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SPECIFICATION

Method of detecting troubles in a receiver for a
common control channel of a mobile radio tele-
phone communication system and a system there-
for

The present invention relates to a mobile radio
telephone communication system having a plurality
of speech channels and at least one common control
channel, and more particularly to a method of detect-
ing troubles in a receiver for the common control
channel thereof.

Currently available mobile systems of radio tele-
phone communication includes the so-called cellular
system, wherein the service area is divided into a
plurality of small zones, a base station being instal-
led in each zone, and communication is achieved

" between a mobile subscriber station and a fixed
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subscriber or between mobile subscriber stations
over one of plural speech channels assigned to the
base station concerned. In this system, there are
assigned to each base station for common use by
the plurality of mobile stations in the zone covered
by the base station, in additionto a plurality of
speech channels, a paging channel for controlling
incoming calls to the mobile stations and an access
channel for controlling outgoing calls therefrom.
One example of mobile radio telephone communica-
tion system having such a channel arrangement is
described in “800 MHz Band Land mobile Telephone
Control System’’ in “REVIEW OF THE ELECTRICAL
COMMUNICATION LABORATORIES”, pp.
1172-1190, Vol. 25, Nos. 11-12, published by Nippon
Telegraph & Telephone Public Corporation, Nov. -
Dec. 1977.

In a mobile radio telephone system for achieving
communication over multiple speech channels, itis
intended to reduce the time required for making
connections and to efficiently use the radio frequen-
cies assigned thereto by the specialized connection
control of the paging and access channels. However,
because the paging and access channels are com-
monly used in a given radio zone, in the event of a
trouble in the radio transmitter/receivers or on
the wire line for the paging and access channels, the
mobile stations present in the zone covered by the
troubled base station will become unable either to
transmit or to receive calls, affecting the functioning
of the whole system.

Therefore, any trouble on the wire line or in the
radio transmitter/receivers for the paging and access
channels has to be quickly detected and made
known to the central station controlling the base sta-
tion. For detecting troubles on the paging and access
channel of a base station, there is a known system of
constantly monitoring the outputs of the transmit-
ter/receivers, by which trouble detection on paging
channel alone can be achieved with comparative
ease. This is because on the paging channel is
transmitted a control signal from the base station.
This system, however, cannot easily detect the trou-
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ble on the access channel of the base station. This
results from transmitting a call signal on the access
channel from the mobile station at random. Thus,
when the output of the access channel receiver
becomes absent, it is unable to determine whether
such an absence is attributed to a trouble on the
access channel receiver or to the absence of a cell all
from the mobile station.

To avoid this inconvenience, there has been
developed a system in which a test mobile station is
installed in each base station and an operator, by
remote control from the central station, actuates
each test mobile station to send a test transmission
signal in response to a report of trouble from a
mobile station subscriber or in accordance with a
periodic maintenance program to detect any trouble
on the access channel. For further details on such a
system, reference is made to “Supervisory and Con-
trol Equipment”, in “NEC RESEARCH & DEVELOP-
MENT”, No. 57, pp. 99-108, issued by Nippon Electric
Co., Ltd., April 1980. Although it is a useful system
capable of detecting troubles on the access channel
of the base station, it has a disadvantage that, if the
intervals of maintenance by the operator are too
long, a trouble may take a long time to be detected
by the operator after it arises or, if the maintenance
intervals are reduced to quicken trouble detection,
the detecting process will hinder communication by
other mobile stations sending out ordinary call sign-
als.

It is therefore an object of the present invention to
provide a mobile radio telephone communication
system, capable of quickly and automatically detect-
ing a trouble on the line involving the access channel
without affecting call signals sent out by ordinary
mobile stations.

According to the present invention, there is pro-
vided a mobile radio telephone system comprising
mobile stations; base stations, each base station
having a plurality of speech channel transmit-
ter/receivers to transmit and receive signals through
a speech channel and an access channel transmit-
ter/receiver to control calls from the mobile stations
through an access channel; and a central station for
connecting the mobile stations and a telephone
exchange network or the mobile stations with each
other by way of the base stations, the system further
comprising means for detecting from the output of
the access channel receiver a cailing signal from the
mobile station and a test calling signal, and control
means connected to the output of the detecting
means for transmitting the test calling signal to the
last-mentioned access channel receiver if the detec-
tion output of the detecting means is not received
within a first predetermined interval of time and, for
generating a trouble signal if the detection output is
not received within a second predetermined interval
of time, after the transmission of the test calling
signal, the second predetermined interval of time
being shorter than the first predetermined interval of
time.

Other objects, features and advantages of the pre-

The drawing(s) originally filed were informal and the print here reproduced is taken
from a later filed formal copy.
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sentinvention will be more apparent from the fol-
lowing detailed description of an embodiment of the
invention, given by way of example, with reference
to the accompanying drawings.

FIG. 1 is a drawing outlining a mobile radio tele-
phone system pertinent to the present invention;

FIGS. 2A and 2B are diagrams for illustrating how
a speech channel, a paging channel and an access
channel are used in the system shown in FIG. 1;

FIG. 3 shows a block diagram of a base station
according to the present invention;

FIG. 4 is a block diagram illustrating one embodi-
ment of a noise/carrier detector according to the pre-
sent invention;

FIG. 5 is a block diagram illustrating an embodi-
ment of the control section in the mobile test trans-
mitter of FIG. 3; and

FIG. 6 is a time chart for explaining the operation
of the embodiment illustrated in FIG. 5.

Referring to FIG. 1, base stations 1 and 2 respec-
tively cover the service areas of zones 3 and 4, where
their respective radio waves can reach. A mobile
subscriber station 6 is in the service area of either
one of the base stations 1 and 2, both of which are
connected by wire lines to a control center 7 being
linked to fixed subscriber telephone sets 9 by way of
an ordinary telephone network 8. The control center
7, though illusirated in a geographically separate
place from the base stations 1 and 2, can as well be
installed in the same offics as either one of the two
base stations. To each of the base stations 1 and 2
are assigned a paging channel {P-CH), an access
channel {A-CH), and a plurality of speech channels
(S-CHs). For these channels, as described hereinaf-
ter. cach base station is equipped with a paging
channel, an access channe! and speech channsl
transmitter/receivers. The mobile subscriber station
has no transmitter/receiver exclusively used for the
paging and access channels, but employs particular
transmitter/receiver capable of tuning in these chan-
nels by a frequency synthesizer. For further details of
this system shown in FIG. 1, reference is made to the
above cited literature of NTT.

Usually, the mobile subscriber station 6 is awaii-
ing the arrival of a call to it, with its reception chan-
nel tuned to the paging channel. As illusiraied in FIG.
2A, when a call to the mobile subscriber station 6 is
generated, a page code is sent from the control
center 7 to the station 6 over the paging channel
through both base stations 1 and 2. In response to
this page code, the mobile subscriber station 6
transmits a page response code over the paging
channel. When the mobile subscriber station 6 is
within the radio zone 3 (FIG. 1), this page response
code is sent to the control center 7 via the base sta-
tion 1. Upon receipt of the page response code from
the base station 1, the control center 7 selects an idle
channel out of a plurality of speech channel assigned
to the base station 1 and sends to the mobile sub-
scriber station 6 a channel assign code which desig-
nates the number of that idie channel. In response to
this channel assign code, the mobile subscriber sta-
tion 6 switches its channel to the designated speech
channel, and then sends to the control center 7 a
loop acknowledge code in reply to the receiption of a
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loop code from the control center 7. After loop ack-
nowledgement by this operation, the control center
7 sends to the mobile subscriber station 6 aring
code, in response to which the mobile subscriber
station 6 rings a bell to inform its subscriber of a call
addressed thereto. The mobile station subscriber
then hooks off its hand set. With this operation, the
mobile station sends an off-hook code to the control
center 7 which receives it to provide for the start of
conversation.

On the other hand, when a call is to be made from
the mobile subscriber staticn 6, a mobile station
subscriber picks up its hand set and dials the number
of the addressee. With picking-up of the hand set,
the mobile station automatically switches over its
channel from the paging channel to the access  °
channel, over which an origination code is sent to
the control center 7, as shown in FIG. 2B. It is to be
noted that information on the mobile station sub- ~
scriber’s actions from off-hook to dialling is stored in
the mobile station’s buffer memory. Upon receipt of
the origination code from the base station 1, the con-
trol center 7, as in the foregoing case of paging
addressed to the mobile subscriber station 6, sends
achannel assign code to the mobile subscriber sta-
tion § over the access channel. When the mobile sta-
tion swiiches its channel to the designated spesch
channel and completes loop acknowledgement, the
contrel center 7 sends a dial request sode over the

> speech channel now linked to the mobile subscriber

station 6. The mobile subscribar station 6 sends a
dial code to the control center 7 in response to the
dial request code. if the conirol center 7 fully
receives this dial code, it will send a dial complete
code o the mobile subscriber station 6, at the same
time call the party with whom the mobile station
subscriber intends to have conversation, and sstabl-
ish a speech channel loop, thereby enabling conver-
sation to be started. For an exemplary compassition
of the mobile subscriber station 6, reference is mada
0 “Mobile Unit for 800 MHz Band Land Mobile Tele-
phone System” in the same issue of NNT, “REVIEW
OF THE ELECTRICAL COMMUNICATION
LABORATORIES” as the one cited above, pp.
1231-1244.

In FIG. 3 the base station 1 (or 2) has a transmitier
19, a receiver 15, both for the paging channe!, a
transmitter 20, a receiver 16, both for the access
channel, and transmitters 21-22 and receivers 17-18,
all for spsech channels (S;-CH-S,CH), and all these
transmitter/receivers are linked to an antenna 11 via
multiplexers 13 and 14 and a duplexer 12. The
receivers 15-18 are respectively connected to data
receivers 25-28 of the control center 7, the transmit-
ters 19-22 respectively to data generaters 29-32 of
the same, and the receivers 17-18 and transmitters
21-22 to a switching network 24, which is connected
to the ordinary telephone network 8 (FIG. 1) and
whose switching control is accomplished with a con-
troller 23.

The controller 23, involving a microcomputer, a
read-only-memory (ROM), a ramdom access mem-
ory {(RAM) and so on, is reponsible for the connec-
tion control explained with reference to FIGS. 1, 2A
and 2B. Thus, if there is any call reaching the mobile
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subscriber station, the controlier 23 receives its data
from the switching network 24 and gives commands
to the data generator 29 for the paging channel to
generate a page and a channel assign codes. Also it
receives from the designated one of the data receiv-
ers 27-28 a loop acknowledge code and an off-hook
code sent from the mobile subscriber station over
the designated speech channel, activiates one of the
data generators 31-32, pertinent to the designated
channel, to generate a loop code and a ring docode,
and sends them to the mobile subscriber station. At-
the same time with the reception of the off-hook
code from the mobile subscriber station, the control-
ler 23 so controls the switching network 24 as to
connectthe receiver 17 or 18 and the transmitter 21
or 22, whichever are pertinent to the designated
channel, to the caller’s line. A call from the mobile
subscriber station is subjected to similar control to
have a speech loop formed. Incidentally, it could be
readily understood that data signals for use in this
system can be either tone signals or digital signals.

Next will be described in detail the operation of
detecting trouble in the access channel receiver 16. A
call from the mobile subscriber station is received by
the receiver 16 via the antenna 11, the duplexer 12
and the multiplexer 13. A signal demodulated by the
receiver 16 is detected by the data receiver 26, which
consists of a tone detector if data signalsarein a
tone form, or of a digital pattern detector or the like if
they are in a digital form. The signal detected by the
data receiver 26 is supplied to both the controlier 23
and another controller 33 in a test transmitter 10.

The controller 33 determines whether or not the
detection output from the data receiver 26 is entered
within a first prescribed time interval. If it is not, the
controller 33 actuates a data generator 34 to gener-
ate a test origination code, which is sent out by way
of a transmitter 35 and an antenna 36. If the test
origination code so sent out is received by the
receiver 16 and returns to the controller 33 within a
second prescribed time interval, the receiver 16 for
the access channel is determined to be normally
functioning. If it does not so return, a trouble is
judged to have arisen in the receiver 16, and the
controller 33 supplies the controller 23 of the control
center 7 with a signal indicating the trouble.

The foregoing description refers to a case in which
the contro! center 7 and the base station 1 (or 2) are
housed in the same office, and the input signal to the
test transmitter 10 comes from the data receiver 26
in the control center 7. However, if the control center
7 and the base station 1 (or 2) are geographically
apart from each other, this composition can not be
used, and in such a case another data receiver 37 to
be connected to the access channel receiver 16 has
to be provided within the test transmitter 10, as indi-
cated by broken lines in FIG. 3. In this composition,
the data receiver 37 can be replaced with a detector
capable of detecting the field strength of the carrier
or the noise in the out-band of the carrier. (The latter
is known as the noise squelch.) In this instance, the
data generator 34 for generating the test origination
code is not required, and instead it would be suffi-
cient to simply turn on and off, with a control signal
from the controller 33, a driver circuit or the like
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inserted into the output stage of the power amplifier
of the transmitter 35.

One example of a detector of the field strength of
the carrier or the out-band noise (a noise/carrier
detector 38) is illustrated in FIG. 4. First will be
described the noise squelch operation. A signal from
the multiplexer 13 (FIG. 3), after being amplified by a
high-frequency amplifier 101 in the access channel
receiver 16, is frequency-mixed with a local oscilla-
tion signal from a local oscillator 102 in a mixer 103,
and converted into an intermediate frequency band.
The frequency-converted signal, after being amp-
lified by an intermediate frequency amplifier 104, is
amplitude-limited by a limiter 105 and suppliedto a
frequency discriminator 106. The signal, having
gone through frequency discrimination by the dis-
criminator 106, is amplified by an amplifier 107, and
supplied to the data receiver 26 (FIG. 3) and a noise
amplifier 108 in the noise/carrier detector 38. At the
noise band amplifier, the noise component in the
output of the receiver 16 is amplified and, after pas-
sing a rectifier 109 and a direct current (DC) amplifier
110, is compared with a certain threshold value ata
comparator 111. Whether or not a calling signal is
received is monitored according to the output of the
comparator 111, and this output is supplied to the
controller 33 (FIG. 3).

When the field strength of the carrier is to be moni-
tored, the output of the intermediate frequency amp-
lifier 104 is supplied to the detector 112, whose out-
put is then led to the comparator 1143 for monitor-
ing. Similar to the noise squelch, the output of the
comparator 113 is applied to the controller 33.

Referring to FIG. 5, next will be described an
embodiment of the controller 33 (FIG. 3) in the test
transmitter, with reference to FIGS. 6A-6D. A detec-
tion signal, indicating the presence or absence of a
calling signal, from the data receiver 26 or 37 (FIG. 3)
or the noise/carrier detector 38 (FIG. 4) is fed as an
input signal Ato an input terminal 201 of a timer
circuit 202, When a pulse a, (FIG. 6A) detected to
indicate the presence of the calling signal, is sup-
plied to the input terminal 201, a transistor 203 is
turned on, whereby the potential of a capacitor 204,
i.e., the output potential B of the timer circuit 202, is
reduced to zero. Until the next calling pulse a; (FIG.
6A) is received, the potential B takes a value propor-
tional to time as shown in FIG. 6B. This is due to the
fact that the capacitor 204 is charged by a constant
current source 205, which is connected to a power
source by way of a terminal 213. If calling signals
from the mobile station are transmitted at such time
intervals as are represented by pulses a;-a; in FIG.
6A, the timer circuit 202 repeats the foregoing opera-
tions.

If a calling signal from the mobile station does not
come for a predetermined time interval determined
by the time constant of the time circuit 202, the
potential B will surpass a first reference voltage V;,
so that a voltage comparison amplifier 206 gener-
ates a high level signal at its output. The reference
voltage V, of the amplifier 206 is provided by a bat-
tery 207. The output of the amplifier 206 is fed to a
pulse waveform shaping circuit 208, shaped thereby
into a driving pulse signal c, (FIG. 6C) and supplied
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to the data generator 34 and the transmitter 35 (FIG.
3). In response to this pulse signal ¢, is actuated the
transmitter 35, and the test origination code is issued
from the data generator 34. in the absence of the
data generator 34, obviously, only the carrier is radi-
ated by the transmitter 35.

If the access channel receiver is normally operat-
ing when the pulse signal ¢, is given, a pulse signal
a4 in FIG. 6A will come back to the input terminal 201
of the timer circuit 202, and the potential B will return
to zero as shown in FIG. 6B. On the other hand, if the
access channel receiver has any trouble, a pulse
signal as in FIG. 6A, which indicates reception of a
pulse signal ¢, in FIG. 6c, will not return to the input
terminal 201. As a result, the potential B will con-
tinue to rise as shown in FIG. 6B until it surpasses a
second reference voltage V,, and a voltage compari-
son amplifier 210 will generate a trouble signal D
(FIG. 6D). The second reference voltage V, is sup-
plied to the amplifier 210 by a battery 211. The trou-
ble signal D, as stated above, is supplied to the con-
troller 23 of the control center (FIG. 3).

As is obvious from the foregoing description,
according to the present invention, a test calling
signal is generated and transmitted when no calling
signal appears the output of the access channel
receiver, and this test calling signal is received by the
receiver. Therefore, the present invention allows the
access channel receiver to almost instantaneously
and automatically detect the occurrence of any trou-
ble without substantially affecting ordinary calls
from the mobile station, and can thereby help tre-
mendously improve the reliability and maintenance
efficiency of the system.

CLAIMS

1. Amobile radio telephone system comprising
mobile stations; base stations, each base station
having a plurality of speech channel transmit-
ter/receivers to transmit and receive signals through
a speech channel and an access channel transmit-
ter/receiver to control calls from said mobile stations
through an access channel; and a central station for
connecting said mobile stations and a telephone
exchange network or said mobile stations with each
other by way of said base stations, said system
further comprising:

means for detecting from the output of said access
channel receiver a calling signal from said mobile
station and a test calling signal; and

control means connected to the output of said
detecting means for transmitting said test calling
signal to the last-mentioned access channel receiver
if the detection output of said detecting means is not
received within a first predetermined interval of time
and, for generating a trouble signal if said detection
output is not received within a second predeter-
mined interval of time, after the transmission of said
test calling signal, said second predetermined inter-
val of time being shorter than said first predeter-
mined interval of time.

2. A mobile radio telephone system, as claimed
in Claim 1, wherein said control means comprises:

timer circuit means for generating a first pulse
signal if said detection output is not received within
said first predetermined interval of time and, for
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generating a second pulse signal if said detection
output is not generated within said second pre-
determined interval of time, after the transmittion of
said test calling signal;

generator means for generating said test calling
signal in response to said first pulse signal;

transmitter means for transmitting said test calling
signal from said generator means to said last-
mentioned access channel receiver; and

means for generating said trouble signal in
response to said second pulse signal.

3. Amobile radio telephone system, as claimed
in Claim 2, wherein said detecting means includes a
data receiver and said generator means includes a
data generator.

4. A mobile radio telephone system, as claimed
in Claim 3, wherein said data receiver includes a tone
detector and said data generator includes a tone
generator. :

5. A mobile radio telephone system, as claimed
in Claim 3, wherein said data receiver includes a digi-
tal pattern detector and said data generator includes
a digital pattern generator.

6. A mobile radio telephone system, as claimed
in Claim 2, wherein said control means comprises

timer circuit means for generating a first puise
signal if said detection output is not received within
said first predetermined interval of time and, for
generating a second pulse signal if said detection
output is not received within said second predeter-
mined interval of time, after the transmission of said
test calling signal;

transmitter means for transmitting, in response to
said first pulse signal, the carrier of said access
channel receiver to said last-mentioned access
channel receiver; and

means for generating said trouble signal in
response to said second pulse signal.

7. A mobile radio telephone system, as claimed
in Claim 6, wherein said detecting means includes a
noise/carrier detector for detecting one of the field
strength of said carrier and the noise in the out-band
of said carrier.

8. A mobileradio ielephone system as claimed in
any one of Claims 2 through 7, wherein said timer
circuit means comprises

capacitor means, connected to a current source,
for storing electric charge;

transistor means for receiving the output of said
detecting means at its control terminal, being con-
ducted in response to said detection output and dis-
charging the electric charge stored in said capacitor
means; and

first and second voltage comparator means con-
nected to the output of said capacitor means, for
voltage comparing the output of said capacitor
means with first and second predetermined
threshold levels, respectively and, for generating, if
it exceeds these thresholds, said first and second
pulse signals, respectively, said first predetermined
threshold level being lower than said second pre-
determined threshold level.

9. Amobile radio telephone system including an
arrangement substantially as described herein with
reference to Figs. 3-6 of the accompanying drawings.

«
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