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BACKGROUND OF THE INVENTION

FPield of the'invention

The presént invention relates to mobile terminal
equipment having.a time displaying function, and more
particularly to mobile terminal equipment suitable for
mobile telephones, for instance,_to be used in a plurality

of geographical areas differing in standard time.

Description of the Related Art

When moBile terminal equipment of this kind is to
be used in any area belonging to a standard time zone
different from that of its home memory station, it is
desirable for the time display of the equipment to be
automatically adjusted to the standard time of its use.
For mobile terminal equipment of the IC card-inserting
type, it would be more convenient for contact with the
main area of the use (home town) of the IC card to have
the standard time of the home toﬁn displayed rather than
that of thé area in which the mobile terminal equipment
is used. i

Mobile ferminal equipment with a function to
automatically calibrate the disélayed time is disclosed
for use in multi-channel access (MCA) systems in a

Japanese patent disclosure gazette (patent application



10

15

20

25

disclosure No. 1990-58937; disclosed 6n February 28, 1990;
the invention entitled a mobile communication system) .
This mobile terminal equipment receives reference time
data from the radio base station, and calibrates its

own time in accordance with the reference time data.
However, if time data afe addéd to data information,

the need to process the time data will inevitably eniarge
the circuitry of the mobile terminal in dimensions, and
this is undesirably for mobile telephone systems or other
systems which require mobile terminal units to be

simplified in configuration.

SUMMARY OF THE INVENTION
Objects of the Invention

A first object of the present invention is to provide a
mobile terminal equipment which is capable, even if moved
to a geographical area differing in standard time, of’
automatically displaying the time of the area in which
it is used, and moreover is simple in configuration.

A second object of the invention is to provide a
mobile terminal.equipment of the IC card-inserting type,
capable of au@omatically displaying the standard time of
its home town irrespective of the area in which the mobile

terminal equipment is currently used.

Summary of the Invention

In mobile terminal equipment according to the present
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invention, a locational information generating circuit
generates locational information.indiéating which of a
plurality of standard time zones is to be selected for
display. A time difference calculaﬁing circuit, ready
in advance with time differengé information concerning
the standard times of the plurality of areas obtained
from said locational information, calculates  the time
difference between the standard time corresponding to
said locational information and a separately preset one
of said standard times. A clock circuit generate time
data counted according to one of said standard times.

A time data correcting circuit is responsive to said time
difference for correcting said time data into the time
data of the standard time of the area corresponding to
said locational information. A time display displays
the time corresponding to the corrected time data.

One of the aspects in which this mobile terminal
equipment is to be put into practical use is mobile
telephones of the cellular type. Such a mobile telephone
generates aid locational information in response to a
radio signal from the radio base station. This 1bcational
information may be a zone identification code signal
indicating the current location registration area of
this mobile telephone.

Another aspect in which the mobile terminal equipment

would find practical use is cellular mobile telephones of



10

15

20

25

This Sheet Has Been Replaced

RO

the IC card-inserting type.. In the IC card is stored

the home town informétiop of the person moving from one
geographical area to another. Such a mobile telephone

uses the home town as the locational information, and

reads out the home town information into the time difference
calculating circuit. Therefofe, this mobile telephone
displays the standard time of this home town on its time
display.

Still another aspect in which the mobile terminal
equipment could be put into practical use is mobile
telephones of the IC card-inserting type. Such a mobile
telephone stores the area in which the telephone is
currently used into a locational information storage as
locational information. Meanwhile, in the IC card are
stored in advance the standard time of said home town,
which is predetermined, and the differences from the
standard times of a plurality of areas of use inciudiné
the area of current use. An IC card interface circuit
reads out the time aifference between the area of use and
the home town from the IC card into time data correcting
circuit, which corrects the current time data into the
time data of the home town in response to the time
differeﬁce. Accordingly the_time display displays

the standard time of the home town.

BRIEF DESCRIPTION OF THE DRAWINGS
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The above-mentioned and other objects, features and

 advantages of the present invention will become more

apparént from the following detailed description when
taken in conjunction with the accompanying drawings,
wherein:

FIG. "1 illustrates a,mdbile telephone system to
which a preferred embodiment of thé invention is applicable;

FIG. 2 is a block diagram of the preferred embodiment
of the invention}

FIG. 3 is a flow chart for describing the time
displaying operation in the mobile telephone set 7A
shown in FIG. 2;

FIG. 4 is a block diagram of another preferred
embodiment oflthe invéntion;

FIG. 5 is a flow chart for describing one of the time
displaying operations in the mobile telephone set 7B shown
in FIG. 4; and - ‘

FIG. 6 is a flow chart for describing another of the

time diéplaying operations in the mobile telephone- set 7B.

DETAILED.DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring.to FIG. 1, this cellular mobile telephone
system Eonnects mobile telephone switching offices (MTSO's).
2a and 2b, differing from each other in standara time,
via a fixed communication network 1. The MTSO 2a has a

location registration area 4a, consisting of a plurality
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of cells 5, aé its service area, and is connected to each
of base stations (BS's) 6, one of whiéh is installed
in each of the cells 5. The MTSO 2b has a location

registration area 4b, also consisting of a plurality of

cells 5, as its service area, and is connected to each

of base stations (BS's) 6, each corresponding to one or
another of the cells 5. This mobile telephone system
further connects to the fixed commﬁnication network 1 the
location registration area 4c of a home location memory

office (HR) 3, which is an MTSO, and many other location

registration areas not shown herein. These many location

registration areas may have the same standard time or
different staﬁdard times. Here, the mobile telephone set
(MS) 72 has the location registration area 4c as its home
town and the HR 3 as its home location memory office.
Referring to FIG. 2 together, the mobile telephone
set 7A performs communication with another mobile'teleéhone
set and the fixed communication network 1 via one of the
BS's 6. Thus, the antenna 11 of the MS 7A receives radio
signals, including the area identification signal of the
location registration area 4a, from the BS 6. Such an
area identification signal is assigned in advance to each
1ocatioh registration area. The receive radio signals
from the antenna 11 are converted by a radio portion 12
into intermediate frequency (IF) signals. In response

to these IF signals, a microprocessor (CPU) 31 and a
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control portion 16A, including a ROM 32A for storing a
program to operate thé CPU 31 and a RAM 33 for use in
arithmetic operation, supply speech signals to a micro-
phone 19, and reproduce said area identification signal
in a diéital.form. The control portion 16A, in response
to data from a keyboard 20 and speech signals from a
loudspeaker 21, sends transmit signals to the radio
pdrtion 12, which converts these transmit signals into
transmit radio signals and transmits them from the
antenna to the BS 6. The line connection and other
procedures between the BS 6 and the MS 7A are executed
in accoxrdance with methods known t6 persons skilled in
the art. a freqﬁency synthesizer portion 14, under
control by the control portion 16A, performs channel
switching between the MS 7A and the BS 6.

The clock circuit 18 of the MS 7A generates time data
counted according to the standard time of the locétion'
registration area 4c, which is stored in a ROM 15A as
the home town in the form of an area code signal. The
ROM 15A are also ready in advance with time difference
data indicating the differences between standard times,
each corresponding to one or another of said area
identification signalé which can exist in the coverage
of this mobile telephone system, and the standard time
of the area 4c. The control portion 16A, upon receiving

an area identification signal from the BS 6 in the location
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registration area 4b, reads out said time difference data
as the address sighal of the ROM 15A, and adds said timé
difference data to the time data counted by the clock
circuit 18. Then, the control portion 16A transmits the
time data corrected with saidltime difference data, i.e.
the time data of the standard time corresponding to the
reproduced area identification signal, and a display
portion 17 displays the time according to the standard
time of the location registration area 4a.

The mobile telephone set 7A, when it moves from the
location registration area 4a to the area 4b, reproduces
an area identification signal from receive radio signals
from the BS 6 in the location registration a£ea 4b, and
displajs on the display portion 17 the time according to
the standard time of the zone in which the location
registration area 4b exists.

Table 1 shows the location of said area.idenfificétion
signal when the base station (BS) 6 of FIG. 1 is included
in a cellular mobile telephone system of Standard EIA/TIA
553 and conforms to the IS-54 (Revision A) Standard (Dual-
Mode Mobile Station Compatibility Standard, published in
Jan. 1991 by tﬁe Electronic Industries Association). This
area idéntification signal, contained in Word 1 of the
system parameter overhead message in the receivé radio
signals from the BS 6, is in a 1l4-bit system identification

(sID1l) field.



Table 1l: System Parameter Overhead Message (Word 1)

Information element Length (bits)
TiT2 = 11 2
DCC - 2
SID1 ’ 14
RSVD = 0 1
AUTH 1
PCI 1
NAWC - 4
OHD = 110 . 3
P 12

Table 2 schematically shows time difference data to be
stored in the ROM 15A.
Table 2: Data Stored in ROM 15A

SID signal Time difference (H)

(Location registration area)

4a | +1
4b -1
4c 0
;4d .0
4e +1

If the service coverage of the mobile telephone
system is to include location registration areas 4a, 4b,

4c, 44 and 4e, one of the five kinds of area identification
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signals respectively representing thé location registration
areas 4a, 4b, 4c, 4d and 4e will be contained in said

SID1 field. The ROM 15A of the mobile telephone set 7A
stores an area identification signal indicated by the

SID1l signal, i.e. a time diffgrence corresponding to the
location registration area 4a, 4b, 4c, 44 or 4e, as time
difference data. Since the area identification signal 4c
is the location of the home memory of the MS 7A, the time
difference corresponding to the area 4c obviously ié 0 hour.
The MS 7A, when it is in the area 4a, displays a time one
hour later than when in the area 4c.

Further referring to FIG. 3 together, the user or the
operator of the mobile telephone set 7A first initializes
the clock circuit 18 so as to count time according to the
standard time of the location registration area 4c (step’
21). In using the MS 7A, when the user turns on the power
source (not shown) of the MS 7A (step 22), the coﬂtrol'
portion 16A controls the synthesizer portion 14 so as
to scan a predetermined plurality of dedicated control
channels (D channels) (step 23). The receiver circuit
of the radio portion 12 detects the D channel indicating
the greatest réceive electric field, and the control
portion.lﬁA selects the detected D channel (step 24).

The control portion 16A receives over the D channel the
radio signals from the BS 6 via the antenna 11, the radio

portion 12 and a demodulator portion 13, reproduces the
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overhead information message contained in the receive
radio signals to update the SID1 signal, i.e. the area
identification signal, and at the séme time obtains paging
channel (P channel) information (step 25). The control
portion 16A scans a plurality of P channels in accordance
with this P channel'informatién (step 26). - The receiver
circuit of the radio portion 12 detects the P channel
indicating the greatest receive electric field, and
the control poftion 16A selects the detected P channel
(step 27). The MS 7A receives radio signals including
gn overhead information message from the BS 6 over the
P channel (step 28).

The control portion 16A checks whether or not the
SID1 signal in the overhead information message received
over the P channel and the SIDl signal received over
the D channel are identical (step 29). If they are,.
this MS 7A shifts to the communication mode in a épeecﬁ
connecting sequence well known to those skilled in the
art (step 30), at the same time receives a location
registration parameter to perform location registering
operation (step 31), and then shifts to displayed time
correcting opérations to be described below (steps 32,
33 and 34). Or, if the two SIDl signals are not found
identical at step 29, the MS 7A will return to étep 23.

At step 32, the contrél portién 1l6A détects from

the SIDl1 signal an area identification signal by which



10

15

20

25

- 12 -

the location of this MS 7A can be identified from among
the location registration areas 4a, 4b, 4c, 44 and 4e.
The CPU 31 of the control portion 16A reads out of the

ROM 1524, using the detected area identification. signal

as the address signal, the time diffexence data of the

corresponding location registration area, and adds the
time difference data and thé time data from the clock
circuit 18 to generate corrected time data (step 33).
The corrected time data indicate the time resulting from

the time difference data of the location registration

area 4a (+1 hour) to the time according to the standard

time of the home town 4c. The display portion 17, receives
the corrected time data from the control portion 16a, and
displays the current time according to the standard time
of the location registration area to which the accessed
BS 5 belongs.(step 34).
As described above, since fhe mobile telephoﬁe se£
7A automatically displays the current time according to
the standard time of the area in which it is being used
wherever it may be, the user of this set 7A need no
effort to fiﬁd out what the local standard time is, and
accordingly is'provided with greater convenience.
‘Referring to FIGS. 4 and 1 together, a mobile telephone
set (MS) 7B used in thé location registration area 4a
has respectively the same antenna 11, radio portion 12,

demodulator portion 13, frequency synthesizer portion 14,
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display portion 17, clock circuit 18, microphone 19,
keyboard 20 and speaker 21 as what the MS 7A has.

The control portion 16B and ROM 15B of this MS 7B are
substantially the same circuits as the control portion 16A
and ROM 153, respectively, of'the MS 7A, but the program

stored in a ROM 32B built into the control portion 16B

and data stored in the ROM 15B are slightly different

from their respective counterparts in the MS 7A.

This MS 7B further includes an IC card 23 containing
a microprocessor (CPU) 231 and a ROM 232, and an IC card
interface 22 constituting an interface circuit for the IC
card 23 and the control portion 16B. The MS 7B consists
of the IC card 23 and the body 41 of the mobile telephone
set comprising other constituent elements than the card 23,
which can be inserted into any one of the bodies 41 of
mobile telephone sets belonging to this mobile telephone
system.' The IC card 23, used for counting the chérge ;mong
other purposes, stores in its ROM 232 the MS 7B user's
personal identification number and the area code number
repfesenting the home town (location registration area 4c).
Said personal identification number is registered with the
homé location ﬁemory office 3,‘which is the home town of
the use} of the IC card 23. Therefore, the user of this
IC card-inserting type MS 7B has only to carry with him
or her the IC card 23, and make a telephone call at his

or her own charge irrespective of the choice of the MS
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body 41 into which the IC card 23 is inserted. The main

_body 41 is usually used within location registration areas

of thé same standard time, and the area code signal stored
in the ROM 15B of this body 41 is that of the location
registration area 4a.

The IC card-inserting type mobile telephone set 7B
is not limited in use to mobile tgléphone systems, but
can be used for other purposes including facsimile systems,
in which case other constituent elements essential for
facsimile communication would obviously be required.

One of IC cards 23 for use with the mobile telephone
set 7B of FIG. 4 is further provided in its ROM 232 with

a data area for displaying the time. .
Table 3: Data Stored in ROM's 232 and 15B

SID signal . Time difference (H)

(Location registration area)

4a -1
4b +1
4c 0
44 0
4e -1

Thus, a ROM 232 of a first type, using the area code
signals stored in the ROM 15B as the address signals,
stores in the form of time difference data the time

differences between the location registration area 4c,
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which is the home town of the IC card 23, and the location
registration areas 4a, 4b, 4c, 44 and-4e, in any of which
the mobile telephone set body 41 can be used. Since the
location registration area 4c is the location of the home
iocation memory of the IC carq'23, the time difference
obviously ‘is 0 hour when the body 41 is in the area 4c.

Or when the IC card is used in the area 4a as shown in

FIG. 1, the time difference is -1 hour.

To describe the time displaying operation of the
MS 7B fitted with one of the IC cards 23 with reference
to FIG. 5 together, the clock circuit 18 of the mobile
telephone set body 41 counts the time according to the
standard time of the location registration area.4a stored
in the ROM 15B (step 41). To use the MS 7B, the user
inserts the IC card 23 into the body 41 (step 42). Then
the control section 16B reads out the area code signal
representing the location registration area 4a frém the
ROM 15B, and sends this area code signal tb the IC card
23 via the IC card interface 22 (step 43). The CPU 231
of the IC card 23 reads out of the ROM 232 the time
difference data (-1 hour) corresponding to this area
code signal, and sends the time difference data to the
'control‘portion 16B via the IC card interface 22 (step 44).
The control portion 16B adds the time data from the clock
circuit 18 and the time difference data to generate

corrected time data (step 45). The corrected time data
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indicate the current time according to the standard time

of the location registration area 4c. The control portion

16B sends the corrected time data to the diéplay portion -
17, which displays the current time corresponding to the
corrected time data (step 46). Accordingly the display
portion of the MS 7B automatically displays the home town
time of the IC card 23.

Next will be described another preferred embodiment
in which the mobile telephone set 7B of FIG. 4 is fitted
with an IC card 23 of another type. In this embodiment,
time difference data are not stored in the IC card 23,
and instead time difference data of the same format as
what is shown in Table 3 are stored in the ROM lSB in
the body 41 of the mobile telephone set.

To describe the time displaying operation of the
MS 4B fitted with an IC card 23 of the other type with
reference to FIGS. 6 and 4 together, steps 51 and 52-
are the same operations as steps 41 and 42, respectively,
in FIG. 5. At. step 53, the IC card 23 reads out of the
ROM 232 the area code signal representing the location
registration area 4c, and sends this area code signal
to the controi portion 16B via the IC card interface 22
(step 53). The CPU 31 of the control portion 16B reads
out of the ROM 15B the time difference data cofresponding
to this area code signal (~1 hour) (step 54). The

following steps 55 and 56, too, are the same as steps
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45 and 46, respectively, in FIG. 5, and the display
portion 17 of the the MS 7B automatically displays the
home town time of the IC card 23.

Since the mobile telephone set 7B, as described
above, éﬁtomatically displays the home town time of the
IC card 23'wherever it may be used, the user of this set
7B is relieved from the trouble of calculating the time
difference when making a telephone call to the home town.

As hitherto described, a mobile terminal equipment
according to the present invention calculates the time
difference between its current location and its home
town according to its own spécific area code signal and
separately obtained information on its current location,
and automatically displays the home town time and the
current time according to the standard time of the area
in which it is currently located. Therefore this mobile
terminal equipment has the advantage of improving.the '
convenience of its user. |

Although the invention has been described with
reference to specific embodiment embodiments, this
description is not meant to be construed in a limiting

sense. Various modifications_of the disclosed embodiment,

- as well as other embodiments of the invention, will become

apparent to peréons skilled in the art upon reference
to the description of the invention. It is therefore

contemplated that the appended claims will cover any such
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modifications or embodiments as fall within the true scope

of the invention.
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What is claimed is:

1. A mobilé terminal equipment provided with:

locational information genefating means for generating
locational information indicating which of a plurality
of standérd time zones a giveﬁ location belongs to;

clock means for generating time data counted according
to a preset one of said standard times;

time difference calculating means for calculating the
time difference between one of said standard times and the
standard time of the area corresponding to said locational
information;

time data correcting means résponsive to said time
difference for correcting said time data into the time
data of the standard time corresponding to said locational
information; and

time display means for displaying the time
corresponding to said corrected time data.
2. A mobile terminal equipment, as claimed in Claim 1,
wherein said locational information generating means
includes: |

receiver means responsive to radio signals from
a cellular type base station for generating.demodulated
data, and

signal processing means responsive to said demodulated

‘data for generating said locational information.
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3. A mobile terminal equipment, as claimed in Claim 2,

wherein said locational information is an area identification
code signal indicating the locational registration area in

which the mobile terminal equipment is currently located.

4. A mqbile terminal equipmént, as claimed in Claim 2,
wherein said time difference calcﬁlating means is provided
with: |

a first ROM for storing time difference data
representiné said time difference corresponding to each
piece of said locational information; and

reading means for reading out, upon receiving said
locational informatidn, the corresponding unit of said
time difference data from said first ROM, and

| said -time data correcting means is adding means for

adding said time data and said time difference data.

5. A mobile terminal equipment, as claimed in Claim I,
wherein said locational information generating means is:

a second ROM for storing, as said locational
information, the area of use corresponding to one of
said standard iimes, and

said time difference calculating means is provided
with: -

an IC card for storing in advance the time differences
between the standard time of the main area of use and those

of a plurality of areas of use, and
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IC card interface means for reading out said time

difference of the area of use corresponding to said
locational information from said IC card into said time

data correcting means.

6. A mobile terminal equipment, as claimed in Claim 5,
wherein said mobile terminal equipment is a mobile

telephone set of the cellular type.

7. A mobile terminal equipment, as claimed in Claim 1,
wherein said positional information generating means
includes:

an IC card for storing the main area of use as said
locational information, and

IC card interface means for reading out said main

area of use into said time difference calculating means.

8. A mobile terminal equipmeﬂt, as claimed in Claim 1,
wherein said mobile terminal equipment is a mobile

telephone set of the cellular type.

9. A mobile ierminal equipment proVided with:

reéeiver means responsive to radio signals from a
cellular éype base station for generating demodulated
data;

signal processing means responsive to said demodulated
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data for generating locational information indicating

which of a plurality of standard time zones a given
location belongs to;

clock means for generating time data counted according
to a preéet one of said plurality of standard times;

time -difference calculating means for calculating
the time difference between one of said standard times
and the standard time of the area corresponding to sdid
locational information;

time data correcting means responsive to said time
difference for correcting said time data into the time
data of the standard time corresponding to said locational
information; and

time display means for displaying the time

corresponding to said corrected time data.

10. A mobile terminal equipment, as claimed in Claim é,
wherein said locational information is an area
identification code signal indicating the locational
registration area in which the mobile terminal equipment

is currently located.

11. A mobile terminal equipment, as claimed in Claim 10,
wherein said time difference calculating means is provided
with:

a first ROM for storing time difference data
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representing said time difference corresponding to said
loéational information; and

réading means for reading out, upon receiving said
locational information, the corresponding unit of said
time difference data from saiq first ROM, and

said time data correcting means is adding means for

adding said time data and said time difference data.

12. A mobile terminal equipment provided with:

locational information storage means for storing in
advance locational information representing an area of use}

clock means for generating time data counted according
to the standard time of said area of use;

an IC card for storing in advance the time differences
between the standard time of a predetermined main area of
use and those of a plurality of areas of use including
said area of use; . .

IC card interface means for reading out said time
difference of the area of use corresponding to said
locational information from said ID card;

time data correcting means responsive to said time
difference for;correcting said time data into the time
data of.said main area of uée; and

time display means for displaying the time

corresponding to said corrected time data.

This Sheet Has Been Replaced
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13. A mobile terminal equipment, as claimed in Claim 12,
wherein said mobile terminal equipment is a mobile

telephone set of the cellular type.

14. .A mobile terminal equipmght provided with:

an IC card for storing locational information
indicating which of a plurality of standard time zones
a given location belongs to; .

clock means for generating time data counted according
to a predetermined one of said standard times;

time difference calculating means for reading out said
locaﬁional information and calculating the time difference
between one of said standard times and the standard time
of the area corresponding to said locational information;

time data correcting means responsive to said time
difference fof correcting said time data into the time
data of the standard time corresponding to said lécatiénal
information; and

time display means for displaying the time

corresponding to said corrected time data.

15. A mobile terminal equipment, as claimed in Claim 14,
wherein said mobile terminal equipment is a mobile

telephone set of the cellular type.



