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MOBILE COMMUNICATION SYSTEM AND CALL CONTROL METHOD IN

THE MOBILE COMMUNICATION SYSTEM

BACKGRQUNDS OF THE INVENTION

EIELD OF THE INVENTION

The present invention relates to a call control
method in a mobile communication system comprising a
plurality of mobile apparatuses, a plurality of radio
base stations that axe respectively positioned within a
plurality of radio zones, to communicate with the mobile
apparatuses by use of a radio channel within each radio
zone, and a mobile communication control station for
controlling the radio base stations, in which each radio
base station informs a eontrol channel to be first
received by a.mobile apparatus approaching the radio
zone of a radio base station.

DESCRIPTION OF THE RELATED ART -

The cenventional mobile communication system such
as an automobile telephone, a portable telephone, or the
like has adopted a small zone method of covering a
service area of the mobile communication system with a
plurality of radio zones. A radio zone means the range
of performing communication between each radio base
station and a.mobile apparatus mounted on an automobile
or the like by use of a radio channel.

One- radlo base station is allocated in one radio

zone, and a plurality of mobile apparatuses freely move
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to each radio zone. Each radio base station always
informs a mobile apparatus of the information such as
the identifier of its own station, a radio channel used,
and the like through a radio channel for control called
a pilot channel. Each mobile apparatus.receives the

first pilot channel when moving in the radio zones of

- . the respective radio base stations, thereby to collect

the information of the radio base stations in its
vicinity. Ve

In making a call, each mobile apparatus issues a
call to a radio base station presenting the greatest
field strength in the information of the radio base
_ statioﬁs collected as mentioned above, and starts
communication. Further, each radio base station is
allowed to use a plurality of radlo channels and decide
which radlo channel to use accordlng to the radlo wave
propagatlon environment between a moblle apparatus to
communicate with and itself. Moreover, when the radio
wave propagation environment of a radio channel at use
becomes worse during communication, it is allowed to
switch to another radio channel. This is called channel
switching during communication (hand-over).

Furiher, a method is considered; in which a
mobile apparatus is multi-connected to a plurality'of_
radio base statioﬁs_by sending the same signal from the
plurality of radio base stations tolthe mobile apparatus

SO as not to interrupt communication when switching a
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radio channel at the time of hand-over, and the mobile
apparatus'decides a received signal according to the
signals received from the plurality of radio base
stations ("Hand-Over Method Using Micro Diversity in
Microcell", Shingakugihou RCS93-86, 1994, written by
Ekihito Akehi, Hiroyuki Morikawa, Moriji Mizumachi), and
this is called diversity hand-over.

In the mobile communicétion system of the Code
Division Multiple Access (CDMA), such diversity hand-.
over may be sometimes called soft hand~over. 1In the IS-
95 system that is the mobile communication sysiem of the
CDMA method in North America, a pilot channel.is
transﬁitted by a constant transmission power, and in a
mobile apparatus, the information of the pilot channels
in the radio zones in its vicinity is called a vicinal
radioc zone set'and a set of radio base stations
simultaneously connected by the mobile apparatus is
called an active set, thereby to contrdl a radio Sase
station to be connected at the time of soft hand-over.

When the transmission power of a pilot channel is
made constant, if the communication and control traffic
within and without a radio zone vafies, receiving
quality of the pilot channel varies in a mobile
apparatus and according to this, the size of the radio'
zone varies..'Therefore, it is necessary to consider a
‘control method for making the size of a radio zone

constant at a call for a terminal, without depénding on
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traffic.

When a mobile apparatus sends a request to
connect to a radio base station which it wants to multi-
connect to, based on the vicinal radio zone set, the
desired radio base station judges whethef it can permit
the multi-connection or not.in view of the communication
quality in consideration of the volume of the
communication traffic in itself, and informs the mobile
apparatus of the result.

However, a communication signal and a control
signal for this multi-connection causes deterioration in
the communication quality, and in this call control
method, a mobile apparatus in the middle of soft hand-
over and a mobile apparatus making a new call are
treated as the same one, thereby to increase call loss

. rate,

SUMMARY OF THE INVENTION

An object of the present invention is to provide
a-call control method and a mobile communication system
in which, in the state of heavy traffic,.é radio base
station can give permission for-soft hand-over to a
moSile apparatus present in the radio zone of a radio
base station of higher necessity.

According-to the first aspect of the invention, a
call control method in a mobile communication-éystem

comprising a plurality of mobile apparatuses, ;
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plurality of radio base stations, respectively éllocated
within a plurality of radio zones, for communicating
with the mobile apparatuses by use of a radio channel
within the radio zones, and a mobile communication
control staﬁion for controlling the radio base stations,
each of the radio base stations informing a control
channel first received by a mobile apparatus approaching
the radio zone of the radio base station, including the
following steps of:

in the radio base station, storing identifiers of
the radio zones of its own station and the other
stations,

receiving the identifier of the radio zone where
a mobile apparatus is present from the mobile apﬁaratus
approaching the radio zone and requesting soft hand~-over,
and “

allowing the mobile apparatus to do multi-
connection Qhen the received identifier of thé radio
zone.is included in the stored identifiers.

In the preferred construction, the radio base
.station decréases the total of the stored identifiers of
the radio zoneé of its own station and the other
stations when communication traffic is heavy, and
increases the same total when communication tréffic is
light. | |

In anothér prefexrred construction, the radio base

Station increases the total of the stored idenﬁifiers of
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the radio zones of its own station and the other

stations by one, when the ratio of call signal traffic
and down communication signal traffic becomes greater
than a given threshold.

In another preferred construction, the radio base
station decreases the total of the stored identifiers of
the radio zones of its own stagion and the other
stations by one, when the ratio of call signal traffic
and down communication signal traffic becomes smaller
than a given threshold.

Aécordinq to the second aspect of the invention,
a call controi method in a mobile communication system
comprising a plurality of mobile apparatuses, a
plurality of radio base stationms, respéctively allocated
within a plurality of radio zénes, for communicating
with the mobile apparatuses by use of a radio channel
within tﬁe radio zones, and a mobile communication
conérol station for controlling the radio base stations,
each of the radio base stations informing a contrbl
channel first received by a mobile apparatus approaéhing
the radio zone of the radio basé station, including the
follqwing steps:

the radio base station stofes identifiers of the
radio zones of its own station and'the other stations
and informs a mobiie apparatus present in the same radio
zone of the above identifiers, |

a mobile apparatus approaching the radio zone and
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requesting soft hand-over informs the radio base station

of the identifier of the radio zone where the mobile
apparatus is present, when the identifier of the radio
zone where the mobile apparatus is present is included
in the informed identifiers of the radio zones, and

the radio base station, upon receipt of the above
information, allows the mobile apparatus to do multi- |
connection.

In the preferred construction, the radio base
station decreases the total of the stored identifiers of
the radio 2zones of its own station and the other
stations when communication traffic is heavy, and
increases the same total when communicatioh traffic is
light. _

| In another preferred coﬁstruction, the radio base
station increases the total of the stored identifiers of
the radio zones of its own station and the other
stations by one, when the ratio of call signal traffic
and down communication signal trafflc becomes greater
than a given threshold. .

In another preferred construction, the radio base
station decreases the total of the stored identifiers of
the radio zones of its own station and the other
sﬁations by one, when the ratio of cali.signai traffic
and down communication sigﬁal traffic becomes smaller

than a given threshold.

According to the third aspect of the.ihvention, a
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mobile communication system comprising a plurality of

mobile apparatﬁses, a plurality of radio base stations,
respectively allocated within a plurality of radio zones,
for dommunicating with the mobile appargtuses by use of
a radio channel within the radio zones, and a mobile
communication control station for controlling the radio
base stations, each of the radio base stations informing
a control channel first received by a mobile apparatus
approaching the radio zone of the radio base station,
wherein'_

the mobile apparétus comprises

means for informing the identifier of ﬁhg radio
zone where the ﬁobile apparatus is present and sending a
.soft hand-over request to the radio base station, when
approaching the radio zone and desiring soft hand-over,

the radic base station compfises

means for storing identifiers of the radio zones
of its own station and the other stations, and

means foxr, upon receipt of the soft hand—éver
' request, judging whether the notified identifier of the
radio zone is included in‘a group of the stored
identifiers, and allowing the mobile appaﬁatus to do
multi-connection when it is included.

In the preferred construction, the radio basé_
station has means for decreasiﬁg the Eotal of the stored
idgntifiérs of the radio zones of its own station and

the other stations when communication traffic is heavy,
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and increasing the same total when communication traffic

’

is light.

In another preferred construction, the radio base
station has means for increasing the total of the stored
identifiers of the radio zones of its own station and
the other stations by one when the ratio of call signal
traffic and down communication signal traffic becomes
greater than a given threshold.

In another preferred construction, the radio base i
station has means for décreasing the total of the stored
identifiers of the radio zones of its own station and.
the other stations by one when the ratio of call signal
traffic and down communication sighal traffic becomes
smaller than a.given threshold.

According to another aspect of the invention, a
mobile coﬁmunication system comprising a plurality of
mobile apparatuses, a plurality of radio base stations,
‘respectively allocated within a plurality of radio zones,
for commupicating with the mobile apparatuses by use of
a radio channel withiﬁ the radio zones,'and a mobile
'communication control station for controlling the radio
base stations, each of the radio base stations informing
~ & control channel first received by a.mobile épparatus
approaching the radio zone of the radio base station, in
‘which

the radio base station comprising

means for storing identifiers of the radio zones
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of its own station and the othexr stations, and

means for informing a mobile apparatus present in
the own radio zone of the stored identifier of the radio
zone, and

the mobile apparatus comprises means for judging
whether the identifier of the présent radio zone where
the own self exists is included in the informed
identifiers of the radio zones when apéroaching the
radio zone and desiring soft hand-over, and | . -

means for informing the identifier of the presént'
radio zone where the mpbile_apparatus exists and sending
the soft hand-over request to the radio base station
when it is included, and

"the radio base station further compriseé means
fo&, upon-receipt of the soft hand-over request, judging
whether the informed identifier is included in the
informed identifiers of the radio zones, and allowing
the mobile apparatus to do multi-connection when it is
included.

In the preferred construction, the radio base
station comprises meéns for decreasing the total of the
stored.identifiers of the radio zonés_of_its own station
and the other staﬁions when communication traffic is
heavy, and increasing the same total Qhen commuﬁicatioﬁ
_trafflc is light.

‘In anothex preferred construct;on, the radlo ‘base

station comprises means for lncreaSLng-the_total of the
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stored identifiers of the radio zones of its own station

11

and the other stations by one, when the ratio of call
signal traffic and down communication signal traffic
becomes greater than a given threshold. |

In another preferred construction, the radio base
station comprises means for decreasing the total of the
stored identifiers of the radio zones of its own station
and the other.stations by 6ne, when the ratio of call -
signal traffic and down communication signal traffic
becomes smaller than a given threshold. ‘

According to another aspect of the invention, a
~ mobile communication system comprising a plurality of
mobile apparatuses, a plurality of radio base stations,
respectively allocated within a plurality of radio zones,
for communicating with the mobile apparatuses by use of
a radio channel within the radio zones; and a mobile
commﬁnication control station for contrélling the radio
~ base stations, each of the radio base stations informing
a control channel first received by a mobile apparatus
approaching the radio zone of the radio bése station, in
which | | o

the mobile apparatus comprising,.

a transmitter/receiver which informs the
identifier of the radio zone where the mobile appafatus
is present and sends a soft hand-over request to the
 radio base station, when approéching the radio zone and

desiring soft hand-over, while
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a storage which stores the identifiers of the

12

the radio base station comprising

radio zones of its own station and the other stations,
and

a permitting unit which, upon receipt of the soft
hand-over request, judges whether the informed
identifier of the radio zone is included in a group of
the stored identifiers, and alléws the mobile apparatus
to do multi-cohneétion when it is included.

In the preferred construction, the radio base
station comprises an updating unit which decreases the
total of the stored identifiers of the radio éones of
its own station and the other stations when
communication traffic is heavy, and increases the same
total when communication traffic is light.

| | In another préferred construction, the radio base
station comprisés an updating unit which increases the
total bf the stored identifiers of the radio zones of
ité own station and the 6ther stations by one, when the

ratio of call signal traffic and down communication

' signal traffic becomes greater than a given threshold.

In another preferred construction, the radio base
station comprises an updating unit which decreases the
total 6f thé stored identifiers of the radio zbnes-of
i£s own station and the other stations by 6ne, when the
ratib of call signal traffic and down communication.

s;gnalftraffic becomes smallér-than a given threshold.
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According to further another aspect of the

invention, a mobile communication system comprising a
plurality of mobile apparatuses, a plurality of radio
~ base stations, respectively allocated within a plurality
of radio zones, for communicating with the mobile
apparétuées by use of a radioc channel within the radio
zones, and a mobile communication control station for
controlling the radio base stations, each of the radio
base stations informing a controi channel first received
. by a mobile apparatus approaching the radio zone of thé
radio base station, in which

the radio base station comprising

a storage which étores identifiers of the radio
zones of its own station and the othef stations; and

a transmitter/receiver which informs a mobile
apparatus present in the own radio zone of the stored
identifiers of the :adio zones, and.

the mobile apparatus comprising

a transmitter/receiver which, after judging
whether the idenﬁifief of the present radio zone where
the mobile apparatus exists is included in the informed
identifiers of the radio zones when approaching the
radio zone and desiring soft hand-over, informs.the
identifier of the present radio zone where_the mobile
apparatus exists and sends the soft hand-over request to
the radio base station when i£ is included, and

the radio base station further comprising a



This Sheet Has Been R eplaced

| IRN A lil

permitting unit which, upon receipt of the soft hand-

’

over request, judges whether the informed identifier is
included in the informed identifiers of the radio zone,
and allows the mobile apparatus to do multi-connection
when it is included.

Other objects, features and advantages of the
present invention will become clear from the detailed

description given herebelow.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more
fullf from the detailed description given herebelow and
from the accompanying drawings of the preferréd
embodiment of the invention, which, however, should not
be téken to be limitative to the invention, but are for
explanation and understanding only.

In the drawings:

Fig. 1 is a constitutional view of a mobiie
communication system according to an embodiment of the
~ present invention; ‘

Fig. 2 shows an example of xdentlflers stored by -
a radlo base station, lncludlng its own stat;on and the
other statlons, |

Fig; 3 shows the structure of a mobile apparatus
100; |

Fig. 4 shoﬁs the structure of each radio base

v

station 200 to 219;



This Sheet Has Been Rep

. Re

Fig. 5 is a flow chart showing the processing in

a mobile apparatus;

Fig. 6 is a flow chart showing the processing in
a radio base station;

Fig. 7 shows the format of a control signal
informed by a radio base station;

Fig. 8 is a flow chart showing the processing in
a mobile apparatus;

Fig. 9 shows the relation between communication
traffic and the total of the stored identifieis of radio
zones of own station and the other stations;

Fig. 10 shows the relation between the ratib of
call signal traffic and communication signal traffic and
the total of the stored identifiers of radio zones of
own station and the other station;

Fig. 11 shows the relation between the ratio of
call signal traffic and communication signal traffic and
the total of the stored identifiers of radio zone§ of

own station and the other stations.

RESCRIPTION OF THE PREFERRED EMBODIMENT
Thé_preferred embodiment of the present invention
will be discussed hereinafter in detail with reference
to the accompanying drawings. 1In the following
description, numerous specific details are set forth in
order to provide a thorough understanding of the .present

invention. It will be obvious, however, to thése skilled
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in the art that the present invention may be practiced
without these specific details. In other instance, well-
- known structures are not shown in detail in orxder to’
unnecessary obscure the present invention.

With reference to Fig. 1, a mobile communication
system according to an embodiment of the present
invention comprises a mobile apparatus 100, radio base
statioﬁs 200 to 219, respectiveiy allocated in radio
zones 300 to 319, for communicating with the mobile
apparatus 100 within the above radio zones by use of a
radio channél, a mobile communication control station
400 for controliing the radio base stations 200 to 219.
The identifiers of the radio zones 300 to 319 are
respectively defined as 2300 to 2319. The identifiers
may be added to each sector of each radio base staﬁion.

" Fig 2 is an example of a group of identifiers of
radio zones, stored by the radio base station as a soft
hand-over, including its own station ahd the other radio
base stations., The radio base station 212 that the
mobile apparatus 100 is approaching stores the radioc
zone identifier 2312 of its own and the radio zone
identifiers 2307, z308, 2313, 2316, 2317, and 2318 of
the other sfations as the soft hand-over area,

The'structure of the mobile apparatus 100, and
the radioc base stations 200 to 219 will be described.
The mobile apparatus 100 comprises a SOft.hand-over area

'storing unit 11 for storing a soft hand-over area, a
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connection, a radio transmitter/réceiver 13, and an
antenna 14. Each of the radio base stations 200 to 219
comprises a soft hand-over area storing unit 21 for
storing a soft hand-over area, a soft hand-over. area
updating unit 22 for updating a soft hand-over area, a
down coﬁmnnication/control traffic measuring unit 23, a
multi-connection permitting unit'24 for permitting a
multi-connection, a radio transmittér/receiver 25, a
wired transmitter/receiver 26, and an antenna 27.

Fig. 5 and Fig. 6 are flow chérts respectively
showing the operaﬁion of the radio base station 212 £hat
the mcbiie apparétus 100 belongs to, according to the
- embodiment.

In Fig. 5, the mobile apparatus 100 judges
whether the communication quality is deteriorated or not
(Step 501) during communication (Sﬁep 500), by the radio
transmitter/receiver 13. When the communication quality
is deteriorated moxe than a.predete:mined value, the
mobile apparatus 100 iésues a soft hand-over request -
together with the identifier'z307 of the radio zone
where it is present, to the radio base station 212
within the radio zone 312 thch it is approaching,
through the radio transmitter/receiver 13 (Step 502).
Thereafter, upon receipt of a soft hand-over permissioh
signal from the radio base station 212, through the

radio transmitter/receiver 13-(Step 503), it cantinues




Sheet Has Been Replaced:". :

(I

communication, while establishing a multi-connection to
the radio base station 212 having permitted, by the
multi-connecting unit 12 (Step 504).

On the other hand, when the mobile apparatus 100
receives a soft hand-over non-~permission signal from the
' radio base station 212, or when it éouldn't receive a
soft hand-over permission signal at a given elapse (No
in Step 503), it continues communication without any new
multi-connection.

In Fig. 6, the radio base station 212 always
scans a control signal from an existing or approaching
mobile apparatus through the radio transmitter/receiver
25 (Ste§ 600). When it receives a soft hand-over request
together with the radio zone identifier 2307 where the
mobile apparatus 100 is present, from the same mobile -
apparatus 100 (Step 601), the radio base station 212
judges by the multi-connection peimitfing unit 24,
whether the abové existing radio zone identifier 2307 is
included in the group of radic zone identifiers forming
a soft hand-over area Es shown in Fig. 2, that is stored
in the soft hand-~over area storing unit 21 of its an
staiion (Step 602).

In this case, since the above existing radio zone
identifiér 2307 is included in thelgroup of radio zone
identifiers being stored as mentioned above; it sends a
soft hand-over permission signal to the mobile apparatus

100 through thelradio transmitter/receiver 25 }Step 603).
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On the other hand, when the above existing radio zone

identifier 2307 is not included in the above group of
the radio zone identifiers (No in Step 602), it sends a
soft hand-over non-permission signal to the mobile
apparatus having sent the request (Step 604).

Fig. 7 shows an example of format of a control
signal informed by a radio base station as a soft hand-
over area, according to a call control methpd of a
second embodiment of the present invention. In Fig. 7, a
contrdl signal informed by a radio base station as a
soft hand-over area consists of an identifier of the own
radio base station, a control signal identifier
indicating the type of the control signal, the number of
radio zone identifiers indicating the total of the
informed radio zone identifiers, and each radio zone
identifier stored by the radio base station.

Fig. 8 is a flow chart of a mobile apparatus
according to the call control method of the second
embodiment. |

The embodiment will be described with reference
to Figs. 1, 2, 7, and 8. Assume that the mobile
apparatus 100 exists within the radio zone 307 of the
radio base station 207 and moves toward the radio zone
312 of the radio base station 212,

' In Fig. 8, the mobile apparatus 100 measures
communication quality during communication (Step 800)

through the radio transmitter/receiver 13. Wh;n_the
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communication quality is deteriorated more than a
prescribed value (Step 801), it judges whether the
idéntifier of the radio zone where it is present is
included in the group of radio zone identifiers informed
by the radio base station 212 of the radio zone 312 that
it is approaching as a soft hand-over area (Step 802).

In this case, since it is included, the radio
transmitter/receiver 13 issues a soft hand-over request
together with the identifier 2307 of the radio zone
where it is present, to the ;adio base station 212 of
- the radio zone 312 that it is approaching (Step 803).

Thereafter, when receiving a soft hand-over
permission signal from the radio.base station 212 (Step
804), it continues gommunication while establishing a
multi-connection also to the radio base station 212 that
gave the permission, through the multi—cdnnecting unit
12 (Step 805).

On the other hand, when receiving a soft hand-
over non-permission signal from the radio base station
212, or when not recei%ing a soft hand-over permission
signal even at a given elapse (No in Step 804), it
~continues the existing communication without any new
multi-connection in addition to Step 800.

| Fié. 9 shows the relation between the _
communication traffic volume in a radio base statibn and
the total of idéntifiers of radio zones of the own

station and the other stations stored as a sofk hand-
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over area, indicaﬁing a third embodiment of the present
invention.

When the communication traffic is T10 in a radio
base station, the total of the radio zone identifiers
stored as mentioned above is 3. When the'communication
traffic is heavy, the soft hand-over area updating unit
22 lessons the total of the radio zone identifiers
stored in the soft hand-over area storing unit 21, and
when the communication traffic is light, it increases
the tofal of the radio zone identifiers.

Fig. 10 shows thé relation between the ratio of
call signal traffic and communication signal traffic in
a radio base station and the total of radio zone
identifiers of the own station and the other stations
stored as a soft hand-over area, indicating a fourth
embodiment of the present invention. When the ratio of
the call signal traffic and the communication traffic is
beyond the threshold R10, the soft hand-ovei.area
updating unit 22 of the radio base station increases the
total of the radio zone identifiers stored in the soft
hand-over area storing unit 21 by one. At this time, it
is possible to consider a method of selecting a radio
zone identifier to be stofed newly, from the radioc zone
identifiers of the sﬁation where the mobile apparatus is
present, sent together with a soft hand-~over request to
the corresponding radio base station.

Fig. 11 shows the relation between the ratio of
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call sighal traffic and communication signal traffic in

a radio base station and the total of radio zone
identifiers of the own station and the other stations
stored as a soft hand-over area, indicating the fourth
embodiment. When the ratio of the call signal traffic
and the communication traffic is under the threshold R1l1,
the soft hand-over area updating unit 22 decreases the
total of the radio zone identifiérs stored in the soft
hand-over area storing unit 21 by'one. At this time, it
is possible to consider a method of selecting a radio
zone identifier having thé least number of times of
"giving permission, from the existing radio zone
identifiers, sent.to the corresponding radio base
station together wiﬁh a Soft hand-over request, as a
radio zone identifier to be deleted.

Accbrding to the embodiments as mentioned above,
a possibility of soft hand-over is decided dependiﬁg on
a radio zone where a mobile apparatus is present, and a
radio base station, in the state of heavy traffic, gives
a soft hand-over permission only to a mobile apparatus
existing within ﬁhe radio zéne of a radio base station
‘of higher necessity, thereby making it possible to
reduce the call loss rate. |

A radio base station lessons the total of the
stored radio zone identifiers of its own station and the
other stations when the communication traffic is heavy,

and increases the same total when the communlcatlon
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traffic is light, thereby making it possible to decide a
possibility as for a soft hand-over request depending on
the current communication traffic of the_own station.

A radio base station increases the total of the
stored radio zone identifiers of its own station and the
other statioﬁs by one when the ratio of the call signal
traffic and the down communication signal traffic
becomes greater than a threshold, thereby making it
possible to decide a possibility as for a soft hand-over
request while making constant the ratio of the call
signal traffic and the down communication signal traffic
sent by the own station. |

A radio base station decreases the. total of the.

stored radio zone -identifiers of its own station and the

other stations by one when the ratio of the call signal
traffic and the down communication.signal traffic
becomes smallet than a.threshold, thereby making it
possible to decide a possibility as for a soft hand-over
request while making constant the ratio of the call
signal traffic and the down communication signal traffic
sent by the own station. -

As set forth hereinabove, according to the
present invention, a possibility of soft hand-over is
decided depending on a radio zone where a mobile
apparatus is present, and a radio base station, in the
séate of heavy traffic, can give a permission-of soft

hand-over only to a mobile apparatus existing within the
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radio zone of a radio base station of higher necessity.
This can reduce the call loss rate.

A radio base station, in the state of heavy
traffic, allows only a mobile apparatus existing within
the radio zone of a radio base station of higher
necessity to make a soft hand-over request, thereby
making it possible to reduce control signal traffic.

Further, it is possible fo reduce the call loss
rate of a mobile apparatus making a call within a
station by increasing and decreasing thé number of-
multi-connection at the time of soft hand-over depending
on the communication traffic. .

Further, it is possible to reduce the call loss <
rate of a mobile apparatus making a cail within a
station by increasing and decreasing the number of
multi-connection at the time of soft hand-over depending
on the communication traffic while making constant the
commﬁnication quality_of a call signal and the range of.
a call.

Although the ihvention has Been illustrated and
described with respect to exemplary embodiment thereof,

it should be understood by £hose skilled inlthe art that
| the foregoing and various other changes; onmissions and
additions may be made therein and thereto,'without
departing from the spirit and scope of the present
invention. Therefore, the present invention should not

be understood as limited to the specific embodiment set
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out above but to include all possible embodiments which
can be embodies within a scope encompassed and
equivalents thereof with respect to the feature set out
in the appended claims.
This S
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WHAT IS CLAIMED IS:

1. A call control method in a mobile communication
éystem comprising a plurality of mobile apparatuses, a
plurality of radio .base stations, respectively allocated

within a plurality of radio zones, for communicating

- with said mobile apparatuses by use of a radio channel

within said radio zones, and a mobile communication
control station for controlling said radio base stations,
each of said radio base stations informing a control
channel first received by a mobile apparatus approaching
said radio zone of said radio base station, including
the followigg steps of: |

in said radio base station, storing ideﬁtifiers
of said radio zones of its own s;ation énd the other
stations; | |

receiving said identifier of said'radio zone
where a mobile apparatus is present from said mobile
apparatus_approaching sald radio zone and requesting
soft hand-over; and

allowing said mobile apparatus to do multi-
conneétion when said received identifier of said radio

zone is included in said stored identifiers.

2. A call control method as set forth in Claim 1,

wherein

said radio base station ' - This Sheet Has Been Replaced
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decreases the total of said stored identifiers of
said radio zones of its own station and the other
stations when communication traffic is heavy, and
increases the same total when communication traffic is

light.

3. A call control method as set forth in Claim 1,
wherein .

said radio base station increases the total of
said stored identifiers of said radio zones of its own
station and the other stations by one, when said ratio

of call signal traffic and down communication signal

traffic becomes greater than a given threshold. _ S
4. A call control method as set forth in Claim 1,
wherein

said radio base station decreases the total of
said stored identifiers of said radio zones of its own’
sﬁétion and the other stations by one, when the ratio of
call siénél traffic and down communication signal

traffic becomes smaller than a given threshold.

5. A call control method in a mébile communication
system comprising a plurality of mobile apparatuses; a
plurality of radio base stations, respectively allocated
within a plurality of radio zones, for communicating

with said mobile apparatuses by use of a radio channel
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within said radio zones, and a mobile communication
control station for controlling said radio base stations,
each of said radio base stations informing a control
channel first received by a mobile apparatus approaching
said radio zone of said radio base station, including
the fqllowing steps in which:

said radio base station stores identifiers of
said radio zones of its own station and the other
stations and informs a mobile apparatus present in the
same radio zone of said above identifiers;

a mobile apparatus approaching said radio 2zone
and requesting soft hand-over informs said radio base
station of said identifier of said radio zone where said
mobile apparatué is present, when said identifier of
‘said radio zone Qhere said mobile apparatus ‘is present
is included in said informed identifiers of said radio
zones; and '

said radio base station, upon receipt of the
above information, allows said mobile apparatus to do

multi-connection. -

6. A call control method as set forth in Claim 5,
wherein |

said radio base station decreases the total of
said stored identifiers of said radio zones of its own

statlon and the other stations when communlcatlon

traffic ls heavy, and 1ncreases the. same total whenf«———”*‘”’”f-p/f
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communication traffic is light.

7. A call control method as set forth in Claim 5,
wherein

said radio base station increases the total of
said stored identifiers of said radio.zoneé of its own
station and the other statibns by oné, when said ratio
of call signal traffic and down Eommunication signal

traffic becomes greater than a given threshold.

8. A call control method as set forth in Claim 5,
wherein

said radio base station decreases the total of
said stored identifiers of sald radio zones of its own
station and the other stations by one, when said ratio
of éall signal. traffic and down communication signal

traffic becomes smaller than a given threshold.

9. A mobile communication system comprising a
plurality of mobile apﬁaratuses, a plurality of rad;o
base stations, respectively allocatgd within a plurality
of radio zones, for communicating with said mobile
apparatuses by use of a radio channel within Said-fadio
zones, and a mobile communlcatlon control station for
controllxng said radio base statlons, each of said radio
base stations informing a control channel first received

by a mobile apparatus approaching said radio zone of
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said radio base station, wherein

said mobile apparatus comprises

means for inforﬁing said identifier of said radio
zone where said mobile apparatus is present and sending
a soft hand-over request to said radio base station,
when approaching said radio zone and desiring soft hand-
over,

said radio base station comprises

‘means for storing identifiers of said radio zones
of its own stétion and the other stations, and

means for, upén receipt of the soft hand-over
request, judging whether said notified identifier of
said radio zone is included in a group of said stored
identifiers, and allowing said mohilé apparatus.to do

multi-connection when it is included.

10. A mobile communication system as set forth in
Claim 9, wherein |

said radio base station has means for decreasing
the total of said'storéd identifiers of said radio zdnes
of its own station and'the.other'statidns whenl
communication traffic is heavy, and increasing the same

total when communication traffic is light.

11, A mobile communication system as set forth in
Claim 9, wherein

said radio base station has means for increasing
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the :otél of said stored identifiers of said radio zones
of its own station and the other stations by one when
said ratio of call signal traffic and down communication

signal traffic becomes greater than a given threshold.

12, A mobile communication system as set forth in
Claim 9, wherein

said radio base station'has means for decreasing
the total of said stored identifiers of said radio zones
of its own station and the other stations by one when
said ratio of call signal traffic and down communication

signal traffic becomes smaller than a given threshold.

13. A mobile communication system comprising a
plurality of mobile apparatuses, a plurality of radio
base stations, respectively éllocated within a plurality
of radio zones, for communicating witﬂ said ﬁobile
apparatuses by use of a radio channel within said radio
zones, and a mobile communication control station for
coﬁtrolling said radio base stations, each of said radio
base stations inforﬁinq a control channel first received
by a mobile apparatus approaching said radio zone of
said radio base station, in which

said radio base station comprising

means for storing identifiers of said radio zones
of its own station and the other stations; and

)

means for informing a mobile apparatus present in

A
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the own radio zone of said stored identifier of said
rad;o zone, and

said mobile apparatus comprises means for judging
whether said identifier of the present radio zone where
the own self exists is included in the informed
ideﬁtifiers of said radio zones when approaching said
radio zone and desiring soft hand-over; and

‘means for informing said identifier of the
present radio zone whexe said mobile apparatus exists
and sendiﬁg the soft hand-over request to said radio
base station when it is included, and

-said radio base station further comprises means
for, upon receipt of the soft hand-over request, judging
whether the informed identifier is included in said
informed identifiers of said radio zonmes, and allowing
said mobile apparatus to do.multi—connéction when it is

included.

14, A mobile communication system as seﬁ forth in
Claim 13, wherein

said radio base station comprises means for
decreasing the total of said stored identifiers of said
-radio zones of its own station and the other stations
‘when communication traffic is heavy, and increésing the

same total when communication traffic is light.

15. A mobile communication system as set fbrth-in
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Claim 13, wherein

said radio base station ccmérises means for
increasing the total of said stored identifiers of said
radio zones of its own station and the other stations by
one, when said ratio of call signal traffic and down
communication signal traffic becomes greater than a

given threshold.

16. A mobile communication system as set forth in
Claim 13, wherein |

said radio base station comprises means fér
decreasing the total of said stored identifiers of said
radio zones of.its own station and the other stations by
one, whén said ratio of call signal traffic and down
communication signal traffic becomes smaller than a

given threshold.

17. A mobile communication system comprising a
plurality of mobile apparatusés, a pLurality of radio
base stations, respectively allocated within a plurality
of radio zones, for communicating with said mobile
apparatuses by use of a radlo channel within said radlo
zones, and a moblle communication control station for
controlling said radio base statlons, each of said radio
base stations informiné a control chanhel first received

by a mobile apparatus approaching said radio zone of

said radio base station, in which
This Sheet Has Been Replaced
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said mobile apparatus comprising

a transmitter/receiver which informs said
identifier of said radio zone where said mobile
apparatus is present and sends a soft hand-over request
to said radio base station, when approaching said radio
zone and desiring soft handfoéer, while

said radio base station comprising

a storage which stores said identifiers of said
radio zones of its own station and the other étations,
.and _

a permitting unit which, upon receipt of the soft
hand-ovér request, judges whether the informed'
identifier of said radio zone is included in a group of
salid stored identifiers, and allows said mobile

apparatus to do multi-connection when it is included.

18. A mobile communicatibn system-as set forth in
Claim 17, wherein

"said radio base statioﬁ comprises an updating
unit which decreases the total of said stored .
identifiers of said radio zones of its own station and
the other stations when communication traffic is heavy,
and increases the same ﬁotal Qhen comﬁunication traffic

is light.

19, A moblle communication system as set forth in

lalm 17, wherein |
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said radio base station comprises an updating
unit which increases the total of said stored
identifiers of said radio zones of its own station and
the other stations by one, when said ratio of call
signal tfaffic and down communication signal traffic

becomes greater than a given threshold.

20. A mobile communication system as set forth in
Claim 17, wherein _

said radio base station comprises an updating
unit which decreases the total of said stored
identifiers of said radio zones of its own station and
the other statiﬁns by one, when said ratio of call
signal traffic and down communication signal traffic

becomes smaller than a given threshold.

21, ' A mobile communication sysﬁem comprising a
plurality of mobile apparatuses, a plurality of radio
base statlons, respectlvely allocated within a plurality
of radio zones, for communicating with said_mobile
apparatuses by use of a radio channel within said radio
zones, and a mobile communication control station for
controlling said radio baée stations, each of said radio
b;se staﬁions informing a control channel first recei#ed
by a mobile apparatus approaching said radio zone of

said radio base station, in which |
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.

a storage which stores identifiers of said radio
zones of its own station and the other stations; and

a transmitter/receiver which informs a mobile
apparatus present in the own radio zone of said stored
identifiers of said radioc zones, and

said mobile apparatus comprising

a transmitter/receiver which, after judging
whether said identifier of the present xadio zone where
said mobile apparatus exists is included in the informed
identifiers of said'radio zones when approaching said
radio zone and desiring soft hand-over, informs said
identifier of the present radio zone where said mobile
apparatus exists and sends the soft hand-over request to
said radio base station when it is included, and

said radio base station further comprising a
permitting unit which, upon receipt of the soft hand-
over request, judges whether said informed identifier is
included in said informed identifiers of said radio zone,
and allows said mobile apparatus to do multi-connection

when it is included.

22. A mobile communication system as set forth in
Claim 21} wherein

said radio base station'comprising an updating
unit which decreases the total of said-storedl
identifiers.of said radio zones of its own station and

the other stations when communication traffic is heavy,
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and increases the same total when communication traffic

is light.

23, A mobile communication system as set forth in
Claim 21, wherein

said radio base station comprising an updating
unit which increases the total of said stdred
identifiers of said radio zones of its own station and
the other stations by one, when said ratio of call
signal traffic and down communication signal traffic

becomes greater than a given threshold.

24. A mobile communication system as set forth in
Claim 21, wherein

said radio base station comprising an updating
unit which decreases the total of said stored
identifie;s of said radio zones of.its own station and
the other stations by one, when said ratio of call
signal traffic and down communication signal traffic

becomes smaller than a'given threshold.

This Sheet Has Been Replacéd

(AW




