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"MOBI LE CCNWBHFCATION FOR A MOBI LE STATI ON NEAR OR QUTSI DE A
SERVI CE AREA OF A BASE STATI ON , BACKGROUND OF THE | NVENTI ON

“-Thisinvention relates to communication in a nobi | e communi cati on

networ k conprising a base station and a plurality of nobile stations

novabl e in-and outside 5 a service area of the base station. Mre

. particularly, this invention relates to a comruni cation nethod for a

- nobi | e communi cati on network of the type described and to a nobile
comuni cati on network which is of the type described and in which

comuni cation i s possible between :

MOBILE COMMUNICATION FOR A MOBILE STATION NEAR

OR OUTSIDE A SERVICE AREA OF A BASE STATION

BACKGROUND OF THE INVENTION
This invention relates to communication in' a
mobile communication network comprising a base station
and a plurality of mobile stations movable in and outside
5 a service area of the base station. More particularly,
thié invention relates to a communication method for a
mobile comﬁunibationiqgtygrk~of the type described and to
a mbbile communication network which is of the type
described and in which communication is possible between
10 the base station and a mobile station even when the
mobile station in gquestion is near or outside a boundary
of the service area.
A prior art communication network is disclosed in
Japanese Patent Prepubiication (A) No. 273,443 of 1989.
15 fThe prior art communication network is a cordless
| telephone network comprising a plufality of base units
having ovérlapped service areas and handsets carried
through the service areas. In the cordless telephone
network, a first base unit is for direct communication
20 with first-unit handsets. A second base unit is for
direct communiqation with second-unit handsets.

-Cbmmunication is possible between a second-unit handset
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ld'thejbase station and a nobile station even when the nobi |l e station

.in question is near or outside a boundary | of the service area.

A prior art conmunication network is disclosed in Japanese Pat ent
Prepublication (A No. 273,443 of 1989. 15 The prior art comrunication
network is a cordl ess t el ephone netwopk conprising a plurality of base
units havi ng overl apped service areas and handsets carried  through
.the service areas. In the cordl ess tel ephone network, a first base unit

is for directan@nghei €8rs€nbasde whilk eiveat wheht thandeebad-fnsecpaddease
unit is foer direct comunication with second-unit handsets.

Communi cat i onis sopbsidél ehbesaeehce aceandfusht Fapdsebase unit.
2 and the first base unit- even when the second-unit handset

This is rendered possible by preliminarily

connecting one of the first-unit handsets to the second

5 base unit to use the second base unit as a repeater unit.
More specificélly, communication is possible between the
second-unit handset and the'second base unit. Used as
the repeater unit, the second base unit is connected to
the above-mentioned one of the first-unit handsets.

10 cCommunication is possible between this one of the

first-unit handset and the first base unit.

Being preliminarily connected together, the
second base unit is near the above-mentioned one of
first-unit handset, namely, in the service area of the

15 first base unit. When the second base unit is outside
this service area, communication is impossible between a
second-unit handset and the first base unit. When the
second base unit is near a boundary of this service area,
it is difficulr to carry on due communication.

20 Furthermore, the prior art is not applicable-to a mobile
communicétion network comprising only one base station.

SUMMARY Of‘ THE INVENTION:

It is consequently an object of the present
in&ention-to provide a communication method which is for

25 a mobile communication network comprising a base station
and a plurality of mobile stations movable in and outside
a service area of the base station and by which |

communication is possible between the base station and



IS outside the service area of the first base unit. This is
:rendered possible by prelimnarily connecting one of the first-unit
handsets to the second 5 base unit to use the second base unit as a
repeater unit. More specifically, comunication is possibl e between

t he second-unit handset. and the secorsd base unit. Used as t he
repeater unit, the second base unit is connected to t he
above-nenti oned one of the first-unit handsets. 10 Communjcation is
possi bl e bet weee oifi $henamobfilehetationfs eyvenunhenhihdsconendft thef i r st base
uni t. .. Being prelimnarily connected together, the - second
base unit i's Rehilehstatdeasnist psesensnacgyr or beyoné: aypoundarysef,
nanely, in the service area of the 15 first base unit. Wen the second
'base unit is EhBsSEEViCe argAs service area, comunication is inpossible

bet ween a second-uni.,t handset apnd the first, base uni,t. en the
second base unit is né§r1§ BEa g&Fyo eFﬁigfséiﬁﬁcén§F8§}°n e proydde

difficult go carry on.due.communication. . 20 FEurthernore,. the.prior art is
not applicabl & £8 uﬁésﬁﬁéon methg% which is ofyt ot 7Pe" ae'se¥ ibeda’ and

by which communication is possible wiﬁh excellent
communication qualities.
It is still another object of this invention to
provide a mobile communication network which comprises a
10 base station and a plurality of'mobile stations movable
" in and outside a service area of the base station and in
which communication is poséible between the base station
and one of the mobile stations even when this one of the
mobile stations is present near or beyond a boundary of
15 the service area.
It is yét_another object of this invention to
provide a mobile communication network which is of the
~type described and in which communication is possible
with excellen£ communication qualities.
20 Other objects of this invention will become clear
as the description proceeds.
-In accordance with an aspect of this invention,
there is provided a communication method for a mobile
-communication network COmpfising a base station having a
25 service area, a first mobile station in the service area,
and ‘a second mobile station movable in the service area
and beyond a boundary of the service area, wherein

communication between the base station and the second



comuni cati on network conprising only one base station.

. SUMMARY OF THE | NVENTI ON: : It i.s consequently an object of the
pr esent i nvention to provide a comruni cation nethod which is for 25
a nobile comuni cati on network conprising a base station ~and a
plurality of nobile stations novable in agd outside a service area of
t he base station and by which communi cation is possible between the
base station and ' one of the nobile stations even when this

one of the mobilki btatiiahi (&S possibdesnievenawhen ReyoR@cdndmondne of

t he service area. - I't is another object of this invention to

provi de 5 astatmoni ¢at presepthadamhioch beyond the bpoadaeygr biyedhand
steps of: (A) carrying out the communication between the
base station and the first mobile station and (B)

5 carrying out the comﬁunication'between the base station
and the second mobile station through the first mobile
station. |

In accordance with a different aspect of this

invention, there is provided a mobile communication

10 network comprising a base station having a service area,
a first mobile station in the serviée area, and a second
mobile station movable in the service area and beyond a
boundary of the service area, wherein communication is
possible between the base station and the second mobile

15  gtation by using the first mobile station as a repeater
station when the second mobile station is present near or
beyond the boundary.

In accordance with a further different aspect of

this invention, there is providea a mobile station for

20 use in a mobile communicaﬁion network comprising a base
station having a service_area and other stations movable
in the service area and beyond a boundary of thé service
area, wherein the mobile station is movable.in the
service area and capable of dealing.with direct

25 communication with the base station and of serving as a
repeater station for communication between the base
station and at least one of the othef stations that is

present near the boundary or outside the service area and
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by whi ch communication is possible with excellent conmuni cati on
.qualities. . It is still another. object of this invention to
provi de a nobile comuni cati on network which conprises a 10 base stati on
and a plurality of nobile stations novable in and outside a service
area of the base station and in whi cly conmuni cation is possible

bet ween the base station and one of the nobile stations even when this
one of the nobil e stations is present near or beyond a boundary of 15
t he service atbat has a communilcatiiony eiresn aidver im atie @fobtilies | nventi on
to provi de a nobile comunication network which is of the type
descri bed andstatipneh connunication I s possible w th excel |l ent

comuni cation qualities. O her objects of this invention wll

becone cl ear - as PﬁéE§e§@§FBFP€ﬁ°Hr§@b€@@ DRAWING: | n accor dance
w th an aspect of thls |nvgnt|on there is prOV|ded a conmuni cation

method for a mobile Fig-cdnfliRVEafi BRbidenSommuBicatdony netwark &0ati on

having a 5 which the instant invention is applicable;

Fig. 2 exemplifies a manner of use of time slots
in a mobile communication network according to an
embodiment of this invention;

Fig. 3 is a block diagram of a mobile station for

10 use in the mobile communication network mentioned in
connection with Fig. 2;

Fig. 4 shows a flow:chafﬁ for use-ih describing
operation of the mobile communication network being
illustrated; and

15 Fig. 5 shows in greater detail a part of the flow
chart depicted in Fig. 4.

DESCRIPTION OF THE PREFERRED EMBODIMENT :

Referring to Fig. 1, a mobile communication
network is for.use in a preferred embodiment of the

20 present invention. The mobile communication network
comprises a base station 11 having a service area 13
which has a boundary depicted by a circle without loss of
generality. A plurality of mobile stations are movable
in the service area 13 and may move near to the boundary

25 and‘beyond the boundary. Such mobile stations are
designated by a reference numeral 15 either collectively
or individually and are assigned with identifiqation .

numbers. In the manner known in the art, the mobile
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25 service area, a first nobile station in the service area, and a
second nobile station novable in the service area and beyond a
boundary of the service area, wherein communi cati on between the base
station and the second _ - 4

mobil e station is possible, even when thegsecond nobile station is
present near or beyond the boundary, by the steps of: (A) carrying out
t he conmuni cati on between the base station and the first nobile
station and (Bratibnscasr airegopeirablle AN biataergn shftineen Whenbaue
station and the second nobile station-through the first nobile
station. in full opera&donr dancendetrieda failllf aldwe ,aspeht mobilllei s

i nvention, there is provided a nobile comrunication 10 network conpri sing
a base statioatatipngls besviaceommanication area 17 exemplified in

conjunction with one alone of the mobile stations 15.

5 while put fully alive, each mobile station 15 is capable
of communication with the base station 11 and, through
the base station 11, with a different station of any one
of the mobile stations 15. According to this invention,
each mobile station 15 is operable as a repeater station.

10 In Fig. 1, it will be assumed that the
illustrated mobile stations 15 are all at least partially
alive unless otherwise specifically mentioned. As

- -depicted by solid lines, a first station 15(1) of the
mobile stations 15 is in the service afea 13 at a time.

15 A second station 15(2) is present outwardly of the
service area 13. As illustrated by dash-dot lines, third
and fourth stations 15(3) and 15(4) are in the service
area 13. It is alternatively possible to understand that
the first and'£he third stations 15(1) and 15(3) show

20 different positions which the first station 15(1) has
during communication with the base station 11. This
applies to the second and the fourth stations 15(2) and
15(4).

Turning to Fig. 2 -with Eig. 1l continuously

25 referred to, the mobile communication network is operable
in a time division multiplex communication manner. Each
frame of a radio carrier signal is composed of first,

Second, .- .oy N-th' (N+l ) -th, (N+2)_th, es 0y and ZN-th



a first nobile station in the service area, and a second nobi | e
station-novable in the service area and beyond a boundary of the
service area, wherein comrunication is possi bl e between the base
station and the second nobile 15 station by using the first-nobile
station as a repeater station when tRe second nobile station is
present near or. beyond t he boundary. I n accordance with a
further different aspect of this invention, there is provided a nobile

station for fAmeusdoits,awhiebel & ¢efdicdtis AN preldetenGA @Y initegex base
station having a service area and other stations novable in the
servi ce area degebdgotdoa bbendampenf ofhamobdlel stationsalGansedelia khiehe
nobile station is novable in the service area and capabl e of dealing
with direct mebidenronmuaticetiant nettworkasadsont traffid dh $hevi ng as a
repeater station for conmunication between the base station and at

| east one of PREWSrker Thespokimehglots are ipdicetednbar sibs bumbexsy or

outside thg sprvhce 2™y + 1), (N + 2), ..., and 2N in the figure

atop. Use of the time slots in the base station 11 is
exemplified along a top row labelled (A). Those in the
first and the second station 15(1) or 15(3) and 15(2) or
15(4) are exemplified along middle and bottom rows

10 1abelled (B) and (C).
| For communication from the base station 11, the
first through the N-th time slots are usea in"
transmitting transmission signalé. The (N*+1)-th through
the 2N~th time slots are used in receiving reception

15 signals. on transmitting transmission signals to the
first and the second stations 15(1) and 15(2), the base
station 11 selects ones of idle time slots to use, for
example, the first and the second time slots as first and
second transmiésion slots Tl and T2. Although use of

20 other time slots will later be described, it may be
mentioned here that the (N+l)-th and the (N+2)-th time
slots are used as first and second reception slots Rl and
R2 for receiving reception signals from the first and the
second stations 15(1) and -15(2).

25 On transmitting a transmission signal from an
originating station of the base and the mobile stations
11 and 15 to a destination station, the originating

station first sends an information signal indicative of
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5 that has a conmuni-cation area covering the nobile station.

BRI EF DESCRI PTI ON OF THE DRAW NG . Fig. 1 shows a nobile
comuni cation network to 5 which the instant invention is applicable;
Fig. 2 exenplifies a manner. of use of tinme slots in a nobile
communi cati on network according to an g enbodi nrent of this invention;
Fig. 3 i1s a block diagramof a nobile station for 10 use in the nobile
conmruni cation network mentioned in connection with Fig. 2;

Fig. 4 shows &hd dWerttairffidatriamsaunbaiesassigmesl to thepatesttiioratdfort he
nobi | e conmuni cati on networ k being Il lustrated; and

station and of the slot number of a selected one of the
time slots. After the destination station is reéndered
full alive in response td.the information signal, the

5 originating statiqn sends a message signal. |

Referring afresh to Fig. 3 and again to Figs. 1

and 2, each mobile station 15 comprises a receiver 21 for
feceiving as a received siénal a transmission signal sent
from an originating station and received by an antenna of

10  the mobile station 15 being illustrated. The received |
signal has a reception level of tﬁe carrier signél as
céught by the antenna and includeé a reproductibn of the

i - -‘information signal transmitted from the originating
station. Merely for brevity of the description, the

15 reproduction will hereaftef'be referred to also as the
information signal. In other words, the receiver 21
retrieves the information signal in the received signal.

The mobile station 15 comprises a transmitter 23

for transmitting a transmission signal as an originating

20 station through the antenna to a destination station.
This transmission signal will later be described in
detail and includes another information signal. From the
receiver 21, the received signal is delivered to a
judging circuit 25 for judging whether or not the

25 jdentification number indicates either the illustrated
station or one of others of the mobile stations 15 that
is an eventual destination station with the illustrated

station used as the repeater station. When used as a
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15 Fig. 5 shows in greater detail a part of the flow chart
depicted in Fig. 4. DESCRI PTI ON OF THE PREFERRED EMBCDI MENT:
Referring to Fig. 1, a nobile comunication network is for use in a
preferred enbodi nent of the 20 present invention. The nobite _
communi cati on networ k conprises a base station 11 having a service
area 13 whi ch has a boundary depicted by a circle without |oss of
generality. A plurality of nobile stations are novabl e in the service
area 13 and ndesthinmatiear station bahdaryiustratasd dedvh tie denawiy -

Such nobile stations are designated by a reference nuneral 15 either
collectively full ediwediini dinel manaed dmeowas singide sxtth | dentthdramiriegn
hunbers. In the manner known in the art, the nobile
6 the judging circuit 25 serves as a level judging circuit
for judging whether or not the reception level is
5 sufficient for communication with the originating
station.

It will first be assumed that the illustrated
station is the first station 15(1). If the reception
level ié sufficient and moreover if the ofiginating

10 station is the base station 11, the receiver 21'is kept
in a state of receiving the message signal. The first
station 15(1) selects an idle slot, such as the (N+l)-£h
time slot, as a transmission slot Tl of Fig. 2 (B) to i~ "~

make the transmitter 23 transmit a message signal to the
15 bpase station 11. This time slot becomes the first
reception slot Rl of Fig. 3 (A) at the base station 11.
Direct communication is carried on between the base
station 11 and the first-station 15(1). |
It wili next be assumed.that the illustrated
‘20 gstation is the second station 15(2). When the reception
level is insufficient-as regards the carrier signal
received from the base station 11, the level jpdging
circuit 25 of the second station 15(2) judges the
reception level of the carrier signal sent from a
25 gJifferent one of the mobile stations. It will be
presumed that the'reception level is sufficiént when the-
originating station of the carrier signal under

consideration is the first station 15(1). In such an
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stations 15 are operable with battery saving. Wen put in full
operation or rendered full alive, each nobile station 15 has a
comuni cation area 17 exenplified in conjunction with one al one of
the nobile stations 15. 5 Wiile put fully alive, each nobile station 15

I s capabl e of communi cation with thedase station 11 and, through

the base station |l, with a different station of any one of the nobile
stations 15. According to this invention, each nobile station 15 is
oper abl e as aeweptat ¢hesflewviednjudg@ng circuitl B5Fpgodacest ancbhteolassuned
t hat the illustrated nobile stations 15 are all at |east partially
alive unl ess sigpadi Seipdécativel bf tbasi facl. As depi cted by solid
lines, a first station 15(1) of the mobi l e stations_ 15 is .in the
service area 13 at a &PnEig.-13, kheccongrelasignaisis) dediypred oot wardly

of the ~service area 13. As.illustrated by.dash-d i npes,..thirgd
and fourth stQ%PBn§1§BP§}n&nHrlSPE?rS&énﬂﬁnﬁhél§8P9Fcgs 15 n Fig '1% It is

al ternat i vel ¥ Boosl pLe ho ndeLelantatih receshls théokeAdniassbH M

stations
signal from the base station 11 in the second time slot

wﬁich serves for the first station 15(1) as a first
reception slot Rl. In the manner described in the
foregoing, the (N+lf-th time slot is used in the first

10 station 15(1) as the first transmission slot Tl. When
the received signal is received at the first station
15(1) in the second time slot used as a second reception
slot R2 foxr further transmission to the second station
15(2), the control signal C-puts the slot disposing

15 circuit 27 into operation. It will be mentioned here
tha£ the (N+2)-th time slot is used.in the first station
15(1) as a second transmission slot T2_in correspondence
to the second reception slot R2 of Fig. 2 (A) and that
the (N+3)-th time slot is idle. 1In the first station

20 15(1), the time slot disposing circuit 27 searches for
such idle slots and selects the (N+3)-th time slot as a
third transmission slot T3 to write contents of the
second reception slot R2 in this selected slot. The
transmitter 23 transmits a transmission signal in the

25 third transmission slot towards the second station 15(2).
This transmission signal includes the information signal
indicative of the second station 15(2) and of the

(N+3)-th time slot.
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20 different positions which the first station 15(1) has

during
comuni cation with the base station 11. Thi-s applies to the second and

the fourth stations 15(2) and 15(4). Turning to Fig. 2
with Fig. 1 continuously 25 referred to, the nobi | e comunication network

I s operable

in a time division nultlblex conmuni cati on manner. Each

frame of a radio carrier signal is conposed of first, second, Y
N-th, (NHl)-th, (N+2)-th, . b and 2N-th
7. time slots, "iR8r &hR ité'ﬁﬂéﬁ’éﬁﬁé% glgaaleifi segeinedgat the

dependent on the n

nb
comuni cat i on®REP %3ﬁd°8 gﬂasf

stat mobi | e

are 'nd'Catedsg¥végogsngn¥§ggt reception slot Rl depicted in Fig. 2

10

15

20

25

(C), the second station 15(2) receives the message signal
which either originates at the base station 1l or is sent

from another mobile station with the first station 15(1)

 used as the repeater station. On transmitting a message

signal, the second station 15(2) selects an idle channel,

R§+3) %dﬁggﬁoﬁﬁ°tTH@§€htlne slots

such as the third time slot, as a first transmission slot

Tl of Fig. 2 (C) and transmits a transmission signal
towards the base station 1ll.

At the first station 15(1), this transmission
signal. is received as a received signal with the third
time slot used_as a third reception slot R3 depicted in
Fig. 2 (B).. Inasmuch as insufficient is the reception
level of the carrier signal received from the base
station 11, the level judging circuit 25 delivers the
control signal C indicative of this fact to the slot
disposing circﬁit 27. 1In response, the slot disposing
circuit 27 selects the second transmission slot T2 (Fig.
2 (B)) and writes contents of the third reception slot R3
in the second transmission slot T2. The transmitter 23
transmits the transmission signal to the base station 11
with the control signal made to indicate the base station
11l and the third time slot‘as the second reception slot
R2 at the base station 1ll1. It is now appreciated that
bidirectional communication is p0551ble between the base

station 11 and the second station 15(2) through the first
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5‘ 1, E, ..., N (N+1), (N+2), ..., and 2N in the figure atop. Use
of the tine slots in the base station 11,is exenplified along a top
row | abelled (A). Those in the first and the second station 15(1) or
15(3) and 15(2) or 15(4) are exenplified along m ddl e and bottom rows
10 | abelled (B) and (C). Forixzomuni cation fromthe base
station 11, the first through the NNth tinme slots are used in
transmtting transm ssion signals. The (N+l) th through the 2N-th tinme
slots are usestahiomcéb¥ildg reception 15 signals. On transmitting
transm ssion signals to the, first and the second stations 15(1) _and
15(2), the base . Befersangimosecpastinuidaslyi §peFigme3s| 5he d6vede, for
exanple, the first and the second tinme slots as first agg . second
transni ssi on 3p@ging| cirguib 23 cARREHSEEcaBr angdogrkerdigitad| ors will
| at er be described, it Y, Se ment.i oned here that tge ﬁh@l -th_and the
(N+2)-th ti neCORVerEeEy {Adp a%e6°§s°fPY§Fgéﬂ8 tBeoRaCPRELBD: RYelopt R
and % TPhe"£SELYLAY LESRRY ORed' 08hRaN" QULLDE &' LEha2Bd1GNe

memory (ROM) 33 is preliminarily loaded with reference

-data of the reception level. A microprocessor 35

compares the digital data with the reference data read

out of the read-only memory 33 and produces the control
10 signal €. The microprocessor 35 is typically of sixteen

bits and may be that known as FPD70208 manufactured and

sold by NEC Corporation,:Tokfo, Japan,

Referring to Figi.-4-with Figs. 1 through 3

continuously referred to, operation of the mobile
15 communication network will be described. It will be

assumed that the second station 15(2) is either near the

boundary of the service area 13 or outside the service

area 13. As regards'the carrier signal received from the

base station 11, the second station 15(2) confirms the
20 reception level as indicated at a first step S1 and

judges at a second step S2 whether or not the reception

level is sufficient. Even if received by the second

station 15(2), the received signal has the reception

level which is insufficient. In the manner indicated at
25 a third step 83, the second station 15(2) confirms the

reception level of the carrier signal received from the

first station 15(1l) or 15(3).
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second stations 15(1) and 15(2). 25 On transmtting a

transm ssion signal from an originating station of the base and the
nobi |l e stations 11 and 15 to a destination station, the originating
station first sends an information signal indicative of -

8 the identification nunber assignaB to the destination station
and of the slot nunber of a selected one of the time slots. After the
destination station is rendered full alive in response to the

i nformati on signal, tWeen BherfgraatShgtioatl5&1$endslé(Hésiagétstgnal
Referring afresh to Fig. 3 and again to Figs and 2, each nobile
station 15 cappsitbenaindiented by the flrStrﬁééF@Pﬁgléélé iecEh@ed signal

a transm ssion signal sent froman orlglnat|ng station a?d recei ved by
an ant enna ofcommunication area 17 of the sécond station 15(2), the

reception level is judged at a fourth step S4 as

5 sufficient. In this event, the level judging circuit 25
of the second station 15(2) produces the control signal C
to put the second terminal 15(2) in full operation and to
make the transmitter 23 of the second terminal 15(2) use
the first transmission sloﬁ Tl of Fig. 2 (C) in

10 transmitting the information signal to the first station
15(1). In the first station 15(1), the first through the
fourth steps are carried out-with the combonents of the
mobile communication network changed accordingly, such as
the base station 1l changed in the first step to the

15 second station 15(2), and with the conﬁrol signal used to
dispose in Fig. 2 (B) the third reception slot R3 to the
second transmission slot T2 and the second reception
signal R2 to the third transmission slot T3. Such
operations are-indicated at a fifth step S5.

20 Under the circumstances, the second station 15(2)
is made possible as indicated at a sixth step S6 to-
communicate with the base station 11 by using the first
station 15(1) as the repeater station. When inferchange

!of the message signals comes to an end, operation of the

25 mobile communication network ends.

| If the reception 1evel is sufficient at the
second step S2 as regards the base station 11, the second

station 15(2) is at the position exemplified at the
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10 the nobile station 15 being illustrated. The received signal has a
reception level of the carrier signal as . caught by the antenna and

i ncl udes a reproduction of the - information signal transmtted fromthe
originating station. Merely for brevity of the description, the 15
reproduction will hereafter be referred txm al so as the I nformati on
signal. In other words, the receiver 21 retrieves the information
signal in the received signal. The mobil e station 15 conprises
a transmitterf@8rth sthbionr a6$d)tt i Theasecandnssstdonsiljlid) as put at
originating 20 station through the antenna to a destination station.

Thi's transn1sthenssxgha5taplSGIanedlbecueGQNMEBéCFhlon wight fhe Hﬁ&e

i ncl udes another information signal. Fromt receiver 21,

recei ved si gnatatioBellver &n FbeaSGCOnQI§G§Fﬁ@nciﬁéﬁﬂt QbefGFmFu&&Pﬁj

whet her or not the 25, |dent|f|cat|8n nunper. i ndi cat.es |ther %E
illustrated 3are Wegti 3R theomanBrro REFTiBPY; AR FBBIPRC fﬁ?lﬂﬁ 1Bifnat

;: ?Eeeygpea?% Qg ;%gg gsﬁi%gﬁgggdwéhh %nghh'%ééegkﬁgn slotgtialgﬂdused
R2 and as the first and the second transmission slots Tl
and T2. This operation applies to the first station
15(1) in the service area 13 and carries out the direct
communication with the base station besides serving as

10 the repeater station.

If the reception level is insufficient for the

second station 15(2) at the fourth step §4 as regards the
. first station 15(1), the second station 15(2)y is put into
search for a different one of the mobile stations 15 that

15 transmits an information signal received at the second
station 15(2) with a sufficient reception level. If
found at, such a different station is used in the manner
described in the foregoing in the fifth and the sixth
steps S5 and Sé. If no mobile stations are-found at the

20 fourth step S4, communication between the base station 11
and the .second station 15(2) is impossible until either
the second station 15(2) moves inwardly of the service
area 13 or at least one of the mobile stations 15 moves
into the communication area 17.

25 Turning to Fig. 5 with Figs. 1 through 4
continuously referred to, the slot disposing circuit 27
is operable as follows. At a first detailed step SS1,

the slot dlSpOSlng c1rcu1t 27 selects a transm1351on slot
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9’ destination station, the illustrated station is rendered _
full alive in the manner known in the art. .Furthernore, ~ the judging
circuit 25 serves as a level judging circuit for judgi ng whether or
not the reception level is 5 sufficient for comrunication with the
originating station. l{swill first be assumed that the
i1 lustrated station is the first station 15(1). If the reception
level is sufficient and noreover if the originating 10 station is the
base station for use rnacdhecmobllies stafion 15 ibeimgstidlmetfrateeti viThe t he
nmessage signal. The first station 15(1) selects an idle slot, such as
the (N+l)-th transmigsionotslois is tthenstiodsiTdn isl Figs. @ (B)gor2 (D), to

the slot T2 in Fig. 2 (B), of_the slot T3. Having

selected with a transmission slot, the slot disposing

5 circuit 27 makes the transmitter 23 first transmit the

information signal.

In the meanwhile, the slot disposing circuit 27
receives the received signal, which may be delivered
directly from the receiver 21. At a second detailed step

10 ss2, the slot disposing circuit 27 judges the information
signal included in the received signal as regards the
reception slot which is used in the received signal and
is judged as a judged slot. Using the transmission slot
and the judged slot, the slot disposing circuit 27

15 searches at a third detailed step SS3 for idle slots.

When various time slots are already used as the
slots R1, R2, R3, Tl, and T2 exemplified in Fig. 2 along
the middle row (B), the third detailed step SS3 is
repeated by using the first detailed step SS1 and

20 repeatedly using the second detailed step SSs2.
Thereafter, the first detailed step SS1 selects the
transmission slot T3.

The base station 11 may comprise circuitry which
is similar to the Slot disposing circuit 27. 1In this

25 event, it is possible for the circuitry to select the

transmission and the reception slots for the base station

11 and for the mobile stations 15 including ones that are



Ny ]
]

make the transmtter 23 transmt a nessage signal to the 15 base station
11. This tinme slot beconmes the first reception slot R of Fig. 3 (A
at the base station 11. Direct communication is carried on between the
base station 11 and the first station 15(1). It wll next
be assunmed that the illustrated 20 statagn is the second station 15(2).
When the reception | evel is insufficient-as regards the carrier signal
received fromthe base station 11, the level judging . circuit 25 of the
second st at i orPXEREXt jnehjesthédcboundarycapd i antd Bde| tind ddveviee rawsa si gnal
sent froma 25 different one of the nobile stations. It wll be

pr esuned t hat e reception level is sufficient when the originating

station of the carrier_signal under consideration is the first station
15(1). In such an Reviewing Figs. 1 through 5, the base station 11

may serve as an exchanging office for fixed terminals or
5 substations in the known manner; It is possible to use
different radio frequencies, such as a downward frequency
for the first through the N-th time slots and the upward
frequency for the (N+1l)-th through the 2N-th time slots.
In this event, N time slots are sufficient in each frame.
10 For communication between the base station 11 and the
second station 15(2), it is possible to use a plurallty
of successive repeater stations, as the . fourth statlon
15(4) and the first station 15(1). Besides the base
station 11, the mobile communicatign network may comprise
15 similar base stations which are capable of communication
'with the base station 11 either through radio channels or

through wired cables.
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10 event, th_é" Ai
Cindicative of thid

FHE'GQHEETSHAS BEEN
.| n REPLAGED

gﬁ.%@%ﬂ 1a%gf cui t 25 produces a contr

Sk ﬂmﬂHl L In Fig. 3, the control

delivered to a sﬂﬂﬂ or interchanging circuit 2
5 (B), the first stat i ves the transm ssion o
t he base station 11 in the second tine slpt whi ch serves for the first
station 15(1) as a first reception slot RL. In the manner described in
t he foregoing, the (N+1)-th tine slot is used in the first 10
station 15(1) as the first transm ssion slot T1. Wen the received
signal is received at the first station 15(1) in the second tine sl ot
used as a secORAT EEcPLPEMED IS:s|ot R2 for-further transnission to the
second station 1?(2)A the control signal C puts the slot disposing 15
circuit 27 into operatfon® CPRMIpLragdoReRethREdtREr @ mobilehat t he
(N+2)-th time_slot is in,the first station ). as_a second

d t 15(1), 2
transni ssi on %?%Tuﬁﬁc?ﬁigﬁrPE%ﬁBﬁEeﬁ?@prlS?nﬂoatHés§e§6%G1P8c@ﬁWPGﬁ ot R

of Fig. 2 (Aosépgiégaéréa, a first mobile station in said service

ryrrl
1 yrroa

area, and a second mobile station movable in said service

5 area and beyond a boundary of said service area, wherein
communication between said base station and said second
mobile station is possible, even when said second mobile
station is preseﬁt near or beyond said boundary, by the
steps of:

10 carrying out said communication between said base
statioﬁ and said first mobile station; and P -

carrying out said communication between said
mobile station and said second mobile station through
said first mobile station.

Tz : 2. A communication method as claimed in claim 1,
said mobile communication network being operable
according to time division multiplexing, wherein said
method comprises the steps of:

5 disposing at said first mobile station a first
communication signal received in a first time slot from
said base station into a second time slot for
transmission to said second mobile station;

receiving at said second mobiie station in said
10 second.time slot the_first communication signal sent from

said first mobile station;

* [ L M S *



. 1, 2 - ——— e

t he (N+3) th tlneTkaHeeﬂ}ﬁsBéihﬁplalcgbthe first station 20 15(

sl ot disposing cir s for such idle slots a

(N#3)-th tinme slot ﬂWWdtransm’ssmn slot T3 to wbde

of the second recep R2 in this selected slot. The

transmtter 23 transmts a transm ssion sihgnal in the 25 third _
transm ssion slot towards t'he second station 15(2). This transm ssion
signal includes the information signal i ndicative of the second

station 15(2) and of tﬁmnsmiti(i‘ﬁé&)aft hedidresedarid mobile station in a

When the transm ssion signal is received at the second station 15(2) -

in the (N+3)-tthimdretigieotslgl oh second seommn ksatidn rsignak epvands| ot R
depicted in Fig. 2 :
said base station; and
15 disposing at said first mobile station the second
communication signal received in said third time slot
from said second mobile station into a foﬁrth time slot
for transmission to said base station.
3. A commuhication method as claimed in claim 2,
wherein said method comprises the steps of:
transmitting at said base station said first
communication signal with a first information signal
5 included; |
detecting at said second mobile station an
electric field ihtensity of said first communication
signal as regards whether or not séid electric field
intensity is sufficient to carry on communication;l
10 carrying :.out at said second mobile station
reception of said first communidation signal by using
said_first infofmation signal when said electric field
intensity is sufficient; and
making said first mobile station repeat said
15 first communication signal by using said first
information signal as a repeated cpmmunication signal
with said first informatibn signal changed to a seconé
information signal for reception of said repeated
communication signal at said second mobile station by
20 using said second information signal when said electric

field intensity is insufficient.

0 A
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(O, the second 'Ehl!sﬂleeol‘las @ael ves the nessage signal 5 whi ch ei t her
originates at the 11 or is sent from anot her
station with the

15( 1) used as the repeater| Jt¥R SH\%ET SBEEN
transmtting a nes nal, the second station 15(2) s | ect REGEA
I dl e channel, such as the third timel8lot, as a first transm ssion
slot 10 TI of Fig. 2 (C and transmts a transnission si gnal t owar ds
t he base station 11. At the first station 15(1), this
transmi ssi on sigftal A Bobdde Fommunigatden netvsingn siompxisine & hir d

time slot used as a third teception slot. R3 depicted.in 15 Fig. 2 (B) .
Ilnasrmch as iﬁgﬁFf PEREAPT baving, & servdce are""l'e\?elfltﬂs"t I‘R—?ll:‘éferl er signal

d 25,
oCeTved OMBEABESGy oy sShBlol bl Ve LTSI 20
di sposing ci rﬁH’vEgzZ 1hnsﬁ‘§.ﬁpgg§%"lcteh%§l(ag%n(a %%%n%g @B%)ou (?rRCAy;,J : ' 27

sel ects the second transm Ssi on sl

contents of tQSthéégvi@SeﬂkéQn ®h8keFR communchld R Pokkany SS'On

slot T2. The transmtter
between sald base station and said second mobile station

by using said first mobile station as a repeater station
when said second mobile station is present near or beyond
said boundary.

5. A mobile communication network as claimed in
claim 4, said mobile communication network being operable
according to timé division multiplexing, wherein:

said first mobile station receives a first

5 communication signal sent in a first time slot from said
base station and disposes, when said second mobile
station is present near or beyond said boundary, said
first communication signal into a second time slot for
reception at said second mobile station;

10 said first mobile station receiving a second
communication signal sent in a third time slot from said
second mobile station present near or beyond said
boundary and disposing said second communication signal
into a fourth time slot for reception at said base

15 station.

6. A mobile communication network as claimed in
claim 5, wherein:

said base station transmits said first communi-

cation signal with a first information signal included;

* C L M H *




transnits the transniss%eﬁ—sfgﬁaf t0 the base station 11 & -
control signal ﬁsé}%et'}ﬂgh&ﬁ‘k el base station 25 11 and t e TS SHEET IAS BEE!

sl ot as the secon R2 at the base station 1. |t REBLAGRD
1“% llﬂﬁl!l comuni cation i s possible between tThe
nd statigzgn 15(2) through the first

appreci ated t hat
base station 1

12 station 15(1). | Referring nore particularly to Fig. 3,
the | evel judging circuit 25 conprises an analog-to-digital
converter A/ D) 31 fosatdnsecbhdgmbbélecseption Hevettdhg ab ehectedei ved
signal into digital data. A read-only menory (ROM) 33 is prelimnarily
| oaded with réieldénintensityapf shitthfireteppmmuniigasiion gighadopsocessor

35 conpares the digital data with the reference data read
regards whether or not said electric field intensity is

sufficient to carry on communication;
said second mobile station receiving said first
10 communication signal by using said first information,
signal when said electric field intensity is sufficient;
said first mobile station serving, when said
electric fie€ld intensity is insufficient, as said
repeater station to repeat said first commpnicatién
15 signal by using said first information signal as a
repeated communication signal with said first information
signal changed to a second information signal for
reception of said repeated communication signal at said
second mobile station by using said secoﬁd information
20 signal.

7. A mobile communication network as claimed in
claim 6, wherein each mobile station of said first and
said second mobile stations comprises:

receiving means for receiving a first

5 transmission signal in a first slot of said time slots as
a first received signal from one of said base station and
others of said mobile stations by using an information
signal indicative of said first slot in said firsﬁ
transmission signal;

10 transmitting means for transmitting a second
transmlsSLOn signal in a second slot of said tlme slots

to sald one of base station and others of said mobile

AR
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out of the read?ﬁﬁTy'ﬁgﬁgry—_Shagd produces the control 10 signal C__The

m croprocessor 3hid Sh Si xt een bits and may %gﬁ X RWBEEN
as pPD70208 nanuf ‘f sol d by NEC Corporation, {Jo , ;%Hxﬁgn '
Referring to Fig . |  through 3 continuou~IVA£élgrrP- =05
operation of the nmobile 15 communicati omhetwork will be described. It

w il be assuned that the second station 15(2) is either near the
boundary of the service area 13 or outside the service area 13. As
regards the catatéonsi gith mecdnfesnmatdont lsdgnal ibdieattiaei of Bhidt he
second station-15(2) confirnms the 20 reception level as indicated at a
first step Sl seadnd slotudgedudedaipeseid secpns? txposhdssionnsignad ;
reception l evel is sufficient. Even if received by the second .
station 1932), the redevVeddivdging meansndorejudoing a recepfdon eyl s

insufficient. Ln th nner indicated at 25 a third step S3, the second
station 15(2)°Eoﬁ??$nggfﬁ§ receptiep,sighale o PEPANRE EaFPPEFogignal

received fromifga1 in EbhpliShk 21ehobhk Yhelhdkion signal

indicative of said first slot when said reception lével

is stronger than a predetermined level; and
20 - slot disposing means responsive to said control
signal for producing the information signal indicative of
said second slot and for disposing contents of said first
received signal in said secénd transmission signal when
said reception level is not stronger than said
25 predetermined level.
/ 8. A mobile communication network as claimed in
claim 7, wherein:
said receiving means receives said first
transmission signal from said base station in response to
5 said control signal;
said transmitting means transmitting said second
transmission signal in response to said control signal to
said base station.
9. A mobile communication network as claimed in
claim 7, wherein:
said receiving ﬁeans receives said first
transmission signal from one of said others of mobile
5 stations when said reception level is not stronger than

said predetermined level;

. * [4 L M S *



1é ' - When the—f+rst station 15(1) or 15(3) is at t_ef.“u
position indi caf;ehelYial Bign Ripiaddg St ation 15(1) in the co

OTT -
area 17 of the 15(2), the reception |evel "ﬁ%[bo IEGT HAS BEEN
a fourth step qmwumﬂmu Fi ent. In this event, the level | | LACED
circuit 25 station 15(#9 produces the control signal C
to put the second termnal 15(2) in full operation and to make t he
transmtter 23 of the second term nal 15(2) use the first transm ssion
slot TI of Fig. 2 (C) sahd levelr jndgihy mgahBepirbBaciny eaidi goakrbd t he

first station 15(1). In the first station 15(1), the first through the
fourth steps signadrwhed satidwprkedetermimpdndewelofist kxceedednblyi the

comuni cati on network changed accordi ngly, such as )
reception level of the first received signal received

10 from said one of others of mobile stations;

said transmitting means transmitting said second
transmission signal to said one of others of mobile
stations in responée to the last-mentioned control
signal.

10. A mobile station for use in a mobile
communication network comprising a base station having a
'service area and other stations movable in said servide
area and beyond a boundary of said service afea; ﬁherein

5 said mobile station is movable in said service area and
capable of dealing with direct commﬁnication with said
base station and of serving as a repeaﬁing station for
communication between said base station and at least one
of said other stations that is present near said boundary

10 or outside said service area and that has a communication
area covering said mobile station.

11. A mobile station as claimed in claim 10,
said mobile .communication network being operable
according to time division multiplexing, wherein:

said mobile station receives a first

5 communication signal sent .in a first time slot from said
base station and disposes said first communication signal
into a second time slot for reception at said at least

one of stations;

A
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the base station II changed imthe first step to the 15 second station

15(2), and V\Amshmnmgmwpla&ugnal used to d! spose in Fi Tl—ﬁs H%\S BEI:N
third receptlo second transm ssion sl ot ah CED
second recepti mummmulﬁm R2 to the third transm ssion slo

operations are a fifth step 5. 20 Under the
circunstances, the second station 15(2) i s made possible as indicated
at a sixth step S6 to comuni cate with the base station 11 by using
the first st at i osalis{ Mokdd et et atdpmn tracesindinigom séoond nt er change

of the rressage signal s cones to an end, operation of the 25 nobile
communi cathifnCrBMWBikatien signal sent in fa tthdndeddme mldtevidon said
sufficient at the second step S2 as regards the base station 11, the
second sekt Lg@stseme jof &ttlleliréi s imobdd e edatiiionse @ngt dilgposing

said second communication signal into a fourth time slot
for reception at said base station.

12. A mobile station as claimed in claim 11,
wherein:

said first communication signal is sent from said
base station with a first information signal included;

5 said at least one of others of mobile stations
detecting an electric field intensity of said first
information signal as regafds whether or not said
electric field intensity is sufficient to carry on
communication;

10 said at least one of others of mobile stations
receiving said fifst communication signal by using said
first information signal when said electric field
intensity is sufficient;

said mobile.station serving, when said electric

15 field intensity is insufficient, as said repeater station
to repeat said first communication signal by using said
first information signal as a repeated communication
.sighal with said first information signal changed to a
second information signal for receptioh of said repeated

20 information signal at said at least one of stations by
using said second information signal.

13. A mobile station as claimed in claim 12,

comprising:

N O AR W
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14 fourth ation _15(4). The second station 15(4) is put’ﬁﬁf====4dut=====
sixth step S6 in dfj H dion with the base st at ijjo :ﬁﬁHﬁﬁTHM$BEEN
second station 15( 'ﬁ I | ots ~are used in the man BEPLARED

in conjunction wt B) as the first and the second recep

slots Rl and R2 and as the first an@4he second transmi ssion slots T1

and T2. This operation applies to the first station 15(1) in the

service area 13 and carries, out the direct . .comunication with the base
station besi des servi¥RFakVinNg neans chenteeceiviprgna first | f the

reception level is jnsufficjent for the = second station 15(2) at the
four?h step SAHSTRSIR FHEnal inca Eirst slok af(33id kimecebpl asation

[ ' f diff f_th bile stati 15
that. 15 15 bk FeSbr STTEr TR M) ghip, She: SEceata PesS cebption and
station 15(2)g44d m&&f%gﬁfﬁsertﬁgqpﬂg& égv%f%%l{‘%%id‘n? éf%u%g% at, such a

different station 'S use nner S n oregoing in
the fifth andddieat#dd) of said first slot in said first transmission

signal;
transmitting means for transmitting a second
10 transmission signal in a second slot of said time slots
to said one of base station and other stations with an
information signal indicative 6f said second slot
included in said second transmission signal;
said judging means for judging a reception level
15 of said first received signal to produce a control signalli— -
in compliance with the information signal indicative of
said first slot when said reception level is stronger
than a predetermined level; and
slot disposing means responsive to said control
20 signal for producing the information signal indicative of
said second slot and for disposing contents of said first
received signal in said second transmission signal when
said reception level is not stronger than said
predetermined level.
14. A mobile station as claimed in claim 13,
wherein:
said receiving means receives said first
transmission signal from said base station in response to

5 said control signal;

* [ L M S *
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steps S5 and S6. If no nobile stations are found at the 20 flpw idss
onmun -Cat-mlsmea@amemﬂmg stati 11 and t he sed Dn([? %%%“EfoﬁAS BEEN

841

15(2) i's inpossib the second st at i on 15(2)l—saves
inwardly of the s

15

ea 13 or at, | east one of the nobile stations
noves into e conmuni cati on area 25 Turning to Fig.

5wth Figs. 1 through 4 contii nuousl y r.eferred to, the slot disposing

circuit 27 is operable as follows. At a first detailed step SSI,

the slot disposing circuit,27 selects a trans 1.SSi Q I
P 9 ing %;arl S Oétt@asm]sﬁlgn signal in

15 for use in theS&hPRNSMILINE, e

Fransii ssi 00 b3 gtlgfcoﬁﬁqgﬂg@wsﬁa%ase&am o (6 the slot T2

»a

15. A mobile station as claimed in claim 13, wherein:
said receiving means receives said first transmission siénal from one
5 of said other stations when said reception level is not stronger than said predetermined
level; _
said level judging means producing said control signal when said
-predetermined level is exceeded by the reception level of the first received signal
received from said one of other stations;
10 said transmitting means transmitting said second transmission signal to
said one of other stations in response to the last-mentioned control signal.

16. A communication method for a mobilé communications
network, said method being substantially as herein described with reference to the
accompanying drawings.

15 17. A mobile communications network, said network being
substantially as herein described with reference to the accompanying drawings.

18. A mobile station for use in a mobile communications network,
said mobile station being substantially as herein described with reference to Figs 3 - 5

of the accompanying drawings.

] * c L M S *
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selected with a transm ssion slet, the slot disposing 5 circuit 27 makes
the transmtter 23 first transmt the I nformation signal.

In the nmeanwhile, the slot disposing circyggt 27 receives the received
signal, which may be delivered directly fromthe receiver 21. At a
second detailed step 10 SS2, the slot disposing circuit 27 judges the

i nformation si gnal |ncluded I n_the received SI nal _.as re ards the

‘reception sl MMORLECOMMUMCATIONFORA MQBILE §EA| QNdNEAR W§H@E s a

‘judged slot. Using the transgERVICE ARFA OF A BASE STAgIONIged sl ot, the slot
‘di sposing circuit 27 15 searches at a third detailed step SS3 for idle

sl ots. When various tine slots are already used as the
'slots R, RZABBTRACT and T2 exenplified in Fig. 2 along the m ddl e
row (B), éhe third detailed step SS3 is repeated by using the first

detailed step SS1 and 20 repeatedly using the second detailed step SS2.
‘Thereafter, the first dej) h38iléteBnuribatioh Stwork Sdinprising 4 baseSsfation @) S ot

: " having a service area (13) and a plurality of mobile stations, communication is rendered
possible between the base station, w1th a first station (15(1)) in the service area used as
a repeater station, and a second station (15(2)) which may be present pear or beyond a

10  boundary of the service area. It is presumed that the mobile stations are operable with
battery saving and that such a repeater station exists in a communication area (17) of
the second station put into full operation. Preferably, the mobile communication
network is-operable with time d1v1s1on multlplexmg, with each frame composed of a
predetermmcd number of time slots. '

i T

15 Fig. 1
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Thé bése étation 11 may conprise circuitry which s simil &Hkp%E
Eor t

slot disposing circuit 27. Inthis 25 wevent, it is possible é%%%gé%BEEN
circuitry to select the transm ssion and the reception sl £—+ha

base station 11 and for the nobile,stations 15 including ones that are

16 present near the boundary and.ﬁﬁfkide t he service area 13.
Review ng Figs. 1 through 5, the base station 11 may serve as an
exchangi ng office for fixed termnals or 5 substations in the known

manner. It is possible to use - different radio frequencies, such as a
downwar d frequency for the first through the N-th tinme slots and the

upwar d frequency for the (N+l)-th throug e 2N-t {ge slots.

In this event, Ntine slots are sufficient jn each frane.

15(2)
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10 For conmuni cation between the base station 11 and the S

station 15(2), it is possible to use a plurality of succes Vﬂﬁss -
repeater stations, as the fourth station 15(4) and the fi}fst SQﬁfL
15(1). Besides the base station . L he nmobil e conmuni cat E
may conprise 15 simlar base stations d#ich are capabl e of conmmunication
with the base station 11 either through radi o channels or t hr ough

wi red cabl es. 17
The claim defining the ivention are as foll ows: 1. In a

nobi | e conruni cati on network conprising a base station having a

service area, a first nobile station in said service area, and a second
‘nobi |l e station novable in said service area and beyond a boundary of said
service area, a nethod of at |east voice comuni cati on between sai d base
station and said second nobile station when said second nobile station is
present near or beyond said boundary, said nmethod conprising the steps of:

carrying out said zponnunication bet jveen] sai d base sfatipn and said first
nmobi | e
¢ * L ]
/, i o
NN o
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station; and
nobi | e

station.

wherein said nobile
di vision multiplexing and said nethod

received in a fi

carrying out said communi cati on betwd
nobi |l e station through said f
A conuni cation nethod as clainmed in
%?/Z i s operable according to tlne

onpri ses the steps of:

2.

station and said second

communi cati on net

at said second nmobjle station in

conmuni cati on si
transmtting af
comruni cati on Si
di posi ng at sai

received in sai

fourth tine sl of
comruni cati on m
t he steps of:
conmuni cati on
18

efHBASISEET HAS BEE!
| 1St ﬁEbLAeED

di sposing at said first nobile station a first 5onnunication signal§ Z
rst time slot fromsaid base sd@tion into a second ti
slot for tranm ssion to said second nmobile i on; recei yi ng
said segond tine slot the first
gnal sent fromsaid first nobile station;
ai-d-gecond nobile station in a third tinme slot a éeCJnd
griaRX qwards sai d base station; 28nd
f4ret"noli l e station the second communi cation si gna
I thitd tine slof faom™ Sajdpeg ] bile station |rto a
fo?‘trancnlssion 3@ salég%ase 2§§Tgm A
bt hod as cl|ai meg—<¢l ai m 2, wherein said nghhod corpr ses
Ty Pling at' said Bmse Stati said fijrs
signal with a first infoKnatign sig?al i ncl ydef,
! ]
t
1 MICRO- |+ f b\ &osiNG
. PROCESSOR | !
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detecting at “sai d second nobile station an electric field i nt

said first communication signal indicating whether or not s
field intensity is sufficient to carry -on said comuni cat i
carrying out at said second nobile sta % reception of said flrst

comuni cation signal by using said fir JQPnfornation si gnal when said

electric field intensity is suf fi gremnt arret maki ng said
first nobile station repeat said fizst dﬁﬁhﬁﬁlcat'on signal by using said

first information signal as a repeat on with said first

i nformation signal changed to a second | nformation signal for reception
of said repeated communication_sigpnal at swid second nobile station by
usi ng said second information gignal Iectr c field intensity is
i nsufficient. S17~—n nnbﬂpéggéaﬁg |on net wor k
conprising a base station haV|1g a r a, a fifst nobile station in
said service area, and a secontnobrte—staprom—novealte in said service

area and beyond a boundary of2said service area, characterised in that at
| east voice conmuni cation g possible befween said base station and said
second nobile station by using-said fi phi | e station as a repeater
station when said second nobil e & i i hbeyond sai d
boundary. 5. A i i po2-as—cl ai ned in
claim4, wherein said nobile Dei ng operagle
according to time division nultiplexi? said fifst nobile
station conprising first neans for receN@iing a first conmunicat|{on signa
sent ina first tine slot fromsaid base station and for disposi hg when
sai d second nobile station is present neary or beyond said boundafy said

first conmunication siggﬁl intg a s?gefp t fof reception|at said
second nobil e station; nobi |l e statiop
conpri sing second means for rece|V|nq a sec

S4

S5 ~~— CHANGE IN TIME SLOTS
FOR 11,15(1),&15(2)

[

T
S5
“™1  'INVOLVED

C‘END )
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conmuni cation signal sent in a third time slot fromsaid second nobile

station present near or beyond said boundary and for di spos
comuni cation signal into a fourth tine slot for reception aﬁggafggﬂggigﬁ%ET

stati on. 6. A nobile communication nefior MAR 1936
claimed in claim5, wherein: 4 5di d base station d ﬁ% RNt TV s
or transmtting said first comrunication signal with a first 1nformation
signal included therein; said second nobile station including

means for detecting an electric field intensity of said first
comuni cation signal indicating whether or not said electric field
intensity is sufficent to carry on conmuni cati op, sai d second
nobi | e station i ncl udi ng means for receivipg said first omruni cati on
signal by using said first information sigpal when said electrin field
intensity is sufficient ' said first no Q;gzstation SRrves,
when said electric field intensity is insufficient , sai d repeabher
station to repeat said first communi catfon signal by i ng siga firgt

[

r

information signal as a repeated commugication sing!dwﬁ

Jinformation signal changed to a seconf
‘of said repeated conmmuni cation

i nformation
at said sec

means for tragsmtting a second tryhsm ssiorR.signal in-& second slot of

said time slots to said one d_"_-"__ﬁi tion and others of\said nobile

-stations withfan |nforqa%\gn13$ i ndi cative of said second sl ot

included in said se$brd t r aism-ssron si gnal ; < evel | udging

nmeans for {judgi ng a receptlon | evel of salp.iLrsL.rdieptlon signal to
i NMDBHEI_

|STATION i

_15-4

11

S

BASE
STATION

FIG. 1



produce a control signal in conpliance with the information signal _
indicative of siad first slot when said reception |evel is stiErger—thar——=
a predetermned |evel; and sl ot di sposing neans [|cBERIAGEMENDSHEET
said control signal for producing the information signal ind catitp7oﬂAB 1996

said second slot and for disposing contéb g of said first recdiBad:signal.. :

------------

in said second transni ssion signal when Said reception |evel Ts—hot
stronger than said prederetm ned |evel.

20 8. A nobile communication network as claimed in claim?7
wher ei n: said receiving neans receives said first transm ssion
signal fromsaid base station in response to said control signal and

said transmtting nmeans transmts said second transm ssion signal in

response to said control signal to said base station 9. A
nmobi | communi cation network as clainmed in claim?7, wherein sai d
recei ving neans receives said first tranm sson signal fromone of said

ot hers of nobile statifon en said rec hon |level Is stronger than

sai d predeterm ned qvel ; . saild | evel judging ans produces
said control signal Jhenl]said predetermned | evel is ¢xcege¢ded by the
reception level, of the fifrst received signal received|fsof said one of
others of nobile statilois; and e | said transmjtti pg neans
transmts said second|trfapsm ssion signal j{to said one pf ,others of nobile

stations in response }|t® fhe | ast-nent)ionqd control sf{gnal.
-10. A nobile station for yse in a nobill e qomuni cation] netfwrk, said
‘network conprising a lpasefstation havyirgda (first) sefpuice are and ot her
mobil e stations in sajd fifrst service jareg and beyond p bopndary of said
first service area, sard ¢other statiorns_egch having a gerrpspondi ng
(second) service areajwhefein said no i e [startom—co ESPS means for
direct communi cati of§ Ni&h ai d base /dt&fijon -when saidiTobjle station is
within said first s& yicelarea and lflor fgerving as reppating station
for at |east voice + | @EBnpahi i tpeen\sai d base statfon and at |east
one of said other e—pt ati ons tfhatt4s{present near|l sajd
Zz AN
. -i. »
* * o
- m yr—
@ ~
SN A &
< (21] &)



boundéry or outside said first service area and that ha
area covering said nobile station. 11. A
claimed in claim110, said nobile comunication network
according to tinme divison nultiplexing wherein said no

REPLACENMENT SHEETe ||

ile §7tMAR 1896
iDatp 'Qpﬂﬂa‘b\l B aann

means for receiving a first communi cagifdn signal sent in a first
time slot fromsaid base station and to dispose said first

. comuni cation signal into a second tine slot forfg eception at said at let
one of said stations; and

- 21 means for receiving a secondﬁo/rmuni cation si gnal

sent in a thirdgtrme stor—rom—sardat—teast—one of —Sar da-otter_nobil e
stations and to{di spose said second conmuni cation signal into a fourtlh fine
.slot for receptijon zﬁﬁ Jai d base station. 2612. A nobile stdtipn
~as clainmed in clfai wher ei n: said_fi1rst conmunicatiqn

signal is sent |fromysaid
i ncl uded therein; 21

~detecting an el gctric fiel
‘indicating whgther or no

ase--st—a-t-i-o-n— ~f-i —-.| nf or mati on si qna
v sai d3t | eagbﬁcﬁw ' nobi | e stati of
|htensl/ty of said flrst 'nformatlon si gnal

A £gDgctric field ?tensuty i @fsufficigntjto

‘carry on communijcati on; ) said at | eas one ot her j nobile qtation
-receiving said flirst commuhi cafion signal SI ngt sai d ‘ji rst
~information signal when said elecjric field 1nte S|t suf ig ent || apd
'said nobile statlion thereby ; serving, gﬁ DISPOSING Henbi ty
| s insufficient las said repeajer ; tatTon r st CKgnmurijcat i on
-signal by usinglsaid first int N oS 0-Co nmrcdti on
‘signal with saidg fir323|nforrriat ig

X

FIG. 3
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changed to a second infornmation signal for reception of said repeated
information signal at said at | east one of stations by using.s:
i nformation signal. ' 13. A nobile station as clai
12, conpri sing: recei ving ngans for receiving a
transmision signal in a first slot of sfijd.time as a first r
from one of said base station and sai d ot her stations by usil
information signal indicative of sai rss'I Fa_ said first transnission

ans (ﬁ ran

si gnal ; transmtting itting a second
transm ssion signal in a second sl ot slots to said one of

base station ad other stations wth a inflormation signal indicative of
said second sl ot included in sajfd—seconrt—t+ransti-sst+oen—sj gnal ;

j udgi ng means .for judgi ngja-Leceptionslevgongirpasd firpt received signal

onhd

”ﬁﬁPLRCEMENTf‘SHEET

first
e@ﬁte\:e%l.,ﬁ ygnal‘???...

y

S

to produce a control signal injconplijpEygE Wi R{the i nfprmation signal

I ndicative of said first slot when said reception | evel is stronger than
a predeterm ned | evel ; and

22 sl ot di sposi ngs2 means resgonsive to said control signal
for prodcing the information si\gnal indictive of said second slot and for
di sposing contents of said first™ i gtk n sai d second

transm ssi on si gnal when U0 receptEYEL evel | $tg onger than
sai d pr edet er m ned avel .  SUFFICIENT? 14. 3ation as
claimed in claim213 wherein" [ 2 [ rneceives
said first transm ssi on signal ard base station in rpesponse

to said control signal and

83 —~_] 15~2  CONFIRMS
- | LEVEL OF 151

S5 ~— CHANGE IN TIME SLOTS
FOR 11,15-1 ,&15-2

COMMUNICATION |

S6 WITH 15-2
e INVOLVED




said.-transmitting neans tr"éﬁsm ts said second transnissi SN N
response to said control signal to said base station’ %@Lﬂgghﬁgsﬂgm :
nobile station-as clained.in claim 13, wherein D ieal d me@@'[vlm

means received said first transm ssion si,gnal from one s dt’h'er i

stations when said reception level is nd stronger than sai d
predetern1ned level ; sai d judi ng neans produces sai d contro

si gnal m@gﬁg %ﬂ exceeded by the reception |evel
of theflrs recerve E%Q‘ e ﬁégwsaid one of other stations ;-
and 59l d t #iS6Rd donRBBRARE nétk3R WBinipTning h Ba YR nkviBE'R T SS1 N
signal to said one of other stations In response to #he ast - |§oned

control si gendice area, a first mobilelsfation\ircsaid servied drew) abi  3&dnd fiobfe SiRtitn Movable
comuni cations network said nethod bei ng substantially as herein

descri bed vipssidsenviceamacand beyond WWIMdofaMWm 17. A
nobi | e conmuni cati Qns said nevvqr k bei ng substanti al as herein
decri bed wiSPmEMNcaton, E'éw m"’&% bile station w W'Yl secupd A

stati on bo twwﬂeﬁw‘f%@%ﬁw AR TRR 4
of the acconpanyi nearrﬁﬁg’&hﬂmcommmmonbetweensaldbmmmmdmdﬁmmobﬂe
mobile station through said first mobile station.

2. A communication method as claimed in claim 1, wherein said mobile
amnmwnumﬁnnnmﬂmnkisqpuﬂﬂcmummﬂngu:dmudhnmnnnmnﬂpkmmg and said method
comprises the steps of:

dhmomngatnudﬁnnnumﬂesmﬁonaﬁmucummmnmamunsmnﬂ:aummulna
ﬁmthnrshnthnnaﬁdln&smm&mmum:aawmmlhmcﬂhtﬁrtnmmnhnnnu)mudsawnd
mobile station;

receiving at said second mobile station in said second time slot the first
communicaﬁons'uml@ﬁomuidﬁmmbﬂemﬁon;

transmitting at said second mobils station In a third time slot  second
communication signal towards said base station; and

dispmingasaidﬁrstmobilemﬁonﬂmmondeommmcaﬁonsignalmeivedin
said third time slot from said second mobile station into a fourth time slot for transmission to
said base station, | N

3. AwmmuMmMuammdm_z,wmsﬁnmm
comprises the steps of: | ]

transmitting at said base station said first communication signal with a first
information signal included;

ERRYE:E 1o DR P S
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sai d mohile stafion receiving ‘a second “10 ‘Communication si nBEPEMDEMEﬁTSHEET |
third time slot fromsaid at |l east one of others of noljile st t 1996
and di sposi ng sai d second conmunication signal into a fioDateh..t S h QL

for receptlon at sai d base-station. 12. A nobil
clainmed in claim11, wher ei n: said first communi cati on

“noluded: 5 fr°%a‘#@@mﬂﬁﬂ“ﬁ%ﬁers el shfodly Rt spl e 0"

detecting awxca fién dijpll thaidMiR WhithierOr noEdatll dédirid ficld imédaftp i Wbtk & gnal
ether or not said

as regards electric field intensity is sufficient
to carry on carry onaiidicomnnmication; 10 said at |east one of others of
nobi |-e stations receiving said first_ comruni cation si naI by using said

first information scgnmm%mo@dqumnnmono isaid
sufficient; gnalbyusmgnfﬁtsg E&bl %wﬂmw&vll Qg, ﬁ%‘?n S%I q’ elﬁﬁgit ric

and

makingnidﬂrstmobﬂzsuﬁonmpeatsaidﬁistcomnmniuﬁonsigmlbyﬁsing
gaid first information signal as a repeated communication signal with said first information
signal changed to a second information signal for reception of said repeated communication
signal at said second mobile station by using ssid second information signal when said
electric ficld intensity is insufficient.

4. A mobile communication network comprising a base station having a
service area, a first mobile station in said service area, and a second mobile station movable
in said service area and beyond a boundary of said service ares, characterised in that at least
voice communication is possible between said base station and said second mobile station by
mmmﬁmmﬁkmﬁmuawm&nwhmsmmmobﬂemﬁonhm
near or beyond said boundary.

' 5. A mobile communication network as claimed in claim 4, wherein said
mobile communication network being operable according to time division multiplexing, and:

| said first mobile station comprising first means for receiving a first
commiication signal sent in a first time slot from said base station and for disposing, when
saﬁmondmobﬂemﬁogisprmmorbayondsaidbwndary,nidﬁmmmaﬁm
signal into a second time slot for reccption at said second mobile station; and

said first mobile station comprising second means for receiving a second
compmunication signal sent in a third time slot from said second mobile station present near ot
beyond said boundary and for disposing said second communication signal into a fourth time
" slot for reception at said base station. |

<
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15 field.intensity is i nsuffl CI ent asfhsal dhr.epeater stati o €4
said firrst communi cati on signal by using said first inf ﬂFgH\ % n?i-ggT
as a repeated conmuni cation signal with said first info r&éo i al
changed to a = second information signal,for reception ofilsaLd FERSFiad """

20 information signal at said at |east on€”of stations by usi ng sai d

second information g gnAlmobile communication'rbtwdik I blaintd3h Slaink'S, #feréindi Med in
claim12, conpri si ng: 2 4

recei ving means for mmmammmmmmwmﬁmt

slot of said time slot as- 5 a first received signal fromone of said base
station and withaﬁm!imfommlw inehndedithereini ng an i nf or mati on si gnal

i ndi cative of said fs;iam'w S i(_jimf:li stmte'rm% swmemmmmmm
| of said first communication signal indicating whether or not said electric fickd intensity is
sufficient to carry on communication;
signal by using ssid first information signal when said electric field intensity is sufficient
wherein; | |
_ said first mobile station serves, when said electric field intensity is insufficient, as
said repeater station to repeat said first communication signal by using said first information
signal as a repeated communication signal with said first information signal changed to a
second information signal for reception of said repeated communication signal at said second
mobile station by using said second information signal.
| 7. A mobile communication network as claimad in claim 6, wherein each
mobile station of said first and said second mobile stations comprises:
receiving means for receiving a first transmission signal in a first slot of said time
glots as a first received signal from one of said base station and others of said mobile stations
by using an information signal indicative of said first slot in said first transmission signal;
transmitting means for transmitting a second transmission signal in a second slot
of said time slots to said one of base station and athers of said mobile sations with an
information signal indicative of said second slot included in said second transmission signal;
fevel Judging means for judging a reception level of said first reception signal to
produce a control signal in compliance with the information signal indicative of said first slot
when said reception level is stronger than a predetermined level; and
 slot disposing means responsive to said cantrol signal for producing the
information signal indicative of said second slot and for disposing contents of said first
mmvedslgnﬂmaﬁdmmdmmusionﬂgnﬂwmmdmpﬁmlevelnnotmongu
thanuidpredeﬁenmnedlevel
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signal ; S transnitting means for transmtting a {5558%05'!5"73”551'

transm.ssion signal in a second slot of said time slots éo s§ig GCE 1996
base station and other stations with an i nformation si plej: nd1 cattver _
of said second sl ot i ncluded in said ﬁgcond- transm ssi on signal;

said judging means for judging a receptioftlevel 15 of said first received

signal to produce agconirghhifel Pﬁmﬂn Mw‘fg u.&gﬁ 7t kit Or Mat i on
signal indicative ofsc sai;&(fa I rst slot en sal d recept | on level is
stronger than aaif recdiviy mitams dectivesiald firsCitransmission signal fidod said baseabitiog

nmeans responsive to said control 20 signal for producing the information
si gnal i ndi dawesponseito said contral signgloamds| ot and for disposing contents of

Sa1 d reception | oyo i drpspaN AL R SOl sesond GapiRBMoR lamil 3 demauss o
14. A nobil emﬁtmiamwmmﬁé“{-al m 13, V\,herel n:

9. A mobile communication network as claimed in claim 7, wherein;

said receiving means receives said first transmission signal from one of said
otbers of mobile stations when said reception level is not stronger than said predetermined
level; '

said level judging means produces said control signal when said predetermined
level is excocded by the reception level of the first reccived signal received from ssid one of
others of mobile stations; and

said transmitting means transmits said second transmission signal to said one of
others of mobile stations in response to the last-mentioned control signal.

10.'J\nwbﬂesuﬁonﬁﬁwueinanmmﬂeemnnmmﬁmﬁmnnmmnuk.uddnnuwnk
comprising a base station having a (first) service arca and other mobile stations in said first
service area and beyond a boundary of said first service area, said other stations each having
a corresponding (sccond) service arca wherein said mobile station comprises means for
direct communication with said base station when said mobile station is within said first
service area and for serving as a repeating station for at least voice commmmication between
said base station and at least one of said other mobile stations that is present near said
boundary or outside said first service area and that has a second service area covering said
mobile station. | |

11. A mobile station as claimed in claitn 10, ssid mobile communication
network being operable accarding to time division multiplexing, wherein ssid mobile station

comprises: .

means for receiving a first commumication signal sent in a first time slot from said
m.mﬁonaﬂmﬁmuqum:t'wmmaﬁmmmammmmm
reception at said at least one of said stations; and

O RO 0 .




sai d recei vi ng" means receives said first transm ssi on ﬁE\ﬁ’HéFEMEB% sal
base st'ation in response to. 5 said control signal; 10 0OCT 1996

sai.d transnmitting means transmtting said second transm s‘gitﬁ‘ﬁe 8 0 10 2 11000 B e
response to said control signal to.said base station. '
15. A nobile station as clainmed in claim1l3, wherein:

§?I ga:’ gcg![ xgpgsg‘?%ecel ves said first trﬁn%wn Sl gn&gﬂé@?ﬂ a| q
Pt oduc ng. oMdatlam pus @rwwmﬂemmwm% feotid Gncatiing 520
excecdod oYl i § R0l Nind ior loril f g bai s ©d ST gnal - recel ved
means transmtting @ai Qm{wwﬁm@w,nmgmm -
saidﬁmcommicaﬁonsigmuumfmmsammmuonwimamt
information signal included therein; '
said at least one other mobile station detecting an electric ficld intensity of said
first information signal indicating whether or not said electric field intensity is sufficient to
carry on comumunication; | _
said at least one other mobile station receiving said first communication signal by
using said first information signal when said electric field intensity is sufficient; and
" said mobile station thereby serving, when said electric fleld intensity is
insufficient, as said repeater station to repeat said first communication signal by using said
ﬁminfmmﬁmsigmluaupumdmmnnmiuﬁmsimmmmmmﬁm
changed to a second information signal for reception of said repeated information signal at
said at least one of stations by using said second information signal.
13. A mobile station as claimed iu claim 12, comprising: ,
receiving means for receiving a first transmission signal in a first slot of said time
slot as a first received signal from ons of said base station and said other stations by using an
information signal indicative of said first slot in said first transmission signal;
' transmitting means for transmitting a second transmission signal in a second slot
of said time slots to said one of base station and other stations with an information signal
indicative of said second slot included in said second transmission signal;
judging means for judging a reception level of said first received signsl to
macmolﬁpdhcomﬁmwﬂhmehfomnﬁmamhdiuﬁwofuidﬁmMs
when said recoption level is stronger than a predetermined level; and
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sai d one oP other stations 1n response to the | ast - rent d‘Pﬁﬁ!-A@@MWSHEET

si gnal'. 16. A communi cati on mel{ hod fdrﬂaﬂﬁibms

. conmuni cati ons netvvork, sai d net hod bei ng substan iRate y-as herer
described with reference to the ac&grrpanyl ng drawngs. 15

17. A nobile communi cations network, sai'd network being

substantially as hmaﬁpaaﬁwwnme GURE6! dighal 1R pRGREHR MB/ | NY

drawi ngs. A nmobile station for uSe in a nobile
communi cat .mmmmﬁvewmmmmmmwuwM| y as

herein described with reference to Figs 3 - 5 of the acconpanying
drawi ngs. received signal in said second transmission signal when said level is not stronger

than said predetermined level.

14. A mobile station as claimed in claim 13, wherein:

said receiving means receives said first transmission signal from said base station
in response to said control signal; and ;

said transmitting means transmits said second transmission signal in response to
said control signal to said base station. -

15. A mobile station as claimed in clsim 13, wherein:

gaid receiving means received said first transmission gignal from one of said other
stations when said reception level is not stronger than sald predetermineil level;

said judging means produces said control signal when said predetermined level is
exceeded by the reception level of the first received signal received from said one of other
stations; and | _

said transmitting means transmits said second transmission signal to said one of
other stations in response to the last-mentioned control signal.

16. A communication method for a mobile communications network, said
method being substantially as hersin described with reference to the accompanying drawings.

17. A mobile communications network, seid network being substantially as
herein described with reference to the accompanying drawings.

18. Amobﬂzmtionforuseinamobilccomunicadomnetwork,mdmobnc
mﬁonbesubsmnyuhemndumbedthhufememﬂzss Sot‘theaceompmymg

drawings. )
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