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MOBILE COMMUNICATIONS CONTROL INCLUDING CHANGE 

OF BIT RATE BASED ON TRAFFIC AND TRANSMIT POWER 

5 BACKGROUND OF THE INVENTION 

1. Field of tbe Invention 

The present invention relates to a mob11e 

communications control method and system, and more 

particularly to a mobile communications control including 

10 a transmit power control and information transmission bit 

rate control on a radio communications channel formed 

among at least one a base station and at least one mobi.1e 

station in mobile communications that are typically 

portable tel.ephones. 

15 2. Description of the Related Art 

Mobi1e communi.cations employ a transmit power 

control to reduce tne transmi~ power to the ndnirnum level 

at which a given communication quality can be satisfied. 

The transmit power control makes it possible to reduce 

20 :interference with a conu:nunication involved in another 

mob.i.le station and thus improve the communications qual.ity 

and to increase the capae1.ty of the entire system. It is 

also possible to reduce consumption power and save the 

battery insta11ed i.n the mobile station. 

25 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 

directl.y .depends on the decrease of interference. In CDMA, 

30 there is ·a proposal :l.n which the transmit power of the 

mobi1e station 1.s controlled so that the received CIR 

(Carrier Interference Rat1o) in the base station becomes 

equa1 to a given target qIR, 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 rat1o between a desired signal and an 

interfering signal and is computed by dividing a desired-

s signal power obtained by despreading, using a spreading 

code. of a rece1ved signal including a signal spread by 

the above spreading code on a transm1tting s1.de by an 

interfering-signal power. 

Fig. 1 shows an example of a method of 

10 oontrolling the tran.sm1t power of the mobile station. 
Referring to Fig. 1, when the received CIR 1.n a base 

station 1001 is lower than the target CIR, the 'base 

station 1001 transmits a transmit power control signal ~id 

in order to increase the transmit power of a mobile 

15 station. A mobile stat1on 1002 receives the transmit 

power control signal. "l", and increases the transmit power 

by, for example, 1 as.. In contrast, when the received CIR 

in the base station 1001 is higher than the target CIR, 

the base station 1001 transmits a transmit power control 
20 signa1 .. 0. i.n order to decrease the txansmit power of the 

mobile stat.ion. The mobi1e station 1002 receives the 

transmit power control. signal "O", and decreases the 

transmit power by, for example, l dB. 

In CDMA, when an .increased number of mobi.le 

25 stations simultaneously oonununioates within an identical 

cell, interference increases and an increased transmit 

power 1.s needed to satisfy the target CIR. A limited 

transmit power is available due to the eharacterist1cs of 

a transmi.ssion amplifier. Thus~ if the number of mobi.le 

30 stations that s1lmlltaneously 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 communicate falls with1.n a l:lmit 

placed upon capacity. Thus. the average n1.llllber of mobile 

stations that are in communications falls within the 

5 capacity 11m1.t. Therefore, 1t is poss1.ble, in c:Lrcuit 

switched conmunications, to decrease the frequency of 

occurrence of a si.tuat1on in which a call. in 

communications is disconnected within a predeteDni.ned 

threshold and, in packet oonmunications, to prevent 

10 occurrence of a situation in which packets are not 

transmitted so that the throughput greatly decreases and 

sometimes .in.formation cannot be transmitted at all. 

However, in the mobile conmunioat.ions, the power 

of 1.nterference with a particular mobile station and the 

15 magnitude of the desired signal power change momentarily 

due to movement of the mobile station and a fl.uctuation of 

the received signal level .. namel.y, fading. Even if all 

mobile stat:tons satisfy the given quality at the time of 

cal.1 adm:tssion and channel assignment in handover, the 
20 given CIR and given communication quality may not be 

obtai.ned due to an increase in inter£erence and reduction 

in receiving desired power result.ing from movement of 

mobile stations. 

As descri.bed before, there i.s a limit on the 

25 transmit power. A mobile station that is located close to 

the base station may control the transmit power within the 

limit thereon. However, a mobile station that is located 

away from the base station may not anytime satisfY the 

g1ven communications qnal.1ty even at the maximum transmit 

30 power. In such a case, a call which utilizes a radio 

channel that does not satisfy the given communication 

quality :ts forced to be discoMeoted. 'l'he case mentioned 

above will frequency occur in a situation in which a 
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su£fioient transmit power is not available and the traffic 

increases. 

Even when the traffic is not higb as compared to 

the system capacity1 the given oolTO.UUilications quality may 

5 not be availab1e at the maximum transmit power in a case 

where the mobile station 1s located away from the base 

station, in a cell. perl.phery or in another case where the 

mobile station is located i.n the interior of a building 

and the received level is not high. In such cases, the 

10 call using the radio channel that cannot satisfy the given 

communications quality is forced to be disconnected. In 

packet communications, the target CIR may not be obtained 

and the packet loss :rate may increase, so that the 

throughput may greatly be reduced. 

15 As descri.bed above, the call whiab. does not 

satisfy the given communicat~ons quality is disconnected. 

'l'hus, the coIIV'entional technique has a high ratio of call 

disconnect during communications and a low grade of 

service. If the number of simultaneous communications 

20 channels is reduced .in order to increase the rate of call 

disconnect during commonicat~ons, the system capacity will 

redUoe. In packet oomnwiications1 the throughput is 

.reduced and the delay increases. 

25 SUMMARY OF THE INVENTION 

It is a general object of the present invention 

to overcome the above-ment~oned disadvantages of the 

conventional art. 

A more specific object of the present invention 

30 is to provide a mobile cormnunieation control capable of 

ensuring a given communications quality by reducing the 

infozmation transmission bit rate if the given 

communications quality cannot be satisfied# so that 
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comnun.ications can continue and the grade of service can 

be improved. 

The above objects of the present invention a:re 

achieved by a mobile communication contro1 system 

5 ucluding at least one mobile station and at least one 

base station, the mobile communication contro1 system 

including~ a first part measuring traffic of radio 

channels in one or both of the above at least one mobile 

stat:ton and the above at least one base station; a seeond 

10 part measuring a conmunications quality of radio channel.s 

in use: and a third part dete:rm1ning a transmit power on a 

transmitting s:tde and an infozmation transmiss:ton bit rate 

on the basis of the traffic of the radio channels in use 

and 1nf o:rmation as to whether the t:ransnU.t power on the 

15 transmitting side has reached a ma:ximUm transmit power. 

The above objects of the present invention are 

also achieved by a base station in a mobile oommun1cat1ons 

system. comprising; a received level measuring c.1rcuit 

measuring a received level of radio ohannels in use i.n 

20 order to recognize a traffic of the radio ohannel.s; a 

recei.ved CIR (Carrier Interference Ratio) measuring 

circuit measuring a received CIR of an associated one of 

the radio channel.S in order to measure a conmunications 

quality of each of the rad:Lo channels; and a base station 

25 control unit detenn:l.ning a transmit power of a mobile 

station and an 1nfo.rmat~on transm1.ssion b~t rate on the 

basis of the traffic of the radio channels 1n use and 

info:anati.on as to whether the txansmi.t power of the mobile 

station has reached a maximum transmit power. 
30 The above objects of the· present invention are 

also a.ch1.eved by a mobile station in a mobile 

commun1c~tions system. oomprisi.ngi a received CIR (Carrier 

Interference Ratio) of a radio channel in use in order to 
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measure a communications quality of the radio channel; and 

a control unit wh.i.ch. controls a transmit power and an 

information transmi.ssion bit rate of the mobile station in 

accordance with a control signal regarding the transmit 

5 power and the infonna.tion transmission bit rate sent by a 

base stati.on and which proposes to the base station that 

the info:rmation transmission bit rate is reduced on the 

basis of a traffic of radio chCllllle1s 1n use and 

information as to whether the transmit power of the mobile 

10 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 reoe.ived level of 

radio channels 1n use in order to recognize a traf f:i.o 

15 thereof; measuring a received CIR (Carrier Interference 

Ratio) of a radio channel ll1 order to measure a 

communications quality of the radio channel; and 

detennining a transmit power of a mobile stati.on and an 

info:cmation transmission bit rate on the basis of the 

20 traf£:i.o of the radio cbannel.s 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 ach1.eved by a mob:i.le conununications control method 

2 5 oompris.1.ng the steps of:: measuri.ng a received CIR (Carrier 

Interference Ratio) of a radio channel in use in order to 

measure a oommunioat.1ons quality of the radio channel, and 

controll.ing a transroi.t power of the mobile station and an 

information transmission bit rate in accordance with a 

30 control signal regarding the transmit power and the 

:information transmission b~t rate sent by a base station; 

and proposing to the base station that the inf oxmation 

transmission b.it rate is changed on the basis of a traffic 



-------- ---- ---- ---- - ----------- -- -
Giiiiiiiiiiiiiliii _________________ ~~--~----........ ~--~~ 

7 

of radio channels 1n use and inf o:anation as to whether the 

transmit power of the mobile station has reached to a 

max1mUm transmit power. 

5 BRIEF DESCRIFrION OF THE DRAWINGS 

10 

Other objects, features and advantages of the 

present invent~on will become more apparent from the 

following detailed description when read 1n conjunction 

with the accompanying drawings, in which: 

Fig. 1 is a di.agram of a conventional method of 

controlling the transm1.t power of a mobile station; 

Fig. 2 is a diagram of a mobile communioations 

control system according to an embod:Unent of the present 

invention; 

15 Fig. 3 is a flowchart of an operation of a base 

station 1n a transmit power control of an uplink s!gna1 

and an info:cmation transmission bit rate control aooording 
to the ell\bodiment of the present invention; 

Fi.g. 4 is a f1owchart of an operation of a 

20 mobi1e station in a transm:it power control of an uplink. 

signal and an info:cm.ation transmission bit rate control 

according to the embodiment of the present invention; 

Fig. 5 is a block diagram'of a configurat:i.on of 

a base station used when the present invention is applied 

25 to CDMA; and 

Fig. 6 is a block diagram of a configuration of 

a mobile statlon used when the present invention is 

applied to CDMA. 

30 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 2 is a diagram of a mobile oommunicat1.ons 

controi system according to an emboCtiment of the present 

invention. Referring to Fig. 2, a first base station 103 
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fo.i::ms a fi.rst cell 1051 and a second base station 104 

forms a second cell 106 , A first mobile station 101 and a 

second mobile station 102 are connected to the first base 

station 103 by respective radio ohannels. The transmit 

5 power of the £.irst mobile 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 mobile station 102 is 

controlled so that the received CIR of the second mobile 

10 station 102 in the first base station 103 becomes equal to 

the target CIR. 

The transmit power of the first base station 103 

is controlled so that the received CIR of the first base 

station 103 in the f.irst and second mobile stat~ons 101 

15 and 102 becomes equa1 to the target CIR, respectively. 

Aithough not illustrated in Fig. 2, the second base 

station 104 performs the transm1.t power oontroi when a 

mobile station is located in the seoond cell 106, and such 

a mobile station perfo:cms the transmit power control. 

20 Though Fig. 2 shows on1y two base stations, the system 

shown 1n Fig. 2 .1.s an example of systems having a 

plurality of base stations and a plurality of mobile 

stations. 

The radi.o channels used in the present 

25 embodiment of the present invention are def.1.ned as fo1lows. 

The radio channel represents a frequency band used in 

communications. In CDMA, a p1ural.1ty of codes ara 

multiplexed in the frequency band. In FDMA (Frequency 

Di.vision Multiple Access), the frequency band is divided 

30 into smal.ler frequency bands. In TOMA (Time Divi.sion 

Multiple Access), the frequency band is shared on the time 

division basis. 

Fi.g. 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. 

5 First, the base station of interest detennines 

whether the traffic of radio Channels is high (202). If 

the answer of step 202 is YES, the base station notifies 

a11 mobile stations located in its own cell that the 

traffic is high { 203) • This notification is carried out 

10 by a method of definitely sending 1nfo:cmat1on to all the 

mobile stations that communicate with the base station. 

Next, the base station measures the received CIR (204) of 

each mobile station. Then, the base station dete.rm:ines, 

for each mobile station, whether the received CIR does not 

15 satisfy the target CIR at all for a given constant time 

(205). 

If it is dete:cmined at step 205 that the . 
rece~ved CIR of a mob1ie station does not satisfy the 

target CIR at al1 for the given constant time, the base 

20 station notifies the above mobile station that the 

information transmission bit rate of the 1nvo1ved radio 

channel should be reduced (206). Then, the base station 

reduces the information transm:ission bit rate of the 

.involved radi.o channel (207). Then, the base station 

25 measures the rece~ved CIR of the mobile station of 

interest. If the received CIR is equal. to or lower than 

the target CIR, the transmit power is not altered. In 

contrast, if the received CIR is highe~ than the target 

CIR, the base station sends the above mobile station a 

30 transmit power control signal which requests the mobile 

station to reduce the transmit po'W'er (209). 

In contrast, at step 205, if a situat1on 1s not 

detected in which the received 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 

infoxmation transmission b~t rate, and does not change the 

transmit power when the received CIR is lower than or 

5 equal to the target CIR. If the received CIR of a mob1.le 

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 (209), 

10 A description wi.J.l be given of a sequence 

carried out when the traffic is not h1.gh. First, the 

base station measures the received CIR of each mobile 

station (210). Next, the base station detennines, for 

each mobile station, whether the received. CIR does not 

15 satisfy the target CIR at all for the given constant time 

(211). If it is detemined, at step 211, that the 

received CIR of a mo'bil.e station does not satiSfy the 

target CIR at all for the given constant time, the base 

station determines whether there 1s a proposal to reduce 

20 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 infoJ;'ltlation transmission b~t rate 

25 of tlie 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 stat1.on to the transmit power control signal which 

requests the mobile station to reduce the transmit power 

30 if the received CIR 1.s 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 equal 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 

5 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 .irrespective 

of whether the traffic is high or not, the sequence 

10 returns to step start 201, and the above-mentioned 

operation is repeated. 

In COMA, the decision of step 202 is made as 

foll.ows. The base station measures the tota1 received 

power level Of the radio ohannels, and compares it with a 

15 predeteDnined threshold level. If the total received 

power leve1 is equal to or higher than the tbreshold level, 

it is determined that the total traffic of the radio 

channels is high. In contrast, 1f the total. received 

power level is lower than the threshold level, it is 

20 detellllined that the total traffic of the radio channels is 

not high. 

Fig. 4 is a f1owchart of an operation of each 

mobile station involved 1n the transmit power control of 

an upii.nk signa1 and infonnation transmission bit rate 

25 control thereof according to the present embodiment of the 

invent1on. 

The mobile station determines whether it has 

been noti.fiedby the base station that the total. traffic 

of the radio channels is high ( 302) • If the answer of 

30 step 302 is YES, the mobile station controls the transmit 

power in accordance with the transm:lt power control s~gnal. 

(303). Then. the mobi.le station discexns whether it has 

been instructed to reduce the infonnation 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 info:onation 

transmission bit rate (305). In contrast, if the answer 

of step 304 u 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 

10 station dete:cmines whether it has received the control 

signal to increase the transm1.t power for a predetezndned 

constant t:lme 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 

15 info:cmati.on transmission bit rate (308). Then ... the mobile 

station checks whether it has been instructed to reduce 

the info:cmation transmission bit rate by the base station 

{309). If the answer of step 309 is YES, the mobile 

station reduces the infonnation transmission bit rate 

20 (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 

25 advantages. 

First* in a case where the traffic of radio 

channels is high and th11s the pred.ete:cnined commun.1.cations 

quality cannot be satisfied at the given 1nfOJ:ID8.tion 

transmission bit rate for a certain time, the receiv.ing 

30 s:i.de dQes not instruct the transmitting side to increase 

the transmit power but the information transmission bit 

rate is reduced on both the transmitting and receiving 

sides so as to satisfy the given commm.ications quality. 
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Hence, the communications can continue. 

Second, in a case where the received level on 

the receiving side decreases and thus the predetennin.ed 

conmunications quality cannot be satisfied at the given 

5 infonna.tion transmission bit rate for a certain tjjne, the 

1nfo:r:mation transmission bit rate is reduced on both the 

transmitting and receiving s1des so as to satisfy the 

given communications quality. 'l'hus, the commun1.cations 

can continue. 

10 Fig. 5 is a block diagram of the base station 

used in a case where the present invention is applied to 

CDMA. The configuration of the base station shown .in Fig. 

5 can hand.1e a plurality of mobile stations, and has 

identical structures respectively provided to the mobile 

15 stations. For the sake of simplicity, Fig. S illustrates 

the entire stro.oture involved in one (first) channel, and 

a part of the structure involved in the second channel, 

whi.le omitting the structures respectively involved in the 

remaining channels. It is to be noted that an antenna 401, 

20 an antenna sharing unit 402, a received signal 

distr:tbution circ\tlt 403, and a transmitted signal 

combining circuit 419 are shared by all the rad:lo Channels. 

The base station includes the antenna 401, the 

antenna sharing unit 402 1 the received signal. distribution 

25 circuit 403, a received level measuring circuit 404, a 

first :receive correlation llllit 405, and a first 

demodulator 406. The antenna 401 is used to transmit and 

receive signa1s. The antenna sharing unit 402 is used to 

share the antenna 401 in transmitting and receiving. The 

30 rece~ved signal distribution ci.rcu.t.t 403 distributes a 

received signal to the received level measuring circuit 

404 and the first receive correlation unit 405, etc. The 

recei.ved level measuring circuit 404 measures tbe entire 
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received level of the received signals from the received 

signal distribution ci:rcuit 403. The first receive 

correlation unit 405 takes a correlation between the 

received sign.al from the ;received signal distribution 

5 circuit 403 and a spreading code specified by a base 

station control l,lllit 413, determines a receive timing 

based on the correlation, and perfo:cms despreading. The 

first demodulator 406 demodulates the output signal of the 

first receive correlation unit 405, and outputs a 

lo resu1tant encoded signal. The first demodulator 406 al.so 

has the function of changing the spreading gain :ln 

accordance wi.th an instruction from the base station 

control unit 413. 

The base station shown in Fig. 5 further 

15 includes a first decoder 407, a transmit power control 

signal read oi.rcuit 408, a first recei.ved CIR measuring 

circuit 410, and a first channe1 oontro1 unit 411. The 

f:i.rst decoder 407 decodes the encoded signal. from the 

first demodulator 406, and outputs a resultant info::cmation 

20 signal. The fi.rst decoder 407 is also equipped with the 

fUnotion of decoding a plurality of b1ts which represent 

the original. one bit of infonnation in order to improve 

the re1iability to thereby reproduce the orig~nal one bit 

of info:cmat1on 1.n accordance with an instzuction by the 

25 base station control unit 4i3. Further, the first decoder 

407 has the £'unction of decoding packets that are 

transmitted a pli.ttality of times to repxodUce the original. 

info:cmation. 

The transmit power control si.gnal read ci.rcuit 

30 408 extracts the transmit power control s.ignal from the 

infonnation signal output by the decoder 407. 'l'b.e 

received CIR measuring circuit 410 measures the received 

CIR through the f~rst demodul.ator 406. The first channel 
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control unit 411 dete%lnines 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 

5 dete:cm1.ned. Fllrther, the first channel control unit 411 

produces the transmi.t 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, and sends the transmit power control signal to 

lo a signal mul.tiplexing 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 add1.t1on 

to the above-mentioned base station control 1lll1t 413, the 

15 signal multipleXing circuit 414 and the first amplifier 

417 .. 

The base station control unit 413 has the 

follOWing functions. The first functi.on of the base 

station control unit 413 is to recogn1.ze the current 

20 traffic of the radio channel by referring to the received 

leve1 measured by the received le'Vel. measuring ci.rc:uit 404. 

The second fUnction is to indicate the spreading code to 

the recei.ve correlation units and the modul.ator. The 

thi.rd function is to change the spreading gain in the 

25 fi.rst demodulator 406 and the first modulator 4161 as 

necessary. The fourth functi.on is to represent one bit of 

information in tenns of a plurality of bits 1.n order to 

improve the reliability. The fifth function is to fo:r.m a 

packet cons~sting of a plurality of bits and transmit the 

30 packet a plurality of times. 

The signal mul.tiplexing cireuit 414 mul.tipl.exes 

info.nnation to be transmitted, the transmi.t power control 

information produced by the first channel contro1 unit 411 
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and transmitted to mobile stations, and a variety of' 

control info:cnation to be sent to mobile stations. 'l'b.e 

first encoder 415 encodes the multiplexed signal from the 

signal mult.1p1exing circuit 414. The first encoder 415 1.s 

5 also equipped with the function of representing one bit of 

information by a plurality of bi.ts in order to imp.rove the 

reliability and the function of assembling a p1urallty of 

bits .into a packet and transmitting the packet a plurality 

of times in accordance with an instruction from the base 

10 station control unit 413. 

The ·first modulator 416 modulates the en.coded 

signal and spreads the modulated signal by the spreading 

code specified by the base station control unit 413. The 

first modul.ator 416 is also equipped with the function of 

15 changing the spreading gain .in accordancs with an 

instruction from the base station control unit 413. The 

first amplifiex 417 amplifies the modulated s1.gnal to 

obtain the transmit power specified by the first channe1 

control unit 411. 

20 The base stati.on shown in F1.g. 5 also includes a 

second ampl1.f1er 418, and the aforementioned transmitted 

signal combining circuit 419, which combines the 

transmission signals from a plurality of amplifiers 

including the first amplifier 417 and the second ampllfi.er 

25 418. and supp1ies the combined s1.gna1 to· the antenna 

sbar.1.ng unit 402. 

In the configuration shown in Fig. 5, the 

transmit power control info:Illlation is accompanied with the 

info.rma.t1.on signal. Alternatively, the -transmit power 

30 control info:croat1on may be transmitted by using another 

ohannel. 

A further description ~i11 be given of the 

configuration of the base station shown 1n Fig. S and the 
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operation thereof shown in Fig. 3. 

Step 202~ The base station measures the received. 

level of ratio channel in the received level measuring 

circuit 404. The received leve1 thus measured is sent to 

5 the base station control unit 413. 'rhe unit 413 compares 

the received level measured by the unit 404 with the given 

threshold level1 and thus dete:tmines whether the traffic 

of the raclio channels is high. 

Step 203: If ~t is detennined that the received 

10 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 :infozmation to the info:anation 

15 si.gna1. The multiplexed si.gnal is transmi.tted to the 

mobile stati.ons via the encoder, the modulator and the 

amplifier. 

Step 204: The first received CIR measuring 

cirou1.t 410 measures the received CIR of the signal from 

20 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 aii for 

25 the given constant t.ilne, the fi.rst 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 

30 the transmit system incl.uding the signa1 multiplexing 

c1.rouit 414, the above control signa1 showing that the 

infonnation transmiss1on 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 transmi.ssion bit rate. Simultaneously, one or 

both of the first modulator 416 and the first encoder 415 

are controlled to reduce the info.nnation transmiss~on bit 

5 rate. 

Step 208t The info:cmation transm:l.ssion bit rate 

is reduced on both the base station and the mobile station. 

and then the first received CIR measuring circuit 410 

measures the received CIR 0£ the signal from the mobile 

10 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 

is equal to or lower than the target CIR, the channel 

15 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 uni.t 411 sends the first mobile station 

20 the transmit power control signal which instructs the 

mobile station to reduce the transmi.t power. 

Step 210: The first received CIR measuring 

circuit 410 measures the received CIR of the signal from. 

the fi.rst mobile station. and sends the rece.ived CIR thus 

25 measured to the first channel control unit 411. 

Step 211; The first channel control uni.t 411 

compares the received CIR with the target CIR. If the 

received CIR does not satisfy the target CIR for the g:Lven 

constant time at all, the first channel control unit 4.ll 

30 notifies. the base stat1on 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 infonned of the above proposal 

via the channel control unit 411. 

Step 213: When a reduction in the info:cmation 

transnussion bit rate is proposed by the first mobile 

5 stati.on, the base station control unit 413 sends the first 

mobile station the contro1 signal which requests the first 

mobile station to reduce the 1nfoz:mat1on transmission bit 

rate via the transmission system including the signal 

multiplexing circuit 414. 

10 Step 214: one or both of the first demodulator 

405 and the first decoder 407 are controlled to reduce the 

infoJ:Ination transm1ssi.on bit rate. Simultaneously, one or 

both of the first modulator 416 and the first encoder 415 

are controlled to reduce the infonnation transm:Lssion bit 

15 rate. 

Step 215: The. info:cmation transmission bit rate 

is reduced on both the base station and the mobil.e station, 

and then the first received CIR measuring circu1.t 410 

measures the rece1.ved CIR of the signal from the mobi1e 

20 station of interest. The received CIR thus measured is 

sent to the first channel. control un1.t 411. 

Step 216: The ohanne1 control un1t 411 compares 

the received CIR with the target CIR. If the received CIR 

is equal to or lower than the target CIR, the channel 

25 contro1 unit 411 sends the first mob~le station the 

transmit power control s~gnal Which indicates that there 

is no need to change the transmit pO\fer. In contrast, if 

the received CIR is higher than the target CIR, the 

channel control unit 411 sends the first mobile station 

30 the transmit power control signal which instructs the 

mobile station to reduce the transnd.t power. 

Fig. 6 1.s a block diagram of a configuration of 

a mobile 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 

coI'I:'elation unit 503, a demodulator 504. a decoder 505, a 

5 transmit power oontroi signal read circuit 506, a received 

CIR measuring circuit 508, a control unit 509, a signal 

multiplexing circuit 510, an encoder 511, a modllla.tor 512, 

and an amplifier 513. 

The antenna 501 is used to transm.t and recei.ve 

10 s:t.gnals. 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, 

15 detenn.i.nes a receive timing based on the correlation. and 

perfo::cms despreading. The demodulator 504 demodu1ates the 

output sign.al of the receive correlat.ion unit 503, and 

outputs a resultant encoded signal. The demodu1ator 504 

also has the function of changing the spreading gain in 

20 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 w!U-ch represent 

25 the original one bit of info:cmation in order to improve 

the reli.ability to thereby reproduce the origi.nal one bit 

of info::mation. FUrther, the decoder sos has the fUnction 

of decoding packets that are transmi.tted a pl.urali.ty of 

times to reproduce the original information. The transm:l.t 

30 power control signal read circuit 506 extracts the 

transmit power control signal from the 1nfoxmat:1.on signal 

o~tput by the decoder 505. 

The reoej_ved CIR measuring cirou.1.t 508 measures 

iiiiiU 
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the received CIR through the demodulator 504. The control 

unit 509 dete:cmines the transmit power of its own mobile 

station by referring to the outpot of the transmit power 

control s.1.gnal read circuit 506, and sends a corresponding 

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 c1rcuit 508. and supplies it to the signal 

multipleXing circuit 510. Further, the control unit 509 

10 recognizes and manages the transm1.t power level of its own 

mobile station involved in the current radio channe1 and 

the maximum transmit power level thereof. Furthermore; 

the control unit 509 man.ages the current info:croat~on 

transmission bit rate, and suppl.ies, as necessm:y, the 

15 demodul.ator 504 and the modulator 512 w~th an instruction 

to change the spread1.ng gain as an instruction about 

change of the info.nnat1on transmission bit :rate. Moreover, 

the control unit 509 represents one bit of infonna.tion in 

terms of a p1urality of b1~s in order to improve the 

20 reliability. Additionally, the control unit 509 forms a 

packet cons~sting of a plurality of bits and transm1ts the 

packet a plural..ity of times. 

The signal multiplexing circuit 510 multiplexes 

information to be transmitted, the transm1t power control 

25 info.nnation produced by the control unit 509 and 

transm.1.tted to mobile stati.ons, and a variety of control 

mfo::anation to be set to mobile stations. The encoder 511 

encodes the multiplexed sign.al. from the s1gnal 

mul.t1.plexin9 circuit 510. The encoder 511 is also 

30 equipped with the function of representing one bi.t of 

.infonnation by a plural.1.ty of bits in order to improve the 

reliabili.ty and the function of assem~ling a plurality of 

bi.ts into a packet and transmitting the packet a plurality 
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of times in accordance with an instruction from the 

control unit 509. 

The modulator 512 modulates the encoded si.gnal 

and spreads the mod\11.ated signal by the spreading code 

=== 

5 specified by the control unit 509. The modul.ator 512 is 

also equipped with the function of changing the spreading 

gain in accordance with an instruction from the control 

unit 50 9 • The amp.lifier Sl3 amplifies the modUlated 

s1.gnal. to obtain the transmit power specified by the 

10 contro1 unit 509. 

In the configuration shown in Fig. 6, the 

transmit power control information is accompanied with the 

info:anation signal. Alternatively, the transmit power 

control 1.nfo:cna.tion may be transmitted by us:.lng another 

15 channel. 

A description will be given of the configuration 

of the mobile stati.on shown in Fig. 6 and the operation 

thereof shown in Fig. 4. 

Step 302: The control unit 509 of the mobile 

20 station reads infoxmation from the signal sent by the base 

station via the receive system from the antenna 501 to the 

decoder sos. Then. the control unit 509 detandnes 

whether a report showing that tbe traffic of the radio 

channels is high has been reported. 

25 Step 303: The transmit power control si.gnal read 

c.1.rcuj_t 506 reads the transmit power control signa1 

addressed to the mobile station from the reoei.ved signa1 

sent by the base station,, and supplies 1t to the control 

unit 509. Then, the control unit 509 noti.fies the 

30 amplifier 513 of the transmit power indicated by the 

transmit power control signal. 

Step 304: The control un~t 509 discerns whether 

the received signal from the base stati.on includes the 
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control signal which instructs reduction in the 

1nfo:cmation transmission bit rate. 

Step 305: If the above control signal is 

1.ncluded in the received signal, the control unit 509 

5 instructs one or both of the demodulator 504 and the 

decoder 505 to reduce the info:r::mati.on transmission bit 

rate, and instructs one or both of the first modulator 416 

and the first encoder 415 to reduce the infoxmation 

transmission bit rate. 

10 Step 306: The transmit power control signal. read 

circuit 506 reads the transmit power control information 

to the mob.1l.e station from the received signaJ. sent by the 

base station, and suppli.es it to the control unit 509. 

Then, the control unit 509 not1f1es the amplifi.er 513 of 

15 the transmit power 1.ndioated 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 predetennined constant 

20 time after the transmi.t power reaches the maxi.mom power. 

Step 308: If it is dete:cmined that the control 

signa1 to increase the transmit power for the 

predete.mined constant time after the transmit power 

reaches the maxi:m\lm power is oont.1nuously received, the 

25 control unit 509 sends the control signal which proposes 

to reduce the informa.ti.ol). transmi.ssi.on bit rate to the 

base station via the transmission system. 

Step 309: The control unit 509 detezmines 

whether the received signal from the base stati.on includes 

30 the control signal Which instructs the mobile station to 

reduce the infonnat.1on transmission bit rate. 

Step 310r If the above control signal is 

included in the recei.ved signal, the control unit 509 
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instructs one or both of the demodulator 504 and the 

decoder SOS to reduce the info.nna.tion transmission bit 

rate1 and instructs one o:r both of the first modulator 41G 

and the fi.rst encoder 415 to reduce the information 

5 transmission bit rate. 

A description will be given of first through 

third methods for changing the inf oxmation transmission 

bit rate and thus changing quality of communications in 

both the base station and mobile station. 

10 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 signa1 

can be received at a higher CIR. 

15 The second method is to represent one bit of 

infoxmation by usi.ng a p1urality of bits. For example, an 

identical information bit is transmitted a plurality of 

times, and a received sign.al is reproduced from the 

identical. infomation b:l.ts separately received. In this 

20 case, the information transni.ssion bit rate is reduced, 

while resistanee to interference :i.s improved. Thus, a 

high quality of comroun~cations can be ensured even at a 

l.ower CIR. 

The third method is to assemble a plurality of 

25 bits into a packet and send the packet a plurality of 

times. A received signal is reproduced from the 1dentica1 

packets separate1y rece1.ved. In th1.s case, the 

information transmission bit rate is reduced, while 

resistance to interference can be improved. 'l'h.us, a high 

30 gua1ity 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 

combinati.on 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 infoDnation by a plurality of bits or to send a 

5 packet fo.rmed by a plurality of bits a plurality of ti.mes. 

It is also possible to employ other methods for 

reduoi.ng the information transmission bit rate to thereby 

improve the quality of coillJ\unications. In the 

aforementioned embodiment of the present invention, the 

10 transmit power of the mobjJ.e station is controlled. 

Alternatively, the transmit power may be controlled in the 

base station. In the alternative, the mobile station 

produces the transmit power control si.gnal from the 

received CIR. The base station changes the transmit power 

15 in response to the transmi.t 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 

invent1on, CDMA is used as a radio transmission system. 

20 It 1s also possible to employ FDMA or TDMA in case the 

traffic of radio channels is recognized and a decision as 

to whether the maximum transmit power is set to the radio 

obanne1s can be made. 

In the conventional art, a conmunication is 

25 forced to be disconnected when the traff io of radio 

channels is high and the given commun~cations quality 

cannot be satisfied. In contrast6 according to the 

present invention, the information transmission bit rate 

is reduced so that the given conmunications quality can be 

30 ensured. Thus, it is possible to prevent the 

oommuni.cation from being forced to be disconnected so that 

the communication can cont.1.nue 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 a case where one or 

both of the mobile station located in the periphery of the 

5 cell and the associated base station transmit the signa1 

at the maxi.mum transmit power. Thus, it is possible to 

prevent the communication from being forced to be 

d1.sconnected so that the conmunication can continue and 

the grade of s~ioe can be improved. When the invention 

10 is applied to packet communications, the throughput can be 

ensured to a some extent. and the delay in transmission 

can be shortened. 

The present invent~on is not li.m1.ted to the 

specifically described embodiments, and variations and 

15 modifications may be made without departing from the scope 

of the present invention. 

The present application is based on Japane~e 

priority application no. 11-375793 filed on December 28, 

1999, the entire contents of which are hereby inco.z:poratec1 

20 by reference. 
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WHAT IS CLAIMED IS: 

1111111111111 Dlf I lllll 111111 
* C L M S * 

l. A mobile communication control system 

including at least one mobile station and at least one 

base station1 said mobile conimunication control system 

comprising: 

10 a first part measuring traffic o:f radio channels 

.in one or both of said at least one mobile station and 

said at least one base station: 

a second part measuring a communications quality 

of radio channels in usei and 

15 a third part determining a transmit power on a 

20 

transmitting side and an information transmission bit rate 

on the basis of the traff i.c of the radio channels in use 

and infoDRation as to whether the transmit power on the 

transmitting side has reached a maximum transmit power. 

2. The mobile communications control system as 

25 c1aimed in claim 1, wherein the transmit power on the 

transndtting side :1s retained in case where the traffic of 

the radio channels in use is high so that the 

communications qua1ity of the radio c:hannels ~n use is 

degraded. 

30 
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3. The mobile cormnunications control system as 

claimed 1.n claim 1, further comprising a fourth part 

decreasing the information transmission bit rate to 

thereby improve the communications qua1ity, wherein the 

5 fourth part decreases the information transm1.ssion bit 

rate when the traffic of the radio channels in use is high 

and the communications qa.a.lity of the radio channels in 

use is degraded, whereby a given commun.1cations quality 

can be ensured. 

10 

4. The mobile conv:nunications control system as 

15 claimed in cl.aim 1, further comprising a fourth part 

decreasing the information transmission bit rate to 

thereby improve the oonunun1.cations quality, wherein the 

fourth part decreases the information transmission bit 

rate when the maxi.mom transmit power :ls selected .in the 

20 radio channels in use, nevertheless the communications 

quality thereof is degraded, whereby a given 

col111lunications quality can be ensured. 

25 

30 

s. The mobi.le communications control system as 

claimed in claim 3, wherein the fourth part increases a 

spreading gain in CDMA (Code Division Multiple Access). 
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6. The mobile communications control system as 

claimed in clam 4, wherein the fourth part increases a 

spreading gain in CDMA. 

7. The mobile communications control system as 

claimed in claim 3, wherein the fourth part transmits an 

10 identical .1nfonnation bit a plurality of times, a rece1ved 

signal being reproduced from identica1 information bits 

separately received. 

15 

B. The mobile communications control system as 

claimed in claim 4. wherein the fourth part transmits an 

identical 1nfo:ana.t1on b~t a plurality of times, a rece1Yed 

20 signal being reproduced from identical .information bits 

separately received. 

25 

9. The mob.1.le communications control system as 

claimed in olaim 3, wherein the fourth part transmits an 

identical packet a plurality of times, a received s~gnal 

being reproduced from 1dent1cal packets separately 

30 received. 
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lo. The mobile communications control system as 

claimed in claim 4, wherein the fourth part transm1 ts an 

identical packet a plurality of t:imes, a received signal 

being reproduced from identical packets separately 

5 received. 

10 11. The mobile communications control system as 

15 

claimed in claim 2, wherein the traffic of the radio 

channels in use is recognized to be high when the received 

level of the radio channels in use is higher than a 

predete:tmined threshold level. 

12. The mobile communications control system as 

20 claimed in claim 3, wherein the traffic of the radio 

channels in use is recogni1led to be high when the received 

level of the radio channels in use is higher than a 

pred.ete.:cmined thresho1d level. 

25 

13. '!'he mobile communications system as claimed 

in claim 2, wherein the communications quality of the 

30 radi.o channels in use is determined to be degraded when a 

recelved CIR (Carrier Interference Rati.o) of a signal 

transndtted over a radio channel is lower than a 

predete:cnined received CIR defined at the 1.nfo:anat1on 
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transmission bit rate. 

14. The mobile commun1oat1ons system as claimed 

in claim 3, wherein the communications quality of the 

radio channels in use is dete::mined to be degraded when a 

received CIR (Carrier Interference Ratio) of a s.1.gnal 

10 transmitted over a radio channel is lower than a 

predetexmi.ned received CIR defined at the infoxmation 

transmission bit rate. 

15 

15. The mobile corm:nunications system as claimed 

in claim 51 wherein the communicat1.ons quality of the 

radio channels in. use :1.s determined to be degraded when a 

20 received CIR (Carrier Interference Ratio) of a signal 

transmitted over a radio channel is lower than a 

predetermined received CIR defined at the informa.t1on 

transmission bit rate. 

25 

16. The mobile communications system as c1aimed 

in o1a1.m 61 wherein the conmunications quality of the 

30 radio channels in use is deteDnined 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 infor:ma.tion 
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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 

10 recognize a traffic of the radio channels; 

15 

a received CIR (Carrier Interference Rat.1o) 

measuring circuit measuring a rece.ived CIR of an 

associated one of the radio channels 1n order to measure a 

communications quality of each of the radio channels; and 

a base station control unit determining a 

transmi.t power of a mobile station and an information 

transmission bit rate on the basis of the traffic of the 

radio channels in use and inf onnation as to whether the 

transmit power of said mobile station has reached a 

20 max.1..mum transmit power. 

25 18. A mobile station in a mob11e comrounicat1ons 

system. comprising: 

a received CIR (Carrier Interference Ratio) 

measuring circuit measuring a received CIR of one of an 

associated one of radio channels in use in order to 

30 measure a commun1cations quality of said radio ohannel; 

and 

a control unit which controls a transmi.t power 

and an infonnation transmission bit rate of the mobile 
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station 1.n accordance with a control signal. regarding the 

transmit power and the info:r:mation transmission bit rate 

sent by a base station and which proposes to ths base 

station that the infonnation transmission bit rate is 

5 reduced on the basis of a traffic of radio channels in use 

and i.nfoJ:mation as to whether the transmit power of the 

mobile station bas reached to a max1mum transmit power. 

10 

19. A mobile conunun.i.cat.1ons control method 

compris1.ng the steps of: 

measuring a received level of radio channels 1n 

15 use in order to recognize a traffic thereof; 

measuring a received CIR (Carrier Interference 

Ratio) of a radi.o channel in order to measure a 

communications qua11.ty of said rad1.o channel; and 

detexmining a transmit power of a mobile station 

20 and an infonnation transmission bit rate on the basis of 

the traffic of the rad1.o channels and inf ox:mati.on as to 

whether the transmit power of said mob1.1e station has 

reached a maxiillum transmi.t power. 

25 

30 

20. A mobile communicat1-ons control method 

compr1s1ng the steps of: 

measuring a received CIR (carrier Interference 

Ratio) of a radio channel in use in order to measure a 

conmunications quality of said 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 info:r:mation transmission b:Lt rate sent by a 

base station: and 

proposing to the base station that the 

information transmission bit rate is changed on the bas:1s 

of a traffic of radio channels in use and inf ol.'mation as 

to whether the transmit power of the mobile stat:lon has 

reached to a maximum transmit power. 


