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ABSTRACT

A. communication apparatus used in a digital cordless 

telephone system, such as a personal headphone system (PHS) 

having a local base station and a local mode subscriber, in 

which, if the local mode subscriber is set for use in the local 

mode, the local mode subscriber can respond to signals of the 

public mode. If the local base station receives incoming call 

signals of the public mode from a public base station, the 

received call signals are transferred from the local base

station to the local mode subscriber This enables the incoming

call signals from the public base station to be received via the 

public base station by the local mode subscriber even if the 

latter is in the local mode. If, with the local mode subscriber 

set to the local mode, the local base station receives incoming

• ··

call signals of the public mode from the public base station, the 

local base station transmits the call signals to the local mode 

subscriber. If the local base station receives call signals from 

the local mode subscriber, the call signals are transmitted by 

the local base station to the public base station. This enables 

the communication in the public mode to be had by the local mode 

subscriber via the local base station even if the local mode 

subscriber is set to the local mode.
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TITLE OF THE INVENTION

Communication Apparatus and Communication Method

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a communication apparatus and a

communication method used in a digital cordless telephone system,

such as a personal headphone system (PHS) .
Description of the Related Art

Among communication apparatus used in, for example, the

digital cordless telephone system, there are an apparatus having

the function of a local base station with

communi cat ion equipments , and a local mode subscriber, as a

• ·
• · ·

• · ·
• · ·

• ·
• · · · ·

communication equipment having the

the local base station.

• · · ·
In such communication

be selectively used for a

public mode is a mode for

function of communicating with

apparatus, the

public mode or

the subscriber

subscriber usually can

for a local mode. The

to have communication

• · · ·• ·
of the information via a public base station, which is a radio

station installed for public use. This public mode is used when
• · ·• ·• · · the subscriber is used outdoors independently. The local mode i s

• ·

such a mode in which the communication of the information by the

subscriber i s had via an equipment installed in, for example, a

domic ile, as a local base station, that is in which the

subscriber i s used in the domicile in the vicinity of the local

base station.

' 1A



2

Heretofore, the local mode subscriber cannot be 
used for the public mode and the local mode simultaneously, 
such that it has been necessary to select whether the local 
mode subscriber should be used in the public mode or in the 

5 local mode. That is, in the conventional communication 
apparatus, it has been necessary to set the subscriber for 
use in the public mode or in the local mode depending on 
the state in which it is used.

Thus the subscriber of the conventional
10 communication apparatus cannot receive incoming call 

signals of different modes. For example, if, in the 
conventional communication apparatus, the local mode 
subscriber is set for use in the local mode, it has not 
been possible with the local mode subscriber to respond to 

15 the incoming call signal of the public mode.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides a
20 communication apparatus having:

a public base station in a public radio telephone 
network;

a local base station in a local radio telephone
network;

25 a subscriber;
said local base station having first radio 

communication means for communicating wirelessly with said 
public base station and said subscriber;

said subscriber having:
30 second radio communication means for

• · communicating wirelessly with said local base station and
said public base station, whereby in a first mode said
subscriber communicates with said public base station via 
said local base station and in a second mode said

35 subscriber communicates directly with said public base 
station whether said subscriber operates in said first mode
or said second mode;
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wherein when said subscriber receives a first 
radio communication signal from said public base station in 
said first mode, said subscriber transmits a second radio 
communication signal to said public base station in said

5 first mode;
whereafter if said second radio communication 

signal contains an indication that said communications 
should continue in said second mode, communications 
continue between said subscriber and said public station in 

10 said second mode.
In another aspect, the present invention provides 

a method of wireless communication involving two modes of 
communication, in a first mode a public base station 
communicating wirelessly with a subscriber via a local base 

15 station, and in a second mode said public base station 
communicating wirelessly directly with said subscriber, 
said method involving:

said subscriber receiving a first radio 
communication signal from said public base station via said 

20 local base station;
said subscriber transmitting a second radio 

communication signal to said public base station; and
whereafter if said second radio communication

• ·

signal contains an indication that said communications
25 should continue in said second mode, communications 

continue between said public base station and said 
subscriber in said second mode.

According to the present invention, as described 
above, both the signals from the telephone network

30 connected to the local base station and those from the 
public base station can be received simultaneously without 
the necessity of utilizing telephone transfer services.

That is, according to the present invention, the 
local mode subscriber can be used simultaneously in the 

35 public mode and in the local mode, such that, if the local 
mode subscriber is set for use in the local mode, it can 
respond to signals of the public mode.

G:\MCooper\Keep\Speci\14721.97.doc 8/06/00
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l is a block diagram showing an illustrative 
structure of a local base station of a communication

5 apparatus according to the present invention.

G:\MCooper\Keep\Speci\14721.97.doc 8/06/00
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Fig.2 is a block diagram showing another illustrative 

structure of a local base station of a communication apparatus 

according to the present invention.

Fig.3 is a block diagram showing an illustrative structure 

of a local mode subscriber of a communication apparatus 

according to the present invention.

Fig.4 illustrates the timing of transmission/reception of 

a logical control channel by the public base station.

Fig.5 shows a portion A in Fig.3 to an enlarged scale.

Fig.6 shows an example of a slot structure.

Fig. 7 shows the manner of transmission/reception of a 

control slot.

•
• ·

Fig.8 shows a connection sequence.
·· ·• · ·• · ·

• ·
Fig.9 shows the manner of transmission/reception of a

• · · · · •
•• · · ·• · · ·

•
• ·

communication slot.

Fig. 10 shows the operation of the local base station and the

local mode subscriber.
· · · ·•

• · · ·• · ·• · ·
DESCRIPTION OF THE PREFERRED EMBODIMENTS

In an illustrative embodiment, now explained, the present
• · · • · ·• · ·
• · · · • ·• · · ·

invention is applied to a personal handy—phone system, which is 

a communication apparatus or system comprised of an equipment

• ·• · · · · •
•

• ·

having the function of a local base station with respect to other 

communication equipments and a local mode subscriber as a 

communication equipment having the function of having 

communication with the local base station.

4
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It should be noted that the present invention is not limited 

to the following embodiment and may be modified as to, for 

example, the structure, without deviating from the purport of the 

invention. In particular, the present invention is not limited 

to the personal handy-phone system, but may be applied to a 

communication equipment having the function of a local base 

station with respect to other communication equipments or to a 

communication apparatus comprised of a local base station and a 

local mode subscriber.

The local base station of the communication device of the 

instant embodiment is hereinafter explained.

The local base station of the communication device of the 

instant embodiment has the function of a telephone capable of

having communication over a wired telephone network, and the 

function of a local base station with respect to the local mode 

subscriber. Referring to Fig.l, the local base station includes 

a communication control unit 1 for performing control on 

communication, a modem 2 connected to the communication control 

unit 1 and a radio unit 3 connected to the modem 2. The local 

base station also includes a first buffer 5 connected to the 

communication control unit 1 and a second buffer 6 connected to

the communication control unit 1. The local base station also

includes a speech codec unit 7 connected to the communication

control unit 1 and a speaker 9 connected via a speaker amplifier

8 to the speech codec unit 7. The local base station also

5
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includes a man/machine interface control unit 12 connected to the 

communication control unit 1 and a ringer unit 13 connected to 

the man/machine interface control unit 12. The local base station 

further includes an operating unit 14 connected to the 

man/machine interface control unit 12 and a telephone network 

connecting unit 15 connected to the communication control unit 

1 .

In the above—described local base station, the communication 

control unit 1, modem 2, radio unit 3, antenna 4, first buffer 

5 and the second buffer 6 are mainly used for having 

communication with a public base station or with a local mode 

subscriber .

Specifically, the communication control unit 1 performs
·· · • · · control on communication. Specifically, the communication

• ·• · · · · control unit 1 receives a control signal transmitted by the

• ·

Λ

• ·· ·
public base station and sets the time divisional multiple access

slot synchronization (TDMA slot synchronization) to the control

signal. The communication control unit 1 also has the function

of receiving an incoming call signal from the public base station

to transmit the call signal to a local mode subscriber, the

function of receiving the call speech signal from the public

base station and transmitting the call speech signal to the local

mode subscriber

signal from the

and the function of receiving the call speech 

subscriber to transmit the call speech signal

to the public base station.

6
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The modem 2 connected to the communication control unit 1 

performs processing, such as compansion and

modulation/demodulation, on the call speech signal or on the 

control signal. The radio unit 3 connected to the modem 2 

amplifies the transmission/reception signal or oscillates the 

carrier wave with the carrier frequency, while the antenna 4 

connected to the radio unit 3 transmits or receives signals to 

or from the public base station 1 or to the subscriber. The 

first buffer 5 and the second buffer 6, connected to the 

communication control unit 1, are used when the call speech 

signals are transmitted to or received to or from the subscriber 

and the public base station via the local base station. 

Specifically, the first buffer 5 and the second buffer 6 are used 

for temporarily storing the call speech signals from the public 

base station and for temporarily storing the call speech signals 

from the local mode subscriber, respectively.

In the local base station, the speech codec unit 7, speaker 

amplifier 8, speaker 9, microphone amplifier 10 and the 

microphone 11 are used mainly when call is made by the local base 

stat ion .

Specifically, the speaker amplifier 8 amplifies the signal 

from the speech codec unit 7 and sends the amplified signal to 

the speaker 9. The speaker 9 outputs the amplified signal as 

speech. The microphone 11 transduces the input speech into analog 

signals which are sent to the microphone amplifier 10. The

7
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2 .

microphone amplifier 10 amplifies or otherwise processes the 

input signal from the microphone 11 and sends the amplified 

signal to the speech codec unit 7. The speech codec unit 7 

decodes the signal sent from the communication control unit 1 or 

converts the signal into analog signals which are sent to the 

speaker amplifier 8. The speech codec unit 7 processes the 

signals sent from the microphone amplifier 10 such as with 

digitization or encoding and sends the resulting signal to the 

communication control unit 1.

In the above-described local base station, the man/machine 

interface control unit 12, ringer unit 13 and the operating unit 

14 are components taking part in man/machine interfacing of the 

present local base station.

Specifically, the man/machine interface control unit 12 

performs control in connection with man/machine interfacing of 

the present local base station, and controls the operation of the 

ringer unit 13 and the operating unit 14. The ringer unit 13 is 

controlled by the man/machine interfacing control unit 12 and 

produces a sound notifying reception of an incoming call signal 

from outside. The operating unit 14 operates as an interfacing 

portion for the user and has a display device employing a liquid 

crystal, a dial key or the like. The operating unit 14 also 

includes, in addition to a dial key, a dedicated switch or key 

used for start or termination of call or mode switching for 

additional functions. The operating unit 14 is used for the user

8
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to enter dial signals in order for the user to make a telephone 

call from a local base station.

Also, in the above-described local base station, the 

telephone network connection unit 15 is used for connecting the 

local base station to the wired telephone network, and is used 

for receiving incoming call signals from outside, transmitting 

outgoing call signals or transmiss ion/reception of call speech 

signals .

The main function and the operation of the above-described 

local base station is hereinafter explained.

The local base station has the function of receiving control

station. When

stat ion , 

publi c 

by the 

unit 

into 

sets«»
·«

signals from a public base 

signals from the public base 

receives control signals from the

4. The control signals received 

or otherwise processed by the radio 

modem so as to be converted 

communication control unit 1 then 

TDMA slot synchronization.

receiving the control 

the local base station 

base station via antenna 

antenna 4 are amplified 

3 and demodulated by the 

baseband signals. The 

the baseband signal to the 

This matches the TDMA slot

synchronization to the control signal for receiving the control 

signals from the public base station by the local base station.

The local base station also has the function of receiving 

the call speech signal from the public base station for 

transmitting the call speech signals to the local mode 

subscriber and the function of receiving the call speech signal

9
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•
• ·
• · ·

from the local mode subscriber for transmitting the call speech 

signal to the public base station. That is, the call speech 

between the public base station and the local mode subscribed can 

be made via this local base station.

When the call speech signal from the public base station 

is received by the local base station to transmit the call speech 

signal to the local mode subscriber, the call speech signal from 

the public base station is first received over the antenna 4. 

The call speech signal received by the antenna 4 is amplified 

or otherwise processed by the radio unit 3 and demodulated by the 

modem 2 so as to be converted into the baseband signal. Form the 

base band signals, the speech data, for example, to be 

transmitted by the communication control unit 1 from the public 

base station to the local subscriber, is taken out and 

transiently stored in the first buffer 5. The communication 

control unit 1 then takes out the speech data, for example, from
• · ·• · ·
• ·• · · · · the first buffer 5 in timed relation to the transmission slot

•• · · ·• · · ·
•

• ·

timing to the local subscriber and modulates the speech data by 

the modem 2. The speech data is then amplified or otherwise

• ·• · · · · processed by the radio unit 3 to generate call speech signals
• · · ·• · ·• · · which are transmitted over the antenna 4 to the local mode

• · · subscriber. The speech data, for example, is transmitted over an
• · ·
• · · ·• ·• · · ♦

information channel.

When the call speech signal from the local subscriber is
• · ο · ·•

• received by the local base station and sent to the public base

10
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• · • · · ·

• ·• · · · ·
• · · ·• · ·• · ·

• · · • · ·• · ·
• · · ·• ·

station, the call signal
II
f rom the local mode subscriber i s

received over

the antenna 4

unit 3

baseband

example ,

the antenna 4.

is amplified

The call speech signal received by

or otherwise processed by the

and demodulated by the modem 2 for conversion

signals. From the baseband

to be transmitted by the

radio

into

signal, the speech data, for

communication control unit 1

from the

taken out

local

so as

mode subscriber to the public base station, is

to be temporarily stored in the

The communication control unit 1 then takes out

example, from the

second

speech

second buffer 6, in timed relation

transmission slot timing to the public base station.

data

3 to

4 to

buf f e r

data,

6 .

for

with the

The speech

is then amplified or otherwise processed by the

generate call signals which are transmitted over

the public base station. The speech data

the information channel, as will be explained

The

operation

However ,

radio unit

the antenna

is transmitted on

subsequently .

foregoing is the description of the structure and the

of the local mode base station with reference to Fig.l.

the local mode base station need not necessarily be

constructed as shown in

shown in Fig.2.

That is, Fig.2 shows

related portion of

Fig. 1, but may

a structure of

Fig.l less

transmission/reception related portion.

station,

also be

the user

the

In the

constructed

interfacing

as

and

speech signal

local mode base

configured as shown in Fig.2, equipment cont ro1

performed by the man/machine interface control unit and the

11



speech transmission/reception performed by the ringer 

operation/speech codec unit and the microphone speaker, are not 

carried out by this signal transmission/reception. This operation 

is performed in its entirety by the local mode subscriber 

connected by a radio route to the local mode base station. The 

operation is not specifically explained since it is the same as 

the operation in the local base station or as the operation of 

the local mode subscriber which will be explained later.

The other operation, such as that of the call control unit, 

is the same as that of the local base station shown in Fig.l.

A local mode subscriber of the communication apparatus of 

the instant embodiment is hereinafter explained.

The local mode subscriber of the communication apparatus of 

the instant embodiment has the function of having communication 

in the public mode and the function of having communication in 

the local mode. Referring to Fig.3, the local mode subscriber 

includes a communication control unit 21 for performing control 

on the communication and a modem 22 connected to the 

communication control unit 21. The local mode subscriber also 

includes a radio unit 23 connected to the modem 22 and an antenna 

24 connected to the radio unit 23. The local mode subscriber also 

includes a first buffer 25 connected to the communication control 

unit 21 and a second buffer 26 connected to the communication 

control unit 21. The local mode subscriber also includes a speech 

codec unit 27 connected to the communication control unit 21 and

12



a speaker 29 connected to the speech codec unit 27 via a speaker

• · ·• ·

• · ·

• · · ·

• · · ·
• · · ·

• ·
• · · ·
• · · ·

amplif ier 28 . The local mode subscriber also includes a

microphone 31 connected to the speech codec unit 27 via a speaker

amp 1i f i e r 28 and a man-machine interface control unit 32

connected to the communication control unit 21. The local mode

subscriber further includes a ringer unit 33 connected to the

man—machine interface control unit 32 and an operating unit 34

connected to the man-machine interface control unit 32.

In the above-described local mode subscriber, the

c ommun i c at i ο n control unit 21, modem 22, radio unit 23, antenna

24, first buffer 25 and the second buffer 26 are used mainly when

having communication with a public base station or with a local

base station.

Specifically, the communication control unit 21 performs

control on the communication, and receives control signals from

the public base station or the local base station for setting the

TDMA slot synchronization to the control signals. The

communication control unit 21 also has the functions of receiving

incoming call signal from the public base station or the local

base station, the function of receiving call speech signals from

the public base station or the local base station and the

function of transmitting the call speech signals to the public

base station or to the local base stat ion .

The modem 22 connected to the communication control unit 21
• · · · compands or modulates/demodulates call speech signals or control

13
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signals. The radio unit 23 connected to the modem 22 amplifies 

transmission/reception signals or oscillates carrier waves at a 

carrier frequency, while the antenna 24 connected to the radio 

unit 23 transmits and/or receives signals to or from the public 

base station or the local base station. The first buffer 25 and 

the second buffer 26, connected to the communication control unit

21, are used when transmitting and/or receiving call speech 

signals to or from the public base station or the local base 

station. The first buffer 25 temporarily stores call speech 

signals when receiving the call speech signals from the public 

base station or the local base station, while the second buffer 

26 temporarily stores call speech signals when transmitting the 

call speech signals from the local mode subscriber.

In the local mode subscriber, the speech codec unit 27, 

speaker amplifier 28, speaker 28, microphone amplifier 30 and the 

microphone 31 are used mainly when call is made by this local 

mode subscriber.

Specifically, the speaker amplifier 28 amplifies or 

otherwise processes signals from the speech codec unit 27 and 

sends the amplified signals to the speaker 29. The speaker 29 

outputs the signals, amplified or otherwise processed by the 

speaker amplifier 28, as speech signals. The microphone 31 

converts the input speech signals into analog signals and sends 

the signals to the microphone amplifier 30. The microphone 

amplifier 30 amplifies the input signals from the microphone 31

14
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'··'··

• ·
• ·
• · · ·

and sends the

speech codec

communication

amplif ied

unit 27

cont ro1

processes the signals sent from the

unit 21 with decoding and conversion to

analog signals and sends the resulting signals to the speaker

amplifier 28. The speech codec unit 27 also processes the

signals sent from the microphone amplifier 30 with conversion to

digital signals or encoding and sends the resulting signals to

the communication control unit

In the above-described

man/machine interfacing control

operating unit 34

interfacing of the

Specifically,

21 .

local mode subscriber, the

unit 32, ringer unit 33 and the

are components taking part

local mode subscriber.

the man/machine interfacing

in man/machine

control unit 32

performs control on the man/machine interfacing of the present

local mode subscriber and controls the operation of the

unit 33 or the operating unit 34. The ringer unit

controlled by this man/machine interfacing control unit

ringer

33 is

32 for

producing a sound notifying reception of an incoming call from

outside. The operating unit 34 acts as an interfacing portion

with respect to the user and has a display unit employing a

liquid crystal and a dial key etc. The operating

addition to the dial key, dedicated switches or

start or termination of call or mode switching

unit 4 has, in

keys used for

for additional

functions. This operating unit 34 is used by the user as when he

or she enters the telephone number in order to make a call from

15
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• · · · ·

• · · ·

the local

The

mode

main

subscriber are

The

control

station

local

subscriber .

I to

function and the operation of the local mode

hereinafter explained.

mode subscriber has the function of receiving

signals from the public

f the subscriber is

local mode, control signals

received by the local mode

station via the

from the public

by the antenna

set

base station

to the local

from the public

subscriber from

local base station, the control

via a local base

mode. If, in the

base station

the public

signals ,

base station via local base station,

24 of the local mode subscriber.

are

The

are

base

received

received

cont το 1

signals received by the antenna

processed by the radio

modem 23 for conversion

are synchronized by

communication cont ro1

unit 23

24 are amplified or otherwise

and further demodulated by the

to baseband signals. The baseband signals

TDMA

unit

synchronization with respect to

cont ro1 signals

received by the

If set to

directly

slot synchronization by the

21 .

the

transmitted from

local

This achieves TDMA slot

control signals such that the

the local base stat ion are

mode subscriber.

the public mode, the

receives the control signals

station as in the case of the

system.

The local mode subscriber

local mode subscriber

f rom the public base

convent ional

also has the

personal

function

handy-phone

of receiving

call speech signals from the public base station via the local

16
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base station and the function of transmitting call speech signals 

to the public base station via the local base station even if the

local mode subscriber is set

the local mode subscriber can

to the local mode. Specifically, 

transmit and/or receive call speech

signals to or from the public base station even if the local mode

subscriber is set to the local mode.

When the call speech signals from the public base station

are received by the local mode subscriber via the local base

station, the call speech signals transmitted from the local base

station are received by the antenna 24 of the local mode

subscriber . The radio unit 23 amplifies or otherwise processes

call speech signals received over the antenna 24 and demodulates

the resulting signals by the modem 22 for conversion to baseband

signals. From the baseband s ignals, speech data, for example ,

are taken out by the communication control unit 21 so as to be

temporarily stored in the first buffer 25. The speech data, for

···

example, are taken out sequentially from the first buffer 25 by

• · · · • · ·'·

• ·

the communication control unit 21 so as to be then processed by

the speech codec unit 27 with decoding and conversion to analog

signals. The resulting signals are amplified or otherwise

processed by the speaker amplifier 28 so as to be then outputted

via the speaker 29 .

• · · ·

■· · ·
• ·

• · ·
• · · ·

• · · ·

When the call speech signals are transmitted by the local

mode subscriber via the local base station to the public base

station, the speech, for example, entering the microphone 31, is

17
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converted by the microphone 31 into analog speech data, which is

then amplified or otherwise processed by the microphone amp1i f i e r

30 and further processed by the speech codec unit 27 with

encoding or conversion to digital signals. Under control by the

communication control unit 21, the speech data is temporarily

stored in the second buffer 26 and. subsequently taken out

therefrom in timed relation to the transmission slot timing to

the local base station. The speech data and so forth, taken out

from the second buffer 26, is modulated or otherwise processed

I s

by the modem 22 and further amplified or otherwise processed by

the radio unit 23 for conversion to speech call signals which are

to the local base station over the antenna 24·. Thethen sent

speech data and so forth are transmitted over the informat ion

channe1 as will be explained subsequently.

If set to the public mode, the local mode subscriber

directly transmits and/or receives speech call signals to or from 

the public base station as in the case of the conventional 

personal handy-phone system.

Signal transmission/reception by the public base station, 

corresponding to a communication apparatus comprised of a base 

station and a subscriber as described above, is hereinafter 

explained. The public base station of the conventional personal 

handy—phone system performs transmission/reception by a four- 

channel time-divisional multiple access system. However, in the 

following description, one of the time shared time slots is

18
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·· · ·• · · ·

• ·• ····

taken as an example.

Fig.4 shows the typical timing of transmission/reception of 

the logical control channel (LCCH) by the public base station, 

while Fig.5 shows a portion A in Fig.4 to an enlarged scale. In 

Figs.4 and 5, TX and RX denote transmission from the public base

station and reception by the public base station, respectively. 

That is, the public base station intermittently sends down-stream 

control signals once every 1250 ms by the control carrier of a 

pre-set frequency for sending various control signals to the 

local base station and to the local mode subscriber. The public 

base station receives up-stream control signals from the local

base station or the. local

as from transmission of

transmission time for one

mode subscriber after lapse of 2.5 ms

the down-stream control signals. The

slot of the down-stream control signals

and the reception time for one slot

signals, inclusive of the guard time,

During transmission of the

the user information, such as

station intermittently transmits

set time interval by a carrier

cal 1

of the up-stream control

are each 625 "s.

speech signals, including

speech data, the public base

call speech signals every pre

for communication of a pre-set

• ·

• ·
 · • · · ·

frequency. The public base station receives up-stream call 
• ·

speech signals from the local base station or the local mode
• · ·

• .·
• ··
• · » ·
• · · ·

subscriber after lapse of 2.5 ms as from transmission of the

down-stream call speech signals. The transmission time for one
• ·

slot of the down-stream call speech signals and the reception
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time for one slot of the up-stream call speech signals, inclusive

of the guard t ime , are each 625 "s.

Figs .6A to 6C illustrate typical control slots for

transmission/reception of the control signals and typical

communication slots for transmission/reception of the call

speech signals.

Fig.6A shows the structure of a control slot inclusive of

a signaling control channel (SCCH). Specifically, the control

signaling control channel isslot inclusive of the comprised of

4 bits of t rans i ent response ramp time R, 2 bits of a start

symbo1 SS, 62 bits of a preamble PR, 32 bits of <a. unique word UW,

4 bits of a channel identification CI, 42 bits of the outgoing

incoming identification codeidentification code Hl, 28 bits of

H2, 34 bits df control data I, 16 bits of error detection parity

CRC and 16 bits of guard bits (GB), totaling 240 bits, and has

a length of 625 "s. The signaling control channel is a bi

• ·
 ·

directional channel for transmitting the information necessary

for call connection between the public base station and the

communication apparatus. The portion of 

control data shown

control data I of the

in Fig.5a corresponds to the signaling control
··'··

• · · · channe1.

Fig .6B shows

broadcast control

the structure of a control slot including a 
• · ·

> · ·

• · · · channel (BCCH) or a paging channel (PCH).

Specifically, the control channel including a broadcast control 
• · channel or a paging channel is comprised of 4 bits of transient
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response ramp time R, 2 bits of a start symbol SS, 62 bits of a 

preamble PR, 32 bits of a unique word UW, 4 bits of a channel 

identification CI, 42 bits of the outgoing identification code 

Hl, 62 bits of control data I, 16 bits of error detection parity 

CRC and 16 bits of guard bits, totaling 240 bits, and has a 

length of 625 "s. The broadcast control channel is a down-stream 

unidirectional channel for broadcasting the control information 

from the public base station to the communication apparatus,

while the paging channel is a down-stream unidirectional channel

for transferring the same information at a time from the public 

base station to plural communication apparatus. The portion of 

the control data I of the control slot shown in Fig.6B represents 

the signaling channel or the paging channel.

Fig.6C shows the structure of a communication slot including 

the information channel or traffic channel (TCH). That is, the

communication slot containing the information channel is 

comprised of 4 bits of transient response ramp time R, 2 bits of 

a start symbol SS, 6 bits of a preamble PR, 16 bits of a unique 

word UW, 4 bits of a channel identification CI, 16 bits of the 

low-speed ancillary channel SA, 160 bits of the user information• ·
• · · ·«

..... TCH, 16 bits of error detection parity CRC and 16 bits of guard
• · ·

bits (GB), totaling 240 bits, and has a length of 625 "s. The
• · A w ·• · ·
• ·· information channel is a bi-directional channel transferring the
« ··»• ·• · · ·

user information, such as the speech data, between the public 

base station and the communication apparatus. The user 
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information TCH of the communication slot shown in Fig.6C 

represents the information channel.

When the call incoming from the network connected to the 

public base station to a local mode subscriber position- 

registered in a paging area, the public base station broadcasts 

the incoming call using the paging channel of the control slot. 

If the local mode subscribed is set to the public mode, it 

directly receives the incoming signal from the public base 

station. On the other hand, if the local mode subscriber ?s set 

to the local mode, it receives the incoming signal from the 

public base station via the local base station. That is, in the 

present embodiment, the local base station also receives the 

control carrier transmitted by the public base station and sets

the TDMA slot synchronization to the control slot from the public

base station, so that the local base station similarly receives 

the incoming signal from the public base station. If the local 

mode subscriber is set to the local mode, the incoming signal 

from the public base station is transmitted via the local base 

station to the local mode subscriber.

The signal flow when the signal from the public base station 

is received by the local mode subscriber via local base station 

is hereinafter explained.

The transmission/reception of the control signal between the 

public base station and the local base station occurs by a 

control carrier of a pre-set frequency (carrier for public
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control) fcp, while transmission/reception of the control signal 

between the local base station and the local mode subscriber 

occurs by another control carrier of a pre-set frequency (carrier

for local mode control) fc different from the frequency ftl for

the carrier for public communication. The transmission/reception

of the call speech signal between the public base station and the

local base station occurs by a control carrier of a pre-set

f requency (carrier for public communication) ftl, while

transmission/reception of the call speech signal between the

local base station and the local 

another control carrier of a pre-set 

mode subscriber occurs by

frequency (carrier for local

mode communication) ft2 different from the frequency ftl for the 

carrier for public communication.

When the incoming signal from the public base station is 

received by the local mode subscriber via the local base station, 

the control slot transmission/reception occurs as shown in Fig. 7 

showing the state of transmission/reception of the control slot 

between the public base station and the local base station and 

the state of transmission/reception of the control slot between 

the local base station and the local mode subscriber.

As shown in Al, A3 and A5 of Fig.7, the public base station 

transmits the down-stream control slot by the carrier for public 

control fcp once every 50 ms. As shown in A2, A4 and A6 of

Fig.7, the public base station receives the up-stream control 

slot from the local base station or the local mode subscriber 
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after 2.5 ms as from transmission of the down-stream control

slot. The public base station broadcasts the incoming signal by

the control slot once every 1250 ms' that is in Al and A5 of

Fig.7.

On the other hand, the local base station sets the reception

signal to the carrier for public control fcp and receives the

carrier for public control fcp transmitted by the public base 

station. The

synchronization

local base station also sets the TDMA slot 

to the control slot from the public base station.

That is, the local base station receives the control slot

transmitted every 50 ms by the public base station, as shown in

• · ·• · ·• ··
• ·• · · · ·

Bl, B5 and B7 in Fig.7 and sets the TDMA slot synchronization to

the control slot. Also, for broadcasting the incoming call to the

• · · · • ·· · local mode subscriber, the local base station transmits the

control slot to the local mode subscriber by the carrier for

• ·• · · · · local mode control fc after 7.5 ms as from reception of the

• · • ·

• · · ·

• · · · ·

control slot transmitted from the public base station by the

carrier for public control fcp. The period of a super-frame of

a logical control channel transmitted by the local base station

is selected to be equal to the period of the super-frame of the

logical control channel transmitted by the public base station.

Thus the local base station receives the up-stream control slot

from the local mode subscriber after 2.5 ms as from reception of

the down-stream control slot.

On the other hand, the local mode subscriber receives the
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carrier for local mode control fc transmitted by the local base 

station, with the reception frequency being set to the carrier 

for local mode control fc, and sets the TDMA slot synchronization 

to the control slot from the local base station. That is, the 

local mode subscriber receives the control slot from the local 

base station and sets the TDMA slot to the control slot, as shown 

in Clin Fig.7.

If, when the public base station, local base station and the 

local mode subscriber are operating in this manner, the public 

base station receives, from the network connected to the public

incoming signals from the

•
base station, the incoming cal signal to the local mode

• ·
• · ·• · · subscriber position—registered in the paging area belonging to
• · ·

• ·• · · · ·• the public base station, the public base station broadcasts the
•• · · ·• · · ·

•
incoming signals on the paging channel by the carrier for public

• · control fcp.

• · ·• · · · ·• The local base station sets the TDMA slot synchronization
• · · · • · ·• · · to the control slot from the public base station and receives the

public station carried on the paging
• · ·
• · · ·• ·

• · · ·

channel . The local base station broadcasts the incoming call

s ignal by the carrier for local mode fc on the paging channe1,

after ms as from reception of the incoming signal from the

public base station, as shown by an arrow from B3 to Cl in Fig .7.

On the other hand the local mode subscriber receives the

7.5

incoming call signal
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control fc from the local base station, with the TDMA slot

synchronization being set to the control slot from the local base

stat ion . The local mode subscriber transmits the information

necessary for call connection to the local base station on the 

signaling control channel, by the carrier for local mode fc, 

after 2.5 msec as from reception of the incoming signals from the 

local base station, as shown by an arrow from C2 to B4 in Fig.7, 

in order to place a request for establishing a link channel.

On' reception of the request from the local mode subscriber 

for establishing a link channel, the local base station transmits

the information necessary for call connection to the public base 

station by the carrier for public control fcp, as shown by arrow 

from B6 to A4 in Fig.7, in order to place a request for 

establishing the link channel.

Referring to Fig.8, the connection sequence for receiving

• · · · the incoming call signals from the public base station by the

• · · • · ·
• · · ·

• ·

local

above

mode subscriber via

is explained.

the local base station

On reception of the incoming call

subscriber, position-controlled in the

a public base station, from the network

signals to

paging area

to which is

public base station, the public base station

as described

a local mode

belonging to

connected

broadcasts

the

the

incoming call to the local base station over the paging channel

by the carrier for public mode fcp, as shown at step STI .

On reception of the incoming call signals from the public
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• · · ·

· ·

base

ύ

Λ "7
station, the local base station generates the sound

call from outside, as shown at step ST2 ,

at the same time as it broadcasts the incoming of the call f rom

outside

control

On

on

fc ,

the paging channel by the carrier for

as shown at step ST3.

reception of the incoming call from the

station, the local mode subscriber produces

broadcasting the incoming call by the ringer unit,

local

local

the

mode

base

sound

as shown at

step ST4 .

If a call speech start key of the local mode subscriber is

thrust, as shown

the request for

base station by

at step ST6.

On

channe1

sends a

at step ST5, the local mode subscriber

establishment of the link channel to

the carrier for local mode control fc

reception of the request for establishing

from the local mode subscriber, the local

request for establishing the link channel

base station by the public control carrier fcp, as

ST7 .

transmits

the

as

the

local

shown

1 ink

base station

to the public

shown at step

On reception of the request for establishing the link

channel from the local base station, the public base station

sends the information necessary for call connection on the

signaling control channel by the carrier for public control fcp,

as shown at step ST8, and allocates the 1 ink channe1. The

information necessary for call connection means the information
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on, for example, the slot position or the carrier number of the 

slot position used, between the public base station and the local 

base station.

The local base station, to which the link channel has been

allocated by the public base station, senses the carrier for the

slot position and the carrier number of the specified call speech 

slot. If the slot has been found to be “not busy”, the local base 

station sends a synchronization burst by the carrier for public 

communication ftl to the public base station, as shown at step 

ST10.

On reception of the synchronization burst from the local 

base station, the public base station sends the synchronization 

burst by the carrier for public communication ftl to the local 

base station.

On reception of the synchronization burst from he local base

station, the public base station sends the synchronization burst 

to the local base station by the carrier for public communication

#··# · ftl, as shown at step ST11.
• ·· .

·""· On reception of the synchronization burst from the public

base station, the local base station sends the TCH idle burst by• ·• ·'···
the carrier for public communication ftl to the public base

• ·
station, as shown at step ST12.

On reception of the TCH idle burst from the local base

station, the public base station sends the TCH idle burst to the 

local base station by the carrier for public communication ftl,
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as shown at step ST13.
«

On reception of the TCH idle burst from, the public base 

station, the local base station sends the information necessary 

for call connection to the local mode subscriber by the carrier 

for local mode fc, on the signaling control channel, for 

allocating the link channel, as shown at step ST14. The 

information necessary for call connection is specifically the 

information on the slot position or the carrier number of the 

call speech slot used between the local base station and the 

local mode subscriber.

The local mode subscriber, to which the link channel has
• ·
·· .·

• · ·
• · ·

been allocated by the local base station, senses the carrier for
• ·
• · · · · 
•

• 
···· 

····
•

• ·

the slot position and the carrier number of the specified call 

speech slot, as shown at step ST15. If the slot has been found 

to be “not busy”, the local mode subscriber sends a
• ·
• · · · ·
•
• · · ·

• · · ·· ·

synchronization burst by the carrier for local mode ft2 to the 

local base station, as shown at step ST16.

• · · 
• · ·
• ··
···· 

• ·
• · · ·

On reception of the synchronization burst from the local

mode subscriber, the local base station sends the synchronization

• ·
• « · · ·

burst by the carrier for local mode ft2 to the local mode
•

•
• ·

subscriber, as shown at step ST17.

On reception of the synchronization burst from the local 

base station, the local base station sends the TCH idle burst by 

the carrier for local mode communication ft2 to the local base 

station, as shown at step ST18.
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On reception of the TCH idle burst from the local mode

subscriber, the public base station sends the TCH idle burst to

the local mode subscriber by the carrier for local mode

communication ft2, as shown at step ST19 .

Then, communication is had between the public base station

and the local base station by the carrier for public

communication ftl, as shown at step ST20a, . In addition,

communication is had between the local base station and the local

mode subscriber by the carrier for local mode communication ft2,

as shown at step ST20b.

Thus , with the communicat ion apparatus of the instant
• ·

·· ·
• ■·

embodiment, if the incoming call signal to the local mode
• · subscriber f rom the local base station is broadcast by the

carrier for

broadcast by

public control f cp, the incoming call s ignal i s

the carrier for local mode fc by the local base

station which

communicat ion

call

local

mode

has received the incoming signal. Thus ,

apparatus of the instant embodiment, the

signal from the public base station is

base station

subscriber is

Referring to

by the

set to

Fig.9,

received

with the

incoming

via the

local mode subscriber even if the local

the local mode .

transmission/reception of call speech

signals which is had between the public base station and the

local mode subscriber via the local base station, is hereinafter

explained. Fig. 9 shows the manner of transmission/reception of

the slot for communication between the public base station and
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the local base station and the manner of transmission/reception 

of the slot for communication between the local base station and 

the local mode subscriber.

When transmitting call speech signals from the public base 

station to the local mode subscriber via the local base station,

the public base station transmits the speech data to the local

9 '···

base station on the

by the carrier for

arrow from Pl

received the

sets the TDMA

and takes out

communication

to P2

information channel of the

public communication ftl,

in Fig.9. The local base

communication slot

as indicated by an

station, which has

communication slot from the public

slot synchronization

the speech data from

slot. The local base

data on the information channel of

base station,

to the slot for

the information

communication ,

channe1

station then sends the

the communication slot

of the

speech

to the

♦ · · ·

• · · ·

local mode subscriber by the carrier for local communication ft2,

:····

as indicated by an

On the other

f rom local mode

local base station

data to the public

arrow from

hand, when

subscriber

P3 to P4 in Fig .9 .

transmitting call speech signals

to the public base station

the local mode subscriber sends the

base station on the information channe1

via a

speech

of the

communication slot by the carrier for local mode communication

ft2, as indicated by arrow from QI to Q2 in Fig .9. On reception

of the communication slot from the local mode subscriber, the

local base station sets the TDMA slot synchronization to the

a

>

• ·

communication slot in order to take out the speech data from the
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information channel of the communication slot. The local base 

station then sends the speech data to the public base station on 

the information channel of the communication slot by the carrier 

for public communication ftl, as indicated by arrow from QI to 

Q2 in Fig.9.

Thus, with the communication apparatus of the instant 

embodiment, if the local mode subscriber is set to the local 

mode, speech call signals can be transmitted from the local mode 

subscriber to the public base station via the local base station, 

while the speech call signals from the public base station can

be received by the local mode subscriber.

In the above-described embodiment, the local mode subscriber

···
 · · ··· has communication of

station via the local

call

base

speech signals

station if the

with

local

the public base

mode subscriber

is set to the local 

also be configured so 

public base station i

mode. However, the

that, if the incomin 

s received by the loc

present invention may

; call signal from the

l1 mode subscriber via

the local base station when the local mode subscriber is set to

is detected by the local mode subscriber and so that if the

control signal from the public base station is detected by this

detection by the local mode subscriber, the local mode subscriber 

is switched to the public mode in order to permit communication 

to be directly had between the local mode subscriber and the 

public base station.
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The operat ion

Fig.10.

The operat ion

explained since it

3 3
in this case

from step STI

is explained by referring to

is the same as

to ST13 is not specif ically

that in Fig.8. If then the

transmission channel between the public base station and the

local base station is established by ftl by the process up to

the step ST13, the local base station sends a request signal for

•

switching to the public mode to the local mode subscriber by fc 

at step ST14’, at the same time as it enters a standby mode at 

step ST13" for waiting for the response from the local mode 

subscriber. At step ST14’, the local mode subscriber senses the
■· ·

·· · 
'· · 1· 

'· ■.··
carrier by ftl at step ST15’ in order to check whether or not the

<·:·
• ..·· · ·

'·

local mode subscriber can have direct communication with the
···· 

·· · ·

. ·

• ·

public base station. The operations of steps ST16’ to ST19’ are 

then carried out between the local mode subscriber and the public
:· ·
(· (·>··
(· r

ι· · · ·

base station. Since the operations are equivalent to those of
• c · 
1·· steps ST10 to ST13, the local mode subscriber and the public base

station are interconnected by these operations by ftl. If the 

local mode subscriber has confirmed that the circuit 

interconnection has been made at step ST19’, the local mode 

subscriber transmits a signal to the local base station to the 

effect that the local mode subscriber itself switches to the 

public mode since that time in order to have direct communication 

with the public base station. This signal is

the public mode changeover ACK signal ST20’ by fc. At step ST20’,
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the local base station recognizes that the role of an arbitrator 

for establishing the connection between the local mode subscriber 

and the public base station has come to a close to terminate the 

operation or to enter the usual standby mode.

The direct communication between the local mode subscriber 

and the public base station is started at step ST20C.

In the communication apparatus according to the present 

invention, plural local mode subscribers may also be used. The 

local mode subscriber can have signal communication with the 

public base station directly or via the local base station. If 

the present invention is applied to a communication apparatus 

having two or more local mode subscribers, signal communication
(·:·(· l·'··.·'·

'·
with the public base station may be had by one of the

'·· · ·
'· subscribers, while the signal communication with the public base

• ·

r· ·'· (···· (·
;·♦'··

station may be had by another local mode subscriber via local 

base station for having two calls simultaneously by line wires.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A communication apparatus having:
a public base station in a public radio telephone 

5 network;
a local base station in a local radio telephone 

network;
a subscriber;
said local base station having first radio

10 communication means for communicating wirelessly with said 
public base station and said subscriber;

said subscriber having:
second radio communication means for

communicating wirelessly with said local base station and 
15 said public base station, whereby in a first mode said 

subscriber communicates with said public base station via 
said local base station and in a second mode said
subscriber communicates directly with said public base 
station whether said subscriber operates in said first mode 

20 or said second mode;
wherein when said subscriber receives a first 

radio communication signal from said public base station in 
said first mode, said subscriber transmits a second radio
communication signal to said public base station in said

25 first mode;
whereafter if said second radio communication 

signal contains an indication that said communications 
should continue in said second mode, communications 
continue between said subscriber and said public station in

30 said second mode.

2 . A communication apparatus as claimed in claim 1
wherein said local base station is further connected to a
public switched telephone network.

35
3. A communication apparatus as claimed in claim 1
and claim 2, wherein said first and second radio

G:\MCooper\Keep\Speci\14721.97 .doc 8/06/00
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communication signals are of time division multiple access 
format.

4. A communication apparatus as claimed in any one
5 of claims 1 to 3, wherein said first radio signal is 

synchronised to a timing of said second radio signal.

5. A communication apparatus as claimed in claim 4, 
wherein said synchronisation is synchronising for a slot

10 timing.

6. A communication apparatus as claimed in any one 
of claims 1 to 5, wherein said indication is a request from 
said subscriber that communications continue in said second

15 mode.

7 . A communication apparatus as claimed in any one
of claims 1 to 6, wherein said subscriber generates said 
indication if said first radio communication signal

20 contains an indication that said first communication was 
sent from said public base station via said local base 
station.

8. A method of wireless communication involving two
25 modes of communication, in a first mode a public base 

station communicating wirelessly with a subscriber via a 
local base station, and in a second mode said public base 
station communicating wirelessly directly with said 
subscriber, said method involving:

30 said subscriber receiving a first radio
communication signal from said public base station via said 
local base station;

said subscriber transmitting a second radio 
communication signal to said public base station; and

35 whereafter if said second radio communication
signal contains an indication that said communications 
should continue in said second mode, communications

G: \MCoopei*\Keep\Speci \I 4721.97 .doc 8/06/00
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continue between said public base station and said 
subscriber in said second mode.

9. A method as claimed in claim 8, wherein said
5 indication is generated in said second radio communication 

signal if said first communication signal contains an 
indication that said first communication signal was being 
relayed from a public base station via said local base 
station.

10
10. The communication method as claimed in claim 8 or 
claim 9, wherein said communication signals are of a TDMA 
format.

15 Dated this 9th day of June 2000
SONY CORPORATION
By their Patent Attorneys
GRIFFITH HACK
Fellows Institute of Patent and

20 Trade Mark Attorneys of Australia
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