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(57) ABSTRACT 

A cellular type mobile communication system comprising a 
plurality of cells, a plurality of base stations disposed in the 
respective cells, and a mobile station located in the cells. On 
reception of a control command for a transmission poWer 
from the mobile station, each base station increases or 
decreases the transmission poWer in response to the control 
command. In addition, each base station reneWs the trans 
mission poWer so that the transmission poWer after increased 
or decreased approaches a predetermined reference poWer. 
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METHOD OF CONTROLLING TRANSMISSION 
POWER IN A CELLULAR TYPE MOBILE 

COMMUNICATION SYSTEM 

[0001] CROSS REFERENCE TO RELATED APPLICA 
TION 

[0002] This application is a continuation application of 
US. Ser. No. 09/261,410, ?led Mar. 3, 1999. 

BACKGROUND OF THE INVENTION 

[0003] This invention relates to a cellular type mobile 
communication system Where a mobile station carries out 
communication With one or more base stations installed in a 

service area and, in particular, to a method of controlling 
transmission poWer in the cellular type mobile communica 
tion system Where each base station carries out control of the 
transmission poWer in accordance With a control command 
for the transmission poWer that the mobile station transmits. 

[0004] As is Well knoWn in the art, various multiple access 
types have been adapted in a mobile communication system. 
One of the multiple access type is a CDMA (code division 
multiple access) cellular type. The CDMA cellular type 
mobile communication system assigns to each channel With 
a particular code, transmits to the same repeater a modulated 
Wave to Which a carrier having the same carrier frequency is 
spectrum-spread With the code, establishes code synchroni 
Zation in each receiving side, and identi?es a desired chan 
nel. The CDMA cellular type mobile communication system 
may be called a SSMA (spread spectrum multiple access) 
cellular type mobile radio communication system. 

[0005] Inasmuch as a plurality of channels use the same 
frequency in the CDMA cellular type mobile communica 
tion system, a received Wave poWer (a desired Wave poWer) 
of a signal in a channel becomes an interference Wave poWer 
for other channels. Accordingly, in a reverse link or an 
upWard channel through Which the mobile station transmits 
an upWard channel signal and each base station receives the 
upWard channel signal, When the desired Wave poWer is 
equal to a predetermined reference poWer or more, a channel 
capacity decreases because the interference Wave poWer 
increases. To prevent this, it is necessary to severely control 
transmission poWer of the mobile station. The transmission 
poWer control for the reverse link is carried out as folloWs. 
That is, the base station measures the desired Wave poWer of 
the upWard channel signal and compares the desired Wave 
poWer With a control target poWer. When the desired Wave 
poWer is larger than the control target poWer, the base station 
transmits a reverse control command indicating decrement 
of a reverse transmission poWer to the mobile station. When 
the desired Wave poWer is smaller than the control target 
poWer, the base station transmits the reverse control com 
mand indicating increment of the reverse transmission 
poWer to the mobile station. The mobile station decreases or 
increases the reverse transmission poWer for the upWard 
channel signal in accordance With the reverse control com 
mand. This method of controlling the reverse transmission 
poWer is described in US. Pat. No. 5,056,109 Which is 
issued to Gilhousen et al. on Oct. 8, 1991 in detail and Which 
has a title of “Method and apparatus for controlling trans 
mission poWer in a CDMA cellular mobile telephone sys 
tem.” In order to transmit the reverse control command in 
this transmission poWer control, a forWard link or a doWn 
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Ward channel through Which the base station transmits a 
doWnWard channel signal to the mobile station is used. 

[0006] On the other hand, a large channel capacity is 
realiZed in the forWard link by carrying out a forWard link 
transmission poWer control so that a ratio of the desired 
Wave poWer to the interference Wave poWer or a signal-to 
interference ratio (SIR) has a predetermined value. The 
transmission poWer control for the forWard link is carried 
out as folloWs. That is, the mobile station measures a 
reception quality for the forWard link and compares the 
reception quality With a control target quality. When the 
reception quality is higher than the control target quality, the 
mobile station transmits a forWard control command indi 
cating decrement of the forWard transmission poWer to the 
base station. When the reception quality is loWer than the 
control target quality, the mobile station transmits the for 
Ward control command for indicating increment of the 
forWard transmission poWer to the base station. In addition, 
the base station increases or decreases the forWard trans 
mission poWer for the doWnWard channel signal in accor 
dance With the forWard control command. 

[0007] HoWever, in the above-mentioned methods, When 
propagation loss from the mobile station to the base station 
suddenly increases With moving of the mobile station, the 
base station may cannot receive the forWard control com 
mand from the mobile station and the mobile station may 
cannot receive the reverse control command. Under the 
circumstances, in a conventional method Where the base 
station controls the forWard transmission poWer in accor 
dance With only the forWard control command from the 
mobile station, the base station does not increase the forWard 
transmission poWer for the doWnWard channel signal While 
the base station cannot receive the forWard control command 
from the mobile station When a state Where the propagation 
loss increases continues. In this event, a problem arises that 
an interruption condition continues in communication 
betWeen the base station and the mobile station. This is 
because the mobile station cannot receive the reverse control 
command from the base station and the mobile station does 
not increase the reverse transmission poWer for the upWard 
channel signal of the reverse link. 

[0008] In addition, generally, a part of user information 
such as a speech signal or data in a received signal in the 
base station is encoded With a relatively longer information 
amount collected so as to correctly decode by carrying out 
error correction or the like although a received error occurs 

momentarily. In addition, on decoding, the base station 
collectively decodes the received signal having the long 
information amount With a relatively longer time interval. 
HoWever, in a case Where the mobile station moves at a high 
speed, an error of decision in the forWard control command 
is comparatively much When a high-speed transmission 
poWer control is carried out so that the reception quality is 
maintained at a constant by folloWing variation of a high 
speed fading in a propagation path. This is because it is 
impossible for the decision of the forWard control command 
to obtain the effects of the error correction or the like 
although the user information may be correctly decoded 
because it is necessary to momentarily carry out the decision 
of the forWard control command. 

[0009] Such an error of the decision of the forWard control 
command continuously occurs at a relatively high probabil 
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ity. This is because the error of the decision of the forward 
control command occurs related to increasing and decreas 
ing of the propagation loss. In addition, When the error of the 
decision of the forWard control command continuously 
occurs, the base station cannot control the forWard trans 
mission poWer for the doWnWard channel signal in accor 
dance With the forWard control command and the mobile 
station may be put into a state Where the mobile station does 
not correctly receive the doWnWard channel signal. On the 
other hand, inasmuch as the mobile station cannot receive 
the reverse control command included in the doWnWard 
channel signal from the base station, it may be impossible to 
control the reverse transmission poWer for the upWard 
channel signal. Under the circumstances, the error of the 
decision of the forWard control command in the upWard 
channel signal occurs frequently and it may be impossible 
for the base station to correctly receive the user information. 
In such a case, a problem occurs that the interruption 
condition continues in the communication betWeen the base 
station and the mobile station. 

[0010] In addition, in the cellular type mobile communi 
cation system, there is a technique called a soft handover or 
a soft handoff Where a mobile station simultaneously estab 
lishes channels With a plurality of base stations at the 
vicinity of a boundary in cells When the mobile station 
moves betWeen the cells and changes the channels betWeen 
the cells. This technique is especially an important technique 
in the cellular type mobile communication system Which 
adapts the CDMA as the multiple access. Such a soft 
handover is described in US. Pat. No. 5,101,501 Which is 
issued to Gilhousen et al. on Mar. 31, 1992 in detail and 
Which has a title of “Method and system for providing a soft 
handoff in communications in a CDMA cellular telephone 
system.” In a case of carrying out the transmission poWer 
control for the reverse link or the upWard channel during 
execution of such a soft handover, a plurality of base stations 
measure the desired Wave poWer of the upWard channel 
signal transmitted from the mobile station and transmit 
reverse control commands for the reverse transmission 

poWer to the mobile station, independently. In addition, the 
mobile station receives the reverse control commands and 
preferentially complies With one of the reverse control 
commands that is indicative of loWering the reverse trans 
mission poWer When the mobile station receives the reverse 
control commands Which are different from one another. 
This method is disclosed in “TIA/EIA INTERRIM STAN - 
DARD, Mobile Station-Base Station Compatibility Stan 
dard for Dual-Mode Wideband Spread Spectrum Cellular 
System, TIA/EIA/IS-95-A (Revision of TIA/EIA/IS-95)”, 
Telecommunications Industry Association, May 1995, in a 
section of “66.6.2.7.2 Reverse Traf?c Channel PoWer Con 
trol During Soft Handoff.” As described in the above 
reference, by preferentially complying With the reverse 
control command indicative of loWering the reverse trans 
mission poWer When the reverse control commands are 
different from one another among the base stations, it is 
possible to prevent that the desired Wave poWer of the 
upWard channel signal exceeds the control target poWer in 
any base station and results in realiZing a high channel 
capacity in the reverse link or the upWard channel. Accord 
ingly, it is important for this method that the mobile station 
can receive the reverse control commands from all of the 
base stations Which may have the minimum propagation loss 
for the reverse link or the upWard channel. 
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[0011] It is important for the transmission poWer control 
for the forWard link or the doWnWard channel during execu 
tion of the soft handover to carry out so that the mobile 
station can receive the reverse control commands from all 
off the base stations Which may have the minimum propa 
gation loss for the reverse link or the upWard channel. 

[0012] For this purpose, it may hit one skilled in the art 
upon a method for controlling the forWard transmission 
poWer on the forWard link or the doWnWard channel so that 
the desired Wave poWers of the doWnWard channel signals 
transmitted from the base stations are equal to one another 
in the mobile station. HoWever, this method is disadvanta 
geous in that the interference Wave poWer increases and a 
capacity of the forWard link decreases. This is because the 
base station having the large propagation loss to the mobile 
station sets a large forWard transmission poWer by its part. 
As a method for restraining the capacity of the forWard link 
decreasing, there is a method for controlling so that the 
forWard transmission poWers of the doWnWard channel 
signals transmitted from the base stations are equal to one 
another. This method is described in an article Which is 
contributed by Andersson to Proc. IEEE 44th Vehiclar 
Technology Conference, (June 1994), pages 41-45, and 
Which has a title of “Tuning the macro diversity performance 
in a DS-CDMA system.” 

[0013] In this method, When a received poWer of the 
reverse control command transmitted from a base station 
having a small propagation loss to the mobile station is 
larger than another received poWer of the reverse control 
command transmitted from another base station having a 
large propagation loss and When a difference therebetWeen 
is large, there is a high probability that the mobile station 
fails in receiving the reverse control command from the 
other base station having the large propagation loss. HoW 
ever, this case is not normally a problem. This is because the 
reverse transmission poWer of the reverse link is mainly 
controlled by the base station having the small propagation 
loss. On the other hand, When a difference betWeen the 
propagation losses is small, it is important that the reverse 
transmission poWer is controlled in accordance With both of 
the base stations. Under the circumstances, there is a high 
probability that it is possible to correctly receive both of the 
reverse control commands. This is because the mobile 
station can receive the reverse control commands at nearly 
equal poWers. Accordingly, in order to control the reverse 
transmission poWer of the reverse link, the mobile station 
can receive all of the reverse control commands from the 
base stations Where the propagation loss of the reverse link 
may become minimum. 

[0014] In addition, during execution of the soft handover, 
in a case Where the magnitude of the propagation loss from 
the mobile station to each of the base stations rapidly 
changes, the base station having the minimum propagation 
loss carries out transmission at any moment although the 
base stations carrying out transmission to the mobile station 
are changed at a high speed in accordance With it. In this 
event, if the transmission poWers of the base stations are not 
equal to one another, the reception quality may be easily 
degraded When the base station having the minimum propa 
gation loss changes. This is because the reception quality 
increases or decreases. HoWever, if the transmission poWers 
of the base stations are equal to one another, it is possible to 
improve the reception quality more due to a diversity effect 
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Where the reception quality is maintained at a constant 
nearly although the base station having the minimum propa 
gation loss changes. 

[0015] With the transmission poWer control for the for 
Ward link or the doWnWard channel as described above, the 
mobile station measures the reception quality of the forWard 
link, compares the reception quality With a control target 
quality, transmits the forWard control command indicating 
decrement of the forWard transmission poWer to the base 
stations if the reception quality is higher than the control 
target quality, and transmits the forWard control command 
indicating decrement of the forWard transmission poWer to 
the base stations if the reception quality is loWer than the 
control target quality. During eXecution of the soft handover, 
a plurality of base stations receive the forWard control 
command Which the mobile station transmits. In addition, 
each of the base stations controls the forWard transmission 
poWer for the upWard channel signal so as to increase or 
decrease the forWard transmission poWer in accordance With 
the forWard control command. Accordingly, inasmuch as 
increment or decrement of the forWard transmission poWers 
is repeated in the base stations in the similar manner if the 
base stations have initial values of the forWard transmission 
poWer that are equal to one another, the forWard transmis 
sion poWers are controlled in the base stations so that the 
forWard transmission poWers are equal to one another if each 
of the base stations receives the forWard control command 
With no error. 

[0016] HoWever, this method is disadvantageous in that 
the base station having the large propagation loss frequently 
fails to receive the forWard control command from the 
mobile station because received poWer of the forWard con 
trol command is small although the base station having the 
minimum propagation loss for the mobile station can almost 
correctly receive the forWard control command from the 
mobile station. Accordingly, it is difficult to maintain so that 
the forWard transmission poWers of the base stations are 
equal to one another. 

[0017] Under the circumstances, it Will be assumed that 
the forWard transmission poWer for the base station having 
the large propagation loss for the mobile station is smaller 
than the forWard transmission poWer for the base station 
having the minimum propagation loss for the mobile station 
caused by failure of reception of the forWard control com 
mand. In this event, an error of reception may easily occur 
in the reverse control command for transmission poWer 
control of reverse link (the upWard channel) that the base 
station having the large propagation loss for the mobile 
station transmits. As described above, inasmuch as it is 
important in the transmission poWer control for the reverse 
link that the mobile station can receive the reverse control 
commands from all of the base stations Which may have the 
minimum propagation loss for the reverse link, such an error 
of the reception of the reverse control command results in 
decreasing of a channel capacity for the reverse link. In 
addition, the reception quality may be easily degraded by 
decreasing of the above-mentioned diversity effect Where a 
plurality of base stations transmit at the poWers Which are 
equal to one another. 

[0018] On the other hand, it Will presumed that the for 
Ward transmission poWer for the base station having the 
large propagation loss for the mobile station is larger than 
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the forWard transmission poWer for the base station having 
the minimum propagation loss for the mobile station caused 
by failure of reception of the forWard control command. In 
this event, problems Where interference Wave poWer 
increases and capacity of the forWard link decreases arise. 
This is because the base station having the large propagation 
loss for the mobile station sets the forWard transmission 
poWer large in the manner in a case of the above-mentioned 
method of controlling the transmission poWers of the for 
Ward link so that the desired Wave poWers from the base 
stations are equal in the mobile station to one another. 

[0019] Measures are taken that the base station having the 
large propagation loss for the mobile station fails in receiv 
ing of the forWard control command from the mobile station 
due to the large propagation loss. By Way of eXample, 
Japanese Unexamined Patent Publication of Tokkai No. Hei 
9-312,609 or JP-A 9-312,609 discloses a method of inde 
pendently controlling the forWard transmission poWer of the 
forWard link in each base station in de?ance of the forWard 
control command Which has a loW reception quality and 
Which has less reliability. HoWever, in this method, the base 
stations do not transmit at the transmission poWers Which are 
equal to one another and it is impossible in this method to 
resolve the above-mentioned problems. 

[0020] In addition, JP-A 9-312,609 also describes a 
method of the steps of gathering, in a combining station (a 
control station), control signals from a mobile station via 
base stations to produce a gathered control signal and of 
controlling, in response to the gathered control signal, a 
forWard transmission poWer for a forWard link in each base 
station. On realiZing a high-speed transmission poWer con 
trol according to this method, this method is disadvanta 
geous in that an amount of transmission for the control 
signals increases betWeen each of the base station and the 
control station. On the other hand, if the amount of trans 
mission for the control signals is restricted, this method is 
advantageous in that it has a large delay and it is difficult to 
realiZe the high-speed transmission poWer control. 

SUMMARY OF THE INVENTION 

[0021] It is therefore an object of the present invention to 
provide a transmission poWer control method for a cellular 
type mobile communication system that is capable of con 
tinuously carrying out communication Without continuing 
an interruption state of communication betWeen a base 
station and a mobile station in a case Where a propagation 
loss rapidly increases betWeen the base station and the 
mobile station. 

[0022] It is another object of the present invention to 
provide a transmission poWer control method for a cellular 
type mobile communication system that is capable of con 
tinuously carrying out communication Without continuing 
an interruption state of communication betWeen a base 
station and a mobile station in a case Where an error 

continuously occurs in decision of a forWard control com 
mand transmitted from the mobile station in the base station. 

[0023] It is still another object of the present invention to 
provide a transmission poWer control method for a cellular 
type mobile communication system in Which a plurality of 
base stations can carry out transmission at poWers Which are 
nearly equal to one another although a reception error occurs 
in a forWard control command for a transmission poWer 
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control of a forward link transmitted from a mobile station 
in a base station during execution of a soft handover Without 
excessively increasing an amount of transmission of control 
signals betWeen the base station and a control station. 

[0024] It is yet another object of the present invention to 
provide a transmission poWer control method for a cellular 
type mobile communication system of the type described, 
that is capable of obtaining a high capacity in both a reverse 
link and a forWard link. 

[0025] Other objects of this invention Will become clear as 
the description proceeds. 

[0026] According to this invention, While a mobile station 
establishes a channel With one or more base stations, each 
base station repeatedly carries out a transmission poWer 
control operation for, on reception of a control command 
from the mobile station, increasing or decreasing a trans 
mission poWer in response to the control command and for 
reneWing the transmission poWer so that the transmission 
poWer of the base station after increased or decreased 
approaches a predetermined reference poWer. 

[0027] For this end, While the mobile station establishes 
the channel With one or more base stations, each base station 
increases or decreases, on reception of the control command 
from the mobile station, the transmission poWer in response 
to the control command and reneWs the transmission poWer 
so that a difference (Pa-C) betWeen the transmission poWer 
P8 of the base station after increased or decreased and a 
predetermined transmission poWer C is r times as large as a 
difference (Pb-C) betWeen the transmission poWer Pb before 
reneWed and the predetermined reference poWer C, namely, 

[0028] Where r represents a coef?cient Which is not less 
than Zero and Which is less than one, namely, (0§r<1). 

[0029] Avalue of the coef?cient r is determined so that a 

product (Pmax-Pmin) (1-r) of a difference (Pmax-Pmin) 
betWeen a maXimum value PmaX and a minimum value 
Pmin in a control range for the transmission poWer P and 
another coef?cient (1-r) is less than a changing step AP for 
the transmission poWer in a case of increasing or decreasing 
the transmission poWer in response to the control command, 
namely, 

[0030] Speci?cally, on describing the gist of an aspect of 
this invention, it is possible to be understood that a method 
is of controlling transmission poWer in a cellular type mobile 
communication system comprising a plurality of cells, a 
plurality of base stations disposed in the respective cells, and 
a mobile station located in the cells. The mobile station 
carries out communication With at least one base stations by 
establishing a channel betWeen the mobile station and the at 
least one base station. According to the aspect of this 
invention, the above-understood method comprises the steps 
of repeatedly carrying out a ?rst transmission poWer control 
operation Where the mobile station transmits a control 
command for the transmission poWer to the at least one base 
station While the mobile station establishes the channel With 
the at least one base station and the at least one base station 
receives the control command to change the transmission 
poWer in response to the control command, and of repeat 
edly carrying out a second transmission poWer control 
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operation Which reneWs the transmission poWer in the at 
least one base station so that an absolute value of a differ 
ence betWeen a predetermined reference poWer in dB and 
the transmission poWer in dB decreases at a predetermined 
rate. 

[0031] In addition, in the method of controlling the trans 
mission poWer in the cellular type mobile communication 
system, the predetermined reference poWer may be equal to 
a maXimum transmission poWer. 

[0032] Furthermore, according to this invention, While a 
mobile station establishes channels betWeen the mobile 
station and a plurality of base stations, the base station 
repeats a transmission control operation for increasing or 
decreasing, on reception of a control command for trans 
mission poWer from the mobile station, the transmission 
poWer in response to the control command, and for reneWing 
the transmission poWer so that the transmission poWers in 
the plurality of base stations after increased or decreased 
have less difference and approach a reference poWer Which 
is de?ned in the plurality of base stations in common. 

[0033] For this purpose, While the mobile station estab 
lishes the channels With the plurality of base stations, each 
base station increases or decreases, on reception of the 
control command from the mobile station, the transmission 
poWer in response to the control command and reneWs the 
transmission poWer so that a difference (Pa-C) betWeen the 
transmission poWer P8 of the base station after increased or 
decreased and a predetermined transmission poWer C 
de?ned in the plurality of base stations in common is r times 
as large as a difference (Pb-C) betWeen the transmission 
poWer Pb before reneWed and the predetermined reference 
poWer C, namely, 

[0034] Where r represents a coef?cient Which is not less 
than Zero and Which is less than one, namely, (0§r<1). 

[0035] In addition, in the method of controlling the trans 
mission poWer in the cellular type mobile communication 
system according to this invention, the coef?cient r is 
determined so that a product (Pmax-Pmin) (1-r) of a 
difference (Pmax-Pmin) betWeen a maXimum value PmaX 
and a minimum value Pmin in a control range for the 
transmission poWer P and another coefficient (1-r) is less 
than a changing step AP for the transmission poWer in a case 
of increasing or decreasing the transmission poWer in 
response to the control command, namely, 

[0036] Speci?cally, on describing the gist of an aspect of 
this invention, it is possible to be understood that a method 
is of controlling transmission poWer in a cellular type mobile 
communication system comprising a plurality of cells, a 
plurality of base stations disposed in the respective cells, and 
a mobile station located in the cells. The mobile station 
carries out communication With one or more base stations by 
establishing one or more channels betWeen the mobile 
station and the one or more base stations. According to the 
aspect of this invention, the above-understood method com 
prises the steps of repeatedly carrying out a ?rst transmis 
sion poWer control operation Where the mobile station 
transmits a control command for the transmission poWer to 
each of the plurality of base stations While the mobile station 
establishes the channels With the plurality of base stations 
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and each of the plurality of base stations receives the control 
command to change the transmission poWer in response to 
the control command, and of repeatedly carrying out a 
second transmission poWer control operation Which reneWs 
the transmission poWer in each of the plurality of base 
stations so that an absolute value of a difference betWeen a 
reference poWer in dB de?ned in the plurality of base 
stations in common and the transmission poWer in dB 
decreases at a common rate among the plurality of base 
stations. 

[0037] In addition, in the method of controlling the trans 
mission poWer in the cellular type mobile communication 
system, the reference poWer may be equal to a maXimum 
transmission poWer. 

[0038] Furthermore, in the method of controlling the 
transmission poWer in the cellular type mobile communica 
tion system, the reference poWer may be equal to an inter 
mediate poWer betWeen a maXimum transmission poWer in 
dB and a minimum transmission poWer in dB. 

[0039] In addition, in the method of controlling the trans 
mission poWer in the cellular type mobile communication 
system, the reference poWer may be equal to a minimum 
transmission poWer. 

[0040] In addition, in the method of controlling the trans 
mission poWer in the cellular type mobile communication 
system, the plurality of base stations calculate statistical 
values of the transmission poWer to transmit the statistical 
values to a control station. The control station calculates a 
reference value indicating the reference poWer using the 
statistical values of the plurality of base stations to send the 
reference value to the plurality of base stations. Each of the 
plurality of the base stations uses the reference poWer having 
the reference value sent from the control station. 

[0041] Furthermore, in the method of controlling the 
transmission poWer in the cellular type mobile communica 
tion system, the control station may use, as the reference 
value, a maXimum one of the statistical values. 

[0042] In addition, in the method of controlling the trans 
mission poWer in the cellular type mobile communication 
system, the control station may determine the common rate 
in accordance With mutual differences among the statistical 
values of the plurality of base stations. 

[0043] Furthermore, in the method of controlling the 
transmission poWer in the cellular type mobile communica 
tion system, the control station may determine frequency for 
reneWing the transmission poWer by the common rate in 
accordance With mutual differences among the statistical 
values of the plurality of base stations. 

[0044] In addition, in the method of controlling the trans 
mission poWer in the cellular type mobile communication 
system, the mobile station may have an accumulated control 
value for the transmission poWer in the base stations. In this 
event, the mobile station reneWs the accumulated control 
value on transmitting the control command for the trans 
mission poWer to the base station. The mobile station 
transmits the accumulated control value to the plurality of 
base stations at a time interval Which is longer than a 
repetition time interval of a changing operation for the 
transmission poWer. Each of the plurality of base stations 
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determines the reference poWer using the accumulated con 
trol value received therein to use the reference poWer. 

[0045] Furthermore, in the method of controlling the 
transmission poWer in the cellular type mobile communica 
tion system, the plurality of base stations may simulta 
neously carry out a reneWal of the respective transmission 
poWers. 

[0046] Abase station in a cellular type mobile communi 
cation system according to this invention repeatedly carries 
out, While a mobile station establishes a channel With one or 
more base stations, a transmission poWer control operation 
for, on reception of a control command from the mobile 
station, increasing or decreasing a transmission poWer in 
response to the control command and for reneWing the 
transmission poWer so that the transmission poWer of the 
base station after increased or decreased approaches a pre 
determined reference poWer. 

[0047] For this end, While the mobile station establishes 
the channel With one or more base stations, the base station 
increases or decreases, on reception of the control command 
from the mobile station, the transmission poWer in response 
to the control command and reneWs the transmission poWer 
P so that a difference (Pa-C) betWeen the transmission 
poWer P8 of the base station after increased or decreased and 
a predetermined transmission poWer C is r times as large as 
a difference (Pb-C) betWeen the transmission poWer Pb 
before reneWed and the predetermined reference poWer C, 
namely, 

[0048] Where r represents a coef?cient Which is not less 
than Zero and Which is less than one, namely, (0§r<1). 

[0049] The coef?cient r may have a value determined so 
that a product (Pmax-Pmin) (1-r) of a difference (Pmax 
Pmin) betWeen a maXimum value PmaX and a minimum 
value Pmin in a control range for the transmission poWer P 
and another coef?cient (1-r) is less than a changing step AP 
for the transmission poWer in a case of increasing or 
decreasing the transmission poWer in response to the control 
command, namely 

[0050] Speci?cally, on describing the gist of an aspect of 
this invention, it is possible to be understood that a base 
station is for use in a cellular type mobile communication 
system comprising a plurality of cells, a plurality of base 
stations disposed in the respective cells, and a mobile station 
located in the cells. The mobile station carries out commu 
nication With at least one base stations by establishing a 
channel betWeen the mobile station and the at least one base 
station. According to the aspect of this invention, the above 
understood base station comprises a ?rst transmission poWer 
controller for repeatedly carrying out a ?rst transmission 
poWer control operation for changing the transmission 
poWer in response to a control command for, the transmis 
sion poWer that is received from the mobile station While the 
mobile station establishes the channel With the at least one 
base station, and a second transmission poWer controller for 
repeatedly carrying out a second transmission poWer control 
operation for reneWing the transmission poWer so that an 
absolute value of a difference betWeen a predetermined 
reference poWer in dB and the transmission poWer in dB 
decreases at a predetermined rate. 
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[0051] In addition, in the base station in the cellular type 
mobile communication system, the predetermined reference 
poWer may equal to a maximum transmission poWer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] FIG. 1 is a block diagram of a cellular type mobile 
communication system to Which a transmission poWer con 

trol method according to a ?rst embodiment of the present 
invention is applicable; 

[0053] FIG. 2 shoWs a frame format of a signal for use in 
the cellular type mobile communication system illustrated in 
FIG. 1; 

[0054] FIG. 3 is a vieW shoWing variation of received 
poWer due to a fading; 

[0055] FIG. 4 is a block diagram of a base station for use 
in the cellular type mobile communication system illustrated 
in FIG. 1; 

[0056] FIG. 5 is a block diagram of a mobile station for 
use in the cellular type mobile communication system 
illustrated in FIG. 1; 

[0057] FIG. 6 is a How chart for use in describing the 
transmission poWer control method in the base station 
according the ?rst embodiment of the present invention; 

[0058] FIG. 7 is a block diagram of a cellular type mobile 
communication system to Which a transmission poWer con 
trol method according to other embodiments of the present 
invention is applicable; 

[0059] FIG. 8 is a block diagram of a base station for use 
in the cellular type mobile communication system illustrated 
in FIG. 7; 

[0060] FIG. 9 is a block diagram of a mobile station for 
use in the cellular type mobile communication system 
illustrated in FIG. 7; 

[0061] FIG. 10 is a block diagram of a mobile receiving 
circuit for use in the mobile station illustrated in FIG. 9; 

[0062] FIG. 11 is a block diagram of a control station for 
use in the cellular type mobile communication system 
illustrated in FIG. 7; 

[0063] FIG. 12 is a How chart for use in describing the 
transmission poWer control method in the base station 
according to second through eighth embodiments of the 
present invention; 

[0064] FIG. 13 is a How chart for use in describing the 
transmission poWer control method in the mobile station 
according to a ninth embodiment of the present invention; 

[0065] FIG. 14 is a How chart for use in describing the 
transmission poWer control method in the base station 
according to the ninth embodiment of the present invention; 
and 

[0066] FIG. 15 is a How chart for use in describing the 
transmission poWer control method in the base station 
according to a tenth embodiment of the present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0067] Referring to FIG. 1, description Will proceed to a 
cellular type mobile communication system to Which a 
transmission poWer control method according to an embodi 
ment of the present invention is applicable. The illustrated 
cellular type mobile communication system has a service 
area divided into ?rst and second cells 11 and 12 in Which 
?rst and second base stations 21 and 22 are disposed, 
respectively, and in Which ?rst and second mobile stations 
61 and 62 lie. In other Words, the ?rst base station 21 covers 
the ?rst cell 11 While the second base station 22 covers the 
second cell 12. In the eXample being illustrated, the ?rst 
mobile station 61 lies in an area Which is overlapped in the 
?rst and the second cells 11 and 12 While the second mobile 
station 62 lies in the ?rst cell 11. The ?rst and the second 
base stations 21 and 22 are connected to a control station 71 
Which is connected to a communication netWork (not 
shoWn) including other control stations. Although illustra 
tion is omitted from FIG. 1, the cellular type mobile 
communication system comprises other lots of base stations 
disposed in other cells in Which a lot of mobile stations lie. 

[0068] The ?rst and the second base stations 21 and 22 
transmit ?rst and second pilot signals 31 and 32 at a constant 
transmission poWer, respectively. Each of the ?rst and the 
second mobile stations 61 and 62 comprises a pilot signal 
poWer measurement unit (Which Will later be described) for 
measuring received poWers of the ?rst and the second pilot 
signals 31 and 32. The mobile station sWitches the pilot 
signal poWer measurement unit for every time slot as shoWn 
in FIG. 2 to make the pilot signal poWer measurement unit 
measure the received poWers of pilot signals from a plurality 
of base stations every frame. Inasmuch as one frame com 
prises siX slots in the eXample of FIG. 2, the pilot signal 
poWer measurement unit may measure the received poWers 
of a maXimum of siX pilot signals from siX base stations. 

[0069] When the mobile station moves, the received 
poWer of the pilot signal has a momentary value Which 
varies at a short period With time, as shoWn in FIG. 3. 
Accordingly, the mobile station calculates an average value 
of the received poWer in each time slot by averaging the 
received poWer in the frames Which correspond in number to 
a suf?ciently long time compared With a variation period of 
the momentary value of the received poWer in a case Where 
the mobile station moves. 

[0070] On carrying out communication, the mobile station 
establishes a channel With the base station having a maXi 
mum average value of the received poWer of the pilot signal 
to start the communication. During communication, the 
received poWers of the pilot signals may vary With move 
ment of the mobile station, the mobile station carries out a 
reneWal of the base station to be established With the channel 
if the base station having the maXimum average value of the 
received poWer of the pilot signal changes. 

[0071] It Will be assumed that the received poWer of the 
?rst pilot signal 31 is maXimum in the ?rst mobile station 61. 
In this event, the ?rst mobile station 61 establishes the 
channel With the ?rst base station. A ?rst doWnWard channel 
signal 41 is a signal Which is transmitted from the ?rst base 
station 21 to the ?rst mobile station 61 via a forWard link 
While a ?rst upWard channel signal 51 is a signal Which is 
transmitted from the ?rst mobile station 61 to the ?rst base 
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station 21 via a reverse link. On the other hand, inasmuch as 
the received power of the ?rst pilot signal 31 is maximum in 
the second mobile station 62, the second mobile station 62 
establishes the channel With the ?rst base station 21. In this 
event, the second mobile station 62 carries out communi 
cation With the ?rst base station 21 using a second doWn 
Ward channel signal 42 and a second upWard channel signal 
52 via the forWard link and the reverse link. 

[0072] As shoWn in FIG. 2, each of the ?rst and the 
second doWnWard channel signals 41 and 42 and the ?rst and 
the second upWard channel signals 51 and 52 is composed 
of repetition of the frame having a constant time interval and 
each frame comprises a plurality of time slots each having 
a shorter time interval. Each time slot of the doWnWard 
channel signal includes a reverse control command of a 
reverse transmission poWer for the upWard channel signal 
While each time slot of the upWard channel signal includes 
a forWard control command of a forWard transmission poWer 
for the doWnWard channel signal. 

[0073] Turning to FIG. 4, description Will proceed to the 
base station Which is used as each of the ?rst and the second 
base stations 21 and 22. The base station comprises a base 
antenna 201, a base dupleXer 202, a base receiving circuit 
203, a base signal-to-interference ratio (SIR) measurement 
unit 204, a base transmission poWer control unit 205, a base 
transmitting circuit 206, a base output terminal 207, and a 
base input terminal 208. 

[0074] The base antenna 201 is connected to the base 
dupleXer 202 Which is connected to the base receiving 
circuit 203 and the base transmitting circuit 205. The base 
receiving circuit 203 is connected to the base SIR measure 
ment unit 204, the base transmission poWer control unit 205, 
and the base output terminal 207 While the base transmitting 
circuit 206 is connected to the base transmission poWer 
control unit 205 and the base input terminal 208. The base 
SIR measurement unit 204 is connected to the base trans 
mission poWer control unit 205. 

[0075] Turning to FIG. 5, description Will proceed to the 
mobile station Which is used as the ?rst and the second 
mobile stations 61 and 62. The mobile station comprises a 
mobile antenna 601, a mobile dupleXer 602, a mobile 
receiving circuit 603, a mobile SIR measurement unit 604, 
a mobile transmission poWer control unit 605, a mobile 
transmitting circuit 606, a mobile output terminal 607, a 
mobile input terminal 608, a pilot signal poWer measure 
ment unit 612, and a pilot signal poWer terminal 613. 

[0076] The mobile antenna 601 is connected to the mobile 
dupleXer 602 Which is connected to the mobile receiving 
circuit 603 and the mobile transmitting circuit 605. The 
mobile receiving circuit 603 is connected to the mobile SIR 
measurement unit 604, the mobile transmission poWer con 
trol unit 605, the mobile output terminal 607, the pilot signal 
poWer measurement unit 612, and the mobile transmitting 
circuit 606. The pilot signal poWer measurement unit 612 is 
connected to the pilot signal poWer terminal 613. 

[0077] Description Will at ?rst be made about forWard link 
poWer control or doWnWard channel poWer control. 

[0078] In the mobile station, the doWnWard channel signal 
transmitted from the base station is received in the mobile 
receiving circuit 603 through the mobile antenna 601 and the 
mobile dupleXer 602. Whenever the mobile receiving circuit 
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603 receives the time slots of the doWnWard channel signal, 
the mobile SIR measurement unit 604 measures a doWnWard 
signal-to-interference ratio (SIR) for the doWnWard channel 
signal to obtain a measured doWnWard SIR value indicative 
of the doWnWard SIR. The mobile SIR measurement unit 
604 compares the measured doWnWard SIR value With a 
target doWnWard SIR value. When the measured doWnWard 
SIR value is smaller than the target doWnWard SIR value, the 
mobile SIR measurement unit 604 produces the forWard 
control command indicative of increment of the forWard 
transmission poWer. When the measured doWnWard SIR 
value is larger than the target doWnWard SIR value, the 
mobile SIR measurement unit 604 produces the forWard 
control command indicative of decrement of the forWard 
transmission poWer. The forWard control command is sup 
plied to the mobile transmitting circuit 606. The mobile 
transmitting circuit 606 transmits, to the base station through 
the mobile dupleXer 602 and the mobile antenna 602, the 
upWard channel signal including the forWard control com 
mand every time slot. 

[0079] In the base station, the upWard channel signal 
transmitted from the mobile station is received in the base 
receiving circuit 203 through the base antenna 201 and the 
base dupleXer 202. Whenever the base receiving circuit 203 
receives the time slots of the upWard channel signal, the base 
receiving circuit 203 sends, to the base transmission poWer 
control unit 205, the forWard control commands included in 
the time slots. The base transmission poWer control unit 205 
calculates the forWard transmission poWer for the doWnWard 
channel signal every time slot using the forWard control 
commands sent from the base receiving circuit 203 to send 
a forWard transmission poWer control signal indicative of the 
forWard transmission poWer to the base transmitting circuit 
206. Responsive to the forWard transmission poWer control 
signal, the base transmitting circuit 206 sets the forWard 
transmission poWer for the doWnWard channel signal to a 
value indicated by the forWard transmission poWer control 
signal sent from the base transmission poWer control unit 
205. In addition, the base station transmits, to one or more 
mobile stations through the base dupleXer 202 and the base 
antenna 201, the doWnWard channel signal generated by the 
base transmitting circuit 206. 

[0080] Description Will be made about reverse link poWer 
control or upWard channel poWer control. 

[0081] In the base station, the upWard channel signal 
transmitted from the mobile station is received in the base 
receiving circuit 203 through the base antenna 201 and the 
base dupleXer 202. Whenever the base receiving circuit 203 
receives the time slots of the upWard channel signal, the base 
SIR measurement unit 204 measures an upWard signal-to 
interference ratio (SIR) for the upWard channel signal to 
obtain a measured upWard SIR value indicative of the 
upWard SIR. The base SIR measurement unit 204 compares 
the measured upWard SIR value With a target upWard SIR 
value. When the measured upWard SIR value is smaller than 
the target upWard SIR value, the base SIR measurement unit 
204 produces an upWard control command indicative of 
increment of the reverse transmission poWer. When the 
measured upWard SIR value is larger than the target upWard 
SIR value, the base SIR measurement unit 604 produces the 
reverse control command indicative of decrement of the 
reverse transmission poWer. The reverse control command is 
supplied to the base transmitting circuit 206. The base 
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transmitting circuit 206 transmits, to one or more mobile 
stations through the base dupleXer 202 and the base antenna 
201, the doWnWard channel signal including the reverse 
control command every time slot. 

[0082] In the mobile station, the doWnWard channel signal 
transmitted from the base station is received in the mobile 
receiving circuit 603 through the mobile antenna 601 and the 
mobile dupleXer 602. Whenever the mobile receiving circuit 
603 receives the time slots of the doWnWard channel signal, 
the mobile receiving circuit 603 sends, to the mobile trans 
mission poWer control unit 605, the reverse control com 
mands included in the time slots. The mobile transmission 
poWer control unit 605 calculates the reverse transmission 
poWer for the upWard channel signal every time slot using 
the reverse control commands sent from the mobile receiv 
ing circuit 603 to send a reverse transmission poWer control 
signal indicative of the reverse transmission poWer to the 
mobile transmitting circuit 606. Responsive to the reverse 
transmission poWer control signal, the mobile transmitting 
circuit 606 sets the reverse transmission poWer for the 
upWard channel signal to a value indicated by the reverse 
transmission poWer control signal sent from the mobile 
transmission poWer control unit 605. In addition, the mobile 
station transmit, to the base station through the mobile 
dupleXer 602 and the mobile antenna 601, the upWard 
channel signal generated by the mobile transmitting circuit 
605. 

[0083] Referring to FIG. 6 in addition to FIGS. 1 and 4, 
description Will be made about a transmission poWer control 
for the doWnWard channel signal by the base transmission 
poWer control unit 205 of the base station. It Will be assumed 
that the forWard transmission poWer P is represented by 
decibel (dB). 
[0084] When the base station starts communication, the 
base transmission poWer control unit 205 sets the forWard 
transmission poWer P for the doWnWard channel signal to an 
initial value P0 at a step S101. The initial value P0 may be 
any value in a control range of the forWard transmission 
poWer. The step S101 proceeds to a step S102 at Which the 
base transmission poWer control unit 205 determines 
Whether reception of a time slot succeeds or fails Whenever 
the base receiving circuit 203 receives the time slot of the 
upWard channel signal transmitted from the mobile station. 
More speci?cally, the base transmission poWer control unit 
205 determines that the reception of the time slot succeeds 
When the time slot has the measured upWard SIR value 
Which is not less than a predetermined value. On the other 
hand, the base transmission poWer control unit 205 deter 
mines that the reception of the time slot fails When the time 
slot has the measured upWard SIR value Which is less than 
the predetermined value. 

[0085] When the reception of the time slot succeeds, the 
step S102 is folloWed by a step S103 at Which the base 
transmission poWer control unit 205 determines Whether the 
forWard control command in the time slot indicates incre 
ment or decrement of the forWard transmission poWer for the 
forWard link. When the forWard control command in the 
time slot indicates increment of the forWard transmission 
poWer for the forWard link, the step S103 is succeeded by a 
step S104 at Which the base transmission poWer control unit 
205 makes the base transmitting circuit 206 increase the 
forWard transmission poWer P for the forWard link by a 
predetermined value AP, namely, 
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[0086] The predetermined value AP is called as a changing 
step. On the other hand, When the forWard control command 
in the time slot indicates decrement of the forWard trans 
mission poWer for the forWard link, the step S103 proceeds 
to a step S105 at Which the base transmission poWer control 
unit 205 makes the base transmitting circuit 206 decrease the 
forWard transmission poWer P for the forWard link by the 
predetermined value AP, namely, 

[0087] When the reception of the time slot fails at the step 
S102, the S102 is folloWed by a step S106 Which folloWs the 
steps S104 and S105. At the step S106, the base transmission 
poWer control unit 205 reneWs the forWard transmission 
poWer P so that a value r(Pb—C) obtained by multiplying a 
difference betWeen the forWard transmission poWer Pb 
before reneWed and a predetermined reference transmission 
poWer C by a coefficient r is equal to a difference betWeen 
the forWard transmission poWer Pa after reneWed and the 
predetermined reference transmission poWer C. That is: 

[0088] The coefficient r is referred to as a predetermined 
rate. The step S106 is succeeded by a step S107 at Which the 
base transmission poWer control unit 205 determines 
Whether or not the forWard transmission poWer P is larger 
than a maXimum transmission poWer PmaX. When the 
forWard transmission poWer P is larger than the maXimum 
transmission poWer PmaX, namely, 

[0089] the step S107 proceeds to a step S108 at Which the 
base transmission poWer control unit 205 sets the forWard 
transmission poWer P to the maXimum transmission poWer 
PmaX, namely, 

[0090] When the forWard transmission poWer P is not 
larger than the maXimum transmission poWer PmaX, the step 
S107 is folloWed by a step S109 Which folloWs the step 
S108. At the step S109, the base transmission poWer control 
unit 205 determines Whether or not the forWard transmission 
poWer P is smaller than a minimum transmission poWer 
Pmin. When the forWard transmission poWer P is smaller 
than a minimum transmission poWer Pmin, namely, 

[0091] the step S109 proceeds to a step S110 at Which the 
base transmission poWer control unit 205 sets the forWard 
transmission poWer P to the minimum transmission poWer 
Pmin, namely, 

P=Pmin. 

[0092] The base transmission poWer control unit 205 turns 
from No in the step S109 and the step S110 to the step S102. 

[0093] At any rate, a combination of the base receiving 
circuit 203 and the base transmission poWer control unit 205 
serves at the steps S102 to S105 as a ?rst transmission poWer 
controller for repeatedly carrying out changing the trans 
mission poWer P in response to the control command 
received from the mobile station While the mobile station 
establishes the channel With at least one base station. In 
addition, the base transmission poWer control unit 205 acts 
at the step S106 as a second transmission poWer controller 
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for repeatedly carrying out a second transmission power 
control operation for reneWing the transmission poWer P so 
that the transmission poWer Pa for the base station 
approaches the predetermined reference poWer C. In other 
Words, the base transmission poWer control unit 205 is 
operable at the step S106 as the second transmission poWer 
controller for repeatedly carrying out the second transmis 
sion poWer control operation for reneWing the transmission 
poWer P so that an absolute value |P—C| of a difference (P-C) 
betWeen the predetermined reference poWer C in dB and the 
transmission poWer P in dB decreases at the predetermined 
rate r. 

[0094] The predetermined reference transmission poWer C 
is set to a relatively high value in the control range of the 
forWard transmission poWer P so that almost all mobile 
stations in the cell can receive the doWnWard channel signal 
When the base station sets the forWard transmission poWer P 
for the doWnWard channel signal to the predetermined 
reference transmission poWer C. In the example being 
illustrated, the predetermined reference transmission poWer 
C is equal to the maximum transmission poWer PmaX, 
namely, 

[0095] The coefficient r is set Within a range betWeen Zero, 
inclusive, and one, exclusive. Speci?cally, the coefficient r is 
set so that a changing amount {r(P—C)+C}-P, namely, (1-r) 
(C-P) of the forWard transmission poWer P in the step S106 
is smaller than the predetermined value AP of the forWard 
transmission poWer P in the steps S104 and S105, namely, 
(1-r) (C—P)<Ap. This is because it is necessary to increase 
or decrease the forWard transmission poWer P in accordance 
With the forWard control command transmitted from the 
mobile station. That is, the coefficient r has a setting range 
as folloWs: 

[0096] Inasmuch as the predetermined reference transmis 
sion poWer C is equal to the maXimum transmission poWer 
PmaX in the eXample being illustrated, the setting range of 
the coefficient r becomes as folloWs: 

[0097] It Will be assumed that a difference (Pmax-Pmin) 
betWeen the maXimum transmission poWer PmaX and the 
minimum transmission poWer Pmin is equal to 10 dB and the 
predetermined value AP is equal to 1 dB. Under the circum 
stances, the setting range of the coefficient r becomes as 
folloWs: 

[0098] Desirably, the coefficient r may be set to about 
0.95. This is because the step S106 does not have effect if the 
coefficient r is nearly equal to one. 

[0099] According to the above-mentioned transmission 
poWer control method, it is possible to continue communi 
cation Without continuing a state Where communication 
betWeen the base station and the mobile station interrupts 
although a propagation loss from the mobile station to the 
base station rapidly increases With moving of the mobile 
station. More speci?cally, it Will be presumed that the 
propagation loss from the mobile station to the base station 
rapidly increases. In this event, the base station cannot 
receive the forWard control command included in the time 
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slot because the base station fails to receive the upWard 
channel signal. The base station sets the forWard transmis 
sion poWer P to approach the predetermined reference 
transmission poWer C When the base station fails to receive 
the time slot of the upWard channel signal. Accordingly, the 
forWard transmission poWer P Will be nearly equal to the 
predetermined reference transmission poWer C When failure 
in reception of the time slot continues. In addition, inasmuch 
as the predetermined reference transmission poWer C is set 
to the relatively high value in the control range of the 
forWard transmission poWer P, the mobile station may 
receive the doWnWard channel signal transmitted from the 
base station if the forWard transmission poWer P Will be 
nearly equal to the predetermined reference transmission 
poWer C. The base station transmits the reverse control 
command indicative of increment of the reverse transmis 
sion poWer to the mobile station because the reverse SIR 
value for the upWard channel signal is small When the base 
station fails to receive the upWard channel signal. When the 
mobile station can receive the doWnWard channel signal 
transmitted from the base station, the mobile station 
increases the reverse transmission poWer for the upWard 
channel signal in response to the reverse control command 
indicative of the increment of the reverse transmission 
poWer. Accordingly, the base station may receive the upWard 
channel signal. In the manner as described above, it is 
possible to carry out a bidirectional communication betWeen 
the base station and the mobile station again and it is 
possible to continue communication Without continuing the 
interruption state in the communication betWeen the base 
station and the mobile station. 

[0100] Inasmuch as the forWard transmission poWer P is 
reneWed to the value r(P—C)+C in the step S104, the 
difference (P-C) becomes r times every time unit of the time 
slot. It Will be assumed that a momentary forWard transmis 
sion poWer is equal to P1. After reneWal in the step S106 is 
repeated n times in a case Where the forWard transmission 
poWer P is not changed in the steps S104 and S105, the 
difference (P-C) becomes a value obtained by multiplying 
(Pl-C) by the nth poWer of the coefficient r, Where n 
represents a positive integer Which is not less than tWo. 
Inasmuch as the coefficient r is less than one, the nth poWer 
of the coefficient r approaches Zero gradually. Accordingly, 
the forWard transmission poWer P approaches the predeter 
mined reference transmission poWer C by reneWal in the 
step S106. 

[0101] It Will be assumed that the base station cannot 
correctly control the forWard transmission poWer for the 
doWnWard channel signal because decision error of the 
forWard control command occurs continuously in the base 
station and then the mobile station cannot correctly receive 
the doWnWard channel signal. Under the circumstance, in 
general, the decision error of the forWard control command 
occurs at random and then a probability that the forWard 
control command indicative of increment of the forWard 
transmission poWer occurs is nearly equal to a probability 
that the forWard control command indicative of decrement 
of the forWard transmission poWer occurs. Accordingly, the 
forWard transmission poWer does not increase or decrease in 
average at the steps S104 and S105. In this case, according 
to the above-mentioned transmission poWer control method, 
the forWard transmission poWer P approaches the predeter 
mined reference transmission poWer C and the mobile 
station may receive the doWnWard channel signal transmit 




































