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TITLE OF THE INVENTION

MOBILE COMMUNICATIONS CONTROL INCLUDING CHANGE
OF BIT RATE BASED ON TRAFFIC AND TRANSMIT POWER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a mobile
communications control method and system, and more
particularly to a mobile communications control including
a transmit power control and information transmission bit
rate control on a radio communications channel formed
among at least one a base statlion and at least one mobile
station in mobile communications that are typically
portable telephones.

2. Description of the Related Art

Mobile communications employ a transmlt power
control to reduce the transmit power to the minimum level
at which a given communication guality can be satisfied.
The transmit power control makes it possible to reduce
interference with a communication involved in another
mobile station and thus improve the communications gquality
and to increase the capacity of the entire system. It is
also possible to reduce consumption power and save the
battery installed in the mobile station.

Particularly, in a radio access system of CDMA
(Code Division Multiple Access), the transmit power
control is essential to decrease interference as low as
possible because an increase in the subscriber capacity
directly:depends on the decrease of interference. In CDMA,
there is a proposal in which the transmit power of the
mobile station is controlled so that the received CIR
(Carrier Interference Ratlo) in the base station becomes
equal to a given target CIR, while the transmit power of
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the base station is controlled so that the received CIR in
the mobile station becomes equal to a given target CIR.
Here, the CIR is a ratlo between a desired signal and an
interfering signal and is computed by dividing a desired-
signal power obtained by despreading, using a spreading
code, of a received signal including a signal spread by
the above spreading code on a transmitting side by an
interfering-signal power. '

Fig. 1 shows an example of a method of
controlling the transmit power of the mobile station.
Referring to Filg. 1, when the received CIR in a base
station 1001 1s lower than the target CIR, the base
station 1001 transmits a transmit power control signal “1”
in order to increase the transmit power of a mobile
station. A mobile statlon 1002 receives the transmit
power control signal "1, and increases the transmit power
by. for example, 1 dB. In contrast. when the received CIR
in the base station 1001 is higher than the target CIR,
the base statlon 1001 transmits a transmit power control
signal "0° in order to decrease the transmit power of the
mobile station. The mobile station 1002 receives the
transmit powexr control signal “0", and decreases the
transmit power by, for example, 1 4B.

In CDMA, when an increased number of mobile
stations simultaneously communicates within an identical
cell, interference increases and an increased tranesmit
power 1s needed to satisfy the target CIR. A limited
transmit power is available due to the characteristics of
a transmission amplifier. Thus, if the number of mobile
stations that simultaneously communicate exceeds a certain
number, a mobile station will not be able to increase the
transmit power to the target CIR.

Conventionally, a call admission control is
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carried out so that the number of mobile stations that are
allowed to simultaneously communlcate falls within a limit
placed upon capacity. Thus, the average number of mobile
stations that are in communications f£alls within the
capacity limit. Therefore, it is possible, in circuit
switched communications, to decrease the frequency of
occurrence of a situation in which a call in
communications is disconnected within a predetermined
threshold and, in packet communications, to prevent
occurrence of a situation in which packets are not
transmitted so that the throughput greatly decreases and
sometimes information cannot be transmitted at all.

However, in the mobile communications, the power
of interference with a particular mobile station and the
magnitude of the desired signal power change momentarily
due to movement of the moblle station and a fluctuation of
the received signal level, namely, fading. Even if all
mobile stations satisfy the given quality at the time of
call admission and channel assignment in handover, the
gilven CIR and given communication guality may not be
obtained due to an increase 1in interference and reduction
in receiving desired power resulting from movement of
mobile stations.

As described before, there is a limit on the
transmit power. A mobile station that is located close to
the base station may control the transmit power within the
1limit thereon. However, a mobile station that is located
away from the base station may not anytime satisfy the
given communications quality even at the maximum transmit
power. In such a case., a call which utilizes a radio
channel that does not satisfy the given communication
quality 1s forced to be disconnected. The case mentioned
above will Ffrequency occur in a situation in which a
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sufficient transmit power is not available and the traffic
increases.

Even when the traffic is not high as compared to
the system capacity, the given communications quality may
not be avallable at the maximum transmit power in a case
where the mobile station is located away from the base
station, in a cell periphery or in another case where the
moblle station 1s located in the interior of a bullding
and the received level is not high. In such cases, the
call using the radioc channel that cannot satisfy the given
communications quallty is forced to be disconnected. 1In
packet communications, the target CIR may not be cobtained
and the packet loss rate may increase, so that the
throughput may greatly be reduced.

As described above, the call which does not
satisfy the given communications quality is disconnected.
Thus, the conventional technique has a high ratio of call
disconnect during commmnications and a low grade of
service. If the number of simultaneous communications
channels is reduced in order to increase the rate of call
disconnect during communications, the system capacity will
reduce. In packet communications, the throughput is
reduced and the delay increases.

SUMMARY OF THE INVENTION
It is a general) object of the present invention

to overcome the above-mentioned disadvantages of the
conventional art.

A more specific object of the present invention
is to provide a mobile communication control capable of
ensuring a given communications guality by reducing the
information transmission bit rate if the given
communications quality cannot be satisfied., so that

This Sheet Has Been Replaced

AT




10

15

20

25

30

communications can continue and the grade of service can
be impxroved.

The above objects of the present inventlon are
achieved by a mobile communication control system
including at least one mobile station and at least one
base station, the mobile communication control system
including: a first part measuring traffic of radio
channels in one or both of the above at least one mobile
station and the above at least one base station; a second
part measuring a communications quality of radio channels
in use; and a third part determining a transmit power on a
transmitting side and an information transmission bit rate
on the basis of the traffic of the radio channels 1ln use
and information as to whether the transmit power on the
transmitting side has reached a maximum transmit power.

The above objects of the present invention are
also achieved by a base station in a moblle communications
system, comprising: a received level measuring circuit
measuring a received level of radio channels in use in
order to recognize a traffic of the radio channels; a
received CIR (Carrier Interference Ratio) measuring
¢circulit measuring a received CIR of an associated one of
the radio channels in order to measure a communications
quality of each of the radio channels; and a base station
control unit determining a transmit power of a mobile
station and an information transmission bit rate on the
basis of the traffic of the radio channels in use and
information as to whether the transmit power of the mobile
station has reached a maximum transmit power.

The above objects of the present invention are
also achieved by a mobile station in a mobile
communications system, comprising: a received CIR (Carrier
Interference Ratio) of a radio channel in use in order to
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measure a communications guality of the radio channel; and
a control unit which controls a transmit power and an
information transmission bit rate of the moblle station in
accordance with a control signal regarding the transmit
power and the information transmission bit rate sent by a
base station and which proposes to the base station that
the information transmission bit rate 1s reduced on the
basis of a traffic of radio chamnels in use and
information as to whether the transmit power of the mobile
station has reached to a maximum transmit power.

The above objects of the present invention are
also achieved by a mobile communications control method
comprising the steps of: measuring a received level of
radio channels iIn use in order to recognize a traffic
thereof; measuring a received CIR (Carrier Interference
Ratic) of a radlo channel in order to measure a
communications quality of the radio channel; and
determining a transmit power of a moblle station and an
information transmission bit rate on the baslis of the
traffic of the radio channels and information as to
whether the transmit power of the mobile station has
reached a maximum transmit power.

The above objects of the present invention are
also achieved by a mobile communications c¢ontrol method
comprising the steps of: measuring a received CIR (Carrier
Interference Ratio) of a radio channel in use in order to
measure a communications quality of the radio channel; and
controlling a transmit power of the mobile station and an
information transmission bit rate in accordance with a
control signal regarding the transmit power and the
information transmission bit rate sent by a base station;
and proposing to the base statlon that the information
transmission bit rate is changed on the basis of a traffic
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of radio channels in use and information as to whether the
transmit power of the mobile station has reached to a
maximum transmit power.

BRIEF DESCRIPTION OF THE DRAWINGS
Other objects, features and advantages of the

present invention will become more apparent from the
following detalled description when read in conjunction
with the accompanying drawings, in which:

Fig. 1 1s a diagram of a conventional method of
contrelling the transmit power of a mobile station;

Fig. 2 is a diagram of a moblle communications
control system according to an embodiment of the present
invention;

Fig. 3 is a flowchart of an operation of a base
station in a transmit power control of an uplink signal
and an information transmission bit rate control according
to the embodiment of the present invention;

Fig. 4 is a flowchart of an operation of a
mobile station in a transmit power control of an uplink
signal and an Information transmission bit rate control
according to the embodiment of the present invention:

Fig. 5 is a block diagram of a configuration of
a base station used when the present invention is applied
to CDMA; and

Fig. 6 is a block diagram of a configuration of
a mobile station used when the present invention is
applied to CDMA.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 2 is a diagram of a moblle communications

control system according to an embodiment of the present
invention, Referring to Fig. 2, a first base station 103
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forms a first cell 105, and a second base station 104
forms a second cell 106. A first mobile station 101 and &
second moblle station 102 are comnnected to the first base
station 103 by respective radio channels. The transmit
power of the first mobille station 101 is controlled so
that the received CIR of the first mobile station 101 in
the first base station 103 becomes equal to the target CIR.
The transmit power of the second moblle station 102 is
controlled so that the received CIR of the second mobile
station 102 in the first base statlon 103 becomes egual to
the target CIR.

The transmit power of the first base station 103
is controlled go that the received CIR of the first base
station 103 in the first and second mobile stations 101
and 102 becomes egual to the target CIR, respectively.
Although not lllustrated in Fig- 2, the second base
station 104 performs the transmit power control when a
mobile station 1s located in the second cell 106, and such
a mobile station performs the transmit power comtrol.
Though Fig. 2 shows only two base stations, the system
shown in Flg. 2 is an example of systems having a
plurality of base stations and a plurality of mobile
stations.

The radio channels used in the present
embodiment of the present invention are defined as follows.
The radio channel represents a frequency band used in
communications. In CDMA, a plurality of codes are
multiplexed in the frequency band. In FDMA (Freguency
Division Multiple Access), the frequency band is divided
into smaller frequency bands. In TDMA (Time Division
Multiple Access), the frequency band is shared on the time
division basis.

Fig. 3.1s a flowchart of an operation of each
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base station involved in the transmit power control of an
uplink signal and information transmission bit rate
control thereof according to the present embodiment of the
Invention.

First, the base station of interest determines
whether the traffic of radio channels is high (202). If
the answer of step 202 is YES, the base station notifies
all mobile stations located in its own cell that the
traffic is high (203). This notification is carried out
by a method of definitely sending information to all the
moblle stations that communicate with the base station.
Next, the base station measures the received CIR (204) of
each mobile station. Then, the base station determines,
for each mobile station, whether the received CIR does not
satisfy the target CIR at all for a glven constant time
(205).

If it is determined at step 205 that the
recelved CIR of a moblle station does not'satisfy the
target CIR at all for the given constant time, the base
station notifies the above mobile station that the
information transmission bit rate of the involved radio
channel should be reduced (206). Then, the base station
reduces the information transmission bit rate of the
involved radio channel {(207). Then, the base station
measures the received CIR of the mobile station of
interest. If the received CIR i1s egual to or lower than
the target CIR, the transmit power 1s not altered. In
contrast, if the received CIR is higher than the target
CIR, the base station sends the above mobile station a
transmit power control signal which requests the mobile
station to reduce the transmit power (209).

In contrast, at step 205, if a situation is not
detected in which the recelved CIR of a mobile station
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does not satisfy the target CIR at all for the given
constant time, the base station does not change the
information transmission bit rate, and does not change the
transmit power when the received CIR is lower than or
equal to the target CIR. If the received CIR of a mobile
station is higher than the target CIR, the base station
sends the above mobile station the transmit power control
signal that requests the mobile station to reduce the
transmit power (20%).

A description will be given of a sequence
carried out when the traffic is not high. First, the
base station measures the received CIR of each mobile
station (210). Next, the base station determines, for
each mobile station, whether the received CIR does not
satisfy the target CIR at all for the given constant time
(211). If it is determined, at step 211, that the
received CIR of a mobile statlon does not satisfy the
target CIR at all for the given constant time, the base
station determines whether there is a proposal to reduce
the information transmission bit rate from the above
mobile station (212). If there is such a proposal, the
base station notifies the mobile station of interest that
the information transmission bit rate will be reduced
(213), and reduces the information transmission bit rate
of the involved radio channel (214). Then, the base
station measures the received CIR of the mobile station of
interest (215). At step 216, the base station sends the
mobile station to the transmit power control signal which
requests the mobile station to reduce the transmit power
if the received CIR 1s higher than the target CIR and to
increase the transmit power if the received CIR is lower
than the target CIR. If the received CIR is egqual to the
target CIR, the transmit power is not changed.
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In contrast, at step 211, if a situation is not
detected in which the received CIR of a mobile station
does not satisfy the target CIR at all for the given
constant time, or if there is no proposal from the mobile
station at step 212, the base station performs the above-
mentioned transmission control at step 216.

After the base station sends the transmit power
control signal to the mobile station involved ilrrespective
of whether the traffic is high or not, the sequence
returns to step start 201, and the above-mentioned
operation is repeated.

In CDMA, the decision of step 202 is made as
follows. The base station measures the total received
power level of the radio channels, and compares it with a
predetermined threshold level. If the total received
power level is equal to or higher than the threshold level,
it is determined that the total traffic of the radio
channels is high. JIn contrast, if the total received
power level 1s lower than the threshold level, it i1s
determined that the total traffic of the radio channels is
not high.

Fig. 4 1s a flowchart of an operation of each
mobile station involved in the transmit power c¢ontrol of
an uplink signal and ilnformation transmission bit rate
control thereof according to the present embodiment of the
invention.

The mobile station determines whether it has
been potified by the base station that the total traffic
of the radio channels is high (302), If the answer of
step 302 1s YES, the moblle station controls the transmit
power in accordance with the transmit power control signal
(303). Then, the mobile station discerns whether it has
been instructed to reduce the information transmission bit
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rate by the base station (304). If the answer of step 304
is YES, the mobile station reduces the information
transmission bit rate (305)., In contrast, 1f the answer
of step 304 is NO, the sequence returns to start 301.

In contrast, at step 302, if it is determined
that the mobile station has not been notified that the
traffic of the radio channels is high, the mobile station
controls the transmit power in accordance with the
transmit power control signal (306). Then, the mobile
station determines whether it has received the control
signal to increase the transmilt power for a predetermined
constant time after the transmit power reaches the maximum
power {307). If the answer of step 307 is YES, the mobile
station sends the base station the proposal to reduce the
information transmission bit rate (308). Then, the mobile
station checks whether it has been instructed to reduce
the information transmission bit rate by the base station
(309). If the answer of step 309 is YES, the moblle
station reduces the information transmission bit rate
(310). Then, the sequence returns to start 301. If the
answers of steps 307 and 309 are NO, the sequence returns
to start 301.

The above-mentioned operations of the base
station and mobile station result in the following
advantages.

Flrst, in a case where the traffic of radio
channels is high and thus the predetermined communications
quality cannot be satisfied at the given information
transmission bit rate for a certain time, the receiving
side does not inﬁtruct the transmitting side to increase
the transmit power but the information transmission bit
rate is reduced on both the transmitting and receiving
sldes so as to satisfy the given communications quality.
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Hence, the commmications can continue.

Second, in a case where the received level on
the recelving side decreases and thus the predetermined
communications quality cammot be satisfied at the given
information transmission bit rate for a certain time, the
information transmission bit rate is reduced on both the
transmitting and receiving sides so as to satisfy the
given communications quality. Thus, the communicatlons
can continue.

Filg. 5 is a block diagram of the base station
used in a case where the present invention is applied to
CDMA, The confilguration of the base station shown in Fig,
5 can handle a plurality of mobile stations, and has
identical structures respectively provided to the mobile
stations. For the sake of simplicity, Fig, 5 1llustrates
the entire structure involved in one (first) channel, and
a part of the structure involved in the second channel,
while omitting the structures respectively inveolved in the
remaining channels. It is to be noted that an antenna 401,
an antenna sharing unit 402, a received signal
distribution circuit 403, and a transmitted signal
combining circuit 419 are shared by all the radio channels.

The base station includes the antenna 401, the
antenna sharing unit 402, the received signal distribution
circuit 403, a received level measuring circuit 404, a
first receive correlation unit 405, and a first
demodulator 406. The antenna 401 is used to transmit and
receive signals. The antenna sharing unit 402 is used to
share the antenna 401 in transmitting and receiving. The
received signal distribution circuit 403 distributes a
received signal to the received level measuring circuit
404 and the first receive correlation unit 405, etc. The
received level measuring circuit 404 measures the entire
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received level of the received signals from the received
signal distribution circuit 403. The first recelve
correlation unit 405 takes a correlation between the
received signal from the received signal distribution
circuit 403 and a spreading code specified by a base
station control unit 413, determines a receive timing
based on the correlation, and performs despreading. The
first demodulator 406 demodulates the output signal of the
first receive correlation unit 405, and outputs a
resultant encoded signal. The first demodulator 406 also
has the function of changing the spreading gain in
accordance with an instruction from the base station
control unit 413.

The base station shown in Filg. 5 further
includes a first decoder 407, a transmit power control
signal read circuit 408, a first received CIR measuring
circult 410, and a first channel control unit 411. The
first decoder 407 decodes the encoded signal from the
first demodulator 406, and outputs a resultant information
signal. 'The first decoder 407 is also equipped with the
function of decoding a plurality of bits which represent
the original one bit of information in order to improve
the rellability to thereby reproduce the original one bit
of information in accordance with an instruction by the
base station control unit 413. Further, the first decoder
407 has the function of decoding packets that are
transmitted a plurality of times to reproduce the original
information.

The transmit power control signal read circuit
408 extracts the transmit pdwer control slignal from the
information signal output by the decoder 407. The
received CIR measuring circuit 410 measures the received
CIR through the first demodulator 406. The first channel
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control unit 411 determines the transmit power to the
mobile station from the output of the transmit power
control signal read circuit 408, and controls a first
amplifier 417 in accordance with the transmit power thus
determined. Further, the first channel control unit 411
produces the transmit power control signal to be
transmitted to the mobile station by comparing the output
of the first received CIR measuring circuit 410 with the
target CIR, &nd sends the transmit power control signal to
a signal multiplexing circuit 414.

Furthermore, the base station shown in Fig. 5 is
equipped with a second receive correlation unit 412, a
first encoder 415, and a first modulator 416 in addition
to the above-mentioned base station control unit 413, the
signal multiplexing circuit 414 and the first amplifier
417.

The base station control unit 413 has the
following functlons. The first function of the base
station control unit 413 is to recognize the current
traffic of the radio channel by referring to the received
level measured by the received level measuring clrcuit 404.
The second function 1is to indicate the spreading code to
the receive correlation units and the modulator. The
third function is to change the spreading gain in the
first demodulator 406 and the first modulator 416, as
necessary. The fourth function is to represent one bit of
information in terms of a plurality of bits in order to
improve the reliability. The fifth function is to form a
packet consisting of a plurality of bits and transmit the
packet a plurality of times.

The signal multiplexing circuit 414 multiplexes
information to be transmitted, the transmit power control
information produced by the first channel control unit 411

-
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and transmitted to mobile stations, and a variety of
control information to be sent to mobile stations. The
first encoder 415 encodes the multiplexed signal from the
signal multiplexing circuit 414. The first encoder 415 is
5 also equipped with the function of representing one bit of
information by a plurality of bits in order to improve the
reliability and the function of assembling a plurality of
bits into a packet and transmitting the packet a plurality
of times in accordance with an instruction from the base

10 statlon control unit 413,

The £irst modulator 416 modulates the encoded
signal and spreads the modulated signal by the spreading
code specified by the base station contrel unit 413. The
first modulatoxr 416 is also equipped with the function of

15 changing the spreading gain in accordance with an
instruction from the base station control unit 413. The
first amplifier 417 amplifies the modulated signal to
obtain the transmit power specified by the first channel
control unit 411.

20 The base station shown in Fig. 5 also includes a
second amplifler 418, and the aforementioned transmitted
signal combining circult 419, which combines the
transmission signals from a plurality of amplifiers
including the first amplifier 417 and the second amplifier

25 418, and supplies the combined signal to the antenna
sharing unit 402. _

In the configuration shown in Fig. 5, the
transmit power control information is accompanied with the
information signal. Alternatively, the transmit power

30 control information may be transmitted by using another
channel.

A further description will be given of the
configuration of the base station shown in Fig. 5 and the
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operation thereof shown in Fig. 3.

Step 202: The base station measures the recelved
level of ratio channel in the received level measuring
circuit 404. The received level thus measured is sent to
the base station control unit 413. The unit 413 compares
the received level measured by the unit 404 with the given
threshold level, and thus determines whether the traffic
of the radio channels is high.

Step 203: If it is determined that the received
level is higher than the threshold level and the traffic
is thus high, the base station control unit 413 sends the
signal multiplexing circuit 414 the information showing
that the traffic is high. The signal multiplexing circuit
414 multiplexes the above information to the informationm
signal. The multiplexed signal is transmitted to the
mobile stations via the encoder, the modulator and the
amplifier.

Step 204: The first received CIR measuring
circuit 410 measures the received CIR of the signal from
the first mobile station and sends the received CIR to the
first channel control unit 411.

Step 205: The first channel control unit 411
compares the received CIR with the target CIR. If the
received CIR does not satisfy the target CIR at all for
the given constant time, the first channel control unit
411 notifies the base station control unit 413 of that
situation.

Step 206: The base station control unit 413
sends the control signal to the first mobile station via
the transmit system including the signal multiplexing
circuit 414, the above control signal showing that the
information transmission bit rate should be reduced.

Step 207: One or both of the first demodulator
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406 and the first decoder 407 are controlled to reduce the
information transmission bit rate. Simultanecously, one or
both of the first modulator 416 and the first encoder 413
are controlled to reduce the information transmission bit
rate.

Step 208: The information transmission bit rate
is reduced on both the base station and the mobile station.
and then the first received CIR measuring circult 410
measures the received CIR of the signal from the mobile
station of interest. The received CIR thus measured is
sent to the first channel control unit 411.

Step 209: The channel control unit 411 compares
the received CIR with the target CIR. If the received CIR
1s equal to or lower than the target CIR, the channel
control unit 411 sends the first mobile station the
transmit power control signal which indicates that there
is no need to change the transmit power. In contrast, if
the received CIR is higher than the target CIR, the
channel control unit 411 sends the first mobile station
the transmit power control signal which instructs the
mobile station to reduce the transmit power.

Step 210: The first received CIR measuring
circuit 410 measures the receilved CIR of the signal from
the first mobile statlon. and sends the received CIR thus
measured to the first channel control unit 411. '

Step 211: The first channel control unit 411
compares the received CIR with the target CIR. If the
received CIR does not satisfy the target CIR for the given
constant time at all, the first channel control unit 411
notifies the base station control unit 413 of that fact.

Step 212: If the received signal from the first
mobile station contains information that proposes to
reduce the information transmission bit rate, the base

—_—
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station control unit 413 is informed of the above proposal
via the channel control unit 411.

Step 213: When a reduction in the information
transmission bit rate is proposed by the first mobile
station, the base station control unit 413 sends the first
mobile station the control signal which requests the first
mobile statlon to reduce the information transmission bit
rate via the transmission system including the signal
multiplexing circuit 414.

Step 214: One or both of the first demodulator
406 and the first decoder 407 are controlled to reduce the
information transmission bit rate. Simultaneously, one or
both of the flrst modulator 416 and the first encoder 415
are controlled to reduce the information transmission bit
rate.

Step 215: The information transmission bit rate
is reduced on both the base station and the moblle station,
and then the first received CIR measuring c¢ircult 410
measures the received CIR of the signal from the mobile
station of interest. The received CIR thus measured is
sent to the first channel control unit 411.

Step 216: The channel control unit 411 compares
the received CIR with the target CIR. If the received CIR
is equal to or lower than the target CIR, the channel
control unit 411 sends the first mobile station the
transmit power control signal which indicates that there
is no need to change the transmit power. In contrast, if
the received CIR i1s higher than the target CIR, the
channel control unit 411 sends the first mobile station
the transmit power coptrol signal which instructs the
moblle station to reduce the transmit power.

Fig. 6 1s a block diagram of a configuration of
a moblile station used in a case where the present
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invention is applied to CDMA.

The mobile station shown in Fig. 6 includes an
antenna 501, an antenna sharing unit 502, a receive
correlation unit 503, a demodulator 504, a decoder 505, a
transmit power control sigmal read circuit 506, a received
CIR measuring circuit 508, a control unit 509, a signal
multiplexing circuit 510, an encoder 511, a modulator 512,
and an amplifier 513.

The antenna 501 is used to transmit and receive
signals. The antenna sharing unit 502 is used to share
the antenna 501 in transmitting and receiving. The
receive correlation unit 503 takes a correlation between
the received signal from the antenna sharing unit 502 and
a spreading code specified by the control unit 509,
determines a receive timing based on the correlation, and
performs despreading. The demodulator 504 demodulates the
output signal of the receive correlation unit 503, and
outputs a resultant encoded signal. The demodulator 504
also has the function of changing the spreading gain in
accordance with an instruction from the control unit 509.

The decoder 505 decodes the encoded signal from
the demodulator 504, and outputs a resultant information
signal. The decoder 505 is also equipped with the
function of decoding a plurality of bits which represent
the original one bit of information in order to improve
the rellability to thereby reproduce the original ome bit
of information. Further, the decoder 505 has the function
of decoding packets that are transmitted a plurality of
times to reproduce the original information. The transmit
power control signal read circuit 506 extracts the
trensmit power control signal from the information signal
output by the decoder 505.

The received CIR measurlng circult 508 measures
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the received CIR through the demodulator 504. The control
unit 509 determines the transmit power of its own mobile
station by referring to the output of the transmit power
control signal read circuit 506, and sends a coxresponding
5 instruction to the amplifier 513. Also, the control unit
509 produces the transmit power control signal to be sent
to the base station from the output of the received CIR
measuring circuit 508, and supplies it to the signal
multiplexing circuit 510. Further, the control unit 509
10 recognizes and manages the transmit power level of its own
mobile station involved in the current radio chanmel and
the maximum transmit power level thereof. Furthermore,
the control unit 509 manages the current information
transmission bit rate, and supplies, as necessary, the
15 democdulator 504 and the modulator 512 with an instruction
to change the spreading gain as an instruction about
change of the information transmlission bit rate. Moreover,
the control unit 509 represents one bit of information in
terms of a plurality of bits in order to improve the
20 reliability. Additionally, the control unit 509 forms a
packet consisting of a plurality of bits and transmits the
packet a plurality of times.
The signal multiplexing circuit 510 multiplexes
information to be transmitted, the transmit power control
25 information produced by the control unit 509 and
transmitted to mobile staltionms, and a variety of control
information to be set to mobile stations. The encoder 511
encodes the multiplexed signal from the signal
maltiplexing circuit 510. The encoder 511 is also
30 equipped with the function of representing cne bit of
information by a plurality of bits in order to improve the
reliability and the function of assembling a plurality of
bits into a packet and tramnsmitting the packet a plurality

This Sheet Has Been Replaced

LT




1o

15

20

25

30

22

of times in accordance with an instruction from the
control unit 509.

The modulator 512 modulates the encoded signal
and spreads the modulated signal by the spreading code
specified by the control unit 509. The modulator 512 is
also equipped with the function of changing the spreading
gain in accordance with an instruction from the control
unit 509. The amplifier 513 amplifies the modulated
signal to obtain the transmit power specified by the
control unit 509.

In the configuration shown in Fig. 6, the
transmit power control information is accompanled with the
information signal. Altermatively, the transmit power
control information may be transmitted by using another
channel.

2 description will be given of the configuration
of the mobile station shown in Fig. 6 and the operation
thereof shown in Fig. 4.

Step 302: The control unit 509 of the mobile
station reads information from the signal sent by the base
station via the receive system from the antenna 501 to the
decoder 505. Then, the control unit 509 determines
whether a report showing that the traffic of the radio
channels is high has been reported.

Step 303: The transmit power control signal read
circuit 506 reads the transmit power control signal
addressed to the mobile station from the received signal
sent by the base station, and supplies it to the control
unit 509. Then, the control unit 509 notifies the
amplifier 513 of the transmit power indicated by the
transmit power control signal.

Step 304: The control unit 509 discerns whether
the received signal from the base station includes the

-
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control signél which instructs reduction in the
information transmission bit rate.

Step 305: If the above control signal is
included in the received signal, the control unit 509
instructs one or both of the demodulator 504 and the
decoder 505 to reduce the information transmission bit
rate, and instructs one or both of the first modulator 416
and the first encoder 415 to reduce the information
transmission bit rate.

Step 306: The transmit power control signal read
circuit 506 xeads the transmit power control information
to the mobile station from the received signal sent by the
base station, and supplies it to the control unit 509.
Then, the control unit 509 notiflies the amplifier 513 of
the transmit power indicated by the transmit power control
signal.

Step 307: The control unit 509 determines
whether it has continuously received the control signal to
increase the transmit power for the predetermined constant
time after the transmit power reaches the maximum power.

Step 308: If it is determined that the control
signal to increase the transmit power for the
predetermined constant time after the transmit power
reaches the maximum power is continuously received, the
control unit 509 sends the control signal which proposes
to reduce the information transmission bit rate to the
base station via the transmission system.

Step 309: The control unit 509 determines
whether the received signal from the base station includes
the control signal whichlinstructs the mobile station to
reduce the information transmission bit rate.

Step 310: If the above control signal is
included in the received signal, the control unit 509
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instructs one or both of the demodulator 504 and the
decoder 505 to reduce the information transmission bit
rate, and instructs one or both of the first modulator 416
and the first encoder 415 to reduce the information
transmission bit rate.

A description will be given of first through
third methods for changing the information transmission
bit rate and thus changing quality of communications in
both the base station and mobile station.

The first method is to increase the spreading
gain in the same spreading band in CDMA. In this case,
the information transmission bit rate is reduced, while
resistance to interference is improved. Thus, the signal
¢an be recelved at a higher CIR.

The second method is to represent one bit of
information by using a plurality of bits. For example, an
identical information bit is tramsmitted a plurality of
times, and a received signal 1s reproduced from the
identical information bits separately recelved. In this
case, the information transmission bit rate is reduced,
while resistance to interference is improved. Thus, a
high quality of communications can be ensured even at a
lowexr CIR.

The third method 1s to assemble a plurality of
bits into a packet and send the packet a plurality of
times. A received signal is reproduced from the identical
packets separately received. In this case, the
information transmission bit rate is reduced, while
resistance to interference can be improved. Thus, a high
quality of communications can be ensured at a lower CIR.

In the above-mentioned embodiment of the present
invention, any of the first through third methods and any
combination thereof can be employed. In the first method,
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the modulator and the demodulator are instructed to change
the spreading gain. In the second and third methods, the
encoder and the decoder are instructed to represent one
bit of information by a plurality of bits or to send a
packet formed by a plurality of blts a plurality of times.

It is also possible to employ other methods for
reducing the information transmission bit rate to thexeby
improve the quality of communications. In the
aforementioned embodiment of the present invention, the
transmit power of the mobile station is controlled.
Alternatively, the transmit power may be controlled in the
base station. In the alternative, the moblle station
produces the transmit power control signal from the
recelved CIR. The base station changes the transmit power
in response to the transmit power control signal sent by
the mobile station. That is, the functions of the base
station and the mobile station are interchanged.

In the aforementioned embodiment of the present
invention, CDMA is used as a radio transmission system.

It is also possible to employ FDMA or TDMA in case the
traffic of radlo channels is recognized and a decisipn as
to whether the maximum transmit power is set to the radio
¢hannels can be made.

In the conventional art, a commmication is
forced to be dlsconnected vhen the traffic of radio
channels is high and the given communications quality
cannot be satisfied. In contrast, according to the
present invention, the information transmission bit rate
is reduced so that the given communications guality can be
ensured. Thus, it is possible to preﬁent the
communication from being forced to be disconnected so that
the communication can continue and the grade of service
can be improved;
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In the conventional art, a communication is
forced to be disconnected when the given communications
quality cannot be obtained even in & case where one or
both of the mobile station located in the periphery of the
cell and the associated base station transmit the signal
at the maximum transmit power. Thus, it is possible to
prevent the communication from being forced to be
disconnected so that the communication can continue and
the grade of service can be improved. When the invention
is applied to packet communications, the throughput can be
ensured to a some extent, and the delay in transmission
can be shortened.

The present invention is not limited to the
specifically described embodiments, and variations and
modifications may be made without departing from the scope
of the present invention.

The present application is based on Japanese
priority application no. 11-375793 filed on December 28,
1999, the entire contents of which are hereby incorporated
by reference.
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WHAT IS CLAIMED IS:

R

1. A mobile communication control system
including at least one mobile station and at least one
base station, said mobile communication control system
comprising:

a first part measuring traffic of radio channels
in one or both of sald at least one mobile station and
said at least one base station:

a second part measuring a communications quality
of radio channels in use; and

a third part determining a transmit power on &
transmitting side and an information transmission bit rate
on the basis of the traffic of the radio channels in use
and information as to whether the transmit power on the
transmitting side has reached a maximum transmit power.

2. The mobille communications control system as
claimed in claim 1, wherein the transmit power on the
transmitting side is retained in case where the traffic of
the radio channels in use is high so that the
communications quality of the radio channels in use is
degraded.
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3. The mobile communlications control system as
claimed in claim 1, further comprising a fourth part
decreasing the information transmission bit rate to
thereby improve the communications quality, wherein the

5 fourth part decreases the information transmission bit
rate when the traffic of the radic channels in use is high
and the communications quality of the radio channels in
use is degraded, whereby a given communications quality
can be ensured.

10

4. The mobile communications control system as

15 claimed in claim 1, further comprising a fourth part
decreasing the information transmlssion bit rate to
thereby improve the communications quality, wherein the
fourth part decreases the information transmission bit
rate when the maximum transmit power i1s selected in the

20 radio channels in use, nevertheless the communications
quality thereof is degraded, whereby a given
communlcations quality can be ensured.

25
5. The mobile communications control system as
claimed in claim 3, wherein the fourth part increases a
spreading gain in CDMA (Code Division Multiple Access).
30 '
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6. The mobile communications control system as
claimed in claim 4, wherein the fourth part increases a
spreading gain in CDMA.

7. The mobile communlcations control system as
claimed in claim 3, wherein the fourth part transmits an
identical information bit a plurality of times, a recelved
signai being reproduced from identical information bits
separately received.

8. The mobile communications control system as
claimed in claim 4, wherein the fourth part transmilts an
identical information bit a plurality of times, a received
signal being reproduced from identical information bits
separately received.

9, The mobile communications control system as
claimed in claim 3, wherein the fourth part transmits an
identical packet a plurality of times, a received signal
being reproduced from identical packets separately

recelived,

I
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10. The mobile communications control system as
claimed in claim 4, wherein the fourth part transmits an
identical packet a plurality of times, a received signal
being reproduced from identical packets separately
received. '

11. The mobile communications control system as
claimed in claim 2, wherein the traffic of the radioc
channels in use 1s recognized to be high when the received
level of the radio channels in use is higher than a
predetexmined threshold level.

12. The mobile communications control system as
claimed in claim 3, wherein the traffic of the radio
channels in use 1s recognized to be high when the received
level of the radio channels in use is higher than a
predetermined threshold level.

13. The moblle communications system as claimed
in ¢laim 2, wherein the communications quaiity of the
radio channels in use is determined to be degraded when a
recelved CIR (Carrier Interference Ratio) of a signal
transmitted over a radio channel is lower than a
predetermined received CIR defined at the information
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14. The moblle communicatlons system as claimed
in ¢laim 3, wherein the conmunications quality of the
radlo channels in use is determined to be degraded when a
received CIR (Carrier Interference Ratio) of a signal
transmitted over a radio channel is lower than a
predetermined received CIR defined at the information
transmission bit rate.

15. The mobile communications system as claimed
in claim 5, wherein the communications quality of the
radio channels in use is determined to be degraded when a
received CIR (Carrier Interference Ratio) of a signal
transmitted over a radio channel is lower than a
predetermined received CIR defined at the information
transmission bit rate.

16. The mobille communications system as claimed
in claim 6, wherein the communications gquality of the
radio channels In use is determined to be degraded when a
received CIR (Carrier Interference Ratio) of a slgnal
transmitted over a radio channel is lower than a
predetermined received CIR defined at the information

I
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transmission bit rate.

17. A base station in a mobile communications
system, comprising:

a received level measuring circuit measuring a
received level of radio channels in use in order to
recognize a traffic of the radio channels;

a received CIR (Carrler Interference Ratio)
measuring circuit measuring a received CIR of an
associated one of the radio channels in order to measure &
communications quality of each of the radio channels; and

a base station control unlt determining a
transmit power of a mobile station and an information
transmission bit rate on the basis of the traffic of the
radio channels in use and information as to whether the
transmit power of said mobile station has reached a
maximum transmit power.

18. A moblle station in a moblle communications
system, comprising:

a received CIR (Carrier Interference Ratio)
measuring circuit measuring a received CIR of one of an
assoclated one of radio channels in use in order to
measure a communications quality of said radio channel;
and

a control unit which controls a transmit power
and an information transmission bit rate of the mobille
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station in accordance with a control signal regarding the
transmit power and the information transmission bit rate
sent by a base station and which proposes to the base
station that the information transmission bit rate is
reduced on the basis of a traffic of radio channels in use
and information as to whether the transmit power of the
mobile station has reached to a maximum transmit power.

19. A mobile communications control method
comprising the steps of:

measuring a recelved level of radic channels in
use in order to recognize a traffic thereof;

measuring a received CIR (Carrier Interference
Ratio) of a radio channel in order to measure a
communications quality of said radio channel; and

determining a transmit power of a mobile station
and an information transmission bit rate on the basis of
the traffic of the radio channels and information as to
whether the transmit power of said mobile station has
reached a maxlmum transmit power.

20. A mobile communications control method
comprising the steps of:

measuring a received CIR (Carrier Interference
Ratio) of a radio channel in use in order to measure a
communications quality of sald radio channel; and

controlling a transmit power of the mobile
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station and an information transmission bit rate in
accordance with a control signal regarding the transmit
power and the information transmission bit rate sent by a
base station: and

proposing to the base station that the
information transmission bit rate is changed on the basis
of a traffic of radic channels in use and information as
to whether the transmit power of the mobile station has
reached to a maximum transmit power.
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