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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention:

[0001] The presentinvention relates to a radio access
system having a subscriber terminal, a base station con-
nectable to the subscriber terminal via a radio link, a base
station control station for controlling the base station, and
an exchange accommodating a telephone set and con-
nected to the base station control station.

2. Description of the Related Art:

[0002] Heretofore, telephone systems based on radio
communications, such as portable telephone systems,
transmit off-hook and dialing signals according to a pre-
determined signal sequence to base stations.

[0003] One suchtelephone systemis disclosed in Jap-
anese laid-open patent publication No. 63-78643.
[0004] An operation sequence of the disclosed tele-
phone system will be described below with reference to
Fig. 1 of the accompanying drawings. As shown in Fig.
1, when the handset of a telephone set 5 is removed from
its switch (off-hook state), a subscriber terminal 4 trans-
mits a false dial tone (DT) to the telephone set 5. At the
same time, the subscriber terminal 4 operates on a base
station 3 or a base station control station 2 to establish
a radio link between the subscriber terminal 4 and the
base station 3 (or the base station control station 2). The
subscriber terminal 4 also decides whether keys of the
dial or push-button pad on the telephone set are pushed
to dial a telephone number and whether a dialing signal
from the telephone set 5 represents a final digit of the
dialed telephone number. If the radio link has been es-
tablished and the dialing signal represents the final digit,
the subscriber terminal 4 sends dialing information to the
base station 3 (or the base station control station 2). The
disclosed telephone systemis silent as to a specific proc-
ess for determining the final digit. The base station 3 (or
the base station control station 2) converts the received
dialing information to a dialing signal (PB or DP), which
is supplied to an exchange 1 that operates to call the
destination party.

[0005] Portable telephone systems employ an inter-
digit timer for measuring an inter-digit pause. A final digit
of the dialed telephone number is determined when no
dialing signal comes in as detected by the inter-digit timer.
[0006] Inthe telephone system disclosed in Japanese
laid-open patent publication No. 63-78643, the subscrib-
er terminal has a circuit for deciding whether a dialing
signal from the telephone set represents a final digit of
the dialed telephone number, and a means for transmit-
ting dialing signals altogether which have been generat-
ed when keys of the dial pad are pushed.

[0007] However, the conventional telephone system
suffers the following problems:
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1) Along period of time is required after the subscrib-
er has pushed keys of the dial pad until a final digit
of the dialed telephone number is determined.

2) Along period of time is required after the final digit
has been determined until the subscriber is able to
talk to the called party.

3) If the inter-digit timer is set to too short a period
of time, then the dialing information is transmitted to
the base station while the subscriber is dialing the
telephone number, tending to result in a connection
failure or error.

4) If the inter-digit timer is set to too long a period of
time, then a connection failure or error is also liable
to occur.

SUMMARY OF THE INVENTION

[0008] Itis an object of the present invention to provide
a radio access system which can solve the problem of a
delay caused by the outbound transmission of dialing
signals, which is inherentin a portable telephone system.
[0009] Aradio access system according to the present
invention has a telephone set, a subscriber terminal con-
nected to said telephone set, a base station connectable
to the subscriber terminal via a radio link, a base station
control station for controlling the base station, and an
exchange of a telephone system connected to the base
station control station. The subscriber terminal detects
when the telephone set is in an off-hook state, sends a
dial tone to the telephone set, establishes a radio link
between the subscriber terminal and the base station or
the base station control station, thereafter receives dial-
ing signals, which are generated when keys of a dial pad
on the telephone set are pushed to dial a telephone
number, sends a dialing signal to the base station or the
base station control station each time a key of the dial
pad on the phone set is pushed, to dial a telephone
number. Either the base station or the subscriber terminal
has a means for deciding whether a dialing signal repre-
sents a final digit of the dialed telephone number or not.
[0010] Since either the base station or the subscriber
terminal has a means for deciding whether a dialing sig-
nal represents afinal digit of the dialed telephone number
or not, the radio access system is capable of solving the
problem of a delay caused by the outbound transmission
of dialing signals, which is inherent in a portable tele-
phone system.

[0011] The radio access system can provide radio
service between the base station and the subscriber’'s
home, and hence is advantageous from the standpoint
of subscriber equipment installation, maintenance, and
early operational capability.

[0012] The above means may comprise an inter-digit
timer and means for determining that a dialing signal rep-
resents a final digit of the dialed telephone number if a
key of the dial pad has not been pushed for a predeter-
mined period of time.

[0013] The above means may also comprise means
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for counting dialing signals sent from the telephone set.
[0014] The above and other objects, features, and ad-
vantages of the present invention will become apparent
from the following description when taken in conjunction
with the accompanying drawings which illustrate some
preferred embodiments of the present invention by way
of example.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

Fig. 1 is a diagram showing an operation sequence
of a conventional telephone system;

Fig. 2 is a block diagram of a radio access system
according to the present invention;

Fig. 3 is a diagram showing an operation sequence
of the radio access system shown in Fig. 2; and
Fig. 4 is a diagram showing another operation se-
quence of the radio access system shown in Fig. 2.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] Referring now to Fig. 2, there is shown a radio
access system according to the present invention which
comprises an exchange 1, a base station control station
2, a plurality of base stations 3, a plurality of subscriber
terminals 4, and a plurality of telephone sets 5.

[0017] The base stations 3 are connected to the base
station control station 2 by cables 202 including optical
fibers. Each of the base stations 3 which are connected
to the base station control station 2 by radio signals com-
prises antennas 301, 302, a sending and receiving circuit
310 for receiving radio signals from the base station con-
trol station 2 and sending radio signals to the base station
control station 2, a converting circuit 313 for converting
signals to radio signals for transmission to the subscriber
terminals 4, and a converting circuit 311 for converting
signals from the base station control station 2 and the
subscriber terminals 4 to radio signals. The base station
control station 2 has an antenna 201 for sending and
receiving radio signals. Each of the base stations 3 which
are connected to the base station control station 2 by the
cables 202 has the antenna 302, the converting circuit
313, and a converting circuit 312, which is similar to the
converting circuit 311, for converting signals to radio sig-
nals.

[0018] Each of the subscriber terminals 4 comprises
an antenna 401 for sending radio signals to the base
stations 3 and receiving radio signals from the base sta-
tions 3, a converting circuit 410 for converting signals to
radio signals, and a telephone set interface converting
circuit 411 for receiving radio signals. The telephone set
interface converting circuit 411 can be connected to one
of the telephone sets 5. The subscriber terminals 4 in-
clude a telephone set interface converting circuit 412,
similar to the telephone set interface converting circuit
411, which can accommodate a plurality of telephone
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sets 5.

[0019] Operation of the radio access system shown in
Fig. 2 will be described below with reference to Fig. 3.
[0020] When a subscriber removes the handset of the
telephone set 5 from its switch (off-hook state), the cor-
responding subscriber terminal 4 detects the off-hook
state, and sends a false dial tone (DT) to the telephone
set 5. At the same time, the subscriber terminal 4 oper-
ates on a base station 3 or a base station control station
2to establish a radio link between the subscriber terminal
4 and the base station 3 (or the base station control sta-
tion 2). The subscriber terminal 4 then sends a dialing
signal (PB or PD), produced each time a key of the dial
pad on the telephone set 5 is pushed to dial a telephone
number, to the base station 3 (or the base station control
station 2). The base station 3 decides whether a dialing
signal represents a final digit of the dialed telephone
number or not. If a dialing signal represents a final digit
of the dialed telephone number, then the base station 3
opens an inbound communication link. The dialing sig-
nals are transmitted as outbound signals.

[0021] The base station 3 decides whether a dialing
signal represents a final digit of the dialed telephone
number by either:

1) using an inter-digit timer connected to the base
station 3 and determining a final digit of the dialed
telephone number if a key of the dial pad has not
been pushed for a predetermined period of time, as
measured by the inter-digit timer or

2) counting digits of the dialed telephone number.

[0022] When the subscriber places the handset of the
telephone set 5 on its switch (on-hook state), the sub-
scriber terminal 4 detects the on-hook state, and breaks
the radio link between the base station 3 (or the base
station control station 2) and the subscriber terminal 4.
[0023] Fig. 4 shows another operation sequence of the
radio access system shown in Fig. 2. According to the
operation sequence shown in Fig. 4, the telephone set 5
sends a dialing signal representing a first digit of the di-
aled telephone number to the subscriber terminal 4 be-
fore the acknowledgment of a connection is sent from
the base station control station 2 to the subscriber termi-
nal 4.

[0024] The radio access system shown in Fig. 2 may
be modified as follows:

1) The exchange 1 and the base station control sta-
tion 2 may be connected by radio links or cables.
2) The exchange 1 may be connected directly to or-
dinary telephone sets 5 on a ground network or may
be connected to a private branch exchange (PBX)
on a ground network which is equivalent to the ex-
change 1.

3) The base station control station 2 and the base
station 3 may be connected to each other by radio
links, optical fibers, metal cables, or any other me-
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diums capable of transmitting signals for communi-
cations.

4) The base station control station 2 and the base
station 3 may be connected to each other in a point-
to-point or point-to-multipoint access configuration.
5) The base station 3 and the subscriber terminals
4 are connected to each other by radio links. On the
basis of a point-to-multipoint (or point-to-point) mul-
tiplex system, signals to be transmitted between the
base station 3 and the subscriber terminals 4 may
be multiplexed by TDMA (Time-Division Multiple Ac-
cess), FDMA (Frequency-Division Multiplex Ac-
cess), CDMA (Code-Division Multiplex Access), or
the like.

6) A radio access system between the base station
3 and the subscriber terminals 4 may be GSM (Glo-
bal System for Mobile Communication), AMPS (Ad-
vanced Mobile Phone Service), PDC (Personal Dig-
ital Cellular), PCS (Personal Communication Sys-
tem), DECT (Digital European Cordless Telephone),
PHS (Personal Handyphone System), or the like.
7) One or more subscriber terminals 4 and one or
more telephone sets (5) may be connected.

[0025] The operation sequences shown in Figs. 3 and
4 may be modified as follows:

1) When the handset of a telephone set 5 is removed
from its switch and keys of the dial pad are pushed
while the base station 3 (or the base station control
station 2) and the subscriber terminal 4 are perform-
ing a control process to establish a link, the subscrib-
er terminal 4 may temporarily store a set of dialing
signals, and then send the stored dialing signals after
the link has been established (see Fig. 4).

2) The base station 3 which has received a dialing
signal has a function to convert the dialing signal to
a PB or PD dialing signal. This converting function
may be performed by the base station control station
2.

3) The value of the inter-digit timer connected to the
base station 3 (or the base station control station 2)
may be made variable.

4) The number of digits counted by the base station
3 (or the base station control station 2) may be made
variable. Specifically, the number of digits is "10" if
a dialed telephone number is "03-1234-1567", for
example, and the inter-digit timer is actuated when
the number of digits reaches "10" at the time the key
"7" of the dial pad is pushed. If a dialed telephone
number is an overseas telephone number of
"001-81-3-1234-1567", for example, then the inter-
digit timer is actuated when the number of digits
reaches "14" at the time the key "7" of the dial pad
is pushed. The number of digits is counted in a dif-
ferent manner from carrier to carrier, and may be
counted to suit individual applications.

5) The inter-digit timer and the function to count the
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number of digit may be provided in each of the sub-
scriber terminals 4.

6) There may be employed a means for sending a
busy tone (BT) or a means for sending an arbitrary
tone such as a howler tone (HWT) with an arbitrary
setting unless a key of the dial pad is pushed for a
certain period of time (which may be arbitrarily set)
after a dial tone has been sent from the subscriber
terminal 4.

[0026] Although certain preferred embodiments of the
present invention have been shown and described in de-
tail, it should be understood that various changes and
modifications may be made therein without departing
from the scope of the appended claims.

Claims
1. Aradio access system comprising:

a telephone set (5);

a subscriber terminal (4), connected to said tel-
ephone set (5);

abase station (3) connectable to said subscriber
terminal (4) via a radio link;

a base station control station (2) for controlling
said base station (3); and

an exchange (1) of a telephone system connect-
ed to said base station control station (2);

characterized in that when said subscriber terminal
(4) detects that the telephone set (5) is in an off-hook
state, said subscriber terminal is arranged to send a
dial tone to the telephone set (5), establishe a radio
link between said subscriber terminal (4) and said
base station (3) or said base station control station
(2), to thereafter receive dialing signals, which are
generated when keys of a dial pad on the telephone
set (5) are pushed to dial a telephone number, and
to send a dialing signal to said base station (3) or
said base station control station (2) each time a key
of the dial pad on the telephone set (5) is pushed, to
dial a telephone number;

said base station (3) or said subscriber terminal (4)
having means for deciding whether a dialing signal
represents a final digit of the dialed telephone
number or not.

2. Aradio access system according to claim 1, wherein
said means comprises an inter-digit timer (500) and
means for determining that a dialing signal repre-
sents a final digit of the dialed number if a key of the
dial pad has not been pushed for a predetermined
period of time.

3. Aradio access system according to claim 1, wherein
said means comprises means for counting dialing
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signals sent from said telephone set (5).

A radio access system according to claims 1 to 3,
wherein said base station (3) comprises means for
opening aninbound communication link between the
base station (3) and said subscriber terminal (4) if a
dialing signal represents a final digit of the dialed
telephone number.

Patentanspriiche

Funkverbindungssystem umfassend:

einen Telefonapparat (5);

einen Teilnehmeranschluss (4), der mitdem Te-
lefonapparat (5) verbunden ist;

eine Basisstation (3), die liber eine Funkverbin-
dung mitdem Teilnehmeranschluss (4) verbind-
bar ist;

eine Basisstationsteuerstation (2) zum Steuern
der Basisstation (3); und

eine Vermittlungsstelle (1) eines Telefonsy-
stems, die mit der Basisstationsteuerstation (2)
verbunden ist;

dadurch gekennzeichnet, dass, wenn der Teil-
nehmeranschluss (4) erkennt, dass sich der Tele-
fonapparat (5) in einem abgehobenen Zustand be-
findet, der Teilnehmeranschluss angeordnet ist, um
einen Wahlton an den Telefonapparat (5) zu senden,
eine Funkverbindung zwischen dem Teilnehmeran-
schluss (4) und der Basisstation (3) oder der Basis-
stationsteuerstation (2) herzustellen, danach Wahl-
signale zu empfangen, die erzeugt werden, wenn
Tasten eines Wahlfeldes aufdem Telefonapparat (5)
gedriickt werden, um eine Telefonnummer zu wah-
len, und jedes Mal, wenn eine Taste des Wahlfelds
auf dem Telefonapparat (5) gedriickt wird, um eine
Telefonnummer zu wahlen, ein Wahlisignal an die
Basisstation (3) oder die Basisstationsteuerstation
(2) zu senden;

wobei die Basisstation oder der Teilnehmeran-
schluss (4) Mittel aufweisen, um zu entscheiden, ob
ein Wabhlsignal eine Endziffer der gewahlten Tele-
fonnummer wiedergibt oder nicht.

Funkverbindungssystem nach Anspruch 1, wobei
das Mittel einen Zwischenziffer- bzw. Zwischenwahl-
zeitmesser (500) und Mittel zum Entscheiden auf-
weist, das ein Wahlsignal eine Endziffer der gewahl-
ten Nummer wiedergibt, wenn fiir eine vorbestimmte
Zeitdauer keine Taste des Wahlfeldes gedriickt wur-
de.

Funkverbindungssystem nach Anspruch 1, wobei
das Mittel Mittel zum Z&hlen von Wahlsignalen auf-
weist, die von dem Telefonapparat (5) gesendet wer-
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den.

Funkverbindungssystem nach den Anspriichen 1 bis
3, wobei die Basisstation (3) Mittel zum Offnen einer
ankommenden Kommunikationsverbindung zwi-
schen der Basisstation (3) und dem Teilnehmeran-
schluss (4) umfasst, wenn ein Wahlsignal eine End-
ziffer der gewahlten Telefonnummer wiedergibt.

Revendications

Systéme d’accés comprenant :

un poste téléphonique (5) ;

un terminal d’abonné (4), connecté au dit poste
téléphonique (5) ;

une station de base (3) pouvant étre connectée
au dit terminal d’abonné (4) par une liaison
radio ;

une station de commande de station de base
(2) pour commander ladite station de base (3) ;
et

un central téléphonique (1) d’un systéme télé-
phonique connecté a ladite station de comman-
de de station de base (2) ;

caractérisé en ce que lorsque ledit terminal d’abon-
né (4) détecte que le poste téléphonique (5) se trouve
dans un état de décrochage, ledit terminal d’abonné
est configuré pour envoyer une tonalité d’invitation
a numéroter au poste téléphonique (5), établir une
liaison radio entre ledit terminal d’abonné (4) et ladite
station de base (3) ou ladite station de commande
de station de base (2) afin de recevoir ensuite des
signaux de numérotation, qui sont générés lorsque
les touches d’un clavier numérique sur le poste té-
Iéphonique (5) sont enfoncées afin de composer un
numéro de téléphone, et afin d’envoyer un signal de
numeérotation a ladite station de base (3) ou ladite
station de commande de station de base (2) a cha-
que fois qu’une touche du clavier numérique du pos-
te téléphonique (5) est enfoncée, pour composer un
numeéro de téléphone ;

ladite station de base (3) ou ledit terminal d’abonné
(4) possédant un moyen pour déterminer si un signal
de numérotation représente ou non un dernier chiffre
du numéro de téléphone composé.

Systéme d’accés sans fil selon la revendication 1,
dans lequel ledit moyen comprend un temporisateur
interchiffres (500) et un moyen pour déterminer si
un signal de numérotation représente un dernier chif-
fre du numéro composé si une touche du clavier nu-
mérique n'a pas été pressée pendant une période
de temps prédéterminée.

Systéme d’accés radio selon la revendication 1,
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dans lequel ledit moyen comprend un moyen pour
compter les signaux de numérotation envoyés de-
puis ledit poste téléphonique (5).

Systéme d’acces radio selon les revendications 1 a
3, dans lequel ladite station de base (3) comprend
un moyen pour ouvrir une liaison de communication
entrante entre la station de base (3) et ledit terminal
d’abonné (4) si un signal de numérotation représente
un dernier chiffre du numéro de téléphone composé.
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