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[Fig. 2] 
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[Fig- 3] 
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[Fig 5] 
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ADAPTIVE DOWNLINK TRANSMISSION POWER 
CONTROL ARBITER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a transmission 
poWer control device, and more particularly to a doWnlink 
transmission poWer control device for a mobile communi 
cation system using a spread spectrum communication 
method. 

[0003] 2. Description of the Related Art 

[0004] A lot of attention is currently being paid to the 
Code Division Multiple Access (hereinafter referred to as 
CDMA) method as a multiple access (plural connection) 
method that enables a plurality of users to communicate at 
the same time by sharing Wireless transmission paths. The 
CDMA method uses spread spectrum techniques and divides 
the same frequency band among a plurality of users. In order 
to increase the subscriber capacity in the CDMA method, it 
is essential to control transmission poWer With high preci 
s1on. 

[0005] In the CDMA method, the conventional method of 
controlling doWnlink transmission poWer is as described in 
the folloWing. A desired signal-Interference PoWer Ratio 
(hereinafter referred to as SIR) for a receive signal is 
previously set as a target SIR in a mobile station. A small 
value of SIR means that the ratio of interference poWer to the 
poWer of a signal itself is small, While a large value of SIR 
means that the ratio of interference poWer to the poWer of a 
signal itself is large. 

[0006] The mobile station monitors the SIR of a received 
signal and compares a monitored SIR With a target SIR. 
When the monitored SIR is smaller than the target SIR, the 
mobile station transmits a transmission poWer control com 
mand to the base station instructing increase of the trans 
mission poWer. When the monitored SIR is larger than the 
target SIR, the mobile station transmits a transmission poWer 
control command to the base station instructing decrease of 
the transmission poWer. The base station modi?es the trans 
mission poWer of a transmission signal to a corresponding 
mobile stations according to this transmission poWer control 
command. 

[0007] HoWever, if the number of mobile stations associ 
ated With a single base station is increased, the SIR of the 
received signal of each mobile station deteriorates. If the 
SIR of a monitored receive signal is deteriorated, each 
mobile station Will transmit a transmission poWer control 
command to the base station instructing increase of trans 
mission poWer, based on the target SIR of each mobile 
station. The base station Will then increase the transmission 
poWer of the transmission signals for each mobile station. 
For each mobile station, increase in transmission poWer of 
transmission signals to other mobile stations causes further 
deterioration in the SIR. A mobile station With deteriorated 
received signal SIR then transmits a transmission poWer 
control command to the base station instructing increase of 
transmission poWer, based on the target SIR of each mobile 
station. If this vicious circle is repeated, a point is reached 
Where the transmission poWer can no longer be increased, 
and communication quality is degraded. 
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SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to provide a 
transmission poWer control device that solves the above 
mentioned problems. 

[0009] The present invention provides a transmission 
poWer control device that achieves the above described 
object, comprising: a total transmission poWer monitoring 
section, for monitoring a ?rst total output poWer being 
transmitted by a base station to a plurality of mobile stations, 
and outputting a monitor signal; a target total transmission 
poWer setting section, for calculating a second total trans 
mission poWer value appropriate for the base station and 
outputting the poWer value as a setting signal; and a refer 
ence update amount calculating section, for calculating a 
reference update amount from a difference betWeen the 
monitored signal and the setting signal, and outputting the 
reference update amount, Wherein an instruction for an 
update target value of a signal-interference poWer ratio is 
sent to the plurality of mobile stations based on the reference 
update amount. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a block diagram of a ?rst embodiment of 
a transmission poWer control device. 

[0011] FIG. 2 is a block diagram of a second embodiment 
of a transmission poWer control device. 

[0012] FIG. 3 is a conceptual draWing of a transmission 
poWer control system. 

[0013] FIG. 4 is a block diagram of a third embodiment of 
a transmission poWer control device. 

[0014] FIG. 5 is a conceptual draWing of a transmission 
poWer control system for controlling transmission poWer 
separately for types of media. 

[0015] FIG. 6 is a block diagram of a fourth embodiment 
of a transmission poWer control device. 

[0016] FIG. 7 is a block diagram of a ?fth embodiment of 
a transmission poWer control device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0017] First Embodiment 

[0018] A?rst embodiment of a transmission poWer control 
device Will noW be described. Speci?cally, this transmission 
poWer control device Will be described for a case Where it is 
used as a transmission poWer control device for a base 
station A. FIG. 1 is a block diagram of a ?rst embodiment 
of a transmission poWer control device. The structure of the 
transmission poWer control device of FIG. 1 Will ?rst be 
described. 

[0019] The transmission poWer control device comprises a 
total transmission poWer monitoring section 1, a target total 
transmission poWer setting section 2, an adder 3, a multiplier 
4, an adder 5, a delay circuit 6, a limiter 7, a desired SIR 
setting section 8 and an adder 9. 

[0020] The total transmission poWer monitoring section 1 
monitors the sum total of transmission poWer to all mobile 
stations in the Wireless area of the base station A. 
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[0021] A target value of the sum total of transmission 
power to all mobile devices is previously set inside the target 
total transmission poWer setting section 2 as a target total 
transmission poWer value. The target total transmission 
poWer value is the product of a standard transmission poWer 
value and the maximum number of the mobile stations the 
base station A can permit. The standard transmission poWer 
value is the minimum transmission poWer required for 
communication betWeen the base station A and mobile 
stations Within the boundary of the Wireless area of the base 
station A. The target total transmission poWer setting section 
2 outputs the target total transmission poWer value as a 
setting signal Z. 

[0022] The multiplier 4 provides an output that is K times 
the input. If the value of K is large, control of the transmis 
sion poWer control device become fast, Whereas if the value 
of K is small it becomes sloW. 

[0023] The delay circuit 6 is a circuit for outputting, for an 
input value, the input value one measurement period T 
before. 

[0024] The limiter 7 outputs a loWer limit value X1 When 
an input is smaller than a previously set loWer limit value 
X1, outputs an upper limit value X2 When an input is larger 
than a previously set upper limit value X2, and outputs the 
input value directly in all other cases. 

[0025] The desired SIR setting section 8 internally holds a 
target SIR previously set in the mobile station as a desired 
SIR, and outputs the desired SIR. 

[0026] The operation of the transmission poWer control 
device shoWn in FIG. 1 Will noW be described. 

[0027] The total transmission poWer monitoring section 1 
monitors the sum total of transmission poWer to all mobile 
station Within a Wireless area of a base station A. The total 
transmission poWer monitoring section 1 outputs an average 
value of the sum total of transmission poWer to all mobile 
stations in a measurement period T as a monitor signal Y for 
every measurement period T. 

[0028] The target total transmission poWer setting section 
2 outputs a setting signal Z. 

[0029] The adder 3 subtracts the setting signal Z from the 
monitor signal Y and outputs the result. 

[0030] The multiplier 4 multiplies the output of the adder 
3 by K and outputs the result at the time t, as a change 
amount AX(t), to the adder 5. 

[0031] The adder 5 adds together the change amount AX(t) 
and an update amount U(t-T) of one measurement period T 
before that is output from the delay circuit 6. The addition 

result is output to the limiter 7 as an accumulative value The limiter 7 carries out limiting on the accumulative value 

X to satisfy the folloWing condition: 

[0032] LoWer limit X1§accumulative value Xéupper 
limit value X2 and supplies output to the adder 9 and the 
delay circuit 6 as a current update amount U(t). 

[0033] An update amount U(t) that has been input to the 
delay circuit 6 is delayed by one measurement period T and 
output to the adder 5. That is, the update amount U(t) is 
added to a change amount AX(t+T) after one measurement 
period T by the adder 5 one measurement period T later. 
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[0034] The update amount U(t) that has been input to the 
adder 9 is subtracted from a desired SIR that has been output 
from the desired SIR setting section 8. The result of this 
subtraction is output by the adder 9 as a neW target SIR 0t. 
The neW target SIR 0t is transmitted to mobile stations in 
communication With the base station A. 

[0035] If the transmission poWer control device of the 
present invention is used in the base station A, the trans 
mission poWer for the base station A can be controlled as 
described in the folloWing. If the sum total of transmission 
poWer from the base station to all mobile stations is large, 
that is, if the monitor signal Y is larger than the setting signal 
Z, the change amount AX becomes larger than 0 and 
accumulative value X is increased. If the monitor signal Y 
continues to be larger than the setting signal Z, the accu 
mulative value X eXceeds the loWer limit X1. In other Words, 
the update value U eXceeds the loWer limit X1. As a result, 
the neW target SIR becomes a value that is only the update 
value U subtracted from the desired SIR. The base station 
transmits the neW target SIR to the mobile stations. Since the 
neW target SIR is smaller than the original target SIR, the 
mobile stations transmit a transmission poWer control com 
mand to the base station A. As a result of this, transmission 
poWer from the base station A to the mobile stations is 
reduced. That is, if the sum total of transmission poWer from 
the base station A to all mobile stations is large, the target 
SIR of the mobile stations is updated so as to reduce this sum 
total transmission poWer. 

[0036] When the transmission poWer is small, that is, 
When the monitor signal Y is smaller than the setting signal 
Z, the change amount AX becomes smaller than 0 and 
accumulative value X is decreased. If the monitor signal Y 
is smaller than the setting signal Z, that is, if there continues 
to be a margin in the sum total of the transmission poWer 
from the base station to all of the mobile stations, the 
accumulative value X falls beloW the loWer limit value X1. 
At this time, an update amount U output from the limiter 7 
is equal to the loWer limit value X1. Here, the loWer limit X1 
is set to 0. If the accumulative value X falls beloW the loWer 
limit value X1, the update amount U output from the limiter 
7 becomes the loWer limit value X1, namely 0. Accordingly, 
When there is a margin in the sum total of transmission 
poWer from the base station to all of the base stations the 
target SIR of the mobile stations is not updated. 

[0037] Second Embodiment 

[0038] FIG. 2 is a block diagram of a second embodiment 
of a transmission poWer control device. 

[0039] Compared to the transmission poWer control 
device of FIG. 1, the transmission poWer control device of 
FIG. 2 is provided With a comparator 21 to Which the 
monitor signal Y and the setting signal Z are input, in place 
of the adder 3 and the multiplier 4. The comparator 21 has 
such a function that When the monitor signal Y is larger than 
the setting signal Z, a ?xed positive integer is output as a 
change amount AX(t) for time t, and When the monitor signal 
Y is less than the setting signal Z, a ?xed negative integer is 
output as the change amount AX(t). By changing in this Way, 
rate of increase and decrease in the target SIR is alWays 
?xed. 

[0040] Also, in the transmission poWer control devices 
shoWn in FIG. 1 and FIG. 2, by not transmitting a neW 
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target SIR to the mobile stations When the update amount 
U(t) is 0, it is possible to reduce the amount of data 
transferred to the mobile stations. 

[0041] FIG. 3 is a conceptual drawing of a transmission 
poWer control system. 

[0042] Control of transmission poWer betWeen a base 
station 31 With the transmission poWer control device of the 
?rst or second embodiment and a mobile station 32 Within 
the Wireless area of the base station Will noW be described 
using FIG. 3. 

[0043] The parts of the base station 31 relating to the 
transmission poWer control system are a transmission poWer 
control device 30, of the present invention, a transmitting 
section 33 and a transmission poWer instructing section 34. 
The parts of the mobile station 32 relating to the transmis 
sion poWer control system are a despreading section 35, an 
SIR measuring section 36, a comparator section 37, a 
decoding section 38 and a target SIR setting section 39. 

[0044] The transmitting section 33 subjects a transmission 
signal to each mobile station to spread spectrum processing, 
adjusts the transmission poWer of the spread spectrum signal 
to each mobile station, and groups the spread spectrum 
signals to each mobile station together and transmits them. 

[0045] The transmission poWer instructing section 34 
instructs the transmission poWer adjustment for each corre 
sponding mobile station to the transmitting section 33 based 
on respective transmission poWer control commands trans 
mitted from each mobile station including the mobile station 
32. The transmission poWer control commands are inserted 
into transmission poWer control bits Within a frame trans 
mitted from the mobile station 32 to the base station 31, and 
transmitted. 

[0046] The despreading section 35 extracts only a signal 
that has been spread using speci?ed PN code, from spread 
spectrum signals received by the mobile station 32, and 
outputs a demodulated signal. 

[0047] The SIR measuring section 36 measures an SIR of 
a received spread spectrum signal from the demodulated 
signal and outputs a received SIR. Speci?cally, the SIR 
measuring section 36 calculates a rate of demodulated signal 
poWer to demodulated signal amplitude dispersion, and 
outputs this rate as received SIR. 

[0048] The decoding section 38 decodes the demodulated 
signal and outputs a decoded signal. 

[0049] The target SIR setting section 39 measures a data 
error rate from the decoded signal. If this error rate is higher 
than a ?Xed value, the target SIR setting section 39 updates 
the target SIR to a value higher than the target SIR at that 
point in time, While if the error rate is loWer than a ?Xed 
value, it updates the target SIR to a value loWer than the 
target SIR at that point in time. At this time, the value of SIR 
after updating is set such that it does not exceed the target 
SIR upper limit value retained inside the target SIR setting 
section 39. Output of the target SIR setting section 39 is the 
target SIR after updating. 

[0050] The comparator section 37 compares the received 
SIR and the target SIR, and if the received SIR is loWer than 
the target SIR, transmits a transmission poWer control com 
mand to the base station 31 instructing increase of trans 
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mission poWer. If the received SIR is higher than the target 
SIR, the comparator section 37 transmits a transmission 
poWer control command to the base station 31 instructing 
decrease of transmission poWer. 

[0051] The operation of the transmission poWer control 
system Will noW be described. 

[0052] The transmission poWer control device 30 sets a 
neW target SIR a based on the sum total of transmission 
poWer of the spread spectrum signals transmitted by the 
transmitting section 33. The neW target SIR 0t is input to the 
transmitting section 33 together With the transmit signals to 
each mobile station. The transmitting section 33 subjects 
transmit signals to a spread spectrum technique, and trans 
mits a spread spectrum signal in the direction of each base 
station. 

[0053] The spread spectrum signal received by a mobile 
station is despread by the despreading section 35. Ademodu 
lated signal is output from the despreading section 35, and 
this demodulated signal is input to the decoding section 38 
and SIR measuring section 36. The decoding section 38 
decodes the demodulated signal to output a decoded signal, 
While the SIR measuring section 36 calculates an SIR of the 
received spread spectrum signal and outputs the received 
SIR to the comparator section 37. 

[0054] The decoded signal is input to the target SIR setting 
section 39. The target SIR setting section 39 internally sets 
a neW target SIR 0t included Within the decoded signal as an 
upper limit value of the neW target SIR. After that, the target 
SIR is updated based on a decoded signal error rate and 
output to the comparator section 37. 

[0055] The comparator section 37 compares the input 
target SIR and the received SIR. If the received SIR is a lot 
larger than the target SIR, the comparator section 37 trans 
mits a transmission poWer control command instructing 
decrease of transmission poWer to the base station 31. If the 
received SIR is a lot smaller than the target SIR, the 
comparator section 37 transmits a transmission poWer con 
trol command instructing increase of transmission poWer to 
the base station 31. 

[0056] The transmission poWer instructing section 34 
instructs adjustment of transmission poWer to corresponding 
mobile station to the transmitting section 33, based on 
respective transmission poWer control commands transmit 
ted from respective mobile stations including the mobile 
station 32. The transmitting section 33 then adjusts the 
transmission poWer of the spread spectrum signals to each of 
the mobile stations according to the instruction from the 
transmission poWer instructing section 34. 

[0057] If the transmission poWer control device of the 
present invention is used, it is possible to thus control the 
transmission poWer betWeen a base station and mobile 
stations Within the Wireless area of this base station. 

[0058] Third Embodiment 

[0059] A third embodiment of a transmission poWer con 
trol device of the present invention Will no be described. 
Compared to the transmission poWer control device of the 
?rst embodiment, the transmission poWer control device of 
the third embodiment additionally has the function of taking 
into consideration the media handled by each mobile station. 
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[0060] Media means the type of data, such as voice data, 
picture data etc. Desired transmission quality is different 
depending on the media. The transmission poWer control 
device of the third embodiment is characteriZed by the fact 
that a neW target SIR is calculated for each media. Speci? 
cally, description Will be given for the case Where this 
transmission poWer control device is used as a transmission 
poWer control device for a base station B, and a separate 
target SIR is held for each media internally handled by a 
mobile station inside the Wireless area of a base station B. In 
this description, different media types are indicated With a 
numeral after the Word “media”, i.e., media 1, media 2, 
media 3, etc. 

[0061] FIG. 4 is a block diagram of a third embodiment of 
a transmission poWer control device. 

[0062] The structure of the transmission poWer control 
device of FIG. 4 Will noW be described. 

[0063] The transmission poWer control device comprises a 
total transmission poWer monitoring section 1, a target total 
transmission poWer setting section 2, an adder 3, a multiplier 
4, an adder 5, a delay circuit 6, a limiter 7, multipliers 
47-1~47-N, desired SIR setting section for each media, 
namely media 1 desired SIR setting section 48-1~media N 
desired SIR setting section 48-N, and adders 9-1~9-N. N is 
the number of media types. Multiplier 47-k, media k desired 
SIR setting section 48-k and adder 9-k (k=1~N) are used to 
calculate a neW target SIR (xk of media k. In FIG. 4, 
structural elements that are the same as those described in 
the ?rst embodiment (FIG. 1) have the same reference 
numbers attached as are attached in the ?rst embodiment. 

[0064] The multipliers 47-1~47-N are circuits for multi 
plying their inputs by coefficients [31~[3N respectively inter 
nally set, and outputting the result. The coef?cients [31~[3N 
are values larger than 0 but smaller than 1. These speci?c 
values are set according to the type of media corresponding 
to each of the multipliers 47-1~47-N. The coefficients 
[31~[3N approach 0 When the degree of importance of the 
corresponding media type is large, and approach 1 When the 
degree of importance is small. 

[0065] Media 1 desired SIR setting section 48-1~media N 
desired SIR setting section 48-N respectively internally hold 
SIR values made targets for transmission signals of each 
media as respective media 1 desired SIR~media N desired 
SIR, and output these values. 

[0066] The operation of the transmission poWer control 
device shoWn in FIG. 4 Will noW be described. 

[0067] The total transmission poWer monitoring section 1 
monitors the total transmission poWer to all mobile stations 
Within the Wireless area of base station B. The total trans 
mission poWer monitoring section 1 outputs an average 
value of the total transmission poWer in a measurement 
period T as a monitor signal Y for every measurement period 
T. 

[0068] The target total transmission poWer setting section 
2 outputs a total transmission poWer value that has been 
previously set internally as a setting signal Z. 

[0069] The adder 3 subtracts the setting signal Z from the 
monitor signal Y. 

[0070] The multiplier 4 multiplies the output of the adder 
3 by k times and outputs the result for that time t to the adder 
5 as a change amount AX(t). 
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[0071] The adder 5 adds together the change amount AX(t) 
and an update amount U(t-T) for one measurement period 
T previous that is output from the delay circuit 6. The result 
of addition is output to the limiter 7 as accumulative value 
X. The limiter 7 carries out limiting on the accumulative 
value X to satisfy the folloWing condition: 

[0072] LoWer limit Xléaccumulative value Xéupper 
limit value X2 and supplies output to the multipliers 
47-1~47-N and delay circuit 6 as a current update amount 

U(t). 
[0073] An update amount U(t) that has been input to the 
delay circuit 6 is delayed by one measurement period T and 
output to the adder 5. That is, the update amount U(t) is 
added to a change amount AX(t+T) after one measurement 
period by the adder 5 one measurement period later. 

[0074] The update amount U(t) input to the multipliers 
47-1~47-N is respectively multiplied by [31 times~[3N times 
and output. The outputs from the multipliers 47-1~47-N are 
subtracted from the media 1 SIR~media N SIR by respective 
adders 9-1~9-N. The subtraction results are respectively 
output by the adders 9-1~9-N as neW target SIR 60 118 neW 
target SIR (XN. NeW target SIR (X1~I16W target SIR (XN are 
transmitted to mobile stations currently in communication 
With base station B. 

[0075] According to the third embodiment, values sub 
tracted from the media 1 SIR~media N SIR are set smaller 
for more important media by using the multipliers 47-1~47 
N. That is, by not lowering a target SIR for an important 
media but loWering the target SIR for unimportant media, 
the transmission quality of important media is maintained. 

[0076] FIG. 5 is a conceptual draWing of a transmission 
poWer control system for controlling transmission poWer 
separately for types of media. 

[0077] Control of transmission poWer betWeen a base 
station 51 provided With a transmission poWer control 
device of the third embodiment and a mobile station 52 
Within the Wireless area of the base station 51 Will noW be 
described using FIG. 5. The mobile station 52 handles tWo 
media, namely media 1 and media 2. There are tWo paths 
betWeen the base station 51 and the mobile station 52, 
namely a path for transmission and reception of media 1 
signals and a path for the transmission and reception of 
media 2 signals. 

[0078] The parts of the base station 51 relating to the 
transmission poWer control system are a transmission poWer 
control device 50, a transmitting section 53 and a transmis 
sion poWer instructing section 54. The parts of the mobile 
station 52 relating to the transmission poWer control system 
are despreading sections 55-1 and 55-2, SIR measuring 
sections 56-1 and 56-1, comparator sections 57-1 and 57-2, 
decoding sections 58-1 and 58-2 and target SIR setting 
sections 59-1 and 59-2. 

[0079] The transmitting section 53 subjects transmission 
signals for separate media to each mobile station to spread 
spectrum processing, separately adjusts the transmission 
poWer of the spread spectrum signals for separate media to 
each mobile station, and groups the spread spectrum signals 
for separate media to each mobile station together and 
transmits them. 
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[0080] The transmission power instructing section 54 
separately instructs the transmission poWer adjustment for 
respective media signals of each corresponding mobile 
station to the transmitting section 53 based on respective 
transmission poWer control commands of separate media 
transmitted from each mobile station including the mobile 
station 52. The transmission poWer control commands are 
inserted into transmission poWer control bits Within a frame 
transmitted from the mobile station 52 to the base station 51, 
and transmitted. 

[0081] The despreading section 55-1 extracts only a signal 
that has been spread using PN code speci?ed by itself and 
used for media 1, from spread spectrum signals received by 
the mobile station 52, and outputs a media 1 demodulated 
signal. The despreading section 55-2 eXtracts only a signal 
that has been spread using PN code speci?ed by itself and 
used for media 2, from spread spectrum signals received by 
the mobile station 52, and outputs a media 2 demodulated 
signal. 
[0082] The SIR measuring section 56-1 measures an SIR 
of a received media 1 signal from the media 1 demodulated 
signal and outputs a media received SIR. Speci?cally, the 
SIR measuring section 56-1 calculates a rate of media 1 
demodulated signal poWer to media 1 demodulated signal 
amplitude dispersion, and outputs this rate as a media 1 
received SIR. 

[0083] The SIR measuring section 56-2 measures an SIR 
of a received media 2 signal from the media 2 demodulated 
signal and outputs a media received SIR. Speci?cally, the 
SIR measuring section 56-2 calculates a rate of media 2 
demodulated signal poWer to media 2 demodulated signal 
amplitude dispersion, and outputs this rate as a media 2 
received SIR. 

[0084] The decoding sections 58-1 and 58-2 respectively 
decode the media 1 demodulated signal and the media 2 
demodulated signal and output a media 1 decoded signal and 
a media 2 decoded signal. 

[0085] The target SIR setting sections 59-1 and 59-2 
respectively measure data error rates from the media 1 
decoded signal and the media 2 decoded signal. If these error 
rates are higher than a ?Xed value, the target SIR setting 
sections 59-1 and 59-2 update the target SIR to a value 
higher than the target SIR at that point in time, While if the 
error rates are loWer than a ?Xed value, they update the target 
SIR to a value loWer than the target SIR at that point in time. 
At this time, the values of SIR after updating are set such 
that they do not eXceed the target SIR upper limit values 
retained inside the target SIR setting sections 59-1 and 59-2. 
The target SIR setting sections 59-1 and 59-2 respectively 
output the updated target SIRs as a media 1 target SIR and 
a media 2 target SIR. 

[0086] The comparator section 57-1 compares the media 1 
received SIR and the media 1 target SIR, and if the media 1 
received SIR is loWer than the media 1 target SIR transmits 
a transmission poWer control command to the base station 
51 instructing increase of media 1 transmission poWer. If the 
media 1 received SIR is higher than the media 1 target SIR, 
the comparator section 57-1 transmits a transmission poWer 
control command to the base station 51 instructing decrease 
of media 1 transmission poWer. 

[0087] The comparator section 57-2 compares the media 2 
received SIR and the media 2 target SIR, and if the media 2 
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received SIR is loWer than the media 2 target SIR, transmits 
a transmission poWer control command to the base station 
51 instructing increase of media 2 transmission poWer. If the 
media 2 received SIR is higher than the media 2 target SIR, 
the comparator section 57-2 transmits a transmission poWer 
control command to the base station 51 instructing decrease 
of media 2 transmission poWer. 

[0088] The operation of the transmission poWer control 
system of FIG. 5 Will noW be described. 

[0089] The transmission poWer control device 50 sets neW 
target SIRs otl~otN based on the sum total of transmission 
poWer of the spread spectrum signals transmitted by the 
transmitting section 53. The neW target SIRs otl~otN are 
input to the transmitting section 53 as part of respective 
media transmit signals. The transmitting section 53 subjects 
transmit signals to a spread spectrum technique, and trans 
mits spread spectrum signals to respective mobile station. 

[0090] The spread spectrum signals received by a mobile 
station 52 are despread by the despreading section 55-1 and 
the despreading section 55-2. Amedia 1 demodulated signal 
is output from the despreading section 55-1, and this media 
1 demodulated signal is input to the decoding section 58-1 
and SIR measuring section 56-1. The decoding section 58-1 
decodes the media 1 demodulated signal to output a media 
1 decoded signal, While the SIR measuring section 56-1 
calculates an SIR of the received media 1 signal and outputs 
the media 1 received SIR to the comparator section 57-1. 

[0091] The media 1 decoded signal is input to the target 
SIR setting section 59-1. The target SIR setting section 59-1 
internally sets a neW target SIR (x1 included Within the 
media 1 decoded signal as an upper limit value of the neW 
target SIR. After that, the target SIR is updated based on a 
media 1 decoded signal error rate and output to the com 
parator section 57-1. 

[0092] The comparator section 57-1 compares the input 
media 1 target SIR and the media 1 received SIR. If the 
media 1 received SIR is a lot larger than the media target 
SIR, the comparator section 57-1 transmits a transmission 
poWer control command instructing decrease of transmis 
sion poWer for media 1 signals transmitted to the base station 
52, to the base station 51. If the media 1 received SIR is a 
lot smaller than the media 1 target SIR, the comparator 
section 57-1 transmits a transmission poWer control com 
mand instructing increase of transmission poWer of media 1 
signals transmitted to the mobile station 52, to the base 
station 51. 

[0093] The transmission poWer instructing section 54 
instructs adjustment of transmission poWer to each corre 
sponding mobile station to the transmitting section 53, based 
on respective transmission poWer control commands trans 
mitted from respective mobile stations including the mobile 
station 52. The transmitting section 53 then adjusts the 
transmission poWer of the spread spectrum signals to each of 
the mobile stations according to the instruction from the 
transmission poWer instructing section 54. 

[0094] If the transmission poWer control device of the 
present invention is used, it is possible to thus control the 
transmission poWer betWeen a base station and mobile 
stations Within the Wireless area of this base station in media 
units. 
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[0095] Fourth Embodiment 

[0096] A fourth embodiment of a transmission poWer 
control device of the present invention Will noW be 
described. Compared to the transmission poWer control 
device of the third embodiment, in the transmission poWer 
control device of the fourth embodiment, a setting signal Z 
is variable in response to variation in the number of con 
nection circuits. 

[0097] FIG. 6 is a block diagram of a fourth embodiment 
of a transmission poWer control device. 

[0098] The structure of the transmission poWer control 
device of FIG. 6 Will noW be described. 

[0099] Description Will be given only for differences from 
the third embodiment. 

[0100] The transmission poWer control device of the 
fourth embodiment is provided With a number of connection 
circuits setting section 61 and a target overall transmission 
poWer calculating section 62 in place of the target total 
transmission poWer setting section 2 of the transmission 
poWer control device of the third embodiment. 

[0101] The number of connection circuits setting section 
61 sets a number of mobile stations belonging Within the 
Wireless area of the base station B for each media and 
outputs a number of mobile stations for each media. When 
communication is commenced betWeen the base station B 
and mobile stations, since the mobile stations notify the base 
station B about the number of media, the base station B can 
count the number of mobile stations for each media together 
With noti?cation of the number of media from each mobile 
station. By altering the measurement period, it is also 
possible to handle a number of actually connected circuits 
depending on the circumstances. 

[0102] The target overall transmission poWer calculating 
section 62 receives the number of mobile stations for every 
media as input, updates a target overall transmission poWer 
based on the number of mobile stations for every media and 
outputs the updated target overall transmission poWer. Spe 
ci?cally, if the reference transmission poWer for media k is 
made Pk, the media k desired SIR is made SIRk and the 
number of base stations for media k input by the number of 
connection circuits setting section 61 is made Nk, then the 
target overall transmission poWer calculating section 62 
calculates target total transmission poWer using the folloW 
ing equation. The target overall transmission poWer calcu 
lating section 62 outputs the target total transmission poWer 
as setting signal Z. 

[0103] Target Total Transmission PoWer= 

‘IN SIR i 
Target Total Transmission Power = 2 P1 * *Ni 

[:1 
SIR] 

[0104] The remaining structure is the same as that of the 
third embodiment. 

[0105] The operation of the transmission poWer control 
device of FIG. 6 Will noW be described. 

[0106] The total transmission poWer monitoring section 1 
monitors the total transmission poWer of the transmission 
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signals to all mobile stations Within the Wireless area of base 
station B. The total transmission poWer monitoring section 
1 outputs an average transmission poWer value in measure 
ment period T as monitor signal Y for every measurement 
period T. 

[0107] The number of connection circuits setting section 
61 measures the number of mobile stations for every media, 
and outputs the number to the target overall transmission 
poWer calculating section 62. 

[0108] The target overall transmission poWer calculating 
section 62 determines a total transmission poWer value 
based on the number of mobile stations and that total 
transmission poWer as setting signal Z. 

[0109] The adder 3 subtracts setting signal Z from monitor 
signal Y. 

[0110] The rest of the operation is the same as in the third 
embodiment. 

[0111] According to the fourth embodiment, since the 
target total transmission is varied according to the number of 
circuits for each media, it is possible to suppress total 
transmission poWer When there are only a feW communica 
tion circuits. As a result, in?uence on adjacent base stations 
can be reduced. 

[0112] Fifth Embodiment 

[0113] A ?fth embodiment of a transmission poWer con 
trol device of the present invention Will noW be described. 
In the transmission power control device of the ?fth embodi 
ment, a sum total target value of media transmission poWer 
is determined for every media. The transmission poWer 
control device of the ?fth embodiment Will be described as 
used in a base station C. 

[0114] FIG. 7 is a block diagram of a ?fth embodiment of 
a transmission poWer control device. 

[0115] The structure of the transmission poWer control 
device of FIG. 7 Will noW be described. 

[0116] The transmission poWer control device of FIG. 7 
comprises a receive poWer measurement section 70, and neW 
target SIR calculating sections, namely media 1 neW target 
SIR calculating section 700-1~media N neW target SIR 
calculating section 700-N. N is the number of types of 
media. 

[0117] The receive poWer measurement section 70 mea 
sures the receive poWer of base station C per circuit for 
communicating With each media, multiplys the measured 
poWer by an area coefficient, and supplies output as media 
k reference transmission poWer for every media (k=1~N). 
The media k reference transmission poWer is the minimum 
transmission poWer required for communication using 
media k betWeen the base station C and mobile stations 
Within the boundary of the Wireless area of the base station 
C. The area coef?cient is decided according to siZe of the 
Wireless area of the base station C. The receive poWer value 
of base station C is controlled to be the minimum poWer 
required for communication. So, the reference transmission 
poWer is able to be determined multipling the receive poWer 
value by the area coef?cient. 

[0118] Amedia k neW target SIR calculating section 700-k 
(k=1~N) is comprised of a media k total transmission poWer 
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monitoring section 71-k, a media k connection circuit setting 
section 72-k, a media k target total transmission poWer 
calculating section 73-k, a multiplier 4-k, an adder 5-k, a 
delay circuit 6-k, a limiter 7-k, a multiplier 78-k and a media 
k desired SIR setting section 79-k. 

[0119] The adder 3-k, adder 5-k, delay circuit 6-k limiter 
7-k and adder 9-k are respectively the same as the adder 3, 
adder 5, delay circuit 6, limiter 7 and adder 9 used in the 
transmission poWer control device of the ?rst~fourth 
embodiments. 

[0120] The media k total transmission poWer monitoring 
section 71-k monitors the sum total of transmission poWer to 
all mobile stations handling media k Within the Wireless area 
of base station C provided With the transmission poWer 
control device, and supplies output as monitor signal Y-k. 

[0121] The media k connection circuit setting section 72-k 
measures and outputs the number of media k circuits in 
communication. 

[0122] The media k target total transmission poWer cal 
culating section 73-k outputs a sum total value of transmis 
sion poWer to all mobile stations handling media k as setting 
signal Z-k. The setting signal Z-k is determined by the 
product of media k reference transmission poWer and the 
number of media k circuits communicating With the base 
station C. 

[0123] The multiplier 78-k and media k desired SIR 
setting section 79-k are respectively the same as the multi 
plier 47-k and media k desired setting section 48-k used in 
the transmission poWer control device of the third embodi 
ment. 

[0124] The operation of the transmission poWer control 
device of FIG. 7 Will noW be described. 

[0125] The media k total transmission poWer monitoring 
section 71-k outputs monitor signal Y-k. 

[0126] The receive poWer measurement section 70 mea 
sures the receive poWer of base station C per circuit for 
communicating With each media, and supplies a product of 
the output and the area coefficient as media k reference 
transmission poWer, for every media (k=1~N). The media k 
reference transmission poWer is input to media k target total 
transmission poWer calculating section 73-k of the corre 
sponding media k neW target SIR calculating section 700-k. 

[0127] The media k connection circuit setting section 72-k 
measures and outputs the number of media k circuits in 
communication. 

[0128] The media k target total transmission poWer cal 
culating section 73-k multiplies the media k reference trans 
mission poWer that has been input from the receive poWer 
measurement section 70 and the number of k media circuits 
in communication that has been input from the media k 
connection circuit setting section 72-k, and outputs a setting 
signal Z-k. 

[0129] The adder 3-k subtracts setting signal Z-k from the 
monitor signal Y-k. 

[0130] The multiplier 4-k multiplies the output of adders 
3-k by k times and outputs the result at time t to the adder 
5-k as a change amount AX-k(t). 
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[0131] The adder 5-k adds together the change amount 
AX-k(t) and an update amount U-k (t-T) for one measure 
ment period before that has been input from the delay circuit 
6-k. The result of addition is output to the limiter 7-k as an 
accumulative value X-k. The limiter 7-k carries out limiting 
on the accumulative value X to satisfy the folloWing con 
dition 

[0132] LoWer limit Xléaccumulative value X-kéupper 
limit value X2 and supplies output to the multiplier 78-k and 
delay circuit 6-k as a current update amount U-k 

[0133] The update amount U-k (t) that has been input to 
the delay circuit 6-k is delayed by one measurement period 
T and output to the adder 5-k. That is, the update amount U-k 
(t) is added to a change amount AX-k (t+T) after one 
measurement period by the adder 5-k one measurement 
period later. 

[0134] The update amount U-k(t) input to the multiplier 
78-k is multiplied by bk times and output. The output from 
the multiplier 78-k is subtracted from the media k SIR by 
respective adder 9-k. The subtraction result is output by the 
respective adder 9-k as neW target SIR (Xk. NeW target SIR 
otk is transmitted to mobile stations currently in communi 
cation With base station B and handling media k. 

[0135] According to the ?fth embodiment, values sub 
tracted from the media 1 SIR~media N SIR are set smaller 
for more important media by using the multipliers 78-1~78 
N. That is, by not loWering a target SIR for an important 
media but loWering the target SIR for unimportant media, 
the transmission quality of important media is maintained. 
Also, since the setting signals Z-k are calculated for every 
media, the transmission and reception quality can be further 
maintained for important media. 

[0136] The folloWing effects can be obtained from all 
embodiments of the transmission poWer control device of 
the present invention as described above. 

[0137] When the total transmission poWer of a base station 
becomes larger than a target total transmission poWer, a neW 
target SIR for the mobile can be updated according to the 
difference in transmission poWer. As a result, even When the 
number of mobile stations is increased and interference 
poWer becomes large, deterioration in the communication 
quality for all of the mobile stations in the same Way can be 
prevented. Further, there is an upper limit for the mobile 
station SIR and unlimited increase in the transmission poWer 
can be prevented, Which means that the effect of interference 
poWer encroaching into Wireless service areas of adjacent 
base stations can be suppressed. 

[0138] Still further, in the third embodiment, since it is 
possible to carry out updating of target SIR for every media, 
the total transmission poWer for the base station is kept 
beloW a target total transmission poWer, and quality degra 
dation can be prevented for important media. 

[0139] Also, in the fourth and ?fth embodiments, since 
target total transmission poWer can be updated based on the 
actual number of connection circuits to a base station, it 
becomes possible to control target SIR much more effi 
ciently. Particularly, When the number of mobile stations 
connected is feW it is possible to keep total transmission 
poWer small, Which means that the effect on adjacent base 
stations can be kept to a minimum. 
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What is claimed is: 
1. A transmission power control device comprising: 

a total transmission poWer monitoring section for moni 
toring a total output poWer value being transmitted by 
a base station to a plurality of mobile stations, and 
outputting the poWer value as a monitor signal; 

a target total transmission poWer setting section for cal 
culating a total transmission poWer value appropriate 
for the base station and outputting the poWer value as 
a setting signal; and 

a reference update amount calculating section for calcu 
lating a reference update amount from a difference 
betWeen the monitor signal and the setting signal, and 
outputting the reference update amount, Wherein 

the reference update amount is used to update a target 
value of a signal-interference poWer ratio for the 
plurality of mobile stations. 

2. A transmission poWer control device comprising: 

a total transmission poWer monitoring section for moni 
toring a sum total of transmission signal poWer and 
outputting a ?rst total transmission poWer value; 

a ?rst adder for subtracting a second total transmission 
poWer value appropriate for a base station from the ?rst 
total transmission poWer value and outputting the 
result; 

a multiplier for multiplying output of the ?rst adder by a 
?xed number and outputting the result; 

a second adder for adding output of the multiplier to a 
reference update amount a ?Xed time before and out 
putting the result as the reference update amount; 

a delay circuit for delaying the reference update amount 
by the ?Xed time and outputting to the ?rst adder; and 

a third adder for subtracting the reference update amount 
from an initial value of a target value for a signal 
interference poWer ratio of a plurality of mobile sta 
tions and outputting a neW target value for the signal 
interference poWer ratio. 

3. The transmission poWer control device as disclosed in 
claim 2 further comprising a limiter for making the reference 
update amount a ?rst threshold value 

When the output of the second adder is smaller than the 
?rst threshold value, making the reference update 
amount a second threshold value, that is larger than the 
?rst threshold value, 

When the output of the second adder is larger than the 
second threshold value, or making the reference update 
amount the output of the second adder When the output 
of the second adder is larger than the ?rst threshold 
value but smaller than the second threshold value, and 
outputting the reference update amount to the third 
adder and the delay circuit. 

4. A transmission poWer control device comprising: 

a total transmission poWer monitoring section for moni 
toring a sum total of transmission signal output poWer 
and outputting a ?rst total transmission poWer value; 

a comparator, internally holding a ?Xed positive number 
and a ?Xed negative number, for comparing a second 
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total transmission poWer value appropriate for a base 
station and the ?rst total transmission poWer value and 
outputting the ?Xed positive number When the second 
total transmission poWer value is smaller than the ?rst 
total transmission poWer value, or outputting the ?Xed 
negative number When the second total transmission 
poWer value is larger than the ?rst total transmission 
poWer value; 

a ?rst adder for adding output from the comparator and a 
reference update amount a ?Xed time before, and 
outputting the result as an accumulative value; 

a limiter, receiving the accumulative value as input, and 
making the reference update amount a ?rst threshold 
value When the accumulative value is smaller than the 
?rst threshold value, making the reference update 
amount a second threshold value When the accumula 
tive value is larger than the second threshold value that 
is larger than the ?rst threshold value, or making the 
reference update amount the accumulative value When 
the accumulative value is larger than the ?rst threshold 
value but smaller than the second threshold value, and 
outputting the reference update amount; 

a delay circuit for delaying the reference update amount 
by the ?Xed time and outputting to the ?rst adder; and 

a second adder for subtracting the reference update 
amount from an initial value of target signal-interfer 
ence poWer ratio value for each mobile station and 
outputting a neW target signal-interference poWer ration 
value. 

5. A transmission poWer control device comprising: 

a total transmission poWer monitoring section for moni 
toring a sum total of transmission signal output poWer 
and outputting a ?rst total transmission poWer value; 

a ?rst adder for subtracting a second total transmission 
poWer value appropriate for a base station from the ?rst 
total transmission poWer value and outputting the 
result; 

a ?rst multiplier for multiplying output of the ?rst adder 
by a ?Xed number and outputting the result; 

a ?rst adder for adding together output from the ?rst 
multiplier and a reference update amount a ?Xed time 
before, and outputting the result as an accumulative 
value; 

a limiter, receiving the accumulative value as input, and 
making the reference update amount a ?rst threshold 
value When the accumulative value is smaller than the 
?rst threshold value, making the reference update 
amount a second threshold value, that is larger than the 
?rst threshold value, When the accumulative value is 
larger than the second threshold value, or making the 
reference update amount the accumulative value When 
the accumulative value is larger than the ?rst threshold 
value but smaller than the second threshold value, and 
outputting the reference update amount; 

a delay circuit for delaying the reference update amount 
by the ?Xed time and outputting to the ?rst adder; and 

neW target value setting sections, the same in number as 
a number of media types, being input With the reference 
update amount, for respectively outputting neW signal 
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interference power ratio target values for transmission 
signals of corresponding media, Wherein 

the neW target value setting sections comprise 

a second multiplier for multiplying the reference update 
amount by a priority coef?cient and outputting the 
result, and 

a third adder for subtracting output of the second 
multiplier from an initial value of signal-interference 
target value for transmission signals of correspond 
ing media, 

the priority coef?cient being a value larger than 0 but 
less than 1 and tending toWards 0 for important 
media. 

6. The transmission poWer control device as disclosed in 
claim 5, Wherein the second total transmission poWer value 
is a value obtained by multiplying a total number of con 
nection circuits betWeen the base station and each of the 
mobile stations and the reference transmission poWer of the 
base station. 

7. A transmission poWer control device comprising: 

neW target value setting sections, the same in number as 
a number of media types, for respectively outputting 
neW signal-interference poWer ratio target values for 
transmission signals of respective media; and 

a received poWer measuring section for measuring 
received poWer per one circuit of each media and 
outputting the receive poWer of one circuit of corre 
sponding media to the neW target setting sections for 
each media, Wherein; 

each of the neW target value setting sections comprises, 

a total transmission poWer monitoring section for moni 
toring a sum total of transmission signal poWer for 
corresponding media and outputting a total transmis 
sion poWer output, 

a target total transmission poWer setting section for 
multiplying a total number connection circuits of 
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corresponding media betWeen a base station and 
each mobile station, and outputting the result, 

a ?rst adder for subtracting output of the target total 
transmission poWer setting section from the total 
transmission poWer value and outputting the result, 

a ?rst multiplier for multiplying output of the ?rst adder 
by a ?Xed number and outputting the result, 

a second adder for adding together output of the ?rst 
multiplier and a reference update amount a ?Xed 
time before, and outputting as an accumulative 
value, 

a limiter, receiving the accumulative value as input, and 
making the reference update amount a ?rst threshold 
value When the accumulative value is smaller than 
the ?rst threshold value, making the reference update 
amount a second threshold value, that is larger than 
the ?rst threshold value, When the accumulative 
value is larger than the second threshold value, or 
making the reference update amount the accumula 
tive value When the accumulative value is larger than 
the ?rst threshold value but smaller than the second 
threshold value, and outputting the reference update 
amount; 

a delay circuit for delaying the reference update amount 
by the ?Xed time and outputting to the ?rst adder; 

a second multiplier for multiplying the reference update 
amount by a priority coef?cient, and 

a third adder for subtracting output of the second adder 
from an initial value of signal-interference poWer 
ratio target value for transmission signals of corre 
sponding media, 

the priority coef?cient being a value larger than 0 but 
less than 1 and tending toWards 0 for important 
media. 


