MS has no access
respective in the      network, a message is sent to the mobile station MS
notifying of the rejection      to access the network and also of failed
location updating. Otherwise, the lo-      cation area of the mobile
station MS is updated in the visitor location register 25  VLR in whose
area the mobile station is currently located. When the mobile      station
MS moves to the area of a new visitor location register VLR, the sub-
scriber data concerning the mobile station MS is registered as a visiting
sub-      scriber in the new VLR and at the same time the subscriber data
concerning      the mobile station MS is deleted from the VLR of the
previous location area. 30  Information on the VLR in whose area the MS is
located is forwarded to the      home location register HLR.
The problem in the above registration of a mobile station in connec-
tion with location updating is that the visitor location register is loaded
by the      registration of all mobile station subscribers arriving at the
area of the visitor 35  location register and having access rights to the
network. When the storage       capacity of the visitor location register
is used, no new mobile station sub-           WO 98/15133
PCT/FI97/00554                                                 3
scriber registrations can be accepted, and thus further location updates
have       to be rejected. If an area comprises many visiting subscribers
from other net-       works, for example, the capacity of the network does
not necessarily remain       sufficient to serve its own subscribers.   5
BRIEF DESCRIPTION OF THE INVENTION                 It is an object of the
present invention to reserve a present amount       of mobile communication
network capacity for desired subscriber groups, and       thus to prevent
overloading the network with e.g. subscribers of only one sub- 



scriber group. 10              This new way of limiting mobile station
subscriber registrations is       achieved with a method of controlling
subscriber registrations in a mobile       communication system where
subscriber data concerning visiting subscribers       is temporarily stored
in a visitor location register (VLR), characterized in that       the
method further comprises the steps of dividing the mobile subscribers into
15   subscriber groups, setting subscriber group-specific subscriber
registration       quotas, counting the number of subscribers registered in
the visitor location       register (VLR) per each subscriber group, and
allowing or rejecting the regis-       tration of a mobile subscriber in
the visitor location register (VLR) according to       the subscriber
registration quota and the number of currently registered mobile 20
subscribers of the respective subscriber group.                 The
invention also relates to an arrangement for controlling sub-       scriber
registrations in a mobile communication system comprising at least one
visitor location register (VLR) for temporary storage of subscriber data
con-       cerning mobile subscribers visiting the area of the register,
characterized in 25  that the arrangement comprises mobile subscribers
being arranged into sub-       scriber groups, means for counting the
number of subscribers registered in the       visitor location register
(VLR) per each subscriber group, and means for limit-       ing the number
of mobile subscribers to be registered in the visitor location
register on the basis of the counting results of the counting means. 30
A new kind of location updating is achieved with a method of con-
trolling location updating in a mobile communication system where
subscriber      data concerning visiting subscribers is temporarily stored
in a visitor location      register (VLR), said method comprising the steps
of sending a location updat-      ing request when the mobile subscriber
has moved to the area of a new visitor 35  location register (VLR),
characterized in that the method further comprises the           WO
98/15133                                                     PCT/FI97/00554



4       steps of dividing the mobile subscribers into subscriber groups,
setting sub-       scriber group-specific subscriber registration quotas,
counting the number of       subscribers registered in the visitor location
register (VLR) per each subscriber       group, rejecting the location
updating of a mobile subscriber in the new visitor  5   location register
(VLR) when the subscriber registration quota of the subscriber      group
to which the mobile subscriber belongs is occupied according to the
counted number of registrations, and allowing the location updating of a
mo-      bile subscriber in the new visitor location register (VLR) when
the subscriber      registration quota of the subscriber group to which the
mobile subscriber be- 10  longs is unoccupied according to the counted
number of registrations.                 The invention is based on the idea
that only a preset maximum       number of subscribers belonging to a
preset subscriber group is allowed to be       simultaneously registered in
a network visitor location register. The user       groups and the number
of registrations allowed in each group are defined by 15  the operator. The
invention enables the registration of subscribers from differ-      ent
user groups in the network in a ratio chosen by the operator. The invention
allows the operator to allocate always a predetermined portion of the
network      capacity to the subscribers of any specified subscriber group,
e.g. home net-      work subscribers, and to avoid overload due to the
visiting subscribers. 20              The arrangement for controlling
subscriber registrations comprises      counting means, preferably
counters, for counting the number of subscribers      registered from
different subscriber groups, and comparison means on the      basis of
whose outputs the registration is limited. The comparison means are
used for comparing the values calculated by the counting means with preset
25   maximum values.       A BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be described below in greater detail with refer-
ence to the attached drawings, in which                 Figure 1 is a block
diagram showing the structure of a mobile com- 30   munication system,
Figure 2 is a block diagram of a visitor location register implement-
ing a preferred embodiment of limiting registration according to the
invention,                 Figure 3 is a flow diagram of a preferred
embodiment of the method      of the invention, 35              Figure 4
shows the structure of an IMSI according to the GSM   



WO 98/15133
PCT/FI97/00554           specifications, and.                 Figure 5 is a
flow diagram of a secondary embodiment of the       method of the
invention.        DETAILED DESCRIPTION OF THE INVENTION  5             The
present invention can be implemented in connection with any       mobile
communication system. Below, the invention will be described in more
detail mainly in connection with the pan-European digital GSM mobile commu-
nication  system by way of example. Figure 1 shows a simplified structure
of       the GSM network described above. As to a more detailed description
of the 10  GSM system, reference is made to GSM recommendations and to the
publica-      tion "The GSM System for Mobile Communications", M. Mouly &
M. Pautet,      Palaiseau, France, 1992, ISBN:2-9507190-0-7.
In the present application, a visitor location register VLR refers to
any register of any mobile communication system for temporary storage of 15
subscriber data concerning a mobile station when the mobile station MS is
roaming in the mobile communication system.                 Controlling
subscriber registration according to the present inven-      tion is
applied to any visitor location register or corresponding other register in
connection with registration. Such registration takes place e.g. in
connection 20  with location updating and the switching on of a mobile
station MS. The regis-      tration according to the invention is also
carried out in connection with a mo-      bile station MS terminating call
if the visitor location register VLR has for some      reason, e.g. service
failure of the VLR, lost the subscriber data concerning the      mobile
station MS. 25             The arrangement according to the invention is
preferably carried out      with means arranged in connection with a
visitor location register VLR. The      arrangement may also be located
e.g. in a home location register HLR, in a 



gateway GMSC or in connection with some other network element, whereby
registration signalling has to be arranged between the visitor location
register 30  VLR and the arrangement of the invention. The arrangement
conforming with      the invention may also be implemented decentralized in
different network ele-      ments, and arranged in one or more different
data structures.                 In the following a primary embodiment will
be described with refer-      ence to Figure 2. In the embodiment, the
number of subscribers registered in 35  each visitor location register VLR
is limited subscriber group-specifically by an           WO 98/15133
PCT/FI97/00554                                                6
arrangement located in the specified VLR. Figure 2 is a block diagram of a
visitor location register according to the invention showing only the
compo-       nents of the visitor location register that are relevant to
the invention. The       visitor location register VLR of Figure 2 is
connected to a mobile switching  5  centre MSC and via the centre to the
rest of the network. A registration control       unit 21 controls the
registration process. Each subscriber group (M in total)       have a
dedicated register 22[err] to 22[err], including preset parameters for said
sub-       scriber group, such as the subscriber group identifier and the
maximum num-       ber T[err] of subscribers. The maximum value T[err] set
on each subscriber group 10  may be different or identical. The number of
registers 22 may be reduced by      setting the same maximum value T[err]
on a plurality of subscriber groups,      whereby the preset parameters of
these subscriber groups may preferably be      placed in one common
register 22. The maximum value T[err] set on the register      22[err] of
the subscriber group n may also indicate that no value limiting the num- 15
ber of subscribers is used for said subscriber group. In this case the
compari-      son and limitation of the method according to the invention
are bypassed as      will be described below. Additionally, a counter
23[err] to 23[err] has been reserved      for each subscriber group for
counting the number of registered mobile sub-      scribers by subscriber
group. The registration control unit 21 uses these reg- 



20  isters and counters for making a registration decision in a mobile
communica-      tion system in accordance with the invention as will be
described below.                 Figure 3 is a flow diagram of a primary
embodiment of the invention.      In the primary embodiment the subscriber
registration limitation is imple-      mented by dividing the mobile
subscribers into different subscriber groups on 25  the basis of the home
PLMN of a MS.                 At step 32 in Figure 3 the subscriber group
of a mobile station MS is      identified on the basis of e.g. the mobile
subscriber identifier IMSI (Inter-      national Mobile Subscriber
Identity) used in the GSM network. Figure 4 shows      the information
contents of the IMSI according to the GSM specifications. The 30  first
three characters of the IMSI are reserved for the mobile country code
(MCC). The next two characters MNC (Mobile Network Code) specify the
home PLMN network of the mobile station. The rest of the characters are re-
served for the mobile subscriber identification number (NMSI). Thus, the
home      PLMN information of a mobile station is derived from the IMSI in
a manner 35   known per se.                 At step 33 in Figure 3 a test
is made to see if a subscriber registra-
7      tion quota is set on the PLMN of the mobile station for controlling
subscriber      registrations. A subscriber registration quota means that
only a limited per-      centage of the register capacity of the network is
allocated to the subscribers      of the specific PLMN. Typically the
subscriber registration quota is presented  5  by means of a maximum number
of simultaneous subscriber registrations. If      no limiting value has
been set on the PLMN, the mobile station MS is regis-      tered in the
usual manner as presented above in connection with the descrip-      tion
of prior art. The counting of registered subscribers according to the
inven-      tion may be performed even if no subscriber registration quota
is set for the 



10  PLMN, provided counting means are arranged for the subscriber group.
Im-      plementing the counting without restricting the number of
subscribers, as de-      scribed below, may be desirable e.g. for purposes
of statistical analyses or if it      is desirable to set a registration
limit value on the PLMN later. When the op-      erator has set a
subscriber registration quota for the PLMN, at step 34 the 15  number of
registered subscribers in said PLMN is compared with the maxi-       mum
value T[err] set by the operator on said PLMN, i.e. it is tested if the
value of       counter 23[err] is equal to the maximum value T  set on
register 22[err]. If the value       of counter 23[err] corresponds to the
maximum value T[err], at step 35 the registra-       tion of the mobile
station MS is rejected in the visitor location register VLR. A 20
notification of a rejected registration may be sent to the mobile station
MS e.g.       in a message indicating "IMSI unknown in HLR" as the reason
or in the form of       any other appropriate short message.
When the number of subscribers of a subscriber group registered in      the
network has not reached the allowed number, i.e. when the value of the 25
PLMN counter 23[err] is not equal to the maximum value T[err] set on the
register       22[err], the value of counter 23n is incremented by one
(step 36) in this example,       and the mobile station is registered in
the visitor location register VLR (step       37). Registering a mobile
station MS in a new visitor location register VLR  e.g.       in connection
with location updating, will require that the subscriber data of the 30
mobile station is deleted from the visitor location register VLR of the
previous       location area LA. In connection with deletion of subscriber
data in the old visi-       tor location register, the value of the counter
23[err] of the respective subscriber       group is decremented by one in
this example. The value of the subscriber       group counter 23[err] is
also decremented when a mobile station MS belonging to 35  the group leaves
or is removed from the area of a VLR for some other reason       than
described above, e.g. when the mobile station has not been active during
WO 98/15133
PCT/FI97/00554    



8       a preset period of time defined by the operator.
In the above described primary embodiment the counting means       have
been implemented by counters counting upwards in steps of one. The
counting may also be implemented by counters counting e.g. downwards or in
5  steps of more than one unit. Setting the maximum value T[err] and
comparing the       value of the counter with the maximum value T[err] has
to be appropriately ar-       ranged for each counter implementation
selected.                  Figure 5 is a flow diagram of a secondary
embodiment of the inven-       tion. In this embodiment, registrations are
limited in connection with location 10  updating, when the mobile station
has moved to the area of another visitor       location register VLR. At
step 51 the mobile station MS sends a location up-       dating request to
the network. At step 52 the subscriber group of the mobile       station is
identified on the basis of the IMSI sent in connection with the location
updating request in the same manner as described above with reference to 15
the primary embodiment. The observations made at steps 53 and 54 corre-
spond to those of points 33 and 34 described above with reference to the
pri-       mary embodiment. If the value of counter 23[err] corresponds to
the maximum       value T[err], the location updating of the mobile station
MS is rejected at step 55.       The mobile station may be notified of
rejected location updating by e.g. a mes- 20  sage giving "IMSI unknown in
HLR" as the reason, or in the form of any other       appropriate short
message sent to the mobile station. When the value of the       PLMN
counter 23[err] is not equal to the maximum value T[err] set for register
22[err],       the value of counter 23[err] is incremented by one (step 56)
in this example, and       the location of the mobile station is updated
(step 57). The subscriber data of 25  the mobile station MS is deleted from
the visitor location register of the previ-       ous location area LA of
the mobile station MS, and the value of the counter 23[err]       of the
respective subscriber group is decremented by one in this example.
In an embodiment of the invention, compilation of statistics con-
cerning rejected registrations is added to the above described embodiments.
30  Compilation of statistics may be arranged e.g. subscriber
group-specifically or      subscriber group and VLR-specifically.
Statistics are preferably compiled by      counting the number of rejected
registrations.                 Subscriber groups used in other embodiments
of the present inven-      tion may be formed on the basis of e.g. the IMSI
country code MCC or the 35  MNC information on the home PLMN. In the method
according to the inven-      tion, a subscriber group may also be formed
e.g. of subscribers of several   
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Almost any easily available number or other identification may be      used
as a criterion in dividing mobile subscribers into different subscriber
groups. If needed, PLMN subscribers may also be divided into smaller sub-
scriber groups on the basis of e.g. the subscriber identification number
field  5   NMSI of the IMSI. One way to divide mobile subscribers is
division into two      subscriber groups, the first group comprising (home)
subscribers of the PLMN      network of the limiting visitor location
register VLR and the second group com-      prising the (visiting)
subscribers of all other PLMN networks.                 In the arrangement
of the invention described above it is not neces- 10  sary to arrange
counters and registers for all subscriber groups if there is no      wish
to limit or follow the number of the registered subscribers of that
particular      subscriber group. In this case the operation according to
the invention is by-      passed and the registration of a mobile station
MS is performed in a manner      known in the prior art. A counter may,
however, be allocated to a subscriber 15   group for counting the number of
registered subscribers even if no subscriber      registration quota is set
on said subscriber group. Thus the functionality ac-      cording to the
invention may be taken into effective use immediately when a
subscriber registration quota is later set on the subscriber group.
It is also possible to implement the arrangement of the invention in 20
some visitor location registers of a mobile communication system only. A
spe-      cific subscriber group division and/or specific maximum
subscriber numbers in      subscriber groups may be set on each visitor
location register VLR of the net-      work.                 A
functionality may be added to the different embodiments of the 25
invention wherein the arrangement according to the invention sends to the
operator notifications, e.g. when the value of the counter of one of the
sub-      scriber groups approaches the maximum value set on the register,
or has      reached said maximum value.                 The drawings and
the related description are only intended to illus- 



30  trate the idea of the invention. The details of the limitation of
registrations ac-       cording to the invention may vary within the scope
of the claims. Although the       invention has been described above mainly
in connection with subscriber       groups identified on the basis of the
IMSI, the invention may also be employed       based on other kinds of
subscriber group division or prioritizing.           WO 98/15133
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CLAIMS                 1. A method of controlling subscriber registrations
in a mobile com-      munication system where subscriber data concerning
visiting subscribers is      temporarily stored in a visitor location
register (VLR), c h a r a c t e r i z e d in  5   that the method further
comprises the steps of                 dividing the mobile subscribers into
subscriber groups,                 setting subscriber group-specific
subscriber registration quotas,                 counting the number of
subscribers registered in the visitor location       register (VLR) per
each subscriber group, and 10              allowing or rejecting the
registration of a mobile subscriber in the      visitor location register
(VLR) according to the subscriber registration quota      and the number of
currently registered mobile subscribers of the respective      subscriber
group.                 2. A method as claimed in claim 1, c h a ra c te ri
z e d by the 15   steps of                 rejecting the registration of a
mobile station (MS) in the visitor loca-      tion register (VLR) when the
subscriber registration quota of the subscriber      group to which the
mobile subscriber belongs is occupied, and                 allowing the
registration of the mobile station (MS) in the visitor lo- 20   cation
register (VLR) when the subscriber registration quota of the subscriber
group to which the mobile subscriber belongs is unoccupied. 



3. A method as claimed in claim 1 or 2, c h a ra cte ri ze d in      that
the step of counting the subscribers of the subscriber group registered in
the visitor location register (VLR) comprises the steps of 25
increasing the number of registered subscribers of the subscriber
group of the mobile subscriber when the mobile subscriber (MS) is
registered,      and                 decreasing the number of registered
subscribers of the subscriber      group of the mobile subscriber (MS) when
the subscriber data of the mobile 30   subscriber (MS) is deleted from the
visitor location register (VLR).                 4.Amethodasclaimedinclaim
l,2or3, characterized by      the steps of                 comparing the
counted number of registered subscribers of the sub-      scriber group of
the mobile subscriber (MS) with a preset maximum value, 35
rejecting the registration of the mobile subscriber (MS) in the visitor
WO 98/15133
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location register (VLR) when said counted number matches with said maxi-
mum value, and                 allowing the registration of the mobile
subscriber in the visitor loca-      tion register (VLR) when said counted
number does not match with said  5 maximum value.                 5.Amethod
as claimed in claim 1,2,3, or4, characterized      by the step of sending
the mobile station (MS) a message indicating the rea-      son for the
rejection in response to the step of rejecting the registration.
6. A method as claimed in claim 1, 2, 3, 4 or 5, character- 10   i z e d by
the step of compiling statistics on the rejected registrations.
7. A method of controlling location updating in a mobile communi-
cation system where subscriber data concerning visiting subscribers is
tempo-      rarily stored in a visitor location register (VLR), said method
comprising the 



steps of 15              sending a location updating request when the
mobile subscriber      has moved to the area of a new visitor location
register (VLR), c h a r a c -      t e r i z e d in that the method further
comprises the steps of                 dividing the mobile subscribers into
subscriber groups,                 setting subscriber group-specific
subscriber registration quotas, 20              counting the number of
subscribers registered in the visitor location      register (VLR) per each
subscriber group,                 rejecting the location updating of a
mobile subscriber in the new      visitor location register (VLR) when the
subscriber registration quota of the      subscriber group to which the
mobile subscriber belongs is occupied according 25  to the counted number
of registrations, and                 allowing the location updating of a
mobile subscriber in the new      visitor location register (VLR) when the
subscriber registration quota of the      subscriber group to which the
mobile subscriber belongs is unoccupied ac-      cording to the counted
number of registrations. 30              8. An arrangement for controlling
subscriber registrations in a mo-      bile communication system comprising
at least one visitor location register      (VLR) for temporary storage of
subscriber data concerning mobile subscribers      visiting the area of the
register, c h a r a c t e r i z e d in that the arrangement      comprises
35              mobile subscribers being arranged into subscriber groups,
means (23[err] to 23[err]) for counting the number of subscribers regis-
WO 98/15133
PCT/FI97/00554                                                 12
tered in the visitor location register (VLR) per each subscriber group, and
means (21, 22[err] to 22[err]) for limiting the number of mobile
subscribers       to be registered in the visitor location register on the
basis of the counting re-       sults of the counting means (23[err] to
23[err]). 



5              9. An arrangement as claimed in claim 8, c h a r a c t e r i
z e d in       that the comparison means (21, 22[err] to 22[err]) are
adapted to                 compare the counting result of the counting
means (23[err] to 23[err]) with       a preset maximum value,
reject the registration of a mobile subscriber (MS) in the visitor loca- 10
tion register (VLR) when the counting result and the preset maximum value
match, and                 allow the registration of the mobile subscriber
(MS) in the visitor lo-       cation register (VLR) when the counting
result and the preset maximum value       do not match. 15           10. An
arrangement as claimed in claim 8 or 9, character-       i z e d in that
the counting means (23[err] to 23[err]) comprise subscriber group-
specific counters adapted to                 increment the result of the
counting by one when a mobile sub-       scriber (MS) belonging to the
respective subscriber group is allowed to regis- 20  ter, and
decrement the result of the counting by one when the registration of
a mobile subscriber (MS) belonging to the respective subscriber group is
de-       leted from the visitor location register (VLR).
11. An arrangement as claimed in claim 8, 9 or 10, c ha ra c - 25  t e r i
z e d in that the arrangement is located in the visitor location register
(VLR).    


