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FIG. 10

MESSAGE TYPE

MOBILE STATION TRANSMISSION POWER SPECIFICATION

W CONTROL CHANNEL |DENTFICATION CODE C 4 /J
'// CONTROL CHANNEL |DENTIFICATION CODE C3 //‘

CONTROL CHANNEL |DENTIFICATION COOE C //J
W/// WAIT ENABLED LEVEL (LOCAL) //%

[/, WAIT DISABLED LEVEL (LOCAL) 00

LOCATION REGISTERED AREA MULTIPLEX LEVEL




US RE43,342 E

Sheet 11 of 32

May 1, 2012

U.S. Patent

T — T el S S S S S mmge ] ey SN B EEE EPEE hel S A

NOZ LIVYN ¥ 404 13NNVHD 10d4INOD H1 SY
1531 74Y3 HA1S1934 ANOZ JLEVAIANYD Q3133713S

3HI NI Q3401S 3002 NOILVOI4i1N3dl 3H1 Ol

(6) | ONIGNOJSIHHOD TINNYHD OHINGD ¥ 31YNOIS3A

4315193
NOZ 3LYQIGNYD G312313S FHL MOY4 300D
NOILVII31INIOI ONIONOJSIHE00 HL JAOK3Y

ON

(9)

3003 NOL1YJ141INFQI
JHL AQ d3LVIIGNI T13NNVHD TOHINOD ML HOd
€71 ALISNIINI Q1314 J14L33T13 3HL JUNSVIN

43151934

INOZ 31VQIANYD Q313313 3HL WOYH4 ALI¥OIYd
30 SH3QH0 3H1 3ACW3Y ONV “ALlHOYd

J0 43G40 ONIONIOSY 3HL NI Y3L1S1934 INOZ
A1VQIANYD (3103738 3HL Ni SIIYINT ML 1H0S

(r

()

ALIYOHd 40 ¥3QH0
ONIGN3OSY HI NI "H3LS1934 3NOZ 3LYQIGNYD

(3134138 3H1 NI ALIHOI1Hd J0 SHIQHO
JHL ONY S3Q00 NOILYII31IN3A! 341 3801S | (E)

— e vy s gl el SN e Sl Sel sl el T W NN SN R ey s— N W N WEE Maky sl

ON

A
YHH04 '1YNO | INJANOD 3HI
SY JHVS 3H1 NOILYRHO-N| IN3WIONNONNY

el

S3A 3HL 40 1VWHO4 3HL SI 0
NOILVNINY3L3Q AYIN3
SS3008d LNINIUNSY M
Ahm<hmw
Ll Old



U.S. Patent May 1, 2012 Sheet 12 of 32 US RE43.342 E

FIG. 12

MESSAGE TYPE

MOBILE STATION TRANSMISSION PONER SPECIFICATION
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FIG. 13

MESSAGE TYPE

MOBILE STATION TRANSMISSION POWER SPECIFICATION
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FIG. 15

MESSAGE TYPE

MOBILE STATION TRANSMISSION POWER SPECIFICATION
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FIG. 17

MESSAGE TYPE

MOBILE STATION TRANSMISSION POWER SPECIFICATION
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FIG. 20
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MOBILE COMMUNICATION SYSTEM
ENABLING EFFICIENT USE OF
SMALL-ZONE BASE STATIONS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

This application is a divisional reissue application of and

claims priority to U.S. Ser. No. 11/008,757, which was filed on
Dec. 9, 2004 and which issued as U.S. Pat. No. Re. 42,326 on
May 3, 2011. U.S. Ser. No. 11/008,757 is a re-issue applica-
tion of and claims priority to U.S. application Ser. No. 05/880),
6635 now U.S. Pat. No. 6,493,561 issued on Dec. 10, 2002, and
which claims priority to Japanese Patent Application(s) JP
8-163330 filed onJun. 24, 1996 and JP 9-155286 filed on Jun.
12, 1997. Move than one reissue application has been filed for
the reissue of U.S. Pat. No. 6,493,561. The reissue applica-
tions are: Ser. No. 11/008,757 filed on Dec. 9, 2004; Ser. No.
11/398,460 filed on Apr. 5, 2006, Ser. No. 12/702,435 filed on
Feb. 9, 2010 (now abandoned); Ser. No. 12/783,778 filed on
May 20, 2010; Ser. No. 12/847,426 filed on Jul. 30, 2010, and
Ser. No. 12/847,469 filed on Jul. 30, 2010 (the present appli-
cation). Ser. No. 11/398,460 is a continuation reissue appli-
cation of Ser. No. 11/008,757; and Ser. Nos. 12/702,435 (now
abandoned), 12/783,778, 12/847,426, and 12/847,469 (the

present application) are divisional veissue applications of

Ser. No. 11/008,757.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to mobile commu-
nication systems and mobile station apparatuses, and, more
particularly, to a mobile communication system in which a
radio zone where a mobile station 1s to enter a wait state 1s
determined by the electric field intensity of a received radio
wave that arrives from a radio base station, and to a mobile
station apparatus that receives communication service by
accessing such a mobile communication system.

The present invention also relates to a mobile communica-
tion system wherein a mobile station selects a base station to
which a request for a message channel is to be 1ssued, based
on announcement information from the base station.

2. Description of the Related Art

Recently, a variety of mobile stations including an auto-
mobile mobile station and a portable mobile station access a
mobile commumnication system. With a competition between
a plurality of carriers as a background, the number of mobile
stations 1s 1ncreasing.

A mobile communication system may have a large-zone
construction in which a base station covers a relatively wide
service area or a small-zone construction 1n which a plurality
ol base stations cover a service area.

In a mobile communication system, radio base stations
operated on a small transmission power and forming micro-
cells or picocells are provided at the center of a big city
characterized by a particularly large volume of traific so that
a multilayer cell 1s formed.

Radio base stations operated on a small transmission power
are also provided in an underground passage and a tunnel 1n
order to enlarge a radio zone suificiently to eliminate a dead
zone.
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FIG. 1 shows a construction of a conventional mobile com-
munication system.

Referring to FIG. 1, radio base stations 61, and 61, form
adjacent radio zones 62, and 62, respectively. In the radio
zone 62, a radio base station 61, forming a microcell 63 and
a radio base station 61, forming a picocell 64 are provided so
as to form a multilayer. Mobile stations 63,-65,, are located
movable 1n the radio zones 62, and 62,, the microcell 63 and
the picocell 64.

In the radio base station 61 ,, an antenna 66, 1s connected to
an antenna terminal of a transmission and reception unit 68,
via a common antenna equipment unit 67, . A control terminal
of the transmission and reception unit 68, 1s connected to an
input and output terminal of a base station control device 69, .
A line terminal provided 1n the transmission and reception
unit 68, and a communication port of the base station control
device 69, are connected to a control station (not shown) via
a transmission device 70, and a communication link 71, .

Since the radio base stations 61,-61, have the same con-
struction as the radio base station 61,, the corresponding
clements are designated by using suffixes 2-4 1n the descrip-
tion below, and the illustration and description thereof are
omitted.

An antenna 72, of the mobile station 65, , 1s connected to an
antenna terminal of a transmission and reception unit 74, via
a common antenna equipment unit 73,. A modulated 1nput
and a demodulated output of the transmission and reception
unit 74, are connected to amicrophone 75, and a speaker 76, ,
respectively. A control terminal of the transmission and
reception unit 74, 1s connected to a control terminal of a
control unit 77,. An input and output terminal of the control
unit 77, 1s connected to a display and operation unit 78, .

Since the construction of the mobile stations 65,-635, 1s the
same as the mobile station 65, the corresponding elements
are designated by using suffixes 2-N 1n the description below,
and the 1llustration and description thereof are omitted.

The base station control device 69, of the radio base station
61, i the above-described mobile communication system 1s
directed by a center (not shown) via the communication link
71, and the transmission device 70, to generate announce-
ment information including a wait enabled level and a wait
disabled level as shown 1n FIG. 2 and transmits the announce-
ment information to a predetermined control radio channel
(heremafiter, simply referred to as a control channel) via the

transmission and reception unit 68,, the antenna common
equipment unit 67, and the antenna 66,.

In addition to the wait enabled level and the wait disabled
level, the announcement information also includes a message
type 1dentifying transmitted information as the announce-
ment information, a mobile station transmission power speci-
fication speciiying a transmission power of the mobile sta-
tion, a location code indicating a location of the radio zone
(service area), and the like. However, the mnformation items
other than the wait enabled level and the wait disabled level
does not have to do with the present invention, and the
description thereof 1s omitted.

The control unit 77, of the mobile station 65, maintains a
control channel table listing all the radio channels over which
the announcement information described above 1s transmit-
ted from the radio base stations forming the respective radio
zones to which the mobile station 65, may be located. Further,
upon power-on, the control unit 77, measures sequentially the
clectric field intensity L, of the control channel registered 1n
the control table channel by controlling the transmission and
reception unit 74, ((1) of FIG. 3). A determination 1s then
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made as to whether or not the measured electric field intensity
1s greater than a predetermined threshold level L, ((2) of FIG.
3).

The control unit 77, registers the control channels for
which a determination that the measured electric field inten-
sity 1s greater than the threshold level L, 1s obtained, 1n a
prescribed area (hereinafter, referred to as a candidate zone
register) 1n a main memory. The electric field intensity of the
registered control channel 1s also registered 1n the candidate
zone register so that the correspondence between the control
channel and the associated electric field intensity 1s specified

((3) of FIG. 3).

When the control unit 77, has completed a series of the
above-described processes (heremafiter, referred to as a mea-
surement process) for all the control channels registered in the
control channel table, the control unit 77, determines whether
or not the candidate zone register stores any control channel
((4) of FIG. 3). If an aflirmative answer 1s given, the control
unit 77, sorts the entries 1in the candidate zone register accord-
ing to the ascending order of the electric field intensity ((5) of
FIG. 3).

The control unit 77, refers to the candidate zone register
when the sorting process has been completed and receives the
announcement mformation via the individual control chan-
nels registered in the candidate zone register ((6) of FIG. 3).
The control unit 77, measures the electric field intensity again
((7) of FIG. 3). Further, the control unit 77, compares the
clectric field mtensity L, and the wait enabled level L,
included 1n the announcement information ((8) of FIG. 3).
When the former 1s lower 1n level than the latter, a similar
comparison 1s conducted for the other control channels reg-
istered 1n the candidate zone register ((9) of FIG. 3). Herein-
alter, a series of processes performed subsequent to the mea-
surement process 1s referred to as a zone determination
process. The control unmit 77, restarts the measurement pro-
cess when the electric field intensity 1s found to be below the
wait enabled level L, for all the control channels subjected to
the comparison ((10) of FIG. 3).

If the electric intensity field of any of the control channels
1s Tound to be equal to or exceeds the wait enabled level, the
control unit 77, establishes that control channel as a control
channel for the radio zone in which the mobile station 1s to

register its location, 1ssues a call and receives an mncoming,
call ((11) of FIG. 3). Thereafter, the control unit 77, enter a

wait state ((12) of FIG. 3).

The operations relating to registering of a location, 1ssuing,
of a call or recetving of an incoming call performed by the
mobile station 635, and the radio base station 61, are not
directly related to the present invention, and the description
thereol will be omitted below.

The operation performed by the radio base stations 61,-61,
1s the same as the above-described operation of the radio base
station 61, and the description thereot 1s omitted. Also, the
operation performed by the mobile stations 65,-65,; 1s the
same as the above-described operation of the mobile station
65,, and the description thereof 1s omitted.

In the conventional system described above, 1f the mobile
station 65, 1s located inside the microcell 63 and near the
border with respect to the radio zone 62, as indicated by the
broken line 1n FIG. 4, and 11 the electric field intensity of the
radio wave arriving from the radio base station 61, 1s higher
than that of the radio wave recerved from the radio base
station 61, the mobile station 65, 1s set up for a wait 1n the
radio zone 62,. As illustrated, the radio zone 62, 1s formed
outside the microcell 63 1n which the mobile station 65, 1s
actually located.
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In such a case, the microcell 63 and the picocell 64 pro-
vided with the aim of handling a large volume of traffic are not
accessed by the mobile station 65,. The trailic otherwise
handled by the microcell 63 1s imposed as a load on the radio
base station 61, thus causing the operating efficiency and the
service quality to be dropped.

When the propagation loss of the radio wave that arrives at
the mobile station 65, from the radio base station 61,
increases due to the propagation characteristic of the radio
transmission channel varying depending on the speed of the
mobile station mobile station 65, and the path of the move-
ment, the mobile station 65, may leave a zone when 1t 1s not
necessary and performs the measurement process. Even when
a call originated 1in the mobile station 635, becomes a success-
ful call so that a conversation 1s established without the
mobile station 65, leaving the zone, the speech quality may be
dropped 1f there 1s a large propagation loss, with the result that
switching of message channels occur too frequently during
the conversation.

Given that the microcell 63 or the picocell 64 1s provided in
order to serve the dead area located inside the radio zone 62,
the mobile station 65, may be set up for a wait in a radio zone
located outside the cell (the microcell 63 or the picocell 64) 1n
which the mobile station 65, 1s actually located. In this case,
the microcell 63 or the picocell 64 remain unused so that the
dead area 1s not efficiently served, a first aspect of the problem
with the conventional mobile communication system.

A description will now be given, with reference to FIG. 5,
of the flow of call origination operation in the conventional
mobile communication system, 1n order to explain a second
aspect of the problem with the conventional mobile commu-
nication system. In the following explanation of the second
aspect, the PDC mobile communication system employed
primarily 1n Japan 1s assumed.

In the conventional mobile communication system, when
the user of a mobile station turns the power on (ST701), the
mobile station measures a reception level of a perch channel
provided for a base station (ST702). A perch channel 1s a term
used 1n the PDC mobile communication system to refer to a
channel provided for each of the base stations to allow a
mobile station to determine a reception level with respect to
the base station. In the PDC system, a perch channel 1s mainly
used to transmit announcement information from the base
station to the mobile station. The claims refer to a perch
channel as a reception-level determining channel. If 1t 1s
determined that the reception level exceeds a predetermined
level (YES 1n ST703), the mobile station sorts the perch
channels according to the ascending order of reception levels
and stores the perch channels and the associated reception
levels in a memory provided in the mobile station (ST704). A
determination 1s then made as to whether the reception levels
in all the perch channels have been measured (ST705).

If no perch channels and associated reception levels are
stored 1n the memory (NO 1n S706), the mobile station dis-
plays an out-oi-the-zone message 1n a display device (S707).
When perch channels and associated reception levels are
stored 1 the memory (YES 1 S706), the mobile station
measures the reception level 1n the perch channel having the
highest reception level according to the memory. If 1t 1s deter-
mined that the measured reception level exceeds a wait

enabled level contained in the announcement information
from the base station, the mobile stations 1s set up for a wait
in the base station providing the highest reception level

(S708).




US RE43,342 E

S

The mobile station 1n a wait state sends a call request to the
base station 1n which 1t 1s set up for a wait (8709). The mobile

station notifies the base station of the perch channel codes and
the reception levels provided by the base stations other than
the notified base station.

If the level of reception from the mobile station 1ssuing the
request exceeds a predetermined level that enables assigning,
of amessage channel (YES 1n 5710), and 11 there 1s an unused
message channel (YES 1 S8711), the base station receiving,
the request from the mobile station assigns a message channel
to the requesting mobile station (S712). It the level of recep-
tion from the mobile station 1s below the predetermined level
(NO 1n S710), or 1f there 1s no unused message channel (NO
in S711), the base station receiving the request refers to the
reception levels of the adjacent base stations reported by the
mobile station and designates one of the adjacent base sta-
tions as a base station for the requesting mobile station
(S713).

The mobile station that receives, from the base station, a
signal for assigning a message channel can use the assigned
message channel to establish a call connection with the cor-
responding base station (S714).

Thus, the mobile station located at a point where there 1s an
overlap of a plurality of zones formed by respective base
stations 1s set up for a wait in the base station whose perch
channel provides the highest reception level. When originat-
ing or recerving a call, the mobile station 1ssues a request for
a message channel to the base station 1n which the mobile
station 1s set up for a wait.

However, 1t 1s not always best for the mobile station in the
mobile communication system to 1ssue a request for a mes-
sage channel to the base station providing the highest recep-
tion level 1n the perch channel.

A relatively large service area formed, for example, by the
base station A as shown i FIG. 31 1s assumed. This large-
zone construction formed by the base station A may include
an area characterized by a concentrated traffic, resulting 1n a
shortage of message channels in that area. In order to remedy
this shortage, the base station B having a smaller transmission
power and capable of forming a smaller-zone construction
than the base station A 1s provided within the service area
formed by the base station A. Provision of the base station B
would serve the intended purpose 1 a mobile station within
the zone formed by the base station B requests a message
channel from the base station B.

However, a problem with the conventional mobile commu-
nication system 1is that the mobile station requests a message
channel from the base station A providing a higher reception
level than the base station B instead of requesting 1t from the
base station B provided to handle an increased local traific,
with the result that the base station B remains unused to
handle call originating or call incoming 1n the mobile station.

SUMMARY OF THE INVENTION

Accordingly, a general object of the present invention 1s to
provide a mobile communication system and a mobile station
apparatus in which the aforementioned problems of the con-
ventional system are eliminated.

Another and more specific object of the present invention 1s
to provide a mobile communication system and a mobile
station apparatus 1n which a radio base station adapts itself to
a dynamically established traffic distribution, or in which a
mobile station can most successiully enter a radio zone in
which it 1s actually located so as to be set up for a wait therein.

Still another object of the present invention 1s to assign
order of priority to a plurality of base stations constituting a
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mobile communication system so that a mobile station
requests a message channel from a base station having a
higher priority than others 1n order to start communicating via
that base station.

FIG. 6 1s a block diagram of a mobile communication
system according to claim 1 of the present invention. The
mobile communication system according to claim 1 com-
prises a plurality of radio base stations 1,-1,, forming respec-
tive radio zones and eflecting a radio channel setting control
in accordance with a predetermined procedure, and a mobile
station 2 selecting, as a wait zone, one of the radio zones that
satisfies a criteria demanded by the predetermined procedure,
and recerving communication service via the selected wait
zone. Each of the radio base stations 1,-1,,comprises a traffic
control unit 3 for setting a traific distribution for the plurality
of radio zones, and an announcing unit 4 for generating
announcement information including the order of priority
assigned to the plurality of radio zones, the order of priority
being assigned 1n accordance with a probability density given
to each of the plurality of radio zones under the distribution
set by the traffic control unit 3, and for transmitting the
announcement information to the radio zone formed by the
radio station to which the announcing unit 4 belongs. The
mobile station 2 comprises an announcement information
receiving umt 3 for receiving the announcement information
transmitted by the announcing unit 4 1n accordance with the
predetermined procedure, and a wait control unit 6 for select-
ing one of the radio zones as a wait zone, the radio zone to
which a highest priority 1s assigned being a first candidate for
selection by the wait control unit 6.

FIG. 7 shows a mobile communication system according to
claim 2 of the present invention. The mobile communication
system according to claim 2 comprises: a plurality of radio
base stations 11,-11,, forming one or a plurality of radio
zones and one or a plurality of small-scale radio zones, result-
ing 1n a hierarchy of overlapping radio zones, and effecting a
radio channel setting control 1n accordance with a predeter-
mined procedure; and a mobile station 12 accessing one of the
radio zones formed by the respective one of the plurality of
radio base stations 11,-11,, 1n accordance with a predeter-
mined procedure, and recerving communication service via
the accessed radio zone. Each of the plurality of radio base
stations 11,-11,, comprises an announcing unit 13 for trans-
mitting announcement information which mcludes identifi-
cation information for identifying radio channels assigned to
respective radio zones and small-scale radio zones, via the
radio channel assigned to the radio zone formed by the radio
base station to which the announcing unit 13 belongs, the
identification mformation being arranged 1n the announce-
ment 1information so as to correspond to the hierarchy of
overlapping radio zones. The mobile station 12 comprises: an
announcement mformation receving unit 14a for receiving
the announcement information transmitted by the announc-
ing unit 13a, 1n accordance with the procedure for radio
channel setting control; a measuring unit 15a for measuring
an electric field intensity for the radio channel corresponding
to the 1dentification information included in the announce-
ment information recerved by the announcement information
receiving unit 14a; and a wait control unit 16a for comparing
an electric field intensity measured by the measuring unit 15a
with a preset threshold level, and designating a radio zone to
which the radio channel lowest 1n the hierarchy 1s assigned as
a wait zone in which to receive the communication service, on
the condition that the electric field intensity measured by the
measuring unit 15a exceeds the preset threshold level.

The mobile communication system according to claim 3
comprises: a plurality of radio base stations 11,-11,, forming




US RE43,342 E

7

one or a plurality of radio zones and one or a plurality of
small-scale radio zones, resulting in a hierarchy of overlap-
ping zones, and effecting a radio channel setting control in
accordance with a predetermined procedure; and a mobile
station 12 accessing one of the radio zones formed by the
respective one of the plurality of radio base stations 11,-11,;
in accordance with a predetermined procedure, and receiving
communication service via the accessed radio zone. Each of
the plurality of radio base stations 11,-11,, comprises an
announcing umt 13a for transmitting announcement informa-
tion which includes 1dentification information for identifying,
the one or the plurality of radio zones and the one or the
plurality of small-scale radio zones, via the radio channel
assigned to the radio zone formed by the radio base station to
which the announcing unit 13a belongs, the i1dentification
information being arranged 1n the announcement information
according to respective positions in the hierarchy of overlap-
ping zones. The mobile station 12 comprises: an announce-
ment information receiving unit 14a for receiving the
announcement information transmitted by the announcing
unit 13a, in accordance with the procedure for radio channel
setting control; a measuring unit 15a for measuring an electric
field intensity for the radio zone corresponding to the 1denti-
fication information included 1n the announcement informa-
tionrecetved by the announcement information receiving unit
14a; and a wait control umit 16a for comparing an electric field
intensity measured by the measuring unit 15a with a preset
threshold level, and designating, as a wait zone 1n which to
recelve the communication service, a radio zone lowest 1n the
hierarchy of overlapping zones on the condition that the elec-
tric field intensity measured by the measuring unit 15a
exceeds the threshold level.

The mobile communication system according to claim 4
comprises: a plurality of radio base stations 11,-11,, forming
one or a plurality of radio zones and one or a plurality of
small-scale radio zones, resulting in a hierarchy of overlap-
ping zones, and effecting a radio channel setting control in
accordance with a predetermined procedure; and a mobile
station 12 accessing one of the radio zones formed by the
respective one of the plurality of radio base stations 11,-11,,
in accordance with a predetermined procedure, and receiving
communication service via the accessed radio zone. Each of
the plurality of radio base stations 11,-11,, comprises an
announcing unit 13b for transmitting announcement informa-
tion which includes 1dentification information for identifying,
radio channels for the one or the plurality of radio zones and
the one or the plurality of small-scale radio zones, via the
radio channel assigned to the radio zone formed by the radio
base station to which the announcing unit 13b belongs, the
identification mformation being arranged 1n the announce-
ment information according to respective positions in the
hierarchy of overlapping zones. The mobile station 12 com-
prises: an announcement iformation recerving unit 14b for
receiving the announcement information transmitted by the
announcing unit 13b, 1n accordance with the procedure for
radio channel setting control; a measuring unit 15b for mea-
suring an electric field intensity for the radio channel corre-
sponding to the identification information included in the
announcement information recerved by the announcement
information receiving unit 14b; and a wait control unit 16b for
comparing an ¢lectric field intensity measured by the mea-
suring unit 15b with a preset threshold level, and designating
one of the radio channels, which 1s assigned to the radio zone
lowest 1n the hierarchy and for which the control unit 16b has
determined that the electric field intensity measured by the
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measuring unit 15b exceeds the preset threshold level, as a
radio channel via which to recerve the communication ser-
vice.

The mobile communication system according to claim 5
comprises: a plurality of radio base stations 11,-11,, forming
one or a plurality of radio zones and one or a plurality of
small-scale radio zones, resulting in a hierarchy of overlap-
ping zones, and effecting a radio channel setting control in
accordance with a predetermined procedure; and a mobile
station 12 accessing one of the radio zones formed by the
respective one of the plurality of radio base stations 11,-11,,,
in accordance with a predetermined procedure, and receiving
communication service via the accessed radio zone. Each of
the plurality of radio base stations 11,-11,, comprises an
announcing unit 13¢ for transmitting announcement informa-
tion which includes identification information for identifying
the one or the plurality of radio zones and the one or the
plurality of small-scale radio zones, via the radio channel
assigned to the radio zone formed by the radio base station to
which the announcing unit 13¢ belongs, the identification
information being arranged 1n the announcement information
according to respective positions in the hierarchy of overlap-
ping zones. The mobile station 12 comprises: an announce-
ment information receiving umt 14c for receiving the
announcement information transmitted by the announcing
unmt 13c, in accordance with the procedure for radio channel
setting control; ameasuring unit 15¢ for measuring an electric
field intensity for the radio zone corresponding to the 1denti-
fication information included 1n the announcement 1nforma-
tion recerved by the announcement information receiving unit
14c¢; and a wait control unit 16¢ for comparing an electric field
intensity measured by the measuring umt 15¢ with a preset
threshold level, and designating, as a wait zone 1n which to
receive the communication service, a radio zone identified by
the 1dentification information to be lowest 1n the hierarchy of
overlapping zones, on the condition that the electric field
intensity measured by the measuring unit 15a exceeds the
threshold level.

The mobile communication system according to claim 6
comprises: a plurality of radio base stations 11,-11,, forming
one or a plurality of radio zones and one or a plurality of
small-scale radio zones, resulting in a hierarchy of overlap-
ping zones, and eflecting a radio channel setting control in
accordance with a predetermined procedure; and a mobile
station 12 accessing one of the radio zones formed by the
respective one of the plurality of radio base stations 11,-11,,,
in accordance with a predetermined procedure, and receiving
communication service via the accessed radio zone. Each of
the plurality of radio base stations 11,-11,, comprises an
announcing unit 13d for transmitting announcement informa-
tion which includes first identification imnformation for iden-
tifying a radio channel assigned to the radio zone formed by
the radio base station to which the announcing unit 13d
belongs, as well as including second 1dentification informa-
tion identifying the radio zones and the small-scale radio
zones which overlap the radio zone formed by the radio base
station to which the announcing unit 13d belongs, via the
radio channel assigned to the radio zone formed by the radio
base station to which the announcing unit 13d belongs, the
second 1denftification information being arranged 1n the
announcement information according to respective positions
in the hierarchy of overlapping zones. The mobile station 12
comprises: an announcement information receiving umt 14d
for receving the announcement information transmitted by
the announcing unit 13d, 1n accordance with the procedure for
radio channel setting control; a measuring unit 15d for mea-
suring an electric field intensity for the radio channel corre-
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sponding to the identification information included in the
announcement information recerved by the announcement
information recerving unit 14d; and a wait control unit 16d for
comparing an electric field intensity measured by the mea-
suring unit 15d with a preset threshold level, determining the
radio channel which 1s i1dentified by the associated second
identification information, 1t available, to have a lowest hier-
archical order, and designating, as a wait zone 1n which to
recelrve the communication service, the radio zone to which
the determined radio channel 1s assigned, on the condition
that the electric field intensity measured by the measuring,
unit 15d exceeds the threshold level.

The mobile communication system according to claim 7
comprises: a plurality of radio base stations 11,-11,, forming
one or a plurality of radio zones and one or a plurality of
small-scale radio zones, resulting in a hierarchy of overlap-
ping zones, and effecting a radio channel setting control in
accordance with a predetermined procedure; and a mobile
station 12 accessing one of the radio zones formed by the
respective one of the plurality of radio base stations 11,-11,;
in accordance with a predetermined procedure, and receiving
communication service via the accessed radio zone. Each of
the plurality of radio base stations 11,-11,, comprises an
announcing umt 13e for transmitting announcement informa-
tion which includes first identification information for iden-
tifying a radio channel assigned to a radio zone formed by the
radio base station to which the announcing unit 13¢ belongs,
as well as including second i1dentification information 1den-
tifying the radio zones and the small-scale radio zones which
overlap the radio zone formed by the radio base station to
which the announcing unit 13¢ belongs, over the radio zone
formed by the radio base station to which the announcing unit
13¢ belongs, the second identification information being
arranged 1n the announcement information according to
respective positions in the hierarchy of overlapping zones.
The mobile station 12 comprises: an announcement informa-
tion receiving unit 14e for receiving the announcement infor-
mation transmitted by the announcing nit 13e, in accordance
with the procedure for radio channel setting control; a mea-
suring unit 15e for measuring an electric field intensity for the
radio zone corresponding to the identification information
included 1n the announcement information received by the
announcement information receiving unit 14e; and a wait
control unit 16e for comparing an electric field intensity mea-
sured by the measuring unit 15¢ with a preset threshold level,
determining the radio zone corresponding to the radio chan-
nel which 1s 1dentified by the associated second identification
information, 1 available, to have a lowest hierarchical order,
and designating the determined radio zone as a wait zone 1n
which to receive the communication service on the condition
that the electric field intensity measured by the measuring,
unit 15¢ exceeds the threshold level.

The mobile communication system according to claim 8
comprises: a plurality ot radio base stations 11,-11,, forming
one or a plurality of radio zones and one or a plurality of
small-scale radio zones, resulting in a hierarchy of overlap-
ping zones, and eflecting a radio channel setting control 1n
accordance with a predetermined procedure; and a mobile
station 12 accessing one of the radio zones formed by the
respective one of the plurality of radio base stations 11,-11 5,
in accordance with a predetermined procedure, and receiving
communication service via the accessed radio zone. Each of
the plurality of radio base stations 11,-11,, comprises an
announcing unit 131 for transmitting announcement informa-
tion which includes a hierarchical (equal or subordinate)
order of the radio zone formed by the radio base station to
which the announcing unit 131 belongs with respect to the
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overlapping radio zones and small-scale radio zones, and
which also includes identification information for identifying,
radio channels assigned to the radio zone formed by the radio
base station to which the announcing unit 131 belongs and the
overlapping radio zones and small-scale radio zones, via the
radio channel assigned to the radio zone formed by the radio
base station to which the announcing unit 131 belongs. The
mobile station 12 comprises: an announcement information
receiving unit 141 for receiving the announcement informa-
tion transmitted by the announcing unit 131, 1n accordance
with the procedure for radio channel setting control, for
extracting the identification imnformation from the announce-
ment information, and for determining the hierarchy of the
radio zones to which the radio channels i1dentified by the
identification information are assigned; a measuring unit 151
for measuring an electric field intensity for the radio channel
corresponding to the 1dentification information obtained by
the announcement information recerving umt 141; and a wait
control unit 161 for comparing an electric field intensity mea-
sured by the measuring unit 151 with a preset threshold level,
and designating a radio zone to which the radio channel
lowest 1n the hierarchy 1s assigned as a wait zone in which to
recetve the communication service, on the condition that the
clectric field intensity measured by the measuring unit 151 for
the radio channel lowest 1n the hierarchy exceeds the preset
threshold level.

The mobile communication system according to claim 9
comprises: a plurality of radio base stations 11,-11,, forming
one or a plurality of radio zones and one or a plurality of
small-scale radio zones, resulting in a hierarchy of overlap-
ping zones, and effecting a radio channel setting control in
accordance with a predetermined procedure; and a mobile
station 12 accessing one of the radio zones formed by the
respective one of the plurality of radio base stations 11,-11,,,
in accordance with a predetermined procedure, and receiving
communication service via the accessed radio zone. Each of
the plurality of radio base stations 11,-11,, comprises an
announcing unit 13¢g for transmitting announcement informa-
tion which includes a hierarchical (equal or subordinate)
order of the radio zone formed by the radio base station to
which the announcing unit 13g belongs with respect to the
overlapping radio zones and small-scale radio zones, and
which also includes 1dentification information for identifying
the radio zone formed by the radio base station to which the
announcing unit 13g belongs and the overlapping radio zones
and small-scale radio zones, over the radio zone formed by
the radio base station to which the announcing unit 13g
belongs. The mobile station 12 comprises: an announcement
information receiving unit 14g for receiving the announce-
ment information transmitted by the announcing unit 13g, in
accordance with the procedure for radio channel setting con-
trol, for extracting the identification mmformation from the
announcement mformation, and for determining the hierar-
chy of the radio zones corresponding to the identification
information; a measuring unit 15g for measuring an electric
field intensity for the radio zone corresponding to the 1denti-
fication imnformation extracted by the announcement informa-
tion recerving unit 14g; and a wait control unit 16g for com-
paring an electric field intensity measured by the measuring
unit 15g with a preset threshold level, and designating a radio
zone lowest in the hierarchy determined by the announcement
information recewving unit 14g as a wait zone i which to
recerve the communication service, on the condition that the
clectric field intensity measured by the measuring unit 15g for
the radio zone lowest 1n the hierarchy exceeds the preset
threshold level.
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The announcing unit of the mobile communication system
according to claim 10 comprises a unit for adding, in the
announcement information, preset threshold values individu-
ally provided for the radio zone formed by the radio base
station to which the announcing unit belongs and the over-
lapping radio zones and small-scale radio zones, resulting 1n
a hierarchy that corresponds to the hierarchy of overlapping
zones. The wait control unit 16 employs the threshold values
added to the announcement information by the announcing
unit in making comparisons with the electric field intensity.

The announcing unit of the mobile communication system
according to claim 11 comprises a unit for adding a relative
value indicating the preset threshold value for the zone
tormed by the radio base station to which the announcing unit
belongs, 1n the form of a difference with respect to a reference
value for the threshold value. The announcement information
receiving unit includes a unit for determining the relative
value added to the announcement information, 1n relation to
the radio zone in which the announcement information 1s
received. The wait control unit compares the electric field
intensity measured by the measuring unit with a sum of the
reference value and the relative value determined by the
announcement information receiving unit in relation to the
radio zone 1n which the electric field intensity 1s measured.

The announcing unit of the mobile communication system
according to claim 12 comprises a unit for adding relative
values indicating the preset threshold values for the radio
zone formed by the radio base station to which the announc-
ing unit belongs and the overlapping radio zones and small-
scale radio zones, 1n the form of differences with respectto a
reference value common to the threshold values, resulting in
a hierarchy that corresponds to the hierarchy of overlapping
zones. The wait control unit compares the electric field inten-
sity with a sum of the relative value and the reference value.

The mobile station 12 of the mobile communication sys-
tem according to claim 13 comprises a zone determination
unit 17 for performing a cyclic measurement of the electric
field intensity of the radio zones 1n which the mobile station
12 can be located, comparing a measured electric field inten-
sity with a lower acceptance value by which an entry into the
radio zone 1s enabled, stopping processes of measurement
and comparison when 1t 1s found that the former exceeds the
latter, and selecting the associated radio zone as a candidate 1n
which the announcement information receiving unit 14 1s to
receive the announcement information.

The wait control unit of the mobile communication system
according to claim 14 compares the electric field intensity
measured by the measuring unit with the threshold value in
the descending order of the hierarchy in the radio zones
subject to the measurement, and designates the radio zone for
which it 1s found that the former exceeds the latter as a wait
zone.

The measuring unit of the mobile communication system
according to claim 15 comprises a unit which omits a mea-
surement of the radio zone selected by the zone determination
unit 17 and substitutes therefor the electric field intensity
measured by the zone determination unit.

FIG. 8 1s a block diagram showing the invention described
in claim 16.

The mobile station according to claim 16 comprises an
announcement nformation receiving umt 21 for receiving
announcement information including orders of priority
assigned to radio zones formed by a plurality of radio base
stations, the reception by the announcement information
receiving unit 21 being conducted according to a descending,
order of preset traflic distribution and 1n accordance with a
radio channel setting control procedure; a wait unit 23 for
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determining whether the radio zone associated with the order
of priority 1included in the announcement information
received by the announcement information receirving unit 21
satisfies a criteria adapted for the radio channel setting control
procedure, and for designating the radio zone for which an
allirmative answer 1s given as a wait zone; and a communi-
cation control unit 25 which receives communication service
from the radio base station forming the radio zone designated
by the wait unit 23.

The mobile communication system according to claim 17
comprises: a plurality of base stations forming respective
radio zones that overlap each other; a mobile station trans-
portable between said radio zones; wherein each of said plu-
rality of base stations comprises: announcing means for send-
ing announcement information including an order of priority
ol said plurality of base stations to the mobile station located
in one of said radio zones, and said mobile station comprises:
control means for selecting the base station to which a request
for a message channel 1s to be 1ssued, based on the order of
priority of the base stations included 1in the announcement
information transmitted from said plurality of base stations.

According to this aspect of the present invention, the base
station as shown 1n FIG. 31 1n which the mobile station 1s set
up for a wait transmits the announcement information that
includes the order of priority specitying, for example, that the
base station B be given the priority over the base station A 1n
selecting a base station from which to request a message
channel. Therefore, the mobile station requests a message
channel from the base station B 1n accordance with the order
of priority 1mncluded 1n the announcement information from
the base station A.

Since the mobile station requests a message channel from
the base station B instead of the base station A providing a
higher reception level, the base station B can be used efii-
ciently to handle call oniginating and call incoming 1n the
mobile station.

The mobile station according to claim 18 further com-
prises: announcement information receiving means for
receiving the announcement information including the order
of priority of said plurality of base stations and transmitted
from said plurality of base stations; and transmission means
for 1ssuing a request for a message channel to the base station
selected by said control means.

According to this aspect of the present invention, the
announcement information recewving means ol the mobile
station recerves the announcement information including the
order of priority of the base stations from, for example, the
base station A and the base station B as shown in FIG. 31. The
transmission means of the mobile station transmits a request
for a message channel from a base station selected by the
control means. For example, the mobile station may send the
request to the base station B having the highest priority.

The mobile station according to claim 19 further com-
prises: storage means for storing the announcement informa-
tion; measuring means for measuring a reception level in
reception-level determining channels 1n a descending order of
priority of said plurality of base stations, based on the
announcement information stored 1n said storage means and
including the order of priority and based on information relat-
ing to the reception-level determining channels.

According to this aspect of the present invention, the
memory means of the mobile station stores the announcement
information recerved by the announcement information
receiving means from, for example, the base station A and the
base station B as shown 1n FIG. 31 and including the order of
priority of the base stations. Measurement of the reception
level by the measuring means starts with the base station B
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having the highest priority, based on the order of priority of
the base stations A and B stored in the storing means and the
information relating to the perch channel corresponding to
the respective base stations. The measuring means notifies the
control means of the reception level.

Theretfore, the mobile station stores the order of priorty of
the base stations included 1n the announcement information
received by the announcement information receiving means
and notifies the control means of the reception level so that
selection can be made on the base station to which a request
for a message channel is to be 1ssued. In this way, the control
means 1s able to select the base station B to which the request
should be sent.

The control means according to claim 20 includes deter-
miming means for determining whether the reception level in
a reception-level determining channel 1s equal to or exceeds a
predetermined level that enables a request for a message
channel.

According to this aspect of the present invention, the con-
trol means of the mobile station can determine whether the
reception level of the perch channel of, for example, the base
station A or the base station B as shown 1n FIG. 31 1s equal to
or exceeds a predetermined level.

The announcing means according to claim 21 includes first
arranging means for ordering the announcement information
sO as to arrange information relating to reception-level deter-
mimng channels 1n a descending order of priority.

According to this aspect of the present invention, the
announcing means of, for example, the base station A as
shown FIG. 31 can order the announcement information such
that information relating to the perch channel of the base
station A and that of the base station B are arranged in the
order of priority.

The announcing means according to claim 22 includes
second arranging means for ordering the announcement
information so as to couple information relating to each
reception-level determining channel to an order of priority
associated therewith.

According to this aspect of the present invention, the
announcing means of, for example, the base station A as
shown 1n FIG. 31 can order the announcement information
such that information relating to the perch channel of the base
station A 1s coupled to the priority assigned thereto and infor-
mation relating to the perch channel of the base station B 1s
coupled to the priority assigned thereto.

The transmission means according to claim 23 includes
first transmission means for 1ssuing a request for a message
channel to the base station selected by the control means
when a call 1s originated.

According to this aspect of the present invention, the con-
trol means ol the mobile station as shown in FI1G. 31 can select
the base station B assigned the highest priority when the
mobile station originates a call, so that the transmission
means can request a message channel from the base station B.

The transmission means according to claim 24 includes
second transmission means for issuing a request for a mes-
sage channel to the base station selected by the control means
when a call 1s incoming.

According to this aspect of the present invention, the con-
trol means of the mobile station as shown 1n FIG. 31 can select
the base station B assigned the highest priority when the
mobile station recerves an incoming call, so that the transmis-
sion means can request a message channel from the base
station B.

The transmission means according to claim 23 includes
third transmission means for transmitting a request for a
communication to the base station selected by the control
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means when a message channel 1s switched from one to
another 1n the event of a handover of a call.

According to this aspect of the present invention, the con-
trol means of the mobile station as shown 1n FIG. 31 can select
the base station B assigned the highest priority when a switch-
ing of channels occurs 1n the event of a handover, so that the
transmission means can request a message channel from the
base station B.

The mobile station according to claim 26 comprises con-
trol means for selecting a base station to which a request for
a message channel 1s to be 1ssued, based on an order of
priority of a plurality of base stations included 1n announce-
ment information from said plurality of base stations.

Referring to 31, based on the announcement information
from the base station A including the order of priority of the
base stations A and B, the mobile station can request a mes-
sage channel from the base station B instead of the base
station A providing a higher reception level. Thus, the base
station B, provided to handle an increased local traffic, can be
eificiently used to handle call originating and call incoming 1n
the mobile station.

The mobile station according to claim 27 comprises:
announcement information receiving means for receiving,
from said plurality of base stations, the announcement infor-
mation including the order of priority of said plurality of base
stations; and transmission means for transmitting a request
for a message channel to the base station selected by said
control means.

According to this aspect of the present invention, the
announcement information recewving means ol the mobile
station recerves the announcement information including the
order of priority of the base stations from, for example, the
base station A and the base station B as shown in FIG. 31. The
transmission means of the mobile station transmits a request
for a message channel from a base station selected by the
control means. For example, the mobile station may send the
request to the base station B having the highest priority.

The mobile station according to claim 28 comprises: stor-
age means for storing the announcement information; mea-
suring means for measuring a reception level 1in reception-
level determining channels 1n a descending order of priority
of said plurality of base stations, based on the announcement
information stored in said storage means and including the
order of priority and based on information relating to the
reception-level determining channels.

According to this aspect of the present invention, the
memory means of the mobile station stores the announcement
information recerved by the announcement information
receiving means from, for example, the base station A and the
base station B as shown 1n FIG. 31 and including the order of
priority of the base stations. Measurement of the reception
level by the measuring means starts with the base station B
having the highest priority, based on the order of priority of
the base stations A and B stored 1n the storing means and the
information relating to the perch channel corresponding to
the respective base stations. The measuring means notifies the
control means of the reception level.

Therefore, the mobile station stores the order of priority of
the base stations included 1n the announcement information
received by the announcement information receiving means
and notifies the control means of the reception level so that
selection can be made on the base station to which a request
for a message channel is to be 1ssued. In this way, the control
means 1s able to select the base station B to which the request
should be sent.

The control means according to claim 29 includes deter-
mining means for determining whether the reception level in
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a reception-level determining channel 1s equal to or exceeds a
predetermined level that enables a request for a message
channel.

According to this aspect of the present invention, the con-
trol means of the mobile station can determine whether the
reception level of the perch channel of, for example, the base
station A or the base station B as shown 1n FIG. 31 1s equal to
or exceeds a predetermined level.

The transmission means according to claim 30 includes
first transmission means for 1ssuing a request for a message
channel to the base station selected by the control means
when a call 1s originated.

According to this aspect of the present invention, the con-
trol means ol the mobile station as shown in FI1G. 31 can select
the base station B assigned the highest priority when the
mobile station originates a call, so that the transmission
means can request a message channel from the base station B.

The transmission means according to claim 31 includes
second transmission means for issuing a request for a mes-
sage channel to the base station selected by the control means
when a call 1s incoming.

According to this aspect of the present invention, the con-
trol means of the mobile station as shown in FI1G. 31 can select
the base station B assigned the highest priority when the
mobile station receives an incoming call, so that the transmis-
s10n means can request a message channel from the base
station B.

The transmission means according to claim 32 includes
third transmission means for transmitting a request for a
communication to the base station selected by the control
means when a message channel 1s switched from one to
another 1n the event of a handover of a call.

According to this aspect of the present invention, the con-
trol means ol the mobile station as shown in FI1G. 31 can select
the base station B assigned the highest priority when a switch-
ing of channels occurs 1n the event of a handover, so that the
transmission means can request a message channel from the
base station B.

The base station according to claim 33 comprises:
announcing means for sending announcement information
including an order of priority of a plurality of base stations
constituting the mobile communication system to a mobile
station located 1n one of the radio zones.

A mobile communication system as shown 1 FIG. 31 1s
assumed. The base station A forms a relatively large service
area (zone) and a base station B having a smaller transmission
power than the base station A forms a relatively small service
area (zone) mside the service area formed by the base station
A. The mobile station 1s set up for a wait 1n the base station A.
According to the imnvention of claim 33, the base station A can
transmit the announcement information including the order
of priority of the base stations. For example, the base station
B could be given a higher priority over the base station A
according to the announcement information.

The announcing means according to claim 34 includes first
arranging means for ordering the announcement information
sO as to arrange information relating to reception-level deter-
mimng channels 1n a descending order of priority.

According to this aspect of the present invention, the
announcing means of, for example, the base station A as
shown FIG. 31 can order the announcement information such
that information relating to the perch channel of the base
station A and that of the base station B are arranged in the
order of priority.

The announcing means according to claim 35 includes
second arranging means for ordering the announcement
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information so as to couple information relating to each
reception-level determining channel to an order of priority
associated therewith.

According to this aspect of the present invention, the
announcing means of, for example, the base station A as
shown 1n FIG. 31 can order the announcement 1information
such that information relating to the perch channel of the base
station A 1s coupled to the priority assigned thereto and infor-
mation relating to the perch channel of the base station B 1s
coupled to the priority assigned thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and further features of the present invention
will be apparent from the following detailed description when
read 1n conjunction with the accompanying drawings, in

which:

FIG. 1 shows a construction of a conventional mobile com-
munication system;

FIG. 2 shows a construction of conventional announce-
ment information;

FIG. 3 1s a flowchart of a conventional operation;

FIG. 4 1llustrates a problem with the conventional mobile
communication system;

FIG. 5 1s a flowchart showing the conventional call origi-
nation operation;

FIG. 6 1s a block diagram of a mobile communication
system according to the mvention described 1n claim 1;

FIG. 7 1s a block diagram showing a principle of the inven-
tion described 1n claims 2-15;

FIG. 8 15 a block diagram showing a principle of the inven-
tion described 1n claim 16;

FIG. 9 1s a flowchart of an operation of a system according,
to the invention described 1n claims 2, 3, 14-16:

FIG. 10 shows a format of announcement information
according to an embodiment that corresponds to the invention
described 1n claims 2 and 3:

FIG. 11 1s a flowchart of an operation according to an
embodiment that corresponds to the invention described 1n
claims 4-9, 14 and 15;

FIG. 12 shows a format of announcement information
according to an embodiment that corresponds to the invention
described 1n claims 4-7;

FIG. 13 shows a format of announcement information
according to an embodiment that corresponds to the invention
described 1n claims 8 and 9;

FIG. 14 1s a flowchart of an operation according to an
embodiment that corresponds the invention described in
claims 10, 14 and 15;

FIG. 15 shows a format of announcement information
according to an embodiment that corresponds to the invention
described 1n claim 10;

FIG. 16 1s a flowchart of an operation according to an
embodiment that corresponds to the invention described 1n
claims 11, 12, 14 and 15;

FIG. 17 shows announcement information according to an
embodiment that corresponds to the invention described 1n
claims 11 and 12;

FIG. 18 1s a flowchart of an operation according to an
embodiment that corresponds to the invention described 1n
claims 13-15;

FIG. 19 shows a mobile communication system directed to
resolving the problem with the conventional message channel
assigning operation;

FIG. 20 shows a mobile communication system to which
the present invention 1s applied;
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FIG. 21A shows how the announcement information is
delivered:

FIG. 21B shows the principle of the flow of the call origi-
nation operation according to the present invention;

FIG. 22 shows a format of the announcement information
according to the present invention;

FI1G. 23 shows another format of the announcement infor-
mation according to the present invention;

FIG. 24 shows still another format of the announcement
information according to the present invention;

FIG. 25 1s a flowchart showing the tlow of the call origi-
nation operation according to the present invention;

FIG. 26 shows a sequence of the call origination operation
according to the present invention;

FIG. 27 shows the flow of the call-incoming operation
according to the present invention;

FI1G. 28 shows the sequence of the call-incoming operation
according to the present invention;

FI1G. 29 shows the flow of arecall channel switching opera-
tion according to the present invention;

FI1G. 30 shows the sequence of the recall channel switching,
operation according to the present invention;

FIG. 31 shows how base stations are ordered;

FIG. 32 shows a hardware construction of a base station
assumed 1n the present invention; and

FI1G. 33 shows a hardware construction of a mobile station
assumed 1n present invention.

DESCRIPTION OF THE PR
EMBODIMENTS

oy
M

ERRED

The inventive feature of an embodiment that corresponds
to the imvention described in claim 1 consists 1n the constitu-

tion of the announcement information sent by the base station
control devices 69,-69, of the radio base stations 61,-61, to

the control channel, and 1n the procedure of radio channel
setting control efl

ected by the control units 77,-77,; of the
mobile stations 65,-65 ., respectively, in accordance with the
announcement 111f0rmat1011 The hardware configuration of
the system according to the embodiment that corresponds to
the mvention described 1n claim 1 1s the same as the conven-
tional system shown 1n FIG. 1, and the description thereof 1s
omitted.

The radio base stations 61,-61, correspond to the radio
base stations 1,-1,,shown in FIG 6 respectively. Each of the
radio base Statlons 1 1N includes the respective traific control
unit 3 and the announcing unit 4. The mobile stations 65, -635,,,
correspond to the mobile station 2 which includes the
announcement mformation recerving unit 5 and the wait con-
trol unit 6.

A description will now be given, with reference to FIG. 1,
of the operation of the system that corresponds to the mven-
tion described 1n claim 1.

Each of the base station control devices 69,-69, ot the radio
base stations 61,-61_, respectively, maintains a data base (not
shown). Such a data base assigns a weight to each of the radio
base stations 61,-61, so as to arrange the radio base stations
61,-61_, 1n the order of priority. The weight 1s determined by
a condition such as the operating mode and the current traffic.
The operating mode could include the day of the week, the
time zone of the day and the like.

Each of the base station control devices 69,-69., also moni-
tors calls originated 1n mobile stations located in a radio zone
formed by the respective base station, so that the traffic 1n that
radio zone can be measured. The measured traffic 1s reported
to the other base stations via a communication link (not
shown).
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Further, each of the base station control devices 69,-69,
refers to the above-mentioned data base against the traffic
measured locally, the traific reported by the other base sta-
tions, and the day of the week and the time zone, so as to
determine a combination of weights suitable for the combi-
nation of the ongoing trailic. Each of the base station control
devices 69,-69, then incorporates the determined combina-
tion 1n the announcement information in relation to the
respective radio zones 62,-62, (or the radio base stations
61,-61,). The announcement information 1s transmitted via
the transmission and reception units 68,-68,, the common
antenna equipment units 67,-67, and the antennas 66,-66,,.

The control unit 77, of the mobile station 65, effects a
measurement process and a zone determination process as in
the conventional system. Given that there are a plurality of
candidate radio zones which the mobile station 65, may enter,
the radio zone to which the greatest weight 1s assigned in the
announcement information 1s selected as the first candidate
zone for entry so that the control unit 77, can enter a wait
state.

Thus, according to the embodiment that corresponds to the
invention described 1n claim 1, the distribution of the mobile
stations set up for a wait in respective radio zones can be
varied dynamically so as to be adapted for the operating
condition and the operating mode of the radio base stations.
Therefore, maintenance and operating requirements are flex-
ibly met and the resources such as the radio base stations and
the radio frequencies are effectively utilized.

In the above-described embodiments, the weights are
determined by the traffic distribution in the radio zones, the
day of the week and the time zone. However, the weight may
be appropnately provided in correspondence with events
detected 1n the process of the momitoring control and the radio
channel setting control effected by the radio base stations.
Such events may be various failures and releases therefrom,
or congestions 1n radio channels.

FIG. 8 1s a flowchart of an operation of the mobile com-
munication system according to embodiments that corre-
spond to the ivention described 1n claims 2, 3 and 14-16.
The 1inventive feature of the embodiments that correspond
to the invention described 1n claims 2, 3 and 14-16 consists 1n
the constitution of the announcement information sent by the
base station control devices 69,-69, of the radio base stations
61,-61_, to the control channel, and 1n the procedure of radio
channel setting control process effected by the control units
77,-77,, of the mobile stations 635,-65,, respectively, 1n
accordance with the announcement information. The hard-
ware configuration of the embodiments that correspond to the
invention described 1n claims 2, 3 and 14-16 1s the same as
that of the conventional system shown 1n FIG. 1, and the
description thereot 1s omitted.

The radio base stations 61,-61, correspond to radio base
stations 11,-11,,which include announcing units 13 and 13a-
13g, respectively. The mobile stations 65,-63,, correspond to
a mobile station 12 which includes one of announcing infor-
mation recerving units 14 and 14a-14g (in the case of claim 2)
or an announcing information recerving unmt 21 (in the case of
claim 16). The mobile station 12 also includes one of mea-
suring units 15 and 15a-15¢g, one of wait control units 16 and
16a-16g, an entry determining unit 17, a wait umt 23, and a
communication control unit 25.

A description will now be given of the operation of the
system according to embodiments that correspond to the
invention described 1n claims 2, 3 and 16. For the sake of
simplicity of the description that follows, 1t 1s assumed that
the mobile station 65, 1s located 1n the same location assumed
in the description of the related art.
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In the absence of a hierarchy of radio zones (hereinaftter,
referred to as overlap zones) embodied by a microcell 63, a
picocell 64 and the like at respective locations 1n a radio zone
formed by the radio base station 61, the base station control
device 69, of the radio base station 61, transmits the
announcement mnformation having the same format as that of
the conventional announcement information as shown i FIG.
2, via the transmission and reception unit 68,, the common
antenna equipment unit 67, and the antenna 66, .

If there are overlap zones, the base station control device
69, 1s provided by a control station (not shown) with an
identification code C, for a control channel formed by the
radio base station 61, and i1dentification codes C; and C, for
control channels (hereinatter, referred to as overlap control
channels) assigned to the microcell 63 and the picocell 64
embodying the overlap zones, via the communication link
71, and the transmission device 70,. As indicated by a
hatched area in FIG. 10, the base station control device 69,
incorporates, 1n the announcement information, the identifi-
cation codes C, and C,-C, for the control channel and the
overlap control channels, respectively, such that a series of the
identification codes C,, C, and C, are arranged according to
respective positions in the hierarchy. The wait enabled level
and the wait disabled level are also included 1n the announce-
ment information as 1n the conventional system.

The control unit 77, of the mobile station 65, efiects the
measurement process and the zone determination process as
in the conventional system. In the zone determination pro-
cess, a determination as to whether the format of the
announcement information recerved via the control channel
subject to the measurement of the electric field intensity L, 1s
the same as the conventional format shown 1n FIG. 2 1s made,

depending on whether the above-described series of the 1den-
tification codes 1s included in the announcement information
((1) of FIG. 9).

If the format of the announcement information is found to
be the same as the conventional format, the control unit 77,
performs the zone determination process 1n accordance with
the same procedure as observed in the conventional system
before proceeding to a wait state ((2) of FI1G. 9).

If the format of the announcement information 1s not found
to be the same as the conventional format, the control unit 77,
stores the series of the 1dentification codes C,, C;and C, mn a
reserved area (hereinafter, referred to as a selected candidate
zone register) in the main memory ((3) of FIG. 9). The control
unit 77, sequentially refers to the identification codes C,, C,
and C, and measures the electric field intensity L, of the
overlap control channels and the control channel correspond-
ing to the respective identification codes ((4) of FI1G. 9). The
control unit 77, then compares the measured electric field
intensity with the wait enabled level L, recerved in the
announcement mformation via the channel subject to the
measurement ((5) of FIG. 9).

If the electric field L, 1s found to exceed the wait enabled
level L ,, the control unit 77, retains the relevant identifica-
tion code 1n the selected candidate zone register. If the oppo-
site 1s the case, the relevant identification code 1s removed ((6)
of FIG. 9).

When the control unit 77, has processed all the 1dentifica-
tion codes stored in the candidate zone register, a determina-
tion 1s made as to whether or not the selected candidate zone
register contains any identification code ((7) of F1G. 9). When
the determination 1n (7) gives a negative answer, the control
unit 77, performs the zone determination process 1 accor-
dance with the conventional procedure before proceeding to a

wait state ((8) of FIG. 9).
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When the determination 1n (7) gives a positive answer, the
control unit 77, designates an overlap control channel (or a
control channel) specified by the identification code stored
carliest 1n the selected candidate zone register as a control
channel for a radio zone 1n which the mobile station 65, 1s to
receive the communication service, and proceeds to be set up
for a wait 1n the designated control channel ((9) of FIG. 9).

Thus, 1n the system described above, the mobile stations
65,-65,,g1ve a priority to the microcell 63 over the radio zone
62,, and give a priority to the picocell 64 over the microcell
63, 1n selecting a wait zone. In contrast with the conventional
system 1n which the wait zone 1s selected simply 1n accor-
dance with the order of electric field mtensity of the associ-
ated control channels, the embodiments that correspond to the
invention described 1n claims 2, 3 and 14-16 ensure that the
mobile station can wait 1n the most approprnate zone than the
conventional system.

In the foregoing description, it 1s assumed that the mobile
stations 63,-65,, are implemented by the mobile station
described 1n claim 16. However, mobile stations according to
different embodiments may also be employed.

FIG. 11 1s a flowchart of an operation of the mobile com-
munication system according to embodiments that corre-
spond to the invention described 1n claims 4-9, 14 and 15.

A description will now be given, with reference to F1IGS. 1
and 11, of the operation of the system according to embodi-
ments that correspond to 1invention described 1n claims 4-7.
For the sake of simplicity of the description that follows, 1t 1s
assumed that the mobile station 65, 1s located in the same
location assumed 1n the description of the related art.

In the absence of overlap zones such as a microcell 63, a
picocell 64 and the like at respective locations 1n a radio zone
formed by the radio base station 61,, the base station control
device 69, of the radio base station 61, transmits the
announcement information having the same format as that of
the conventional announcement information as shown in FI1G.
2, via the transmission and reception unit 68,, the common
antenna equipment unit 67, and the antenna 66, .

If there are overlap zones, the base station control device
69, 1s provided by a control station (not shown) with an
identification code C, for a control channel assigned to the
radio base station 61,, identification codes C, and C, for
overlap control channels assigned to the microcell 63 and the
picocell 64 embodying the overlap zones, and numerals P, , P,
and P, indicating the hierarchical order of the radio zone 62,,
the microcell 63 and the picocell 64, via the communication
link 71, and the transmission device 70,. The numerals will
be simply referred to as the order of priority. For the sake of
simplicity of the description, 1t 1s assumed that the radio zone
62, has the order of priority P,=0, the microcell 63 P,=1 and
the picocell 64 P,=2.

As indicated by a hatched area 1n FIG. 12, the base station
control device 69, incorporates, in the announcement infor-
mation, the 1identification codes C, and C,-C,, and the orders
of priority P,, P, and P, such that a resultant series of 1denti-
fication information C,, P,, C,, P,, C, and P, show correspon-
dences between the individual channels and the order of
priority associated therewith. The wait enabled level and the
wait disabled level are also included 1n the announcement
information as in the conventional system.

The control unit 77, of the mobile station 65, effects the
measurement process and the zone determination process as
in the conventional system. In the zone determination pro-
cess, a determination as to whether the format of the
announcement mformation recerved via the control channel
subject to the measurement of the electric field intensity L, 1s
the same as the conventional format shown 1n FIG. 2 1s made,
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depending on whether the above-described series of the 1den-
tification information 1s included 1n the announcement 1nfor-
mation ((1) of FIG. 11).

If the format of the announcement information 1s found to
be the same as the conventional format, the control umt 77,
performs the zone determination process 1n accordance with
the same procedure as observed in the conventional system
betfore proceeding to a wait state ((2) of FIG. 11).

If the format of the announcement information 1s not found
to be the same as the conventional format, the control unit 77,
stores the series of the identification information C,, P,, C,;,
P,, C, and P, 1n the selected candidate zone register 1n the
main memory ((3) of FIG. 11). The control unit 77, sorts t

he
combinations of the identification codes and the orders of
priority stored in the selected candidate zone register, in the
ascending order of priority. Once this sorting 1s done, all the
orders of priority are removed from the register, resulting 1n
the series of 1dentification information consisted only of the
identification codes being stored in the selected candidate
zone register ((a) of FIG. 11).

The control unit 77, sequentially refers to the identification
codes C,, C; and C, and measures the electric field intensity
[, of the overlap control channels and the control channel
corresponding to the respective i1dentification codes ((4) of
FIG. 11). The control unit 77, then compares the measured
clectric field intensity with the wait enabled level L, recerved
in the announcement information via the channel subject to
the measurement ((5) of FIG. 11).

When the result of the comparison 1s available, the control
unit 77, then enters a wait state 1n accordance with the same
procedure as observed 1n the embodiment that corresponds to
the invention described 1n claim 2. The steps subsequentto (5)
of FIG. 11 are designated by the same reference numerals
(6)-(9) as the corresponding steps of FIG. 9, and the descrip-
tion thereof 1s omitted.

According to embodiments that correspond to the mven-
tion described 1n claims 4-9, 14 and 135, as long as the corre-
spondences between the 1dentification codes and the respec-
tive orders of priority are established, it 1s possible for the
radio base stations 61,-61, to transmit identification informa-
tion as part of the announcement information irrespective of
the order of priority. Accordingly, a flexible operation of the
radio base stations 61,-61_, allowing addition of radio zones
or reforming 1s enabled. As in the embodiment that corre-
sponds to the invention described in claims 2 and 3, it 1s
possible for the mobile stations 65,-65,, to give a priority to
the microcell 63 over the radio zone 62, and to give a priority
to the picocell 64 over the microcell 63, 1n selecting a wait
zone.

According to the embodiment that corresponds to the
invention described 1n claims 4-9, 14 and 15, the series of
identification information (C,, P,, C;, P,, C,, P,) stored in the
selected candidate zone register 1s sorted in the ascending
order of the priority, and then the identification information
consisting only of the identification codes are retained 1n the
selected candidate zone register. An alternative procedure
may be to retain the orders of priority in the selected candidate
zone register so that the 1identification code with the highest
priority may be referred to 1n selecting a wait zone.

As shown 1n FIG. 12, according to the embodiment that
corresponds to the invention described 1n claims 4-9, 14 and
15, the radio base station 61, transmits, as part of the
announcement information, the order of priority P, for the
radio zone 62, 1n relation to the identification code C, for the
radio zone 62,. However, 11 the mobile station (65,-65,,) 1s
capable of identitying the relative order of priority of the
radio zone 62, with respect to other radio zones (for example,
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the microcell 63 and the picocell 64), or if 1t1s evident that the
mobile station (65,-6S5,,) should be set up for a wait 1n the
radio zone at the top of the hierarchy or the radio zone at the
bottom thereot, the order of priority may not be included in
the announcement information. Accordingly, the volume of
the announcement iformation 1s reduced so that the system
flexibility with respect to modifications etc. thereof can be
improved.

A description will now be given, with reference to F1IGS. 1
and 11, of the operation of the system according to an
embodiment that corresponds to the invention described 1n
claims 8 and 9. For the sake of simplicity of the description
that follows, 1t 1s assumed that the mobile station 65, 1s
located 1n the same location assumed 1n the description of the
related art.

In the absence of overlap zones such as a microcell 63, a
picocell 64 and the like at respective locations 1n a radio zone
formed by the radio base station 61, the base station control
device 69, of the radio base station 61, transmits the
announcement information having the same format as that of
the conventional announcement information as shown in FIG.
2, via the transmission and reception unit 68,, the common
antenna equipment unit 67, and the antenna 66, .

If there are overlap zones, the base station control device
69, 1s provided by a control station (not shown) with an
identification code C, and an associated order of priority P,
for a control channel formed by the radio base station 61,,
identification codes C, and C, for overlap control channels
assigned to the microcell 63 and the picocell 64 embodying
the overlap zones, the order of the 1dentification codes C, and
C, not being related to the associated orders of priority. The
resultant series of identification information P, , C,, C, and C,
incorporated in the announcement information s indicated by
a hatched area 1n FI1G. 13. The wait enabled level and the wait
disabled level are also included 1n the announcement infor-
mation as 1n the conventional system. For the sake of simplic-
ity of the description, 1t 1s assumed that the order of priority
P,=0.

The control unit 77, of the mobile station 635, effects the
measurement process and the zone determination process as
in the conventional system. In the zone determination pro-
cess, a determination 1s made as to whether the format of the
announcement mformation recerved via the control channel
in which the electric field intensity L, 1s measured 1s the same
as the conventional format shown in FIG. 2, depending on
whether the above-described series of the identification infor-
mation 1s mcluded 1n the announcement information ((1) of

FIG. 11).

I1 the format of the announcement 1information 1s found to
be the same as the conventional format, the control unit 77,
performs the zone determination process 1n accordance with
the same procedure as observed in the conventional system
betore proceeding to a wait state ((2) of FIG. 11).

I1 the format of the announcement information 1s not found
to be the same as the conventional format, the control unit 77,
extracts the order of priority P, and the identification code C,
from the series of identification information P,, C,, C, and C,
and stores the extracted information in the selected candidate
zone register in the main memory ((3) of F1G. 11). The control
unit 77, measures the electric field intensity L, of the overlap
control channels specified by the identification codes C, and
C; and stores the identification codes C, and C;, and the
orders of priority thereof in the selected candidate zone reg-
ister. A similar step as above 1s performed 1n the event that any
additional 1dentification code 1s received in the form of the
announcement information (an identification code that 1s
repeated 1s not subject to the above step).
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When the 1dentification codes and the associated orders of
priority for the radio zones that are candidates for a wait zone
have been stored 1n the selected candidate zone register, the
control unit 771 performs the same steps ((a), (4)-(9) of FIG.
11) as performed 1n the embodiment that corresponds to the
invention described 1n claims 4-7, before proceeding to a wait
state.

According to the embodiment described above, the
announcement information may not include the orders of
priority of all the microcells and picocells in order for the
control unit 77, ofthe mobile station 65, to specily the control
channel for the radio zone 1n which the mobile station 65, 1s
actually located belore proceeding to a wait state.

Therefore, an advantage of the embodiment that corre-
sponds to the invention described 1n claims 8 and 9 over the
embodiment that corresponds to the invention described 1n
claims 4-7 1s that the transmission eificiency of the control
channel 1s increased and flexibility with respect to different
modes of service 1s available.

While the 1dentification codes 1n the foregoing embodi-
ments are for identifying individual control channels or over-
lap control channels, the present invention 1s not limited to
such a constitution. The mobile station (65,-65,,) may use
alternative 1dentification nformation (zone identification
information) for identifying radio zones (such as the picocell
64, the microcell 63, the radio zone 62,), instead of control
channels associated therewith, included 1n the announcement
information, 1n order to determine a radio zone for entry.

In the alternative approach described above, information
specilying overlap control channels and control channels that
correspond to the zone identification information may be
stored 1n the form of a table 1n an area reserved 1n a main
memory of the control unit 77,-77,, or may be provided
separately (for example, as part of the announcement infor-
mation) i accordance with the radio channel setting control
executed in relation to the radio base stations 61,-61.,.

FI1G. 14 1s a flowchart of an operation of the mobile com-
munication system according to an embodiment that corre-
sponds to the mnvention described in claims 10, 14 and 15.

A description will now be given, with reference to FIGS. 1
and 14, of the operation according to an embodiment that
corresponds to the invention described in claim 10. For the
sake of simplicity of the description that follows, 1t 1s assumed
that the mobile station 65, 1s located 1n the same location
assumed 1n the description of the related art.

In the absence of overlap zones at respective locations 1n a
radio zone formed by the radio base station 61,, the base
station control device 69, of the radio base station 61 trans-
mits the announcement information having the same format
as that of the conventional announcement information as
shown 1n FIG. 2, via the transmission and reception unit 68,
the common antenna equipment unit 67, and the antenna 66, .

If there are overlap zones, the base station control device
69, 1s provided by a control station (not shown) with an
identification code C, for a control channel assigned to the
radio base station 61,, identification codes C, and C, for
overlap control channels assigned to the microcell 63 and the
picocell 64 embodying the overlap zones, orders of priority
P,, P, and P, indicating the hierarchical order of the radio
zone 62,, the microcell 63 and the picocell 64, wait enabled
levelsL ,,, L, ,and L, , and the wait disabled levels 1, , 1, .
and 1, ., via the communication link 71, and the transmission
device 70,. For the sake of simplicity of the description, it 1s
assumed that the radio zone 62, has the order of priority P, =0,
the microcell 63 P,=1 and the picocell 64 P,=2.

As indicated by a hatched area in FIG. 15, the base station
control device 69, incorporates, in the announcement infor-
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mation, the orders of priority P,, P, and P_, the identification
codes C,,C,and C,, the waitenabled levelsL , ,,L,,,and L, ,
and the wait disabled levelsl, .1, ;and 1, ,, resulting in series
of identification information (P,,C,,L,,,andl,)... (P, C_,
L. and 1, ) each corresponding to the radio zone.

The control unit 77, of the mobile station 65, effects the
measurement process and the zone determination process as
in the conventional system. In the zone determination pro-
cess, a determination as to whether the format of the
announcement mformation recerved via the control channel
subject to the measurement of the electric field intensity L, 1s
the same as the conventional format shown 1n FIG. 2 1s made,
depending on whether the above-described series of the 1den-
tification information 1s included 1n the announcement infor-
mation ((1) of FIG. 14).

I1 the format of the announcement 1nformation 1s found to
be the same as the conventional format, the control unit 77,
performs the zone determination process 1n accordance with
the same procedure as observed in the conventional system
betfore proceeding to a wait state ((2) of FIG. 14).

I1 the format of the announcement information 1s not found
to be the same as the conventional format, the control unit 77,
stores the series of the 1identification intormation (P,,C,, L, ,
and1,,)...P,,C,, L, and 1, ) included in the announce-
ment mformation in the selected candidate zone register (A)
ol FI1G. 14). The control unit 77, sorts the combinations of the
orders of priorty, the identification codes, the wait enabled
levels and the wait disabled levels stored in the selected
candidate zone register, in the ascending order of priority.
Once this sorting 1s done, all the orders of prionty are
removed from the register ((a) of FIG. 14), resulting 1n the
series of 1dentification information consisted of the identifi-
cation codes, the wait enabled levels and the wait disabled
levels being stored in the selected candidate zone register.

The control unit 77, sequentially refers to the identification
codes C,, C, and C,, and wait enabled levels L, ., L., and
L., , arranged 1n the ascending order of priority so as to mea-
sure the electric field intensity L, of the overlap control chan-
nels and the control channel corresponding to the respective
identification codes ((4) ot F1G. 14). The control unit 77, then
compares the measured electric field intensity with the wait
enabled level L, that corresponds to the measured channel
((5) of FIG. 14).

When the result of the comparison 1s available, the control
unmt 77, then enters a wait state in accordance with the same
procedure observed 1n the embodiment that corresponds the
invention described in claim 4. The steps subsequent to (5) of
FIG. 14 are designated by the same reference numerals (6)-
(9) as the corresponding steps of FIG. 9, and the description
thereof 1s omitted.

According to the embodiment that corresponds to the
invention described in claim 10, the mobile stations 635, -65,;
give a priority to the radio zone having a greater order of
priority, in selecting a wait zone. The threshold level of the
clectric field intensity that serves as a criteria associated with
cach radio zone for selection of the wait zone can be dynami-
cally (or statically) set under the control of the radio base
station.

Accordingly, the geographical distribution (number) of the
mobile stations setup for a waitin the radio zones 62, and 62 ,,
the microcell 63 and the picocell 64 can be properly estab-
lished. Also, the hierarchy of radio zones can be properly
established. As 1n the embodiment that corresponds to the
invention described 1n claim 2, the mobile stations 65,-65,;
can give a priority to the microcell 63 over the radio zone 62,
and give a priority to the picocell 64 over the microcell 63, 1n
selecting a wait zone.
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While the embodiment described above i1s constructed
such that the series of intormation (P,,C,, L, , and1,,) ...
(P,, C,, L,,and 1,.) 1s sorted according to the ascending
order (the descending order) of the order of priority, so that
the 1dentification codes, the wait enabled levels and the wazit
disabled levels are retained 1n the register, the orders of pri-
ority may not be removed from the register and may be
referred to 1n selecting a wait zone.

FI1G. 16 1s a tlowchart of an operation of a system according,
to an embodiment that corresponds to the invention described
in claims 11, 12, 14 and 15.

A description will now be given, with reference to FIGS. 1
and 16, of an operation of a mobile communication system
according to an embodiment that corresponds to the invention
described 1n claims 11 and 12.

In the absence of overlap zones at respective locations 1n a
radio zone formed by the radio base station 61,, the base
station control device 69, of the radio base station 61, trans-
mits the announcement information having the same format
as that of the conventional announcement mformation as
shown 1n FIG. 2, via the transmission and reception unit 68, ,
the common antenna equipment unit 67, and the antenna 66, .

If there are overlap zones, the base station control device
69, 1s provided by a control station (not shown) with an
identification code C, for a control channel formed by the
radio base station 61,, identification codes C, and C, for
overlap control channels assigned to the microcell 63 and the
picocell 64 embodying the overlap zones, orders of priority
P,, P; and P, indicating the hierarchical order of the radio
zone 62,, the microcell 63 and the picocell 64, corrected
values A, A, and A, indicating the enabled levels 1n the form
of relative levels with respect to a predetermined reference
level L, and the wait disabled levels 1, ,,1,,and 1, ,, via the
communication link 71, and the transmission device 70, . For
the sake of simplicity of the description, 1t 1s assumed that the
radio zone 62, has the order of priority P,=0, the microcell 63
P,=1 and the picocell 64 P,=2.

As indicated by a hatched area in FIG. 17, the base station
control device 69, incorporates, in the announcement infor-
mation, the identification codes C,, C, and C,, the orders of
priority P,, P; and P, the corrected values A, A, and A, and
the wait disabled levels 1, ,, 1, , and 1, ., resulting 1n series of
identification information (P,, C,, A, andl,,,)...(P,, C, A,
and 1, ) each corresponding to the radio zone.

The control unit 77, of the mobile station 65, effects the
measurement process and the zone determination process as
in the conventional system. In the zone determination pro-
cess, a determination as to whether the format of the
announcement mformation recerved via the control channel
subject to the measurement of the electric field intensity L, 1s
the same as the conventional format shown 1n FIG. 2 1s made,
depending on whether the above-described series of the 1den-
tification information 1s included 1n the announcement 1nfor-
mation ((1) of FIG. 16). I the format of the announcement
information 1s found to be the same as the conventional for-
mat, the control unit 77, performs the zone determination
process 1n accordance with the same procedure as observed in
the conventional system before proceeding to a wait state ((2)
of FIG. 16).

If the format of the announcement information 1s not found
to be the same as the conventional format, the control unit 77,
stores the series of the identification information (P, C,, A,
andl, )...(P,,C, A andl, ,) included in the announcement
information 1n the selected candidate zone register. The con-
trol unit 77, sorts the combinations of the orders of priority,
the 1dentification codes, the corrected values and the wait
disabled levels stored in the selected candidate zone register,
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in the ascending order of priority. Once this sorting 1s done, all
the orders of priority are removed from the register, resulting,
in the series of i1dentification information consisted of the
identification codes, the corrected values and the wait dis-
abled levels being stored 1n the selected candidate zone reg-

ister ((A) of FI1G. 16).

The control unit 77, sequentially refers to the identification
codes C,, C; and C,, and corrected values A,, A, and A,
arranged 1n the ascending order of priority so as to measure
the electric field itensity L, of the overlap control channels
and the control channel corresponding to the respective 1den-

tification codes ((4) of FIG. 16). The control unit 77, then

compares the measured electric field intensity with a sum of
the corrected value A for the measured channel and the ref-

erence value L, ((8) of FIG. 16).

When the result of the comparison 1s available, the control
unit 77, then enters a wait state 1n accordance with the same
procedure observed 1n the embodiment that corresponds to
the invention described 1n claim 4. The steps subsequent to (5)
of FIG. 16 are designated by the same reference numerals
(6)-(9) as the corresponding steps of FIG. 14, and the descrip-
tion thereof 1s omitted.

According to the embodiment described above, the cor-
rected values smaller than the values of the wait enabled
levels are included 1n the announcement information 1n place
of the wait enabled levels. The mobile stations 65,-63,; can
give a priority to the radio zone having a greater order of
priority, 1n selecting a wait zone.

Accordingly, the transmission efficiency of the control
channel can be maintained at a high level. The geographical
distribution (number) of the mobile stations set up for a wait
in the radio zones 62, and 62,, the microcell 63 and the
picocell 64 can be properly established. Also, the hierarchy of
radio zones can be properly established. The mobile stations
65,-65,, can give a priority to the microcell 63 or the picocell
64 over the radio zone 62,, 1n selecting a wait zone.

While the embodiment described above 1s constructed
such that the series of information (P,,C,; A, and 1, ) ... (P,
C, Asandl, ) 1s sorted according to the ascending order (the
descending order) of the order of priority so that the 1dentifi-
cation codes, the corrected values and the wait disabled levels
are retained 1n the register, the orders of priority may not be
removed from the register and may be referred to 1n selecting
a wait zone.

The embodiment described above 1s constructed such that
the radio base station transmits the corrected values associ-
ated with all the microcells and picocells formed within the
radio zone ol that radio base station. Alternatively, for
example, the radio base stations each forming the radio zone,
the microcell or the picocell may transmit only the corrected
value associated with 1ts own radio zone. In such a case, the
mobile station 1s expected to perform the determination step
((5) of FIG. 16) by acquiring the corrected value from the
individual control channels subject to measurement of the
clectric field intensity.

Although no description 1s given of a process related to the
wait disabled level 1n the embodiments that correspond to the
invention described in claims 10-12, the wait disabled level
may be employed as a criteria 1n a conventional determination
for determining whether or not the mobile station should exat
a wait state.

Previous to the determination process, the mobile station
may remove, from the selected candidate zone register, wait
disabled levels other than that of the control channel (or the
overlap control channel) in which the mobile station 1s set up
for a wait.
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In the foregoing embodiments, comparison of the mea-
sured electric field intensity with the wait enabled level 1s
conducted 1n the ascending order of priority assigned to the
control channels that are specified by the identification codes
stored 1n the candidate zone register or the selected candidate
zone register, so that the control channel (or the overlap
control channel) for which 1t 1s found that the measured
clectric field mtensity exceeds the wait enabled level 1is
selected as the control channel 1n which to wait. Alternatively,
the electric field intensity of the control channels 1s first
measured rrespective ol the order of prionty thereof, and
then comparisons are made 1n the ascending order of priority.

FI1G. 18 1s a flowchart of an operation of a mobile commu-
nication system according to an embodiment that corre-
sponds to the invention described in claims 13-15.

A description will now be given, with reference to FIGS. 1
and 17, of an operation of a mobile communication system
according to an embodiment that corresponds to the invention
described 1n claim 13.

The inventive feature of this system consists 1n the mea-
suring process. The other processes including the zone entry
process are the same as the corresponding processes 1n the
embodiments described so far, and the description thereof 1s
omitted.

Those processes of FIG. 18 that are identical to the corre-
sponding processes of FIG. 3 are designated by the same
reference numerals, and the description thereot 1s omitted.

Upon a power-on, the control unit 77, of the mobile station
65, measures sequentially the electric field intensity L, of the
control channels registered 1n the control table channel by
controlling the transmission and reception unit 74, ((1) of
FIG. 18). A determination 1s then made as to whether or not
the measured electric field intensity 1s greater than a prede-
termined threshold level L, ((2) of FIG. 18).

The control unit 77, registers the control channels for
which a determination that the measured electric field inten-
sity 1s greater than the threshold level L, 1s obtained, 1n the
candidate zone register, 1n relation to the electric field inten-
sity ((3) of FI1G. 18).

The control unit 77, starts the zone entry determination
process without measuring the electric field intensity of the
other control channels registered 1n the control channel table.

In those steps of the zone entry determination process
which steps are started when 1t 1s found that the format of the
announcement information differs from the conventional for-
mat, all the control channels, specified by the identification
information provided in the order of priority or provided
coupled to information indicating the respective order of pri-
ority, are subject to the measurement of the electric field
intensity and also to the comparison for determiming whether
or not the measured electric field intensity exceeds the wait
cnabled level.

According to the embodiment described above, the time
required for the mobile station (65,-65,,) to enter a wait state
upon a power-on 1s reduced. Therefore, 1t 1s ensured that the
service can be provided promptly upon a power-on or upon an
exchange of a battery.

A description will now be given, with reference to FIGS. 1,
9,11, 14, 16 and 18, of an operation of a mobile communi-
cation system according to an embodiment that corresponds
to the mnvention described in claims 14 and 15.

The difference between this embodiment and the earlier
embodiments consists 1n the measurement process and the
zone determination process.

In the measurement process according to this embodiment,
the control unit 77, allows the previously measured electric
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field intensity for a grven channel to be stored 1n the candidate
zone register 1n relation to 1its electric field intensity.

In further accordance with this embodiment, when t“fle
control unit 77, measures the electric field intensity L, or L
((7)of FIG. 3 (4) ol FI1G. 9, (4) of FIG. 11, (4) of FIG. 14 and
(4) of FIG. 16), a determination 1s made as to whether or not
the control channel subject to the measurement 1s stored in the
candidate zone register. IT an affirmative answer 1s given 1n the
determination, the measurement of that control channel 1s
omitted. The electric field intensity already stored 1n the target
zone register for that control channel 1s regarded as the elec-
tric field intensity L, or L.

According to the above-described embodiment, it 1s pos-
sible to reduce the total number of control channels to be
subjected to the measurement of its electric field intensity
before the mobile station enters a wait state. Therefore, the
operating elficiency of the mobile station 1s increased and the
quality of the service 1s improved.

As shown 1 FIGS. 9, 10, 13 and 15, according to the
foregoing embodiments, a determination as to whether or not
the electric field mtensity exceeds the wait enabled level 1s
made for the control channels that correspond to all the 1den-
tification codes stored in the selected candidate zone register.
An alternative approach indicated by the chain lines 1n FIGS.
9,10, 13 and 15 1s that upon a determination that the electric
field mtensity of any channel (radio zone) exceeds the wait
cnabled level, the mobile station immediately 1s set up for a
wait 1n that control channel (radio zone) so that the mobile
station can receive the communication service.

While the identification information for overlapping zones
adjacent to the radio zone formed by a given radio base station
1s not transmitted by the given radio base station, according to
the foregoing embodiments, the identification information
for the adjacent zones may be transmitted as long as the
relative orders of priority of the adjacent radio zones with
respect to the radio zone formed by the given radio base
station are recognized properly by the mobile station.

In the foregoing embodiments, various information 1s
arranged 1n the announcement imnformation 1n the ascending
order of priority, the announcement information 1s not limited
to such a construction. For example, the various information
may be arranged in the descending order or in a predeter-
mined format corresponding to the order of priority.

Also, 1 the foregoing embodiments, the announcement
information includes the channel numbers of the control radio
channels assigned to the respective radio zones (radio base
stations) and used to transmit the announcement information.
However, the channel numbers may be replaced by a radio
frequency 1n case the radio channel 1s formed by a single radio
frequency as 1n the case of an analog mobile communication
system, instead of being constituted according to a time divi-
s10on system such as the TDMA system.

Further, 1n the foregoing embodiments, digital transmis-
s1on of the announcement information is effected by utilizing,
a spare field not reserved under a given frame format, the
present invention 1s not limited to such a construction. For
example, 11 the size of the spare field 1s not satisfactorily large,
the announcement information may be transmitted in multi-
frames. The announcement information may be transmaitted
in a plurality of frames, either frame by frame or in dividends
thereol, as long as the mobile station can properly receive the
announcement mformation.

While the foregoing embodiments are constructed such
that the announcement information 1s transmitted via the
control radio channel, the present invention can be applied to
various systems irrespective of the radio channel setting con-
trol method and the radio transmission method.
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Reference 1s made to FIG. 20 and a description will now be
given of embodiments of the invention directed to resolving
the second aspect of the problem with the conventional
mobile communication system. According to the invention
described below, each of a plurality of base stations forming
overlapping zones and constituting a mobile communication
system 1s assigned an order of priority. A mobile station
requests a message channel from the base station having a
relatively high order of priority so that a call using that base
station 1s enabled.

Referring to FIG. 20, a zone 221 formed by a base station
201 and a zone 222 formed by a base station 202 are adjacent
to each other. In the zone 221 are provided a base station 203
having a smaller transmission power than the base station 201
and forming a zone 223 and a base station 204 having a
smaller transmission power than the base station 203 and
forming a zone 224 smaller than the zone 223. A mobile

station 203 1s movable 1n an area comprising the zone 221, the
zone 222, the zone 223 and the zone 224.

FIG. 32 shows a hardware construction of a base station
assumed 1n the following description, and FIG. 33 shows a
hardware construction of a mobile station assumed in the
tollowing description.

Referring to FIG. 32, a transmission/reception umt 101 of
a base station includes TRX shelves 106, an RF distribution/
synthesis unit 107, an amplifier unit 108 and an antenna 108.
A control unit 102 manages announcement information set up
in the base station by a control center 104 via an interface unit
103. The control unit 102 transmits the announcement infor-
mation to a transmitter/receiver (IRX) within the TRX shelf
106 at a timing provided by the oscillator 105. The transmit-
ter/recetver which has received the announcement informa-
tion transmits the announcement information to the mobile
station via the RF distribution/synthesis unit 107, the ampli-
fier unit 108 and the antenna 109.

A request for a message channel 1ssued by the mobile
station originating a call or receiving a call 1s received by the
transmitter/recerver in the TRX shelf 106 via the antenna 109,
the amplifier unit 108 and the RF distribution/synthesis unit
107. The information received by the transmitter/receiver 1s
transmitted to the control center 104 under the control of the
control unit 102 so that communication via the fixed network
105 1s set up. By defimition, a shelf 1s a box for storing the
transmitter/receiver.

The transmission/reception unit 101 corresponds to a
transmission/reception unit 306 shown in FIG. 19 1llustrating,
the principle of the present invention directed to resolving the
second aspect of the problem with the conventional mobile
communication system. The control unit 102 corresponds to
a data control unit 307 shown 1n FIG. 19. The description of
the transmission/reception unit 306 and the data control unit
307 will be given later.

Referring to FIG. 33, a transmission/reception unit 301 of
a mobile station includes a TDMA (time division multiple
access) circuit 504, a modulator 510, a demodulator 503,
recetvers 508 and 509, a common antenna 507, and antennas
505 and 506. The announcement information from the base
station 1s received by the receiver 508 via the antenna 505 or
received by the receiver 509 via the antenna 506 and the
common antenna 507. The signal demodulated by the

demodulator 503 is processed by the TDMA circuit 504. The
control unit 502 selects the base station from which the
mobile station 1s to request a message channel, based on the
order of priority of the base stations contained in the
announcement information and based on the reception level
in the perch channels provided for the respective base station.
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A request for a message channel occurring when a call 1s
originated or when a call 1s received 1s transmitted to the
TDMA circuit 504 under the control of the control unit 502.
The request 1s processed by the TDMA circuit 504 and then
modulated by the modulator 510. The modulated request 1s
transmitted to the target base station via the common antenna
507 and the antenna 306.

The transmission/reception unit 301 corresponds to an
announcement information recerving unit 309 and a transmis-
sion unit 310 described later. The control unit 502 corre-
sponds to a message channel control unit 308, an announce-
ment information storage unit 311 and a reception level
measuring unit 312 described later.

FIG. 19 illustrates the principle of the present invention
directed to resolving the second aspect of the problem with
the conventional mobile communication system. The base
station 201 includes the data control unit 307 and the trans-
mission/reception umt 306. The base station 201 transmits
announcement information to mobile stations and assigns a
message channel to a requesting mobile station.

The data control unit 307 manages and controls the order of
priority assigned to the base station 201 and other base sta-
tions associated with the base stations 201. The data control
umt 307 also controls assignment of a message channel
responsive to a request for a message channel from a mobile
station, so as to set up a call. A request for a message channel
could occur when switching from one message channel to
another occurs during a communication. A request for a mes-
sage channel could also occur when a mobile station origi-
nates a call or receives a call. The transmission/reception unit
306 provides an interface for all the signals controlled by the
data control unit 307. The base stations 202, 203 and 204 have
the same construction and function the same way as the base
station 201 so that the description thereof 1s omitted.

Referring again to FIG. 19, a mobile station 205 comprises
the message channel control unit 308, the announcement
information receiving unit 309, the transmission unmit 310, the
announcement information storage unit 311 and the reception
level measuring unit 312.

The message channel control unit 308 operates to select a
base station to which a request for a message channel 1s to be
1ssued, based on the order of priority of the base stations
included 1n the announcement information from the base
station (one of the base stations 201, 202, 203 and 204 ), and
based on the reception level 1n the perch channels provided
for the respective base stations (the base stations 201, 202,
203 and 204). The announcement information receiving unit
309 operates to recerve the announcement information from
the base station. The transmission unit 310 operates to trans-
mit a request for a message channel to the base station
selected by the message channel control unmit 308. The
announcement information storage umt 311 stores the
announcement information recerved by the announcement
information receiving unit 309. The reception level measur-
ing unit 312 reads the announcement iformation stored in
the announcement information storage unit 311 when a
request for a message channel 1s 1ssued to the base station, and
measures the reception level of the perch channels provided
for the respective base stations in the descending order of
priority such that the reception level 1n the perch channel
having the highest priority 1s measured first. The reception
level measuring unit 312 transmits the measured reception
level to the message channel control unit 308.

FIGS. 21A and 21B illustrate the principle according to
which a mobile station 1ssues a request for a message channel
to a base station 1n the mobile communication system of FIG.
19. FIG. 21 A shows how the announcement information 1s
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delivered, and FIG. 21B shows the principle of the flow of the
call origination operation according to the present invention.
An outline of the call request operation according to the
present mvention will now be given. It 1s assumed that the
mobile station 205 1s located 1n the service area formed by the
base station 204 but 1s set up for a wait 1n the base station 201.
When the mobile station 205 1ssues a call, the reception level
measuring unit 312 of the mobile station 205 measures the
reception level of the base stations 201, 202, 203 and 204 and
determines that the announcement information i1s to be
received from, for example, the base station 201 that provides
the highest reception level. It 1s assumed that the reception
levels measured by the reception level measuring unit 312 are
such that the base station 201, the base station 202, the base
station 203, the base station 204 and the base station 202 have
increasingly lower reception levels 1n the stated order.
When the transmission/reception unit 306 of the base sta-
tion 201 transmits the announcement information managed
by the data control unit 307, the announcement information
receiving umt 307 of the mobile station 205 stores the
received announcement information in the announcement

information storage unit 311. The announcement information
transmitted by the base station could have the format as
shown 1n FIG. 22, FIG. 23 or FIG. 24. The announcement
information having the format of FIG. 22 includes the order of
priority assigned to the base station transmitting the
announcement information. The format shown 1n FIG. 23 1s
such that the perch channel codes corresponding to the base
station which 1s the source of the announcement information
and corresponding to the adjacent base stations are arranged
in the descending order (or the ascending order) of the prior-
ity. The format shown 1n FI1G. 24 1s such that each of the perch
channel codes corresponding to the source base stations and
the adjacent base stations 1s coupled to the associated order of
priority.

The reception level measuring unit 312 of the mobile sta-
tion originating a call measures the reception level of the
perch channels provided for the base stations, 1n the descend-
ing order of the priority based on order of priority specified 1in
the announcement information from the base station (step
S1). The reception level measuring unit 312 transmits the
reception level to the message channel control unit 308. It 1s
assumed that the order of priority 1s such that the base station
204, the base station 203, the base station 201 and the base
station 202 have increasingly lower priorities in the stated
order.

Once the reception level 1n the perch channel correspond-
ing to the base station 204 1s recerved, the message channel
control unit 308 determines that a request for a message
channel 1s to be 1ssued to the base station 204 1f the measured
reception level 1s equal to or exceeds a predetermined thresh-
old level. The message channel control unit 308 then 1ssues a
request for a message channel to the base station 204 via the
transmission unit 310 (S2).

A detailed description of call origination outlined above
will now be given. FIG. 25 1s a flowchart showing the flow of
the call origination operation, and FIG. 26 shows a sequence
of the call origination operation.

The reception level measuring unit 312 of the mobile sta-
tion 205 measures the reception level provided by the base
stations (the base stations 201, 202, 203 and 204) forming the
respective zones (steps S201, S202, S203 and S204 of FIG.
26). It 1s assumed that the measured reception levels are such
that the base station 202, the base station 204, the base station
203 and the base station 201 have increasingly higher recep-
tion levels 1n the stated order. Accordingly, the message chan-
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nel control unit 308 determines that the announcement infor-
mation 1s to be recerved from the base station 201.

Upon receipt of the announcement information from the
base station 201 (S205), the announcement information
receiving unit 309 of the mobile station 205 causes the
announcement information to be stored in the announcement
information storage unit 311. The announcement information
could have the format as shown in FIG. 22, FIG. 23 or FIG.
24. The announcement information having the format of FIG.

22 1ncludes the order of priority assigned to the base station
transmitting the announcement information. When the
mobile station 205 recetves the announcement information
having the format as shown in FIG. 22, the mobile station 2035
needs to acquire the announcement information from the base
stations other than the source base station (the base station
201) that transmitted the announcement information, in order
to learn the order of priority assigned to the base stations
adjacent to the source base station. The format shown in FIG.
23 1s such that the perch channel codes corresponding to the
source base station and the adjacent base stations are arranged
in the descending order (or the ascending order) of the prior-
ity. The format shown 1n FIG. 24 1s such that each of the perch
channels codes corresponding to the source base stations and
the adjacent base stations 1s coupled to the associated order of
priority. It will now be assumed that the mobile station 205
has received the announcement mformation having the for-
mat of FIG. 23.

The message channel control unit 308 reads the announce-
ment information from the announcement imformation stor-
age unit 311 so as to learn the order of priority assigned to the
base stations (the base stations 201, 202, 203 and 204) and a
predetermined level of the reception level that enables a
request for a message channel. It 1s assumed that the base
station 202, the base station 201, the base station 203 and the
base station 204 have the increasingly higher priorities. The
reception level measuring unit 312 reads the announcement
information from the announcement information storage unit
311 so as to retrieve the order of priority included 1n the
announcement information to be assigned to the respective
perch channels codes, each of the perch channel codes corre-
sponding to the associated base station. The reception level
measuring unit 312 then measures the reception level of the
perch channel corresponding to the base station 204 having
the highest priority (5206).

The reception level measuring unit 312 transmits the mea-
sured reception level to the message channel control unit 308.
Themessage channel control unit 308 determines whether the
level 1s equal to or exceeds a predetermined threshold level
that enables a request for a message channel. If 1t 1s deter-
mined that level 1s equal to or exceeds the threshold level, the
mobile station acquires the announcement information from
the base station 204 (S207). If 1t 1s determined that the level 1s
below the threshold level, the reception level measuring unit
312 measures the reception level of the perch channel corre-
sponding to the base station 203 having the next highest order
of prionity (S206). The reception level measuring unit 312
repeats step S206 such that it successively measures the
reception level of the perch channel provided for the respec-
tive base stations 1n the descending order of priority, until the
base station that provides the reception level which 1s equal to
or exceeds the threshold level 1s found, or until all the perch
channels are subject to measurement.

When the user of the mobile station 205 performs an opera-
tion for origiating a call (5208 in FIG. 26 and 5101 1n FIG.
235) after S207, the message channel control unit 308 deter-
mines whether the announcement information from the base
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station 204 contains the order of priority of the base stations
(base stations 201, 202, 203 and 204) (S102).

When the announcement information contains the order of
priority (YES 1 S102) of the base stations 201, 202, 203 and
204, the reception level measuring unit 312 reads the
announcement information from the announcement informa-
tion storage unit 311 so as to retrieve the order of priority
assigned to the perch channels which are provided for the
base stations 201, 202, 203 and 204. The reception level
measuring unit 312 measures the reception level of the perch
channel corresponding to the base station 204 having the
highest priority. The order of priority stored 1n the announce-
ment information storage unit 311 1s such that the base station
202< the base station 201< the base station 203 < the base
station 204.

The reception level measuring unit 312 transmits the recep-
tion level 1n the perch channel corresponding to the base
station 204 to the message channel control unit 308. The
message channel control unit 308 determines whether the
reception level 1s equal to or exceeds a predetermined thresh-
old level that enables a request for a message channel (5103).
If the message channel control unit 308 determines that the
reception level 1s equal to exceeds the threshold level (YES in
5103), the message channel control unit 308 retrieves restric-
tion information from the announcement information trans-
mitted from the base station 204 and stored in the announce-
ment information storage unit 311. The message channel
control unit 308 determines whether it 1s possible to originate
a call 1n a zone 224 (see FI1G. 20).

If the message channel control umit 308 determines 1n step
S103 that the reception level 1s below the threshold level (NO
in S103), the reception level measuring unit 312 determines
whether a perch channel corresponding to the base station
having the next highest priority 1s available (8104). If no
perch channel corresponding to the base station having the
next highest priority i1s available (No 1 S104), 1t 1s deter-
mined that the mobile station 205 cannot originate a call
(S105) and 1s put 1n a wait state (5106). If a perch channel
corresponding to the base station having the next highest
priority 1s available (YES in S104), the reception level mea-
suring unit 312 repeats steps S104 and S107 such that it
successively measures (NO 11 S107) the reception level in the
perch channels 1n the descending order of priority until the
base station providing a reception level which 1s equal to or
exceeds the threshold level 1s found (YES 1n S107) or until all
the perch channels have been subject to measurement (NO 1n
S104). If the message channel control unit 308 finds a base

station that provides a reception level which 1s equal to or
exceeds the threshold level (YES 1n S107), the message chan-

nel control unit 308 retrieves the restriction information from
the announcement information stored in the announcement
information storage unit 311 so as to determine 1f 1t 1s possible
to originate a call 1n the zone formed by the base station found
in S107 (S108). If 1t 1s determined that the order of priority of
the base stations 1s not included 1n the announcement 1nfor-
mation (NO 1n S102), the message channel control unit 308
retrieves the restriction information from the announcement
information stored in the announcement information storage
unit 311 and determines whether 1t 1s possible to originate a
call in the zone formed by the base station which 1s the source
of the stored announcement information (S108).

If 1t 15 determined that call origination 1s disabled 1n the
zone 224 formed by the base station 204 (NO 1n S108), the
mobile station 205 1s put 1n a wait state (5109). I1 call origi-
nation 1s enabled (YES 1n S108), the message channel control
unit 308 retrieves the restriction information from the
announcement information stored in the announcement infor-
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mation storage unit 311 so as to determine whether a restric-
tion regarding a preferred mobile station 1s imposed on the
zone 224 formed by the base station 204 (S110). A preferred
mobile station 1s a station which 1s given a precedence in
message channel assignment.

If 1t 1s determined that a restriction regarding a preferred
mobile station 1s imposed (YES 1n S110) and 1f the mobile
station 205 1s a preferred mobile station (YES 1n S111), the
message channel control unit 308 determines whether call
origination in the mobile station 205 1s enabled (S112). If 1t 1s
determined that call origination 1s enabled (YES 1n S112), the
message channel control unit 308 determines that a request
for a message channel 1s to be 1ssued to the base station 204
and causes the transmission unit 310 to transmit a request for
a message channel (5209). If 1t 1s determined that call origi-
nation 1s disabled (NO 1n S112), the mobile station 205 1s put
1in a wait state (S113).

If a restriction regarding a preferred mobile station 1s
imposed (YES 1n S110) and 11 the mobile station 205 1s not a
preferred mobile station (NO 1n S111), the message channel
control umt 308 determines whether a restriction 1s imposed
on the mobile station 205 (S114). If there 1s no restriction (INO
in S114), the message channel control unit 308 determines
that a request for a message channel 1s to be 1ssued to the base
station 204 and causes the transmission unit 310 to transmit a
request for a message channel to the base station 204 (5S209).
If there 1s a restriction (YES 1n S114), the mobile station 205
1s put 1n a wait state (S115).

If 1t 1s determined that no restriction regarding a preferred
mobile station 1s imposed (NO 1n S110), the message channel
control unit 308 determines that a request for a message
channel 1s to be 1ssued to the base station 204 and causes the
transmission unit 310 to transmit a request for a message
channel (5209).

When an unused message channel 1s available 1n the base
station 204 recerving the request for a message channel, the
base station 204 assigns a message channel to the mobile
station 205 and transmits a channel assignment signal to the
mobile station (S210). When there 1s no message channel
available, the base station 204 notifies the mobile station 205
that there 1s no message channel available, thus putting the
mobile station 1n a wait state.

The mobile station 205 that has recerved the channel
assignment signal originates a call to another mobile station
(S116) and establishes the assigned message channel with the
base station 204 so as to start a call.

Referring to FIG. 20, a detailed description will now be
given of how a call incoming to the mobile station 205 located
in the service area formed by the base station 203 and set up
for a wait 1n the base station 201 1s processed according to the
mobile communication system of the present invention. Ref-
erence 1s also made to FIG. 27, which shows the flow of the
call-incoming operation according to the present invention,
and FIG. 28, which shows the sequence of the call-incoming
operation.

The reception level measuring unit 312 of the mobile sta-
tion 205 measures the reception level provided by the base
stations 201, 202, 203 and 204 forming the respective zones
(steps S401, S402, S403 and S404 1n FI1G. 28). It 1s assumed
that the reception levels provided by the base stations 201,
202, 203 and 204 are such that the base station 202< the base
station 204< the base station 203<the base station 201, so that
the message channel control unit 308 determines that the
announcement information 1s to be received from the base
station 201 providing the highest reception level.

The mobile station 205 has received the announcement
information from the base station 201 (S405), the announce-
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ment information recerving unit 309 causes the announce-
ment information to be stored in the announcement informa-
tion storage unit 311. The announcement information could
have the format as shown in FIG. 22, FIG. 23 or FIG. 24. The
announcement information having the format of FIG. 22
includes the order of priority assigned to the base station
transmitting the announcement information. When the
mobile station 205 receives the announcement mnformation
having the format as shown 1n FIG. 22, the mobile station 205
needs to acquire the announcement information from the base
stations other than the source base station (the base station
201) that transmitted the announcement information, 1n order
to learn the order of priority assigned to the base stations
adjacent to the source base station. The format shown 1n FIG.
23 1s such that the perch channel codes corresponding to the
source base station and the adjacent base stations are arranged
in the descending order (or the ascending order) of the prior-
ity. The format shown 1n FI1G. 24 1s such that each of the perch
channels code corresponding to the source base stations and
the adjacent base stations 1s coupled to the associated order of
priority. It will now be assumed that the mobile station 205
has recerved the announcement information having the for-
mat of FIG. 23.

The message channel control unit 308 reads the announce-
ment information from the announcement information stor-
age unit 311 so as to learn the order of priority assigned to the
base stations (the base stations 201, 202, 203 and 204) and a
predetermined level of the reception level that enables a
request for a message channel. It 1s assumed that the base
station 202, the base station 204, the base station 201 and the
base station 203 have the increasingly higher priorities. The
reception level measuring unit 312 reads the announcement
information from the announcement information storage unit
311 so as to retrieve the order of prionity included 1n the
announcement mformation to be assigned to the respective
perch channels codes, each of the perch channel codes corre-
sponding to the associated base station. The reception level
measuring unit 312 then measures the reception level of the
perch channel corresponding to the base station 203 having,
the highest priority (S406).

The reception level measuring unit 312 transmits the mea-
sured reception level to the message channel control unit 308.
The message channel control unit 308 then determines
whether the level 1s equal to or exceeds a predetermined
threshold level that enables a request for a message channel.
If the message channel control unit 308 determines that the
level 1s equal to or exceeds the threshold level, the mobile
station 2035 acquires the announcement information from the
base station 203 (S407). The message channel control unit
308 obtains the order of priorty of the base stations 201, 202,
203 and 204 from the announcement information from the
base station 203. If the message channel control unit 308
determines that the level 1s below the threshold level, the
reception level measuring unit 312 measures the reception
level of the perch channel corresponding to the base station
204 given the next highest priority (S406). The reception level
measuring unit 312 repeats step S406 such that it successively
measures the reception level 1n the perch channels 1n the
descending order of priority until the base station providing a
reception level which 1s equal to or exceeds the threshold
level 1s found or until all the perch channels have been subject
to measurement.

When there 1s an incoming call in the mobile station 205
after S407 (S408, S409, S410, S411) (S301 i FIG. 27), and
when the order of priority of the base stations 201, 202, 203
and 204 1s included 1n the announcement information (YES 1n
S5302), the reception level measuring unit 312 reads the
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announcement information from the announcement informa-
tion storage umit 311 so as to retrieve the order of priority of
the base stations 201, 202, 203 and 204, the order of priority
being indicated by information assigned to each of the perch
channels corresponding to the respective base stations 201,
202, 203 and 204; The reception level measuring unit 312
measures the reception level of the perch channel correspond-
ing to the base station 203 having the highest priornity. The
order of priority stored in the announcement information
storage unit 312 1s such that the base station 201< the base
station 204< the base station 201< the base station 203.

Thereception level measuring unit 312 transmits the recep-
tion level of the perch channel corresponding to the base
station 203 to the message channel control unit 308. The
message channel control unit 308 determines whether the
reception level 1s equal to or exceeds a predetermined thresh-
old level that enables a request for a message channel (5303).
If the message channel control unit 308 determines that the
reception level 1s equal to or exceeds the threshold level (YES
in S303), the message channel control unit 308 retrieves
restriction information from the announcement information
transmitted from the base station 203 and stored in the
announcement information storage unit 311 so as to deter-
mine whether call incoming 1s enabled in the zone 223 formed
by the base station 203 (S308).

I1 the message channel control unit 308 determines 1n S303
that the reception level 1s below the threshold level (NO 1n
S303), the reception level measuring unit 312 determines
whether the base station having the next highest priority 1s
available (S304). If no perch channel corresponding to the
base station having the next highest priority 1s available (NO
in S304), call incoming 1n the mobile station 2035 1s disabled
(S305) so that the mobile station 205 1s put in a wait state
(5306). If the perch channel corresponding to the base station
having the next highest priority 1s available (YES 1n S304),
the reception level measuring unit 312 repeats steps S304 and
S307 such that 1t successively measures (NO 1n S307) the
reception level in the perch channels 1n the descending order
of priority until the base station providing a reception level
which 1s equal to or exceeds the threshold level 1s found (YES
in S307) or until all the perch channels have been subject to
measurement (NO 1n S304). If the message channel control
umt 308 finds a base station that provides a reception level
which 1s equal to or exceeds the threshold level (YES in
S307), the message channel control unit 308 retrieves the
restriction imnformation from the announcement information
stored 1n the announcement information storage unit 311 so
as to determine 1f call incoming 1s enabled in the zone formed
by the base station found 1n S307 (8308). If 1t 1s determined in
S302 that the order of priority of the base stations 1s not
included 1n the announcement information (NO 1n S302), the
message channel control unit 308 retrieves the restriction
information from the announcement information stored in the
announcement iformation storage unit 311 and determines
whether call incoming 1s enabled in the zone formed by the
base station which 1s the source of the stored announcement
information (S308).

I1 1t 1s determined that call incoming 1s disabled 1n the zone
223 formed by the base station 203 (NO 1n S303), the recep-
tion level measuring unit 312 determines whether the perch
channel corresponding to the base station having the next
highest priority 1s available (S304). If no perch channel cor-
responding to the base station having the next highest priority
1s available (NO 1n S304), call incoming 1n the mobile station
203 15 disabled (S305) so that the mobile station 203 1s put 1n
a wait state (S306). If the perch channel corresponding to the
base station having the next highest priority 1s available (YES
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in S304), the reception level measuring unit 312 repeats steps
S304 and S307 such that 1t successively measures (NO 1n
S307) the reception level in the perch channels in the
descending order of priority until the base station providing a
reception level which 1s equal to or exceeds the threshold
level 1s found (YES 1n S307) or until all the perch channels
have been subject to measurement (NO 1n S304). If the mes-
sage channel control unit 308 finds a base station that pro-
vides a reception level which 1s equal to or exceeds the thresh-
old level (YES 1n S307), the message channel control unit 308
retrieves the restriction information from the announcement
information stored in the announcement information storage
unit 311 so as to determine 11 call incoming 1s enabled 1n the
zone formed by the base station found 1 S307 (S308).

If 1t 1s determined that call incoming 1s enabled in the zone
223 formed by the base station 203 (YES 1n S308), the mes-
sage channel control unit 308 retrieves the restriction infor-
mation from the announcement information transmitted from
the base station 203 and stored in the announcement infor-
mation storage unit 311 so as to determine whether a restric-
tion regarding a preferred mobile station 1s 1mposed 1n the
zone 223 formed by the base station 203 (5309).

If there 1s a restriction regarding a preferred mobile station
(YES 1n S309) and 11 the mobile station 205 1s a preferred
mobile station (YES 1n S310), the message channel control
unit 308 determines whether call incoming 1s enabled 1n the
mobile station 205 (S311). If call incoming 1s enabled (YES
in S311), the message channel control unit 308 determines
that a request for a message channel 1s to be 1ssued to the base
station 203 and causes the transmission unit 310 to transmit a
request for a message channel (S412). I call incoming 1s
disabled (NO 1n S311), the mobile station 205 1s put 1n a wait
state (S312).

If there 1s a restriction regarding a preferred mobile station
(YES 1n S309) and 11 the mobile station 205 1s not a preferred
mobile station (NO 1n S310), the message channel control
unit 308 determines whether a restriction 1s imposed on the
mobile station 205 (S313). If there 1s no restriction (NO in
S313), the message channel control unit 308 determines that
a request for a message channel 1s to be 1ssued to the base
station 203 and causes the transmission unit 310 to transmit a
request for a message channel (S412). I1 there 1s a restriction
(YES 1n S313), the mobile station 205 1s put 1n a wait state
(S314).

If 1t 1s determined that there 1s no restriction regarding a
preferred mobile station (NO 1n S309), the message channel
control unit 308 determines that a request for a message
channel 1s to be 1ssued to the base station 203 and causes the
transmission unmt 310 to transmit a request for a message
channel (5412).

The base station 203 recewving the request assigns an
unused message channel to the mobile station 205 and trans-
mits a channel assignment signal thereto (S413). If no unused
message channel 1s available, the mobile station 203 1s put in
a wait state.

The mobile station receiving the message channel assign-
ment signal returns a response to an incoming call to the base
station 203 (S309), establishes the assigned message channel
with the base station 203 so as to start a call (S414).

Referring to FIG. 20, a detailed description will now be
given of how a switching from one message channel to
another 1s performed in the event of a handover. It 1s assumed
that the mobile station 205 1s located 1n the service area
tormed by the base station 201 and making a call via the base
station 201. FI1G. 29 shows the tlow of a recall channel switch-
ing operation, and FIG. 30 shows the sequence of the recall
channel switching operation. The message channel switching
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performed when a handover occurs during a conversation 1s
also performed when there 1s a drop 1n the reception quality.

It 1s assumed that, while the mobile 205 1s communicating
with another mobile station by establishing a message chan-
nel with the base station 201 (S601 in FIG. 30), the reception
level provided by the base station 201 drops below a prede-
termined threshold level, necessitating a handover by switch-
ing message channels (5602) (S501 1n F1G. 29). The message
channel control unit 308 determines whether the order of
priority 1s included 1n the announcement mformation from
the base station 201 (5602). The announcement information
obtained when the message channel 1s set up with respect to
the base station 201 and stored in the announcement infor-
mation storage unit 311 specifies the order such that the base
station 201< the base station 202< the base station 203< the
base station 204.

If 1t 1s determined that the order of priority of the base
stations 201, 202, 203 and 204 1s included 1n the announce-
ment information (YES 1n S502), the reception level measur-
ing unit 312 reads the announcement information from the
announcement mformation storage unit 311 so as to retrieve
the order of priority of the base stations 201, 202,203 and 204
corresponding to the perch channel codes included 1n the
announcement information having the format of, {for
example, FIG. 23. The reception level measuring unit 312
measures the reception level in the perch channel correspond-
ing to the base station 204 assigned the next highest priority
(5603).

Thereception level measuring unit 312 transmits the recep-
tion level 1 the perch channel corresponding to the base
station 204 to the message channel control unit 308. The
message channel control unit 308 determines whether the
level 1s equal to or exceeds a predetermined threshold level
that enables a request for a message channel (S503). If the
message channel control unit 308 determines that the level 1s
equal to or exceeds the threshold level (YES in S503), the
message channel control unit 308 retrieves restriction nfor-
mation from the announcement information transmitted from
the base station 204 and stored in the announcement infor-
mation storage unit 311 so as to determine whether recall 1s
cnabled 1n the zone 224 (S508).

I1 the message channel control unit 308 determines that the
reception level 1s below the threshold level (NO 1n S503), the
reception level measuring unit 312 determines whether the
perch channel corresponding to the base station having the
next highest priority next to the base station 204 1s available
(S504). If no perch channel corresponding to the base station
having the next highest priority 1s available (NO 1n S504),
message channel switching in the mobile station 205 1s dis-
abled (S505). In this case, the mobile station 205 1s discon-
nected or switched back to the base station 201 (8506). I a
perch channel corresponding to the base station having the
next highest priority next to the base station 204 1s available
(YES 1n S504), the reception level measuring unit 312 repeats
steps S504 and S507 such that it successively measures (NO
in S307) the reception level 1n the perch channels 1n the
descending order of priority until the base station providing a
reception level which 1s equal to or exceeds the threshold
level 1s found (YES 1n S507) or until all the perch channels
have been subject to measurement (NO 1 S504). If the mes-
sage channel control unit 308 finds a base station that pro-

vides a reception level which i1s equal to or exceeds the thresh-
old level (YES 1n S507), the message channel control unit 308

retrieves the restriction information tfrom the announcement

information stored in the announcement information storage
unit 311 so as to determine if recall 1s enabled 1n the zone

formed by the base station found 1 S507 (S508). If it 1s
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determined that the order of priority of the base stations 1s not
included 1n the announcement information (NO 1n S502), the
message channel control unit 308 retrieves the restriction
information from the announcement information stored 1n the
announcement information storage umt 311 so as to deter-

mine whether recall 1s enabled 1n the zone formed by the base
station which 1s the source of the stored announcement infor-
mation (S508).

If 1t 1s determined that recall 1s disabled 1n the zone 224
tformed by the base station 224 (NO 1n S504), message chan-
nel switching 1s disabled 1n the mobile station 205 so that the
mobile station 205 1s disconnected (5509). If recall 1s dis-
abled (YES 1n S508), the message channel control unit 308
retrieves the restriction information from the announcement
information transmitted from the base station 204 and stored
in the announcement information storage unit 311 so as to
determine whether a restriction regarding a preferred mobile
station 1s 1mposed 1n the zone 224 formed by the base station
204 (S510).

If there 1s a restriction regarding a preferred mobile station
(YES 1n S510) and 11 the mobile station 205 1s a preferred
mobile station (YES 1n S511), the message channel control
unit 308 determines whether recall 1s enabled in the mobile
station 205 (5512). If it 1s determined that recall 1s enabled
(YES 1n S512), the message channel control unit 308 deter-
mines that a request for a message channel 1s to be 1ssued to
the base station 204 and causes the transmission umt 310 to
transmit a request for a message channel (S604). If recall 1s
disabled (NO 1n S512), message channel switching in the
mobile station 203 1s disabled so that the mobile station 205 1s
disconnected (5513).

If there 1s a restriction regarding a preferred mobile station
(YES 1n S510) and 11 the mobile station 205 1s not a preferred
mobile station (NO 1n S511), the message channel control
unit 308 determines whether a restriction 1s imposed on the
mobile station 205 (S514). It there 1s no restriction (NO in
S514), the message channel control unit 308 determines that
a request for a communication 1s to be issued to the base
station 204 and causes the transmission unit 310 to transmait a
request for a message channel (S604). I1 there 1s a restriction

(YES 1n S514), message channel switching in the mobile
station 205 1s disabled so that the mobile station 205 1s dis-
connected (S515).

If 1t 1s determined that no restriction regarding a preferred
mobile station 1s imposed (NO 1n S510), the message channel
control unit 308 determines that a request for a message
channel 1s to be 1ssued to the base station 204 and causes the
transmission umt 310 to transmit a request for a message
channel (5604) (5516).

The base station 204 recerving the request assigns an
unused message channel to the mobile station 205 and trans-
mits a channel assignment signal thereto (S605). If no unused
message channel 1s available, the mobile station 205 1s dis-
connected.

The mobile station receiving the message channel assign-
ment signal establishes the assigned message channel with
the base station 204 so as to continue a call (S606).

As described above, the present invention as applied to a
mobile commumnication system having a hierarchical zone
construction enables a mobile station to 1ssue a request for a
message channel to a base station that forms a smaller zone
and provides a lower reception level, instead of a base station
that forms a larger zone and provides a higher reception level.
The present invention accomplishes such an arrangement by
including 1n the announcement 1information the order of pri-
ority assigned to each of the base stations constituting the
hierarchical zone construction.
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The present invention 1s not limited to the above described
embodiments, and variations and modifications may be made
without departing from the scope of the present invention.
What 1s claimed 1s:
[1. A mobile communication system comprising:
a plurality of radio base stations forming respective radio
zones and effecting a radio channel setting control 1n
accordance with a predetermined procedure; and
a mobile station selecting, as a wait zone, one of the radio
zones that satisfies a criteria demanded by the predeter-
mined procedure, and receiving communication service
via the selected wait zone,
cach of the radio base stations comprising:
traffic control means for setting a traffic distribution for
the plurality of radio zones; and

announcing means for generating announcement infor-
mation including the order of priority assigned to the
plurality of radio zones, the order of priority being
assigned 1n accordance with a probability density
given to each of the plurality of radio zones under the
distribution set by the traific control means, and for
transmitting announcement imformation to the radio
zone formed by the radio station to which the
announcing means belongs,
the mobile station comprising:
announcement information receiving means for recerv-
ing the announcement information transmitted by the
announcing means 1n accordance with the predeter-
mined procedure; and

wait control means for selecting one of the radio zones as
a wait zone, the radio zone to which a highest priority
1s assigned being a first candidate for selection by the
wait control means.]

[2. A mobile communication system comprising:

a plurality of radio base stations forming one or a plurality
of radio zones and one or a plurality of small-scale radio
zones, resulting in a hierarchy of overlapping radio
zones, and effecting a radio channel setting control 1n
accordance with a predetermined procedure; and

a mobile station accessing one of the radio zones formed by
the respective one of the plurality of radio base stations,
in accordance with a predetermined procedure, and
receiving communication service via the accessed radio
Zone,

cach of the plurality of radio base stations comprising;:
announcing means for transmitting announcement

information which includes identification informa-
tion for 1dentitying radio channels assigned to respec-
tive radio zones and small-scale radio zones, via the
radio channel assigned to the radio zone formed by
the radio base station to which the announcing means
belongs, the i1dentification information being
arranged 1n the announcement information so as to
correspond to the hierarchy of overlapping radio
ZONes,

the mobile station comprising:

announcement information receiving means for recerv-
ing the announcement information transmitted by the
announcing means, in accordance with the procedure
for radio channel setting control;

measuring means for measuring an electric field inten-
sity for the radio channel corresponding to the i1den-
tification information included 1n the announcement
information received by the announcement informa-
tion receiving means; and

wait control means for comparing an electric field inten-
sity measured by the measuring means with a preset
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threshold level, and designating a radio zone to which
the radio channel lowest 1n the hierarchy 1s assigned
as a wait zone 1n which to recerve the communication
service, on the condition that the electric field inten-
sity measured by the measuring means exceeds the
preset threshold level ]
[3. The mobile communication system as claimed in claim
2, wherein said announcing means comprises means for add-
ing, 1n the announcement imnformation, preset threshold val-
ues individually provided for the radio zone formed by the
radio base station to which the announcing means belongs
and the overlapping radio zones and small-scale radio zones,
resulting 1n a hierarchy that corresponds to the hierarchy of
overlapping zones, and
said wait control means employs the threshold values
added to the announcement information by the announc-
Ing means 1 making comparisons with the electric field
intensity.]
[4. The mobile communication system as claimed in claim
2 wherein announcing means comprises means for adding a
relative value indicating the preset threshold value for the
zone formed by the radio base station to which the announc-
ing means belongs, in the form of a difference with respect to
a reference value for the threshold value, and
said announcement information recerving means includes
means for determining the relative value added to the
announcement information, 1n relation to the radio zone
in which the announcement information 1s received, and
said wait control means compares the electric field inten-
sity measured by the measuring means with a sum of the
reference value and the relative value determined by the
announcement information receving means in relation
to the radio zone 1n which the electric field intensity 1s
measured. ]
[5. The mobile communication system as claimed in claim
2, wherein said announcing means comprises means for add-
ing relative values indicating the preset threshold values for
the radio zone formed by the radio base station to which the
announcing means belongs and the overlapping radio zones
and small-scale radio zones, 1n the form of differences with
respect to a reference value common to the threshold values,
resulting 1n a hierarchy that corresponds to the hierarchy of
overlapping zones, and
said wait control means compares the electric field inten-
sity with a sum of the relative value and the reference
value.]
[6. The mobile communication system as claimed in claim
2, wherein said mobile station comprises zone determination
means for performing a cyclic measurement of the electric
field intensity of the radio zones 1n which the mobile station
can be located, comparing a measured electric field intensity
with a lower acceptance value by which an entry into the radio
zone 1s enabled, stopping processes of measurement and
comparison when 1t 1s found that the former exceeds the latter,
and selecting the associated radio zone as a candidate 1n
which the announcement information receiving means 1s to
receive the announcement information. ]
[7. The mobile communication system as claimed in claim
2, wherein said wait control means compares the electric field
intensity measured by the measuring means with the thresh-
old value 1n the descending order 1n the hierarchy of the radio
zones subject to the measurement, and designates the radio
zone for which 1t 1s found that the former exceeds the latter as
a wait zone.}
[8. The mobile communication system as claimed in claim
6, wherein said measuring means comprises means which
omits a measurement of the radio zone selected by the zone
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determination means and substitutes therefor the electric field
intensity measured by the zone determination means.}
[9. A mobile communication system comprising:
a plurality of radio base stations forming one or a plurality
of radio zones and one or a plurality of small-scale radio
zones, resulting 1n a hierarchy of overlapping zones, and
clfecting a radio channel setting control i accordance
with a predetermined procedure; and
a mobile station accessing one of the radio zones formed by
the respective one of the plurality of radio base stations,
in accordance with a predetermined procedure, and
receiving communication service via the accessed radio
Zone,
cach of the plurality of radio base stations comprising;:
announcing means for transmitting announcement
information which includes identification informa-
tion for identifying the one or the plurality of radio
zones and the one or the plurality of small-scale radio
zones, via the radio channel assigned to the radio zone
formed by the radio base station to which the
announcing means belongs, the identification infor-
mation being arranged 1n the announcement informa-
tion according to respective positions 1n the hierarchy
of overlapping zones,
the mobile station comprising:
announcement information receiving means for recerv-
ing the announcement information transmitted by the
announcing means, in accordance with the procedure
for radio channel setting control;

measuring means for measuring an electric field inten-

sity for the radio zone corresponding to the 1dentifi-
cation information included in the announcement
information received by the announcement informa-
tion receiving means; and

wait control means for comparing an electric field inten-
sity measured by the measuring means with a preset
threshold level, and designating, as a wait zone 1n
which to receive the communication service, a radio
zone lowest in the hierarchy of overlapping zones on
the condition that the electric field intensity measured
by the measuring means exceeds the threshold level.}

[10. A mobile communication system comprising:

a plurality of radio base stations forming one or a plurality
of radio zones and one or a plurality of small-scale radio
zones, resulting 1n a hierarchy of overlapping zones, and
clfecting a radio channel setting control i accordance
with a predetermined procedure; and

a mobile station accessing one of the radio zones formed by
the respective one of the plurality of radio base stations,
in accordance with a predetermined procedure, and
receiving communication service via the accessed radio
Zone,

cach of the plurality of radio base stations comprising:
announcing means for transmitting announcement

information which includes identification 1nforma-
tion for 1dentifying radio channels for the one or the
plurality of radio zones and the one or the plurality of
small-scale radio zones, wvia the radio channel
assigned to the radio zone formed by the radio base
station to which the announcing means belongs, the
identification information being arranged in the
announcement information according to respective
positions 1n the hierarchy of overlapping zones,

the mobile station comprising:
announcement information recerving means for receiv-

ing the announcement information transmitted by the
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announcing means, i accordance with the procedure
for radio channel setting control;

measuring means for measuring an electric field inten-
sity for the radio channel corresponding to the 1den-
tification information included 1n the announcement
information received by the announcement informa-
tion recerving means; and

wait control means for comparing an electric field inten-
sity measured by the measuring means with a preset
threshold level, and designating one of the radio chan-
nels, which 1s assigned to the radio zone lowest 1n the
hierarchy and for which the control means has deter-
mined that the electric field intensity measured by the
measuring means exceeds the preset threshold level,
as a radio channel via which to recerve the communi-
cation service.]
[11. A mobile communication system comprising:
a plurality of radio base stations forming one or a plurality
of radio zones and one or a plurality of small-scale radio
zones, resulting 1n a hierarchy of overlapping zones, and
elfecting a radio channel setting control 1 accordance
with a predetermined procedure; and
amobile station accessing one of the radio zones formed by
the respective one of the plurality of radio base stations,
in accordance with a predetermined procedure, and
receiving communication service via the accessed radio
Zone,
cach of the plurality of radio base stations comprising:
announcing means for transmitting announcement
information which includes identification informa-
tion for identifying the one or the plurality of radio
zones and the one or the plurality of small-scale radio
zones, via the radio channel assigned to the radio zone
formed by the radio base station to which the
announcing means belongs, the identification infor-
mation being arranged 1n the announcement informa-
tion according to respective positions 1n the hierarchy
of overlapping zones,
the mobile station comprising:
announcement information receiving means for recerv-
ing the announcement information transmitted by the
announcing means, in accordance with the procedure
for radio channel setting control;

measuring means for measuring an electric field inten-
sity for the radio zone corresponding to the 1dentifi-
cation mnformation included in the announcement
information received by the announcement informa-
tion recerving means; and

wait control means for comparing an electric field inten-
sity measured by the measuring means with a preset
threshold level, and designating, as a wait zone 1n
which to receive the communication service, a radio
zone 1dentified by the 1dentification information to be
lowest 1n the hierarchy of overlapping zones, on the
condition that the electric field intensity measured by
the measuring means exceeds the threshold level ]

[12. A mobile communication system comprising:

a plurality of radio base stations forming one or a plurality
of radio zones and one or a plurality of small-scale radio
zones, resulting 1n a hierarchy of overlapping zones, and

elfecting a radio channel setting control 1 accordance
with a predetermined procedure; and

amobile station accessing one of the radio zones formed by
the respective one of the plurality of radio base stations,
in accordance with a predetermined procedure, and
receiving communication service via the accessed radio
Zone,
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cach of the plurality of radio base stations comprising:

announcing means for transmitting announcement
information which includes first identification infor-
mation for identifying a radio channel assigned to the
radio zone formed by the radio base station to which
the announcing means belongs, as well as including
second 1dentification information identifying the
radio zones and the small-scale radio zones which
overlap the radio zone formed by the radio base sta-
tion to which the announcing means belongs, via the
radio channel assigned to the radio zone formed by
the radio base station to which the announcing means
belongs, the second 1dentification information being,
arranged 1n the announcement information according
to respective positions 1n the hierarchy of overlapping
ZOnes,

the mobile station comprising:;

announcement information recerving means for receiv-
ing the announcement information transmitted by the
announcing means, in accordance with the procedure
for radio channel setting control;

measuring means for measuring an electric field inten-
sity for the radio channel corresponding to the i1den-
tification information included 1n the announcement
information received by the announcement informa-
tion receiving means; and

wait control means for comparing an electric field inten-
sity measured by the measuring means with a preset
threshold level, determining the radio channel which
1s 1dentified by the associated second identification
information, it available, to have a lowest hierarchical
order, and designating, as a wait zone 1n which to
recetve the communication service, the radio zone to
which the determined radio channel 1s assigned, on
the condition that the electric field intensity measured
by the measuring means exceeds the threshold level.}

[13. A mobile communication system comprising:

a plurality of radio base stations forming one or a plurality
of radio zones and one or a plurality of small-scale radio
zones, resulting 1n a hierarchy of overlapping zones, and
elfecting a radio channel setting control 1n accordance
with a predetermined procedure; and

a mobile station accessing one of the radio zones formed by
the respective one of the plurality of radio base stations,
in accordance with a predetermined procedure, and
recelving communication service via the accessed radio
ZOone,

cach of the plurality of radio base stations comprising;:
announcing means for transmitting announcement

information which includes first identification infor-
mation for identifying a radio channel assigned to a
radio zone formed by the radio base station to which
the announcing means belongs, as well as including
second 1dentification information identifying the
radio zones and the small-scale radio zones which
overlap the radio zone formed by the radio base sta-
tion to which the announcing means belongs, over the
radio zone formed by the radio base station to which
the announcing means belongs, the second 1dentifica-
tion information being arranged 1n the announcement
information according to respective positions in the
hierarchy of overlapping zones,

the mobile station comprising:
announcement information recerving means for receiv-

ing the announcement information transmitted by the
announcing means, 1n accordance with the procedure
tor radio channel setting control;
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measuring means for measuring an electric field inten-
sity for the radio zone corresponding to the 1dentifi-
cation information included in the announcement
information received by the announcement informa-
tion receiving means; and

wait control means for comparing an electric field inten-
sity measured by the measuring means with a preset
threshold level, determining the radio zone corre-
sponding to the radio channel which 1s 1dentified by
the associated second identification information, if
available, to have a lowest hierarchical order, and
designating the determined radio zone as a wait zone
in which to recerve the communication service on the
condition that the electric field intensity measured by
the measuring means exceeds the threshold level ]

[14. A mobile communication system comprising:

a plurality of radio base stations forming one or a plurality
of radio zones and one or a plurality of small-scale radio
zones, resulting 1n a hierarchy of overlapping zones, and

elfecting a radio channel setting control 1 accordance
with a predetermined procedure; and

amobile station accessing one of the radio zones formed by
the respective one of the plurality of radio base stations,
in accordance with a predetermined procedure, and
receiving communication service via the accessed radio
zone,

cach of the plurality of radio base stations comprising:
announcing means for transmitting announcement

information which includes a hierarchical (equal or
subordinate) order of the radio zone formed by the
radio base station to which the announcing means
belongs with respect to the overlapping radio zones
and small-scale radio zones, and which also includes
identification information for identitfying radio chan-
nels assigned to the radio zone formed by the radio
base station to which the announcing means belongs
and the overlapping radio zones and small-scale radio
zones, via the radio channel assigned to the radio zone
formed by the radio base station to which the
announcing means belongs,

the mobile station comprising:
announcement information receiving means for recerv-

ing the announcement information transmitted by the
announcing means, i accordance with the procedure
for radio channel setting control, for extracting the
identification information from the announcement
information, and for determining the hierarchy of the
radio zones to which the radio channels identified by
the 1dentification information are assigned;
measuring means for measuring an electric field inten-
sity for the radio channel corresponding to the 1den-
tification information obtained by the announcement
information receiving means; and
wait control means for comparing an electric field inten-

sity measured by the measuring means with a preset

threshold level, and designating a radio zone to which

the radio channel lowest 1n the hierarchy 1s assigned
as a wait zone in which to recerve the communication
service, on the condition that the electric field inten-
sity measured by the measuring means for the radio
channel lowest 1in the hierarchy exceeds the preset
threshold level.}

[15. A mobile communication system comprising:

a plurality of radio base stations forming one or a plurality
of radio zones and one or a plurality of small-scale radio
zones, resulting in a hierarchy of overlapping zones, and

elfecting a radio channel setting control 1 accordance
with a predetermined procedure; and

amobile station accessing one of the radio zones formed by
the respective one of the plurality of radio base stations,
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in accordance with a predetermined procedure, and
receiving communication service via the accessed radio
zone, each of the plurality of radio base stations com-
prising;:
announcing means for transmitting announcement
information which includes a hierarchical (equal or
subordinate) order of the radio zone formed by the
radio base station to which the announcing means
belongs with respect to the overlapping radio zones
and small-scale radio zones, and which also includes
identification information for identifying the radio
zone formed by the radio base station to which the
announcing means belongs and the overlapping radio
zones and small-scale radio zones, over the radio zone
formed by the radio base station to which the
announcing means belongs,
the mobile station comprising:;
announcement information recerving means for receiv-
ing the announcement information transmitted by the
announcing means, in accordance with the procedure
for radio channel setting control, for extracting the
identification information from the announcement
information, and for determining the hierarchy of the
radio zones corresponding to the 1dentification infor-
mation;
measuring means for measuring an electric field mten-
sity for the radio zone corresponding to the 1dentifi-
cation information extracted by the announcement
information recerving means 14g; and
wait control means for comparing an electric field inten-
sity measured by the measuring means with a preset
threshold level, and designating a radio zone lowest 1n
the hierarchy determined by the announcement infor-
mation receiving means as a wait zone in which to
recerve the communication service, on the condition
that the electric field intensity measured by the mea-
suring means for the radio zone lowest 1n the hierar-
chy exceeds the preset threshold level ]
[16. A mobile station comprising:
announcement information receiving
means for recerving announcement information including
orders of priornity assigned to radio zones formed by a
plurality of radio base stations, the reception by the
announcement information recerving means being con-
ducted according to a descending order of preset tratlic
distribution and 1n accordance with a radio channel set-
ting control procedure;
wait means for determining whether the radio zone asso-
ciated with the order of priority included in the
announcement information received by the announce-
ment information recerving means satisfies a criteria
adapted for the radio channel setting control procedure,
and for designating the radio zone for which an atfirma-
tive answer 1s given as a wait zone; and
communication control means which receirves communi-
cation service from the radio base station forming the
radio zone designated by the wait means.}
[17. A mobile communication system comprising:
a plurality of base stations forming respective radio zones
that overlap each other;
a mobile station transportable between said radio zones;
wherein
cach of said plurality of base stations having:
announcing means for sending announcement information
including an order of priority of said plurality of base
stations to the mobile station located 1n one of said radio
zones, and
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said mobile station having:

a control means for selecting a base station from among,
said plurality of base stations, to which a request for a
message channel 1s to be 1ssued, based on the order of
priority of said plurality of base stations included in the
announcement mformation transmitted from said plu-
rality of base stations, rather than based on an order of
respective received electric field intensities provided by
the plurality of base stations and being equal to or greater
than a predetermined received electric field intensity.}

[18. The mobile communication system as claimed in
claim 17, wherein said mobile station further comprises:

announcement information receiving means for receiving,
the announcement information including the order of
priority of said plurality of base stations and transmitted
from said plurality of base stations; and

transmission means for issuing a request for a message
channel to the base station selected by said control
means. |

[19. The mobile communication system as claimed in
claim 18, wherein said transmission means includes first
transmission means for 1ssuing a request for a message chan-
nel to the base station selected by the control means when a
call is originated.]

[20. The mobile communication system as claimed in
claim 18, wherein said transmission means includes second
transmission means for 1ssuing a request for a message chan-
nel to the base station selected by the control means when a
call is incoming.]

[21. The mobile communication system as claimed in
claim 18, wherein said transmission means includes third
transmission means for transmitting a request for a commu-
nication to the base station selected by the control means
when a message channel 1s switched from one to another in
the event of a handover of a call.]

[22. The mobile communication system as claimed in
claim 17, wherein said mobile station further comprises:

storage means for storing the announcement mformation;

measuring means for measuring a reception level 1n recep-
tion-level determinming channels 1n a descending order of
priority of said plurality of base stations, based on the
announcement information stored 1n said storage means
and including the order of priority and based on infor-
mation relating to the reception-level determining chan-
nels.]

[23. The mobile communication system as claimed in
claim 22, wherein said control means 1ncludes determining
means for determining whether the reception level 1n a recep-
tion-level determining channel 1s equal to or exceeds a pre-
determined level that enables a request for a message chan-
nel.}

[24. The mobile communication system as claimed in
claam 17, wherein said announcing means includes first
arranging means for ordering the announcement information
sO as to arrange information relating to reception-level deter-
mining channels in a descending order of priority.]

[25. The mobile communication system as claimed in
claim 17, wherein said announcing means includes second
arranging means for ordering the announcement information
s0 as to couple information relating to each reception-level
determining channel to an order of priority associated there-
with.]

[26. A mobile station for use in a mobile communication
system, comprising:

control means for selecting a base station from among a
plurality of base stations, to which a request for a mes-
sage channel 1s to be 1ssued, based on an order of priority
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of said plurality of base stations included 1n announce-
ment information from said plurality of base stations,
rather than based on an order of respective received
clectric field intensities provided by the plurality of base
stations and being equal to or greater than a predeter-
mined received electric field intensity.]

[27. The mobile station as claimed in claim 26, further
comprising;

announcement iformation receiving means for receving,

from said plurality of base stations, the announcement
information including the order of priority of said plu-
rality of base stations; and

transmission means for transmitting a request for a mes-

sage channel to the base station selected by said control
means. }

[28. The mobile station as claimed in claim 27, wherein
said transmission means includes first transmission means for
1ssuing a request for a message channel to the base station
selected by the control means when a call is originated.]

[29. The mobile station as claimed in claim 27, wherein
said transmission means includes second transmission means
for 1ssuing a request for a message channel to the base station
selected by the control means when a call is incoming. ]

[30. The mobile station as claimed in claim 27, wherein
said transmission means includes third transmission means
for transmitting a request for a communication to the base
station selected by the control means when a message channel
1s switched from one to another 1n the event of a handover of
a call }

[31. The mobile station as claimed in claim 26, further
comprising;

storage means for storing the announcement information;

measuring means for measuring a reception level in recep-

tion-level determining channels in a descending order of
priority of said plurality of base stations, based on the
announcement information stored 1n said storage means
and including the order of priority and based on infor-
mation relating to the reception-level determining chan-
nels.]

[32. The mobile station as claimed in claim 31, wherein
said control means includes determining means for determin-
ing whether the reception level 1n a reception-level determin-
ing channel 1s equal to or exceeds a predetermined level that
enables a request for a message channel.]

[33. A base station forming a radio zone that overlaps radio
zones formed by other base stations of a plurality of base
stations 1n a mobile communication system; comprising;:

announcing means for sending announcement information

including an order of priority of said plurality of base
stations constituting the mobile communication system
to a mobile station located 1n one of the radio zones, a
sending base station being selected by a mobile station
from among the plurality of base stations, to which a
request for a message channel 1s to be 1ssued, based on
the order of priority of the plurality of base stations
included 1n the announcement information, rather than
based on an order of respective recerved electric field
intensities provided by the plurality of base stations and
being equal to or greater than a predetermined received
electric field intensity .}

[34. The base station as claimed in claim 33, wherein said
announcing means includes first arranging means for order-
ing the announcement information so as to arrange informa-
tion relating to reception-level determining channels in a
descending order of priority.}

[35. The base station as claimed in claim 33, wherein said
announcing means includes second arranging means for



US RE43,342 E
49 S0

ordering the announcement information so as to couple infor- 37. A mobile communication system comprising:

mation relating to each reception-level determining channel a plurality of base stations that transmit announcement

to an order of priority associated therewith.] information including a priority of the plurality of base
[36. A mobile station for use in a mobile communication stations; and

system including a plurality of base stations which respec- > a radio communication unit,

tively transmit announcement information including an order the radio communication unit Comprising:

a receiver receiving system information from one or

movre base stations, the system information including

a respective priority of the one ov more base stations;

10 a measuring unit measuring a chavacteristic of signals
received from one or more base stations; and

a controller determining one or more base stations

where the measured characteristic meets predeter-

of priority of said plurality of base stations, said mobile
station comprising:
control means for selecting a base station from among the
plurality of base stations, to which a request for a mes-
sage channel 1s to be 1ssued, based on said order of
priority of said plurality of base stations included in said

announcement information from said plurality of base mined criteria and selecting a base station with the

StatlfJIlS: rathe{' than ]E)ased Oh-di 01:der of respective 15 highest priority from among the base stations meeting
received electric field intensities provided by the plural- the predetermined criteria.

ity ol base stations and being equal to or greater than a
predetermined received electric field intensity.] * ok ko
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