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TRANSMISSION POWER CONTROL APPARATUS 
AND RADIO COMMUNICATION APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to transmission 
poWer control apparatuses and radio communication appa 
ratuses used for digital cellular mobile communications, etc. 

[0003] 2. Description of the Related Art 

[0004] A multiple access system means a line access 
system When a plurality of stations carry out communica 
tions simultaneously using a same band. For example, 
CDMA (Code Division Multiple Access) refers to code 
division multiple access, a technology realiZing multiple 
access through spread spectrum communications transmit 
ting an information signal With its spectrum spread over a 
sufficiently Wide band relative to the original information 
bandWidth. 

[0005] This technology is sometimes called “spread spec 
trum multiple access (SSMA).” The mainstream of this 
CDMA system is a direct spreading system in Which a 
spreading system code is carried on an information signal as 
is When it is spread. 

[0006] Since a plurality of communications share a same 
frequency in the direct spreading CDMA system, the system 
has a problem (near-far problem) of equalizing the intensity 
of an interference Wave (communication Wave of a different 
station) With that of a desired radio Wave at a receiving end 
and hoW to overcome this problem is a prerequisite to 
implement the CDMA system. The perspective problem 
becomes critical When a base station receives radio Waves 
from many stations at different locations simultaneously, 
and thus it is essential for a mobile station to control 
transmission poWer according to the state of each transmis 
sion path. 

[0007] As a transmission poWer control method, tWo 
methods are available; open-loop control performed based 
on the reception level of a mobile station and closed-loop 
control performed by a base station by feeding back infor 
mation of its reception level to a mobile station as a control 
signal. 
[0008] Mobile station transmission poWer Ti at transmis 
sion timing i (i=0 1, . . . ) in open-loop control is expressed 
as shoWn in expression (1) using transmission poWer PBS of 
the base station and reception level target value Rtg of the 
base station. In expression (1), Ri stands for the reception 
poWer of a desired radio Wave. 

Ti=Rtg+(PBS—Ri) (1) 

[0009] A CDMA/TDD system Which applies a TDD 
(Time Division Duplex) system that carries out communi 
cations by time-dividing a same radio frequency betWeen 
transmission and reception to the CDMA system, is knoWn 
to have the ability to implement dynamic and high-precision 
transmission poWer control relatively easily by means of 
open-loop control taking advantage of the high correlativity 
in characteristics of the propagation path betWeen transmis 
sion and reception. 

[0010] FIG. 1 is a block diagram shoWing the con?gura 
tion of transmission poWer control apparatus 1 that performs 
open-loop control in conventional CDMA transmission. In 
this apparatus, reception poWer calculation circuit 11 calcu 
lates the reception poWer of a desired radio Wave using the 
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correlator output. Here, the reception system is provided 
With an AGC circuit, etc. and if the apparatus has a con 
?guration in Which the level of a received signal is adjusted 
before correlation operations, reception poWer calculation 
circuit 11 calculates correct reception poWer using not only 
the correlator output but also the adjustment value (AGC 
gain) above. 

[0011] The correlator output is input to demodulation 
circuit 12, and a control signal included in the received 
signal for controlling transmission poWer is demodulated 
and sent to transmission poWer calculation circuit 13. Trans 
mission poWer calculation circuit 13 calculates a transmis 
sion poWer set value (Ti of expression based on the 
reception poWer (Ri of expression (1)), transmission poWer 
(PBS of expression and desired reception level (Rtg of 
expression of the communication counterpart and out 
puts it. 

[0012] On the other hand, transmission poWer Ti in 
closed-loop transmission poWer control is expressed as 
shoWn in expression (2) using transmitted poWer Ti-1 in the 
immediately preceding control cycle. 

Ti=Tiil+ Ui (2) 

[0013] More precisely, Ui in expression (2) means a 
variation of poWer controlled by the control signal and 
generally indicates a preset value of poWer variation (here 
inafter referred to as “step”) by Which the transmission 
poWer is increased/decreased in response to the control 
signal Which is an instruction for increasing/decreasing the 
transmission poWer. In further explanations, Ui Will mean 
the value described above. 

[0014] FIG. 2 shoWs transmission/reception intervals of a 
mobile station in a communication system Which uses the 
TDD system as the communication system, its cycle (TDD 
cycle), MS reception poWer Ron the doWnlink at that time, 
control signal (TPC for uplink) U and an example of the 
timing of MS transmission poWer T. 

[0015] In FIG. 2, transmission poWer Ti of MS in TDD 
cycle i is calculated from expression (1) based on average 
reception poWer Ri in the immediately preceding reception 
interval, knoWn base station transmission poWer PBS and 
desired reception level Rtg of the base station in open-loop 
control, While in closed-loop control it is calculated from 
expression (2) using received control signal Ui. Thus, in the 
CDMA/TDD transmission system using the transmission 
poWer control apparatus for mobile stations, poWer received 
from the base station is controlled so that it may be alWays 
?xed at a certain level for all mobile stations. 

[0016] HoWever, as is clear from expression (1), in open 
loop control, the conventional transmission poWer control 
apparatus above has a problem that transmission poWer PBS 
Of the base station and desired reception level Rtg of the 
base station must be knoWn in order to calculate transmis 
sion poWer Ti from reception poWer Ri. It also has another 
problem that it is difficult to perform transmission poWer 
control on the doWnlink. 

[0017] On the other hand, in closed-loop transmission 
poWer control, it has a problem that the transmission speed 
of the control signal transmitted from the base station to 
mobile stations increases in order to implement high preci 
sion transmission poWer control according to fading, Which 
Will reduce the frequency utilization efficiency. 
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SUMMARY OF THE INVENTION 

[0018] The present invention has been implemented tak 
ing into account the points described above and it is an 
objective of the present invention to provide a transmission 
poWer control apparatus and radio communication apparatus 
in the CDMA radio system that allow dynamic transmission 
poWer control Which is a feature of open-loop control 
Without requiring information of the communication coun 
terpart such as Rtg and PBS above, and also realiZe trans 
mission poWer control at an equivalent control speed on the 
reverse line. 

[0019] The present inventor et al. came to implement the 
present invention after taking notice of the fact that in the 
transmission poWer control apparatus, information on the 
reception poWer need not be transmitted from the commu 
nication counterpart on the uplink and doWnlink, discover 
ing that the transmission poWer can be controlled accurately 
by storing the reception poWer of the preceding communi 
cation and calculating the transmission poWer from a dif 
ference from the actual reception poWer of communication 
using said information, Without using the received transmis 
sion poWer PBS of the base station and desired reception 
level Rtg of the base station. 

[0020] In other Words, the main point of the present 
invention is to provide a transmission poWer control appa 
ratus installed on the transmitting side comprising means for 
calculating desired radio Wave reception poWer from a 
received signal, means for storing the reception poWer, 
means for storing past transmission poWer, means for 
demodulating a control signal included in the received signal 
and means for determining a transmission poWer set value, 
and determine the transmission poWer set value above using 
the past transmission poWer, desired radio Wave reception 
poWer and control signal. 

[0021] Furthermore, in addition to the above means, said 
transmission poWer control apparatus also comprises means 
for storing a control signal transmitted for transmission 
poWer control carried out on the reverse line and can 
determine the transmission poWer set value using this con 
trol signal, too. 

[0022] Furthermore, the transmission poWer control appa 
ratus installed on the receiving side comprises means for 
calculating the reception poWer of a desired radio Wave or 
SIR from the received signal, means for comparing With a 
target value and means for outputting a control signal, 
measures average reception poWer of the desired radio Wave 
or SIR from the received signal transmitted by transmission 
poWer control, detects a difference from the target value and 
transmits a control signal based on the result. 

[0023] Here, in vieW of performing open-loop transmis 
sion poWer control on the uplink as Well as closed-loop 
transmission poWer control on the doWnlink (changing base 
station transmission poWer PBS ), the control speed (cycle 
and amount of control) of the doWnlink must be sufficiently 
sloW (long control cycle or small amount of control) relative 
to the control speed of control signal Ui that corrects the 
uplink. 
[0024] This is because When the difference in the base 
station reception poWer caused by a PBS variation is cor 
rected by Ui, performing high-speed control of PBS causes a 
problem of increasing the transmission speed of control 
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signal Ui that is transferred from the base station to the 
mobile station, Which reduces the frequency utilization 
efficiency. 
[0025] By the Way, transmission poWer control of the 
doWnlink is often performed for the purpose of keeping 
constant the communication quality of each mobile station 
in the system rather than solving perspective problems as in 
the case of the uplink and closed-loop control is generally 
performed by feeding back a control signal from the mobile 
station to the base station based on the reception level or 
reception SIR information at the mobile station. Therefore, 
When open-loop transmission poWer control is performed on 
the uplink, it is difficult to introduce transmission poWer 
control on the doWnlink With a control speed equivalent to 
that of the uplink. 

[0026] Furthermore, the open-loop transmission poWer 
control apparatus has a problem that the base station recep 
tion poWer varies from one mobile station to another caused 
by differences in control of mobile stations. Possible causes 
are reception poWer measurements by the AGC circuit and 
differences produced in the actual transmission poWer, etc. 
due to a temperature characteristic With respect to the set 
values by the PA circuit. Moreover, it is impossible to 
adaptively control the transmission poWer of mobile stations 
to a minimum necessary value according to traffic variations 
as in the case of closed-loop control. 

[0027] Therefore, the present inventor et al. invented a 
corrective method using control signal Ui Which is received 
periodically as shoWn in expression (3) When closed-loop 
control is combined. The content of this is also included 
herein. 

‘' (3) 
Ti: Rtg + (PBS - Ri) +2 Um 

[0028] This alloWs the transmission poWer of the mobile 
station to be controlled adaptively according to traffic varia 
tions as in the case of closed-loop control. 

[0029] That is, the present inventor et al. solved not only 
the problems described above but also problems that possi 
bly occur When performing open-loop transmission poWer 
control on the uplink and closed-loop transmission poWer 
control on the doWnlink. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a block diagram shoWing the con?gura 
tion of a conventional transmission poWer control apparatus; 

[0031] FIG. 2 is a timing chart shoWing an eXample of 
reception, MS transmission poWer, etc. of a conventional 
control signal; 

[0032] FIG. 3 is a block diagram shoWing the con?gura 
tion of a transmission poWer control apparatus according to 
Embodiment 1 of the present invention; 

[0033] FIG. 4 is a block diagram shoWing the con?gura 
tion of a radio communication apparatus according to 
Embodiment 2 of the present invention; 

[0034] FIG. 5 is a timing chart shoWing an eXample of 
transmission/reception of a control signal and SIR measure 
ment according to Embodiment 2 above; 
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[0035] FIG. 6 is a block diagram showing the con?gura 
tion of a radio communication apparatus according to 
Embodiment 3 of the present invention; 

[0036] FIG. 7 is a block diagram shoWing the con?gura 
tion of a radio communication apparatus according to 
Embodiment 4 of the present invention; 

[0037] FIG. 8 is a block diagram shoWing another 
example of the con?guration of the radio communication 
apparatus according to Embodiment 4 above; 

[0038] FIG. 9 is a block diagram shoWing the con?gura 
tion of a transmission poWer control measuring apparatus 
included in the radio communication apparatuses according 
to Embodiments 2 to 4; 

[0039] FIG. 10 is a block diagram shoWing the con?gu 
ration of a correction circuit of the transmission poWer 
control measuring apparatus according to Embodiments 2 to 
4; 
[0040] FIG. 11 is a block diagram shoWing the con?gu 
ration of a radio communication apparatus used for a radio 
communication system according to Embodiment 5 of the 
present invention; 
[0041] FIG. 12 is a block diagram shoWing the con?gu 
ration of the radio communication apparatus used for the 
radio communication system according to Embodiment 5 
above; 
[0042] FIG. 13 is a block diagram shoWing the con?gu 
ration of another example of the radio communication 
apparatus used for the radio communication system accord 
ing to Embodiment 5 above; 

[0043] FIG. 14 is a block diagram shoWing the con?gu 
ration of a radio communication apparatus used for a radio 
communication system according to Embodiment 6 of the 
present invention; and 

[0044] FIG. 15 is a block diagram shoWing the con?gu 
ration of the radio communication apparatus used for the 
radio communication system according to Embodiment 6 
above. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0045] With reference noW to the attached draWings, the 
embodiments of the present invention are explained in detail 
beloW. 

[0046] (Embodiment 1) 
[0047] FIG. 3 is a block diagram shoWing the con?gura 
tion of a transmission poWer control apparatus according to 
Embodiment 1 of the present invention. Transmission poWer 
control apparatus 100 comprises reception poWer calcula 
tion circuit 101 that calculates the reception poWer of a 
desired radio Wave, reception poWer storage circuit 102 that 
stores the calculated reception poWer, demodulation circuit 
103 that demodulates a correlator output, transmission 
poWer calculation circuit 104 that calculates the transmis 
sion poWer based on the stored reception poWer and trans 
mitted control signal, and transmission poWer storage circuit 
105 that stores the calculated transmission poWer. 

[0048] In transmission poWer control apparatus 100 con 
?gured as shoWn above, the reception poWer of a desired 
radio Wave is calculated using the correlator output in 
reception poWer calculation circuit 101 and the calculated 
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reception poWer is stored in reception poWer storage circuit 
102. The reception system is provided With an AGC circuit, 
etc., and if the apparatus has a con?guration in Which the 
level of a received signal is adjusted before correlation 
operations, reception poWer calculation circuit 101 calcu 
lates correct reception poWer using not only the correlator 
output but also the adjusted value (AGC gain) above. 

[0049] Furthermore, the correlator output is input to 
demodulation circuit 103 and the control signal is demodu 
lated there. In transmission poWer calculation circuit 104, 
the transmission poWer is calculated using past transmission 
poWer stored in transmission poWer storage circuit 105, the 
reception poWer of the desired radio Wave stored in recep 
tion poWer storage circuit 102 and the control signal, and a 
transmission poWer set value is output. 

[0050] For example, transmission poWer Ti is calculated 
from expression Expression (4) can be obtained from 
difference (3)—(3)‘ betWeen transmission poWer Ti in cycle i 
of expression (3) and transmission poWer Ti-1 (expression 
(3)‘) in cycle i-1. In expression (4), (Ri-1 —Ri) indicates a 
reception poWer variation during a control cycle period and 
means a variation (mainly fading variation) in the state of the 
propagation path. 

[0052] The transmission/reception intervals of a mobile 
station (MS) in a communication system Which carries out 
transmission using a TDD system as the communication 
system and its cycle (TDD cycle), MS reception poWer R on 
the doWnlink at that time, control signal U included in the 
received signal(TPC for the uplink) and one example of the 
timing of MS transmission poWer T are the same as those of 
the conventional example shoWn in FIG. 2. In FIG. 2, 
transmission poWer Ti of the MS in TDD cycle i is obtained 
from expression (4) based on transmission poWer Ti-1 in 
immediately preceding TDD cycle i-1, average reception 
poWer Ri-1, immediately preceding average reception 
poWer Ri and control signal Ui received immediately before. 

[0053] As shoWn above, the present embodiment alloWs 
dynamic control of transmission poWer Which is a feature of 
open-loop control Without requiring information of the com 
munication counterpart. The present embodiment can also 
eliminate the necessity of storage of the cumulative value of 
control signals during corrections through closed-loop con 
trol. 

[0054] (Embodiment 2) 
[0055] FIG. 4 is a block diagram shoWing the con?gura 
tion of a radio communication apparatus equipped With a 
transmission poWer control apparatus according to the 
present invention. This radio communication apparatus 
comprises transmission poWer control apparatus 200 With 
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control signal storage circuit 207 added to the transmission 
power control apparatus shoWn in FIG. 3, and transmission 
poWer control measuring circuit 206 that receives the corr 
elator output, performs measurements for control of trans 
mission poWer and sends the measurement result to control 
signal storage circuit 207 as a control signal. 

[0056] In the radio communication apparatus con?gured 
as shoWn above, the reception poWer of a desired radio Wave 
is calculated in reception poWer calculation circuit 201 using 
the correlator output and the result is stored in reception 
poWer storage circuit 202. If the apparatus has a con?gura 
tion in Which the reception system is provided With an AGC 
circuit, etc. and the level of the received signal is adjusted 
before correlation operations, reception poWer calculation 
circuit 201 calculates correct reception poWer using not only 
the correlator output but also the adjusted value above (AGC 
gain). 
[0057] Furthermore, the correlator output is input to 
demodulation circuit 203 and the control signal is demodu 
lated there. Here, transmission poWer control is also per 
formed on the reverse line and if closed-loop control is 
applied, the correlator output is input to transmission poWer 
control measuring circuit 206 Which in turn measures the 
reception poWer and SIR, etc. and outputs a control signal 
based on those result. In the present embodiment, the control 
signal is stored in control signal storage circuit 207. Trans 
mission poWer calculation circuit 204 calculates the trans 
mission poWer using past transmission poWer stored in 
transmission poWer storage circuit 205, the reception poWer 
of the desired radio Wave stored in reception poWer storage 
circuit 202 and the control signal included in the received 
signal and the control signal included in the transmission 
signal, and outputs a transmission poWer set value. 

[0058] FIG. 5 shoWs the transmission/reception intervals 
of the mobile station (MS) in a communication system 
Which uses a TDD system as the communication system, its 
cycle (TDD cycle), MS reception poWer R on the doWnlink 
at that time, control signal included in the received signal U 
(TPC for the uplink), interval of SIR measurement carried 
out by the MS, control signal (TPC for the doWnlink) D 
determined and transmitted based on the result and an 
example of the timing of MS transmission poWer T. 

[0059] From FIG. 5, it is understandable that transmission 
poWer control by closed-loop control With the same control 
cycle as for the uplink is applied to the doWnlink. A 
calculation example of transmission poWer Ti is shoWn in 
expression 
[0060] In FIG. 5, transmission poWer Ti of the MS in TDD 
cycle i is obtained from expression (5) based on transmis 
sion poWer Ti-1 in immediately preceding TDD cycle i-1, 
average reception poWer Ri-1, TPC signal Di-1 for the 
doWnlink, average reception poWer Ri in TDD cycle i 
received immediately before and TPC signal Ui for the 
uplink. Expression (5) makes it possible to store control 
signal Di-1 requested to the transmission poWer control 
apparatus of the counterpart in immediately preceding cycle 
i-1 and correct a variation of the transmission poWer of the 
counterpart caused by the instruction. In the example above, 
there is no delay after reception of the control signal until it 
is executed and the control signal is immediately executed in 
the next transmission interval. 
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[0061] As shoWn above, the present embodiment achieves 
high-precision transmission poWer control When transmis 
sion poWer control With the equivalent control speed is 
introduced on the reverse line, too. 

[0062] (Embodiment 3) 
[0063] FIG. 6 is a block diagram shoWing the con?gura 
tion of a radio communication apparatus equipped With a 
transmission poWer control apparatus according to the 
present invention. The radio communication apparatus 
shoWn in FIG. 6 comprises transmission poWer quantiZation 
circuit 405 Which is added to the radio communication 
apparatus shoWn in FIG. 4 so that a transmission poWer set 
value is determined after carrying out quantiZation accord 
ing to the transmission poWer control step of the radio 
section. 

[0064] In the radio communication apparatus con?gured 
as shoWn above, the operation until transmission poWer is 
calculated by transmission poWer calculation circuit 404 of 
transmission poWer control apparatus 400 is the same as the 
operation of Embodiment 2. That is, the reception poWer of 
a desired radio Wave is calculated in reception poWer 
calculation circuit 401 using the correlator output and the 
result is stored in reception poWer storage circuit 402. If the 
apparatus has a con?guration in Which the reception system 
is provided With an AGC circuit, etc. and the level of the 
received signal is adjusted before correlation operations, 
reception poWer calculation circuit 401 calculates correct 
reception poWer using not only the correlator output but also 
the adjusted value above (AGC gain). 

[0065] Furthermore, the correlator output is input to 
demodulation circuit 403 and the control signal is demodu 
lated there. Here, transmission poWer control is also per 
formed on the reverse line and if closed-loop control is 
applied, the correlator output is input to transmission poWer 
control measuring circuit 407 Which in turn measures the 
reception poWer and SIR, etc. and outputs the control signal 
based on those results. The control signal is stored in control 
signal storage circuit 408. 

[0066] Transmission poWer calculation circuit 404 calcu 
lates the transmission poWer using past transmission poWer 
stored in transmission poWer storage circuit 406, the recep 
tion poWer of the desired radio Wave stored in reception 
poWer storage circuit 402 and the control signal included in 
the received signal and the control signal included in the 
transmission signal. The above calculation result is input to 
transmission poWer quantiZation circuit 404. In transmission 
poWer quantiZation circuit 405, a control step of the trans 
mission poWer control section of the radio section is input 
and the transmission poWer is quantiZed into the control step 
to output a transmission poWer set value. 

[0067] For example, in the transmission poWer calculation 
circuit that performs calculations based on expression (5), if 
the reception poWer stored in reception poWer storage circuit 
402 is a 1 dB step and the control step of control signals Ui 
and Di-1 is set to an extremely small value of 0.25 dB, it is 
extremely dif?cult to control the radio section With a step 
Width of 0.25 dB, and thus a high-precision attenuator With 
a small step Width is required, Which Would make the 
hardWare con?guration complicated. In contrast to this, by 
setting the control step of the radio section to 1 dB and 
inputting it to transmission poWer quantiZation circuit 405, 












