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BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION
The present invention relates to a mobile communication

system, and a location registration method of a mobile

station, a resource control method and a recording medium

- in the mobile communication system, and more particularly

to a mobile communication systém that provides the mobile
station with radio communication sg;vices from a base .

station via a radio channel, and a-location registration
method of a mobile station and a control method of the number

of radio channel, and a recording medium that records

programs of these methods in the mobile communication

system.
DESCRIPTION OF THE RELATED ART

In a mobile communication system, a mobilé station
communicates with a base station via a radio channel. Thus,
it is necessary for the system to make a decision as to which
base station must transmit a signal to the mobile station
when the base station carries out a downlink transmission
to the mobile station. Thus, to identify the location of
the mobiie station, the conventional mobile communication

system establishes a plurality of location registration
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areas, and manages the location registration areas. in which
mobile stations are present. This is called location
registration. Here, the location registration area can be
an area (cell) covered by a single base station, or an area
consisting of a plurality of cells.

In the location registration method of the mobile
station in the conventional mobile communication system,

every time the mobile station moves across the location

‘registration areas, the mobile station updates its

registration-under its own initiative-(on_the~side-of-thg

"mobile station). Therefore, even if the mobile station
" knows its own visiting location at a certain time in the

future, it cannot make the location registration of the

visiting location in advance. As a result,'it is diffiqult

to carry out flexible location registration control.
SUMMARY OF THE INVENTION

An object of the present invention is to implement
flexible and effective location management of a mobile
station by providing a location management agent acting for
the mobile station to conduct the location registration, and
to implement flexible and effective resource control'by
providing a resource maﬁagement agent.

A mobile communicatidn system in accordance with the

present invention includes a location management agent for
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conducting a new location registration and a registration
update of a mobile station in a pres.crib'ed service area, and
comprises schedule notifying means for sending moving

schedule-information at é particular time from the mobile
station to the location management agent in advance and a

location registration database provided in the location

‘management agent for registering the moving schedule

information about the mobile station at the particular time

such that the moving schedule information has correspondence

with a scheduled destination location registration area. -

Wherein the location mahagement agent, referring to the
location registrafion-database, updates the location

registration area of the mobile station in the prescribed

-service area at the particular time.

A location registration method of a mobile station in

a mobile communication system in accordance with the present
invention includes a location management agent for
conducting a new location registration and a registration
update of the mobile station in a prescribed service area.
The method comprises a first step of sending moving schedule
information at a particular time from the mobile station to
the location management agent in advance, a second step of
registering, in a location registration database provided
in the location management agent, the moving schedule
information about the mobile station in correspondence with

the particular time and a scheduled destination location
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registration area at the particular time and a third step
of updating the 1ocatibn registration area of the mobile
station in the prescribed service area at the particular time
by the location management agent with referring to the
location registration database.

A resource control method in a mobile communication
system in accordance with the present invention conducts a
new location registration and a registration update of a.
mobile station in a prescribed service area. The method
comprises difirst“step of registering moving. schedule: .-
information'about the mobile sfation in a location
registration database of a location manégement agent such
that the movirig schedule information has correspondence with
moving schedule time, and an original position and a
scheduled destination location registration area of the
mobile station at the time, and a second step of adaptively
controlling the number of the radio channels to be assigned
to the location registration area by a resource management
agent installed in each loéation registration area in the
prgscribed service area in response to a command sent from
the location nianagement agent, in accordance with the moving
schedule information registered in the location
registration database.

A recording medium in accordance with the present
invention rec_ord_s a computer readable program of a location

registration method of a mobile station in a mobile



communication system including a location management agent
for conducting a new location registration and a
registration update of the mobile station in a prescribed
service area. The recording medium causes a computer to
executé the first step, the second step and the third step
in the above described location registration method.

An alternate recording medium in accordance with the

" present invention records a computer readable program of a
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resource control method in a mobile communication system

conducting .a new location . registration .anda registration . -
.

update of a mobile station in a prescribed service area. The
program causes a computer to ekecute'the first step and the
second step in the above described resource control.method.
The mobile communication system, the location
registration method: of a mobile station and the.recording
medium in the mobile communication system in acbordance with
the present invention can implement the flexible and
effective location management of the mobile station using-
tl"le location management agent ac{:ing'for the mobile station
to make the location managemént. In addition, using the
resource control method and recording medium in the mobile
communication system in accordance with the present
invenfion makes it possible to predict the geographic
distribution of future traffic by installing the resource
management agent, thereby enabling more flexible and

effective channel assignment.
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The above and other objects, effects, features and
advantages of the present invention will become more

apparent from the following description of embodiments

‘thereof taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showihg a system configuration of -
an embodiment 1 of the location registration of a mobile
station infaccordance with the present -invention; -~ . Lo

Fig. 2 is a table illustrating a location regiStratibn
database in a location management agent;

Fig. 3 is a schematic diagraﬁ illustrating a signal
format of moving schedule information transmitfed from a
mobile station to a location management agent:

Fig. 4 is a flowchart illustrating a £low of the locétion
registration control in the embodiment 1;

Fig. 5 is a diagram showing a system configuration of
an embodiment of radio resource control using the moving
schedule information the location registration agent in
accordance with the present invention possesses;-

Fig. 6 is a schematic diagram illustrating the moving
schedule information of individual mobile stations the
location management agent has in the location registration

database:;

Fig. 7 is a flowchart illustrating a flow of radio
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resource control in an embodiment 2; and
Fig. 8 is a diagram showing a system configuration of

the radio resource control in the embodiment 2.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The invention will now be described with reference to

the accompanying -drawings.

EMBODIMENT 1

-7 'Fig. 1 is a diagram showing a systemtconfigu;ation“of B

an embodiment 1 of the location registration of a mobile

station in a mobile communication system using a radio

-.channel in accordance with the present invention.

In Fig. 1, reference numerals #0, #1, *'? #N each
désignate a location registration area, the reference symbol
MS#1 designétes a mo.bile station, and the reference numeral
10 designates a -location management ageht. Each location
registration area may comprise a plurality of base stations,
or a single base station. For the simplicity of explanation, .
only one mobile station is shown in Fig. 1. The location
management agent 10 comprisés a location registration
database 20 as shown in Fig. 2, and the downlink data routing
in the network is carried out with looking up the location
registration database 20.

In the present embodiment, it is assﬁ'med that the mobile

station MS#1 visiting the location registration area #1 at
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the present time is scheduled to move into the location

registration area #N at a future time T. The mobile station

MS#1 sends the moving schedule information to the location

management agent 10 using the signal format as shown in Fig.
3, thereby notifying the location managemeht agent 10 of the
scheduled destination. The location management agent 10,
which can be impleménted in the form of software, has a
function of making a decision from the received moving
schedule information as to which one of the location
registration areas #0, #I;'ﬁ';I#N corresponds .to. .the.
scheduled destination.

As shown in Fig. 3, the moving schedule information of
the present embodiment includes the location registrafion

agent address 31, the mobile station address 32, a location

‘registration command 33, and a moving time 34 to a new

location registration area, and a destination address 35 at
the time. 1In this format, the scheduled destination of the
mobile station MSi#l can also be represented by using a
telephone number or information about ité latitude and
longitude instead of the destination address 35.
According to the moving schedule information with the
foregoing format, which is received from the mobile .stét_ion |

MS#1, the location management agent 10 sets the moving

schedule flag 23 in the location registration database 20

(Fig. 2), and makes an additional registration of a moving

time 24 and a destination registration area 25. Then, it
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updates the location registration database 20 at the time
T. 1In other words, it rewrites .the location .registration
area 22 from "#1" to "#N" at the time T, thereby making the
new location registration.

Fig. 4 shows a flow of -the location registration control
in the present embodiment when the mobile station MS#1 moves
from the x'risiting' area to the location registration area MS#N
according to the écheduled. The contrdl.enables the

location manégement agent 10, which carries out the location

management in place .of. the mobi :E_e -station, to conduct:the - ..

registration in the location registration database before -

the movement of the mobile station, and to update the io.cation

" registration database at the scheduled time. Thus, it can

implement flexible and effective location management of the

" mobile station. .

Although the location registration is made only at the
time future T in the fofegoing example, the present invention
is not limited to it. For example, when the mobile station’
travels by a vehicle whose moving pattern is known in advance,
and passes through a plurality of location registration
areas until it arrives at the final destination, such control
is possible that makes the'location registration in the
course of the movement. In this case, repeating the control
as illustrated in Fig. 4 by (N+i) times, where N is the number
of the location registration areas passed by, can i.'mplement

the flexible and effective location man'agement of the mobile
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station.

Incidentally, the mobile station can comprise schedule
management software so that the schedule management software
can automatically transmit the moving schedule information
about the mobile station.to the location management agent
10 to notify it of the scheduled destination.

EMBODIMENT 2
Fig. 5 is a diagram showing a system configuration of

an embodiment 2 of the radio resource control using the moving

"schedule information possessed by -the_ location registration

agent in the mobile communication system in accordance with
the presént inventibn. In the present embodiment, it is
assumed that each location registration area controls the
number of the radio channels, and has a resource management
agent (RMA). |
Fig. 5 shows the number of mobile stations and the number
of radio channels (time slots, frequencies, codes etc.) in
the location regiétration areas #0, #1, -, #N at the time
T. In Fig. 5, the reference symbols MS#1, -, MS#6, MS3#N,
MS3#N+1 and MS3#N+2 each designate a mobile station; and

RMA50,, RMA50,, -, RMA 50, each designate a resource

~ management agent. In the present embodiment, it is assumed

that one channel per mobile station is assigned to each
location registration area for the simplicity'df
explanation.

Fig. 6 is a schematic diagram illustrating the moving
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schedule information about the individual mobile stations
the location management agent 10 has in the location
registration database.

The moving schedule information as illustrated in Fig.
6 indicates that the mobile station MS#2 is scheduled to move
from the location registration area #0 to #1, and the mobile
station MS#3N is scheduled to move from the location
registration area #3N to #1 within a predetermined time-

period Twindow after a radio channel assignment update

-‘period Tch has elapsed from the time T, where Twindow is.

greater than zero and equal to or less than Tch.

- According to'the moving schedule information, the
location management agent 10 carries out the location -
registration control as illustrating in Fig. .7, which
establishes the number of the mobile station.s and the number
of channels as shown in Fig. 8 at the time T + Tch.

Here, it is assumed that the radio channels assigned to -
the location registration areas #0, #1, --*, #N are determ'ined
by the number of the mobile stations that are scheduled to
be present in the location registration areas #0, #1, --,
#N from the time T + Tch to the time T + Tch + Twindbw, in
accordance with the moving schedule information.

In the present embodiment, the individual location
registration areas #0, #1, -, #N are each assigned three
channels at a particular time T (Fig. 5). 1In Fig. 7,

according to the moving -schedule of the individual mobile
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stations during the time period Twindow from the time T +
Tch as illustrated in Fig. 6, the location management agent
10 makes a decision as to an increase or decrease in the number

of channels in the location registration areas #0, #1, -,

‘#N at the time (T + Tch), calculates the number of the radio

channels in the individual location registration areas #0,

#1, -, #N, and sends a command of the increase or decrease

~to the corresponding resource management agent (RMA). The

individual resource management agents increase or decrease

_th'e..numb%r 0f channels in accordance with the command. - -

As a result, the number of channels of the location
registration area #0 at the time (T + Tch) is reduced by one

from three to two, the number of channels of the location

‘registration area #N is also reduced by one from_three to

two, and the number of channels of the location registration
area #1 at the .time (T + ﬁ'ch) is‘ increased by two from three
to_five.

As_ described above, the present embodiment can ir_npleme_nt
the channel assignment of the individual location
registration areas flexibly and effectively before the
movement of the mobile stations by using the moving schedule
information possessed by the location registration agent.
DEVELOPED EMBODIMENT

It i's obvious that the object of the present invéntion
can be accomplished by providing a system or apparatus with

a recording medium (storing medium) that records a program
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code of software for'implementing the functions of the
foregoing embodiments, and by reading and executing the
program éode stored in the recording medium by a computer
(or CPU or MPU) of the system or apparatus. In this case,
the program code itself read from the recording medium can
implement the functions 6f the'foregoing'embodiments, and
hence the recording medium recording the program code._
constitutes the present invention. As for the recording

medium for recording the program code and variable data such

as tables, such media as-a flpgpy;disk, hard disk, :optical -+ = -

disk, magnéto-optical disk, and n6nvolati1e-—memory card are
available.

-The present invention has been described in detail with-
respect to preferred embodiments, and it will now be apparent.
from the foregoing to those skilled in the art that changes
and modifications may be made without departing f£rom the
invention in its broader aspects, and it is the intention,
therefore, in the appended claims to cover all such changes
and modifications as fall within the true spirit of the

invention.
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WHAT IS CLAIMED IS:

1. A mobile communication system including a location
management agent for conducting a new location registration
and a registration update of a mobile station in a prescribed
service area, said mobile communication system
characterized by comprising:

schedule notifying means for sending moving schedule -

information at a particular time from said mobile station

to.- said location. management agent .in.advance; and”;y.zg.w;mq.;~~

a location registration database provided in said
location management agent fdr registering the moving

schedule information about the mobile station at the

- particular time such that the moving schedule information

has correspondence with a scheduled destination location
registration area, wherein _

said location management agent, referring to said
location registration datnbase, updates the location
registration area of the mobile station in the prescribed

service area at the particular time.

2. The mobile communication system as claimed in claim 1,
characterized in that

said schedule notifying means includes schedule
managing means installed inTSaid mobile station, and said

schedule managing means notifies said location management
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agent of the moving schedule information automatically.

3. The mobile communication system as claimed in claim 1,
characterized in that

each location registration area in said prescribed
service area comprises a resource management agent for
managing a number of its radio channels, and characterized
in that

said resource management agent adaptively controls the

-number of the-radio channels to be assigned to the location -

registration area in response to a command sent from said
location management agent, in accordance with the moving .

schedule information registered in said location

‘registration database.

4, The mobile communication system as claimed in claim 2,
characterized in that

each location registrétion area in said prescribed
service area comprises a resource management agent for
managing a number of its radio channels, and characterized
in that |

-said.resoufce=maﬁagement agent adaptively controls the
number of the radio channels to be assigned to the location
registratioh area in response to a command sent from said
location management agent, in accordance with the moving

schedule information registered in said location
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registration database.

5. A location registration method of a mobile station in
a mobilé communication system including a location
management agent for conducting a new l'océtion registration
and a registration update of the mobile station in a
prescribed service area, said location registration method
of a mobile station in.a mobile éommunication system
characterized by comprising:

= -a'f%rstﬁstep of sending.moving schedule information at
a partiéular time from said mobile 'station to said location
management agent in advance; -

- a second step of registering, in a location registration
database provided in said location management -agent, the
moving schedule information abéut the mobile station in
correspondence- with the particular time and a scheduled
destination location registration area at the particular
time; and |

a third step of updating the location registration area
of the mobile station in the prescribéd service area at the
particular time by said location management agent with

referring to said location registration database.

6. The location registration method of a mobile station in

.a mobile communication system as claimed in claim 5,

characterized in that
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the first step notifies said location management agent
of the rhoving schedule information automatically by schedule

managing means installed in said mobile station. -

7. A résource control ﬁethod in a mobile communication
system conducting a new location registration and a
registration update of a mobile station in a prescribed
sérvice area, said resource control method in a mobile

communication system characterized by comprising:

-a first step of registering moving schedule information =

about the mobile station in a location registration databasé
of a location management agent such that the moving schedule
information has correspondence with moving schedule time,
and an original position and a scheduled destination
location registration area of the mobile station at the time; - -
and

a second step of adaptivelf controlling the number of
the radio channels to be assigned to the location
registration area by a resource management agent installed
in each location registration area in the prescribed service
area in response to a command sent from said location
management agent, in accordance with the moving schedule
information registered in said location registration

database.

8. A recording medium recording a computer readable program



.10 -

15

20

25

T

- 18 -

of a location registration method of a mobile station in a

mobile communication system including a location management

"agent for conducting a new location registration and a

registration update of the mobile station in a prescribed
service area,

said program causes a computer to execute:

a first step of sending'moving schedule information at
a particular time frd‘mi said mobile station to said location

management agent in advance;

" ... asecondstep of registering, in a location registration .
v

database provided in said location managément agent, the
moving schedule ipformation about the mobile stafion in
corréspondence with the particular time and a scheduled
destination location registration:area at the pafticular.
time; and '

a third step of updating the location registration area
of the mobile station in the prescribed service area at the
particular time by said location management agent with

referring to said location registration database.

9. The recording medium as claimed in claim 8,
characterized in that

the fifst step of said program notifies said location
management agent of the moving schedule information
automatically by schedule managing means installéa in said

mobile station.
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10. Arecordingmediumrecording a computer readable program

of a resource control method in a mobile communication system

conducting a new location registration and a regisfration

update of a mobile station.in'a prescribed service area,
said program causes a computer to execute:

a first step of registering moving schedule information

- about the mobile station in a location registration database

of a location management agent such that the moving schedule

iﬂformationihas“correspondence with moving schedule:time, . - -:

and an original position and a scheduled destination
location fegistration area of the mobile station at the timé;
angd -

a second step of adaptively controlling the number of

the radio channels to be assigned to the location

-registration area by a resource management agent installed

in each location registratidn area in the prescribed service
area in response to a command sent from said location
management égent, in accordance with the moving schedule
information registered in said location registration

database.



