BACKGROUND OF THE | NVENTI ON The present invention relates to a nobile
comuni cati on systemincludi ng an exchange, a plurality of base stations
connected to the exchange and a 5 nultiplicity of radio tel ephone sets

bel onging to the radio service areas ot fthese base stations, and nore
particularly, to a systemfor integratedly controlling the radio service
areas of the base stations in the nobile communication system 10

In a conventional nobile comunication system base stations are arranged
with pre-assunmed traffic so that, when there occur calls exceeding the
assuned traffic fromradi o tel ephone sets, the connections are |imted,
causing call loss. In order to cope with such 15 peak traffic, it has been
necessary to_increase the nunber_of 3 e stations. Further, when one of the
base stati onBAHELH §Df9§I@§EiEN8§§F %’on, it becones inpossible to use the
radi o tel ephone sets b%L%n%E

g%e%% invention relates to a mobile
communication system including an exchange, a plurality
of base stations connected to the exchange and a

5 multiplicity of radio telephone sets belonging to the
radio service areas of these base stations, and more
particularly, to a system for integratedly controlling
the radio service areas of the base stations in the
mobile communication system.

10 In a conventional mobile communication system,
base stations are arranged with pre-assumed traffic so
that, when there occur calls exceeding the assumed
traffic from radio telephone sets, the connections are
limited, causing call loss. In order to cope with such

15 peak traffic, it has been necessary to increase the
number of base stations. Further, when one of the base
stations becomes faulty in operation, it becomes
impossible to use the radio telephone sets belonging to
a radio service area so far covered by the faulty base

20 station, so long as the faulty base station is not
repaired or replaced by a normal one.

In this way, with the above prior art mobile
communication system, for the purpose of relieving the
traffic congestion or the call loss caused by the faulty

25 Dbase station, it has been necessary to increase the



a radio service area so far covered by the faulty base 20 station, so |ong
as the faulty base station is not repaired or replaced by a normal one. In
this way, with the above prior art nobile comuni cation system for the
purpose of relieving the traffic congestiZom or the call |oss caused by the
faulty 25 base station, it has been necessary to increase the - 2- nunber
of base st at nymbery ofeliags mdadijongg bhaevwlyedaghialdinthdhen.s al r eady
known a systemin which an telephone exchange has such a function of
monitoring | oad st at es MDY LG/ therenfl s Addeqdys khiowns a [gyftemHdh

changes he MEPdS (ot SRR SASPARGRL AR FHETa A CHTSE I @ radi o base
light- monitoring load states of a plurality of base stations
5 that, when detecting an overload of specific one of the

base stations, the exchange changes the transmission
outputs of directional antennas of the radio base light-
loaded stations other than the overloaded station to
distribute the overload to the light-loaded other base

10 stations, as shown in JP-A-3-22632. Also as disclosed
in JP-A-3-117040, there is already known a system that
directional antennas having a variable ocutput level are
provided to respective base stations so that an area
control station calculates latent traffics of traveling

15 equipments for the respective base stations within a
fixed time on the basis of the current positions,
control zone numbers and other information of the
respective base stations, and adjusts outputs of the
directional antennas based on the calculated result to

20 thereby level a call loss probability. Another system
is disclosed in JP-A-5-63635 in which, when the traffic
of a base station becomes higher, a transmission output
of an outgoing control channel of the base station is
reduced to decentralize the traffic to adjacent base

25 stations. Also disclosed in JP-A-5-259967 is a method
by which a multiplicity of waiting base station for use
at the time of high traffic are previously prepared for

base stations always in operation so that, at the time



| oaded stations other than the overl|loaded station to distribute the
overload to the Iight-loaded other base 10 stations, as shown in
JP- A- 3-22632. Also as disclosed in JP-A-3-117040, there is al ready known a
system that directional antennas having-a3variable output level are
provided to respective base stations so that an area control station
cal cul at es | apénther highcsrafficavehenget¥iceqarpasnbf tbe whekiegpective
base stations within a fixed tine on the basis of the current positions,
control zone hafBeftatihanoaker redusedatponperatiethespaiting base stati ons,
and adjusts outputs of the directional antennas based on the cal cul ated
result to 20 SEAELEB§-1evel a call loss probability. Another systemis
di sclosed in JP—A-S-GSG%E in_which, when the traffic_ of a base_station
becones higher, a trans ?s?SHrﬁﬂFBEF°B?dankBBWBei35186nPF6Imehé&ﬁel gf t he
base station | . ecentralize the traffic,{o, adjacent base 25

§) ESméSHE?gglégi%y§geﬂ_ 95553 7aigegeﬁétﬁhat, bﬁen it is

stations. ~ Al SO dIsclrose
desired to avoid traffic congestion or to prevent call

loss generated by a.faulty base station, the system
copes with it bylincreasing the number of base stations
to be newly installed or by individually monitoring and
10 controlling the respective base stations, which dis-
advantageously results in that the overall system cannot

be efficiently operated.

SUMMARY OF THE INVENTION
It is accordingly an object of the present

15 invention to provide a system for integratedly
controlling radio service areas of base stations in a
mobile communication system, which can suppress call
loss in an existing system facility even when traffic
congestion temporarily takes place.

20 Another object of the present invention is to
provide a system for integratedly controlling radio
service areas of base stations in a mobile communication
system, in which, even when one or more of base stations
in the system stop their operation, the other working

25 Dbase stations can cover the service area or areas of the
stopped base station or stations which become inactive

during exchange or repair of the stopped base station or



by which a multiplicity of waiting base station for use at the tinme of high
traffic are previously prepared for base stations always in operation so
that, at the tine -3- of the high traffic, the service areas of the
wor ki ng base station are reduced to operdate the waiting base stations. The
af orenenti oned, known, prior art nobile 5 comuni cation system has had a
def ect that, shathons te tibereby suppvesd tadflfilossengestion or to prevent
call | oss generated by a faulty base station, the systemcopes with it by

i ncreasi ng the nunber &R BEserdancfoWsithotbe peesgntninxensdoor bhe
individually ponitoring and 10 controlling the respective base stations,

whi ch di s- aﬁpaﬁ?a8868§Fy1Fe§EFP§nFﬁ PMaPrPHédévgralW°§9§?eﬁP@§Hﬁér

cation system in which an exchange monitors current

5 operation states of all base stations to manage the
operation states of the base stations, compares the
operation states of the base stations with a plurality
of base-station state patterns previously stored in the
exchange, selects suitable one of the base-station state

10 patterns, and then issues instructions to the respective
base stations to cause radio service areas of the base
stations to be set to have desired radiation patterns.

In accordance with an aspect of the present
invention, each of the base stations has a function of

15 changing its radiation pattern, transmission output or
reception sensitivity, that is, of setting the radiation
pattern, transmission output or reception sensitivity
according to the base-station control data of radiation
patterns received from the exchange.

20 In accordance with another aspect of the
present invention, when one of the base stations stops
its operation due to a line fault or the like, the
exchange has a function of issuing instructions to the
other base stations to change their radiation patterns,

25 transmission outputs or reception sensitivities and to
cause the other base stations to cover the service area
of the faulty base station.

In accordance with yet another aspect of the



be efficiently operated. SUMVARY OF THE INVENTION It is accordingly an

obj ect of the present 15 invention to provide a systemfor integratedly
controlling radio service areas of base stations in a nobile comrunication
system which can suppress call loss in @& -existing systemfacility even
when traffic congestion tenporarily takes place. 20 Anot her

obj ect of thenesssdntinverdritdmn the texghangaldas sy stumatfion ioft egrhared| y
controlling radio service areas of base stations in a nobile comrunication
system in wiadding dip wearadndan the statepattann ahene ahehsg st em st op
their operation, the other working 25 base stations can cover the service

area or areadafe e i pedf@nRQh e sqansh e g o @d nacti ve

during exchangg or repair .,of the stgﬁped base station or
dlso o ntering a new ate pattern as necessary.

5 In the mobile communication system of the
present invention, when any of the base stations has
traffic congestion or becomes faulty, the exchange
issues instructions to the respective base stations to
cause the base stations to controllably change their

10 radiation patterns, transmission outputs or sensitiv-
ities of an array antenna. In this way, since the
service areas of the base stations can be suitably re-
configured, the system can effectively make the most of
an existing working facility while eliminating the need

15 for additional extending provision of a line interface
circuit in the exchange and for extending works

involved, thus reducing call loss.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an arrangement of a mobile commu-
20 nication system in accordance with an embodiment of the
present invention;
Fig. 2 is a block diagram showing a structure
of a base station;
Fig. 3 shows an example of configuration of
25 radio service areas of base stations in a normal mode;
Fig. 4 shows an example of configuration of

the radio service areas of the base stations when



-4- stations to thereby suppress call loss. In accordance with the present
I nvention, the above object is attained by providing a nobile conmmuni -
cation systemin which an exchange nonitors current 5 operation states of
all base stations to nmanage the operat+ofh states of the base stations,
conpares the operation states of the base stations with a plurality of
base- st at i ontsafficphecemas highiously stored in the exchange, selects

sui tabl e one of the base-station state 10 patterns, and then issues
instructions to the regbﬁct5v§hﬁﬁ§ea§tﬁ¥?ﬁﬁéetchﬁﬂgélgﬂﬁﬁﬁlggerce ar eas

of the base stations to be,set to have desifyed radi tlon tterns n
accordance wike SAGLGBEEVLFe: AESRP cSEnFhnDERE| BHoCLABA BRoBNEnBagE

stations has ynctio f 15 changin radi ation pattern, transm ssion
out put or E@S %ﬁesggsg ?9?t§?c?ﬁ3 Qa E%gf setting the radiation

5 Fig. 6 shows an example of configuration of
the radio service areas of the base stations when a
preliminary base station is operated;.

Fig. 7 shows an exemplary radio-base-station-
state pattern table for management of states of all the

10 Dbase stations;

Fig. 8 shows a base-station-state pattern
table for management of state patterns of the base
stations;

Fig. 9 shows a base-station control data table

15 for management of control data of the base stations;

Fig. 10 is a diagram for explaining how to
calculate channel use frequencies of the base stations;

Fig. 11 is a flowchart for explaining the
channel use frequency calculating operation of the base

20 stations;

Fig. 12 is a flowchart for explaining the
former half of the operation of the system when traffic
is increased or one of the base stations becomes faulty;

Fig. 13 is a flowchart for explaining the

25 latter half of the operation of the system when traffic
is increased or one of the base stations becomes faulty;

Fig. 14 is a sequence of major operations

between an exchange and the base stations;



pattern, transm ssion output or reception sensitivity according to the
base-station control data of radiation patterns received fromthe exchange.
20 ' I n accordance with another aspect of the present invention,
when one of the base stations stops its dperation due to a line fault or
the |Ii ke, the exchange has a function of issuing instructions to the other
base stations to changditheil5 rigliaatf lowqhantershowidyy ttheyoperabionut put s
or reception sensitivities and to cause the other base stations to cover
the service &e@rsithar euhpdimensLan fAelarting R farfd® Wase yet anot her
aspect of the resent invention, Hg%hﬁéﬁpa e has a function of,

5.
when failing S @SSR FAG RIS P4t SurrRnt

operational states of all the base stations; and
5 Fig. 16A to 16D are examples of management

data tables of the base stations respectively.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
An embodiment of the present invention will be

explained with reference to the accompanying drawings.

10 Referring first to Fig. 1, there is schematic-
ally shown an arrangement of a mobile communication
system in accordance with an embodiment of the present
invention. An exchange 101 shown in Fig. 1 includes
line interfaces 106 and 107 connected with lines of a

15 multiplicity of wired telephone sets (such as a
telephone set 102) and with lines of base stations 103-1
to 103~n, a maintenance interface 110 connected with a
console 105, a change~over switch 108, a main controller
109 for controlling the exchange, and a management

20 information memory 111 for control of the base stations.
The memory in turn has a base-station operation-state
table 1l1ll-a indicative of the operational states of the
respective base stations 103-1 to 103-n such as normal,
traffic congestion or faulty states, and a base-station

25 state pattern memory 111-b for recording therein a
plurality of base station state patterns indicative of

various types of operational states of the respective



base stations, inform ng of the search failure fact and also of entering a
new state pattern as necessary. 5 ' In the nobil e comrunication
system of the present invention, when any of the base stations has traffic
congestion or becones faulty, the excharng® +ssues instructions to the
respecti ve base stations to cause the base stations to controllably change
their 10 radbas¢ostabiorsnandtaksenfesi vacondpngstbereinshase- ities of an
array antenna. In this way,_ since the service areas of the base stations
can be suitab$yakionceantgal edatahfosysprhrednoff FadipveryviaRearR8SDSt Of
an existing working facility while elimnpating the nﬁeg 15 for additional
ext endi ng pronsFB% B?saeFtheih?%?f%ﬁ%tb?PﬁugFePﬂr? ef@XchBfge and for
~extending works,_jnvolved, thus reducing call |oss. BRI EF DESCRI PTION COF THE
DRAW NGS Fi g. PAFEX8R" arr angenent of a nobile commu- 20 nication systemin

accordanCQSMAth an.enboegﬂggétgé £gethe exchange 101 via the line

interface 107 are the base stations 103-1 to 103-n which
in turn are connected with radio telephone sets 104-1 to
104-n through spatial radio channels.

Such a terminal as the telephone set 102,

10 which is connected to the line interface 106, can talk
with a party. Further connected to the maintenance
interface 110 is the console 105 on which maintenance
information can be displayed.

Shown in Fig. 2 shows a structure of one 103

15 of the base stations 103-1 to 103-n. The base station
103 is a connector which is connected to the exchange
101 in Fig. 1 for communication between the radio
telephone set 104 and exchange 101. The base station
103 is connected to the exchange 101 through a wired

20 line and connected to the radio telephone set 104
through a spatial radio channel. The base station 103
has an array of antennas 201 whose radio radiation
pattern is controlled by a phase control circuit 202 by
a well known method. The base station 103 has a trans-

25 mitter circuit 203 having a function of controlling a
transmission output; a receiver circuit 205 having a
function of controlling a reception sensitivity; a

frequency control circuit 204 for determining



present invention; Fig. 2 is a block diagramshow ng a structure of a base
station; Fig. 3 shows an exanple of configuration of 25 radio service areas
of base stations in a normal node; Fig. 4 shows an exanple of configuration
of the radio service areas of the base st%t+ons when -6- traffic becomes
hi gh; Fig. 5 shows an exanple of configuration of the radi o service areas
of the base sizequencigsrobntheftramsmibteestand onecebvernecinaniys 803

Fig. 6 shows an exanpl e of configuration of the radio service areas of the

base stati ons2Ret0%i PR FPRIWREGABERR GPREFeh FLrephkt a2@y; for

performing control over the transmission/reception of
communication data and in a time division multiple
5 access (TDMA) system, over time slot, transmission
output and sensitivity; a modulator circuit 206 for
subjecting data received from a communication control
circuit 207 to a ﬁodulation and sending it to the
transmitter circuit 203, a demodulator circuit 208 for
10 subjecting a signal received at the demodulator circuit
208 to a demodulation and sending it to the communica-
tion control circuit 207, a @ain controller 209 for
carrying out control over radio radiation patterns of
the base stations and over the entire operations of the
15 base stations; a management data table 210 for manage-
ment of the radio radiation patterns; and a line
interface 211 connected to the exchange for data
transmission and reception.
Figs. 3 to 6 shows examples of service areas
20 covered by a plurality of the base stations 103-1 to
103-7 in the system of Fig. 1. Within each of the
communicatable service areas 301-1 to 301-7 of the base
stations 103-1 to 103-7, the associated radio telephone
set 104 can perform telephone services such as incoming
25 and outgoing calls, and when the telephone is located
out of its service area, the telephone cannot perform
its telephone function.

Fig. 3 shows an example of configuration of



Fig. 7 shows an exenplary radi o-base-station- state pattern table for
managenent of states of all the 10 base stations; Fig. 8 shows a
base-station-state pattern table for managenent of state patterns of the
base stations; Fig. 9 shows a base-statildnh -ontrol data table 15 for
managenent of control data of the base stations; Fig. 10 is a diagramfor
expl ai ni ng hthet seculical areashannal ngsmwalrwgdenci & thishmodesetbeat i ons;
Fig. 11 is a flowhart for explaining the channel use frequency cal cul ating
operati on of raféophkedephoseaepsnd04rran perform ikswiraPmingy expl ai ni ng

the fornmer half of the gReration of .the systemwhen traffic is increased or

one of the b9BEISiRGi GALILHEEERSSFatPt yESFFETViSS| 8TRAY h&PE for

expl aining the 28 acter flalfaof the gReration of Lhe,system whep traffic

5 by the single base station 103 has a limit. For
example, in the service area 301-1 covered only by the
base station 103-1, only a maximum m of radio telephone
sets 104 can speech at the same time. In other words,
even when there is an outgoing or incoming call to the

10 (m+l)th radio telephone set 104, the base station 103-1
cannot handle the call because it . is beyond its handling
capability, which results in a call loss. In this way,
when communication traffic becomes high, there may
sometimes occur such a situation that, in spite of the

15 fact that the radio telephone set is within its due
service area, the telephone cannot perform its call
services.

For the purpose of preventing traffic
congestion and avoiding such a situation as mentioned

20 above, in accordance with the present invention, such a
serve area configuration control as shown in Fig 4 is
carried out. Assume now that the traffics of the
service areas 301-1 and 301-3 covered by the 2 base
stations 103-1 and 103-3 become high so that the base

25 stations alone cannot control all the radio telephone
sets located within the service areas. Then the radio
radiation patterns of the adjacent base stations 103-2,

103-4, 103-6 and 103-7 are changed so that the service



I's increased or one of the base stations becones faulty; Fig. 14 is a
sequence of mmj or operations between an exchange and the base stations;

-7- Fig. 15 is a flowhart showi ng the operation of another enbodi nent for
sel ecting one of the base station state-palterns suitable for the current
operational states of all the base stations; and 5 Fig. 16Ato
16D are exanplageast afartivemsiiactata bass aragfiante ke stltIohs 103-6
respectively. DESCRI PTION OF THE PREFERRED EMBCODI MENTS An enbodi nent of the
present i nventansh Q347 pregurandad wavrrrditdie fRatiee mreat otpamyi ng

drawi ngs. 10 Referring first to Fig,' 1, there is schematic-
al Iy shown an a4 atfferdiRf dthey RasR |-atorffthi Tlor?ncp 103-3 in suc

an extent that part zones of the service areas of only

5 the base stations 103-1 and 103-3 are also overlapped by
the service areas of the base stations 103-2, 103-4,
103-6 and 103-7. As a result, in the service area so
far having the maximum m of telephones allowing
simultaneous speech, the (m+l1l)th telephone or more can

10 talk with parties at the same time so long as they are
located in the above overlapped zones.

However, this also involves such a problem
that the service area 301-2 is changed in shape to a
service area 301-2a, the service area 301-4 is to a

15 service area 301-4a, the service area 301-6 is to a
service area 301-6a, and the service area 301-7 is to a
service area 301-7a respectively; so that it is
considered that some parts of the service areas so far
covered in the normal mode become unserviceable.

20 To avoid this, when the base stations 103-2,
103-4, 103-6 and 103-7 are of the TDMA type for example,
some of a plurality of time slots of the base stations
are allocated to the original service areas 301-2, 301-
4, 301-6 and 301-7 shown in Fig. 3 while the residual

25 slots are allocated to the service areas 301-2a, 301-4a,
301-6a and 301-7a shown after the change in Fig. 4.

This time slot allocating operation will next be

explained. The main controller 209 reads out control



systemin accordance with an enbodi mrent of the present invention. An
exchange 101 shown in Fig. 1 includes line interfaces 106 and 107 connected
with lines of a 15 nultiplicity of wired tel ephone sets (such as a

t el ephone set 102) and with |ines of bas&2stations 103-1 to 103-n, a

mai nt enance interface 110 connected with a console 105, a change-over
switch 108, @#ignalsdinr diine siget f @teorfizan |the) nanagenenihgiatand a
managenment 20 information menory 111 for control of the base stations. The
menory in turtRihes ZH bone-thathaml ok Rawm-shakion gopntaal datadi cati ve of
t he operational states of the respective base stations 103-1 to 103-n such

as normal, trE898YeD iRt ithe Axehands N &n a‘ﬁbe‘é R8s the 25
state patte Qrepaacf‘)oﬁm”%m%ﬁ{#pﬁf R Rt bt o tatatates of
the resDegt'V§ircu1t 207 and phase control circuit 202. The
communication control circuit 207 controls the trans-
mission output of the transmitter circﬁit 203 for each
of the allocated time slots, while the phase control
circuit 202 controls the phase of power to be supplied
10 to each of the antennas for each of the allocated time
slots to thereby control the radio radiation patterns.
In this way the radio radiation patterns are alternately
changed over for each of the allocated time slots.
Shown in Fig. 5 is a configuration of service
15 areas when the base station 103-1 is stopped due to its
fault. Wwhen the base station 103-1 stops its operation,
this causes the radio telephone set 104 usable only
within the service area 301-1 in Fig. 3 to become
unusable. To avoid this, the service area 301-7 is
20 changed to a service area 301-7b and the service area
301-4 is changed to a service area 301-4b to provide
different radio radiation patterns, whereas the service
area 301-3 is expanded to a service area 301-3b and the
service area 301-6 is expanded to a service area 301-6b
25 by increasing the outputs of the associated base
stations to obtain the large service areas. As a
result, even when the base station 103-1 becomes faulty

and stops its operation, the radio telephone set can use



-8- base stations and also for recording therein base station control data
for control of radio service areas of the respective base stations prepared
for the patterns. 5 Connected to the exchange 101 via the |line
interface 107 are the base stations 103=1180-103-n which in turn are
connected with radio tel ephone sets 104-1 to 104-n through spatial radio
channel s. Suchna iitey Auealseasrildee arelaepifornthes faulldy; bMEGerstwtian connect ed
to the line interface 106, can talk with a party. Further connected to the
mai nt enance i Riithoate bilihg sredardeshssl @wt0®Hrthehissirwidentarence

i nformati on can be di splayed. Shown in Fig. 2 shows a structure of one 103
15 of the basewstiatg ovsictoZhe thauwldy: hasthé tdslenstidi-vh cBB 8% a connector

which is connected to the exchange
replaced by a normal one or repaired, minimizing the

5 damage to the user. Even in this case, a trouble caused
by the change of the service area shape is considered as
in Fig. 4. However, this trouble can be solved as in
the above case by alternately changing over the radio
radiation patterns for each of the allocated time slots

10 on the basis of the control data.

Fig. 6 is an example of configuration of

service areas using the preliminary base station 103-8
designed to be operated exclusively when traffic is
increased or when the base station 103 stops its

15 operation to prevent call loss beforehand. For example,
when the traffic of the service area 301-1 covered by
the base station 103-1 becomes high, the radio radiation
directivity of the preliminary base station 103-8 is
directed toward the base station 103-1 so that, in the

20 service area 301-1, the radio telephone set can use
under control of both the base station 103-1 and the
preliminary base station 103-8. When any of the base
stations 103 becomes faulty, the same explanation holds
true for it.

25 The summary of the system operation from Fig.
3 to Fig. 6 will be explained by referring to Fig. 7 and
subsequent drawings.

Turning to Fig. 7, there is shown a base-



101 in Fig. 1 for comuni cation between the radio tel ephone set 104 and
exchange 101. The base station 103 is connected to the exchange 101 through
a wred 20 line and connected to the radi o tel ephone set 104 through a
spatial radio channel. The base station @3 -has an array of antennas 201
whose radio radiation pattern is controlled by a phase control circuit 202
by a well knosmhatiohodpefatibnsstateattahle0Blhag whichnis 26cateder circuit
203 having a function of controlling a transm ssion output; a receiver
circuit 205 heithinathensanageBentosnfernphgon mewepyi dhlsefisthevity; a

frequency control circuit 204 for deternining -9- frequencies of the
transmitter affCRaReeyEPlcARALVRLChOShANE BDS; CUTEBRTUAPERRFSARCONL I ol

circuit 207 f(s){:.ates of all the registered base stations 103. That
5 1is, when the operation states of the base stations are
managed by operation state numbers 702 of the base
stations for respective base station numbers 701
thereof, the entire system operation state, i.e., the
operation states of the respective base stations 103.

10 The state numbers, which include "0" indicative of a
normal state, "1" indicative of a congestion state or
traffic congestion, "2" indicative of a fault state and
"3" indicative of other state, are used for management.

Shown in Fig. 8 is a base-station state

15 pattern table 800 which is located within the base-
station state pattern memory and which shows the states
of all the base stations in the form of a plurality of
patterns. In this table, the states of all the base
stations are set by base-station state numbers 802 as

20 associated with base station numbers 801 for each
pattern, each pattern being managed by an associated
pattern number 803.

The base-station state numbers 802, as in the
operation state numbers 702 already explained in Fig. 7,

25 include "0" indicative of a normal state, "1" indicative
of a traffic congestion state, "2" indicative of a fault
state and "3" indicative of other state. In this table,

a plurality of possible patterns of the system are



perform ng control over the transm ssion/reception of comrunication data
and in atine division nultiple 5 access (TDVMA) system over tine slot,
transm ssion output and sensitivity; a nodulator circuit 206 for subjecting
data received froma conmmunication contwals ircuit 207 to a nodul ati on and
sending it to the transmtter circuit 203, a denodulator circuit 208 for 10
subj ecti ng a zégisteredefordeachtdf thevpatteon mpumbers 203.to a
denodul ati on and sending it to the conmunica- tion control circuit 207, a
mai n controller 209 forFeareyampleutwemtthe baee statbomsdhaving pheterns
of the base stations and over the entire operations of the 15 base
stations: a nASReREtioRiBURRere 84 ¢brlmphadpd Hemrefinskallhedoat

radi ation patterns: and . a line interface 211 connected to thf%exchange for

data transni s3tOh HAPTERD1IDCRTHRI RIFGLE LRALIRREBPRRIBE service

areas 20 %Ove{égpgyaéiﬂlruégéitt_ggg{:hép,e gﬁgebgégléggéi&g?’é%agg numbers
802 of the base stations having the base station numbers
801 of 1, 2 and 10 are all set at "1" and the base-
station state numbers 802 of the other base stations are
set at "0", which is called a pattern 1. Similarly,

10 when the base stations 103 having the base station
numbers 801 of 30 to 45 are installed at such locations
as stations that many peoplé flock together, the state
numbers of the base stations having the base station
numbers 801 of 30 to 45 are set at "1" and the base-

15 station state numbers of the other base stations are set
at "0" (assuming that 30<i<45<n), which is called a
pattern 2.

When such a pattern is created that the base-
station state number 802 of one of the base stations

20 having the base station number 801 is set at "2" and the
base-station state numbers 802 of the other base
stations are set at "0", taking into consideration the
fact that any one of the base stations 103 becomes
faulty; the number of such patterns corresponds to that

25 of the base-station state numbers 802. Fig. 8 shows its
more detailed example when such a case as shown in Fig.
4 is registered as a pattern 8 and such a case as shown

in Fig. 5 is as a pattern 9. Therefore, the base



103-7 in the systemof Fig. 1. Wthin each of the comunicatabl e service
areas 301-1 to 301-7 of the base stations 103-1 to 103-7, the associ ated
radi o tel ephone set 104 can performtel ephone services such as incom ng 25
and outgoing calls, and when the tel ephohé s | ocated out of its service
area, the tel ephone cannot performits tel ephone function. Fig. 3 shows an
exanpl e of cEffatjiomtiumbexfs 801 df) 1 antdk T ang eetaratas"i'h in drerml node.
In this node, the radio tel ephone set 104 can performits incom ng/

out goi ng cal Ifos@ey Rattern 1% ddigiRaseratmtinn nubeudet of Lkukh radio

t el ephone sets speech contraqllable 5 by the single base station 103 has-a

limt. For ex@fplat 13 tHe e viatdker fatdern Lot dEhsmIgEhRr hase

station numbers 801 are set at "0" in the other
5 patterns.

Fig. 9 shows how control parameters of the
base stations are indexed to the pattern numbers 803 and
how control data are managed. An index table 901, which
is present in the base-station state pattern memory 111-

10 b in Fig. 1, records therein pattern number pointers for
searching a base-station control data table 903 with
respect to the respective pattern numbers, whereby the
base-station control data table 903 is indexed. The
base-station control data table 903, which is present in

15 the base-station state pattern memory 111-b, stores
therein directivity data 904, output control data 905
and corresponding the number of slots data 906 with
respect to respective base-station numbers 907.

The directivity data as used herein, which

20 refers to the direction of the radiation pattern, is
expressed in terms of "0-0" for non-directivity
(radiation pattern of the base stations shown in Fig. 3)
and in terms of corresponding parameters for a given
directivity.

25 The output control data as used herein, which
refers to transmission outputs of radio waves radiated
from the base stations 103, is expressed based on "10"

as a standard transmission output wvalue.



base station 103-1, only a maxi rum m of radi o tel ephone sets 104 can speech
at the sane tine. In other words, even when there is an outgoing or
incomng call to the 10 (mtl)th radi o tel ephone set 104, the base station
103-1 cannot handle the call because i+ 1% beyond its handling capability,
which results in a call loss. In this way, when conmunication traffic
becones hi gh, there nayhepmstrinespacting diheh rumban atff grlatmtdatan ¥ te of
the 15 fact that the radio tel ephone set is within its due service area,

t he tel ephondnshmadie pdve gvumban afalgloded gaxeespaading Yurdwse of

preventing traffic congestion and avoidjng such a sjituation as, nentioned 20

above, in ac@®HIERE WRIFIHED AL e iHraRtIoH tw f#ata 4 e
rafrfics of CHERL AUEEALAAtBIE and 301 3 covered by the 2 base
stations %03'1 and 103ﬁ%'%%¥¥?ﬁé&£¥ké%ﬁfé¥? éﬁ53$§¥¥%rns 8 and 9
were given in the drawing. More in detail, with respect
to the pattern 8, directivities are given to the base
stations having the base station numbers of 2, 4, 6 and
7 as shown in Fig. 4, so that the directivity data 904
10 corresponding to the stations are expressed by para-
meters of "120", "300", "240" and "180" as clockwise
turned with the north direction (upper direction in the
drawing) set at "0", which are followed by hyphen(-) and
then by "A" indicative of the presence of the patter
15 direction. In the case of absence of the directivity or
non-directivity, "A" is replaced by "0".

The number of slots data 906 has 3 types of
the number of slots m, 1 and k, and the maximum number
of slots m satisfies a relationship of m>1>k. With

20 regard to the pattern 8 (base-station control data table
903-8), the base stations having the base-station
numbers 907 of 1, 3, 5 and n have the number of slots m,
the non-directivity of "0-0" and the output control data
905 of "10", set therein. The base stations having the

25 Dbase-station numbers 907 of 2, 4, 6 and 7 have the
number of slots k or 1, the directivity represented by
"A" (indicative of presence of directivity) and the

output control data 905 of "10", set therein. The



25 stations alone cannot control all the radio tel ephone sets |ocated
within the service areas. Then the radio radiation patterns of the adjacent
base stations 103-2, 103-4, 103-6 and 103-7 are changed so that the service
areas of the adjacent base stations 103-18 -103-4, 103-6 and 103-7 are
expanded toward the service areas 301-1 and 301-3 of the base stations
103-1 and l1l08eBainisgchaae exathonsh8f7phavezthesnombekeofeslpte mr-kas of
only 5 the base stations 103-1 and 103-3 are al so overl apped by the service
areas of theobaBelst BhpoAdregsiyityoafs '0¢03- 6inddcabive. ofisakseaseit, in
the service area,so far having the maxi mum m of tel ephones all ow ng

si mul t aneous®§pEaERCLLKEtY nPF) PANrELEBREARLEY ) nBRE Egﬁ PYLPYLK with parties

at the same LIMR 30 430 85s' D8 -36% |(2E2hdrhNohRBul 0V SeRv ehedRRgd 2ones.

5 With respect to the pattern 9 (base-station
control data table 903-9), as in the case of the pattern
8, directivities are given to the basé stations of 4 and
7, that is, "0-A" and "180-A" are set therefor.
Meanwhile, no direction is given to the base stations of

10 3 and 6 and thus the stations have the directivity data
904 of "0-0", but have the output control data 905 of
"20" in place of the standard output "10" to expand
their service areas. When the transmission output 905
is set at "20", this causes not only the output to be

15 increased but also the sensitivity to be also enhanced
correspondingly.

Figs. 10 and 11 show how to measure channel
use frequencies of the respective base stations 103 or
_traffics. The respective base stations 103 successively

20 transmit the number of use channels to the exchange 101,
and the number of use channels are recorded and updated
in the management information memory 111 with respect to
the respective base stations. More specifically, Fig.
10 is a diagram for explaining how to calculate the

25 channel use frequencies of the base stations 103 based
on the operation of the main controller 109, in which
drawing a time axis 1001 is sampled at intervals of a

sampling period 1003 of t;, to search the channel use



However, this also involves such a problemthat the service area 301-2 is
changed in shape to a service area 301-2a, the service area 301-4 is to a
15 service area 301-4a, the service area 301-6 is to a service area 301-6a,
and the service area 301-7 is to a servix®e -area 301-7a respectively; so
that it is considered that sone parts of the service areas so far covered

i n the nornafregdenpéesnefubber baeeabtetitfs 103 for eachosawmpildnghi s, when
t he base stations 103-2, 103-4, 103-6 and 103-7 are of the TDVA type for
exanpl e, sonpesiod.pl Thaespt ghanneilnuse| frequencheshare dnkegsasedre
allocated to the original service areas 301-2, 301- 4, 301-6 and 301-7
shown i n Fi gov8rwAi PEeptermingdarappling: §reguenryodfPed thatndsservice
areas 301-2a, 30&:4a, 301- 6a ans 01-7a.§homm ﬁﬁ%gr the change in Fig. 4.
This tinme sl SR™RILBEafPREtERBr 40PENOHi Eb™ SR Xt A9 he mai n

Controllgg 209 reads OEEO%%”EEO%ig. 11 is a flowchart for explaining

the operation of each time duration t;. In the drawing,
the main controller substitutes an initial value 1 for a
base-station number i and a sampling frequency S (step
1101), reads out a current number of use channels X(1)

10 of the base-station number i from the management
information memory 111, and integrates it as Y(i) in the
memory 111 for each base-station number i (step 1102).
The main controller judges at a next step 1103 whether
or not the sampling frequency S arrived at m. If not

15 then the main controller increments the sampling
frequency S (step 1108), and returns to the step 1102 to-
wait for the next sampling operation to be done at
intervals of the sampling period t,.

When the main controller judges at the step

20 1103 to be YES, this means that the integration up to a
predetermined sampling frequency m has been completed.
Thus, the main controller divides the integrated value
Y(i) by the sampling frequency m to calculate the number
of average use channels and then calculate a channel use

25 frequency Z(i) on the basis of the number of average use
channels, and then records it in the management informa-
tion memory 111. Then the main controller clears the

integrated value Y(i) at a step 1105, increments the



- 12 - signals for time slot, etc. fromthe managenent data table 210 on
the basis of base station control data received fromthe exchange 101, and
t hen supplies the read-out control signals to the conmunication control 5
circuit 207 and phase control circuit 200 <The conmuni cation control
circuit 207 controls the trans- m ssion output of the transmtter circuit
203 for eachbasetgtasipocaumberi deat| 8t stephil 86y henghivdgesnwhethexr cui t

202 controls the
for each of PRenf

patterns. In
over for eac
configuratio
due to its
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ALd

:

hase of power to be supplied 10 to each of the antennas
| §bat ealepdatippt 9ft §hehehappedonspof requengdes P4di ati on

'S ma¥ the radi o radi ation patterns are alternately changed
f thRePg .

PRoEAREAOPFBAS| BPEN SRBRASERIFi(§LeR 1d04)

QhOf servi.ce 1% areas mheqlbgetgagg ﬁbﬁtkgn 103-1 i s stopped

en judging a

e step e main

controller returns to the step 1102; whereas, when

judging to be YES, the main controller terminates the

calculating operation.

As has been explained in the foregoing, the

main controller records the traffics of the respective

base stations in the memory 111 in the form of the

channel use frequency Z(i) according to such a flowchart

as shown in Fig. 11.

When detecting a fault in any of the base

stations 103 in a conventionally known way, the main

controller 209 informs the exchange 101 of the fault

occurrence by sending a message generated by the

controller itself to the exchange. The exchange, when

informed of the fault occurrence, records the fault fact

in the memory 111. When there is a base station which

cannot communicate with the exchange, the exchange

records the base station as a faulty station in the

memory 111.

Figs. 12 and 13 show a flowchart for explain-

ing how the exchange 101 transmits control data to the

respective base stations to control the radio service

areas in the system shown in Figs. 7 to 11. The

operation of the flowchart is executed under the control

of the main controller 109.



fault. When the base station 103-1 stops its operation, this causes the
radi o tel ephone set 104 usable only within the service area 301-1 in Fig. 3
to beconme unusable. To avoid this, the service area 301-7 is 20 changed to
a service area 301-7b and the service ar2hd 301-4 is changed to a service
area 301-4b to provide different radio radiation patterns, whereas the
service area 301-3 i s d&maded towchassr ofc &Figy.ed [3018h ewahange servi ce
area 301-6 is expanded to a service area 301-6b 25 by increasing the

out puts of tIsdagdsoditst eparaddon &t eanstep AW endedauent it ce ar eas.
As a result, even when the base station 103-1 becomes faulty and stops its
operation, tHeadkiant dnfsiaedian amihebase stpdions, yeaoxdad ddgt vi ce

area of the faulty base station
é%e ﬁémcry 111 at a step 1203. The base-station

5 operation-state table 1lll-a shown in Fig. 7 is created
at the step 1203 on the basis of the read-out base
station information. That is, at the step 1203, the
exchange sets the base-station state number 701 at "2"
for the base station registered as the faulty station.

10 When the channel use freguency Z(i) calculated at the
step 1104 already explained in Fig. 11 exceeds a
predetérmined threshold at tﬁe step 1203, the exchange
sets "1" for the base station number 701 of the base
station 103 having the exceeded channel use frequency,

15 and also sets "0" for the other base stations in normal
operation. In this way, the base-station operation-
state table 111-a is created. When detecting a fault in
any of the base stations, in order to quickly cope with
it, the exchange issues at a step 1202 an interrupt

20 start, sets "2" for corresponding one of the base
station numbers corresponding to the faulty base station
at a step 1204, and also records the fault occurrence in
the management information memory 111 at the operation
state recording part of the faulty station. In this

25 connection, the fault detection is carried out by the
exchange, when failing to perform normal communication
with the base station, judges it as a faulty station.

After completing the creation of the base-



w t hout being regarded as out of the service area, during which the faulty
base station 103-1 can be replaced by a nornmal one or repaired, mnimzing
the 5 damage to the user. Even in this case, a trouble caused by the
change of the service area shape is consd2lered as in Fig. 4. However, this
trouble can be solved as in the above case by alternately changi ng over the
radi o radi at sbatpant eperatipnesthtef tahdealldecat &0 thie whytsthe on the
basis of the control data. Fig. 6 is an exanple of configuration of service
areas usi ng eKehapgpi APhAnrYeBashesbaspoRtatidon apsragkdéanrstpEeopabieed
exclusively when traffic is_increased or when the base statign 103 stops
its 15 oper &tioh WstrEU@nPaEQFFtPG%anéFBFEhEﬁ&FerPoFaéiﬁ 08 akhén the
traffic of thg seiébge area 301-1 covered by the base station 103-1 becones
hi gh, the rafir&Pr tion directivity of the prelininary base station 103-8

i's directed toward thespage;station $8314¢3Rq BAL vhlelBRation

operation-state table 111-a with the base-station state
pattern table 800 and extracting a coincided pattern at
the steps 1205 and 1206, the exchange extracts the
pattern number 803 of the coincided pattern at a step

10 1207. The exchange, using the pattern number 803
extracted at the step 1207, indexes the base-station
control data table 903 from the index table 901, and
determines the directivity data 904 and output control
data 905 of the respective base stations 103 as the

15 control data. Based on the determined control data, the
exchange 101 issues control instructions to the respec-
tive base stations 103.

When failing at the step 1206 to find any
coincided pattern, the exchange searches the base-

20 station operation-state table 111-a for the presence of
"l" or "2" in the base-station state number 703 (step
1210). In the case of absence of "1" or "2" in the
base-station state number 703, the exchange will issue
no control instructions to the base stations 103 because

25 of unnecessary control thereof. 1In the case of presence
of "1" or "2" in the base-station state number 703, the
exchange regards it as a new pattern was generated, and

informs the maintenance console 105 of a generation



20 service area 301-1, the radio tel ephone set can use under control of
both the base station 103-1 and the prelimnary base station 103-8. Wen
any of the base stations 103 becones faulty, the same expl anation hol ds
true for it. 25 The sunmary-of23t ke system operation fromFig. 3
to Fig. 6 will be explained by referring to Fig. 7 and subsequent draw ngs.
Turning to Fiajtarm amdrits sserben(stepsk2ll). - 14 - station operation-state
table 111-a which is located within the managenent information menory 111
of the exchange 101 and"h#n cinEpEied tpf Ehe reenermeicn i dtRsh 224 bESall the

regi stered base stations 103. That 5 is, when the QPeration states of the
base stationsState at the step 1211, the operator of the console must

register the generated pattern in the base-station

5 operation-state table 1ll1-~a as a new pattern. To this
end, the console goes to a step 1212. The console
operator finds such a control pattern that produces the
minimum call loss under the condition informed at the
step 1211 (step 1213), registers the new pattern in the

10 Dbase-station state pattern memory 111-b, and registers
pointers in the index table 901 and the base-station
control data table 903 and output control data 905 in
the base-station control data table 903 so as to be able
to cope with generation of a new second pattern.

15 Fig. 14 shows an operational sequence of
signal transfer between the exchange 101 and the
respective base stations 103. In the drawing, the
exchange first detects traffic congestion or a fault in
the base stations 103 during the operation of Fig. 12

20 (step 1301). The exchange collates the base-station
operation-state table l1l11-a with the base-station state
pattern table 800. When extracting a coincided pattern
as a result of the collation (step 1303), the exchange
reads out the corresponding base-station control data

25 table 903, issues an instruction 1304 to associated one
of the base stations necessary for changing the opera-
tion state to cause the base station in question to be

operated with a new radiation pattern, and also



managed by operation state nunbers 702 of the base stations for respective
base station nunbers 701 thereof, the entire system operation state, i.e.,
the operation states of the respective base stations 103. 10 The state
nunbers, which include "0" indicative of 24 rormal state, "1" indicative of
a congestion state or traffic congestion, "2" indicative of a fault state
and "3" indi ciananigis gronral data gk 30 sEPyeko mhAFRhtre®skh in Fig. 8
is a base-station state 15 pattern_table 800 which is located within the
base- st ati of"@ISAIE pERE rhe MG TAIRLE PR RALIHRAR. t HEIQ {3ReTRAURSE t he
base stations in the for f a plurali of patterns. In this table, the
<fudes, hd

states of al I"§HPHATH nsthret S PR has et AFBHEEL at?S nunber s 802
as 20 associated with base st 'g%hnﬁgbers 801. for _each pattern, each
idt e

pattern bei nd“%sasf%%eeaqﬁ@/e 4t 8% TR TS MY ERYS 7 The base-station
state nungers"ﬁgégeﬁgé/ébééﬁée of directivity", "directivity" and

"the number of associated slots" as control data.

When receiving the set requeét message 1306,
the base station 103 sets its radiation pattern
according to the contents of the set request message

10 1306 (step 1307). After completing the setting, the
base station 103 transmits a set completion message 1308
including data indicative of the set condition to the
exchange 101 to inform the exchange of the set comple-
tion (step 1305). The set completion message 1308 is

15 made up of "set completion" as its message type as well
as information "output", "presence/absence of direc-
tivity" and "the number of associated slots" set by the
base station 103. The exchange sequentially collates
the set data of the set completion message 1308 with

20 those in the base-station control data table 903. A
coincidence therebetween causes the exchange to regard
it as the set completion at a step 1310; whereas, non-
coincidence causes the exchange to again issue a reset
instruction 1311 to the base station 103 correspohding

25 to the non-coincidence. 1In this case, the reset request
instruction 1311 has the same contents as the above set
request message 1306. In this connection, the base

station performs its resetting operation based on the



operation state nunbers 702 already explained in Fig. 7, 25 include "0"

I ndicative of a normal state, "1" indicative of a traffic congestion state,
"2" indicative of a fault state and "3" indicative of other state. 1In this
table, a plurality of possible patterns @5 the system are - 15 -

regi stered for each of the pattern nunbers 803. For exanple, when the base
stati ons havi¥rRpethereguestimesrge amdrst8omesst Iresubinonay againnkeal | ed
at such locatjons as_neeting places that many people 5 tenpo[arilz get
t oget her, thelvRmaned 4%¢ ckhetexehangdeis mePeFaxfie bERethe ailbasthavi ng

t he base station nunbers 801 of 1, 2 and 10 are all set at "1" and the
base- stationrated CFRMBE? s BHERT ¢ neh bt ne?-PRE L¢3t dnstarhet at "0,

which i's callgd. g palteI N de oSdT 1 arly,

5 Meanwhile, when failing to extract any
coincided pattern at the step 1303, the exchange issues
an instruction to the maintenance console 105 to cause
the console to display thereon the states of all the
base stations. A display request message 1314 for the

10 display is made up of "display request" as its message
type and information of the memory 111 on the operation
states of the base stations. When receiving the infor-
mation, the maintenance console displays the operation
states of all the base stations 103 on its display

15 screen. The console operator, while looking at the
display, adds a new pattern in the base-station state
pattern table 800 and creates a base-station control
data table 903 corresponding to the new pattern.

In the explanation made in connection with

20 PFigs. 12 to 14, when the exchange extracts the base-
station state pattern or patterns coinciding with the
contents of the base-station operation-state table 1lll-a
from the base-station state pattern table, the exchange
transmits the base-station control data corresponding to

25 the extracted base-station state pattern or patterns to
the associated base station or stations, whereby the
service areas of the respective base stations are set.

When failing to extract any coincided pattern, the



10 when the base stations 103 having the base station nunbers 801 of 30 to
45 are installed at such | ocations as stations that many people fl ock
together, the state nunbers of the base stations having the base station
nunbers 801 of 30 to 45 are set at "1" andéthe base- 15 station state
nunbers of the other base stations are set at "0" (assum ng that

30<i <45<n), wexdharge aldwrbs et merimtndNmen coandole pat tdirsplay cr eat ed
that the base- station state nunber 802 of one of the base stations 20

havi ng t he baddeniean dghewgfif@cel ithes@xtgactiomfpihwre due-prepanh state
nunbers 802 of the other base stations are set at "0", taking .into

consi deration& H'éa“f Ratwerh- aflPeeyr hen dhere 1ane orta o Rasfres

base- o1 at i on AT HADSLIEL Iy, O BAHES SRS A1 b RHRA vhen
such a casg ag,shau g RN A DAL Rl SyEN @ case
patterns, which results in the fact that the number of
such patterns has to be inevitably limited. For this
reason, when the extraction of a pattern coincided with
the base-station operation sate table from the base-

10 station state pattern table unsuccessfully ends, it
requires a lot of time. 1In such a case, when a new
pattern is created every time, this is not adapted for
the actual applications of the system of the present
invention and thus the present system cannot be fully

15 operated.

In view of such a respect, another embodiment
of the present invention is provided, which operation is
shown by a flowchart in Fig. 15 and corresponds to the
details of the steps 1205 and 1206 in Figs. 12 and 13

20 and of the steps 1302 and 1303 in Fig. 14. In the
present embodiment, with respect to each pattern in the
pattern table, a coincidence rate with the base-station
operation state table is calculated, one of the patterns
having the highest coincidence rate is selected, and the

25 selected pattern is employed so long as the coincidence
rate of the selected pattern exceeds a predetermined

value.

In Fig. 15, when the system starts its



in Fig. 5is as a pattern 9. Therefore, the base - 16 - station nunbers
801 of 1 and 3 are set at "1" in the former pattern 8, the base station
nunber 801 of 1 is set at "2" in the latter pattern 9, and the other base
station nunbers 801 are set at "0" in the2dther 5 patterns. Fig. 9 shows
how control paraneters of the base stations are indexed to the pattern
nunbers 803 aMPaTdkicmt rtdle dyskel £inmgfag@ts Al dem tigidicargive vif ch i s
present in the base-station state pattern nmenory 111- 10 b in Fig, 1,
records t her eithRatd/rmimpsdendti ats § stapdiHi ngatDask: @tatd on
control data t.abJ.e 903 w't ect to the respective pattern nunbers,

wher eby the badS¥<ih:vh rﬁtfezﬂ’a(feﬂ &hadpion &F i§fHeddd 2 HeP

1502, and also sets "0" at Sm indicative of the number

5 of coincidences in the base-station state number between
the base-station state patterns of the pattern number m
and the base-station operation state table at a step
1503.

The system, at a step 1504, compares the

10 contents of the base-station number i in the base-
station operation state pattern of Fig. 7 with the
contents of the base-station number i in the pattern
number m of the base-station state pattern table of Fig.
8 and judges the presence or absence of any coincidence

15 therebetween. Judgement of a coincidence therebetween
causes the system to proceed to a step 1505 to increment
the contents of the number of coincidences Sm by "1",
and then the system goes to a step 1506. Judgement of
non-coincidence at the step 1504 causes the system to

20 proceed directly to the step 1506.

In the step 1506, the system judges whether or
not the base-station number i exceeded the value n of
the total number of base stations. When the judgement
is NO, the system increments the base-station number i

25 by "1" at a step 1507 and returns to the step 1504 to
execute such operation as mentioned above. When
completing the comparing operation for all the base

stations, the system judges to be YES, stores the number



base-station control data table 903, which is present in 15 the
base-station state pattern nmenory 111-b, stores therein directivity data
904, output control data 905 and correspondi ng the nunber of slots data 906
Wi th respect to respective base-station-nggbers 907. The directivity data
as used herein, which 20 refers to the direction of the radiation pattern,

i s expressed iof taritsigferidd<)"Snl @ f rdhe hasxtstations cab att ais pat tehe of

t he base stations shown in Fig. 3) and in terns of correspondi ng paraneters
for a given disten i)iQ6, aBl then goes torie shemputSWbntrol data as used
herein, which refers to transm ssion outputs of radio waves radiated from
the base stations 103, i &4 &/p Wldd Wi spten ndgemddiether or

transn]SS|on(%génghé“géﬁﬁling frequency m exceeded the number of

5 total patterns k. Judgement of NO causes the system to
increment the sampling frequency m by "1" at a step
1509, to return to the step 1502, to set the base-
station number i at "1" to resume the base stations of
the next pattern number from the beginning, and then to

10 set the number of coincidences Sm at "0" at the step
1503. 1In this way, when the system repeats such similar
operations as mentioned above up to the number of total
patterns k and finds the number of coincidences of from
S1 to Sk, the system judges at a step 1508 to be YES and

15 proceeds to a step 1510.

In the step 1510, the system selects maximum
one of the number of coincidences S1 to Sk and sets it
as Smax. The system then divides the maximum value Smax
by the number of total base stations n to calculate a

20 coincidence rate Avg at a step 1511. The system, in a
step 1512, compares the coincidence rate Avg with a
lowest coincidence rate STD which allows to regard as
coincidence between the base-station operation state
table and the selected pattern, and judges whether or

25 not the coincidence rate Avg is larger than the lowest
coincidence rate STD. Judgement of YES causes the
system to select the base-station state pattern

corresponding to the maximum coincidence rate Smax and



- 17 - The correspondi ng the nunber of slots data 906 indicate the nunber
of slots corresponding to the patterns specified by the directivity data
904 and the output control data 905. 5 As detail ed exanpl es,
the patterns 8 and 9 were given in the drasvsag. Mre in detail, wth
respect to the pattern 8, directivities are given to the base stations
havi ng t he ba%e teamioateurnther opefralioh afd anstepad Sddown Jdiudgengntd ofso
that the directivity data 904 10 corresponding to the stations are
expressed by P& at fheesdept 15120 causgE0the’ 3a5temn o r8Q@arss idlso@eni se
turned with the north direction (upper direction in the drawi ng) set at
"0", which ar &heopPsRBFeH P Lth e FOincided: pafteyn And A@ demmidade t he
presence of the patter 15 direction. I n_the case of absence of the

directivity orMfofPErA&ienyatya 8kep d31dy| aced by "0". The number of slots

data 906 hgs 3 types OfExplanation will next be made as to how the

base stations handle control data when the base stations
receive the control data from the exchange 101.

When the respective base stations receive the
control data from the exchange, the main controller 209

10 of each base station refers to the management data table
210 based on the received control data. The management
data table contains an antenna phase table, an output
table, a sensitivity table and a number of slots table
shown in Figs. 16A to 16D respectively.

15 The main controller 209, when receiving such a
directional data "120-A" in the control data as shown in
Fig. 9, searches the management data table 210 for a
column of the antenna phase table of Fig. 16A shown by
an arrow, reads out a transmission power phase signal of

20 the respective antenna elements corresponding to 120
degree from the right column, and then sends it to the
phase control circuit 202. The phase control circuit
202, on the basis of the received phase signal, controls
the phase of transmission power to be sent to the

25 respective antenna elements to thereby provide a desired
radiation pattern. Wwhen receiving the control data
associated with the output power, the main controller

209 refers to the output control data of the columns of



t he nunber of slots m 1 and k, and the maxi mum nunber of slots msatisfies
a relationship of npl>k. Wth 20 regard to the pattern 8 (base-station
control data table 903-8), the base stations having the base-station
nunbers 907 of 1, 3, 5 and n have the rudBer of slots m the
non-directivity of "0-0" and the output control data 905 of "110", set
therein. The Bigse BiRitanshsl 6Qvehepn ey Zrivwe, sand | xeadsindet sa 907 of 2, 4,
6 and 7 have the nunber of slots k or 1, the directivity represented by "A"
(i ndi cative CIORNRSRORAIRG QUERWRE iROYWSY e heFidit pleBtomd od data 905 of
"10", set therein, The - _remaj ni ng base stations 907 have the

e - 18 - | :
nunber of sl A FAK G EM Y21y e(EhF ectbG) t9F dthe FHohe ¢ WBRF ve of absence

of dlreCtIVItQéégeccgge §?Ct+ﬂgtﬁQié”%%ﬁé?%f&gén509 sends the read-

5 out output power value to the transmission output
control part of the transmitter circuit 203 via the
communication control circuit 207 to sét a transmission
output. The main controller 209, on the other hand,
sends the read-out sensitivity value to the reception

10 sensitivity control part of the receiver circuit 205 via
the communication control circuit 207 to set a reception
sensitivity for the received signal. Further, the main
controller 209, when receiving the number of slots
control data, refers to the column of Fig. 16D shown by

15 an arrow, reads out a corresponding slot control signal
from its right column, and then sends the slot control
signal through the communication control circuit 207 to
the transmitter circuit 203, frequency control circuit
204 and receiver circuit 205 to perform slot control in

20 a known manner.

In accordance with the mobile communication
system of the present invention, the service areas of
the base stations are controlled to minimize the call
loss generated by a change in the state of the system

25 such as calling rate or by a fault in the base stations
only with use of an existing operational facility,
thereby reducing the possibility of inconvenience to

users of the radio telephone sets.



control data 905 of "10" (standard output), set therein. 5 Wth
respect to the pattern 9 (base-station control data : as in the
case of the pattern 8, directivities are given to tmnmg!!“'f@#ﬁwm’of 4

and 7, that is, "0-A" and "180-A" are seBltherefor. kean ) rection
Is given to the base stations of 10 3 and 6 and thus the stations have the
directivity WAL d&4 GAIMED'IS:but have the output control data 905 of "20"
in place of the standard output "10" to expand their service areas. Wen

the transnisdi-on out puArdRtegragedyisennjcearea CaneLh@ysHaw &% out put

to be 15 incgreased bui also,the sensitivity to be also enhanced
cor r espondi ngiy SaREFEA 110 A TP 1B TR SIS SR e

frequenci es of; the.resp ive base .stati.ons 103 .or traffics. .The respective
base stati on?lﬂf?%slt}" cé’?gitk{%qley %@%Jtornasnslrﬁ 2 1% SN LA Y9 nnel s to
the exchange JlAt.e ARfidie iHUTRRes art S AIHYYE SA'E JRAYKAG, ¥y updat ed

base stations connected to said exchange, and a

plurality of radio telephone sets located within the
radio service areas of the base stations for communi-
cating with the base stations through spatial radio
channels, said exchange comprising:

detection means for detecting an abnormal
condition in the respective base stations;

means, on the basis of a detection result of
said detection means, for creating a base-station
operation-state table indicative of operation states of
the base stations;

a base-station state pattern table for
registering therein a plurality of patterns indicative
of the various operation states of the base stations;

a base-station control data table created for
each of the patterns for defining the radio service
areas of the base stations to match the patterns
registered in said pattern table;

selection means for comparing said base-
station operation-state table with said base-station
state pattern table to select one of the patterns
optimumly matching contents of said base-station

operation-state table;
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I n the managenent information menory 111 with respe lyﬂi]ﬂt he respective

base stations. Mire specifically, Fig. 10 is a diag &I"’m Nk how
to calculate the 25 channel use frequencies of the St #7 3 based

on the operation of the main controller 329~ in which drawi nf§j asti axi s
1001 is sanpled at intervals of a sanpling period 1003 of to to search the
channel use - 19 - fresgligricast aofearse foas ereadiiomnt] g @f esacid

sanpling period. These channel use frequencies are integrated over a
pr edet er m nedPas@miiatd o QpTSL H3d2 hahlies CORRaRRINTERILIER I8 1004 of
tferr]*mto find an avera Shown in Fig. 11 is a flowchart

.. 5
for explaimlﬂfﬁqﬁ¥qNﬁﬁ¥ﬁ$¥%g(ﬂyeﬁﬁﬂgtqQﬁ?QﬁﬁQQiWﬁ?Q§i 4%l t he drawing, the

' i tutes initial value 1 for
main controller Subs“means or'lransmléllng contréﬁ data of the

base-station control data table read out by said
reading-~out means to the base stations,

wherein each of said base stations includes
means for setting its own radio service area on the
basis of the control data received from the transmission
means of said exchange.
2. An integrated service-area control system as
set forth in claim 1, wherein said base-station
operation state table records therein symbols indicative
at least of distinction between normal and abnormal
operation states of the base stations.
3. An integrated service-area control system as
set forth in claim 2, wherein said abnormal operation
state includes at least one of a fault state in which
the base station cannot be normally operated and a
congestion state in which traffic density is high.
4. An integrated service-area control system as
set forth in claim 3, wherein said detection means
judges, when the exchange fails to normally communicate
with a base station, that the base station is in said
fault state.
5. An integrated service-area control system as
set forth in claim 3, wherein said base station further

has means for transmitting its own operation state to
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base-station nunber i and a sanpling frequency S (step 1101), reads out a
current nunber of use channels X(i) 10 of the base-stgi i om

t he managenent information nmenory 111, and i ntegrat esﬂ"l“gmnmmﬂm”“'ne
menory 111 for each base-station nunbes B3(step 1102).*The rai ™ cénttoller
judges at a next step 1103 whether or not the sanpling frequency S arrived
at m |If not sE5id lexchamgewi n controller increnents the sanpling frequency
S (step 1108), and returns to the step 1102 to wait for the next sanpling
operation to fbe done atAn rintregnatest S igmAnesy gt tsYsteR e he mai n

controll er judges at the step 20 1103 to be YES, this nmeans that the
i ntegration @Y &t édbt‘é‘farﬁ“héj SRRAS Y Faich AAtSE HIR MBI conpl et ed.

;I'?gaue'ﬁlg)e/ ma![ .n %ﬁoghg %V:ﬂ(???ﬂieérhe i nte rat ed v ql Que }éﬁ%‘ b?;fdf’ hﬁeﬁanpl i ng
cal cul ate 2 hannel, t1Sg Fhdd AV I tzx(eaue%nue*ge $PSre Yadd S MRS ©f

aver age use
on the basis of the number of use channels received from

the base stations and means, when any of the channel use
frequencies calculated by said channel use frequency
calculation means exceeds a predetermined threshold, for
judging that the base station corresponding to the
channel use frequency exceeding said threshold is in
said congestion state.

7. An integrated service-area control system as
set forth in claim 6, wherein said channel use frequency
calculation means includes means for sampling the number
of use channels received from the base stations a
plurality of times to find an average number of use
channels thereof and means for calculating channel use
frequencies of the base stations on the basis of said
average number of use channels.

8. An integrated service-area control system as
set forth in c¢laim 1, wherein said base-station control
data table records therein control data for setting
radiation patterns of the base stations.

9. An integrated service-area control system as
set forth in claim 8, wherein said control data include
at least one of directional data for providing

directions for said radiation patterns and power data
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channel s, and then records it in the managenent informa-_ tion .
Then the main controller clears the integrated val ue Y('“l uﬂ‘nﬁ ﬂ j ,
i ncrements the - 20 - base-station nunber i at a step? S

"
whet her or not the cal cul ation of the e€ha#énel use frequencies of all the

base stations has been conpleted (step 1107). Wen judging at the step 1107
to be NO, thdomipresauiting teansstigsion povwes sindenslioy,. wher eas, when
judging to be YES, the main controller term nates the cal cul ating
operation. Adbhas beenAXgindiegndtied Sexvigieegaiasy catt@ataisysdam rad | er
records the traffics of the respective 10 base stations in the menory 111
in the form &t Foxthadmeiclgdd FreqieieimEaihdsafitiendd SAfdf a f1 owchart

include data indicative of presence or absence of
directivity and data indicative of the directivity.

11. An integrated service-area control system as
set forth in claim 10, wherein said directivity data is
indicated by a value of an angle to which the direc-
tivity is rotated in a predetermined direction with
respect to a reference direction.

12. An integrated service-area control system as
set forth in claim 1, wherein said pattern selection
means includes means for selecting one of the patterns
coincided with contents of said base-station operation
state table from said base-station state pattern table.
13. An integrated service-area control system as
set forth in claim 1, wherein said pattern selection
means includes means for collating the patterns in said
base-station state pattern table with contents of said
base-station operation state table and means, on the
basis of a collation result of said collation means, for
selecting one of the patterns having a maximum
coincidence rate.

14. An integrated service-area control system as
set forth in claim 13, wherein said collation means
collates contents of said patterns with the contents of
said base-station operation state table in association

with the respective base stations to find a number of

This Sheet Has B
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as shown in Fig. 11. Wen detecting a fault in any of thgl [ 03
in a conventionally known way, the main 15 controller 20 ﬂnﬂ" elﬂﬂ ﬂL
exchange 101 of the fault occurrence by sendi ng a nessage *gener at e
controller itself to the exchange. The -exd3thange, when inforned of the fault
occurrence, records the fault fact in the menory 111. \Wen there is a base
stati on whi chc@bncadentcesomuni cate with the exchange, the exchange records
the base station as a faulty station in the nenmory 111. Figs. 12 and 13
show a flowchdPt for exphaintegrateduwserviefRcAnAgeCceDLrelaf¥ALen asntrol
data to the 25 respective base stations to control the radi 9 service areas
in the systenfShofRTER Fngslaim d411whereippepadi BAXEFURHEOLPEHERRFE i s
execut ed under %he C ntEOI of the naiE gontroller 109. .

rate selection means includes means for maximum one of

coincidence numbers found by said coincidence number

finding means and means for dividing the maximum

coincidence number selected by said selection means by a

base station number to calculate a maximum coincidence

rate.

16. An integrated service-area control system as

set forth in claim 1, wherein said pattern selection

means further has means, when failing to select said

optimum pattern, for displaying the selection failure.

17. An integrated service-area control system as

set forth in claim 16, wherein said display means

further has means for displaying the contents of said

base-station operation state table.

18. An integrated service-area control system as

set forth in claim 17, wherein said exchange further

comprises means for entering a new pattern into said

base~station state pattern table by referring to said

display means to create and enter a base-station control

data table corresponding to said new pattern.

19. An integrated service-area control system as

set forth in claim 1, wherein said base-station control

data table reading means has pointer means for reading

out the base-station control data table corresponding to

the pattern selected by said pattern selection means.
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- 21 - In the flowchart of Fig. 12, the exchange starts iH mﬂﬂ
step 1201 and sequentially reads out information on the b m’n”,ﬂ
recorded in the nenory 111 at a step 1203. The base-station SR B R
operation-state table 111-a shown in Fkg367-is created at the step 1203 on
the basis of the read-out base station information. That is, at the step
1203, the exd@tange set An Hatepmtadtsanyistetarcaidmert vl sytst'edi d0r t he
base station registered as the faulty station. 10 Wen the channel use
frequency Z(iSPtcdiaiihatiey ciaimhd ,stwheretioy edqhe afy sadd dassl statdans 11
exceeds a predeterm ned threshold at the step 1203, the exchange sets "1"
for the base IS Sy RGN AECGV i Sdsh Rawar ¢latma finwisrEting exceeded

channel use fre%uq:n% 15 .q:nd. | so, sets "0" for the other base stations in
nor nal recepti sensitivity depending on transmission power

based on the power data.
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operation. In this way, the base-station operation- state table 111-a is
created. When detecting a fault in any of the base stations, in order to
qui ckly cope with it, the exchange issues at a step 1202 an interrupt 20
start, sets "2" for corresponding one of 3he-base station nunbers
corresponding to the faulty base station at a step 1204, and al so records
the fault occABSFRAETI QFt FHENRAKGEOSURE nf or mati on nenory 111 at the
operation state recording part of the faulty station. In this 25
connection, the fault détmebiide communiicegiont sy teme wivichaigeslugiesn

failing to performnormal conmmunication with the base station, judges it as
a faulty stat PBneXghgBgeeofpPelrAd ithe Ofr £a6R0FtELIORE HaBE 2 - 22 -

station Opera%&%@hi&%geo%agggi%l%éﬁebﬂo%gi%e@%ybo%g%nicatable with
the associated base stations. In order to suppress or
reduce call loss caused by traffic congestion or by
faulty one of the base stations, an uncommunicatable
service area of the faulty base station is covered by
the other working base stations. The exchange detects
operation states of all the base stations, searches a
base-station state pattern table within the exchange for
base-station control data suitable for the operation
states to read out the base-station control pattern, and
transmits the read-out base-station control data to the
base stations to cause radio service areas of the base
stations to be set to have desired radiation patterns

according to the read-out base-station control data.

This Sheet | s Been

i



exchange col | ates the base-station operation-state table 111-a with the
base-station state pattern table 800 at a step 1205. 5 That is,
when collating the base-station operation-state table 111-a with the
base-station state pattern table 800 and extracting a coincided pattern at
the steps 1205 and 1206, the exchange extracts the pattern nunber 803 of
the coincided pattern at a step 10 12al7/ Tde exchange, using the pattern
nunber 803 extracted at the step 1207, indexes the base-station control
data table 903 fromthe index table 901, and determ nes the directivity
data 904 and output control data 905 of the respective base stations 103 as
the 15 control data. Based on the determined control data, the exchange 101
i ssues control instructionszio t he respég- tive base stations 103. Wen

failing at the step 1206 to&Ai nd any coidci ded pattern, the exchange
searches the base- ~ -~ 4
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20 station operation-state table 111-a for the presence of "I" or "2" in
the base-station state nunber 703 (step 1210). |In the case of absence of
"1" or "2" in the base-station state nunber 703, the exchange will issue no
control instructions to the base stations 103 because 25 of unnecessary
control thereof. In the case of presegg; of "1" or "2" in the base-station
state nunber 703, the exchange regard i1 4s a new pattern was gener at ed,
and infornms the nmai ntenance console 105 of a generation - 23 - alarm and
its state (step 1211). When inforned of the generation alarmand its state
at the step 1211, the operator of the console nmust regist& the generated
pattern in the base-station 5 operation-state table 111-aypas a new pattern.
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end, the console goes to a step 1212. The consol e operator finds such a
control pattern that produces the mninumcall |oss under the condition
infornmed at the step 1211 (step 1213), registers the new pattern in the 10
base-station state pattern nmenory 111-b, and registers pointers in the

i ndex table 901 and the base-station cgg;io data tabl e 903 and out put
control data 905 in the base-station cont data table 903 so as to be
able to cope with generation of a new second pattern. 15 Fig.
14 shows an operational sequence of signal transfer between the exchange
101 and the respective base stations 103. In the draw ng, the exchange
first detects traffic congestion or a fault in the base stations 103 during
the operation of Fig. 12 20 (step 1301). The exchange coll ates the
base-station operation-state table 111-a with the base-station state
pattern table 800. When extracting a coincided pattern as a result of the
collation (step 1303), the exchange

FIG.3
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reads out the correspondi ng base-station control data 25 table 903, issues
an instruction 1304 to associ ated one of the base stations necessary for
changi ng the opera- tion state to cause the base station in question to be
operated with a new radi ation pattern, and al so - 24 - transmts control
data 1306 thereto as a set request nessaqe for the new radi ation pattern.
The set request nessage includes, in Bt4f6rmat, "set request"” as nessage
type as well as "transm ssion output”, 5 "presence/ absence of directivity",
"directivity" and "the nunber of associated slots" as control data. Wen
receiving the set request nessage 1306, the base station 103 sets its

radi ati on pattern according to the contents of the set request nessage

FIG.4
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10 1306 (step 1307). After conpleting the setting, the base station 103
transmts a set conpletion nessage 1308 including data indicative of the
set condition to the exchange 101 to informthe exchange of the set conple-
tion (step 1305). The set conpletion nessage 1308 is 15 nmade up of "set
conpletion” as its nessage type as mek%/afﬁtnfornation "out put ",

"presence/ absence of direc- tivity" a " nunber of associ ated sl ots”
set by the base station 103. The exchange sequentially collates the set
data of the set conpletion nessage 1308 with 20 those in the base-station
control data table 903. A coincidence therebetween causes the exchange to
regard it as the set conpletion at a step 1310; whereas, non- coincidence
causes the exchange to again issue a reset instruction 1311 to the base
station 103 corresponding 25 to the non-coincidence. 1In this case, the
reset request instruction 1311 has the sane contents as the above set
request nessage 1306. In this connection, the base

FIG.5
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station perforns its resetting operation based on the - 25 - reset
request message and its reset result nmay again be inforned to the exchange
if necessary. In the illust- rated exanple, however, this re-notification
to the exchange is not done. 5 Meanwhi | e, when failing to
extract any coincided pattern at the st 303, the exchange issues an
instruction to the naintenance consol5/§85 to cause the console to display
thereon the states of all the base stations. A display request nessage 1314
for the 10 display is made up of "display request” as its nessage type and
information of the menory 111 on the operation states of the base stations.
When receiving the infor- nmation, the naintenance consol e displays the
operation

FIG.6
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states of all the base stations 103 on its display 15 screen. The consol e
operator, while | ooking at the display, adds a new pattern in the
base-station state pattern table 800 and creates a base-station control
data table 903 corresponding to the new pattern. In the explanation nmade in
connection with 20 Figs. 12 to 14, mhﬁn LQﬁ exchange extracts the base-
station state pattern or patterns coi é} Mg with the contents of the
base-station operation-state table 111-a fromthe base-station state
pattern table, the exchange transmt kgfé?ase-station control data
corresponding to 25 the extracted bdga lon state pattern or patterns to
the associ ated base station or stations, whereby the service areas of the
respective base stations are set. Wien failing to7Qﬁéract any coi nci ded

pattern, the /ﬁw/
701 — BASE-STATION STATE NUMBER
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- 26 - exchange causes the naintenance console to display thereon the
effect of the extraction failure to prepare a new pattern. However, when
there are lots of base stations, preparation of patterns including all the
base 5 station states involves increase of a | arge nunber of patterns,
which results in the fact that the nﬂﬁﬁﬁi‘ff such patterns has to be
inevitably limted. For this reason, e he extraction of a pattern
coincided with the base-station operation sate table fromthe base- 10
station state pattern table unsucces (%% nds, it requires a lot of tine.
In such a case, when a new pattern is created every tine, this is not
adapted for the actual applications of the system of the present invention
and thus the present system cannot be fully 15 operated. In view of such a
respect, anot her engﬁginent of the present invention is provided, which
907

operation is 904 905 906
| . !, ! %
1|DIRECTIVITY| ouTPUT | THENUMBER |

OF SLOT
2
3
POINTER
// —-903
902
POINTER OF n
PATTERN 8

TATTERNG [ | PATTERNS
1 0-0 10 m
2] 120-A 10 |
3 0-0 10 m
4] 300-A 10 k
5 0-0 10 m ~903-8
6| 240-A 10 l
7] 180-A 10 !
n 0-0 10 m

PATTERN 9

1 0-0 10 m
2| 00 10 m
3 0-0 20 m
4| 0O-A 10 k
5 0-0 10 m ~903-9
6 -0 20 m
7] 180-A 10 k
n 0-0 10 m




shown by a flowchart in Fig. 15 and corresponds to the details of the steps
1205 and 1206 in Figs. 12 and 13 20 and of the steps 1302 and 1303 in Fig.
14. In the present enbodinent, with respect to each pattern in the pattern
tabl e, a coincidence rate with the base-station operation state table is
cal cul ated, one of the patterns haviggy;?e hi ghest coi ncidence rate is

sel ected, and the 25 selected pattern’¥s é%ployed so long as the

coi nci dence rate of the selected pattern exceeds a predeterm ned value. In
Fig. 15, when the systemstarts its - 27 - operation, the systemfirst

sets "1" at mindicative of the pa# ugber 803 at a step 1501, sets "1"
at i indicative of the base statio Eﬁﬁb&r 01 at a step

1003 /
m 1 ( 2 . m 1 2 m
t0
A
t0*m ?
a 5 o
1004
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1502, and also sets "0" at Smindicative of the nunber 5 of coincidences in
the base-station state nunber between the base-station state patterns of
the pattern nunber m and the base-station operation state table at a step
1503. The system at a step 1504, conpares the 10 contents of the
base-station nunber i in the base- t@;}ﬂn operation state pattern of Fig.
7 with the contents of the base-stati er i in the pattern nunber m of
the base-station state pattern table of Fig. 8 and judges the presence or
absence of any coincidence 15 therebetween. Judgenent of a coinci dence

t her ebet ween causes the systemto prggﬁgglio a step 1505 to increnment the
contents of the nunber of coincidend yl"1", and then the system goes
to a step 1506. Judgenent of non-coincidence at the step 1504 causes the
systemto 20 proceed directly to the step 1506. In the step 1506, the

system judges whet her or
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START

1 ~1101

s —1

READ OUT THE NUMBER OF
USE CHANNELS X(i) OF
BASE STATION & ~—1102
INTEGRATE RESULTS FOR
1108 RADIO BASE STATIONS

a x(i)+y(i)[-> y(i)

le—] s+1—» s _N_O< m-TH ? >\1103

YES

CALUCULATE AVERAGE USE
CHANNEL USE RATE ~—1104
y(i)Y/m —= z(i)

I
0 — (i) 1105
I
+1—= i ~~1106

I
NO ALL BASE 1107

STATION ENDED ?
ﬁ\\\A i >n

YES

END



not the base-station nunber i exceeded the value n of the total nunber of
base stations. Wien the judgenent is NO the systemincrenents the
base-station nunmber i 25 by "1" at a step 1507 and returns to the step
1504 to execute such operation as nentioned above. \When conpleting the
conparing operation for all the base,statjgns, the systemjudges to be YES,
stores the nunber - 28 - of coincide CL Sm of the base stations as it
is at the step 1506, FEiJGhﬁna%oes to a step 1508. In the step 1508, the
syst em j udges whet her ¥o ot e sanpling frequency ,m exceeded the nunber
of 5 total patterns k. Judgenent of NO causes iﬁaemto I ncrenment the
sanpling frequency mby "1" at a step 1509, to|return to the step 1502, to

set the base- 1206
NO ~ 7 y
< _ COINGIDED
YES
EXTRACT PATTERN NUMBER
FROM BASE-STATION STATE | 1207
PATTERN TABLE HAVING
COINCIDEIID PATTERN
READ OUT CONTROL DATA OF
BASE STATIONS FROM 1208
CONTROL DATA TABLE USING
EXTRACTED PATTERN NUMBER
1
ISSUE CONTROL INSTRUCTIONS
TO BASE STATIONS ~ 1209
]
1 (CONGESTION STATE)\ NO 1212
OR 2 (FAULT STATE) >
CONTAINED IN BASE-
STATION OPERATION s Sl eI e START
STATE TABLE ? ;
YES 1210 | 12 \19\
! FIND CONTROL DATA
INFORM E FOR NEW BASE-
MAINTENANCE : STATION STATE
CONSOLE OF  }--=c=mcmu-- ! PATTERN THROUGH
OPERATION STATES SIMULATION
OF BASE STATIONS 1211
[ -
ADD BASE-STATION
END STATE PATTERN
TABLE AND
CONTROL

1214 — DATA TABLE

END
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coi nci dence rate STD. Judgenent of YES causes the systemto select the
base-station state pattern corresponding to the maxi num coi nci dence rate
Smax and - 29 - to termnate the operation at a step 1514. Judgenent of
NO at the step 1512 causes the systemto regard its as the absence of any

coincided pattern and to term nate thgvé’)?e{aa%i on at a step 1513. 5
Expl anation wll next be made as to h h ase stations handl e control
data when the base stations receive the control data 0

fromthe

When the respe stations receive the cgntgpARgat §
exchange, the CrrEInGcg!:?oller 209 10 of each base statioh refers to the

managenent data table 210 based on the received contfjol data. The
managemnent —~— 1501

m=1
m:PATTERN
- NUMBER

i=1 —~— 1502
i=BASE STATION
1 NUMBER

Sm=1  [~-1503
Sm:THE NUMBER

OF COINCIDENCES
OF PATTERN m

COINCIDED IN CONTENTS

1507 ﬂ< BETWEEN BASE STATION | ~— 1504
N FIG.7 AND BASE STATION

( i OF PATTERN m OF FIG.3

i=i+1

t he exchange 101.

YES

1509
K Sm=Sm+1 [~—1505

NO__ < n:THE NUMBER
—L- OF TOTAL BASE

YES STATIONS

1508
N()\/m>> kTOTAL NUMBER

YES OF PATTERNS

SELECT MAXIMUM
ONEOFS1TOSk [~1510

|
Avg=Smax/n ~—1511

1512
NO Avg > STD
YES
1513—~_| NONCOINCIDENCE SELECT PATTERN ~_1514

END END



data tabl e contains an antenna phase table, an output table, a sensitivity
table and a nunber of slots table shown in Figs. 16A to 16D respectively.
15 The main controller 209, when receiving such a directiona
data "120-A" in the control data as shown in Fig. 9, searches the
managenent data table 210 for a COlng of ,the antenna phase table of Fig.
16A shown by an arrow, reads out a Ashilssi on power phase signal of 20
the respective antenna el enents corresponding to 120 degree fromthe right
colum, and then sends it to the phase control circuit 202. The phase
control circuit 202, on the basis of the received phase signal, controls
the phase of transg=gsho r to be sent to the 25 ' ant enna
el ements to thereb?ticavﬂhéﬁéfdesired radi ation pattJF“?gaﬁgkggiceiving t he
control data associated with the output power, the main controller 209
refers to thANVEMNNAcontrol data of the colums of

PHASE OUTPUT
- T PHASE OF
0" | ANTENNA 1 10 xW
PHASE OF
ANTENNA 2 20 yw
PHASE OF : .
ANTENNA m
a0-| PHASE OF
ANTENNA 1
PHASE OF
ANTENNA 2 FIG.16C
| PHASEOF SENSITIVITY
ANTENNA 1 l
PHASE OF
ANTENNA 2 ” 200D
* 20 -20dB
1 PHASE OF
3301 ANTENNA 1
ANTENNA 2
. FIG.16D
THE NUMBER
OF SLOTS
K S1




- 30 - Fig. 16B and 16C shown by arrows, and reads out a corrc¥f8HiPsg
out put power value (Fig. 16B) and a sensitivity value (Fig. 16C) of the
ri ght colums respectivel'y. The main controller 209 sends the read- 5 out
out put power value to the transm ssion output control part of the
transmtter circuit 203 via the conmuni cation control circuit 207 to set a
transm ssion output. The main controt¥%er 209, on the other hand, sends the
r ead- out sen5|t|V|ty value to the receptlon 10 sen5|t|V|ty control part of
t he receiver EGRATE F )i 3 i 4y

reception Senpids WrarroNs tﬁﬁmwmwmxaﬂwm he main control | er
209, when reCerving tne nunber of Slots control data, refers to the colum
of Fig. 16D shown by 15 an arrow, reads out a corresponding slot control

si gnal ABSTRACT QF THE DISCLOSURE

A mobile communication system which includes
an -exchange, a plurality of base stations, and a
 plurality of radio telephone sets communicatable with
the associated base stations. In order to suppress or
reduce call loss caused by traffic.congestion or by
U faulty.one of the base stations, an uncommunicatable
service area of the faulty base.étation is covered by
the other working base.stations. The exchange detects
operation states of all the base stations, searches a
base-station state pattern table within the exchange for
base-station control data suitable for the operation
states té;;eéd'but the base-station control pattern, and
. transmitsnéhé.reéd-out base-station control data to the
.base stations to cause radio service areas of the base
stations to bé set to have desired radiation patterns

according to the read-out base-station control data.

Fig. 1
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contr rec 205 o’ perfﬂrh1simt-c0ntr i ;
a kno : dcdr dance with the nobil e/ commini tati anics =& |
presept invention, The [service areas gf t he ba§€ ‘statiions BES ( jgd”tq
m ni ' aII | oss fgenerated by a change i'n the state of t he sys éh125h
such as yrg, fault in the base stations: onty-Mmaﬁhuse of a
exi sting operat |%%®%C€I$ty, t her eby reduci ng§ 't He possi-bitityofom,

:gconvenlepce L0 usexs® £ﬁté§¥a€é@|§bi€i@@h9£6asebﬁtrol s§§teﬂ“ﬁ5x|5 CLA|NED
integratedly controlling radio service areas of a
plurality of base stations in a mobile communication
system which includes én exchange, said plurality of
base stations connected to said exchange, and a
plurality of radio telephone sets located within the
radio service areas of the base stations for communi-
cating with the base stations through spatial radio
channels, said exchange comprising: |

detection means for detecting an abnormal
condition in the respective base stations;

means, on the basis of a detection result of
said detection means, for creating a base-station
operation-state table indicative of operation states of
the base stations;

a base~-station state pattern table for
registering therein a plurality of patterns indicative
of the various operation states of the base stations;
— a base-station control data table created for

-each of the patterns for defining the radio éervice
areas of Fhe base stations to match the patterns
registeréd in said pattern table;

selection means for comparing said base-
station operation-state table with said base-station
state pattern table to select one of the patterns

optimumly matchlng contents of said base-statxon

80

operation-state table;
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RhPh @EH?E ed” servi ce-area control sys%en%i@L_LnLengng_y

controlllng radi o rviiceé areas of a plurality of base stations in. a:nobil
04 5B i‘& i ¢h incluades an exchange”' ugu“uuim m,of base

onnected to daild exchange, and a plura ephone

ase stations 3@reugh spatial radio channels, said
exchange conprising: detection neans for detecting an abnornal condition in

the respective base sreadéng-ontameansn fore readiingofout dateeadf waidsult of
said detection neans, for creating a base-station operation-state table

i ndi cative BPSSpéFGFFBH seatzsloflatpe thhdess coriresponding ¢astthte on state
pattern table for 6%isterln therein a plurality of patterns indicative of

t he vari ousPBHEPER; Bfileckeds byr spdd sedectisn seans; and

means for transmitting control data of the

base-station control data table read out by said
reading-out means to the base stations, |
wherein each of said base stations inclﬁdes
means for setting its own radio service area on the
basis of the control data received from the transmission
- -~ means of said exchange.
2. An integrated service-area control system as
set forth in claim 1, wherein said base-station
operation state table records therein symbols indicative
at least of distinction between normal and abnormal
operation states of the base stations.
3. An integrated service-area control system as
set forth in claiﬁ 2, wherein said abnormal operation
state includes at least one of a fault state in which
the base station cannot be normally operated and a
congestion state in which traffic density is high.
4. An integrated service-area control system as
set forth in claim 3, wherein said detection means
judges, when the exchange fails to normally communicate
with a bése station,'that the base station is in said
fault state.
5. An integrated service-area control system as
set forth in claim 3, wherein said base station further

has means for transmitting its own operation state to

- \\
said exchange.
This Sheet Has B
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a’ baset data table created for each of the patterns for
definin 6%@@'@95 jvijce areas of the base stations to match-the patterns
regi stered patit grn tabl e; selection neans-for conparing said base-
station loperation-statie|table with said base-station state pattern table to
sel ect| one of the patten ns optimunm y- et chi ng contents of said base-station
oper at rormr-state—tabte: readi ng- out neans for reading out one of said
base- st agj on Annﬂne;gratédtserVWb«laeea conurebp;meknru sen folth ipaclaimrd,swhereied by

base.- ot atait felesDRdRew, ofidap chmabel wsihe By chlctistOR Rmb e cBlenleBn e
- base st aghdiifel using rate of the base stations on the basis of the number of used channels
received from the base stations and means, when any of the channel using rate
calculated by said channel using rate calculation means exceeds a predetermined
threshold, for judging that the base station corresponding to the channel using rate
exceeding said threshold is in said congestion state.

7. An integrated service-area control system as set forth in claim 6, wherein -

wan—

said channel using rate calculation means includes means for sampling the number

of used channels received from the base stations a plurality of times to find an

average number of used channels thereof and means for calculating channel using
N\ rate of the base stations on the basis of said average number of used channels.

8. An integrated service-area control sysfem as
set forth in claim 1, wherein said base-station control
data table recorxds thefein control data for setting
radiation patterns of the base stations.

S. An integrated service-area control system as
set forth in claim 8, wherein said control data include
at least one of directional data for providing

directions for said radiation patterns and power data

for prescribing transmission power intensity.

10. An integrated éervice-area control system as
set forth in claim 9, wherein said directional data
include data indicative of presence or absence of

directivity and data indicative of the directivity.

— et Has Been;:;;;
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wher ei n|y stations includes neans for settingTts-own radio

;Service _ S| of the control data r I m S
transm $sio S spid exchange. 2. Zml !ﬂ mﬁ—ﬂ Mi ce-area
control s sEBﬂFgg'Egé fprih in claim1l, wherein sal asens DN operation

state tgblle records t el n synbols i+B<ative at |least of distinction

bet ween inormal and abnornm@l operation states of the base stations. 3.

An i nt edrafad-servi-canat eguaitied sestice-arewicdmiddl i systammas®, wherein
sai d abnormal operation state includes at | east one of a fault state in
whi ch the Iseteforshi dn cladim lfe mivemwilny syist atiarectnivity caestisn state

~in which traffic density is high. 4. An integrated service-area

control sydndicasedebyr ar value @faian angdet whigh the «irefr neans
j udges, when the exchanf fails to normally comupicate with a base
station, tkHVitHeifaTotated 4R & RLpdesiqrmined direction with

respect to a reference direction.
12. An integrated service-area control system és
set forth in claim 1, wherein said pattern selection
means includes means for selecting one of the patterns
coincided with contents of said base-station operation
state table from said base-station state'pattern table.
13. An integrated servicé—area control system as
set forth in claim 1, wherein said pattern selection
means includes means for collating the patterns in said
base-station state pattern table with contents of said
base-station operation state taple and means, on the
basis of a cqllation result of said collation means, for
selecting one of the patterns having a maximum
coincidence rate.
14. An integrated service-area control system as
\ set forth in claim 13, wherein said collation means
collates contents of said patterns with the contents of
said base-station operation state table in association

with the respective base stations to find a number of

coincidences.

15.  An integrated service-area control system as set forth in claim 14, wherein
said maximum coincidence rate selection means includes means for selecting
maximum one of the number of coincidences found by said collation means and
means for dividing the maximum coincidence number selected by said selection
‘means by a base station number to calculate said maximum coincidence rate.

-_ 7
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fault state. 5. An integrated service-area control systemas set
.forth in claim3, wherein said base station further has neans for.., .. . ..
transmitting its own operation state to said exchange. +33-6. An

i ntegrated service-area control systemas set forth in claimb5, wherein
sai d detection neans includes channel-3si ng rate cal cul ati on neans for

cal cul ation channel using rate of the base stations on the basis of the
nunber of udéd channelan rienmEgrertdd metticdaarestadnonsl asgsteanas when any
of the channel using rate cal cul ated by said channel usin% rate cal cul ati on
means exceedeta fomdetior dlacion ty odiatelin fsaid pttgrnhaeleatigase station
corresponding to the channel using rate exceeding said threshold is in said
congesti on Feans fprthem hag mpansed whewifaibing EONeeLPCEySREF as set
forth in claim6, wherein said channel using ratgefalculation means

i ncl udes neQRCMR DaEReFy (iRF Rigrlaying the ection failure.

17. An integrated service-area control system as
set forth in claim 16, wherein said display meéns
further has means for displaying the contents of said
base-station operation state table.

18. An integrated service-area control system as
set forth in claim 17, wherein said exchange further
comprises means for entering a new pattern into said
base-station state pattern table by-referring to said
display means to create and enter a base-station control
data table corresponding to said new pattern.

19. An integrated service-area control'system'as
set forth in claim 1, wherein said base-station control
data table reading means has pointer means for reading
out the base-station control data table corresponding to

the pattern selected by said pattern selection means.

20. An integrated service-area control system as
set forth in claim 9, wherein each of said base stations-
has means, when receiving said power data, for setting a

reception sensitivity depending on transmission power

based on the power data.
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of ‘used channel s received fromthe base stations a plurality of times to
find an average nunber of used channels thereof and neans for cal cul ating
channel using rate of the base stations on the basis of said average nunber
of used channels. 8. . An integrated service-area control system as
set forth in claiml1, wherein said bas3station control data table records
therein control data for setting radiation patterns of the base stations.

9. ~ Anaiint e%ati@ﬁegﬁ.@ﬂé_wﬁxaﬁid@f&ﬁéﬂ ot asyseémfpoth in claim
8, wherein sard control data include at | east one of directional data for
provi di hgtegratieddys dontrd lingpdaiiosaatics rreas pdHvwerpliarality of
prescribing transm ssion power intensity. 10. An integrated
servi cebasea staftions siys tee matsl lsetcdmmuriiat idmi syStemienich $actiudes
directional data include data indicative of presence or absence of
directi an pxghangera isedid Rluraldty Mf dasetstations connected to
said exchange, and a plurality of radio telephone sets located
within the radio service areas of the base stations for |
communicating with the base stations through spatial radio
channels, comprising:
a base-station state pattern table for registering

therein a plurality of patterns indicative of the various

operation states of the base stations;

a monitqr connected to the base station for
monitoring each of the base stations;

a selector for selecting one of the patterns
registered in said base-station state pattern table based on a
monitoring result of said monitor; and

a controller for controlling operation states of

said base stations in accordance with the selected pattern.

22. An-integratéd service-area control system'as set
forth in claim 21, wherein said monitor monitors the operation
states of the base stations to create a base-station |
operation-state table indicative of the operation states of

the base stations.

—_
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-34- 11. An |ntegrated servi ce-area control system as set forth in

.l ai m 10, V\hermlgsh&@;{gﬂ IVI ty data is indicated by a value of an angle
to which the d| rotated in a predeternmined direction with
respect to a re on 12. An integrated service-area.
control system n claimd437wherein said pattern selection

nmeans i ncl udes neans for selectlng one of the patterns coincided with
contents of said base-station operation state table from said base-station
state pattern table. 13. An integrated service-area control system as
set forth in @3z mah intRigiateRigémaiderarer|cmtrol nepstennasuset neans
for collating The patterns in said base-station state pattern table with
cont ent s falrtdniich ltdsdmst22, whegsimisaid seliectehl @omdrﬁeaﬁgntgntShef
baS|s of a collation result of said collation nmeans, for

said base-station operation-state table with the patterns

registered in said pattern table to select one of the patterns

optimumly matching the contents of said base-station

operation-state table.

24. An integrated service-area control system as set
forth in claim 21, further comprising:
a control data table registering base-station
control data created for each of the patterns for defining the'
radio service areas of the base station to match the patterns

registered in said pattern table.

25. Ah integrated service-area control system as ;et.
forth in claiﬁ.24, wherein said controller reads out a base-
station control data éorresponding to the pattérn selected by
said selector from said data table to control the bése

stations based on the read-out base-station control data.

.EE' An integrated service-area control system as set
froth in claim 25, wherein said controller transmits
respective control data of the read-out base-station control
data to corresponding ones of said base stations fo control

the operation states of said base stations.

* [+ L M s *



sel ecting one of the patterns having a maxi num caincidence rate. 14,
An integrated service-area control systemas set forth in claim13, wherein’
said collation nmeans collates contents of said patTlmShsetmstBeext lacadntents

of said base-station operation state table in assoc

respective base stations to find a nuri38r of coinC|

I ntegrated service-area control systemas set forth |n c a|n1 mhereln
sai d nmaxi mum coi nci dence rate sel ecti on nmeans includes neans for sel ecting
maxi num one of the nunber of coincidences found by said collation neans and

means for di vedi.ngAhhdntegtraede sttt ideran-dal it entsite\as asak
sel ection nmeans by a base station nunber to cal cul ate said maxi num
coi nci defleethatia. claim 28,- whrein eachn dfisagidatbases estattions enchades| |
system as
a circuit for setting lts own radio service area based on the

control data received from said controller.

28. A method for integratedly controlling radio service
areas of a plurality of base stations in a mobile
communication system which includes an exchanger, said
plurality of base stations connected to said exchange, and a
plurality of radio telephone sets located within the radio
servige areas of the base stations for communicating with the
base stations through spatial radio channels, comprising.the
steps of:

registering a plurality of patterns indicative of
the various operation states of the base stations in a base-

station state pattern table;

monitoring each of the base stations;

selecting one of the patterns registered in said
base~-station state pattern table based on a monitoring result
of said monitor; and

controlling operation states of said base stations

in accordance with the selected pattern.

* [ L S *




sét forth in claiml, :wherein said pattern sel ection neans. further has

. means, when failing to select said optimumpattern, for displaying the -
selection failure. 17. An integrated service-area control systen1as

set forth in claiml6, wherein said display neans further has neans for

di splaying the contents of said base-39ation operation state table. 18.

An integrated service-area control syStemas set forth in claim17, wherein

sai d exehange further conprises neans for entering_ a nemlgattern into said

base- st at i on INBEGRATER CONTROL SYSTEM{ BOR| RAPIQ SERVIGESAREDS REns t o

create and e”ﬁﬂéEas@ﬂ@foﬁéaiNOﬁoﬁﬁﬂtr@buﬁﬁﬁﬁchﬁbbn sPsTEMpondi na to said
new pattern. An integrated service-area control system as set

forth in cIa|n19 wherein each of said base stations has means, when
recei vi ng saaBSTRACT OFt AHE OISCUASURE a reception sensitivity depending on

transm ssi on power based on the power data.

A mobile communication system which includes
an exchange, a plurality of base-stations, and a
plurality of radio telephone sets communicatable with
the associated base stations. 1In order to suﬁpress or
reduce call loss caused by traffic congestion or by
faulty one of the base stations, an uncommunicatable
service area of the faulty base station is covered by
the other working base stations. The exchange detects
operation states of all the base stations, searches a
base-station state pattern table within the exchangé for
base-station control data suitable for the operat%;n
states to read oﬁt the base-station control pattern,zand
transmits the read-out base-station control data to the
-base stations to-cause radio service areas of the base
stations to be set to have desired radiation patterns

iv/ according to the read-out base-station control data.

Fig. 1
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-36.~ 20 An i ntegrated servi ce-area control systemfor integratedly .

Qontrblllng radio service areas of a plurality. of base stations in-a’ nDblje o
fnumicat o system whi ch i ncl udes an exchanger ' saig - ral -ty -of  hase :
'sfatl aid exchange, and a p|uTa1lby“ adi ﬁ']b”_“; f'
set's mﬁm“ ‘!‘I ﬂ“@ radi o service areas of thé.base statlo.. 3
comruni st he base stations t hr qygh, spati al - radlo channels .
conprising: a base-station state pattern table for reglster|ng Thereln a ;
plurality of pgidetg§sctAduept tge of the various operation states of the !
base stations; a nonitor connected to the base st:ation for - nDnL“”ﬁ.ﬁﬁ”Each;mw.g
of the base stations; apfcipebgrated sereiteéngreaccohtibe pgstemngor

integratedly gontrolling'radio service areas of a
plurality 6f base stations in a mobile communication
system which inci}des an exchange, said plurality of
base stations coﬁnected to said exchange, and a
plurality of radio telephone sets located within the
radio service areas of the base stations for communi-
catiné with the base stations through spatial radio
channels, said exchange comprising:

detection means for detecting an abnormal
condition in the respective base stations;

means, on the basis of a detection result of
s;i& detection means, for creating a base-;tation
operation-state table indicative of operation states of
the base stations;

a base-station state pattern table for
registering therein a plurality of patterns indicative
of the various operation states of the base stations;

a base-station control data table created for
each of the patterns for defining the radio éervice
areas of the base statioﬁs to match the patterns
registered in said pattern table;

selection means for comparing said base-
station operation-state table with said base~station

state pattern table to select one of the patterns

optimumly matching contents of said base-station

operation-state table; 'REPLACENE%H‘SHEET
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registeréd in said base-station state pattern table 5&§EACEBHHTFS i ng

result of said nonitor; and a controller for controlllifng 0p 3t ;esﬂ
of said base stations in accordance with the sel ettgd pq? ‘nnzg%@ NS
i nt egr Vicé-area control systemas set fofrthl}in wher pin

sai d non e operation states of the basc';ta+:nn° to trpate a
base- st “!mnﬂﬁmmnmnt ate table indicative of th¢ operation statesj of

t he bas tironss s =+37- 22. An integr@ed service-area comtrot—syst em as
set forth in claim21 wherein said selector conpares contents of said
base-stati on operati on-seadingabtht means t fior poeading ovyi oherof saidai d

pattern table to select one of the patterns optinunly matching the contents
of sai d base-base+station control data tables corresponding to the

pattern selected by said selection means; and

means for transmitting control data of the
base-station control data table read out by said
-reading-out means to the base stations, -

wherein each of said base stations includes
means for setting its éwn radio service area on the
basis of the control data received from the transmission
means-of said exchange.
2. An integrated service-area control system as
set forth in claim 1, wherein said base-station
operation state table records therein symbols indicative
at least of distinction between normal and abnormal
operation states of the base stations.
3. An integrated service-area control system as
set forth in claim 2, wherein said abnormal operation
state includes at least one of a fault state in which
the base station cannot be normally operated and a
congestion state in which traffic denéity is high.
4. An integrated service-area control system as
set forth in claim 3, wherein said detection means
judges, when the exchange fails to normally communicate
with a base station, that the base station is in said
fault state.
5. An integrated service-area control system as
set forth in claim 3, wherein said base station further

has means for transmitting its own operation state to
said exchange.
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operation-state table. 23. An integrated service-|a
forth in, onprising: a control

base- statlon control data created for each of "thg.{ ni;ng- t he -
radi o servumllﬂﬂﬂmllmlﬂnn base station to match |tHe égt‘ﬂgf ;\@% e$| gtered in
sai d patte ntegrated service-areg qontrol systemjag set.
forth in cl ain 23 V\/nerel n said controtB®r reads lout a base- stati¢n
control data correspondl ng to the pattern sel ect dd-by—said-selectad from

sai d data tgbl e A® iftegated sdrvicebaes cohfrol @9§tema§£det0fmrtﬂ1m ¢l S),ljwherem
base-station control dat a. g}'ﬁl An i ntegrated ser e.area co

. g as
set froth iSAld-ReiPEHOIYMEARS desi lappel 1ing &g ?Hqtéu}eégf)g‘& ive cont roI
data of 't hepagdél-Rilg RAG 6f Hebiserstaitisial tHais of termespeanet wgdainanels
sai d.base stat.ions to tﬁ trol the ogleratl on states of ?ﬁ“ d bas? statl ons

received from the base stations dnd means, when any of
calculated by said channel using rate calculation. means exceeds a predet.ermmed
threshold, for judging that the base station corresponding to the channel using rate

exceeding said threshold is in said congestion state.

7. An integrated service-area control system as set forth in claim 6, wherein
said channel using rate calculation means includes means for sampling the number
of used channels received from the base stations a plurality of times to find an
average number of used channels thereof and means for calculating channel using
‘rate of thebase stations on the basis of said average number of used channels.

8. An integrated service-area control system as
set forth in claim 1, wherein said base-station control
data table records therein control data for setting
radiation patterns of the base stations.

S. An integrated service-area control system as
set forth in claim 8, wherein said control data include
at least one of direcﬁional data for providing

directions for said radiation patterns and power data

for prescribing transmission power intensity.

10. An integrated service-area control system:as
set forth in claim 9, wherein said directional data
include data indicative of presence or absence of

directivity and data indicative of the directivity.



-38 - 26. An integrated service-area control systeﬂﬂﬂ&ﬁ&ﬁhﬁ%ﬂ&&ﬂEﬁIclain1
25 wherein-each of —said-base stations includes a c{rfurt 1or settipg.its. .
own radio service area based on the control data r°C°IOQ§JOL099§aI  .

“far eas:

controll eullln “Iﬂﬂl I (HjIL integratedly controll{nf’ radio servic
of -a plur tions in a nobile comunjc ilch

i ncl udes an exchanger sai d plurality oB4base stat|ons connected to jsaid
exchange, and a plurality of radio tel ephone sets ['ocated wthin. the radio
service area3lef the bbseistegranedfserviaruareat fagtwplhsyntenade stations
t hrough spatial radi o channels, conprising the steps of: registering a
plurality of spht fern indebaim 0 of whageinr Faid BHERPSEIBHLY 4R52 4F t he

base stations in a base- stat on state ern taple;
indicated by iue o% gng e to which the dlrec-

tivity is rotated in a predetermined direction with
respect to a reference direction.

12. An integrated service-area control system as
set forth in claim 1, wherein said ﬁattern ;election
means includes means for selecting one of the patterns
coincided with contents of said base-station operatioﬁ
state table from said base-station state pattern table.
13. ~ An integrated service-area control system as
set forth in claim 1, whérein said pattern selection
meahs includes means for collating the patterns in said
base-station state pattern table with contents of said
base-station operation state table and means, on th?
basis of a collation result of said collation means, for
selecting one of the patterns having a maximum
coincidence rate.

14. An integrated service-area control system as
set forth in claim-13, wherein said collation means
collates contents of said patterns with the contents of

said base-station operation state table in association

with the respective base stations to find a number of

coincidences.

15. An integrated service-area control system as set forth in claim 14, wherein
said maximum coincidence rate selection means includes means for selecting
maximum one of the number of coincidences found by said collation means and
means for dividing the maximum coincidence number selected by said selection
means by a base station number to calculate said maximum coincidence rate.

iR



nonitoring each of the base stations; selecting one of the patterns
registered in said base-station state pattern table based on a nonitoring

result of said nonitor; and controlling operatﬂon stathPBAcEﬁﬂﬂnngﬁET

stations in accordance with the selected pattern.
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1s. An integrated service-arsa contzcl svstem as
set forth in claim 1, wherein said pattern selection
means further has means, when £failing to selact said
optimum pattern, for displaying the selecticn failure.
17. An iantegrated service-ar=a control system as
set forth in claim 16, wherein said display means
further has means fcor displaying the contents of said
baséz%tation operation state table.

18. An integrated service-azea contrxol system as

set forth in claim 17, wherein said exchange further
comprises means for entering a new pattern into said
base-station state pattern table by referring to said
display means to create and enter a base-station control

data table correspondina to said new pattern.

19. An integrated service-area control system as )
set forth in claim 9, wherein each of said base station;
has means, when receiving said power data, for setting a
reception sensitivity depending on transmission power

based on the power data.
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20. 'An integrated service-area control system for
inteé;;tedly contrclling radio service areas of a plurality of
base stations in a ﬁobile communication system which includes
an exchanger, said plurality of base stations connected to
said exchange,'and a plurality of radio telephone sets located
within the radio service areas of the base stations for
communicating with the base stations through spatial radio
channels, comprising:

a base-station state pattern table for registering

therein a plurality of patterns indicative of the various

e

operation states of the base stations;

a monitor connected to the base station for
monitoring each of the base stations;

a selector for selecting one of the patterns
registered in said base-station state pattern table based on a
monitoring result of said monitor; and

a controller for controlling operation states of

said base stations in accordance with the selected pattern.

21. An integrated service-area control system as set

18 forth in claim 20, wherein said monitor monitors the operation’
states of the base stations to create a base-station
operation-state table indicative of the operation states of

the base stations.
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22. An integrated service-area centrol system as set

forth in claim ' 23, wherein said selector compares contents of
said base-station operation-state table with the patterns |
registered in said pattern table to select one of the patterns
optimumly matching the contents of said base-station

cperation-state table.

23. Aan integrated service—area control system as set
forth in claim 720, further comprising:
——'a control data table regiétering base-station
control data created for each of the patterns for defining the
radio service areas of the base station to match the patterns -

registered in said pattern table.

24. Aﬁ inteérated service-area control system as set.
forth in claiﬁ éﬁ; wherein said controller reads out a base-
station controi data corresponding to the pattern selected by
said selector from said data table to control the base

stations based on the read-out base-station control data.

25. An integrated service-area control system as set
froth in claim 34§, wherein said controller transmits
respective control data of the.read-out base-statioh-control
data to corresponding ones of said base stations fo control

the operation states of said base stations.
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26. An ihteqrated service-area control system as set

——

forth in claim ‘%5, wherein each of said base stations includes
a circuit for setting its own radio service area based on the

control data received from said controller.

27. A method for integratedly controlling radio service
areas of a plurality of base stations in a mobile
communication system which includes an exchanger, said
plurality of base stations connected to said exchange, and a
pluralif;-of radio telephone sets located within the radio
service areas of the base gtations for communicating with the
base stations through spatial radio channels, comprising the
sﬁeéé éf:

registering a plurality of patterns indicative of
the variocus operation states of the base stations in a base-

station state pattern table;

menitoring each of the hase stations;

selecting one of the patterns registered in saiad -
base-station state pattern table based on a monitoring result
of said monitor; and

controlling operation states of said base stations

in accordance with the selected pattern.



