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CDMA MOBILE COMMUNICATION SYSTEM IN
WHICH UPDATING OF A REFERENCE VALUE
FOR CONTROLLING CLOSED-LOOP
TRANSMISSION POWER IS REALIZED IN A BASE
TRANSCEIVER STATION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 10/418,992, filed Apr. 19, 2003, which
claims priority of Japanese Patent Application No. 2002-
122316, filed Apr. 24, 2002.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a method of con-
trolling transmission power in a CDMA mobile communi-
cation system, and more particularly to a method of con-
trolling the uplink outer-loop transmission power for
updating the reference value used in closed-loop transmis-
sion power control.

[0004] 2. Description of the Related Art

[0005] FIG. 1 is a block diagram showing the configura-
tion of a CDMA communication system. As shown in FIG.
1, this CDMA communication system is composed of
mobile station (MS) 11, base transceiver stations (BTS) 112
and 113, base station controller (BSC) 14 for controlling 20
these base transceiver stations 112 and 113, and mobile
switching center (MSC) 15.

[0006] Mobile station 11 communicates with base trans-
ceiver station 112 and base transceiver station 113 by means
of radio signals. Base transceiver stations 112 and 113 are
connected to base station controller 14 by way of wired lines
16, and base station controller 14 is further connected to
mobile switching center 15 by way of wired line 17. In FIG.
1, communication with mobile station 11 is realized by
means of diversity hand-over, and signals from mobile
station 11 are received at both base transceiver station 112
and base transceiver station 113 and then combined at base
station controller 14. Signals from mobile switching center
15 are split at base station controller 14, transmitted simul-
taneously from base transceiver station 112 and base trans-
ceiver station 113, and then combined at mobile station 11.

[0007] In a CDMA mobile communication system, code
division multiplexing technology enables simultaneous
communication between a plurality of mobile stations and
base transceiver stations on the same frequency. However,
because communication between a particular mobile station
and a particular base transceiver station can cause interfer-
ence for other mobile stations, the mobile station and the
base transceiver station constantly instruct the partner sta-
tion to increase or decrease the transmission power so as to
maintain the reception quality at its own station at a value
that has been set in advance. This method of controlling the
transmission power is referred to as “closed-loop transmis-
sion power control,” and the reception quality in closed-loop
transmission power control is determined by, for example,
the Signal-to-Interference power Ratio (hereinbelow abbre-
viated as SIR).

[0008] With reference to FIG. 2, a closed-loop transmis-
sion power control method in a CDMA communication
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system will be described. FIG. 2 shows radio signal formats
in a W-CDMA communication system, these being radio
signal format 21 of a downlink channel from a base trans-
ceiver station to a mobile station and radio signal format 22
of an uplink channel from a mobile station to a base
transceiver station. These radio signal formats 21 and 22
contain pilot signals 23 and 25, and further, contain TPC
signals 24 and 26 for instructing the partner station to
increase or decrease the transmission power. The base
transceiver station and mobile station use pilot signals 23
and 25 to measure the SIR of the communication, and use
TPC signals 24 and 26 to instruct the partner station to
increase or decrease the transmission power in order to
approach the target value that was instructed beforehand by
the base station controller. More specifically, the mobile
station calculates the SIR from pilot signal 23 in interval 27
and causes the result to be reflected in TPC signal 24, and the
base transceiver station similarly calculates the SIR from
pilot signal 25 in interval 28 and causes the results to be
reflected in TPC signal 26.

[0009] Ina CDMA mobile communication system, a user
signal at the time of hand-over is combined in the base
station controller, which is the host device of a base trans-
ceiver station. This type of hand-over method is referred to
as a “soft hand-over.” The base station controller determines
the reception quality of the user signal following combining
by soft hand-over, determines whether the reception quality
satisfies a target reception quality level that has been set in
advance for the service, such as voice service, that is being
provided to the user, and updates the SIR target value for the
appropriate base transceiver station so as to maintain the
target reception quality level. This method of controlling the
transmission power is referred to as “outer-loop transmis-
sion power control,” and the reception quality that is mea-
sured by the base station controller is, for example, Block
Error Rate (BLER).

[0010] FIG. 3 shows the construction of base station
controller 14 that is shown in FIG. 1. As shown in FIG. 3,
base station controller 14 is provided with BLER measure-
ment unit 31, data adder 32, distribution unit 33, selective
synthesizer 34, target SIR calculation unit 35, and central
control unit 36.

[0011] In this base station controller 14, users’ signals
from base transceiver stations 112 and 113 undergo a syn-
thesizing process in selective synthesizer 34 for signals from
the same mobile station. In this synthesizing process, the
user signals are subjected to a statistical process over a
plurality of radio frames. The BLER of the user signal after
carrying out this combining process is then measured at
BLER measurement unit 31.

[0012] The BLER that was measured at BLER measure-
ment unit 31 is then compared with the target BLER that was
set by means of central control unit 36 at target SIR
calculation unit 35, and the value of the target SIR of the
uplink signal that is the reference in closed-loop transmis-
sion power control is then calculated based on the results of
comparison. More specifically, target SIR calculation unit 35
performs a process for increasing the target SIR value of the
uplink signal when the BLER that has been measured by
BLER measurement unit 31 is equal to or lower than the
target BLER that has been set by means of central control
unit 36, and performs a process for decreasing the target SIR
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value of the uplink signal when the BLER that has been
measured by BLER measurement unit 31 is greater than the
target BLER that has been set by means of central control
unit 36.

[0013] The target SIR value of the uplink signal that has
been calculated by target SIR calculation unit 35 is con-
tained in data that are transmitted by data adder 32 to each
base transceiver station, and this target SIR value is trans-
mitted to, for example base transceiver stations 112 and 113
by way of distribution unit 33. Base transceiver station 112
and base transceiver station 113 subsequently execute con-
trol of the closed-loop transmission power in accordance
with the target SIR value of the uplink signal that has been
reported from base station controller 14.

[0014] The uplink (in the direction from a mobile station
to a base transceiver station) radio signal outer-loop trans-
mission power control system in a CDMA communication
system of the prior art will be next explained with reference
to FIG. 4. In FIG. 4, the communication with mobile station
11 takes place during a diversity hand-over where mobile
station 11 is communicating with base transceiver station
112 and base transceiver station 113. The uplink user signal
from mobile station 11 is received by base transceiver
station 112 and base transceiver station 113, and this user
signal is transmitted from each of base transceiver stations
112 and 113 to base station controller 14.

[0015] Upon receiving the user signals from base trans-
ceiver stations 112 and 113 in step 61, base station controller
14 performs a synthesizing process in selective synthesizing
unit 34 as shown in FIG. 3. In this process of combining user
signals, a statistical process is carried out over a plurality of
radio frames in steps 62 and 63, following which the uplink
signal target SIR value is calculated in target SIR calculation
unit 35 in step 64. The results of this calculation are then
reported to base transceiver station 112 and base transceiver
station 113 by means of an uplink signal target SIR report
message. Base transceiver stations 112 and 113 subsequently
execute closed-loop transmission power control using, as a
reference, the uplink signal target SIR value that was
reported by means of the uplink signal target SIR report
message.

[0016] Simultaneously execution of the above-described
closed-loop transmission power control method and outer-
loop transmission power control method in a CDMA mobile
communication system maintains the transmission power of
mobile stations and base transceiver stations at optimum
levels.

[0017] However, the outer-loop transmission power con-
trol method involves a considerable amount of processing
time due to the use of the block error rate as the reception
quality as well as the measurement of the quality of the
user’s data following combining in the base station control-
ler, and as a result, the uplink signal target SIR value that
serves as the reference value in closed-loop transmission
power control cannot be set to a base transceiver station at
high speed. This inability results in inadequate management
of instantaneous changes in the communication environment
such as sudden changes in the fading environment of radio
communication, and a consequent potential for the occur-
rence of deterioration in communication quality such as
interruptions to communication.
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SUMMARY OF THE INVENTION

[0018] It is an object of the present invention to provide a
method of controlling transmission power in a CDMA
mobile communication system for implementing outer-loop
transmission power control at high speed and thus allow
management of instantaneous changes in the communica-
tion environment.

[0019] To achieve the above-described object in the trans-
mission power control method of the present invention, a
base transceiver station, upon detecting a loss of synchro-
nization of a user signal from a mobile station, adds a
predetermined step value ASIR to the uplink signal target
SIR value that has been reported from the base station
controller and makes the result an uplink signal target SIR
provisional value. If this uplink signal target SIR provisional
value is smaller than an uplink target SIR maximum value
that has been set in advance, the base transceiver station then
updates the uplink signal target SIR value that serves as the
reference for closed-loop transmission power control to the
uplink signal target SIR provisional value.

[0020] According to the present invention, the uplink
signal target SIR value is updated independently in the base
transceiver station and not by means of the base station
controller, whereby the uplink outer-loop transmission
power control method for updating the uplink signal target
SIR value that serves as the reference value in closed-loop
transmission power control can be executed at high speed.
The present invention can therefore deal with instantaneous
changes in the communication environment such as sudden
changes in the fading environment of radio communication,
and can prevent the occurrence of deterioration in commu-
nication quality such as interruptions in communication.

[0021] In addition, the transmission power control method
of the present invention may further include steps of:

[0022] comparing the above-described uplink signal target
SIR provisional value with a value obtained by adding the
uplink signal target SIR value (RNC: Radio Network Con-
troller) that is set from the base station controller to a preset
threshold value . that has been set in advance;

[0023] transmitting an uplink signal target SIR value
update message to the base station controller when the
above-described uplink signal target SIR provisional value
is greater than the value obtained by adding the uplink signal
target SIR value (RNC) that has been set from the base
station controller to threshold value a; and

[0024] wupon receiving an uplink signal target SIR value
report message from the base station controller, updating the
uplink signal target SIR value that serves as the reference in
closed-loop transmission power control to the new uplink
signal target SIR value (RNC) that has been reported by the
uplink signal target SIR value report message.

[0025] According to the present invention, when the
uplink signal target SIR value that serves as the reference in
closed-loop transmission power control is equal to or greater
than a value that is obtained by adding the uplink signal
target SIR value (RNC) that was set by the base station
controller to threshold value ¢, the uplink signal target SIR
value that serves as the reference for closed-loop transmis-
sion power control is updated in the base transceiver station
to a new uplink signal target SIR value (RNC) that has been
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calculated in the base station controller. The present inven-
tion can therefore prevent a base transceiver station from
requesting a mobile station for excessive uplink transmis-
sion power when in the diversity hand-over state, and
moreover, when good reception quality is being obtained at
another base transceiver station.

[0026] The above and other objects, features, and advan-
tages of the present invention will become apparent from the
following description with reference to the accompanying
drawings, which illustrate examples of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG.1 is a block diagram showing the construction
of a CDMA communication system;

[0028] FIG. 2 shows the format of radio signals in a
W-CDMA communication system;

[0029] FIG. 3 is a block diagram showing the construction
of base station controller 14 in FIG. 1;

[0030] FIG. 4 is a sequence chart for explaining outer-loop
transmission power control;

[0031] FIG.5 is a block diagram showing the construction
of a base transceiver station in the CDMA communication
system of the first embodiment of the present invention;

[0032] FIG. 6 is a sequence chart showing the transmis-
sion power control method of the first embodiment of the
present invention;

[0033] FIG. 7 is a flow chart showing the control that is
realized in step 52 in FIG. 6;

[0034] FIG. 8 is a sequence chart showing the transmis-
sion power control method of the second embodiment of the
present invention;

[0035] FIG. 9 is a flow chart showing the control that is
realized in steps 52 and 53 in FIG. 8; and

[0036] FIG. 10 is a flow chart showing the control that is
realized in step 54 of FIG. 8.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Embodiment

[0037] A CDMA communication system for implementing
the transmission power control of the first embodiment of
the present invention is a construction in which base trans-
ceiver stations 112 and 113 in the CDMA communication
system of the prior art that was shown in FIG. 1 are replaced
by base transceiver stations 12 and 13 as shown in FIG. 5.

[0038] As shown in FIG. 5, each of base transceiver
stations 12 and 13 in the CDMA communication system of
the present embodiment are composed of radio unit 41,
timing detector 42, demodulator 43, decoder 44, encoder 45,
and control unit 46.

[0039] Radio unit 41 generates a baseband signal from
radio signals that are received from mobile station 11, and
after implementing A/D conversion, supplies the result to
timing detector 42 and demodulator 43. In addition, radio
unit 41 transmits signals from encoder 45 to mobile station
11.
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[0040] Timing detector 42 generates a delay profile based
on the signal from radio unit 41 to detect the path timing,
which is the timing at which spreading was carried out at
mobile station 11, and reports the results to demodulator 43.

[0041] Demodulator 43 performs a demodulation process
for despreading the signal from radio unit 41 based on the
path timing that has been detected by timing detector 42 and
supplies the obtained demodulation data to decoder 44. In
addition, demodulator 43 controls the closed-loop transmis-
sion power using as a reference the uplink signal target SIR
value that is reported by means of an uplink signal target SIR
message that has been received from base station controller
14 by way of control unit 46, and supplies the result as TPC
bits to encoder 45. Demodulator 43 functions as an updating
means that uses an uplink signal target SIR message from
base station controller 14 for updating the uplink signal
target SIR value that serves as the reference of closed-loop
transmission power control.

[0042] Decoder 44 decodes the demodulated data from
demodulator 43 and supplies the obtained data to base
station controller 14 by way of control unit 46. Decoder 44
of the present embodiment also functions as a synchroniza-
tion loss detection means that, upon detecting loss of syn-
chronization of the user signal from mobile station 11,
reports this loss to demodulator 43.

[0043] Encoder 45 inserts TPC bits from demodulator 43
into the data that are received from base station controller 14
by way of control unit 46 and then carries out an encoding
process and supplies the result to radio unit 41.

[0044] FIG. 6 is a sequence chart showing the outer-loop
transmission power control method of the first embodiment
of the present invention, and as an example, shows the
control that is implemented in base transceiver station 13.
Here, it is assumed that the radio communication with base
transceiver station 11 is in a diversity hand-over state and is
carried out simultaneously in base transceiver station 12 and
base transceiver station 13. It is further assumed in the
following explanation that, due to instantaneous deteriora-
tion of the communication environment, the user signal from
mobile station 11 reaches base transceiver station 12 but
does not reach base transceiver station 13.

[0045] The user signal from mobile station 11 arrives at
base transceiver station 12, and base transceiver station 12
therefore sends this user signal to base station controller 14.

[0046] However, because the uplink radio signal from
mobile station 11 does not arrive at base transceiver station
13, decoder 44 in base transceiver station 13 detects a loss
of radio synchronization in step 51. As a result, base
transceiver station 13 in this embodiment independently
updates the uplink signal target SIR value that serves as the
reference value in closed-loop transmission power control in
step 52 without waiting for instructions from base station
controller 14.

[0047] The details of this process of updating the uplink
signal target SIR value that is carried out in step 52 Will be
next explained with reference to the flow chart of FIG. 7.

[0048] Demodulator 43 of base transceiver station 13 first
adds update step (ASIR) that was set in advance from, for
example, base station controller 14 to the current uplink
signal target SIR value to calculate an uplink signal target
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SIR provisional value in step 101. More specifically, the
uplink signal target SIR provisional value is calculated by
the following equation:

uplink signal target SIR provisional value=current

uplink signal target SIR value+ASIR
[0049] In step 102, demodulator 43 in base transceiver
station 13 next compares the uplink signal target SIR maxi-
mum value that was set beforechand from, for example, base
station controller 14 with the uplink signal target SIR
provisional value that was calculated in step 101. This
comparison is carried out with the object of preventing a
request to mobile station 11 for excessive transmission
power.

[0050] If the uplink signal target SIR provisional value is
smaller than the uplink signal target SIR maximum value in
step 102, demodulator 43 of base transceiver station 13 sets
this uplink signal target SIR provisional value as the uplink
signal target SIR value that serves as the reference value in
closed-loop transmission power control in step 103. If the
uplink signal target SIR provisional value is equal to or
greater than the uplink signal target SIR maximum value in
step 102, demodulator 43 of base transceiver station 13
maintains the current uplink signal target SIR value without
updating uplink signal target SIR value.

[0051] In the foregoing explanation, the update step
(ASIR) and the uplink signal target SIR maximum value are
reported to base transceiver station 13 by base station
controller 14 or by some other means.

[0052] Although a case was used in the foregoing expla-
nation in which updating of the uplink signal target SIR
value was carried out in base transceiver station 13, the
process of updating the uplink signal target SIR value is
implemented in all base transceiver stations that are in the
diversity hand-over state, such as base transceiver station 12.
The outer-loop transmission power control of the prior art
that is carried out in base station controller 14 as shown in
FIG. 4 may also be executed at the same time.

[0053] According to the transmission power control
method of the present embodiment, updating of the uplink
signal target SIR value is carried out independently in base
transceiver station 13 and is not carried out in base station
controller 14, and as a result, the uplink outer-loop trans-
mission power control method for updating the uplink signal
target SIR value that serves as the reference value in
closed-loop transmission power control can be carried out at
high speed. The present Embodiment can therefore deal with
instantaneous changes in the communication environment
such as sudden changes in the fading environment of the
radio communication, and can prevent the occurrence of
deterioration in communication quality such as interruptions
of communication.

[0054] As an example, the transmission power control
method of the prior art in which updating of the uplink signal
target SIR value was carried out in base station controller 14
allowed updating of the uplink signal target SIR value to be
carried out at a frequency ranging from only 0.1 times/
second to 1 time/second. In contrast, the transmission power
control method of the present embodiment enables updating
of the uplink signal target SIR value at a frequency of
approximately 10 times/second when the synchronization is
checked every 100 ms.
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Second Embodiment

[0055] Explanation next regards the transmission power
control method of the second embodiment of the present
invention.

[0056] In the transmission power control method of the
above-described first embodiment, updating of the uplink
signal target SIR value is carried out in the base transceiver
stations independent of the base station controller, but there
are some cases in which, in the diversity hand-over state, a
base transceiver station in which the reception quality is
poor will issue a request to the mobile station for excessive
uplink transmission power even though the reception state is
good in another base transceiver station. The present
embodiment is directed toward preventing the occurrence of
this problem.

[0057] FIG. 8 shows the type of processing that is per-
formed in base transceiver stations 12 and 13 and base
station controller 14 in this embodiment. FIG. 8 is a
sequence chart showing the transmission power control
method of the present embodiment. Processing as far as
steps 51 and 52 is the same as shown in the sequence chart
shown in FIG. 6 and explanation regarding this processing
is therefore here omitted.

[0058] In the transmission power control method of the
present embodiment, the uplink signal target SIR value is
updated in base transceiver station 13, and when the updated
uplink signal target SIR value is greater than a prescribed
value, an uplink signal target SIR value update message is
sent from base transceiver station 13 to base station con-
troller 14 in step 53.

[0059] With reference to the flow chart of FIG. 9, the
details of the processing of this step 53 as well as the process
of step 52 will be explained below.

[0060] When the uplink signal target SIR value is updated
to the uplink signal target SIR provisional value in step 103,
this uplink signal target SIR provisional value is compared
in step 104 with a value that is obtained by adding the uplink
signal target SIR value (RNC) that was set from base station
controller 14 to a threshold value . If the uplink signal
target SIR provisional value is greater than the value
obtained by adding the uplink signal target SIR value (RNC)
to threshold value a in step 104, base transceiver station 13
sends an uplink signal target SIR value update message to
base station controller 14 in step 105. Upon receiving this
uplink signal target SIR value update message, base station
controller 14 performs a process for sending an uplink signal
target SIR value report message in step 54, as shown in FIG.
8.

[0061] The details of this process of sending an uplink
signal target SIR value report message that is carried out in
step 54 will be next explained with reference to FIG. 2.
Upon receiving the uplink signal target SIR value update
message from base transceiver station 13, base station
controller 14 first determines in step 106 whether or not
effective user’s data can be received from base transceiver
station 12, which is in the diversity hand-over state. If base
station controller 14 determines in step 106 that effective
user’s data can be received from base transceiver station 12,
base station controller 14 further checks in step 107 whether
an uplink signal target SIR value update message has not
been received from base transceiver station 12. If base
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station controller 14 determines in step 107 that an uplink
signal target SIR value update message has not been
received from base transceiver station 12, base station
controller 14 then uses uplink signal target SIR value report
message to report the uplink signal target SIR value (RNC)
that was calculated in base station controller 14 to base
transceiver station 13 in step 108.

[0062] In step 55, base transceiver station 13, having
received the uplink signal target SIR value report message
from base station controller 14, sets the uplink signal target
SIR value that serves as the reference in closed-loop trans-
mission power control to this uplink signal target SIR value
(RNC), as shown in FIG. 8.

[0063] According to the above-described operations,
when the uplink signal target SIR value that serves as the
reference in closed-loop transmission power control at base
transceiver station 13 is equal to or greater than a value
obtained by adding threshold value o to the uplink signal
target SIR value (RNC) that was set by base station con-
troller 14, the uplink signal target SIR value that serves as
the reference of the closed-loop transmission power control
is updated to the new uplink signal target SIR value (RNC)
that was calculated in base station controller 14. The present
embodiment thus can prevent base transceiver station 13
from requesting mobile station 11 for excessive uplink
transmission power when in the diversity hand-over state,
and moreover, when the reception quality of base transceiver
station 12 is good.

[0064] While preferred embodiments of the present inven-
tion have been described using specific terms, such descrip-
tion is for illustrative purposes only, and it is to be under-
stood that changes and variations may be made without
departing from the spirit or scope of the following claims.

What is claimed is:

1. A method of controlling transmission power in a
CDMA mobile communication system, said method com-
prising the steps of:

updating, in a base station, an uplink signal target SIR
value that serves as a reference in closed-loop trans-
mission power control; and

executing, in said base station, said closed-loop transmis-
sion power control using said updated uplink signal
target SIR value.

2. A method of controlling transmission power in a
CDMA mobile communication system wherein an uplink
signal target SIR value that serves as the reference in
closed-loop transmission power control is updated in a base
transceiver station; said method comprising the steps of:

when a loss of synchronization of a user signal from a
mobile station is detected, adding a predetermined step

Aug. 2, 2007

value ASIR to an uplink signal target SIR value that has
been reported from a base station controller and making
the result an uplink signal target SIR provisional value;
and

if this uplink signal target SIR provisional value is smaller
than an uplink signal target SIR maximum value that
has been set in advance, updating the uplink signal
target SIR value that serves as the reference for closed-
loop transmission power control to said uplink signal
target SIR provisional value.

3. A base transceiver station for implementing closed-loop
transmission power control using an uplink signal target SIR
value that is reported from a base station controller as
reference, said base transceiver station comprising:

a synchronization loss detection means for detecting loss
of synchronization of a user signal from a mobile
station; and

an updating means for adding a step value ASIR that has
been set in advance to the uplink signal target SIR value
that has been reported from said base station controller
to obtain an uplink signal target SIR provisional value
when said synchronization loss detection means detects
loss of synchronization, and when said uplink signal
target SIR provisional value is smaller than an uplink
signal target SIR maximum value that has been set in
advance, updating the uplink signal target SIR value
that serves as the reference in closed-loop transmission
power control to said uplink signal target SIR provi-
sional value.

4. ACDMA communication system provided with at least
one mobile station that communicates with a base trans-
ceiver station via radio signals, a base station controller for
controlling base transceiver stations, and a base transceiver
station for implementing closed-loop transmission power
control using, as a reference, an uplink signal target SIR
value that has been reported from said base station control-
ler; wherein said base transceiver station comprising:

a means for adding a step value ASIR that has been set in
advance to the uplink signal target SIR value that has
been reported from said base station controller and uses
the result as an uplink signal target SIR provisional
value, when a loss of synchronization of a user signal
from said mobile station is detected; and

a means for updating the uplink signal target SIR value
that serves as a reference in closed-loop transmission
power control to said uplink signal target SIR provi-
sional value, when this uplink signal target SIR provi-
sional value is smaller than an uplink signal target SIR
maximum value that has been set in advance.



