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[57] ABSTRACT

In a mobile communication systenx a mobile communica-
tion switching center includes a communication restriction
control section for calculating a communication channel
usage from the trafEc volume of communication channels,
comparing the usage with first and second thresholds, aad
designating communication restriction on the basis of the
comparison result. and a base station control section far
creating first aotification information indicating communi-
cation restriction on only the roaming mobile station ar
second notification information indicating communication
restriction on afi the mobile statioas on the basis of an
instruction from the communication restriction control sec-
tion depending on whether it is determiaed that the calcu-
lated communication channel usage is higher than the first
threshold but is not higher than the secoad threshold. or
exceeds the second threshold, and transmitting control infor-
mation including the pieces of first and second notification
information to each of the mobile stations through the
mobile commuaication switching center. Each of the mobile
stations includes determination section for determining on
the basis of the control information transmitted from the
radio base station whether comruuaication restriction is

imposed on the mobile station.

9 Claims, 2 Drawing Sheets
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MOBILE COMMUMCATION SYSTEM
WHICH PERFORMS COMMUNICATION

RESTRICTION CONTROL

BACKGROUND OFTHE~ON s

The present invention relates (o a mobile commuaication
system which performs inter-operator roaming to allow a
mobile station which subscribes for telephone conununica-
tion to a given mobile communication operator to receive a
mobile communication service from another mobile com-
munication operator.

In general. a mobile communication system is constituted
by a plurality of mobile stations. a plurality of radio base
stations for providing radio channels for the mobile stations
in an area. and a base station control section for performing
channel control for the radio base stations. In performing
communication. a given mobile station in this system
transmits/receives a control signal to/fiom a corresponding
radio base station by using a conunoa control chaanel. and
selects a communication channel in accordance with the
transmitted/received control signal. In this case, the area in
which a mobile station AI which subscribes for telephone
communication to a mobile communication operator A can
perform corumunication is a service area A2 which is
oovered by each radio base station of the ruobile commu- 26

Illcatloll operator A.

This mobile communication system provides the follow-
ing mobile corumuaication service. When the mobile station
Al moves from the service area A2 to a service area B of a sp
mobile communication operator B. the mobile station Al
can perform conununication by using facilities (a radio base
station aud the like) of the mobile communication operator
B. Such a mobile communication service is called "roam-
ing". With this service, the mobile communication operator
A can extend the service area without faciTity investment.
For the mobile conununication operator B, since idle com-
munication channels are used. the profit based on telephone
charges can be increased.

In the mobile communication system, as the trafhc 4o
increases. a phenomenon called a channel block occurs in
which commuaication channel assignment cannot be per-
formed although the control channel is idle. With this
channel block. the elhciency of channel utiTization deterio-
rates. For this reason, the trafiic in each zone as the area of 46
each radio base station is monitoreck Whee the trafiic rapidly
increases, originating restriction is performed to prevent the
channel block.

In the conventional mobile communication system, the
following schemes are kaown as communication restriction so
schemes fix preventing the above channel block: a scheme
in which when a couununication channel for an originating
operatioa is to be assigned to a given mobile statioa. the
restriction level of the communication chaaael is changed in
accordance with the frequency of assignmeat failure of the ss
communicatioa channel in a busy state, and a scheme in
which a communication channel usage and threshold in a
radio zone are aotified to a mobile station at predeterinined
intervals. and hand-over to an adjacent zone is performed
when the usage exceeds the threshold. 60

Ia the mobile communication system which allows inter-
operator roaming. when most of the communication chaa-
nels are occupied by roaming subscribers (i.e.. subscribers
who perform conununication through the faciTities of
another mobile communication operatorh original subscrib- 66

ers cannot perform oommunication because of the above
communication restriction.

2
SUMMARY OF THE INVENTION

It is an objecx of the present invention to provide a mobile
communication system which prevents roaming subscribers
from occupying communicanon chanaels to ensure mobile
conununication services for original subscribers.

In order to achieve the above object, according to the
present inveation, there is provided a mobile communication
system comprising a plurality of mobile stations iacluding a

roamiag mobile station which subscribes for telephone
communication to another mobile communication operator.
a radio base station connected to the mobile stations through
a radio channel constituted by a coanol channel and a

plurality of communication channels. and a mobile conunu-
nication switching center coanected to the radio base station
to perform restriction control for ternunating/originating
operations of the mobile stations in accordaace with a trafhc
volume of communication channels, the mobile communi-
cation switching center permitting an originating/
terminating operation of the roaming mobile station. the
mobile communication switching center including commu-
nication restriction control means for calculating a conunu-
nication channel usage from the traffic volume of the com-
munication chaanels. comparing the usage with a first
threshold and a secoad threshold higher than the first
threshold. and designating communication restriction on the
basis of the comparison result. aad base statioa control
means for creating first notificatioa information indicating
coriununication restriction on only the roaming mobile sta-

tion on the basis of an instruction from the conunuaication
restriction control means when it is determined that the
calculated communication channel usage is higher than the
first threshold but is not higher than the second threshold.
creating second notification information indicating commu-
nication restriction on ah the mobile stations oa the basis of
the instruction when it is determined that the calculated
communication channel usage exceeds the second threshold.
and transmining control information including the pieces of
first aud second notification informatioa to each of ihe
mobile stanons through the mobile communication switch-
ing center. and each of the mobile stations including deter-
mination means for determining on the basis of the ooatrol
information transmitted from the radio base station whether
communication restriction is imposed on the mobile station.

BRIEF DESCRIPIION OF THE DRAWINGS

FIG. I is a block diagram showing a mobile communi-
cation system according to an embodiment of the present
invention: and

FIG. 2 is a chart showing a communication channel usage
threshold for restricting only roaming subscribers and a
communication channel usage threshold for restricting ah
subscribers in the system shown in FIG. 1.

DESCRIPTION OF THE PERFERRED
EMBODIMENT

The preseat inventioa will be described below with ref-
erence to the accompanying drawings.

FIG. I shows a mobile communication system according
to an embodiment of the present invention. Referring to FIG.
1. reference numeral I denotes a service area as the range in
which a mobile communication operator A can provide
services; 2. a service area as the range in which a mobile
communication operator B can provide services; 11 and 12.
mobile stations which subscribe for telephone commuaica-
tion to the mobile communication operator A; 13, a mobile
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conununication switching center installed in the service area
I to provide a comrnuaicatioa channel for each mobile
station and perform switching connection and the like; and
21. a mobile station which subscribes for telephone com-
munication to the mobile communication operator B. The
mobile statioas IL 12. and 21 respectively include control
semons lla. 12o. and 21o as determinafion means for
determining the presence/absence and type of corrununica-
tion restriction on the basis of notification information
notified from a mobile communication switching center 3.

The mobile conununication switching center 3 is installed
in the service area 2 to provide a oornmunication channel for
each mobile station and perform switching connection and
the like. Reference numerals 41 aad 42 denote radio base
stations connected to mobile stations through radio channels
so as to relay commuaication between the radio-connected
mobile stations and Ihe mobile communication switching
center 3. The raobile couununication switching center 3
includes a switch 31 for switching conununication channels.
a call control section 32 for performing call control includ-
ing switching connection, a communication restriction con-
trol section 33 for controlling conuuunication restriction
with respect to mobile stations. and base station control
sections 341 and 342 for controlling the radio base stations
41 and 42. The communication restriction control section 33
includes a usage calculation section 33u for calculating a
communication channel usage in each of the zones of the
radio base stations 41 and 42. and a comparison section 33b
for comparing the usage calculated by the usage calculation
section 33a with two predetermined thresholds (to be
described later).

When an ariy'natiag request is seat from a mobile station
through the radio base stations 41 and 42 and the base station
control sections 341 and 342, the call control section 32 of
the mobile communication switching center 3 performs call
control such as an instructioa for conununication channel
assignment with respect to the base station control sections
341 and 342. In addition. the call conuol section 32 mea-
sures the traSc volume of communication channels at the
switch 31. and notifies the communication restriction control
secfion 33 of the tratfic volume. 'Ihe communication restric-
tion contml sectioa 33 calculates conuuunication channel
usages in the respective zoaes of as the areas of the radio
base statioas 41 aad 42 on the basis of a tratfic volume
notified from the call control section 32, and designates
communication restriction with respect to the base station
control sections 341 and 342 in accordance with the calcu-
lated usages.

As shown in FIG. 2, communicafion chanael usage
thresholds a'ad b'btained from usage data are set in the
communicatioa restrictioa control section 33. The usage
calculation sectioa 33a of the communication restricfion
control section 33 calculates a conuuunication channel
usage in each zone on the basis of a traific volume notified
from the call control sectioa 32. The comparison section 33b
compares the calculated communication channel usage with
the thresholds a'nd b'. If the coramunicatioa channel usage
exceeds the threshold a'. the communicatioa restriction
control section 33 designates a conuuunication restriction X
on roaming subscribers. i.e.. the mobile stations 11 and 12
which subscribe for telephone communication to the mobile
communication operator A. with respect to the base station
control sections 341 and 342. If the calculated communica-
tion channel usage exceeds the threshold b'hich is higher
than the threshold a'. the communication restriction control
section 33 designates, with respect the base station control
sections 341 and 342. a conununicatioa restriction Y on not

only the roaming subscribers, i.e., the mobile stations 11 and
12, but also all the subscribers ia the self-network. i.e.. all
the mobile stations including the mobile station 21 which
subscribes for telephone communication to the mobile com-
munication operator B.

The base station control sections 341 and 342 perform
communication channel assignment in accordance with an
instruction output from the call control section 32 in
response to the originating request fiom the mobile station.

io In addition. the base station coatrol sectioas 341 aud 342
create various types of notificatioa information in accor-
dance with an instruction from the communication restric-
tion control section 33. More specifically, upon reception of
an instruction for the communication restrictioa X I'rom the

,s communication restriction control section 33. the base sta-
tion control sectioas 341 and 342 create notification infor-
mation a (correspondiag to the threshold a') including
restriction information for restrictions on position registra-
tion in the self-aetwork and on an originating operation

zo through the self-network with respect to the roaming sub-
scribers 11 and 12. In contrast to this. upon receptioa of sn
instruction for the communication restriction Y from the
communication restriction control section 33. the base sta-

tion control sections 341 and 342 create noufication iufor-

zs mation b (corresponding to the threshold b') including
restrictions on position registration in the self-network and
an originating operatioa through the self-network with
respect to all the mobile stations including the mobile station
21 in the self-network. These pieces of notification infor-

sp mation are notified to the radio base stations 41 and 42. Note
that whea communication restriction is not designated by the
communication restriction control sectioa 33. the base sta-
tioa control sections 341 and 342 create notification infor-
mation c indicating that no conununication restriction is

35 performed, and notify this information to the radio base
stations 41 and 42.

The radio base stations 41 and 42 always transmit one of
the pieces of aotification iaforraation ab. and c notified from
the base station control sections 341 and 342 to each mobile

m station in each zone through a radio channel. Each of the
pieces of notification information ab. and c includes the
network number and position aumber of each network
(service area) in which mobile stations are preseat. the
structure information and restriction information of a oontroi

ss channel in each zone, and the like. Upoa reception of pieces
of notification information from the radio base stations 41
and 42. mobile stations perform position registration if it is
required for a terminating operatioa or the like. If commu-
nicatioa restriction is imposed in a zone, a mobile station

so does aot petfotm position registration and aa originating
operation in the zone.

Assume that the mobile station 11 has moved fiom the
service area I to the service area 2. as shown in FIG. 1. Upon
reception of the notification information c from the radio

ss base station 41. the control section Ila of the mobile station
11 recognizes from the network number included in the
notification information c that the mobile statioa is a roam-
ing subscriber. In addition. since the received position
number is tfifferent from the position number stored in the

io mobile station 11 in advance. the control section Ilo of the
mobile station 11 recognizes that the mobile station 11 has
moved to another zone. When the control section llo of the
mobile station 11 refers to the notification information c and
recognizes that no communication restriction is imposed. the

ss control section 11a supplies a position regisuation request to
the mobile communication switchiing center 3 through the
radio base station 41. When the mobile communicauon
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switching center 3 recognizes that the mobile station 11

which has generated the positioa registration request is a
roaming subscriber, the mobile communication switching
center 3 performs internetwork authentication processing to
recogaize. between the mobile communication switching
center 3 and the mobile communication switching center 13
in the mobile communication switching center 13 installed
in the service area 1. that the mobile station 11 subscribes for
telephone communication to the rnohffe commuaicafion
operator A which provides the service area 1. If autheatica-
tion is determined as "OK". the mobile station 11 in the
service area 2 is allowed to perform an originating operation
or the like through the mobile communication switching
ceiltef 3.

In starting cornmuaicatioa. the mobile station 11 transmits
an originating request to the mobile communication switch-
ing ceater 3 upon referring to the restriction information
included in the notification information. Vpon reception of
the originating request from the mobile station 11 through
the radio base station 4L the call control section 32 of the
mobile conununication switching center 3 designates chan-
nel assignment with respect to the base statioa control
section 341. The base station control section 341 selects au
idle communication channel and assigns it to the mobile
statioa 11. which has geaerated the originating request. in
accordance with the instruction from the call control section
32. The mobile station 11 shifts to a communicatioa state by
using the idle communication channel notified from Ihe base
station control sectioa 341 through the radio base statioa 41.

If it is determined on the basis of the used state of each
communication chaanel notified from the call control sec-

tion 32 that the communication channel usage in the zone
covered by the radio base station 41 ezcieds the threshold a'.

the communication restriction control section 33 designates
communication restriction on the radio base station 41 with
respect to the base station control section 341. In accordance
with the instruction from the communication restriction
control section 33. the base station control section 341
creates the notification informatioa 4 and sends it to the radio
base station 41. The radio base station 41 transmits this
notification information 4 to the self-zone.

As showa in Flfk I, when the mobile station 12 moves
into the zone of the radio base station 41. the mobile station
12 receives the notification information a which has been
transmitted to the zone of the radio base stauon 41. The
coalrol section 12a of the mobile station 12 recognizes from
the received notification information g that the mobile
station has moved to another area Furthermore. the control
section 12a recognizes that the mobile station is a roaming
subscriber, and position registration and originating opera-
tion restrictions are imposed oa the roaming subscriber in
the current zoae. and hence does not output any position
registratioa request to the inobile communication switching
center 3 through the radio base statioa 41.

In contrast to this, upon reception of ihe notification
information a transmitted f'rom the radio base station 4L the
control sectioa 21a of the mobile statioa 21, which has
moved to the zone of the radio base station 41. recognizes
that the mobile station has moved to aaother area.
Thereafter. the control section 21a determines that position
registration and generatioa of an originating request can be
performed. because the mobile station is not a roaming
subscriber. In this case, the coalrol section 21a of the mobile
station 21 outputs a position registration request to the
mobile communication switching center 3 through the radio
base station 41 to perform position registration in the service
area 2. In additioa, the mobile station 21 can przform an
originating operation through the radio base statioa 41.

Vpon receptioa of the notification information b. Ihe
mobile stations 11, 12. and 21 recognize that oommunication
restriction is imposed on aU the mobile stations, and hence
perform neither position registration nor generation of origi-

s nating requests. The control sections lla and 12a of the
mobile stations 11 and 12 detentune the presence/absence of
corumunication restrictions on the basis of the pieces of
notification information 4 and b (the presence of restrictions)
and the notification information c (the absence of

io reslrictions). In contrast to this, the control section 21a of Ihe

mobile station 21 determines the preseace/absence of a
conununication restriction on the basis of the notification
information b (the presence of a restriction) and the pieces
of notification information a and c (the absence of a

is restriction).
As described above. the dUIerent thresholds a'nd b're

set for subscribers iu the self-network and roaming subscrib-
ers as the numbers of available communication channels
with respect to the total numbers of communication channels

io in the respective zones of the radio base stations 41 and 42.
Even if, therefore. roaming subscribers occupy communi-
cation channels up to the threshold a', the communication
channels between the thresholds a'ud b're always ensured
as communication channels which can be used by subscrib-

zs ers in the self-network For this reason. even if commuai-
cation channels are occupied by roaming subscribers, sub-
scrilters in the self-network can perform conunuaication. In
addition, since commoa comrnuaication chaanels can be
provided for subscribers in the self-network and roaming
subscribers up to the threshold a'ithout assigning any
special conumtnication channels to roaming subscribers, the
efficiency of communication channel utilization can be
improved.

As has been described above. according to the present
invention, in the mobile communication system which
afiows inter-operator roaming. since corumunication restric-
tion is hierarchically imposed on mobile stations. commu-
aication channels can be prevented from being occupied by
roaming subscribers. and mobile communication services
for original subscribers can be ensured. In addition. the
efficiency of conununication channel utilization can be
improved.

In addition. if the usage calculated from the traffic volume
of communication channels is lower than a predetermined

4s threshold. the corresponding notification information is noti-
fied to the mobile stations in the service area. A romung
mobile station can therefore perform communication by
using a communication channel in another aetwork.

What is claimed is:
so

1. A mobile communication system comprising:
a plurality of mobile stations including a roaming mobile

station which subscribes for telephone communication
to another mobile communication operator,

a radio base station connected to said mobile stations
through a radio channel constituted by a control chan-
nel and a plurality of cornruunication channels; and

a mobile communicatioa switching center connected to
said radio base station to perform restriction control for
terminating/originating operations of said mobile sta-

tioas in accordance with a traific volume of communi-
cation chaanels. said mobile communication switching
center permitting an originating/terminating operation
of said roaming mobile station.

ss said mobile communication switching center including
commuaication restriction control meaas for calculating a

conununication channel usage from the Iraffic volume
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of the communication channels, comparing the usage
with a first threshold and a second threshold higher than
the first threshold. aad designating communication
restnction on the basis of the comparison result. and

base station control means far creating first notification
information indicating conuuunication restriction on
only said roaming mobile station on the basis of an
instruction fmm said communication restriction control
means when it is determined that the calculated com-
munication channel usage is higher than the first thresh-
old but is not higher than the second threshold. creating
second notification informalion indicating communica-
tion restriction on all said mobile stations on the basis
of the instruction when it is determined that the calcu-
lated communication channel usage exceeds the second
threshold. aad transmining control information includ-

iag the pieces of first and second notification informa-
tion to each of said mobile statioas through said mobile
communication switchiag ceater. and

each of said mobile stations including determination
means far determining on the basis of the control
information transmitted from said radio base station
whether communication restriction is imposed on the
mobile station.

2. A system according to claim 1. wherein said base
station control means Iransraits third notification informa-
tion as control information to said mobile station through
said radio base station. when Ihe communication channel
usage calculated from the naKc volume of the communi-
cation channels is lower than the first threshold.

3. A system according to claim 2, wherein said determi-
nation means of each of said mobile stations except for said
roaming mobile station determines that communication
restriction is imposed on said mobile statioa. only when the
second notification information is received.

4. A system according to claim 2. wherein said determi-
nation means of said roaming mobile station determines that
comnmnicafion restriction is imposed on said mobile
station. when the pieces of second and third nonfication
informatioa are received.

5. A system according to claim I, wherein said commu-
nication restriction control means comprises calculation
means for calculating a communication channel usage fmm
a traKc volume of communication channels. and compari-
son means far comparing the communication channel usage
calculated by said calculation means with a first predeter-
mined threshold and a second threshold higher than the first
threshold.

6. A system according to claim 1, further comprising call
control meaas for notifying said conununication restriction
control means of a measured traKc volume of communica-
tion channels. and designating communication channel
assignment with respeci to said base station control means
when an originating request is generated by said mobile
stallalu

7, A system according to daim 1. wherein said mobile
station stops position regisnation and generation of an
originating request with respect to said mobile communica-
tion switching center when said determination means deter-
mines that communication restriction is imposed on said
mobile station.

ia

sa
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8. A mobile communication system comprising:
a plurality of mobile stations including a roaming mobile

station which subscribes for telephone communication
to another mobile communication operator:

3 a radio base station connected to said rnabile stations
through a radio channel constituted by a contral chan-
nel and a plurality of communication channels: and

a mobile communication switching center connected to
said radio base station to perform restrictioa control for

ia terminating/originating operations of said mobile sta-
tions in accordance with a traKc volume af commuai-
cation channels. said mobile communication switching
center permitting an originating/terminating operation
of said roaming mobile station.

said mobile communication switching center including
communication restriction control means having calcula-

tion means far calculating a communication channel
usage from a traKc volume of communicatioa
channels. and comparisoa means for comparing the
communication channel usage calculated by said cal-
culation means with a first predetermined threshold and
a second threshold higher than the first threshald. said
communication restriction coatrol means designating
communication restriction on the basis of the compari-
son result obtained by said comparison means.

base station control means for creating first notification
information indicating communication restrictioa on
only said maming mobile station oa the basis of an
instruction from said communication restrinion control
means when it is deterruined that the calculated com-
munication channel usage is higher than the first thresh-
old but is not higher thea thc second fitreshoid. creating
second notification infoimatioa indicating communica-
tion restriction on all said mobile stations on the basis
of the instruction when it is determined that the calcu-
lated communication channel usage exceeds the second
threshold, creating third notification information when
the communication channel usage is lower than the first
threshold. and transmitting control information includ-

ing the pieces of first to third notification infannation to
said mobile station through said radio base station, and

call control means far aotifying said communication
restriction control means af a measured traflic volume
of communication channels. and designating commu-
nication channel assignment with respect to said base
station control means when an originating request is
generated by said mobile statioa. and

each of said mobile statioas including determination
means for determining ou the basis of the cannel

sa information transmitted from said radio base station
whether communication restriction is imposed on the
mobile statioa.

9. A system according to tfaim 8. wherein said determi-
nation means af each of said mobile stations except for said

ss roaming mobile station detamines that communication
restrictioa is imposed an said mobile station. only when the
second notification information is received. and said deter-
mination means of said roaming mobile station determines
that communication restriction is imposed on said mobile

an station. when the pieces of secoad and third nodfication
information are received.




