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1. A radio communication apparatus for use in a time
division multiple access radio communication system, in '
oy
which system, transmitting means (16) of the apparatus
transmits signals to a base station (BS1l) over radio links % i

during a time slot assigned to the apparatus, said apparatus

being characterised by: means (66) for detecting operation

o R S D

of the transamitting means (16); controlling means (31), d

st

responsive to detection of an undesired transmission

e

operation by which the transmitting means (16) transmits

during a time other than the assigned time slot, to prevent,

A T 5 e,

signals from being transmitted by the transmitting means, Rt

(16) independent of signals received from the base station.

23. 1In a radio communication apparatus for use in a

A T e

e .

_time division multiple access ratio communication system, in

which system signals are transmitted between the apparatus
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and a base station (BSI) over radio links during a time slot
assigned to the apparatus, a method of operation
characterised by detecting transmission by the transmitting
means; recognizihg occurrence of the assigned time slot;
and preventing signals from being transmitted in response to
detection of transmission during a time slot not recognized
as the assigned time slot, independent of signals received

from the base station.
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"Digital Radio Communication Apparatus Including

Transmission Error Control"

The present invention relates to the field of

radio communication apparatus such as mobile telephones,

portable telephones, cordless telephones, transceiver

apparatuses, satellite communication apparatuses, and the

like. More specifically, the present invention relates to a

radio communication apparatus used in a radio communication

system adopting a time division multiple access (TDMA)

transmission method by which radio frequency signals are

transmitted in a burst form during one or more time slots

between a base station and the radio communication

apparatus.

-~

As the number of subscribers in cellular radio

systems increase,

the TDMA transmission method is being

adopted into the cellular radio system so that signals are

transmitted at a more efficient rate. In communication by

means of the TDMA

transmission method, signals are

constituted of continuous frames. The length of each frame

is predetermined.
plurality of time
to a mobile unit.
base station over

To make

Further, each frame is constituted of a
slots. One of the time sléts is assigned
The mobile unit transmits signals to a
radio links during the assigned time slot.

TDMA transmission work well, each mobile
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5
unit should transmit signals only during a time slot
assigned thereto. This operating requiremént may,
however, be violated if a circuit device of a mobile unit
does not operate properly, for instance, due to a large

5 accrued operating time or a strong impact given to the
~device. The transmission in non-assigned time slots due
to such a malfunction causes communication interference
with other mobile units which transit signals in the time
slots. -

10 It is accordi'ngl.y an object of the present
invention to provide a radio 'communication apparatus
which reduces interference with communication of other
mobile units. _

In accordance with one aspect of the present

15 invention there 1is provided a radio communication

R _' épparatus for use in a time division multiple access

tet radio communication system, in which system, transmitting

means of the apparatus .transmit's .signals to a base
cees’ station over radio links during a time slot assigned to
< 20 the apparatus, said apparatus being characterised by:

e means for detecting operation of the tranSmifting means;

controlling means, responsive to detection of an
undesired transmission operation by which the
transmitting means transmits during a time other than the

; 25 assigned time slot, to prevent, 'si'gnals from being

¢ transmitted by the transmitting means, ihdependent of B

signals received from the base station. 4

e . Further in accordance with the present

invention, there is provided a method for operation of a (

30 radio communication apparatus for use in a time division

treere multiple access system wherein signa.=z are transmitted :

¢ ;c ~ between the apparatus and a base station over radio links: v

during a time slot assigned to the apparatus. _ _ %

The method being characterised by detgcting_ i(

35 transmission by the transmitting means; recognising I

occurrence of the assigned time slots; and preventing

signals from being transmitted in response to detecgion
of transmission during a time slot not récognised as the
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assigned time slot, independent of signals received from
the base station.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an example of an arrangement of
a cellular radio system;

Figure 2 is a block diagram showing a digital
radio telephone according to an embodiment of the present
invention;

Figures 3a to 3c show an example of the
structure of time slots in a TDMA transmission method;

Figures 4a to 4e constitute a timing chart for
explaining proper transmission.

Figures 5a to 5e constitute a timing chart for
explaining a first way of observing transmission errors;

Figures 6a to 6e constitute a timing chart for

explaining a second way of observing transmission errors;
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10

Figures 7a to 7e constitute a timing chart for
explaining a third way of observing transmission errors;

Figures 8a to 8e constitute a'tix.ning chart for
explaining a fourth way of observing transmission errors;

Figufe 9 is a flowchart for explaining the
operations of a digital radio telephone in the manner of
obser\)ai:ion_ shown in Figures 8a to 8e;

Figure 10 is a block diagram showing a digital
radio telephone according to another embodinient of the

present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of.the present invention will.
be described with reference to the accompanying drawings.
A cellular mobile radio cohmunication system is

deécribed with reference to FIG.l. FIG.l1l shows an
example.of a cellular radio system. The system, as shown
in FIG.l1l, comprises a control station CS connected to a
wire telephone network NW, a plurality.of base stations
BS1-BS3 which are'respéctively connectéd.to the control
station CS via the landlines CLl?CLB,_and é plurality of
mobile radio uhits PU1-PU4. Each of the ba§e=stations
BS1-BS3 hés its own radio zone E1l-E3, reSpeciively; The
mokile radio units PU1l-PU4 may be in communication with
the base stations BS1-BS3 via radio links in_thé fadio/

zones El1-E3.

-~

The systeh may operéte in“the following.manner. A
control channel is fi:st eétablished for exchanging
control signals between phe base station and the mobile
radio unit.. A speech channel is then established between
the base station and the meile.radio unit. For ‘
transmitting information, an:enéoder encodes speebh
signals and data. A modulator @odulétes carrier signals
with thé encoded digital speech signals and data. A
ﬁransmitter then transmits tﬁe modulated carfier signals
during a time s;ot assigned to the mobile radio unit.
For feqeiﬁing information, a receiver receives the

modulated carrier signals, a demodulator demodulates the

‘carrier signals into basebanqgsignals, and:then a decoder

[ o]
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decodes the baseband signals to resproduce the speech

signals. Further, there may be pfovided a
channel-encoder/decoder for performing error correc;idn
and 1nterleav1ng/de1nterleav1ng for TDMA transmission.

FIG.2 is a block dlagram showlng a digital radlo
'telephone used in a digital cellular radio telephone
system §ccording to an embodiment of the present
.invention.-

The digital radio telephone comprises a reception
system, a trénsmission system, a control sxstem and a
power supply'system, .

The recépﬁion system comprises an antenné 18, and a
duplexer 17 in_cdmmunication with phe.antenna 18. A
receiver 21 is coupled to the duplexer 17. A demodulator

22 is coupled to the receiver 21. A reception

-

— -

synthesizer 33.provides signals of.prescribed frequencies
to the receiver 21. A cﬁannel deccder 23 and a2 speech
decoder 24 coupled to the éhannel decoder 23 are
érovided. The channel decoder 23 1is also_coupled'to the
dembdulator 22. The speech decoder 24 is also coupled'to
a speaker 25. |

The transmission system comprises the antenna 18,
and the'dupleXer 17 in communicatlon with thg antenharla.
A transmitter 16 is coupled to the duplexer 17. A |

modulatd: 14 is_cdupléd to the transmitter 16. A

transmission synthesizer 32 provides signals of
prescribed frequencies to the transmitter 16. A channel

:ehcgder 13 and'a speech encoder 12 coupléd_to the channel
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is provided between the power amplifier 62 and the level

power source c}rcuit 41 for supplying voltage Vece from

- T =

encoder 13 are provided. The channel encoder 13 is also

.

coupled to the modulator 14. The speech encoder 12 is

also coupled to a microphone 11.

‘The speech encoder 12, the channel encoder 13, and

the modulator 14 can be provided as an 1 chip set 10.

'The chip set comprises, for example, four IC chips.

" The transmitter 16 comprises a power amplifier 62 to
power ampiify signals to be transmitted to a base station
through the duplexer '17 and the anﬁeﬁna 18. A mixer 61
is coupled to the modulator 14 and the transmission
synthésizer'32. A bandpass filter 67 is proviued between
the mixer 61 and the power amplifier 62. Thé power
amplifier 62'is:also coupled to a switch 63, a level
detector 64, and a transmission detector 66. The switch
63 is also céupled to Lhe.duplexer 17. An auiométic

power cont.rol (hereinafter referred to as APC) circuit 65

R,

detector 64 and controls an amplifying magnitude of the :

power amplifier 62. - P ;

AR s

L)

A control systém'comprises a controller 31, a kéypad-

34 having a hook switch_énd numerai keys, and a liquid

LERAR T ga s

crystal display (hereinaftér referred to as LCD) 35. The
controller 31 is céupled to the:channel encoder 13, the
channélrdecoder 23, the transmission syntheéizér 32, the-
receétiOn.synthesizer 33, the demodulator 22, the
.transmitter 16, the keypad 34, and the LCD 35;

A power supply syétem comprises a battéry 42 and a

e
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which are dérived several voltaées for application to
different parts of thé cirCUitryq- Switches 51, 52 and 53
ére:provided between the powexr source circuit 41 and the
power.amplifier 62, the transmission-synthesizer 32, and
the chip set 10, respectively.

The controller 31 preferably comprises a

microcomputer. In addition to controlling radio link

.establiShment operations, the controller:31 controls

switching opérations of the switches 51, 52, 53 and 63.

'Further, the controller X1 provides reference voltages to -

the APC circuit 65 and frequency designation signals to

the reception synthesizer 33 and the transmission

synthesizer 32.

The opération_bf'the digital radio teiephone is

described next. ' ' .
= : .. : X —

While the digital radio telephone is in a stand-by
mode, the telephoné communicates with a base station over
a control channel. Control channels are assigned
frequengies‘for transmitting control information. When
incoming signals are received over the control channel 6;
'call.request signals are iransmitted from the.telephone

over the control channel, the telephone receives, over

‘the control channel, information such as a number of a

time slot_éssigqed thereto and which speech channel is
assigiied thereto. Speech channels are assigned |
frequehcies'in which speech signél§ are'tranémitted
between,the:base.sta;iOn;and,the rﬁdio telephone.

The info:matiﬁn received by the receiverLQi is
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provided to the controller 31 through the demodulator 22.

Baeed on the received infdrmation, Lhercontroller 31
controls the reception syntheSiier.33 to supply desired
freduency signals so that the receiver 21 is ready to
reqei?e éignals over the speech channel. At the same
time, the controller 31 provides an éssigned time slot
number to ﬁhe demoduiator 22. The demodulator 22
prepares a'predetermined pattern of synchronization data
for the time slot number. The pattern depehds on the

time slot number. While receiving signals over the

‘speech channel, signals having the same pattern as the

prepared one are captured in the demodulator 22.
Accordingly, synchronization is established. The
demodulator 22 provides synchronization informapidn ﬁo
the controller 31, so that the controller 31 can
determine whethef it is thé time slot assigned io the
telephone. |

' ‘Generally, siénais transmitted in a TDMA
transmission method are as shown in EIGs.B(a)-B(c) which
show an example of constitutions of time slots in a TDMA
transmission method. As shown in'FIGs.3(a)—3(c), |
differeﬁt frequencies are.aséigned to transmission and

:eception for one speech channel. A frequency fu for

transmission from the radio telephone to the base station

comprises a repetition of transmission time slots Tl - T3

(FIG.3(a)). 'The transmission time slots T1 - T3

.conétitqte a frame. On the other hand, a frequency fd

for feception'by_thé radio telephone of signals

ATA L
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transmitted from the base station comprises a repetition
of reception time slots R1 - R3 (FIG.3(b)). The
reception time slots R1 - R3 constitute a frame. In the
case that a time slot number 1 is assigned to the radio
telephone, it transmits signals during a transmission
time slot Tl and receives signals during a reception time
slot Rl (FIG.3(c)). In FIG.3(c), the character S
indicates a standard offset. The character I indicates
an idle slot.

In the following description, receiving operations
are made in a reception time slot Rl assigned to the
telephone. Transmitting operations are made-in a
transmission time slot Tl assigned to the telephone.

When the receiver 21 receives via the antenna 18 and
the duplexer 17 radio frequency signals transmittéd from

th2 base station, the receiver 21 mixes received signals

with signals supplied from the reception synthesizer 33

[

intermediate frequency to the

arnad AN
[&]

and cutputs signals of an

demodulator 22. The demodulator 22 demodulates the
intermediate frequency signals into baseband signals. The
channel decoder 23 deinterleaves the baseband signals and
performs error correction operations on the deinterleaved
signals. Error corrected speech signals from the channel
decoder 23 are applied to the speech decoder 24 and
decoded into analog speech signals. Error corrected data
signals from the channel decoder 23 are applied to the

controller 31. The analog speech signals are outputted

via the speaker 25.
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When voice signals are inputted into the microphone

11 the microphone 11 outputs speech signals to the

G

speech encoder 12. The speech signals are converted into
digital signals and encoded in the speech encoder 12.

The encoded signals are applied to the channel encoder
13. In the channel encoder 13, an error correcting code
is added to the encoded signals and the resulting signals
are interleaved. The interleaved signals are applied to
the modulator 14 and modulated therein. The transmitter
16 mixes the modulated signals with signals supplied from

the transmission synthyesizer 32 in order to produce

radio frequency signals. The transmitter 16 also power

*

e radic frequency signals and transmits the

=

amplifies th
power amplified radio frequency signals via the duplexer
17 and the antenna 18.

- The operation of the transmitter 16 is described in
detail next. The modulated signals cutputted from the
modulator 14 are applied to the mixer 61. The mixer 61
mixes the modulated signals with signals supplied from
the transmission synthyesizer 32 and outputs radio
frequency signals. The bandpass filter 67 filters the
radio frequency signals in order to cut off undesired
elements included in the radio frequency signals. In the
power amplifier 62, the filterd signals are power
amplified to a certain level designated by the base
station. The power amplified signals are transmitted to

the base station via the switch 63, the duplexer 17, and

the antenna 18. Automatic power control operations are
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as follows. The power amplified signals are also applied

tc the level detector 64. The level detector 64 detects

a power level of the power amplified signals and outputs
the detected level to the APC circuit 65. In the APC
circuit 65, the detected level is compared with a
reference level supplied from the controller 31. The
reference level varies from a level 0 to a level 7, for
example. The reference level depends on a designated
level transmitted from the base station. The resulting
signals of the comparison are applied to the power
amplifier 62 from the APC circuit 65. On the basis of
the resulting signals, the power amplifier 62 adjusts 1its
amplification magnitude. Further, the power amplified
signals outputted from the power amplifier 62 are also
applied to the transmission detector 66. The
transmission detector 66 comprises a comparator. The
comparator compares the level of the power amplified
signals with a predetermined threshold level. The
threshold level may be determined to be a value between 0
and the lowest transmission level, the level 7. Wheﬁ the
level of the power amplified signals is equal to or
exceeds the threshold level, the transmission detector 66
outputs logical high level signals to the controller 31.
On the other hand, when the level of the perr amplified
signals is less than the threshold level, the
transmission detector 66 outputs logical low level
signals to the controller 31.

The power source circuit 41 supplies Vcc from which
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are derived 5V applied to the chip set 10, 8V'a§plied to
"the transmission synthesizer 32, and 13.7V applied to the
power amplifier 62 through the switches 53, 52, and 51,
'respécﬂively. | |
~ FIGs.4(a)-4(e) constithte a’timing chart for
e*plaining transmission.

As already shown in FIG.3(a), TDMA/signals of a
frequency fu ﬁransmitted from the radio'télephone to the
base station are constituted of continupus frames. Each
frame is constituted of time slots T1 to T3. The length
of each fréme may be 20msec.(FIG.4(a)).

Here the time slot Tl is assigned to the radio
telephone for its transmission. The other timé slots T2
and T3 may be assigned £o two other radio teleph¢nes for
their transmissions, respectively. As desctiﬁed‘in the
explanation of FIG.2, the controller 31 recbgnizés ~
whether it is the'tihe slot assigned to the telephone.
Also by means of calcuiating or counting the number of
clocks applied thereto, the controller 31 recognizes the

other time slots.

e SRR, LR

Accordingly, when it is the time of the time slot
Tl, the controller 31 proviﬂes logical high level control !

signals to the switches 51, 52, 53, and 63 so that the

SR N

switches_SI, 52, 53, and 63 close (FIG.4(b))".
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‘time slots T2 and T3 (FIG.4(d)).

- 14 =
That is, desired voltages are supplied to the power

amplifier 62, the‘transmission synthesizer 32, and the
chip set 10. As a result, the transmitting operations
are performed (FIG.4(c)).

During the transmission, the transmission detector
66 detects the transmitting state and provides logical
high level signals to the controller 31 (FIG.4(d)).

In the controller 31, a transmission observing means
3la is provided. The. transmission observing means 31la
observes whether the logical high level signals from the
detector 66 are applied to the controller 31. The
observation is operated once during each time slot. The
time of each observing operation is, for example, 100ﬂsec.

If the logical high level signals are applied during
the time slot T1l, the transmission observing means 31a
determines that the transmission is prope:ly operated
(FIG.4(e)).

When the time slot Tl is over, the controller 31
provides logical low level control signals to the
switches 51, 52, 53, and 63 so that the switches 51, 52,
53, and 63 open (FIG.4(b)).

That is, desired voltages are not supplied to the

power amplifier 62, the transmission synthesizer 32, and
the chip set 10. As a result, the transmitting
operations are ceased (FIG.4(c)).

Thefefore, the transmission detector 66 supplies

logical low level siginals to the controller 31 during

e LA, 4 AR TR LT
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Since logical high level signals are not provided by

the detector 66 during the time slots T2 and T3, the

transmission observing means 3la determines that the

transmission is properly operated (FIG.4(e)) .
FIGs.5(a)-5(e) constitute a timing chart for
explaining a first technique of observing transmission

errors. For a certain reason, such as a malfunction due

‘to a component failure, the controller 31 may not provide

logi¢al'high level control signals to the switches 51,
52, 53, and 63 at the.fight'time.Tr (FIG.5(b)). In this
cése; responsive to the delayed logical high level
céntioi sigqals, the transmitting operations-may start at
the wrong.time'Tw (FIG.5(c)).

Reasons for such a malfunction of the controller 31
may include a-latge accrued operating time of circuit
devtces, a strong impact given..to the circuit devices,
damagé to ciréui£ connections caused by températurer
changés, or sbfiwafe bugs. |

The transmission detector 66 detects.that the 1level
of the power amplified signals outputted from the power
amplifier 62 exceeds the predetermined level. As a

result, the transmisSidn detector 66 outputs logical high

~ level signals from the time Tw to the time Te (FIG.5(d)).

In the controller 31, the transmission observing
means 3la observes bnce during each of the time slots T1,
T2, and T3 whether there is an application of iogical

high level'signdls. The observation by the transmission

Gbserving means 3la may be madeyin the middle of eéCh-of '
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the time slots T1l, T2, and T3. At the time Tm which is

in the middle of the time slot T2, the transmission
observing means 3la recognizes that there is an
application of the logical high level signals during the
time slot T2 (FIG.5(e)).

Responsive to the recognition by the transmission
observing means 31la at the time Tm, a transmission
control means 31b operates to prevent transmitting
operations from this time on. Logical low level control
signals from the controller 31 are provided to the
switches 51, 52, 53, and 63 so as to open the switches
51, 52, 53, and 63. Further, at the time Tn.and even
later, logical high level control signals are not
outputted from the controller 31. In addition, even
after the prevention of the transmitting operatiens, the
trahsmission observing means 3la continues the obsexrving

operation (FIG.5(b)).

RE S Sewrd

When transmitting operations are prevented, the

N~

controller 31 provides message signals to the LCD 35.

{

The LCD 35 displays a message to inform a user of

'transmission errors' and 'not further usable'.

B e S

,In‘thg above embodiment, as an alternate to opening ;
all of the.switches 51, 52, 53, and 63, the controller 31
may, instead, provide logical low level control signals |
to any one of the switches 51, 52, 53, and 63 in response é
to the end of the time slot T1. Do
if the.switch 51 opens, the voltage 13.7V is not f

supplied to the power amplifier 62. Therefore, the power 0

S

7



10

- 17 -
amplifier 62 does not operate at all.

If the switch 52 opens, the voltage 8V is not
supplied to the transmission synthesizer 32. As the
transmission synthesizer 32 does not operate, a frequency
of signals outputted from the mixer 61 is not desirable.
As a result, the undesired frequency signals are filtered
by the bandpass filter 67, with the result that very low
level signals are applied to the power amplifier 62.

Such very low level signals, when power amplified and
transmitted, do not interfere with the operation of other
radio telephones.

If the switch 53 opens, the voltage 5V is not
supplied to th; chip set 10. Since the speech encoder
12, the channel encoder 13, and the modulator 14 do not
operate, a frequency of signals outputted from the mixer
61 is not desirable. As a result, the undesired .
frequency signals are filtered by the bandpass filter 67,
with the result that very low level signals are applied
to the power amplifier 62. Such very low level signals,
when power amplified and transmitted, do not interfere
with the operation of other radio telephones.

.If the switch 63 opens, the power amplified signals :
outputted from the power amplifier 62 are not applied to
the duplexer 17. Therefore, the power amplified signals
are not transmitted to thé.base station.

IP the above embodiment, the transmission observing
means 3la observes once during each of the time slots T1,

T2, and T3 whether there is an application of logical
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high level signals. 1In this or other cases, the
transmission observing means 3la may observ in an
interval equal to or less than the length of one time
slot whether there is an application of logical high
level signals.

FIGs.6(a)-6(e) constitute a ;iming chart for
expiaining a second technique of ohserving transmission
errors. As shown in FIGs.6(a)-6(e), the only difference
from FIGs.5(a)-5(e) is how to observe signals from the
trensmission detector 66 (FIG.6(e)). The transmission
observing means 3la observes only d¢uring the time slots
T2 and T3 whether there is an applioation of'logical high
level signals (FIG.G(e)). It is mot necessary to observe
during the time siot‘Tl in order to find‘transmission
errors which‘interfere with other Lelephone's
transmission dnring‘the time slots T2 and / or T3. The
balance of operations is similar to those of |
FIGs.5(a)-5(e). |

FIGs.7(a)-7(e) constitute a timing chart for
explaining a third'teohnique of observing transmission
errors. As shown in FIGs 7(a)-7(e), the transmission
obserV1ng means 31la observes a plurality of times during
each time slot whether there is an application of loglcal

high level signals (FIG.7(e)). By observing in this

\

¢

earller time than resulting from the observing technlque

‘shown in FIGs 6(a)-6(e). Further, azcording to the

observing technlque shown in FIGs 6(a)- 6(e) the :

it

e
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transmission error may not be recognized if the observing

operation is made only at the time Tm. In particular, it

is when the delayed logical high level control signals
are provided at the wrong time Tw earlier than the middle
of the time slot Tl, and the transmission controller 31b
maintains to provide the logical high level control
signals until the time Te, that is, for a right period
for one time slot. However, by the observing technique
shown in FIG.7(e), the transmission observing means 31a
cannot miss the transmission error.

FIGs.8(a)-8(e) constitute a timing chart for
explaining a fourth technique of observing transmission
errors. As shown in FIGs.8(a)-8(e), the transmission
observing means 3la observes continuously during the time
slots T2 and T3 whether there is an application of
logfcal high level signals (FLG.S(e)). By observing in
this way, the transmission error may be recognized at an
earlier time than resulting from the observing technigue
shown in FIGs.7(a)-7(e). In addition, responsive to
prevention of the transmitting operations, the
transmission observing means 31la ceases the observing
operation for subsequent time slots.

The operations of one of the observing technique of

scribed embodiment of the present invention

U
0}

the above
is described with reference to a flowchart shown in
FIG.9. FIG.9 is a flowchart for explaining the

operations of the telephone in accordance with the

Observing technique shown in FIGs.8(a)-8(e).
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First of all, synchronization such as a frame
synchronization and a bit synchronization is established
in the demodulator 22 (step 91).

The synchronization information is provided to the
controller 31, and the controller 31 determines whether
it is the time of the assigned time slot for transmission
(step 92).

When the controller 31 determines that the assigned
time slot has commenced, the controller 31 controls the
switches 51, 52z, 53, and 63 to close.  Accordingly, power
amplified signals outputted from the power ;mplifier 62
are transmitted to the base station in a bur;t form
through the duplexer 17 and the antenna 18 (step 93).

Responsive to an initiation of the transmission, the

controller 21 measures time. The controller 31
determines whether a predeterQinedlperiod~of the asgigned
transmission time slot is over, or a predetermined time
has passed (step 94).

Wherin the controller 31 determines that the
predetermined period is over or the predetermined time
has passed, operations return to the step 92.

| When the controller 31 determines in the step 92
that it is not the time of the assigned time slot for
transmission, the transmission observing means 31la
observes whether there is an application of logical high
level signals from the transmissicn detector 66 (step

As a fesult of the observing operation in the step
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95, the transmissiown \hse'7ing means 3la determines
whether there is an application‘of logical high levei
signals from the transmission detector 66 (step 96).

_ When the transmission‘observing‘means 31la determines
£hat there is no application of lqgical high level
Sighals from the transmissicp detector 66, oPerations‘
return to the step 92. If the transmitting operation is
normal, the transmission detector 66 will not provide
logical‘high‘level signals even noise signals are applied
to the transmission detector 66 during‘the time slots T2
and T3. |

When it is determined in the step 96 that there is
an application of logical high level sighais frdﬁ the
transmiésion detector 66, which means that the
transmission controller 31b recognizes the trénﬁﬁission
errSr, the transmission control means 31b contrdls the
switches 51, 52, 53, ahd 63 to open. Cdnsequently, the
transmission is stopped immediately after recognizing the
transmission error (step 97).

Almost at the samé £iﬁe as the prevention of the
transmission, the LCD 3S receives from the controller 31

information signals indicating the transmission error.

~The LCD. 35 informs the user of the transmission error so

that the user realizes that the telephone is in an

‘unusable condition (step 98). It may be conceivable that

. the LCD 35 displays an error message Or an error number.

Furthermore, in order to inform the user of the

transmission error, the‘teiephone.may generate‘aﬁdiblé :
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signals such as a beep tone.

FIG.10 is a block diagram showing a digital radio
telephone according to another embodiment of the present
invention.

The digital radio telephone shown in FIG.10, as
compared to the telephone shown in FIG.2, comprises a
controller 310 instead of the controller 31 and a
transmission detector 660 instead of the transmission
detector 66. Also, the switches 52, 53, and 63 are not
provided. In FIG.10, powexr supply connections to the
chip set 10 and the transmission synthesizer 32 zre
therefore unswitched, but not shown. The otﬁer
components may operate in a manner similar to the
telephone shown “n FIG.2.

The operation of the telephone is described “as
follows. The level detector 64 detects the level of
power amplified signals outputted from the power
amolifier 62 to supply the level to the APC circuit 65.
The level outputted from the level detector 64 is also
applied to the transmissiosn detector 660. In the
transmission detector 660, it is determined whether the
level exceeds the predetermined threshold level. When
the level is equal to or exceeds the predetermined
threshold level, the transmission detector 660 supplies
logical h;gh level signals to the controlle: 310. In the
contro}ler 310, a transmission obserying means 310a
operates in the same manner as the transmission observing
means 3la shown in FIG.2:
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Responsive to the recognition by the transmission
observing means 310a that there is an application of
logical high level signals from the transmission detector
660 during time slots other than the assigned time slot,
a transmission control means 310b supplies logical low
level control signals so as to open the switch 51. The
transmission control means 310b also ceases to supply
clock signals to the chip set 10 so as to disable the
chip set 10. Although the transmission control means 310b
has supplied control signals to open the switch 51 and
has ceased to supply clock signals to the chip set 10 in
the above embodiment, it may be applied to the present
invention to perform either one of those two functions to
stop transmission.

While embodiments of the present invention have been
illustrated and described with respect to FIG.2 and
FIG.10, the present inveation is not so limited. In the
case of any circuit formed from devices which prevent the
transmitting operation when they do not operate and where
such devices require clock signals in order to operaﬁe,
for example, CMOS (Complementary Metal Oxide
Semiconductor) devices, then transmission may be

=< ~= =1 2 A2 & o~ oy~ =y
14 1a.Ls Suppaizred (SR ) S2ucCiy auevides.

| T

y

controlle clock

[oh}

Therefore, for example, each of the modulator 14, the
channel encoder 13, and the speech encoder 12 may be

controlled by clock signals if each of them operates

independently, and is formed from a clock signal

.dependent device, for example, a CMOS device. Further,
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in this case, the controller 310b may control each
circuit independently so as to cease power supply to one
or more of the circuits. '

In addition, the transmission detector 66 may
comprise an analog—te—digital converter thch outputs to
the controller 31 digital data signals showing the level
of the power amplified signals. In this case, the

controller 31 may compare the level shown in the digital

‘data signals with the threshold level. When the level

shown in the digital data signals is greater than the

“threshold level, for example, the transmission observ1ng

means 31a may supply logical low level control signals to
the switches 51, 52, 53, and 63.
Further, signals to be prevented from being

transmitted according to the present invention may not be

-~

limited to the speech signalslsupplied from the
micropnone, but may include signals such as aata.signals
transnitted in a data communication_system and speech
synthesized signaIS’Supplied_from'a speech synthesis
apparatus..

Still further, although the present invention
applied to a digital radio telephone of a cellular radio
telephone system hasfbeen.described.above, the present
1nvention may be applied to any other kind of radio
communication apparatus which transmits signals in a TDMA

transmissiqn method, including but not limited to a

7_digital dual mode'or multiple mode radio telephone, a

‘u.s. digital celJular radio telephone, alJapanese'digital -
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cellular radio telephone, a digital radio telephone for
GSM, an automobile telephone, a portable telephone, a
cordless telephone, and a satellite communication
apparatus.

In summary, there has been described a radio
communication apparatus according to the present
invention, comprising a transmitter for transmitting
signals to a base station over radio links and a
controller for controlling to prevent signals from being
transmitted through the transmitter in response to
recognition that the transmitter operates dhring a time
other than a time slot assigned to the apparatus.

A detector for detecting cperations of the
transmitter may be provided. In such a case, the
controller may recognize on the basis of detectidn of the
detgctor that the transmitter-operates. Further, the
detector may detect the level of signals to be
transmitted from the transmitter. The controller may
recognize on the basis of the level detected by the
detector that the transmitter operates. The controllér
may recognize that the transmitter operates when the
level detected by the detector exceeds a predetermined
level. The predetermined level may be lower than a
lowest transmission level allowed in the radio
communication system.

The controller may obéerve whether the transmitter

operates. In such a case, the observation may be made

once during a time slot other than the time slot assigned
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to the apparatus. In addition, the observation may be
made a plurality of times during a time slot other than
the time slot assigned to the apparatus. Further, the
observation may be made continuously during a time slot
other than the time slot assigned to the apparatus.

Still further, the observation may be made in an interval
less than the length of one time slot during a time other
than the time slot assigned to the apparatus. Still
further, the controller may cease observing operations in
response to the recognition. Yet still furthermore, the
controller may continue observing operations even after
the recognition.

A power supplier for supplying power to components
of the apparatus may be provided. In such a case, when
théitransmitter may include an- amplifier for amplifying
signals to be transmitted to the base staiion over‘the
radio links, the controller may control to prevent power
supply by the power supplier to the amplifier in response

to the recognition. 1In addition, when a frequency

supplier for supplying a certain frequency signals to be

mixed with signals to be transmitted to the base station
over thg radio links may he proyided, the controller may
cqntrol to prevent power supply by the power supplier to
the frequency supplier in response to the recognition.
Further, when a signal processor for processing signals
to be ;pplied to the transmitter may be provided, the

controllerﬁmay‘contro; to prevent poher supply by the

poWér supplier to the signal processor in response to the
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recognition. When the signal processor may comprise a
CM0S device, clock signals may not be supplied to the
CMOS device in response to the recognition.

A microphone for inputting information to be
transmitted, an antenna, and a switch for disconnecting a
path between the microphone and the antenna may be
provided. In such a case, the controller may control the
switch to disconnect a path between the microphone and
the antenna in response to the recognition.

A display for informing of transmission disorder in
response to the recognition may be providedt

Other variations, such as arrangement of and
placement of circuit componemts, frame constitutions of
TDMA signals, the way of recognizing transmission errors,
the way of controlling transmission prevention, ahd
algé}ithm of the controlling, %ay be made within th;

scope of the present invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A radio communication apparatus for use in a time
division multiple access radio communication system, in
which systen, transmitting means (16) of the apparatus
transmits signals to a base station (BS1l) over radio links
during a time slot assigned to the apparatus, said apparatus
being characterised by: means (66) for detecting operation
of the transmitting means (16); controlling means (31),
responsive to detection of an undesired transmission
operation by which the transmitting means (16) transmits
during a time other than the assigned time slot, to prevent,
signals from being transmitted by the transmitting means,
(16) independent of signals received from the base station.

2. The apparatus claimed in claim 1 characterised in
that the transmitting means (16) comprises amplifying
means (62) for amplifying signals to be transmitted to the
base station (BS1) over the radio links.

3. The apparatus claimed in claim 1 characterised in
that the apparatus further comprises, detecting means (66)
for detecting operation of the transmitting means (16) and
for providing detection signals representative of the
detected operation and the controlling means (31) is coupled
to receive the detection signals.

4. The apparatus claimed in claim 3 characterised in
that the detecting means (66) iricludes means for detecting
the level of signals to be transmitted from the transmitting
means (16) and the detection signals represent a level of
the signals to be transmitted.

5.. ~The apparatus claimed in claim 4 characterised in
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that the controlling means (31) determines that the
transmitting means (16) is transmitting when the
detection signals exceed a predetermined level.

6. The apparatus claimed in claim 5 characterised in
that the predetérmined level is lower than a lowest
transmission level allowed in the system.

7. The apparatus claimed in claim 1 characterised in
that the controlling means (31) includes means (31la) for
observing whether thé transmitting means (16) is
transmitting. .
8. The apparatus claimed in claim 7 characterised in
that the observing means (3la) observes once'during a
time slot other than the assigned time slot whether the
transmitting means (16) is transmitting.

9. . The apparatus claimed in claim 7 characterised in
that the observing means (31a) observes at a plurality of
times during a time slot other than the assigned time
slot whether the transmi‘ting means (16) is transmitting.
10. The apparatus claimed in claim 7 characterised in
that the observing means (3la) observes codtinuously
during a time slot other than the assigned time slot
whetﬁer the transmitting means (16) is transmitting.

11. The apparatus claimed in claim 7 characterised in
that successive observations of the observing means (31la)
occur at an interval less than or equal to the length of
one time slqt during a time other than the asigned time

slot.

12. The apparatus claimed in claim 7 characterised in
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that the observing means (3la) ceases observing in
response to the occurrence of the undesired operation.
13{ The apparatus claimed in claim 7 characterised in
that the observing means (31a)‘continues observing after

the occurrence of the undesired operation.

.14. The apparatus claimed in claim 1 wherein the

transmitting means (16) comprises amplifying means (62)
for amplifying signals to be transmitted to the base
station (BS1) over the radio links and the apparatus

further comprises power supplying means (41) for

supplying power to the amplifying means (62),

characterised in that the controlling means i31) includes
means (31b) for disconnecting the powver supplying means
(41) from the amplifying means (62) in response to the
occurrence of the undesired operation |

15. The apparatus claimed in claim 1 further compr151ng

~

frequency supplying means (32) for supplying
predetermined frequency signals to be mixed with signals‘
to be transmitted to the base station (BS1) over the

radio links and power supplying means (41) for supplying

power to the frequency supplying means (32),

characterised in that the controlling means (31) includes
means (31b) for disconnecting the power supplying means
(41) from the frequency supplying means (32) in response
to the occurrence of the undesired operation.

16. The apparatus claimed in claim 1 further comprising

signal processing means (10) for‘processing signals to be

applied to the‘transmitting means (16) and power
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supplying means (41) for supplying power to the signal
processing means {(10), characterised in that the
éontrolling means (31) includes.means (31b) for

disconnecting the power supplying means (41) from the

signal processing means (10) in response to the

occurrence of the undesired operation.

17. The apparatus claimed in claim 16 characterised in
that the signal processing means-(lO)'comprises a device
requiring'receipt of'clock signals for operation.

18. The apparétUS claimed in claim 17 wherein the
controlling means includes means for genernting clock
signalé for application to the device, characterised in
that the controlling means (31, is responsive to the
occurrence bf the undesired operation to ceaSe'tné |
app}ication of the clock signgls._ -
19. The apparatus claimed in claim 1 fur;hér comprising
inputting means;(ll) for inputting information.to be

transmitted, an antenna (18), and disconnecting means

(63) for disconnecting a path between the inputting means

(11) and the antenna (18), characterised in that the

controlling means (31) controls the disconnecting means

'(63)‘to disconnect the path between the inputting means

(11) and the antenna (18) in response to the occurrence
of the undesired operation.

20. The apparatus claimed in claim 1 characterised in

that the apparatus further comprises informing means (35)

for informing a. user of transmission disorder in response

~“to the oc¢urrence of the undesired operation. .
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21. A radio communication apparatus for use in a time
division multiple access radio communication system, in
which system transmitting means (16) of the apparatus
transmits signals to a base station (BSI) over radio links
during a time slot assigned to the apparatus; said
apparatus including detecting means (66) which detects
transmission by the transmitting means (16); and recognizing
means (3la) which recognizes occurrence of the assigned time
slot; and controlling means (31b), responsive to the
detecting means (66), for preventing the transmitting means
(16) from transmitting upon detection of transmission while
the recognizing means (31a) does not recognize the
occurrence of the assigned time slot, independent cf signals
received from the base station.

22. A radio communication apparatus for use in a time
division multiple access radio communication system, in
which system transmitting means (16) of the apparatus
transmits signals to a base staftion (BSI) over radio links
during a time slot assigned to the apparatus; and power
supplying means (41) supplies power to components of the
transmitting means (16)v , characterised in that controlling
means (31) recognizes transmission by the transmitting means
(16) during a time other than the assigned time slot and
disconnects the power supplying means (41) from the
transmitting means (16) components upon recognizing
transmission by the transmitting means (16) during a time
other than the assigned time slot, independent of signals
received from the base station.

23. In'_:'_'éi radio communication apparatus for use in a
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time division multiple access ratio communication system, in
which system signals are transmitted between the apparatus
and a base station (BSI) over radio links during a time slot
assigned to the apparatus, a method of operation
characterised by detecting transmission by the transmitting
means; recognizihg occurrence of the assigned time slot;
and preventing signals from being transmitted in response to
detection of transmission during a time slot not recognized
as the assigned time slot, independent of signals received
from the base station.

24. The method of operation claimed 'in claim 23
characterised in that the step of preventing includes a step
of observing once during a time slot other than the assigned
time slot whether the transmitting is being performed.

25; The method of operation claimed in claim 23
characterised in that the step of preventing includes a step
cf observing at a plurality of times during a time other
slot other than the assigned time slot whether the
transmitting is being performed.

26. The method of operation claimed in claim 23
characterised in that the step of preventing includes a step
of observing continuously during a time slot other than the
assigned time slot whether the transmitting is being
performed.

27. The method of operation claimed in claim 23
characterised in that the step of preventing includes a step
of sucééssively observing at an interval less than or equal
to the iéngth of one time slot during a time other than the

assigned time’slot.
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28. A radio communication apparatus substantially as
herein described with reference to Figures 2 or 10 of the
drawings.

29, ‘A method of operating a radio communication apparatus

as claimed in claim 23 substantially as herein described.

DATED this 24th day of March 1994

KABUSHIKI KAISHA TOSHIBA

By their Patent Attorneys

CULLEN & CO.
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ABSTRACT OF THE DISCLOSURE
A radio communication apparatus for use in a time
division multiple access controls to prevent signals from
being transmitted through a transmitter in response to
recognition that the transmitter operates during a time
other than a time slot assigned thereto. A controller
may observe during a time other than the time slot
assigned to the apparatus whether signals are outputted »
from the transmitter. Power to the transmitter may be ;
disconnected in response to the recognition. :
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