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R | [0 Abstract

. Field of the invention
The 'present_inﬁention generally relates to a digital mobile.
communication system comprising public cell stations and _"pri_véte
cell statiohs, and in'particular toa digi_thl mobile terminal and
. a method for making ﬁ.cqnnection 6f the digital mobile tetininal '
to either a public or private éell. station. .
2. Description of the Related Art
Recently, a digital fglephone system known as a personal
haﬁdj phone system (PHS) has been provided with public cell
stations intended for use outdoors in addition to -privatel cell
stations intended for home use. Apublic ceil stationis connected
to an ISDN public 1ix_1e and a private cell station to a subsét,i#:’er
line. A mobile telephone teminalz is generally p::ofzided with a
manual mode switch which manually changes thé qperation mode of
the mobile telephone terminal between a public mode and a :pfivétte- :
mode. When carryihg it outdoors, a user sets the mahual ._'mod_e |
switch to the position of public mode which allows the mobile
telephone terminal to make a connecﬁi_on to the nearest pubj.:lc ¢e11.'

station. When at home, the user sets the manual mode switch 1_;0 -
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the position of private mode, allowing it to make a connection

to the private cell station.

However, in cases where a public cell station is located
in the vicinity of the user's home, the respective radio zones

of the private cell station and the public cell station are-

| possibly overlapped, allowing the mobile telephone terminal to .

make a connection to both the pubic and the private cell stations.

Since a charge is different between public and subscriber connect .

services, as of now, the subscriber connect service has a smaller

charge, the user will set the manual mode switch to the position

of the private mode. In this case, when the manua_.l' mode switch

is carelessly set to the public mode, the public connect servic_:e h

will be charged by the amount of connect time to the user’s account

without his/her knowing.

SUMMARY OF THE INVENTION

An object of the present iavention is to provide a digital '

- mobile terminal and a connection method which can avoid a careless

connection of the digital mobile terminal which is located within

the overlapped area of radio zones provided by the private cel 1'-

station installed .in the user's home and the public cell stat:.on-

near the home.

another object of the present invention is to. p'ro{ride a .

digital mobile terminal and.a connection -mei:hod-' wb.ich. ca_n
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automatically make a connection of the digital mobile temj.nal
to either the private cell station or the public cell station with
reliability.

A digital mobile terminal according to the pr;?esent'
invention automatically switches between a public mode and a
privatemodewithgivingonea higher priority. 'Mofé pecificélly,

when in the public mode, the digital mobile terminal is forced

. into the private mode by off-hook and then starts a‘«predet_etmined

call:.ng sequence to the private cell station. if-a. connection

to the private cell stat:l.on fa:Lls, the digital mobJ.le terminal

automatically switches into the public mode and then makes a call .

. to the public cell station. | PERTENE
According to an aspect of the present invention, an

operation mode of the digital mobile terminal:is’ degected-.which

is one of a public mode and a privatemode.. The public mode causes

. thedigitalmobile terminal to operate for connection to the public

- cell station, and the private mode causes the digital mobile

. terminal to operate for connection to the privateic_eJ,l station.

When a calling request occurs dué to a user operation is detected :

-ina state that the digital mobile term:l.nal is in'the public mode, '

; the digital mob:l.le terminal is forced to sw:l.tch. té‘i the private
. mode. Therefore, a .f,irst.?qonnection to the p:ivama:égll -station

. is. requested according: to-the ptivate mode. If:the first

. connection to the private cell station fails, the digital mobile

terminal switches from the private mode to the pub‘l-ii: ‘mode and -

| then requests a second connection_ to the _'publ_ic ;i:'ell s‘tat'ion
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accérding to the public mode.

The first connection to the private cell station may be'
requested according to the private mode wheq a timer is reset for
a predétermined fimer value. If the timer reaches the |
predetermined timer value without receiving a c_onﬁi:ol signal from

the private cell station, the digital mobile terminal is fd_rced

.to switch to the public mode.

Furthermore, the second connection to ‘the public cell

station may be requested according to the public mode when the

timer is reset for the predetermined timer value. And the digital

mobile terminal stops calling if the timer reaches the
predetermined timer value without receiving a control signal from

the public cell station.

BiCLEY VESCRLEFLLON OF THE DRAWINGS

Fig. 1 is a block diagram showing the funétional
configuration of a digital cordless telephbne t.ei:minal according

to an embodiment of the present invention;

Fig. 2 is a schematic diagram showing an operation of the

. digital cordless telephone terminal located in the overlapped -

areaé of the radio zones provided by the public cell station and .

. the private cell station; : ) D
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Fig. 3 is a flowchart showing a connection procedure of the
digital cordless telephone terminal which is in the public mode

according to an embodiment of the present invention; and

Fig. 4 is a flowchart showing a connection ptocedure of the
digital cordless telephone terminal which is in the private mode

according to the embodiment. -

DETAILED DﬂSCR_IPTION OF THE PREFERRED EMBODIMENT

Referring to Fig. 1, a cordless telephone terminal |
.according to the present .inventio_n is mainly conegtised of a RF
(radio freQuency)- syét_em 10, a bascband system 11 and a control
system 12. The RF system 10 is comprised of an antemnna 101, an
antenna switch 102, a RP receiver 103, a RF transmitter 1__04 and .
a freéuency synthesizer 105.'. The antenna _i.'01 is cpnﬁe_cted to the
antenna switch 102 which is in turn connected to the RF receiver
103 and the RF transmitter 104. The RF receiver 103 ‘converts a .
RF received signal into a baseband received sigr’éél and outpufs._ :
it to f.h-e baseband system 11. The RF trans_mittef 104 converts
a baseband transmitting signal received from the baseband _éystem ,
11 into a RF transmitting signal and outputs it ito the antenna
101 fhrough the antenna éwitcb '102. The :ﬁre@enéy'?’;-_synthesizer
105 supplies variable reference frequencies to tﬁa‘ RF receiver
103 and the RF transmi_tt_er 104, réépectivély. and changes the

receiving frequency and the tfansmit’tin_g frequencf;ﬁ_. in acco:_:dance
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w1th a frequency control signal.

The baseband system 11 is comprised of a demodulator 106,
a channel encoder and decoder (CODEC) 107 including a TDMA/TDD
' control circuit, a modulator 108 ‘and a.speech CODEC 109. The
baseband ;ecéivéd sign#l is demodulated by the demodulator 106
and then is decoded by the channél CODEC 107 and the speech CODEC'
109 into a received speech sighal which is reproduced by the
speaker 110. On the other hand, the microphone 111 generates a _
tfansmitting'speech signal which is encoded by the speech cénEc-
109 and the channel CODEC 107; The channel-coded transmitting
signal is modulated by the modulator 108 into the .baseband
transmitting signal which is output to the RF transmitter 104 of
the RF system 10. The channel CODEC 107;outputs_the frequéncy
control signal to the frequency synthesizer 105 and -outputs a.
timing contxol signal to the RF system 10 for transwission and
reception timing control.. o o oy |

The operations of the RF sYs’téﬁ 10 and the {b_asébénd system
11 are controlled by thé_control;systan-lz. The.éontr01 systan |
12 is comprised of a processor 112, a memory 113;4a~ﬁode—switch
timer 114, and a-cont:bller 115 f#r a display 116:and a keypad
117. o ‘ =:;~ . : : . _ . ﬂ.*;%f

- The memofy 113 previously stores ptivaiefgéﬁﬁing_data,
public setting déta, an -identifidatidn number' (.'-'ID); an
identification number of the private cell station (pr.'l.vate Cs-1D)
and an ldentiflcation number of the»publia cell btation (public

CsS-ID). The private sett.i.ng data is comprised of transmitting
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and .receiving frequency data .and other necessary data for- a
private-mode operatioh including e connection establishment to
the private cell station. The public setting data is comprised
of transmitting and receiving frequency data and other necessary
data for a public-mode ope;:atiop including a connection .
establishment to the public cell station. The prOCeséor- 112

~ selects .o'ne of the private setting data and the public settihg
data according to the position of the mode setting key of the keypad
117 and a connection procedure as mentioned later. ‘The private
. CS~-ID is used' to check whether a received acknowledgment indlﬁdes
| the same ID number at the time of connection to the private cell |
station. Similarly, the public CS-ID is used to check whether
a received acknowledgment inoludes the same ID number at the time
of connection to the public cell station.

The. mode-switch timer 114 is reset and started by the
processor 112 and outputs a time-out signal to the processor 112
when a predetermined maximum time interval has elapsed.
Rece:.v:.ng the time-out s:l.gnal from the mode—switch timer 114, the
processo:.llz switches an operation mode of the t_elephone terminal
from the pr:.vate mode to the public mode or from the' public mode_
to a stop mode, which will be descr;bed in detail later. i
Furthermore, the processor 112 performs calling/called and
connection procedures by controlling the RF system 10 and the

baseband system 11.

Referring to Fig. 2, the mob:i.le telephone terminal 201 as

‘shown in Pig. 1 is taken with the user, the public cell stat:.on
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202 is installed outdoors, and the private cell station 203 is

placed in the user’s house. The public cell station 202 is

connected to the ISDN public line 204 and the private cell station

203 to the subscriber line 205. In Pig. 2, it is assumed that
the public cell station 202 is in the vicinity of the user’s house
and there is_ an overlapped area E3 of the radio zone El of .é pliblic
cell station 202 and the radio zone E2 of a pi'ivate cell station
203. | |

In such a situation, when located in the overlapped area
- B3, the mobile telephono terminal 201 can make a connection to
both the public cell station 202 and the privatc cell station 203.
According to the embodiment of the present invention, a higher

priority is given to a connection to the private cell station 203

because the charge of a.private coanection. 's__efvic’e 'through the

subscriber line 205 is generally smaller than thiat of a public

connection service through the public line 204 at the present time.

More specifically, when calling, the processor 112 performs a

private connection procedure accord:.ng to theprivate setting data :

stored in the memory 113 even if the mode -setting key of the keypad

117 is set to the puhlic-mode position. N'ee&liiless to say, the
higher priority will be 'giveo .to a smaller-charge service of the
private and public connection services. The calling operations
of the mobile telephone terminal will be delslcr'ibed'.in detail

hereinafter.

" Referring to Fig. 3, it is assumed that the mode setting
. i _

key of the keypad 117 -i—g set to the public-modo positi_oxi and the
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proées_sor 112 are performing an intermittent recelving operation
in the public mode (S10). When the user presses an off-hook
function key for calling (S11), an operation mode of the mdbile
telephone terminal is forced into the private mode by the processor
112 (S12). More specifically, when the off-hook key is pressed,
the processor 112 reads the private CS-ID and the private setting
data from the memory 113 and sei;.s the RF system 10 and the baseband _
system 11 according to those data. In other words, the operation
'mode of the telephone terminal switches from the public .mode to
the private mode and thereby the frequency of a control channel
also switches to a predetermined frequency for connectioﬁ to the
private cell station. - |

After switching to. the private mode, the processor 112
controls the channel CODEC 107 of the baseband system 11 to
transmit a call request to the private cell station when starting
the mode-switch timer 114 set for the predetermined maximum time
interva:_t (S13). At the same time, the destination number input
by the dialing keys- of the keypad 117 is displayed on.the ~I.CD"116.
After that, the processor 112 waits fof an acknowledgment from
the private cell station (S14-s18). More specifically, wh‘en
receiving é control signal (S14), the processor 112:§he'¢ks whether
a source identification number included in the received control
- signal is identical to the private CS-ID (s-_1_5') . .-_If.qoi;:.-fidentical,
the waiting steps ( s144318,.)-? are. repeatecily- exeéute"d; until the
private CS-ID is ::eceiv'ed' (YES of 515) or the mode-switch timer

114 exceeds the predetermined maximum time interval (YES q'f -518') .
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When receiving the private CS-ID (YES of S15), the processor
112 controls the baseband system 11 so as to take well=known steps
for connection establishment (S16) and a telephone communication
is started through the private cell station (S17). Iﬁ other words,
in this 'embodiment, a higher priority is given to the private mode
because, as of nov&, the private conriection service has a smaller
charge than the public connection service. Therefore, even if
the mobile telephone terminal is performing the publi.c-moﬁe
receiving operation witﬁ the mode setting key setting to the
public-mode position, the calling steps are started with the
p.fiirate mode. | | |

On the other hand, if -the mode—ewitch timer 114 exceeds the
predetermi.ned maximum time interval (YES of §18), the operation
mode of the telephone terminal swrl:che- from the private mode to
the publ:.c mode (S19) and thereby the frequency of a control
channel--also switches to a predeter_m:.ned frequency for connection
to the public cell station. | '

after switching to.the public mode, the prbcess.o:.: 112
controls the channel CODEC 107 of the baseband system 11 to
i:ransm:i.t a oal_l request to the public cell station when Starting
the mode-switch timer 114 set for the predetermined maxmum time
interval | (S20). After that, the processor 1iz waits for an
acknowledgment from the public cell station (521-825). More
specifically, when receiving a control signal (S21), the processor
112 checks whether a source identifioation nu‘mber included in the

re_c_eived control signal is identical to the public CS-ID ( 822). -
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If ﬁot identiéal, the ‘'walting steps (S21-S25) are repeatedly
executed until the public CS-ID is received (YES of S22) or the
mode-switch timer 114 exceeds the predetermined maximum time
interval (YES of S§25). '

When receiving the public CS=ID (YES of $22), the processor
112 controls the Baseband system 11 so as to take well-known steps
for connection establishment (S23) and a telephone communication
' is started through the-public cell station (S24). 5

If the mode-switch timer 114 exceeds the predetermined
maximum time interval (YES of §25), the processor 112 stops calling
(526) and returns to the intermittent receiving operation in the
public mode.
| Referring to Fig. 4, it is assumed that the mode setting
key of the keypad 117 is set to the private-mode position and the
. processor 112 are performing an ihtermittént receiving operation
in the érivate mode (S30). When the user presses an off-hook

function key for calling (s31), the processor 112 controls the

channel CODEC 107 of the baseband system 11 to transmit a call

request to the private cell station when starting the'mode-switch
timer 114 set for the predeterminéd maximum time inteﬁval. (S32) ..
At the same time, the destination number input by the'dialing keys
of the -keypad'117 is .d:l;spllayed on the LCD 116. After that, the
processor 112 waits for an acknowledgment from the private cell
station (833-S837). More specifically, wheh rece_iving a control
signal (533_), the processor 112 cﬁe’c_:ks_ whether a source -

identification number included in the received control signal is

This Sheet Has Been R

A

eﬂlilced



12

ideﬁtical to the private CS-ID (S34). If not identical, the
waiting steps (S33-5S34) are repeatedly executed until the private
CS-ID is received (YES of $34) or the mode-switch timer 114 exceeds
the predetermined maximum time interval (YES of s§37).

When receiving the private CS=ID (YES of S34), the processor
112 controls the baseband system 11 so as to take well-known steps
for connection establishment (S35) and a telephone communication
is started through the private cell station (S36).

On the other hand, if thg mode~switch timer 114 exceeds the
_predetermihed maximum time interval (YES of $37), the processor
112 stops calling (S38) and returns to the intermittent receiving
operation in the private mode. |

Alternatively, in cases where the mode setting key of the
keypad 117 is set to the ;’:rivate—mode position and the processor
112 are performing an iﬁiemittent .receiving operation in the
private mode, the processor 112 may allow the mode-switch timer
114 to stop working. In other words, the calling procedure may
éontinue to be pexrformed until the user stops the calling pr_ocedure
by pressing an on-hook key. | |

While there has been described what is at present considered
to be preferred embodiment of the invention, it will beunderstood -
that various modifications may be made therein.. For instance,
the present invention may be applied to the data transmission 6f '
facsimile machines, computers and the likes. It is :.Lntei:ded to

cover in the appended claims all sucﬁ modifications as fall within

the spirit and scope of the invention. L .
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1. = Amethod for providing a connection between a digital

mobile terminal and one of a public cell station and a private
cell station, said public cell station being located outdbors
which is connectedto a p\;hl:l.é: communication line, and said private
cell station being located indoors which is connected to a
subscriber liné, shid method comprising the steps of:. -

a)ldetecting an operation mode of said digital mobile
terminal, said opex':ation mode ,_being one of a public mode and a
private mode, aidf public mode cauing 'said digital mobile
terminal to operate for connection to said public ceil station,
and said private mode causing said -digi!tal mobile terminal to
operate for cofnection to said §rivate ‘cell station;

b) detécting acalling request in said operationmode,

said calling r eft occurring due to a user operation;
c) switching said digital mobile terminal to said ’ '

private mode when said calling request is detected in said public

mode; ' | |

d) reqt?msting a first connection to said private cell

station according to said private mode; |

| ‘e)] switching said digital mobile terminal to said

publi;: mode wheu' said first connectiqn 1;0 said privatecell stétion.

fails; and

f_-) reqyesting a second connection to said public cell

A
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station according'to said public mode.

2. ‘The method according to claim 1, wherein:

said step (d) comprises a step of requesting said -
first connection to said private cell station according to said
private mode when resetting a timer for a predetermined timer |
value; and

said step (e) comprises the steps of:

waiting for a control signal from said private cell
station; and | |

switching said digital mobilc terminal to said
public mode when said timer i‘each_es said predetermined timer value
without receiving said control signal from said private cell’

: i
station.

3. The method according to claim i, -further comprising
a step of:
g) stoppin_g calling when said second connection to

said public cell station fails.

4. The method according to claim 3, wherein:
said step (£) comprises a step of requesting said
second connect:.on to said public ce11 stat:Lon according to saJ.d C
public mode when resetting a timer for a predetermined timer value;

and

said step (9g) comprises a step of:

* [ L M .S *
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waiting for a control signal from said public cell

station; and
stopping calling when said timer reaches said
predetermined timer value without receiving said control signal

from said public cell station.

5. - Amethod for providing a connection between a digital
mobile terminal and one of a first cell station and a second cell
station, said Jirst cell station being connected to a first

communication }ine, said second cell station being donnected to

a second commun; [cat.'l.on line which has a smallex connect:.on service
charge then said first copmunication line, sald method comprising
the steps. ofs

a) detecting an operation mode of said digital mobile
terminal, said oéeration mode being one of a first operatioh mbc_le '
and a second operation mode, said first bperation mode causing
said digital mobile terminal to operate for comnection to said
first cell station, and said second operation mode causing said
digital mob_ile terminal to operate for coﬁhecf.ioh to said sec;ond
cell station;

b) detecting a calling request in said operationmode,
said calling request occurring due to a user operat._i.pﬁa :

c) switching said digital mobile terminal to said
second opérat'ion mode when 'said._ calling request is detected in
said first bperat:l.on mode; : | |

d) r_equésting a first connection to said second cell

£ ¢ L M 0§ * _ ' .
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e) switching said digital mobile terminal to said

|

station according to said second operation mode;

first operation mode when said first connection to said second

cell station fails_; and

f) requesting a second connection to said first cell

station according to said first operation mode.

6. Amethod for providing a connection between a digital
mobil.e terniinal and one of a first cell station and a second cell
-station, said first cell station being connected to a first
communication line, séu‘.d second cell station being connected to
a second comunicati‘on line, said method comprising the steps of:

~ a) detecting an operation mode of said diéital meobile
terminal, said operé_jtion mode being one of a first operation mode
and a second operation mode, said first o_perati.on mode causing
said digital mobile tezjminai to operate for connection to said
first cell stﬁtion, said second operation mode causing said
digital mobile terminal to operate for connection to said second
cell station, and said first operation mode having a ﬁigher
priority than ‘said second operation mode; S

b ) detecting acalling requesf in said operationmode,

said calling request occurring due to a user oper_ation ;

- c) switching said digital mobile terminal to said
first operation mode when -said calling reéueét is detected in a
state that said digit_ai mobile tez—miﬁal is in said second oPera'i:ion-

mode;

oox L M s _ _ :
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d) requesting a first connection to said first cell

17

station according to said first operation mode so as to establish
said first connection between said digital mobile terminal and

said first cell station;

e) switching said digital mobile terminal to said
second operation mode when said first connection to said first

cell station_ fails; and

f) requesting a second connection to said second cell
station according to said second operation mode 8o as to establish
said second connection between said dig.i;l:ai mobile terxﬁinal and

said second cell station.
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