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CONTROL DEVICE AND METHOD, MOBILE STATION, AND COMMUNICATION DEVICE 5 IN
MOBILE COMMUNICATION SYSTEM FIELD OF THE INVENTION The present invention
relates to transmission power control devices and methods, 10 mobile
stations, and communication devices in mobile communication systems, and,
more particularly, to a transmission power control device and method by
which transmission power control is performed on the transmission power of
a mobile station that performs 15 wireless communication with a plurality
of base stations in a mobile communication system, and a mobile station and
a communication device in the mobile communication system. The present
invention also relates to a transmission power control method 20 and device
by which transmission power control is performed on the transmission power
of a communication device that performs wireless transmission and reception
with another communication device and transmits transmission 25 power
control information that is determined based on reception signal quality
and is to be used in a transmission power control operation in the other
communication device. 30 BACKGROUND OF THE INVENTION Japanese Laid-Open
Patent Application No. 9-312609 discloses a method of controlling
transmission power in a soft handover process of a mobile station that
performs radio communication 35 with a plurality of base stations in a CDMA
mobile communication system. In accordance with this transmission power
MIGNIMM~dI~I   -2 control method, each of the two base stations that are to
receive signals from the mobile station measures the signal-to-interference
plus noise power ratio (hereinafter referred to as the "reception 5 SINR",
and generates transmission power control bits (each of which represents a
power'increase or a power decrease) so that the reception SINR approaches a
target SINR. The transmission power control bits are then transmitted from
each base 10 station to the mobile station. The mobile station measures the
reception SINR with respect to each signal transmitted from the two base
stations. Regarding the reception SINR of each base station as the
reliability level of each transmission power 



15 control bit transmitted from the corresponding base station, the mobile
station performs a transmission power control operation (a power increasing
operation, a power decreasing operation, or a power maintenance operation)
based on the transmission 20 power control bits transmitted from each base
station. More specifically, if the reception SINK of one of the base
stations is equal to or lower than a predetermined reference level, the 25
transmission power control bits transmitted from the base station are
regarded as unreliable and therefore are ignored. Instead, a transmission
power control operation (a power increasing operation or a power decreasing
operation) is 30 performed based on the transmission power control bits
transmitted from the other base station. If the reception SINRs of both
base stations are equal to or lower than the predetermined reference level,
the transmission power control bits from both base 35 stations are regarded
as unreliable, and the current transmission power is maintained regardless
of those transmission power control bits. If the reception   -3 SINRs of
both base stations are higher than the predetermined reference level, a
transmission power control operation is performed based on such
transmission power control bits as to decrease the 5 transmission power. By
the above transmission power control method, a transmission power control
operation is performed at the mobile station in such a manner that the
transmission power is reduced based on the 10 transmission power control
bits having the higher reliabilities among the transmission power control
bits transmitted from each base station. Thus, efficient transmission power
control can be performed while a reasonable communication quality 15 level
is maintained. The mobile station performs maximum-rate combining on the
reception SINRs measured with respect to the base stations to obtain a
composite SINR. Based on the composite SINR, the mobile 20 station
generates and transmits transmission power control bits to each base
station. Based on the transmission power control bits transmitted from the
mobile station, each base station performs a transmission power control
operation. 25 In the above transmission power control operation at a mobile
station in a mobile communication system, the reception SINR of each base
station is regarded as reliable, based on the transmission power control
bits transmitted from the 30 corresponding base station. However, the
reception SINR is measured at the mobile station based on a signal
transmitted from each base station also performing such a transmission
power control operation as to maintain the signal reception 35 quality (the
composite SINR) at a certain level at the mobile station. Because of this,
the reception SINR does not necessarily reflect the true   



-4 conditions (such as the fading condition and the distance) of the
electric wave transmission path between the mobile station and each base
station. Particularly, in a soft handover process, the 5 conditions of the
electric wave transmission path between the moving mobile station and each
base station constantly vary with time. Therefore, it is preferable to take
into consideration the true conditions of the electric wave transmission
path in 10 a transmission power control operation at the mobile station. In
this manner, the transmission power at the mobile station can be reduced,
while the predetermined communication quality is maintained.
Conventionally, a mobile station and a 15 base station that perform radio
transmission and reception of signals with each other in a CDMA mobile
communication system each control the transmission power in the following
manner. The mobile station measures the signal-to20 interference plus noise
power ratio (hereinafter referred to as the "reception SINR") with respect
to each reception signal from the base station, and regards the reception
SINR as the reception signal quality. Based on the difference between the
25 reception SINR and a target SINR, the mobile station generates
transmission power control bits (each of which represents a power increase
or a power decrease). The mobile station then transmits the transmission
power control bits (transmission power 30 control information) to the base
station. The base station controls the transmission power based on the
transmission power control bits transmitted from the mobile station, while
measuring the reception SINK with respect to each reception 35 signal from
the mobile station. Based on the difference between the reception SINR and
a target SINR, the base station generates transmission power   -5 control
bits, and transmits the transmission power control bits to the mobile
station. The mobile station generates the transmission power control bits
to be transmitted to 5 the base station, as described above, while
controlling the transmission power at the mobile station based on the
transmission power control bits transmitted from the base station. By the
above transmission power control 10 operations at the mobile station and
the base station, the transmission power at the mobile station is
controlled so that the reception SINR at the base station approaches the
target SINR. Also, the transmission power at the base station is 15
controlled so that the reception SINR at the mobile station approaches the
target SINR. Even if there are changes in the conditions (such as the
distance and the fading condition) of the electric wave transmission path
between the mobile station and the 20 base station, the mobile station and
the base station can perform signal transmission and reception with a
stable reception signal quality, but without unnecessary transmission power
consumption, by the above transmission power control 25 operations. 



when the above transmission power control operations are properly performed
at the mobile station and the base station, each reception SINR at the
mobile station and the base station fluctuates 30 within a relatively
narrow range, with the target SINR being in the middle, which is shown as
the "NORMAL" region in FIG. 20. However, even when the above transmission
power control operations are properly performed, the reception SINR might
35 continuously decrease and move away from the target SINR, as shown in
the "ABNORMAL" region of FIG. 20. The reasons of the continuous decrease of
reception   -6 SINR are considered as follows. In a case where the
reception SINR at the mobile station keeps decreasing, the transmission
power control operation based on the transmission 5 power control bits
generated from the mobile station is not properly performed at the base
station. One of the reasons of this is that the reception quality of the
transmission power control bits transmitted from the mobile station through
the uplink is not 10 adequate at the base station, and, as a result, a
transmission power control operation based on different values from the
values represented by the transmission power control bits generated from
the mobile station is performed at the base station. 15 The cause of this
problem resides in that the transmission power control operation at the
mobile station transmitting transmission power control bits is not
necessarily performed in such a manner as to maintain the reception quality
of the transmission 20 power control bits at a predetermined quality level
at the base station. In the above situation, the reception quality of the
transmission power control bits transmitted from the base station
deteriorates at 25 the mobile station due to the decrease of the reception
SINR at the mobile station. As a result, an improper transmission power
control operation is performed at the mobile station. Due to the improper
transmission power control operation, the 30 reception quality of the
transmission power control bits transmitted from the mobile station
deteriorates at the base station. Furthermore, due to the deterioration of
the reception quality of the transmission power control bits at the base
station, 35 a transmission power control operation is not properly
performed at the base station, resulting in a further decrease of the
reception SINR at the   mobile station. If this situation continues, the
communication between the mobile station and the base station might be
terminated. 



Also in a conventional CDMA mobile 5 communication system, a base station
and a mobile station perform transmission and reception of various types of
information (such as the information as to inherent spread codes to be
used, and the information as to the signal format of each 10 individual
channel) through a common control channel, before a start of information
data transmission between the base station and the mobile station.
Transmission and reception of signals in a predetermined format are then
performed through 15 individual channels determined based on the above
various types of information, so as to establish signal synchronization
between the two stations. The process of establishing synchronization rnay
be carried out through the procedures shown in FIG. 21. 20 As shown in FIG.
21, a base station 200 starts transmission of signals in a predetermined
format (downlink transmission) (~1). The signals in the downlink
transmission contain transmission power control bits (transmission power
control information 25 representing a power increase or a power decrease)
that exhibit a predetermine pattern. A mobile station 100 performs
synchronization initiation for the signals from the base station 200 (2~).
Through the synchronization initiation, synchronization is 30 established
(downlink synchronization establishment) (~3). After confirming the
establishment of synchronization, the mobile station 100 starts
transmission of signals in a predetermined format (uplink transmission) (),
while performing a 35 transmission power control operation based on the
transmission power control bits that exhibit the predetermined pattern.
_g_ The base station 200 performs synchronization initiation for signals
transmitted from the mobile station 100 (50). Through the synchronization
initiation, synchronization is 5 established at the base station 200
(uplink synchronization establishment) (). A certain period of time is
required from the start of signal transmission (~1) from the base station
200 till the establishment of uplink synchronization () at the 10 base
station 200. In the above process of establishing synchronization, the
transmission power control operation at the mobile station 100 may be
performed as shown in FIG. 22. 15 Initially, the base station 200 needs to
start downlink transmission while not receiving signals from the mobile
station 100 (see 0 of FIG. 21). Therefore, the base station 200 transmits
transmission power control bits that represent a 20 pattern of a constant
power increase (a pattern only consisting of bits of "1") as well as the
signals. After confirming the establishment of downlink synchronization (3~
of FIG. 21), the mobile station 100 starts increasing the transmission
power at time 25 tl for the uplink transmission start (equivalent to  of
FIG. 21). The mobile station 100 then gradually increases the transmission
power from an initial value PO determined from a transmission loss or the
like, in accordance with the transmission 30 power control bits (1, 1, 1,
1, ...). The transmission power control cycle in accordance with the above
transmission power control bits is much shorter than a time required for
establishing synchronization between the mobile 



35 station 100 and the base station 200. Therefore, once the transmission
power control value reaches the maximum value Pmax in the transmission
power   -9 control operation in accordance with the above transmission
power control bits, the transmission power is maintained at the maximum
value Pmax. In this manner, the mobile station 100 5 performs such a
transmission power control operation as to increase the transmission power
to the maximum value Pmax, while transmitting signals. After uplink
synchronization is established at the base station 200 through the
synchronization initiation 10 of the signals (at time t2), the base station
200 measures the signal-to-interference plus noise power ratio (hereinafter
referred to as the "reception SINR) with respect to each signal from the
base station 100, regarding the reception SINR as the 15 reception signal
quality. Based on the difference between the reception SINR and a target
SINR that is set independently of the reception SINR, the base station 200
generates transmission power control bits (each of which represents a power
increase or a 20 power decrease). The base station 200 then transmits the
transmission power control bits to the mobile station 100 (downlink
transmission). At the time when uplink synchronization is established at
the base station 200 (at time t2), 25 the mobile station 100 is performing
such a transmission power control operation as to increase the transmission
power to the maximum value Pmax. Because of this, the reception SINR from
the mobile station 100 is much higher than the target SINR 30 (excessive
quality). Immediately after the uplink synchronization is established,
transmission power control bits "0" representing a continuous power
decrease are normally generated. After the uplink synchronization is 35
established at the base station 200 (after time t2), the mobile station 100
transmits signals (uplink transmission) while performing a transmission
power   -10 control operation based on the transmission power control bits
generated from the base station 200 in the above manner (closed-loop
control). As a result, the transmission power at the mobile station 100 is 



5 controlled so that the reception SINR at the base station 200 can be
maintained at the target SINR. In this situation, the mobile station 100
starts transmitting signals including information data in a predetermined
timing. 10 In the above transmission power control operation at the mobile
station 100 before information data transmission is started between the
base station 200 and the mobile station 100, the mobile station 100
transmits signals while 15 controlling the transmission power to increase
rapidly in accordance with the transmission power control bits (1, 1, 1, 1,
...) representing a continuous power increase transmitted from the base
station 200, after downlink synchronization with 20 each signal from the
base station 200 is established at the mobile station 100 (after time tl in
FIG. 22). By this transmission power control operation, the reception
quality of signals from the mobile station 100 is rapidly improved at the
base station 200. 25 Thus, the downlink synchronization at the base station
200 can be established in an earlier stage. In the signal transmission and
reception process between the base station 200 and the mobile station 100,
however, the transmission power at the 30 mobile station 100 should only be
maintained at such a transmission power value that the reception signal
quality (the reception SINK, for example) can be maintained at the target
quality (the target SINK, for example) (see the transmission power value
after 35 time t2 in FIG. 22). If the transmission power value at the mobile
station 100 is increased to the maximum value Pmax or increased to a value
close to   -11 the maximum value Pmax despite the transmission power at the
mobile station 100 being controlled in such a manner as to only maintain
the reception signal quality at the target quality at the base 5 station
200, the transmission power at the mobile station 100 temporarily becomes
excessive at the time immediately before information data transmission is
started between the base station 200 and the mobile station 100. This
results in 10 unnecessary power consumption through the uplink, and
unnecessary radio resource consumption at the base station 200. DISCLOSURE
OF THE INVENTION 15 Therefore, a first object of the present invention is
to provide a transmission power control device that can perform a
transmission power control operation for a mobile device, taking into
consideration the conditions of the electric wave 20 transmission path
between the mobile station and each base station in a system in which the
mobile station performs radio communication with a plurality of base
stations. A second object of the present invention is to provide a mobile
station 25 that can be properly controlled by such a transmission power
control device that performs a transmission power control operation for the
mobile station. A third object of the present invention is 30 to provide a
transmission power control method and device that can prevent a continuous
decrease of reception signal quality below a predetermined quality level in
a communication device that performs radio transmission and reception of
signals 



35 with another communication device and transmits transmission power
control information that are determined based on the reception signal
quality and   -12 are to be used in a transmission power control operation
in the other communication device. A fourth object of the present
inventions is t.o provide a communication device equipped with such a 5
transmission power control device. Further, a fifth object of the present
invention is to provide a transmission power control method and device that
can perform a control. operation to reduce unnecessary power transmission
10 power consumption at a mobile station, and help to establish
synchronization in an earliest possible stage before information data
transmission is started between the mobile station and a base station. A
sixth object of the present invention is 15 to provide a mobile station
that can be properly controlled by such a transmission power control method
as to control the transmission power of the mobile station. To achieve the
first object, the present 20 invention provides a transmission power
control device that controls the transmission power of a mobile station
based on transmission power control information supplied from each base
station to the mobile station in a mobile communication system in 25 which
a plurality of base stations to be radioconnected to the base station each
supply the mobile station the transmission power control information that
is generated based on reception signal quality, as claimed in claim 1. This
transmission power 30 control device includes: a transmission loss
calculator that calculates a transmission loss in an electric wave
transmission path between the mobile station and each base station, based
on a predetermined signal transmitted from each base 35 station with a
fixed transmission power; and a transmission power control information
determiner that determines which transmission power control   -13
information is to be used in a transmission power control operation at the
mobile station, bared on the transmission power control information that is
supplied from each base station to the mobi7_e 5 station and the
transmission loss in the electric wave transmission path between the mobile
station and each base station that is calculated by the transmission loss
calculator. In this transmission power control. device, 10 the
predetermined signal, based on which the transmission loss in the electric
wave transmission path between the mobile station and each base station is
calculated, is transmitted from each base station with a fixed transmission
power. 15 Accordingly, the transmission loss calculated in this manner
accurately represents the conditions (such as the length and the fading
condition) of the electric wave transmission path between the mobile
station and each corresponding base station. Based 



20 on the transmission loss in the electric wave transmission path between
each base station and the mobile station as well as the transmission power
control information transmitted from each base station to the mobile
station, which transmission 25 power control information should be used in
a transmission power control~operation at the mobile station is determined.
The transmission power control information determination is performed based
on the conditions 30 of the electric wave transmission path between the
mobile station and each base station, while weighting is performed on the
transmission power control information in accordance with the conditions of
each corresponding electric wave 35 transmission path. Taking this aspect
into consideration, in the transmission power control device of the present
invention, the transmission   -14 power control information determiner may
include: a weight corrector that performs weighting on the transmission
power control information supplied from each base station to the mobile
station, so that a 5 greater weight is given to the transmission power
control information supplied from a base station having a smaller
transmission loss in the electric wave transmission path to the mobile
station, the weight corrector thereby generating weight 10 correction
control information; and a combiner that combines the weight correction
control information corresponding to the transmission power control
information from the base stations, and thereby generates composite
transmission power conti:ol 15 information, the weight correction control
information having been generated from the weight corrector, as claimed in
claim 2. In this transmission power control device, the transmission power
control information determiner determines 20 which transmission power
control information is to be used in a transmission power control operation
at the mobile station, based on the composite transmission power control
information generated from the combiner. 25 In a case where the
transmission power control information transmitted from each base station
can contain a first value representing a control status of a power increase
and a second value representing a control status of a power 30 decrease,
and where the mobile station receives the transmission power control
information from each base station as a soft decision value, the above
transmission power control information determiner may include a hard
decision unit that performs a 35 hard decision on the value of the
composite transmission power control information generated from the
combiner, using a predetermined threshold   -15 value, as claimed in claim
3. This transmission power control information determiner determines which
transmission power control information is to be used in a transmission
power control operation at 



5 the mobile station, based on the result of the hard decision. It is more
preferable to minimize unnecessary power consumption by a transmis~~ion
power control operation. Therefore, in the above 10 transmission power
control device of the present invention, the predetermined threshold value
used by the hard decision unit is closer to the first value by a
predetermined amount from the middle value between the first value and the
second value 15 included in the transmission power control information
transmitted from each of the base stations, as claimed in claim 4. In the
above transmission power control device, the predetermined threshold value
is closer 20 to the first value representing a control status of a power
increase by a predetermined amount. Accordingly, the hard decision unit
using the threshold value is more likely to determine from the value of the
composite transmission power control 25 information that the control status
is not to increase transmission power. As a result, transmission power
control can be performed with a lower electric power. In a case where the
transmission power 30 control information transmitted from each of the base
stations can contain a first value that represents a control status of a
power increase and a second value that represents a control status of a
power decrease, and where the mobile station 35 receives the transmission
power control information transmitted from each of the base stations as a
soft decision value, the above transmission power control   -16 information
determiner may include: a first hard decision unit that performs a hard
decision on the value of the composite transmission power control
information generated from the combiner, using a 5 first threshold value; a
second hard decision unit that performs a hard decision on the value of the
composite transmission power control information, using a second threshold
value that is different from the first threshold value; and a control 10
information generator that generates first control information that
represents a control status of a power increase, second control information
that represents a control status of a power decrease, or third control
information that represents a control 15 status of power maintenance, based
on a decision result of the first hard decision unit and a decision result
of the second hard decision unit, as claimed in claim 5. This transmission
power- control information determiner determines that the control 20
information generated from the control information generator is to be used
as the transmission power control information in a transmission power
control operation at the mobile station. In this transmission power
control. device, 25 the value of the composite transmission powE:r control
information may be greater than both the first and second threshold values,
may be smaller than both the first and second threshold values, or may come
between the first threshold value and the 30 second threshold value. These
three possible situations can be associated with the first control status,
the second control status, and the third control status. 



It is more preferable that the 35 transmission power control information
transmitted from a base station having the electric wave transmission path
to the mobile station in poor   -17 condition is not taken into
consideration in the process of determining which transmission power
control information should be used in a transmission power control
operation at the mobile station. 5 Therefore, in the transmission power
control_ device of the present invention, the transmission power control
information determiner may include a selector that selects the transmission
power. control information transmitted from the base station having 10 the
smallest transmission loss in the electric wave transmission path to the
mobile station, the transmission loss being calculated by the transmission
loss calculator, as claimed in claim 6. In this transmission power control
device, t:he 15 transmission power control information determiner
determines which transmission power control information is to be used in a
transmission power control operation at the mobile station, based on the
transmission power control information selected 20 by the selector. Like
the transmission power control information determiner of any of claims 3
through 5, this transmission power control information determiner can have
the same structure as claimed in 25 any of claims 7 through 9. It is more
preferable to minimize power consumption by a transmission power control
operation. Therefore, in the transmission power control device of the
present invention, the 30 transmission power control information determiner
may include: a weight corrector that performs weighting on the transmission
power control information supplied from each base station to the mobile
station, so that a greater weight is given to 35 the transmission power
control information supplied from a base station having a smaller
transmission loss in the electric wave transmission path to the   -18
mobile station, the weight corrector thereby generating weight correction
control information; and a control information generator that generates
control information based on the weight correction 5 control information
designed to give priority to correction information closer to the
transmission power control information representing a control status of a
power decrease, the weight correction control information being selected
from the weight 10 correction control information that are generated from
the weight corrector and correspond to the transmission power control
information tran:~mitted from the base stations, as claimed in claim 10.
This transmission power control information 15 determiner determines that
the control information generated from the control information generator is
to be used as the transmission power control. information in a transmission
power control operation at the mobile station. 



20 In a case where the transmission power control information transmitted
from each of the base stations can contain a first value that. represents a
control status of a power increase and a second value that represents a
control status of a 25 power decrease, and where the mobile station
receives the transmission power control information transmitted from each
of the base stations as a soft decision value, the above control
information generator may include: a hard decision unit that 30 performs a
hard decision on the value of the weight correction control information
that are generated from the weight corrector and correspond to the
transmission power control information transmitted from each of the base
stations, using a 35 predetermined threshold value; and a selector that
selects one of the hard decision results corresponding to the transmission
power control   -19 information transmitted from the base stations, so that
priority can be given to the hard decision result representing a control
status of a power decrease, as claimed in claim 11. This control 5
information generator generates the control information based on the hard
decision result selected by the selector. As described above, it is more
preferable to give priority to the transmission power control 10
information transmitted from a base station having the electric wave
transmission path to the mobile station in good condition, and to minimize
unnecessary power consumption. Therefore, in the transmission power control
device of the present 15 invention, the transmission power control
information determiner may include: a transmission loss decision unit that
determines whether each transmission loss calculated by the transmission
loss calculator is smaller than a predetermined 20 transmission loss; and a
control information generator that, when the transmission loss decision
unit determines that one transmission loss i.s smaller than the
predetermined transmission loss, generates control information based on the
25 transmission power control information from the base station
corresponding to the transmission loss determined to be smaller than the
predetermined transmission loss, when the transmission loss decision unit
determines that two or more 30 transmission losses are smaller than the
predetermined transmission loss, generates control information based on the
transmission power control information designed to give priority to the
transmission power control information closer to the 35 transmission power
control information representing a control status of a power decrease among
the transmission power control information transmitted   -20 from the base
stations corresponding to the two or more transmission losses, and, when
the transmission loss decision unit determines that a11 the transmission
losses are not smaller than the' 



5 predetermined transmission loss, generates <:ontrol information based on
the transmission power control information designed to give priority to the
transmission power control information closer to the transmission power
control information representing 10 a control status of a power decrease
among the transmission power control information transmitted from the base
stations, as claimed in claim 12. This transmission power control
information determiner determines that the control information 15 generated
from the control information generator is to be used as the transmission
power control information in a transmission power control operation at the
mobile device. To achieve the first object, the present 20 invention also
provides a transmission power control device that controls transmission
power of a mobile station based on transmission power control information
transmitted from each of the base stations to the mobile station in a
mobile 25 communication system in which each of the base stations to be
radio-connected to the mobile station supplies the mobile station the
transmission power control information that is determined based on
reception signal quality, as claimed in claim 13. 30 This transmission
power control device includes: a transmission loss calculator that
calculates a transmission loss in the electric wave transmission path
between the mobile station and each of the base stations, based on a
predetermined signal 35 transmitted from each of the base stations with a
fixed transmission power; a fading condition measurer that measures a
fading condition of the   -21 mobile station; a fading condition determiner
that determines whether the fading condition of the mobile station measured
by the fading condition measurer is better than a predetermined condition;
5 and a switch controller that validates a first transmission power control
information determiner when the fading condition determiner determines that
the fading condition of the mobile station is better than the predetermined
condition, and validates a 10 second transmission power control information
determiner when the fading condition determiner determines that the fading
condition of the mobile station is not better than the predetermined
condition. In this transmission power control 15 device, the first
transmission power control information determiner includes: a weight
corrector that performs weighting on the transmission power control
information transmitted from each of the base stations to the mobile
station, so that a 20 greater weight is given to the transmission power
control information transmitted from a base station having a smaller
transmission loss in the electric wave transmission path to the mobile
station, the weight corrector thus generating weight correction 25 control
information; and a combiner that combines the weight correction control
information that are generated from the weight corrector and correspond to
the transmission power control information transmitted from the base
stations, the combiner 30 thus generating composite transmission power
control information. This first transmission power control information
determiner determines which transmission power control information is to be
used in a transmission power control operation at the mobile 35 station,
based on the composite transmission power control information generated
from the combiner. The second transmission power control information   



-22 determiner includes a selector that selects the transmission power
control information transmitted from the base station having the smallest
transmission loss in the electric wave transmission 5 path to the mobile
station, the selection being made from the transmission power control
information transmitted from the base stations to the mobile station. This
second transmission power control information determiner determines which
transmission 10 power control information is to be used in a transmission
power control operation at the mobile station, based on the transmission
power control information selected by the selector. In the above
transmission power control 15 device, when the fading condition of the
mobile station is better than the predetermined condition, which
transmission power control information should be used in a transmission
power control operation at the mobile station is determined based on the 20
transmission loss that accurately represents the conditions of the electric
wave transmission path between each base station and the mobile station, as
well as on the transmission power control information transmitted from the
base stations to 25 the mobile station. .On the other hand, when the fading
condition of the mobile station is not better than the predetermined
condition, which transmission power control information should be used in a
transmission power control operation at the mobile 30 station is determined
based on the transmission power control information transmitted from the
base station having the smallest transmission loss in the electric wave
transmission path to the mobile station. Accordingly, the transmission
power 35 control information transmitted from a base station having the
electric wave transmission path in poor condition is not taken into
consideration in the   -23 process of determining which transmission power
control information should be used in a transmission power control
operation at the mobile station. To achieve the first object, the present 5
invention further provides a transmission power control device that
controls transmission power of a mobile station based on transmission power
control information transmitted from each of the base stations to the
mobile station in a mobile 10 communication system in which each of the
base stations to be radio-connected to the mobile station supplies the
mobile station the transmission power control information that is
determined based on reception signal quality, as claimed in claim 14. 15
This transmission power control device includes: a transmission path
quality measurer that measures the quality of the transmission path between
the mobile station and each of the base stations, based on a predetermined
signal transmitted from each of the 20 base stations with a fixed
transmission power, the quality of the transmission path being to be used
for determining to which base station the mobile station is to be
radio-connected; and a transmission power control information determiner
that determines 25 which transmission power control information is to be
used in a transmission power control operation at the mobile station, based
on the transmission power control information transmitted from each of the
base stations to the mobile station and the quality 30 of the transmission
path between the mobile station and each of the base stations measured by
the transmission path quality measurer. 



In this transmission power control device, which transmission power control
information should 35 be used in a transmission power control operation at
the mobile station is determined based on the transmission path quality
that accurately represents   -24 the conditions of the electric wave
transmission path between each base station and the mobile station, as well
as on the transmission power control information transmitted from each base
5 station to the mobile station. Furthermore, the quality of the
transmission path between the mobile station and each base station measured
in the above manner is originally used for determining to which base
station the mobile station should be radio 10 connected. Accordingly, the
structure of the transmission power control device can be simplified. The
transmission path quality measured based on a predetermined signal
transmitted from each base station with a fixed transmission power 15 can
represent the distance and the facing condition between the mobile station
and each base station, and is not limited to any particular form, as long
as being used for determining to which base station the mobile station is
to be radio-connected. For 20 instance, it is possible to use the
transmission losses, the reception level of the predetermined signal at the
mobile station, or the signal-tointerference plus noise power ratio
(reception SINR) measured based on the predetermined signal. 25 To achieve
the first object, the present invention also provides a transmission power
control device that controls transmission power of a mobile station based
on a soft decision value of transmission power control information
transmitted 30 from each of the base stations to the mobile station in a
mobile communication system in which each of the base stations to be
radio-connected to the mobile station supplies the mobile station the
transmission power control information that can 35 contain a first value
representing a control status of a power increase and a second value
representing a control status of a power decrease that are   -25 determined
based on reception signal quality, as claimed in claim 15. This
transmission power control device includes: a transmission path quality
measurer that measures the quality of the 



5 transmission path between the mobile station and each of the base
stations, based on a predetermined signal transmitted from each of the base
stations with a fixed transmission power; and a transmission power control
information determiner that determines 10 which transmission power control
information is to be used in a transmission power control operation at the
mobile station, based on the soft decision value of the transmission power
control information transmitted from each of the base stations to the 15
mobile station anal the quality of the transmission path between each of
the base stations and the mobile station measured by the transmission path
quality measurer. In this transmission power control device, the
transmission power control 20 information determiner includes: a weight
corrector that performs weighting on the soft decision value of the
transmission power control information transmitted from each of the base
stations to the mobile station, so that a greater weight is given to 25 the
transmission power control information of a base station having a higher
quality in the transmission path to the mobile station, the weight
corrector thus generating weight correction control information; a combiner
that combines the weight 30 correction control information that are
generated from the weight corrector and correspond to the transmission
power control information transmitted from the base stations, the combiner
thus generating composite transmission power control information; 35 and a
hard decision unit that performs a hard decision on the value of the
composite transmission power control information generated from the   -26
combiner, using a threshold value that is closer to the first value by a
predetermined amount from the middle value between the first value and the
second value that can be contained in the transmission 5 power control
information transmitted from each of the base stations. This transmission
power control information determiner determines which transmission power
control information is to be used in a transmission power control operation
at the mobile 10 station, based on the result of the hard decision. The
above transmission path quality between the mobile station and each base
station measured based on the predetermined signal transmitted from each
base station with a fixed 15 transmission power is not limited to any
particular form, as long as the transmission path quality represents the
conditions such as the distance and the fading condition between the mobile
station and each of the base stations. For instance, it is 20 possible to
use transmission losses, the reception level of the predetermined signal at
the mobile station, or the signal-to-interference plus noise power ratio
(the reception SINR) measured based on the predetermined signal. 25 To
achieve the first object, the present invention further provides a
transmission power control device that controls transmission power of a
mobile station based on a soft decision value of transmission power control
information transmitted 30 from each of the base stations to the mobile
station in a mobile communication system in which each of the base stations
to be radio-connected to the mobile station supplies the mobile station the
transmission power control information that can 35 contain a first value
representing a control status of a power increase and a second value
representing a control status of a power decrease that are   



-27 determined based on reception signal quality, as claimed in claim 16.
This transmission power control device includes: a transmission path
quality measurer that measures the quality of the 5 transmission path
between the mobile station and each of the base stations, based on a
predetermined signal transmitted from each of the base stations with a
fixed transmission power; and a transmission power control information
determiner that determines 10 which transmission power control information
is to be used in a transmission power control operation at the mobile
station, based on the soft decision value of the transmission power control
information transmitted from each of the base stations to the 15 mobile
station and the quality of the transmission path between each of the base
stations and the mobile station measured by the transmission path quality
measurer. In this transmission power control device, the transmission power
control 20 information determiner includes: a weight corrector that
performs weighting on the soft decision value of the transmission power
control information transmitted from each of the base stations to the
mobile station, so that a greater weight is given to 25 the transmission
power control information of a base station having a higher quality in the
transmission path to the mobile station, the weight corrector thus
generating weight correction control information; a combiner that combines
the weight 30 correction control information that are generated from the
weight corrector and correspond to the transmission power control
information transmitted from the base stations, the combiner thus
generating composite transmission power control information; a 35 first
hard decision unit that performs a hard decision on the value of the
composite transmission power control information generated from the   -28
combiner, using a first threshold value; a second hard decision unit that
performs a hard decision on the value of the composite transmission power
control information, using a second threshold value 5 that is different
from the first threshold value; and a control information generator that
generates first control information representing a control status of a
power increase, second control information representing a control status of
a power 10 decrease, or third control information representing a control
status of power maintenance, based on a decision result of the first hard
decision unit and a decision result of the second hard decision unit. This
transmission power control information 15 determiner determines that the
control information generated from the control information generator is to
be used as the transmission power control information in a transmission
power control operation at the mobile station. 20 To achieve the first
object, the present invention also provides a transmission power control
device that controls transmission power of a mobile station based on
transmission power control information transmitted from each of the base 25
stations to the mobile station in a mobile communication system in which
each of the base stations to be radio-connected to the mobile station
supplies the mobile station the transmission power control information that
is determined based on 30 reception signal quality, as claimed in claim 17.
This transmission power control device includes: a transmission path
quality measurer that measures the quality of the transmission path between
the mobile station and each of the base stations, based on a 



35 predetermined signal transmitted from each of the base stations with a
fixed transmission power; a fading condition measurer that measures a
fading   -29 condition of the mobile station; a fading condition determiner
that determines whether the fading condition of the mobile station measured
by the fading condition measurer is better than a 5 predetermined fading
condition; and a switch controller that validates a first transmission
power control information determiner when the fading condition determiner
determines that the fading condition of the mobile station is better than
the 10 predetermined condition, and validates a second transmission power
control information determiner when the fading condition determiner
determines that the fading condition of the mobile station is not better
than the predetermined condition. In this 15 transmission power control
device, the first transmission power control information determiner
includes: a weight corrector that performs weighting on the transmission
power control information transmitted from each of the base stations to the
20 mobile station, so that a greater weight is given to the transmission
power control information transmitted from a base station having a higher
quality in the transmission path to the mobile station, the weight
corrector thus generating weight 25 correction control information; and a
combiner that combines the weight correction control information that are
generated from the weight corrector and correspond to the transmission,
power control information transmitted from the base stations, the 30
combiner thus generating composite transmission power control information.
This first transmission power control information determiner determines
which transmission power control information is to be used in a
transmission power control operation at 35 the mobile station, based on the
composite transmission power control information generated from the
combiner. The second transmission power   -30 control information
determiner includes a selector that selects the transmission power control
information transmitted from the base station having the highest quality in
the transmission path to the 5 mobile station, the selection being made
from the transmission power control information transmitted from the base
stations to the mobile station, and the transmission path quality being
measured by the transmission path quality measurer. This second 10
transmission power control information determiner determines which
transmission power control information is to be used in a transmission
power control operation at the mobile station, based on the transmission
power control information selected 15 by the selector. To achieve the
second object, the present invention provides a mobile station that is to
be radio-connected to base stations in a mobile communication system, and
includes: a signal 20 combiner that combines signals transmitted from the
base stations, and thereby generates a composite signal; an information
restorer that restores downlink transmission information from the composite
signal generated from the signal combiner; a 



25 reception quality calculator that calculates reception quality of the
composite signal generated from the signal combiner; a transmission power
control information generator that generates transmission power control
information used for 30 controlling transmission power of each of the base
stations, based on the reception quality calculated by the reception
quality calculator; a transmission power control information transmitter
that transmits the transmission power control information generated 35 from
the transmission power control information generator to each of the base
stations; and one of the transmission power control devices described   -31
above, as claimed in claim 24. To achieve the third object, the present
invention provides a transmission power control method of controlling
transmission power of a 5 communication device based on predetermined
information supplied from another communication device, the communication
device performing radio transmission and reception with the other
communication device and transmitting transmission 10 power control
information that is to be used in a transmission power control operation in
the other communication device and is determined based on reception signal
quality, as claimed in claim 25. This transmission power control method
includes the 15 steps of: determining whether the reception signal quality
has become lower than a predetermined quality; and autonomously controlling
the transmission power by increasing the transmission power in accordance
with predetermined 20 characteristics, regardless of the predetermined
information supplied from the other communication device, when the
reception signal quality is determined to have become lower than the
predetermined quality in the quality determining 25 step, the transmission
power being increased from the transmission power value that is observed at
the time of the determination. In this transmission power control method,
when the reception signal quality at the 30 communication device becomes
lower than the predetermined quality, the transmission power of the
communication device is autonomously increased in accordance with the
predetermined characteristics, regardless of the predetermined information
supplied 35 from the other communication device. The transmission power of
the communication device is increased in this manner.   -32 Accordingly,
the transmission power control information that is determined based on the
reception signal quality and is to be used in a transmission power control
operation in the other 



5 communication device can be received by the other communication device
with an improved reception quality. As a result, the other communication
device can perform a transmission power control operation based on the
transmission power control 10 information of the improved quality. The
above reception signal quality is not limited to any particular form, as
long as representing the reception quality of the signal controlled by and
transmitted from the other 15 communication device to the communication
device. For instance, it is possible to use the reception level of the
signal or the SINK (signal-tointerference plus noise power ratio)
representing the ratio of the signal components to interference 20 signal
components and noise. Also, the predetermined characteristics of the
increase of the transmission power may be of any type, as long as the
transmission power does not become lower than the transmission power value
that 25 is observed at the time of the determination. For instance, with
the predetermined characteristics, the transmission power may be gradually
increased, or may be increased stepwise up to a certain level and then
maintained at the certain level. Even if 30 the transmission power value
temporarily drops during the gradually increasing process, there will be no
problem as long as the transmission power value after the dropping is not
smaller than the transmission power value that is observed at the 35 time
of the determination. The predetermined information that is supplied from
the other communication device and is   -33 to be used in a transmission
power control operation of the communication device is not limited to any
particular form, as long as the information is transmitted from the other
communication device as 5 information to be used in a transmission power
control operation of the communication device. For instance, the
predetermined information may be transmission power control information
generated based on the reception quality of a signal from the 10
communication devzce that is measured by the other communication device,
information as to the reception quality of a signal from the communication
device that is measured by the other communication device, or the like. 15
In a case where the communication device transmits such transmission power
control information to the other communication device that a reception
signal quality value approaches a target reception signal quality value,
the reception 20 quality can be easily determined. In view of this, the
above quality determining step may include the step of determining whether
the reception signal quality value has become smaller than a first
threshold value, as claimed in claim 26. When the 25 reception signal
quality value is determined to have become smaller than the first threshold
value in the first threshold value determining step, the reception signal
quality is determined to have become lower than the predetermined quality
in the 



30 quality determining step. From the same point of view as the above, the
quality determining step may include the steps of: calculating a difference
value by subtracting the reception signal quality value from the target 35
reception signal quality value; and determining whether the difference
value obtained in the difference value calculating step is equal to or
-34 greater than a second threshold value, as claimed in claim 27. When the
difference value is determined to be equal to or greater than the second
threshold value in the second threshold value determining step, 5 the
reception signal quality is determined to have become lower than the
predetermined quality in the quality determining step. In a case where the
communication device transmits such transmission power control 10
information to the other communication device that a reception signal
quality value approaches a target reception signal quality value that is
controlled in accordance with a predetermined parameter, from the same
point of view as the above, the quality 15 determining step may include the
steps of: determining whether the reception signal quality value has
becomes smaller than a first threshold value; calculating a difference
value by subtracting the reception signal quality value from the target 20
reception signal quality value; and determining whether the difference
value obtained in the difference value calculating step is equal to or
greater than a second threshold value, as claimed in claim 28. When the
reception signal quality value 25 is determined to have become smaller than
the first threshold value in the first threshold value determining step, or
when the difference value is determined to be equal to or greater than the
second threshold value in the second threshold value 30 determining step,
the reception signal quality is determined to have become lower than the
predetermined quality in the quality determining step. The predetermined
parameter, based on 35 which the target reception signal quality value is
controlled, is not limited to any particular form, and the above structure
is valid when the target   -35 reception signal quality value is not a
fixed value but a variable value that varies with the control operation.
For instance, the predetermined parameter may be the error rate in the
transmission 



5 information contained in reception signals received by the communication
device. The above autonomous control step may include the steps of:
generating such autonomous transmission power control information as to 10
increase the transmission power in accordance with the predetermined
characteristics; and switching control operations from a transmission power
control operation based on transmission power control information supplied
from the other communication 15 device to a transmission power control
operation based on the autonomous transmission power control information,
when the reception signal quality is determined to have become lower than
the predetermined quality in the quality determining 20 step, as claimed in
claim 29. It is more preferable to prevent such a situation that the
transmission power is unnecessarily increased without any improvement in
the reception signal quality. Therefore, in the 25 transmission power
control method of the present invention, the autonomous control step may
include the steps of: determining whether a transmission power increase
amount has reached a predetermined amount while the transmission power is
being 30 increased in accordance with the predetermined characteristics;
and stopping the autonomous control of increasing the transmission power in
accordance with the predetermined characteristics, when the transmission
power increase amount is determined to 35 have reached the predetermined
amount in the determining step, as claimed in claim 30. To achieve the
third object, the present   -36 invention provides a transmission power
control device that controls transmission power of a communication device
based on predetermined information supplied from another communication 5
device, the communication device performing radio transmission and
reception with the other communication device and transmitting transmission
power control information that is to be used in a transmission power
control operation in the other 10 communication device and is determined
based on reception signal quality, as claimed in claim 31. This
transmission power control device includes: a quality determiner that
determines whether the reception signal quality has become lower than a 15
predetermined quality; and an autonomous controller that increases the
transmission power in accordance with predetermined characteristics,
regardless of the predetermined information supplied from the other
communication device, when the quality 20 determiner determines that the
reception signal quality has become lower than the predetermined quality,
the transmission power being increased from the transmission power value
that is observed at the time of the determination. 25 To achieve the fourth
object, the present invention provides a communication device that
includes: a transmission power control information transmitter that
performs radio transmission and reception with another communication
device, and 



30 transmits transmission power control information that is determined
based on reception signal quality and is to be used in a transmission power
control operation in the other communication device; a controller that
controls transmission power based on 35 predetermined information supplied
from the other communication device; and any of the transmission power
control devices of claims 31 through 36, as   -37 claimed in claim 37. To
achieve the fifth object, the present invention provides a transmission
power control method of controlling transmission power of a mobile 5
station in a mobile communication system in which transmission power
control information to be used in a transmission power control operation at
the mobile station is transmitted from a base station, and signal
transmission and reception are performed 10 between the base station and
the mobile station to establish synchronization, before information data
transmission is started between the base station and the mobile station, as
claimed in claim 39. This transmission power control method includes the
step 15 of autonomously controlling transmission power to increase from an
initial value in accordance with predetermined characteristics, regardless
of the transmission power control information transmitted from the base
station, after establishing 20 synchronization at the mobile station with
respect to a signal from the base station. In this transmission power
control method, when signal transmission and reception are performed
between the base station and the mobile station to 25 establish
synchronization, the transmission power is increased from the initial value
in accordance with the predetermined characteristics, regardless of the
transmission power control information transmitted from the base station,
before information data 30 transmission is started between the mobile
station and the base station. Even if the transmission power control
information transmitted from the base station represents a rapid increase
of transmission power, 35 the above predetermined characteristics are
determined on the condition that synchronization is established in an early
stage, regardless of the   -38 transmission power control information, and
that a more efficient transmission power control operation is performed.
Unless the transmission power becomes lower than the initial value, the
predetermined 



5 characteristics can be arbitrarily set from the above point of view. For
instance, the predetermined characteristics may represent a situation in
which the transmission power is gradually increased, or a situation in
which the 10 transmission power is increased stepwise up to a certain value
and then maintained at the certain value. In the transmission power control
method of the present invention, the autonomous control 15 step may include
the step of controlling transmission power to increase in accordance with
gentler variation characteristics than variation characteristics of
transmission power controlled based on the transmission power control
information 20 transmitted from the base station, as claimed in claim 40.
It is more preferable to switch transmission power control operations
promptly at the time of stopping the transmission power control 25
operation of the autonomous control step. Therefore, the transmission power
control method of the present invention may further include the steps of:
determining whether predetermined conditions for stopping the transmission
power control operation of 30 the autonomous control step are satisfied,
after the transmission power control operation of the autonomous control
step is started; and, when it is determined that the predetermined
conditions are satisfied in the autonomous control stop condition 35
determining step, switching transmission power control operations from the
transmission power control operation of the autonomous control step to
-39 a transmission power control operation based on the transmission power
control information transmitted from the base station, as claimed in claim
41. By this transmission power control method, 5 transmission power control
operations are switched from the transmission power control operation of
the autonomous control step to the transmission power control operation
based on the transmission power control information transmitted from the
base 10 station, when the predetermined conditions are satisfied. The
predetermined conditions for stopping the transmission power control
operation of the autonomous control step may be conditions that can 15 be
determined at the mobile station regardless of information transmitted from
the base station, or conditions that can be determined at the mobile
station based on information transmitted from the base station. 20 Tn the
former case, the stop timing can be easily determined. Therefore, in the
transmission power control method of the present invention, the autonomous
control stop condition determining step may include the steps of:
determining whether a 25 predetermined period of time has passed since a
start of the transmission power control operation of the autonomous control
step; and determining that the predetermined conditions are satisfied when
the predetermined period of time has passed since the 30 start of the
transmission power control operation of the autonomous control step, as
claimed in claim 42. In the latter case, the base station 



transmits predetermined transmission power control information until
synchronization is established at 35 the base station, and transmits
closed-loop transmission power control information determined based on
reception quality of a signal transmitted   -40 from the mobile station
after synchronization is established at the base station based on the
signal from the mobile station. In this case, the autonomous control stop
condition determining step 5 may include the step of determining whether
the transmission power control information transmitted from the base
station has been switched from the predetermined transmission power control
information to the closed-loop transmission power control 10 information,
as claimed in claim 43. When it is determined in the control information
switch determining step that the transmission power control information
transmitted from the base station has been switched from the predetermined
transmission 15 power control information to the closed-loop transmission
power control information, it is determined that the predetermined
conditions are satisfied. If the predetermined transmission power 20
control information transmitted from the base station is not properly
received at the mobile station, there is a possibility that the
transmission power control information transmitted from the base station
might be wrongly recognized as 25 the closed-loop transmission power
control information. To reduce this possibility, the autonomous control
stop condition determining step may include the step of determining whether
a predetermined period of time has passed since a 30 start of the
transmission power control operation of the autonomous control step, as
claimed in claim 44. When it is determined in the start timing determining
step that the predetermined period of time has passed since the start of
the transmission 35 power control operation of the autonomous control step,
the control information switch determining step is carried out.   -41 By
this transmission power control method, the transmission power control
information transmitted from the base station is not wrongly recognized as
the closed-loop transmission power 



5 control information at least in the above predetermined period of time
from a start of the transmission power control operation of the autonomous
control step. To achieve the fifth object, the present 10 invention
provides a transmission power control method of controlling transmission
power of a mobile station in a mobile communication system in which
transmission power control information to be used in a transmission power
control operation at the mobile 15 station is transmitted from a base
station, and signal transmission and reception are performed between the
base station and the mobile station to establish synchronization, before
information data transmission is started between the base station and 20
the mobile station, as claimed in claim 45. This transmission power control
method includes the step of controlling transmission power based on gentle
transmission power control information that is designed to increase the
transmission power in 25 accordance with gentler variation characteristics
than variation characteristics of transmission power controlled based on
the transmission power control information transmitted from the base
station, after synchronization with a signal from the base station 30 is
established at the mobile station. In this transmission power control
method, a transmission power control operation based on the gentler
transmission power control information generated based on the transmission
power control 35 information transmitted from the base station is performed
at the mobile station, while signal transmission and reception are
performed between the   -42 base station and the mobile station so as to
establish synchronization, before information data transmission is started
between the mobile station and the base station. Even if the transmission 5
power control information transmitted from the base station represents a
rapid increase of transmission power, the transmission power at the mobile
station can be controlled with variation characteristics that are gentler
than the variation characteristics 10 represented by the transmission power
control information transmitted from the base station. The gentler
transmission power control information is not limited to any particular
form, as long as being generated based on the transmission 15 power control
information transmitted from the base station. For instance, the gentler
transmission power control '_nformation may be generated based on
information that is partially extracted from the transmission power control
information transmitted 20 from the base station, or may be generated based
on the average information of information pieces obtained by dividing the
transmission power control information transmitted from the base station.
It is more preferable to switch 25 transmission power control operations
promptly at the time of stopping the transmission power control operation
of the gentle transmission power control step. Therefore, the transmission
power control method of the present invention may further include 30 the
steps of: determining whether predetermined conditions for stopping the
transmission power control operation of the gentle transmission power
control step are satisfied, after the transmission power control operation
of the gentle transmission 



35 power control step is started; and, when it is determined that the
predetermined conditions are satisfied in the gentle transmission power
control   -43 stop condition determining step, switching transmission power
control operations from the transmission power control operation of the
gentle transmission power control step to a transmission 5 power control
operation based on the transmission power control information transmitted
from the base station, as claimed in claim 46. To achieve the fifth object,
the present invention further provides a transmission power 10 control
device that controls transmission power of a mobile station in a mobile
communication system in which transmission power control information to be
used in a transmission power control operation at the mobile station is
transmitted from a base 15 station, and signal transmission and reception
are performed between the base station and the mobile station to establish
synchronization, before information data transmission is started between
the base station and the mobile station, as claimed in 20 claim 47. This
transmission power control device includes an autonomous controller that
controls transmission power to increase from an initial value in accordance
with predetermined characteristics, regardless of the transmission power
control 25 information transmitted from the base station, after
synchronization with a signal from the base station is established at the
mobile station. To achieve the fifth object, the present invention also
provides a transmission power control 30 device that controls transmission
power of a mobile station in a mobile communication system in which
transmission power control information to be used in a transmission power
control operation at the mobile station is transmitted from a base station,
and 35 signal transmission and reception are performed between the base
station and the mobile station to establish synchronization, before
information data   -44 transmission is started between the base station and
the mobile station, as claimed in claim 53. This transmission power control
device includes a gentle transmission power controller that controls 5
transmission power based on gentle transmission power control information
that is designed to control transmission power in accordance with gentler
variation characteristics than variation characteristics of transmission
power controlled 



10 based on the transmission power control information transmitted from the
base station, after synchronization with a signal from the base station is
established at the mobile station. To achieve the sixth object, the present
15 invention provides a mobile station that includes a transmission power
control device that controls transmission power when signals are
transmitted to and from a base station so as to establish synchronization
before information data is sent to 20 the base station that transmits
transmission power control information to be used in a transmission power
control operation, as claimed in claim 55. In this mobile station, the
transmission power control device includes an autonomous controller that 25
controls transmission power to increase from an initial value in accordance
with predetermined characteristics, regardless of the transmission power
control information transmitted from the base station, after
synchronization with a signal from 30 the base station is established at
the mobile station. To achieve the sixth object, the present invention
further provides a mobile station that includes a transmission power
control device that 35 controls transmission power when signals are
transmitted to and from a base station so as to establish synchronization
before information data is   -45 sent to the base station that transmits
transmission power control information to be used in a transmission. power
control operation, as claimed in claim 57. In this mobile station, the
transmission 5 power control device includes a gentle transmission power
cor_troller that controls transmission power based on gentle transmission
power control information that is designed to control transmission power in
accordance with gentler variation 10 characteristics than variation
characteristics of transmission power controlled based on the transmission
power control information transmitted from the base station, after
synchronization with a signal from the base station is established at the
15 mobile station. The other objects, features, and advantages of the
present invention will become more apparent from the following description,
with 20 reference to the accompanying drawings. BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 2 illustrates a soft handover process in a mobile
communication system to which a 25 transmission power control method in
accordance with the present invention is applied; FIG. 2 is a block diagram
illustrating an example structure of a mobile station on which transmission
power control is performed by the 



30 transmission power control method that is an embodiment of the present
invention; FIG. 3 is a block diagram illustrating a first example structure
of the transmission power control signal determiner of the mobile station
35 shown in FIG. 2; FIG. 4 is a block diagram illustrating an example
structure of a hard decision unit;   -46 FIG. 5 illustrates an example of
operation logic in the operation unit shown in FIG. 4; FIG. 6 is a block
diagram illustrating a second example structure of the transmission power 5
control signal determiner of the mobile station shown in FIG. 2; FIG. 7 is
a block diagram illustrating a third example structure of the transmission
power control signal determiner of the mobile station 10 shown in FIG. 2;
FIG. 8 is a block diagram illustrating a fourth example structure of the
transmission power control signal determiner of the mobile station shown in
FIG. 2; 15 FIG. 9 is a block diagram illustrating a fifth example structure
of the transmission power control signal determiner of the mobile station
shown in FIG. 2; FIG. 10 is a block diagram illustrating an 20 example
structure of a mobile communication system to which a transmission power
control method in accordance with an embodiment of the present invention is
applied; FIG. 11 is a block diagram illustrating an 25 example structure of
the transmission/reception device of the mobile station shown in FIG. 10;
FIG. 12 illustrates an example structure of the SINK monitor of the
transmission/reception device shown in FIG. 11; 30 FIG. 13 illustrates
examples of the conditions of the reception SINR at the mobile station and
examples of the conditions of transmission power control based on the
reception SINR; 35 FIG. 14 is a block diagram illustrating an example
structure of the transmission/reception device of a mobile station;  



-47 FIG. 15 illustrates a first example of the transmission power control
performed at the mobile station; FIG. 16 is a flowchart showing an example
5 of procedures carried out by the closed-loop control timing determiner of
the transmission/reception device; FIG. 17 illustrates a second example of
the transmission power control performed at the 10 mobile station; FIG. 18
is a block diagram illustrating yet another example structure of the
transmission/reception device of the mobile station; FIG. 19 illustrates a
third example of the 15 transmission power control performed at the mobile
station; FIG. 20 illustrates examples of the conditions of the reception
SINR in accordance with a conventional transmission power control method;
20 FIG. 21 illustrates procedures of establishing synchronization between a
mobile station and a base station; and FIG. 22 illustrates a transmission
power control operation at a mobile station in accordance 25 with a
conventional transmission power control method. PREFERRED EMBODIMENTS FOR
CARRYING OUT THE INVENTION The following is a description of 30 embodiments
of the present invention, with reference to the accompanying drawings.
(Embodiments in accordance with claims 1 through 24) 35 FIG. 1 illustrates
a general example of soft handover in a CDMA mobile communication system to
which a transmission power control method in   -48 accordance with an
embodiment of the present invention is applied. In the soft handover
process shown in FIG. 1, a mobile station MS is radio-connected to base 5
stations BS1 ar_d BS2 in the boundary area between the service areas of the
base stations BS1 and BS2, while moving from the service area of the base
station BS1 to the service area of the base station BS2. In this situation,
the mobile station MS 



10 combines signals received from the base stations BS1 and BS2, and
obtains transmission information from the composite signal. The base
stations BS1 and BS2 each receive signals transmitted from the mobile
station MS. These received signals are combined by 15 a host station, for
example, and the transmission information of the mobile station MS is
obtained from the composite signal. With the mobile station MS being
radioconnected to the base stations BS1 and BS2, the 20 mobile station MS
and the base stations BS1 and BS2 perform transmission power control based
on transmission power control bits transmitted from communication
terminals. The mobile station MS may have a structure 25 shown in FIG. 2.
In FIG. 2, the mobile station MS includes a transmission and reception
separator 20 and a transmission system that includes an error correction
encoder 11, a data bit modulator 12, a 30 transmission power control bit
modulator 13, a spreader 14, a radio transmitter 15, and a transmission
power controller 16. Predetermined processes, such as adding an error
detecting parity bit to each data frame, are 35 carried out on data
supplied from an information source (an audio processor or data processor)
in accordance with the CRC (Cycle Redundancy Check)   -49 method, for
example. The error correction encoder 11 encodes the data provided with a
parity bit for each frame. The data bit modulator 12 generates a data
modulation signal from the frame encoded data. 5 The transmission power
control bit modulator 13 generates a control bit modulation signal from the
transmission power control bits for controlling the base station
transmission power generated in the manner described later. The 10 control
bit modulation signal indicates either "+1" corresponding to a transmission
power control bit "1" (representing a power increase) or "-1" corresponding
to a transmission power control bit "0" (representing a power decrease). 15
The spreader 14 multiplexes the data modulation signal generated from the
date bit modulator 12 and the transmission power control bit modulation
signal generated from the transmission power control bit modulator 13, and
spreads the 20 multiplexed signal using the characteristic spread code of
the mobile station MS. The spread signal obtained by the spreader 14 is
transmitted as a signal of a predetermined frequency from the radio
transmitter 15 via the transmission and reception 25 separator 20. The
transmission power controller 16 controls the transmission power of the
radio transmitter 15 based on a transmission power control signal generated
in the manner described later. The 30 transmission power control signal can
represent one of the control operations of increasing transmission power,
decreasing transmission power, and maintaining transmission power. The
transmission power controller 16 increases or decreases the 35 transmission
power of the radio transmitter 15 by a predetermined amount (dB), or
maintains the current transmission power of the radio transmitter 15, in 



-50 accordance with the control operation represented by the transmission
power control signal. The base stations BS1 and BS2 each have a
transmission system having the same structure as the 5 transmission system
of the mobile station MS. Thus, the base stations BS1 and BS2 each
multiplexes data and transmission power control bits for controlling
transmission power in the mobile station MS, and transmits the multiplexed
signal using a 10 characteristic spread code. The mobile station MS also
has a reception system that includes a radio receiver 21, two inverse
spreaders 22 and 23, a demodulator/combiner 24, an error correction
decoder/error detector 25, 15 an error rate measurer 26, a SINR measurer
27, a target SINR determiner 28, a SINR comparator 29, and a transmission
power control bit determiner 30. Once the spread signals generated by
multiplexing the data and the transmission power 20 control bits
transmitted from the base stations BS1 and BS2 are received by the radio
transmitter 21 in a soft handover process, the received signals are
supplied to the inverse spreaders 22 and 23. The inverse spreader 22
spreads the received signal 25 using the characteristic spread code of the
base station BS1. By doing so, the inverse spreader 22 obtains a reception
data signal and a reception transmission power control bit signal
(hereinafter referred to as the "reception TPC signal 1") 30 corresponding
to the data and the transmission power control bit transmitted from the
base station BS1. The inverse spreader 23 spreads the received signal using
the characteristic spread code of the base station BS2. By doing so, the
inverse spreader 23 35 obtains a reception data signal and a reception
transmission power control bit signal (hereinafter referred to as the
"reception TPC signal 2")   -51 corresponding to the data and the
transmission power control bit transmitted from the base station BS2. The
demodulator/combiner 24 demodulates 



and combines the reception data signals obtained by 5 the inverse spreaders
22 and 23, so as to generate a composite base band signal. The composite
base band signal is then supplied to the error correction demodulator/error
detector 25, which performs error correction decoding for each frame and
determines 10 whether there is a transmission error in accordance with the
CRC method. The demodulation result is supplied as the information output
to the signal processor (not shown) of the mobile station MS. The error
correction demodulator/error detector 25 also 15 outputs an error detection
result that shows whether there is a transmission error for each frame. The
error rate measurer 26 calculates a frame error rate (FER) as the reception
quality of the information restored from the reception signals 20 (desired
signal components), based on the error detection result from the error
correction demodulator/error detector 25. The SINK measurer 27 calculates a
reception SINR (signal-to-interference plus noise 25 power ratio). The
target SINK determiner 28 determines such a target SINR that the reception
quality (FER) of the information outputted from the error rate measurer 26
becomes equal to the target quality (outer loop control). The SINR
comparator 30 29 compares the reception SINK transmitted from the SINR
measurer 27 with the target SINR transmitted from the target SINK
determiner 28, and outputs the comparison result. The transmission power
control bit 35 determiner 30 determines the value of a transmission power
control bit based on the comparison result from the SINR comparator 29
(inner loop control).   -52 More specifically, if the reception SINR is
smaller than the target SINR, the transmission power control bit determiner
30 determines that the reception level of the deSINRed signal components is
low, and 5 determines the transmission power control bit to be "1", which
represents a transmission power increase. On the other hand, if the
reception SINR is equal to or greater than the target SINR, the
transmission power control bit determiner 30 determines that the 10
reception level of the desired signal components is high, and determines
the transmission power control bit to be "0", which represents a
transmission power decrease. The transmission power control bit determined
in this manner is then supplied to the 15 transmission power control bit
modulator 13. Accordingly, the transmission power control bit is
transmitted to the base stations BS1 and BS2, which then perform
transmission power control based on the transmission power control bit. 20
Like the reception system of the mobile station MS, the base stations BS1
and BS2 each measures the reception SINR of each signal transmitted from
mobile stations on which the same transmission power control as the above
is to be 25 performed, and determines such a transmission power control bit
that the reception SINR becomes as close as possible to the target SINR.
Each of the base stations BS1 and BS2 also transmits a pilot signal of a
constantly fixed power 30 value through a pilot channel that is spread with
a 



spread code that is different from the spread code used for the
transmission of the data and the transmission power control bit. The pilot
signal transmitted from each base station is used for 35 determining to
which base station the mobile station MS should be radio-connected in a
soft handover process. Accordingly, the mobile station MS   -53 receives
the pilot signal from each base station, and then determines to which base
station it should be radio-connected, based on the transmission loss
between the mobile station and the base station 5 determined from the
reception level and the reception SINR of the pilot signal or the reception
level and the reception SINK of the pilot signal plus the transmission
level of a pilot signal separately trar_smitted from the base station. 10
Here, the transmission level of a pilot signal is equal to the value set by
notification information supplied to the mobile station MS. The
notification information contains the transmission level of the pilot
signal to be transmitted from the 15 antenna of each base station. The
value obtained by subtracting the reception level (dBm) measured in the
mobile station MS from the transmission level (dBm) of the pilot signal
represents a transmission loss (dB). The reception level to be used for 20
determining a transmission loss value should be subjected to an averaging
process so as to avoid influence of an instantaneous variation (a fading
variation) in the electric wave transmission path. As a result, the
reception level can more accurately 25 represent a distance variation. The
mobile station MS further includes two pilot signal
demodulators/transmission loss calculators 31 and 32, and a transmission
power control signal determiner 33 in the reception system. 30 The pilot
signal demodulators/transmission loss calculators 31 and 32 each calculate
a transmission loss to be used for determining to which base station the
mobile station MS should be radioconnected. More specific procedures will
be as 35 follows. After the pilot signal transmitted through the pilot
channel of one of the base stations BS1   -54 and BS2, whichever is
determined to be a base station to which the mobile station MS should be
radio-connected, is received by the radio receiver 21 via the transmission
and reception separator 20 



5 in a soft handover process, the received signal is then supplied to the
inverse spreaders 22 and 23. The inverse spreader 22 performs an inverse
spread process on the received signal, using the spread code of the pilot
channel of the base station BS1. 10 Through this inverse spread process, a
reception pilot signal corresponding to the pilot signal transmitted from
the base station BS1 can be obtained. Meanwhile, the inverse spreader 23
performs an inverse spread process on the received 15 signal, using the
spread code of the pilot channel of the base station BS2. Through this
inverse spread process, a reception pilot signal corresponding to the pilot
signal transmitted from the base station BS2 can be obtained. 20 The
reception pilot signal obtained by the inverse spreader 22 is supplied to
the pilot signal demodulator/transmission loss calculator 31. The pilot
signal demodulator/transmission loss calculator 31 demodulates the supplied
reception 25 pilot signal, and calculates the reception level (dBm) of the
pilot signal from the demodulated signal. Using the reception level (dBm)
and the transmission level (dBm) of the pilot signal supplied as the
notification information from the 30 network side as described above, a
transmission loss 1 in the electric wave transmission path between the
mobile station MS and the base station BS1 is calculated. More
specifically, the difference between the transmission level (dBm) of the
pilot 35 signal and the reception level (dBm) of the pilot signal is
obtained as the transmission loss 1 (dB). The reception pilot signal
obtained by the   -55 inverse spreader 23 is supplied to the pilot signal
demodulator/transmission loss calculator 32. The pilot signal
demodulator/transmission loss calculator 32 demodulates the supplied
reception 5 pilot signal, and calculates the reception level (dBm) of the
pilot signal from the demodulated signal. Like the pilot signal
demodulator/transmission loss calculator 31, the pilot signal
demodulator/transmission loss 10 calculator 32 calculates the difference
between the transmission level (dBm) of the pilot signal and the reception
level (dBm) of the pilot signal transmitted as the notification
information, and sets the difference as,a transmission loss 2 (dB) in 15
the electric wave transmission path between the mobile station MS and the
base station BS2. The reception TPC signal 1 that is obtained by the
inverse spreader 22 and corresponds to the transmission power control bit
transmitted 20 from the base station BS1, the reception TPC signal 2 that
is obtained by the inverse spreader 23 and corresponds to the transmission
power control bit transmitted from the base station BS2, the transmission
loss 1 in the electric wave 25 transmission path between the mobile station
MS and the base station BS1 that is obtained by the pilot signal
demodulator/transmission loss calculator 31, and the transmission loss 2 in
the electric wave transmission path between the mobile station MS and 30
the base station BS2 that is obtained by the pilot signal
demodulator/transmission loss calculator 32, are supplied to the
transmission power control signal determiner 33. The transmission power
control signal 35 determiner 33 determines a transmission power control
signal for the mobile station MS, based on the information of two
transmission power control  



-56 bits transmitted from the base stations BS1 and BS2 radio-connected to
the mobile station MS. In other words, the transmission power control
signal determiner 33 determines the transmission power 5 control signal
based on the reception TPC signal 1, the reception TPC signal 2, the
transmission loss 1, and the transmission loss 2. In determining the
transmission power control signal, the transmission power control signal
determiner 33 regards the 10 transmission loss 1 and the transmission loss
2 as the reliabilities of the reception TPC signal 1 and the reception TPC
signal 2. Referring now to FIG. 3, a first example structure of the
transmission power control signal 15 determiner 33 will be described. In
FIG. 3, the transmission power control signal determiner 33 includes two
TPC demodulators 301 and 302, a TPC soft decision value weight combiner
303, and a hard decision unit 304. The TPC 20 soft decision value weight
combiner 303 includes a weight coefficient determiner 310, two weight
correctors 311 and 312, and a combiner 313. The TPC demodulator 301
demodulates the reception TPC signal 1 supplied from the inverse 25
spreader 22, and outputs the level value of the demodulated signal as a
soft decision value TPC-SS1 of the transmission power control bit supplied
from the base station BS1. The TPC demodulator 302 demodulates the
reception TPC signal 2 supplied from 30 the inverse spreader 23, and
outputs the level value of the demodulated signal as a soft decision value
TPC-SS2 of the transmission power control bit transmitted from the base
station BS2. These soft decision values TPC-SS1 and TPC-SS2 reflect the 35
conditions of the electric wave transmission paths between the mobile
station MS and the base stations BS1 and BS2, respectively. For instance,
if the   -57 transmissior_ power control bits are demodulated to the values
"+1" and "-1" and then transmitted, the soft decision values TPC-SS1 and
TPC-SS2 should be "+1" and "-1" in the transmission paths in the ideal 5
conditions. The weight coefficient determiner 310 of the TPC soft decision
value weight combiner 303 determines weight coefficients for the soft
decision values TPC-SS1 and TPC-SS2, based on the 10 transmission loss 1
and the transmission loss 2. The weight coefficient determiner 3l0
determines each weight coefficient in such a manner that, the smaller the
transmission loss, the greater the weight coefficient. For instance, the
weight 15 coefficients are determined based on the reciprocals of the
transmission losses 1 and 2. The weight corrector 311 multiplies the soft
decision value TPC-SS1 of the transmission power control bit by the weight
coefficient 



20 corresponding to the transmission loss 1, so as to output a corrected
value. The weight corrector 312 multiplies the soft decision value TPC-SS2
of the transmission power control bit by the weight coefficient
corresponding to the transmission loss 2, 25 so as to output a corrected
value. In this manner, the transmission losses 1 and 2 are considered as
the reliabilities of the soft decision values TPCSS1 and TPC-SS2 of the
transmission power control bits. In other words, a soft decision value
TPC-SS1 30 or TPC-SS2 that is believed to have a high reliability is
multiplied by a great weight coefficient. The combiner 313 performs maximum
ratio combining (MRC) on the corrected values of the soft 35 decision
values TPC-SS1 and TPC-SS2 outputted from the weight correctors 311 and
312. More specifically, the corrected values are added up, and   -58 a TPC
combined soft decision value is outputted from the combiner 313. In a case
where the soft decision value TPC-SS1 of the transmission power control bit
(0, 0, 5 0, 0, 0, ...) transmitted from the base station BS1 is "-0.2,
-0.3, 0.1, -0.3, -0.6, ...", the soft decision value TPC-SS2 of the
transmission power control bit (1, 1, 1, 1, 1, ...) transmitted from the
base station BS2 is "0.6, 0.3, 0.4, 0.2,  10 0.1 ...", and the weight
coefficient corresponding to the transmission loss 1 is 1.1, while the
weight coefficient corresponding to the transmission loss 2 is 0.9, the TPC
combined soft decision value becomes "0.32, -Q.06, 0.47, -0.15, -0.75 ...".
15 The TPC combined soft decision value obtained in the above manner is
then supplied to the hard decision unit 304. The hard decision unit 304
determines whether the supplied TPC combined soft decision value is equal
to or greater than a 20 predetermined threshold value, or smaller than the
predetermined threshold value, and outputs the determination result as a
transmission power control signal. If the predetermines threshold value is
"0" and the TPC combined soft decision value is "0.32,  25 0.06, 0.47,
-0.15, -0.75, ...", a transmission power control signal "1, 0, 1, 0, 0,
..." is outputted. Based on the transmission power control signal, the
transmission power controller 16 increases the transmission power at the
radio 30 transmitter 15 by a predetermined amount (the transmission power
control signal - 1) or decreases the transmission power at the radio
transmitter 15 by a predetermined amount (the transmission power control
signal - 0). 35 As described above, in the mobile station MS, weight
combining is performed on the soft decision values TPC-SS1 and TPC-SS2 of
the  



-59 transmission power control bits transmitted from the base stations BS1
and BS2, so that the transmission loss in the transmission path between the
mobile station MS and each of the base stations BS1 and BS2 5 determined
from the transmission level and the reception level of a pilot signal
subjected to no transmission power control (i.e., transmitted with a fixed
transmission power) can be regarded as being reliable. The hard decision
result of a TPC 10 combined soft decision value obtained by the weight
combining is set as a transmission power control signal. Based on the
transmission power control signal, the transmission power control is
performed in the mobile station MS. Thus, the conditions of 15 the
transmission path between the mobile station MS and each of the base
stations BS1 and BS2 can be more accurately taken into consideration in the
transmission power control for the mobile station MS. In the above example,
the threshold value 20 in the hard decision unit 304 is set at "0", which
is the center value between the modulated signals "+1" and "-1" of the
transmission power control bits transmitted from the base stations BS1 and
BS2. To realize efficient transmission power control, the 25 threshold
value may be set slightly closer to "+1". In such a case, the TPC weight
combined value may easily be determined to be "0" which represents a
transmission power decrease, and the transmission power control can be
performed with a relatively low 30 power. The threshold value in the hard
decision unit 304 can be arbitrarily set within such a range that
communication between each mobile station and each base station can be
properly established any time in the mobile communication system. 35 The
hard decision unit 304 may have a structure shown in FIG. 4. This hard
decision unit 304 uses two threshold values Thl and Th2.   -60 In FIG. 4,
the hard decision unit 304 includes a first hard decision unit 321, a
second hard decision unit 322, and an operation unit 323. The first hard
decision unit 321 performs a hard 5 decision on the TPC combined soft
decision value supplied from the TPC soft decision value weight combiner
303, using the first threshold value Thl. More specifically, the first hard
decision unit 321 determines whether the TPC combined soft decision 10
value is equal to or greater than the first threshold value Thl, or smaller
than the first threshold value Thl. The first hard decision unit 321 then
outputs the decision result. Meanwhile, the second hard decision unit 322
performs a hard 15 decision on the TPC combined soft decision value, using
the second threshold value Th2, which is smaller than the first threshold
value Thl (Th2 < Thl). More specifically, the second hard decision unit 322
determines whether the TPC combined soft 20 decision value is equal to or
greater than the second threshold value Th2, or smaller than the second
threshold value Th2. The second hard decision unit 322 then outputs the
decision result. The operation unit 323 outputs an 25 operation result C
obtained from a decision value A supplied from the first hard decision unit
321 and a decision value B supplied from the second hard decision unit 322.
The operation result C is outputted as a transmission power control signal.



30 The operation logic may be as shown in FIG. 5. More specifically, if the
decision value A is "1" (which indicates that the TPC combined soft
decision value is equal to or greater than the first threshold value Thl)
while the decision value B is "1" (which 35 indicates that the TPC combined
soft decision value is equal to or greater than the second threshold value
Th2), an operation result C of "1" is   -61 outputted as a transmission
power control signal that represents a transmission power increase by a
predetermined amount (dB). If the decision value A is "0" (which indicates
that the TPC combined soft 5 decision value is smaller than the first
threshold value Thl) while the decision value B is "0" (which indicates
that the TPC combined soft decision value is smaller than the second
threshold value Th2), an operation result C of "0" is outputted as a 10
transmission power control signal that represents a transmission power
decrease by a predetermined amount ( dB ) . Further, if the decision value
A is "0" while the decision value B is "1", i.e., if the TPC 15 combined
soft decision value is smaller than the first threshold value Thl but equal
to or greater than the second threshold value Th2, an operation result C of
"Maintain" is outputted as a transmission power control signal to maintain
the 20 current transmission power. A situation in which the decision value
A is "1" while the decision value B is "0" is not logically possible,
because the first threshold value Thl is greater than the second threshold
value Th2 (Th1 > Th2). 25 With the above structure of the hard decision
unit 304, the current transmission power is maintained when the TPC
combined soft decision value does not clearly represent a power increase or
a power decrease (i.e., when the TPC combined soft 30 decision value is
smaller than the first threshold value Thl but equal to or greater than the
second threshold value Th2). Thus, an inadvertent increase or decrease of
transmission power can be prevented. Referring now to FIG. 6, a second
example 35 structure of the transmission power control signal determiner 33
will be described. In FIG. 6, the same components as those in FIG. 3 are
denoted by   -62 the same reference numerals also as those in FIG. 3. As
can be seen from FIG. 6, the transmission power control signal determiner
33 includes two TPC demodulators 301 and 302, a 



5 comparator 305, a selector 306, and a hard decision unit 307. Like the
foregoing example (see FIG. 3), the TPC demodulators 301 and 302 demodulate
the reception TPC signal 1 and the reception TPC signal 2 supplied from the
inverse spreaders 22 and 23, and 10 output the level values of the
demodulated signals as the soft decision values TPC-SS1 and TPC-SS2 of the
transmission power control bits transmitted from the base stations BS1 and
BS2. The comparator 305 compares the 15 transmission loss 1 calculated by
the pilot signal demodulator/transmission loss calculator 31 with the
transmission loss 2 calculated by the pilot signal demodulator/transmission
loss calculator 32, and outputs the comparison result. The selector 306 20
inputs the comparison result from the comparator 305 as a selection control
signal, and, based on the selection control signal, selects either the
output from the TPC demodulator 301, which is the soft decision value
TPC-SS1 of the transmission power 25 control bit transmitted from the base
station BS1, or the output from the TPC demodulator 302, which is the soft
decision value TPC-SS2 of the transmission power control bit transmitted
from the base station BS2. 30 If a selection control signal based on a
comparison result indicating that the transmission loss 1 is smaller than
the transmission loss 2 is inputted into the selector 306 from the
comparator 305, the selector 306 selects the output from the 35 TPC
demodulator 301. If a selection control signal based on a comparison result
indicating that the transmission loss 2 is smaller than the transmission
-63 loss 1 is inputted into the selector 306 from the comparator 305, the
selector 306 selects the output from the TPC demodulator 302. The hard
decision unit 307 performs a hard 5 decision on the selected soft decision
value TPC-SSl or TPC-SS2 of the transmission power control bit, using a
predetermined threshold value. The hard decision unit 307 then outputs the
hard decision result as a transmission power control signal. It 10 should
be noted that the hard decision unit 307 can perform a hard decision on the
soft decision value TPC-SS1 or TPC-SS2 in the same manner as that of the
hard decision unit 304 (see FIG. 3). With the transmission power control
signal 15 determiner 33 having the above structure, a transmission power
control signal is determined based on the soft decision value TPC-SS1 or
TPC-SS2 of the transmission power control bit transmitted through the
electric wave transmission path having 20 the smallest transmission loss
among the electric wave transmission paths between the mobile station MS
and the base stations BS1 and BS2. Accordingly, transmission power control
can be performed for the mobile station MS, while the conditions of the 25
transmission path between the mobile station MS and each of the base
stations BS1 and BS2 is taken into consideration. The transmission power
control for the mobile station MS based on a transmission power 30 control
signal determined by the transmission power control signal determiner 33
having the above structure (shown in FIG. 6) is preferable in that more
accurate transmission power control can be performed when there is a great
difference between 35 the transmission losses in the transmission paths
between the mobile station MS and the base stations. Referring now to FIG.
7, a third example 



-64 structure of the transmission power control signal determiner 33 will
be described. In FIG. 7, the same components as those in FIG. 3 are denoted
by the same reference numerals also as those in FIG. 3. 5 As can be seen
from FIG. 7, the transmission power control signal determiner 33 includes
two TPC demodulators 301 and 302, a weight coefficient determiner 310, two
weight correctors 31l and 312, two hard decision units 314 and 315, 10 and
a minimum value selector 316. Like the first example structure (see FIG.
3), the weight coefficient determiner 310 determines weight coefficients
corresponding to the transmission loss 1 and the transmission loss 2, and
15 weight correctors 311 and 312 multiply the outputs of the TPC
demodulators 301 and 302, which are the soft decision values TPC-SS1 and
TPC-SS2 of the transmission power control bits transmitted from the base
stations BS1 and BS2, by the weight 20 coefficients corresponding to the
transmission loss 1 and the transmission loss 2, so as to output corrected
values. The hard decision unit 314 performs a hard decision on the
corrected value of the soft decision 25 value TPC-SS1 outputted from the
weight corrector 311, using a predetermined threshold value. The hard
decision unit 315 also performs a hard decision on the corrected value of
the soft decision value TPC-SS2 outputted from the weight corrector 312, 30
using a predetermined threshold value. The hard decision output from the
hard decision unit 314 corresponds to the transmission power control bit
transmitted from the base station BS1, while the hard decision output from
the hard decision unit 315 35 corresponds to the transmission power control
bit transmitted from the base station BS2. If the values of both hard
decision   -65 outputs of the hard decision units 314 and 315 are the same
(both indicating "1" that represents a transmission power increase or both
indicating "0" that represents a transmission power decrease), the 5
minimum value selector 316 outputs the value of either one of the hard
decision outputs as a transmission power control signal. If the values of
the hard decision outputs from the hard decision units 314 and 315 are
different from each other (one 10 of the values indicating "1" that
represents a transmission power increase, while the other indicating "0"
that represents a transmission power decrease), the minimum value selector
316 outputs the smaller value "0" as a transmission power 



15 control signal. In a case where the value of the hard decision output
from the hard decision unit 314 is "1, 0, l, 0, 0, ..." while the value of
the hard decision output from the hard decision unit 315 is 20 "1, 1, 1, 1,
1, ...", the minimum value selector 316 outputs "1, 0, 1, 0, 0, ..." as a
transmission power control signal. With the transmission power control
signal determiner 33 having the above structure, the 25 transmission losses
in the transmission paths between the mobile station MS and the base
stations BS1 and BS2 are regarded as representing reliabilities, and weight
correction is performed on the soft decision values TPC-SS1 and TPC-SS2 of
the 30 transmission power control bits transmitted from the base stations
BS1 and BS2. If the hard decision results of the weight-corrected values
are different from each other, the smaller hard decision result is set as a
transmission power control signal. Based 35 on the transmission power
control signal determined in this manner, transmission power control for
the mobile station MS is performed. Accordingly, the   -66 conditions of
the transmission paths between the mobile station MS and the base stations
BS1 and BS2 can be more accurately taken into consideration, and efficient
transmission power control for the mobile 5 station MS can be performed.
Referring now to FIG. 8, a fourth example structure of the transmission
power control signal determiner 33 will be described. In FIG. 8, the same
components as those in FIG. 3 are denoted by 10 the same reference numerals
also as those in FIG. 3. As can be seen from FIG. 8, the transmission power
control signal determiner 33 includes two TPC demodulators 301 and 302,
four hard decision units 317, 318, 331, and 332, a minimum 15 value
selector 319, and a selector 333. Like each of the foregoing examples, the
TPC demodulators 301 and 302 demodulate the reception TPC signal 1 and the
reception TPC signal 2 supplied from the inverse spreaders 22 and 23 (see
FIG. 2), and output the 20 level values of the modulated signals as the
soft decision values TPC-SS1 and TPC-SS2 of the transmission power control
bits transmitted from the base stations BS1 and BS2. The hard decision unit
317 performs a hard 25 decision on the soft decision value TPC-SS1
outputted from the TPC demodulator 301, using a predetermined threshold
value. The hard decision output from the hard decision unit 317 corresponds
to the transmission power control bit transmitted 30 from the base station
BS1. The hard decision unit 318 performs a hard decision on the soft
decision value TPC-SS2 outputted from the TPC demodulator 302, using a
predetermined threshold value. The hard decision output from the hard
decision unit 318 35 corresponds to the transmission power control bit
transmitted from the base station BS2. 



If the values of both hard decision   -67 outputs from the hard decision
units 317 and 318 are the same, the minimum value selector 319 outputs the
value of either one of the hard decision outputs. If the values of the hard
decision outputs from the 5 hard decision units 317 and 318 are different
from each other ("0" and "I"), the minimum value selector 319 outputs the
smaller value "0" as a transmission power control signal. The hard decision
unit 331 outputs either 10 a hard decision result indicating that the
transmission loss 1 calculated by the pilot signal demodulator/transmission
loss calculator 31 is equal to or greater than a predetermined threshold
value, or a hard decision result indicating that the 15 transmission loss 1
is smaller than the predetermined threshold. The hard decision unit 332
outputs a hard decision result indicating that the transmission loss 2
calculated by the pilot signal demodulator/transmission loss calculator 32
is equal 20 to or greater than the predetermined threshold value, or a hard
decision result indicating that the transmission loss 2 is smaller than the
predetermined threshold value. The hard decision results from the hard
decision units 331 and 332 are 25 supplied as selection control signals to
the selector 333. Based on the selection control signals, the selector 333
selects a hard decision output value A of the hard decision unit 317
corresponding 30 to the transmission power control bit transmitted from the
base station BS1, an output value MIN from the minimum value selector 319,
or a hard decision output value B of the hard decision unit 318
corresponding to the transmission power control bit 35 transmitted from the
base station BS2. For instance, if the transmission loss 1 is smaller than
the predetermined threshold value   -68 while the transmission loss 2 is
equal to or greater than the predetermined threshold value, the selector
333 selects the hard decision output value A of the hard decision unit 317
and outputs the hard decision 5 output value A as a transmission power
control signal, in accordance with the selection control signals based on
the hard decision results outputted from the hard decision units 331 and
332. If the transmission loss 1 is equal to or greater than the 



10 predetermined threshold value while the transmission loss 2 is smaller
than the threshold value, the selector 333 selects the hard decision output
value B of the hard decision unit 318 and outputs the hard decision output
value B as a transmission power 15 control signal, in accordance with the
selection control signals based on the hard decision results outputted from
the hard decision units 331 and 332. Further, if the transmission loss 1
and the transmission loss 2 are both smaller than the 20 predetermines
threshold value, the selector 333 selects the output value MIN from the
minimum value selector 319 and outputs the output value MIN as a
transmission power control signal, in accordance with the selection control
signals based on the hard 25 decision results outputted from the hard
decision units 331 and 332. With the transmission power control signal
determiner 33 having the above structure, a transmission power control
signal is determined by 30 the hard decision result of the soft decision
value of the transmission power control bit transmitted through the
electric wave transmission path having the smaller transmission loss of the
electric wave transmission paths between the mobile station MS and 35 the
base stations BS1 and BS2. Also, if the transmission losses in the electric
wave transmission paths between the mobile station MS and   -69 the base
stations BSl and BS2 are both equal to or greater than the predetermined
threshold value, or both smaller than the predetermined threshold value,
the soft decision values TPC-SS1 and TPC-SS2 of the 5 transmission power
control bits transmitted from the base stations BS1 and BS2 are considered
to have the same reliabilities (or only the same reliabilities), and the
smaller value (~~0") of the hard decision results .s set as a transmission
power control 10 signal. Referring now to FIG. 9, a fifth example structure
of the transmission power control signal determiner 33 will be described.
In FIG. 9, the same components as those shown in FTGS. 3 and 6 are 15
denoted by the same reference numerals also as those shown in FIGS. 3 and
6. As can be seen from FIG. 9, the transmission power control signal
determiner 33 includes two TPC demodulators 301 and 302, a TPC 20 soft
decision value weight combiner 303, and a hard decision unit 304, which are
the same as the components of the example structure shown in FIG. 3. The
transmission power control signal determiner 33 also includes a selector
306 that selects one of the 25 soft decision values TPC-SS1 and TPC-SS2
supplied from the TPC demodulators 301 and 302, a comparator 305 that
compares the transmission loss 1 with the transmission loss 2 and outputs
the comparison result as a selection control signal to the selector 30 306,
and a hard decision unit 307, which are the same as the components of the
example structure shown in FIG. 6. The transmission power control signal
determiner 33 further includes a selector 334 that selects either the hard
decision output value 35 from the hard decision unit 304 or the hard
decision output value from the hard decision unit 307. 



The mobile station MS in this example   -~o further includes a fading
frequency measurer 40 and a fading decision unit 41. The fading frequency
measurer 40 measures the fading frequency of each reception signal. The
fading frequency may be 5 measured based on the level variation of an
output signal (a composite demodulation signal) supplied from the
demodulator/combiner 24. The fading frequency of each spread channel may
also be determined based on the level variation of a 10 demodulation signal
of a pilot signal in each spread channel (see Japanese Laid-Open Patent
Application No. 2000-082929, already filed by the present applicant). The
average value of the fading frequency of each spread channel and the
largest 15 fading frequency among the fading frequencies of the spread
channels can be used as fading frequency measurement values. If the level
of the desired signal components decreases due to fading, the reception
SINR drops, and a transmission power 20 control bit is determined so as to
bring the reception SINR closer to the target SINR. Accordingly, the fading
frequency can be measured based on the variation of the transmission power
control bit determined in the above manner. 25 The fading decision unit 41
determines whether the fading frequency measured by the fading frequency
measurer 40 in the above manner is not smaller than a reference value, and
outputs the decision result as a selection control signal. 30 Receiving a
selection control signal corresponding to a decision result from the fading
decision unit 41 indicating that the measured value of the fading frequency
is smaller than the reference value, the selector 334 selects the hard
decision output value 35 from the hard decision unit 304, and outputs the
hard decision output value as a transmission power control signal.
Receiving a selection control   -71 signal corresponding to a decision
result from the fading decision unit 41 indicating that the measured value
of the fading frequency is equal to or greater than the reference value,
the selector 334 selects 5 the hard decis_on output value from the hard
decision unit 307, and outputs the hard decision output value as a
transmission power control signal. With the transmission power control
signal determiner 33 hav_ng the above structure, if the 10 moving speed of
the mobile station MS and the fading frequency at the mobile station MS are
both relatively low, weight combining is performed on the soft decision
values TPC-SS1 and TPC-SS2 of the transmission power control bits
transmitted from the 15 base stations BS1 and BS2, based on the
transmission losses 1 and 2 in the electric wave transmission paths between
the mobile station MS and the base stations BS1 and BS2, and a hard
decision result of a TPC combined soft decision value obtained from the 



20 weight combining is set as a transmission power control signal. This
process is the same as in the example shown in FIG. 3. On the other hand,
if the moving speed of the mobile station MS and the fading frequency at
the mobile station MS are relatively 25 high, a transmission power control
signal is determined based on a soft decision value of the transmission
power control bit transmitted through the electric wave transmission path
having the smallest transmission loss in the electric wave 30 transmission
paths between the mobile station MS and the base stations BS1 and BS2, This
process is the same as in the example shown in FIG. 6. Accordingly, when
the transmission paths between the mobile station MS and the base stations
35 BS1 and BS2 are relatively in good conditions (i.e., when the fading
frequency is relatively low), a transmission power control signal for the
mobile   -72 station MS is determined based on both of the transmission
power control bits transmitted from the base stations BS1 and BS2. When the
transmission paths between the mobile station MS and the base 5 stations
BS1 and BS2 are not in very good conditions (i.e., when the fading
frequency is relatively high), a transmission power control signal for the
mobile station MS is determined based on the transmission power control bit
transmitted through the most 10 preferable transmission path (having the
smallest transmission loss). As a result, transmission power control can be
performed on the mobile station MS, while the more preferable conditions of
the transmission paths between the mobile station MS and 15 the base
stations BS1 and BS2 are taken into consideration. Although a transmission
power control signal obtained by the structure shown in FIG. 3 and a
transmission power control signal obtained by the 20 structure shown in
FIG. 3 are switched based on the fading frequency in the above example, a
transmission power control signal obtained by the structure shown in FIG. 7
or 8 can be employed instead of a transmission power control signal 25
obtained by the structure shown in FIG. 6. Although the mobile station MS
is radioconnected to the two base stations BS1 and BS2 in each of the
foregoing examples, transmission power control can also be performed for
the mobile station 30 MS through the same procedures as the above in a
situation where the mobile station MS is radioconnected to three or more
base stations. In each of the foregoing examples, transmission power
control information to be used in 35 transmission power control is selected
from transmission power control information transmitted from the base
stations to the mobile station MS,   



-73 while the transmission losses in the electric wave transmission paths
between the mobile station MS and the base stations BS1 and BS2 are taken
into consideration. However, the present invention is 5 not limited to it.
For instance, the reception levels of pilot signals that serve as
information representing the transmission quality between the mobile
station MS and each of the base station BS1 and BS2 and are measured based
on pilot signals 10 transmitted from the base stations, or a reception SINR
that can be calculated from the pilot signals, can be employed instead of
the transmission losses. For further simplification of the entire
structure, the information representing the transmission 15 quality should
preferably be used for determining to which base station the mobile station
MS is to be radio-connected. In each of the foregoing examples, the pilot
signal demodulators/transmission loss 20 calculators 31 and 32 are
equivalent to the transmission loss calculators and transmission path
quality measurers in claims, and the transmission power control signal
determiner 33 is equivalent to the transmission power control information
25 determiner in claims. Also, the weight coefficient determiner 310 and
the weight correctors 3l1 and 312 are equivalent to the weight correctors
in claims, the combiner 313 is equivalent to the combiner in claims, 30 and
the selector 334 shown in FIG. 9 is equivalent to the selector in claims.
In the following, embodiments in accordance with claims 25 through 38 will
be described. 35 (Embodiments in accordance with claims 25 through 38)
-74 The following is a description of embodiments of the present invention,
with reference to the accompanying drawings. FIG. 10 illustrates an example
of a radio 5 communication system to which a transmission power control
method in accordance with the present invention is applied. This radio
communication system is a CDMA mobile communication system in which signal
transmission and reception are 10 performed among mobile stations and base
stations. As shown in FIG. 10, a mobile station 100 and a base station 200
transmit and receive signals (including packets, control signals, and audio
signals) in accordance with the CDMA technique. The 15 mobile station 100
includes a transmission/reception device 110, a signal processor 150, and a
user interface 160. The base station 200 includes a transmission/reception
device 210 and a signal processor 220. 



20 Information (such as audio information, text information, or image
information) inputted by a user through the user interface 160 of the
mobile station 100 is processed by the signal processor 150 to generate
signals in a predetermined format. The 25 signals outputted from the signal
processor 150 are supplied to the transmission/reception device 1l0, which
performs predetermined operations such as encoding and modulation on the
signals. The resultant signals are then transmitted from the 30
transmission/reception device 110 to the base station 200. Upon receipt of
the signals from the mobile station 100, the transmission/reception device
210 of the base station 200 performs 35 predetermined operations such as
demodulation and decoding on the received signals. The signals generated
from the transmission/reception device 210   -75 are then converted by the
signal processor 220 into a format that can be transmitted over the
network. The converted signals are transmitted from the signal processor
220 to a communication terminal via 5 the network. At the base station 200,
the signals supplied via the network are processed by the signal processor
220 to obtain signals in a predetermined format. The signals outputted from
the signal 10 processor 220 are supplied to the transmission/reception
device 210, which performs predetermined operations such as encoding and
modulation on the signals. The resultant signals are transmitted from the
transmission/reception 15 device 210 to the mobile station l00. The
transmission/reception device 110 of the mobile station 100 that has
received the signals from the base station 200 then performs predetermined
operations such as demodulation and 20 decoding on the received signals.
The signals generated from the transmission/reception device 110 are
converted by the signal processor 150 into a format that can be handled at
the user interface 160. Based on the converted signals, the information 25
(such as audio information, text information (Email), or image information)
is shown to the user. The transmission/reception device 110 of the mobile
station 100 performs transmission power control (uplink transmission power
control), based 30 on transmission power control bits (transmission power
control information that represents a power increase or a power decrease)
transmitted from the base station 200. The transmission/reception device
210 of the base station 200 also performs 35 transmission power control
(downlink transmission power control), based on transmission power control
bits transmitted from the mobile station 100.   



-76 Accordingly, the transmission/reception device 1l0 of the mobile
station 100 and the transmission/reception device 210 of the base station
200 have the same structures in terms of 5 transmission power control. In
the following, the uplink transmission power control will be described in
detail. The transmission/reception device 110 of the mobile station 100 may
have a structure 10 illustrated in FIG. 11. As can be seen from FIG. 11,
the transmission/reception device 110 has a transmission system and a
reception system that share a transmission and reception separator 11l. The
15 reception system includes a radio receiver 112, an error correction
decoder/error detector 113, an error rate measurer 114, a SINR measurer
115, a SINR comparator 116, a target SINR determiner 117, a transmission
power control bit determiner l18, and a 20 transmission power control bit
extractor 119. Signals transmitted from the base station 200 are supplied
to the radio receiver 112 via the transmission and reception separator 111.
The radio receiver 112 performs an inverse spread process and 25 a
demodulation process on each of the reception signals supplied from the
transmission and reception separator 111, so as to generate a base band
signal. As will be described later, the reception signals include a data
signal corresponding to data 30 transmitted from the base station 200 and a
control signal corresponding to each transmission power control bit also
transmitted from the base station 200. The base band signal obtained
through the demodulation process performed on each control 35 signal is
supplied to the transmission power control bit extractor 119. The
transmission power control bit extractor 119 restores the transmission
power   _77_ control bit frcm the base band signal. The base band signal
obtained through the demodulation process performed on each data signal by
the radio receiver 112 is supplied to the error 5 correction decoder/error
detector 113, which performs error correction decoding for each frame, and
detects a transmission error in accordance with the CRC (Cycle Redundancy
Check) technique. The result of the decoding is supplied as an information
10 output from the transmission/reception device 110 to the signal
processor 150 (shown in FIG. 10). This error correction decoder/error
detector 113 also outputs an error detection result that indicates whether
a transmission loss exists with respect to 15 each frame. The error rate
measurer 114 calculates a frame error rate (FER) as the reception quality
of the information restored from the reception signal (the desired signal
components), based on the error 20 detection result outputted from the
error correction decoder/error detector 113. 



The SINR measurer 115 calculates a reception SINR (signal-to-interference
plus noise power ratio) based on each reception signal obtained 25 by the
radio receiver 112. The calculation cycle is shorter than the data frame
cycle. The target SINR determiner 117 determines a target SINR so that the
reception quality (FER) of the information outputted from the error rate
measurer l14 becomes equal to 30 the target quality. More specifically, the
target SINK determiner 117 performs such a control operation as to increase
the value of the target SINR if the reception quality of the information is
lower than the target quality, and to decrease the 35 value of the target
SINR if the reception quality of the information is higher than the target
quality (outer loop control). The SINK comparator 116   _78_ compares the
reception SINR outputted from the SINR measurer 115 with the target SINR
outputted from the target SINR determiner 117, and outputs the result of
the comparison. 5 The transmission power control bit determiner 118
determines each transmission power control bit to be used in a transmission
power control operation at the base station 200, based on the comparison
result outputted from the SINR 10 comparator 116 (inner loop control). If
the reception SINK is smaller than the target SINR, the reception level of
the desired signal components is determined to be low, and the transmission
power control bit is set at a value that indicates an 15 increase of
transmission power ("1", for example). On the other hand, if the reception
SINR is greater than the target SINR, the reception level of the desired
signal components is determined to be high, and the transmission power
control bit is set at a 20 value that indicates a decrease of transmission
power ("0", for example). The transmission power control bit determined in
this manner is supplied from the transmission power control bit determiner
118 to a radio transmitter 122 of the transmission 25 system (described
later), and is then transmitted to the base station 200. The transmission
system of the mobile station 100 performs predetermined operations on the
information supplied from the signal processor 150 30 (shown in FIG. 10),
such as adding of an error detecting parity bit to each frame in accordance
with the CRC technique, and error correction encoding of the data of each
frame provided with the error detecting parity bit. The encoded data are 35
then supplied to the radio transmitter 122. The radio transmitter 122
performs a modulation on the encoded data supplied in the above   -79
manner, and thus generates a data modulation signal. The radio transmitter
122 also performs a modulation on the transmission power control bit
supplied from the transmission power control bit determiner 118, 



5 as described above, so as to generate a control bit modulation signal.
The radio transmitter 122 then multiplexes the control bit modulation
signal and the data modulation signal. The multiplexed signal is then
subjected to a spread process using a 10 predetermined spread code. The
radio transmitter 122 transmits the signal obtained through the spread
process via the transmission and reception separator 111. The transmission
system of the mobile 15 station 100 further includes a transmission power
controller 123, a SINR monitor 124, a gradually increasing bit pattern
generator 125, and a switch 126. The transmission power control bit 20
outputted from the transmission power control bit extractor 119 of the
reception system is supplied to the transmission power controller l23 via
the switch 126. Here, the transmission power controller 123 controls the
transmission power at the radio 25 transmitter 122, based on the
transmission power control bits transmitted from the base station 200. In
this manner, the transmission power control at the radio transmitter 122 of
the mobile station 100 is performed so that the reception SINR approaches
30 the target SINR in the base station 200. The SINR monitor 124 receives
the reception SINR measured by the SINR measurer 115 and the target SINR
determined by the target SINR determiner 117, and monitors the reception
SINR to 35 determine whether it is in a normal state, using a predetermined
first threshold value ThA and a predetermined second threshold value ThB.
If the   -80 reception SINR is in a normal state, the SINR monitor 124
outputs a control signal indicating a first condition (a low level, for
example). If the reception SINR is in an abnormal state, the SINR 5 monitor
124 outputs a control signal indicating a second condition (a high level,
for example). When the control signal indicating the first condition is
outputted from the SINR monitor 124, the switch 126 connects the
transmission power 10 control bit extractor 119 to the transmission power
controller 123 in accordance with the control signal. As a result, the
transmission power control bit is supplied from the transmission power
control bit extractor 119 to the transmission power controller 15 123, as
described earlier. When the control signal indicating the second condition
is outputted from the SINR monitor 124 (i.e., when the reception SINR is in
an abnormal state), the gradually increasing bit pattern 20 generator 125
is activated with the control signal. The gradually increasing bit pattern
generator 125 generates a bit pattern corresponding to a transmission power
control bit string that is designed to gradually increase transmission
power 25 (hereinafter referred to as the "gradually increasing bit
pattern). Also in accordance with the control signal, the switch 126
connects the gradually increasing bit pattern generator 125 to the
transmission power controller 123. As a result, 



30 the gradually increasing bit pattern generated from the gradually
increasing bit pattern generator 125 is supplied to the transmission power
controller 123. The SINR monitor 124 may have a structure shown in FIG. 12.
35 As can be seen from FIG. 12, the SINK monitor 124 includes a comparator
131 that compares the reception SINR with the first threshold value   -81
ThA, a subtractor l32 that subtracts the reception SINR from the target
SINR and outputs a SINR difference value ~SIYR, and a comparator 133 that
compares the SINK difference value Os~NR outputted 5 from the subtractor
132 with the second threshold value Thg. When the reception SINR is smaller
than the first threshold value ThA, the comparator 131 outputs a high-level
signal, for example. When the reception SINR is equal to or greater than
the first 10 threshold value ThA, the comparator 131 outputs a low-level
signal, for example. When the SINR difference value ~sINR is equal to or
greater than the second threshold value ThB, the comparator 133 outputs a
high-level signal, for example. When the 15 SINR difference value ~sINR is
smaller than the second threshold value Tha, the comparator 133 outputs a
low-level signal, for example. The SINR monitor 124 further includes an OR
gate 134, an up-down counter 135, and an AND gate 20 136. The output
signals of the comparators 13l and 133 are inputted to the OR gate 134, and
the output signal of the OR gate l34 is inputted to the start terminal (S)
and the reset terminal (R) of the updown counter 135 as well as the AND
gate 136. The 25 gradually increasing bit pattern generated from the
gradually increasing bit pattern generator 125 is inputted to the counter
terminal (C) of the up-down counter 135. When the output signal from the OR
gate 30 134 switches to the high level, the up-down counter 135 is reset
and then restarted, and switches its output signal to the high level. When
receiving a bit of the gradually increasing bit pattern representing a
power increase (`~1", for example), 35 the up-down counter 135 adds 1 to
the counter. When receiving a bit representing a power decrease, the
up-down counter 135 subtracts 1 from the counter.   -82 When the counter
value reaches a predetermined value N, the up-down counter 135 switches its
output signal to the low level. The output signal of the up-down counter
l35 as well as the output of the OR 



5 gate 134 are inputted to the AND gate 136. The output of the AND gate 136
is the output of the SINR monitor 124. The counter value of the up-down
counter 135 that counts up or down depending on the value of 10 each bit of
the gradually increasing bit pattern corresponds to the increase amount of
the transmission control to be controlled with the gradually increasing bit
pattern. The predetermined value N set by the up-down counter 135
corresponds 15 to the upper limit of the increase amount of the
transmission power to be controlled with the gradually increasing bit
pattern. In the mobile station 100 having the above structure, the
transmission power control (the 20 uplink transmission power control) shown
in FIG. 13 is performed. As shown in FIG. 13, while the reception SINR is
fluctuating within a relatively narrow range around the target SINR (during
the period until time 25 tl), the reception SINR is equal to or greater
than the first threshold value ThA, and the SINR difference value ~SIyR
representing the difference between the target SINR and the reception SINR
is smaller than the second threshold value ThB. 30 Accordingly, both
outputs of the comparators 131 and 133 in the SINR monitor 124 are of the
low level, and the control signal outputted from the SINR monitor 124
represents the first condition (the low level). Upon receipt of the control
signal, the 35 switch 126 connects the transmission power control bit
extractor 119 to the transmission power controller 123. Based on the
transmission power   -83 control bits (...1l100001111000) that are
transmitted from the base station 200 and extracted by the transmission
power control bit extractor 119, the transmission power controller 123
performs 5 transmission power control on the radio transmitter 122. This
situation is a normal situation, and the transmission power control at the
mobile station l00 is performed in such a manner that the reception SINR at
the base station 200 approaches the target 10 SINR. At this point, the
quality of the reception signal from the base station 200 deteriorates for
some reason, and the reception SINK drops (during the period between time
tl and time 15 t2). In such a situation, based on the relationship between
the reception SINR and the target SINR, the transmission power control bit
determiner 118 generates a transmission power control bit to increase the
transmission power of the base station 20 200, and the transmission bit is
transmitted from the mobile station 100 to the base station 200. Despite
that, the quality of the reception signal from the base station 200
deteriorates, and the reception SINR becomes smaller than the first 25
threshold value ThA (at time t2). The output of the comparator 131 of the
SINR monitor 124 then switches to the high level. With that, the up-down
counter 135 is activated, and the output signal of the updown counter 135
switches to the high level. As a 30 result, the AND gate 136, i.e., the
SINR monitor 124, outputs a control signal representing the second
condition (the high level). 



As the control signal outputted from the SINR monitor 124 switches to the
second condition, 35 the gradually increasing bit pattern generator 125 is
activated, and the switch 126 connects the gradually increasing bit pattern
generator 125 to   -84 the transmission power controller 123. As a result,
the transmission power controller 123 performs the transmission power
control on the radio transmitter 122, based on the gradually increasing bit
pattern 5 outputted from the gradually increasing bit pattern generator
125. If the gradually increasing bit pattern is "11101110111", three
transmission power increases by a predetermined amount (1 dB, for example)
and a 10 transmission power decrease by a predetermined amount are
alternately performed so as to gradually increase the transmission power.
During this process, as the reception quality of the transmission power
control bits transmitted from the 15 mobile station 100 to the base station
200 is improved, normal transmission power control is performed at the base
station 200, based on the transmission power control bits generated in the
mobile station 100. 20 In this manner, transmission power control is
autonomously performed at the mobile station 100 based on the gradually
increasing bit pattern, regardless of the transmission power control bits
transmitted from the base station 200. Accordingly, 25 the reception SINR
measured by the SINR measurer 115 of the mobile station 100 does not
exhibit the abnormal behavior of further dropping as indicated by the
dotted line in FIG. 13, but gradually increases. When the reception SINK
exceeds the 30 first threshold value ThA at time t3, the output of the
comparator 131 of the SINR monitor 124 drops to the low level. As a result,
the control signal outputted from the SINR monitor 124 switches to the
first condition (the low level). The switch 126 35 then connects the
transmission power control bit extractor 119 to the transmission power
controller 123. Based on the transmission power control bits   -85
"00111000011..." that are transmitted from the base station 200 and
extracted by the transmission power control bit extractor 119, the
transmission power controller 123 performs transmission power control 5 on
the radio transmitter 122 in the same manner as in the normal situation. 



In the mobile station 100, the target SINR is controlled based on the
quality of received information (FER) (outer loop control). Because of 10
this, monitoring only the absolute value of the reception SINR does not
necessarily help to detect an abnormality in the reception SINR. Therefore,
the SINR difference value ~sINR obtained by subtract=ng the reception SINR
from the target SINK 15 is compared with the second threshold value Thg.
Based on the comparison result, transmission power control is performed.
Even if the reception SINR is equal to or greater than the first threshold
value ThA, the 20 output of the comparator 133 of the SINR monitor 124
switches to the high level when the SINK difference value OsINR becomes
equal to or greater than the second threshold value ThB, and the control
signal representing the second condition (the high level) 25 is outputted
from the SINR monitor 124, as in the foregoing example. With the control
signal representing the second condition, transmission power control is
autonomously performed based on the gradually increasing bit pattern in the
same manner 30 as described above. Also, if the reception SINR cannot be
improved promptly while transmission power control is autonomously
performed based on the gradually increasing bit pattern, the counter value
of the up 35 down counter 135 of the SINR monitor 124 reaches the
predetermined value N before the reception SINR becomes equal to or greater
than the first threshold   -86 value ThA. In other words, the amount of the
transmissior_ power increase reaches the upper limit. As a result, tre
output signal from the up-down counter l35 drops to the low level, and the
control 5 signal outputted from the SINR monitor 124 switches to the first
condition. Thus, the autonomous transmission power control based on the
gradually increasing bit pattern is suspended, and the regular transmission
power control based on the transmission 10 power control bits transmitted
from the base station 200 is started. In this manner, when the counter
value of the up-down counter 135 that increases or decreases the counter
value depending on the value of each bit 15 in the gradually increasing bit
pattern reaches the predetermined value N, the autonomous transmission
power control based on the gradually increasing bit pattern is suspended,
so as to prevent an unnecessary increase of the transmission power with 20
no likelihood that the reception SINR will be improved. By the above
transmission power control at the mobile station 100, the transmission
power at the mobile station 100 is gradually increased, when 25 the
reception SINR is not improved though the transmission power control bits
generated based on the reception SINR are transmitted to the base station
200. Thus, the quality of the transmission power control bits received by
the base station 200 30 can be improved. With the improvement of the
quality of the transmission power control bits received by the base station
200, the transmission power control can be accurately performed at the base
station 200, and the reception SINK measured at 



35 the mobile station 100 can be prevented from continuously decreasing
below a predetermined quality (the target SINR).   _87_ The first threshold
value ThA and the second threshold value ThB are set at values that are
experimentally determined based on the actual communication states in the
mobile communication 5 system. The predetermined value N corresponding to
the upper limit of a transmission power increase to be set in the up-down
counter 135 is determined so as to keep balance between the improvement
characteristics of the reception SINR and efficient 10 power control. In
the above example, whether the reception SINR is normal is determined from
the result of a comparison between the reception SINR and the first
threshold value ThA and the result of 15 a comparison between the SINR
difference value ~SINR and the second threshold value ThB. However, whether
the reception SINR is normal can also be determined from one of the above
comparison results. Particularly in a case where transmission power 20
control is performed with the target SINR as a fixed value, whether the
reception SINR is normal should be determined from only one of the above
two comparison results. The methods of determining whether the 25 reception
SINR is normal using a threshold value are not limited to the above
examples, but a threshold value used when the reception SINR goes through a
transition from a normal state to an abnormal state can be different from a
threshold value used when 30 the reception SINR goes through a transition
from an abnormal state to a normal state. Also, when the state (a normal
state or an abnormal state) that can be determined with a threshold value
lasts over a predetermined period of time, a final determination 35 on the
state can be made. Further, any other known determination method that uses
a threshold value can be employed.   _88_ In the above examples, the
transmission power is gradually increased with the gradually increasing bit
pattern, combining power increases and power decreases. However, the
transmission 5 power may also be gradually increased by a control operation
in which the transmission power is alternately increased from the current
level and maintained at the current level. In the above examples, the
transmission 10 power is gradually increased until the reception SINR is
improved. However, if the reception SINR is determined to be abnormal, the
transmission power may be increased by a predetermined amount at once, and,
while the situation is maintained, whether the 15 reception SINR can be
improved within a predetermined period of time is determined. If the
reception SINR is improved to a certain degree within the predetermined
period of time, the regular transmission power control is resumed. In order
to 



20 prevent unnecessary control operations maintaining the relatively high
transmission power while the reception SINR is not being improved, the
regular transmission power control may be resumed after the predetermined
period of time has passed even though 25 the reception SINR has not been
improved to the certain degree. Also, in the above examples, the regular
transmission power control based on the transmission power control is
resumed, when the transmission 30 power increase amount reaches the upper
limit (i.e., when the counter value of the up-down counter 135 reaches the
predetermined value N) while the transmission power is autonomously
controlled based on the gradually increasing bit pattern. However, 35 the
transmission power value may be fixed at the point where the transmission
power increase amount reaches the upper limit.   -89 The reception SINR
used in the SINR monitor 124 is a value measured for each slot in the above
examples. However, the average value among two or more slots may be
employed. 5 In a case where the mobile station 100 is radio-connected to a
plurality of base stations through soft handovers, the transmission power
control described above can be performed based on the reception SINK with
respect to a composite 10 reception signal obtained by combining reception
signals from the base stations. Although the transmission power control is
performed at the mobile station 100 in the above examples, it may be
performed at the base station 15 200. In the above examples, the SINR
monitor 124 corresponds to the quality determining step (or the quality
determiner), and the gradually increasing bit pattern generator 125 and the
switch 20 126 correspond to the autonomous control step (or the autonomous
controller) in claims. The comparator 131 shown in FIG. 12 corresponds to
the first threshold value determining step (or the first threshold value
determiner) in 25 claims. The subtractor 132 shown in FIG. 12 corresponds
to the difference value calculating step (or the difference value
calculator) in claims. The comparator 133 shown in FIG. 12 corresponds to
the second threshold value determining step (or the 30 second threshold
value determiner) in claims. The gradually increasing bit pattern generator
125 also corresponds to the autonomous transmission power control
information generating step (or the autonomous transmission power control
35 information generator) in claims. The switch 126 also corresponds to the
control switching step (or the control switcher) in claims. The up-down  



-90 counter 135 shown in FIG. 12 corresponds to the determining step (or
the determiner), and the AND gate 136 corresponds to the autonomous control
stopping step (or the autonomous control stopper) in 5 claims. Next,
embodiments in accordance with claims 39 through 58 will be described.
(Embodiments in accordance with claims 39 10 through 58) In the following,
further embodiments of the present invention will be described, with
reference to the accompanying drawings. A mobile communication system to
which a 15 transmission power control method in accordance with the present
invention will be applied has the same structure as the mobile
communication system shown in FIG. 10. In the structure shown in FIG. 10, a
20 mobile station 100 and a base station 200 perform transmission and
reception of signals (including packets, control signals, and audio
signals) in accordance with the CDMA technique. The mobile station 100
includes a transmission/reception device 25 110, a signal processor 150,
and a user interface 160. The base station 200 includes a
transmission/reception device 2l0 and a signal processor 220. Information
(such as audio information, 30 text information, or image information)
inputted by a user through the user interface 160 of the mobile station 100
is processed by the signal processor 150 to generate signals in a
predetermined format. The signals outputted from the signal processor 150
are 35 supplied to the transmission/reception device 110, which performs
predetermined operations such as encoding and modulation on the signals.
The   -91 resultant signals are then transmitted from the
transmission/reception device 110 to the base station 200. Upon receipt of
the signals from the 5 mobile station 100, the transmission/reception
device 210 of the base station 200 performs predetermined operations such
as demodulation and decoding on the received signals. The signals generated
from the transmission/reception device 210 10 are then converted by the
signal processor 220 into a format that can be transmitted over the
network. The converted signals are transmitted from the signal processor
220 to a communication terminal via the network. 15 At the base station
200, the signals supplied via the network are processed by the signal
processor 220 to obtain signals in a predetermined format. The signals
outputted from the signal processor 220 are supplied to the 20
transmission/reception device 210, which performs predetermined operations
such as encoding and modulation on the signals. The resultant signals are
transmitted from the transmission/reception device 210 to the mobile
station 100. 



25 The transmission/reception device 110 of the mobile station 100 that has
received the signals from the base station 200 then performs predetermined
operations such as demodulation and decoding on the received signals. The
signals 30 generated from the transmission/reception device 110 are
converted by the signal processor 150 into a format that can be handled at
the user interface 160. Based on the converted signals, the information
(such as audio information, text information (E35 mail), or image
information) is shown to the user. The transmission/reception device 110 of
the mobile station 100 performs transmission power   -92 control (uplink
transmission power control), based on transmission power control bits
(transmission power control information that represents a power increase or
a power decrease) transmitted from the 5 base station 200. The
transmission/reception device 210 of the base station 200 also performs
transmission power control (downlink transmission power control), based on
transmission power control bits transmitted from the mobile station 100. 10
The transrnission/reception device 110 of the mobile station 100 may have a
structure illustrated in FIG. 14. As can be seen from FIG. 14, the
transmission/reception device 110 has a transmission 15 system and a
reception system that share a transmission and reception separator 111. The
reception system includes a radio receiver l12, an error correction
decoder/error detector 113, an error rate measurer 114, a SINR measurer
1l5, a SINR 20 comparator 116, a target SINR determiner 117, a transmission
power control bit determiner 118, and a transmission power control bit
extractor 119. Signals transmitted from the base station 200 are supplied
to the radio receiver 112 via the 25 transmission and reception separator
111. The radio receiver 112 performs an inverse spread process and a
demodulation process on each of the reception signals supplied from the
transmission and reception separator l11, so as to generate a base band
signal. 30 As will be described later, the reception signals include a data
signal corresponding to data transmitted from the base station 200 and a
control signal corresponding to each transmission power control bit also
transmitted from the base station 35 200. The base band signal obtained
through the demodulation process performed on each control signal is
supplied to the transmission power control   -93 



bit extractor 119. The transmission power control bit extractor 1l9
restores each transmission power control bit from the base band signal. The
base band signal obtained through the 5 demodulation process performed on
each data signal by the radio receiver 112 is supplied to the error
correction decoder/error detector 113, which performs error correction
decoding for each frame, and detects a transmission error in accordance
with 10 the CRC (Cycle Redundancy Check) technique. The result of the
decoding is supplied as information output from the transmission/reception
device 110 to the signal processor 150 (shown in FIG. 10). This error
correction decoder/error detector 113 also 15 outputs an error detection
result that indicates whether a transmission loss exists with respect to
each frame. The error rate measurer 114 calculates a frame error rate (FER)
as the reception quality of 20 the information restored from the reception
signal (the desired signal components), based on the error detection result
outputted from the error correction decoder/error detector 113. The SINK
measurer 115 calculates a 25 reception SINK (signal-to-interference plus
noise power ratio) based on each reception signal obtained by the radio
receiver 112. The calculation cycle is shorter than the data frame cycle.
The target SINR determiner 117 determines a target SINR so that the 30
reception quality (FER) of the information outputted from the error rate
measurer 114 becomes equal to the target quality. More specifically, the
target SINR determiner 117 performs such a control operation as to increase
the value of the target 35 SINR if the reception quality of the information
is lower than the target quality, and to decrease the value of the target
SINR if the reception quality of   -94 the information is higher than the
target quality (outer loop control). The SINR comparator 116 compares the
reception SINR outputted from the SINR measurer 115 with the target SINR
outputted from the 5 target SINR determiner 117, and outputs the result of
the comparison. The transmission power control bit determiner 118
determines each transmission power control bit to be used in a transmission
power 10 control operation at the base station 200, based on the comparison
result outputted from the SINR comparator 116 (inner loop control). If the
reception SINR is smaller than the target SINR, the reception level of the
desired signal components is 15 determined to be low, and the transmission
power control bit is set at a value that indicates an increase of
transmission power ("1", for example). On the other hand, if the reception
SINR is greater than the target SINR, the reception level of the 20 desired
signal components is determined to be high, and the transmission power
control bit is set at a value that indicates a decrease of transmission
power ("0", for example). The transmission power control bit determined in
this manner is supplied 



25 from the transmission power control bit determiner 118 to a radio
transmitter 122 of the transmission system (described later), and is then
transmitted to the base station 200. The reception system having the above
30 structure further includes a synchronous state determiner 130 and a
closed-loop control start timing determiner 135. Before starting actual
uplink communication to transmit data directed to the base 35 station 200,
the mobile station 100 transmits and receives signals in a certain format
to and from the base station 200, so as to establish synchronization.   -95
In this operation to establish synchronization, the radio receiver 112
performs synchronization initiation based on a signal supplied from the
base station 200, ar_d establishes synchronization through 5 the
synchronization initiation. The synchronous state determiner 130 monitors
the synchronization initiation performed by the radio receiver 112, and
determines whether synchronization (uplink synchronization) has been 10
established. Determining that synchronization has been established, the
synchronous state determiner 130 outputs a synchronization establishing
signal. The closed-loop control start timing determiner 135 includes a
timer function, and outputs a switch 15 control signal for switching pieces
of transmission power control information to be used in a transmission
power control operation of the transmission/reception device 110 during the
operation to establish synchronization. The 20 functions of the closed-loop
control start timing determiner 135 will be described later in detail. The
transmission system of the mobile station 100 performs predetermined
operations on the information supplied from the signal processor l50 25
(shown in FIG. 10), such as adding of an error detecting parity bit to each
frame in accordance with the CRC technique, and error correction encoding
of the data of each frame provided with the error detecting parity bit. The
encoded data are 30 then supplied to the radio transmitter 122. The radio
transmitter 122 performs a modulation on the encoded data supplied in the
above manner, and thus generates a data modulation signal. The radio
transmitter 122 also performs a modulation 35 on the transmission power
control bit supplied from the transmission power control bit determiner
118, as described above, so as to generate a control bit   -96 



modulation signal. The radio transmitter 122 then multiplexes the control
bit modulation signal and the data modulation signal. The multiplexed
signal is then subjected to a spread process using a 5 predetermined spread
code. The radio transmitter 122 transmits the signal obtained through the
spread process via the transmission and reception separator 111. The
transmission system of the mobile 10 station 100 further includes a
transmission power controller 123, a gradually increasing bit pattern
generator 125, a switch 126, and a transmission start/stop controller 127.
The transmission power controller 123 15 controls the transmission power at
the radio transmitter 122, based on the transmission power control bits
that are transmitted from the base station 200 and extracted by the
transmission power control bit extractor 119 via the switch 126, or 20
based on the transmission power control bits generated from the gradually
increasing bit pattern generator 125 (these transmission power control bits
will be hereinafter referred to as the "gradually increasing bit pattern").
The gradually increasing 25 bit pattern generated from the gradually
increasing bit pattern generator 125 serves as transmission power control
bits to increase the transmission power at a slower rate than the increase
rate of transmission power that is controlled based on 30 transmission
power control bits "1, 1, 1, 1, ..." that indicate a continuous power
increase. The gradually increasing bit pattern may have a pattern "1, 1, 0,
1, 1, 0, 1, 1, 0, ..." in which a set of two bits "1" indicating power
increases and a single 35 bit "0" indicating a power decrease appear
alternately. As already described, when a   -97 synchronization
establishing signal is outputted from the synchronous state determiner 130,
the transmission start/stop controller 127 prompts the radio transmitter
122 to transmit a signal in a 5 predetermined format that is essential for
the synchronizing operation at the base station 200. More specifically, the
transmission start/stop controller 127 outputs a transmission start signal
~1 to prompt the radio transmitter 122 to transmit a 10 signal in the
predetermined format. The closed-loop control start timing determiner 135
contains a timer that is activated with the transmission start signal ~1
outputted from the transmission start/stop controller 127. The closed-loop
control start 15 timing determiner 135 determines whether the time measured
by the timer has become equal to or longer than a predetermined time. When
the measured time has become equal to or longer than the predetermined
time, the closed-loop control start timing 20 determiner 135 outputs a
switch control signal. Before the mobile station 100 starts transmitting
information data to the base station 200, the switch 126 normally connects
the transmission power controller 123 to the gradually 25 increasing bit
pattern generator 125. In this situation, the transmission power controller
123 performs a transmission power control operation for the radio
transmitter 122, based on the gradually increasing bit pattern generated
from the gradually 



30 increasing bit pattern generator 125. When the switch control signal is
outputted from the closedloop control start timing determiner 135, the
switch 126 switches the connections of the transmission power controller
123 to the transmission power 35 control bit extractor 119. In this
situation, the transmission power controller 123 performs a transmission
power control operation for the radio   _98_ transmitter 122, based on the
transmission power control bits that are transmitted from the base station
200 and extracted by the transmission power control bit extractor 119
(closed-loop control). 5 Like the transmission/reception device 110 of the
mobile station 100, the transmission/reception device 210 of the base
station 200 determines each transmission power control bit based on the
reception SINR with respect 10 to reception signals from the mobile station
100, and transmits the transmission power control bit to the mobile station
100. Also, the transmission/reception device 210 of the base station 200
performs transmission power control in 15 accordance with transmission
power control bits transmitted from the base station 100. In the mobile
communication system having the above structure, before a start of
information data transmission between the base station 200 and 20 the
mobile station 100, the base station 200 and the mobile station 100
transmit and receive various types of information through a common control
channel, and then transmit and receive signals in a predetermined format
using individual channels 25 (spread code channels) selected based on the
various types of information, so as to perform an operation to establish
synchronization. The essential procedures in the operation to establish
synchronization are the same as the procedures shown 30 in FIG. 21. In the
operation to establish synchronization, when synchronization is established
at the mobile station 100 (~3 in FIG. 21), the radio transmitter 122, which
is under the control of the 35 transmission start/stop controller 127 based
on the synchronization establishing signal outputted from the synchronous
state determiner 130 of the   _99_ transmission/reception device 110,
starts transmitting a signal in the predetermined format ( in FIG. 21). A
transmission power control operation in response to the signal is performed
in 5 the manner shown in FIG. 15. At the same time as the start of the
transmission power control operation, the timer in the closed-loop control
start timing determiner 135 is activated with the transmission start signal
~1 transmitted from the 



10 synchronous state determiner 130. The base station 200 needs to start
downlink transmission (see ~1 in FIG. 21) while not receiving information
or data transmitted from the mobile station 100. Accordingly, the base
station 15 200 transmits a pattern of transmission power control bits "1,
1, l, 1, ..." representing a continuous power increase, like a base station
in a conventional system. As can be seen from FIG. 15, when 20
synchronization is established at the base station 100 and a signal in the
predetermined format is transmitted from the radio transmitter 122 at time
tl, a gradually increasing bit pattern "1, 1, 0, 1, 1, 0, ..." generated
from the gradually increasing 25 bit pattern generator 125 starts being
supplied to the transmission power controller 123 via the switch 126. In
accordance with the gradually increasing bit pattern, the transmission
power controller 123 gradually increases the transmission power of the 30
radio transmitter 122 from an initial value PO determined based on a
transmission loss or the like. In this case, the increase characteristics
of the transmission power exhibit a slower change than the change of
transmission power in accordance with 35 transmission power control bits
"1, 1, 1, 1, ..." transmitted from the base station 200 (indicated by the
dots-and-dash line).   -100 While the predetermined signal is being
transmitted from the radio transmitter 122, with the transmission power
being gradually increased, synchronization initiation is performed at the
base 5 station 200 based on the predetermined signal (05 in FIG. 21). For
instance, when synchronization is established at the base station at time
t21, the base station 200 starts outputting transmission power control bits
each determined based on the 10 reception SINR with respect to signals from
the mobile station 100, instead of the above transmission power control
bits "1, 1, 1, 1, ..." representing a continuous power increase. At time
t21 when synchronization is 15 established at the base station 200, the
closed-coop control start timing determiner 135 determines that the time
measured by the timer has not yet become equal to or longer than the
predetermined time (an autonomous control period Ts), and therefore the 20
transmission power controller 123 continues the transmission power control
in accordance with the gradually increasing bit pattern. At time t3, the
closed-loop control start timing determiner 135 determines that the time
measured by the timer has 25 become equal to or longer than the
predetermined time, and then outputs a switch control signal. Upon receipt
of this switch control signal, the switch 126 switches the connections of
the transmission power controller 123 to the 30 transmission power control
bit extractor 119. After that, transmission power control for the radio
transmitter 122 is performed in accordance with the transmission power
control bits that are determined based on the reception SINR with respect
to signals 35 from the mobile station 100 and transmitted from the base
station 200 (closed-loop control). 



As the transmission power at the radio   -101 transmitter 122 is controlled
in accordance with the transmission power control bits transmitted from the
base station 200, the transmission power gradually decreases after time t3,
so that the reception SINR 5 at the base station 200 can be maintained at a
preferable value that is close to the target SINR. In this situation, the
transmission/reception device 110 of the mobile station 100 starts actual
uplink communication to transmit signals including 10 transmission data at
a predetermined timing. In the transmission power control operation for the
mobile station 100 before a start of information data transmission between
the base station 200 and the mobile station 100, after 15 synchronization
is established at the mobile station l00, the transmission power is
controlled in accordance with the gradually increasing bit pattern "1, 1,
0, l, 1, 0, ..." while signals are being transmitted from the mobile
station 100. Thus, a 20 rapid increase of transmission power that is often
observed with the conventional system can be prevented. Even with the
transmission power control in accordance with the gradually increasing bit
pattern, the reception quality (the reception SINR) 25 at the base station
200 quickly reaches such a transmission power value that a desired quality
(the target SINR) can be maintained. Accordingly, synchronization can be
established at the base station 200 in a relatively early stage. 30 The
predetermined time set in the timer of the closed-loop control start timing
determiner I35 is determined based on an estimated time required for
establishing synchronization at the base station 200 based on signals
transmitted from the base 35 station 100, while the transmission power
control is being performed in accordance with the gradually increasing pit
pattern. In general, the   -102 predetermined time is set slightly longer
than the estimated time. However, the establishment of synchronization at
the base station 200 might require a longer time than the predetermined
time, 5 depending on the conditions of the transmission path between the
mobile station 100 and the base station 200. In such a situation,
transmission power control is performed in accordance with the 10
transmission power control bits "1, 1, 1, 1, ..." representing a continuous
power increase transmitted from the base station 200, during the period
between time t3 when the transmission power control operation is switched
from the transmission power 



15 control in accordance with the gradually increasing bit pattern to the
transmission power control in accordance with the transmission power
control bits transmitted from the base station 200, and time t22 when
synchronization is actually established at the 20 base station 200, as
shown in FIG. 15. In this case, a transmission power increase at the mobile
station 100 can be restricted to a relatively small amount (see the
characteristics curve indicated by the dotted line in FIG. 15), because the
period of time 25 between time t3 and time t22 is generally short even
though the transmission power increases during that period. If the period
of time between time t3 and time t22 becomes long, the transmission path
between 30 the base station 200 and the mobile station 100 is in a very bad
condition. In such a case, the transmission power of the mobile station 100
needs to be increased to a value great enough to establish synchronization
at the base station 200. 35 Accordingly, the transmission power control in
accordance with the transmission power control bits representing a
continuous power increase during the   -103 period between time t3 and time
t22 serves that purpose. The closed-loop control start timing determiner
135 may output a switch control signal to 5 switch transmission power
control operations through the procedures shown in FIG. 16. In this
example, the closed-loop control start timing determiner 135 determines the
timing to switch transmission power control operations, based on the
transmission start 10 signal O1 transmitted from the transmission
start/stop controller 127 and the transmission power control bits ~2 that
are transmitted from the base station 200 and extracted by the transmission
power control bit extractor 119, as shown in FIG. 14. 15 Through the
procedures of FIG. 16 that are carried out by the closed-loop control start
timing determiner 135, the transmission power of the radio transmitter 122
of the mobile station 100 may change in the manner shown in FIG. 17. 20 In
FIG. 16, when a start of transmission of signa=s (an uplink transmission
start: see  in FIG. 21) used for establishing synchronization at the base
station 200 from the radio transmitter 122 prompted by the transmission
start signal ~1 (S1), 25 the timer T is activated (S2). It is determined
whether the time measured by the timer T has become equal to or longer than
a predetermined time TO (S3). If the time measured by the timer T is not
equal to or longer than the predetermined time TO ("NO" in 30 S3), the
transmission power controller 123 controls the transmission power of the
radio transmitter 122 in accordance with the gradually increasing bit
pattern generated from the gradually increasing bit pattern generator 125
in the same manner as in the 35 foregoing embodiments. As a result, the
transmission power of the radio transmitter 122 gradually increases,
exhibiting relatively gentle   



-104 characteristics curve in accordance with the gradually increasing bit
pattern. When the time measured by the timer T becomes equal to the
predetermined time at time t2 5 shown in FIG. 17, a counter n is reset to
zero (S4), and is then incremented by +1 (S5). The closed-loop control
start timing determiner 135 obtains a value Bn ("1" or "0": hereinafter
referred to as the "TPC bit value") of a single transmission power control
10 bit that is transmitted from the base station 200 and extracted by the
transmission power control bit extractor 119 (S6). Using this TPC bit value
Bn, the mobile average value An is calculated by the following equation
(S7): r~ -1 A -~- ~ . . . 0 ~ n_1 ~D 15 Until the counter value n reaches a
predetermined value n0 (S8), the incrementing of the counter n (S5), the
obtaining of the TPC bit value Bn (S6), and the calculation of the mobile
average 20 value An (S7) are repeated. When the counter value n reaches the
predetermined value n0 ("YES" in S8), the mobile average value An obtained
at this point represents the average value of the TPC bit values B1 through
Bn0 of a number n0 of continuous bits. 25 Here, each TPC bit value is "1"
or "0". The mobile average value An is a value that reflects the ratio of
the number of TPC bit values "0" to the number of TPC bit values "1"
involved in the average value   -105 calculation (see the above equation
(1)). More specifically, where synchronization has not been established at
the base station 200, the mobile average value An should be "1", because 5
a11 the transmission power control bits transmitted from the base station
200 represent "1". On the other hand, immediately after synchronization is
established at the base station 200, the ratio of TPC bit values Bn
representing "0" becomes higher, 10 and the mobile average value An becomes
smaller than 1, because transmission power control bits determined based on
the reception quality (the reception SINR) of signals from the mobile
station 100 are outputted from the base station 200. 15 Accordingly, when
the counter value n excesses the predetermined value n0, it is determined
whether the average mobile value An of the TPC bit values Bn is equal to or
smaller than a reference value a (0 < a < 1) (S9) . Until the 20 mobile
average value An becomes equal to or smaller than the reference value a,
the calculation of the mobile average value An using the obtained TPC bit
values Bn is repeated (S6 and S7). 



After synchronization is established at 25 the base station 200 at time t3
shown in FIG. 17 while those steps (S5, S6, S7, S8, and S9) are being
repeated, the ratio of transmission power control bits representing "0"
transmitted from the base station 200 becomes higher. At time t4 (shown in
30 FIG. 17) when the mobile average value An becomes equal to or smaller
than the reference value a ("YES" in S9), the closed-loop control start
timing determiner 135 outputs a switch control signal (S10). Upon receipt
of the switch control signal, 35 the switch 126 connects the transmission
power controller l23 to the transmission power control bit extractor 119,
and the transmission power controller   -106 123 performs a transmission
power control operation for the radio transmitter I22 based on the
transmission power control bits that are transmitted from the base station
200 and extracted by the 5 transmission power control bit extractor 119.
Accordingly, after time t4 shown in FIG. 17, the transmission power of the
radio transmitter 122 gradually decreases, and the transmission power value
is controlled so that the reception SINR of 10 the mobile station 100 can
be substantially maintained at the target SINR at the base station 200. In
the above example, a11 the transmission power control bits transmitted from
the base station 15 200 are "1" until synchronization is established at the
base station 200. Once synchronization is established, the transmission
power control bits determined based on the reception. quality (the
reception SINR) of signals from the mobile station 20 100 (closed-loop
transmission power control bits) are transmitted from the base station 200.
In view of this, the closed-loop control start timing determiner 135
determines whether synchronization has been established at the base station
200. More 25 specifically, the closed-loop control start timing determiner
135 detects a change in the transmission power control bits transmitted
from the base station 200, the change being from the transmission power
control bit pattern only consisting of bits 30 representing "1" to the
transmission power control bit pattern including both bits representing "0"
and "1". Detecting such a change, the closed-loop control start timing
determiner 135 determines that synchronization has been established at the
base 35 station 200. Based on the ratio of the number of transmission power
control bits representing "1" to   -107 the number of transmission power
control bits representing `~C", not only the time to end the transmission
power control in accordance with the gradually increasing bit pattern, but
also the total 



5 number of the transmission power control bits representing "0" over a
predetermined period of time can be determir_ed. In FIG. 17, the period
between time t2 and time t4 represents the period during which those 10
steps S5 through S9 shown in FIG. 16 are repeated (a monitoring period Tw).
During the monitoring period Tw, the transmission power control bits
transmitted from the base station 200 are monitored, and a transmission
power control operation for the radio 15 transmitter 122 is performed in
accordance with the gradually increasing bit pattern. The monitoring of the
transmission power control bits transmitted from the base station 200 can
be started at time t2 when the signal 20 transmission from the mobile
station 100 is started. In the above example, however, the transmission
power control is not monitored during a predetermined period of time TO
starting from time t2 when the signal transmission from the mobile 25
station 100 is started. Because of this, even if a reception error of a
transmission power control bit is found during that period, the error bit
is not counted for the monitoring. Accordingly, the transmission power
control bits need to be monitored 30 only during the period in which the
transmission power control bit pattern is expected to change. Thus, the
burden on the mobile station 100 can be reduced. The transmission/reception
device 110 of 35 the mobile station 100 may also have the structure shown
in FIG. 18. In this example,~transmission power control information
(hereinafter referred to   -108 as the "I/N transmission power control
bits") for controlling transmission power in accordance with gentler
changing characteristics than the change of transmission power with
transmission power control 5 bits transmitted from the base station 200 are
generated when signals in a predetermined format are transmitted from the
mobile station 100 to the base station 200 after synchronization is
established at the mobile station 100. In accordance with the I/N 10
transmission power control bits, the transmission power at the mobile
station 100 is controlled. In FIG. 18, the same components as those shown
in FIG. 14 are denoted by the same reference numerals also as those in FIG.
14. 15 Like the previous example, the transmission/reception deice 1l0
shown in FIG. 18 has a transmission system and a reception system that
share a transmission and reception separator 111. Like the previous
example, the reception 20 system includes a radio receiver 112, an error
correction decoder/error detector 113, an error rate measurer 114, a SINR
measurer 115, a SINR comparator 116, a target SINR determiner 117, a
transmission power control bit determiner 118, a transmission 25 power
control bit extractor 119, and a synchronous state determiner 130. Also,
like the previous example, the transmission system includes a radio
transmitter 122 and a transmission start/stop controller 127. 30 The
transmission system further includes a transmission power controller 123a,
an I/N transmission power controller 123b, and a control switch 128.
Receiving a switch control signal from a predetermined controller (not
shown), the control 



35 switch 128 switches the connections of the radio transmitter 122 from
the I/N transmission power controller 123b to the transmission power
controller   -109 123a. The transmission power controller 123a receives
transmission power control bits that are transmitted from the base station
200 and extracted by the transmission power control bit extractor 119 5 via
the control switch 128. The transmission power controller 123a then
performs transmission power control on the radio transmitter 122 based on
the transmission power control bits. Each of the transmission power control
bits is allotted to one 10 slot. In accordance with the transmission power
control bits, the transmission power controller 123a updates the
transmission power of the radio transmitter 122 in each slot. The I/N
transmission power controller 123b 15 scans each N bits (3 bits, for
example) of the transmission power control bits that are transmitted from
the base station 200 and extracted by the transmission power control bit
extractor 119. By doing so, the I/N transmission power controller 123b 20
determines a representative bit that represents the majority of values
among each N bits of the transmission power control bits (the
representative bits will be hereinafter referred to as the ~~I/N
transmission power control bits"). In accordance 25 with the I/N
transmission power control bits, the I/N transmission power controller 123b
updates the transmission power of the radio transmitter 122 in each N
slots. For instance, after synchronization is 30 established at the mobile
station 100 and the transmission of signals in a predetermined format from
the radio transmitter 122 is started at time tl, the I/N transmission power
controller 123b updates the transmission power of the radio transmitter 122
35 from the initial value in each 3 slots (N=3), based on the I/N
transmission power control bits generated from the transmission power
control bits, as shown   -110 in FIG. 19. If the transmission power control
bits are "111111101111101111100000001110011", the I/N transmission, power
control bits are 5 ".1..1..1..1..1..1..0..0..0..1..l..", as shown in FIG.
19. The trar_smission power updated in each 3 slots based on the I/N
transmission power control bits changes more slowly than the transmission
power 10 updated in each slot based on the original transmission power
control bits (see the characteristics curve indicated by the dotted line,
and the characteristics curve indicated by the solid line in FIG. 19).
Accordingly, synchronization can 



15 be established at the base station 200, without unnecessary power
consumption. While the above transmission power control is being performed,
synchronization can be established at the base station 200 based on signals
20 transmitted from the mobile station at time t2 shown in FIG. 19. After
that, the base station 200 transmits transmission power control bits
determined based on the reception quality (the reception SINR) of the
signals from the mobile station 100. 25 In the mobile station 100, the I/N
transmission power controller 123b determines the I/N transmission power
control bits from the transmission power control bits extracted by the
transmission power control bit extractor 119 in 30 accordance with the
above described technique. Based on the I/N transmission power control
bits, the I/N transmission power controller 123b continues the same
transmission power control as described above. At a predetermined timing
(i.e., time t3 in 35 FIG. 19), the control switch 128 switches the
connections of the radio transmitter 122 to the transmission power
controller 123a, in accordance   -111 with a switch control signal supplied
from the predetermined controller. The transmission power controller 123a
then updates the transmission power of the radio 5 transmitter 122 in each
slot, based on the transmission power control bits that are transmitted
from the base station 200 and extracted by the transmission power control
bit extractor 119. After synchronization is established at 10 the base
station 200 (i.e., after time t2), the reception quality (the reception
SINR) of the signals transmitted from the mobile station 100 to the base
station 200 becomes more stable. Accordingly, the variation of the
transmission power 15 after the transmission power control based on the
transmission power control bits determined by the difference between the
reception signal quality and the target quality becomes relatively small.
In such a situation, the difference is only small 20 between the variation
of the transmission power updated in each slot based on the transmission
power control bits transmitted from the base station 100 and the variation
of the transmission power updated in each 3 slots based on the I/N
transmission power 25 control bits (see the variations after time t2,
indicated by the solid line and the broken line in FIG. 19). Accordingly,
the timing to switch the transmission power control operations from the
transmission power control based on the I/N 30 transmission power control
bits to the transmission power control based on the original transmission
power control bits (i.e., time t3) can be set at a relatively flexible and
later point of time. In the above example, each N bits of the 35
transmission power control bits are scanned, and the representative value
that represents the majority among each N bits is set as an I/N
transmission  



-112 power control bit. However, each of the I/N transmission power control
bits may be the average value of each corresponding N bits. In the above
embodiments, the transmission 5 power control in accordance with the
gradually increasing bit pattern corresponds to the autonomous control step
(the autonomous controller) in claims, the closed-loop control start timing
determiner 135 corresponds to the autonomous control stop condition 10
determining step (the autonomous control stop condition determiner) in
claims, and the switch 126 corresponds to the control switching step (the
control switcher) in claims. Also, the I/N transmission power 15 controller
123b shown in FIG. 18 corresponds to the gentle transmission power control
step (the gentle transmission power controller) in claims. The
predetermined controller that outputs the switch control signal shown in
FIG. 18 corresponds to the 20 gentle transmission power control stop
determining step (the gentle transmission power control stop determiner) in
claims. The control switch 128 shown in FIG. 18 corresponds to the control
switching step (the control switcher) in claims. 25   -113 CLAIMS 1. A
transmission power control device that controls transmission power of a
mobile station 5 based on transmission power control information supplied
from a plurality of base stations to the mobile station when the base
stations to be radioconnected to the mobile station each supply the mobile
station with the transmission power control 10 information that is
generated based on reception signal quality in a mobile communication
system, the transmission power control device comprising: a transmission
loss calculator that 15 calculates a transmission loss in an electric wave
transmission path between the mobile station and each base station, based
on a predetermined signal transmitted from each base station with a fixed
transmission power level; and 20 a transmission power control information
determiner that determines which transmission power control information is
to be used in a transmission power control operation at the mobile station,
based on the transmission power control information that 25 is supplied
from each of the base stations to the mobile station and the transmission
loss in the electric wave transmission path between the mobile station and
each of the base stations that is calculated by the transmission loss
calculator. 



30 2. The transmission power control device as claimed in claim 1, wherein
the transmission power control information determiner includes: 35 a weight
corrector that performs weighting on the transmission power control
information supplied from each base station to the mobile   -114 station,
so that a greater weight is given to the transmission power control
information supplied from a base station having a smaller transmission loss
in the electric wave transmission path to the mobile 5 station, the weight
corrector thereby generating weight correction control information; and a
combiner that combines the weight correction control information
corresponding to the transmission power control information from the base
10 stations, and thereby generates composite transmission power control
information, the weight correction control information having been
generated from the weight corrector, the transmission power control
information 15 determiner determining which transmission power control
information is to be used in a transmission power control operation at the
mobile station, based on the composite transmission power control
information generated from the combiner. 20 3. The transmission power
control device as claimed in claim 2, wherein: the transmission power
control information transmitted from each of the base stations contains 25
a first value that represents a control status of a power increase and a
second value that represents a control status of a power decrease; the
mobile station receives the transmission power control information
transmitted 30 from each of the base stations as a soft decision value; and
the transmission power control information determiner includes a hard
decision unit that performs a hard decision on the value of the 35
composite transmission power control information generated from the
combiner, using a predetermined threshold value,  



-115 the transmission power control information determiner determining
which transmission power control information is to be used in a
transmission power control operation at the mobile station, based 5 on the
result of the hard decision. 4. The transmission power control device as
claimed in claim 3, wherein the predetermined threshold value used by the
hard decision unit is 10 closer to the first value by a predetermined
amount from a m=ddle value between the first value and the second value
included in the transmission power control information transmitted from
each of the base stations. 15 5. The transmission power control device as
claimed in claim 2, wherein: the transmission power control information
transmitted from each of the base stations contains 20 a first value that
represents a control status of a power increase and a second value that
represents a control status of a power decrease; the mobile station
receives the transmission power control information transmitted 25 from
each of the base stations as a soft decision value; and the transmission
power control information determiner includes: a first hard decision unit
that performs a 30 hard decision on the value of the composite transmission
power control information generated from the combiner, using a first
threshold value; a second hard decision unit that performs a hard decision
on the value of the composite 35 transmission power control information,
using a second threshold value that is different from the first threshold
value; and   -116 



a control information generator that generates one of first control
information that represents a control status of a power increase, second
control information that represents a control 5 status of a power decrease,
or third control information that represents a control status of power
maintenance, based on a decision result of the first hard decision unit and
a decision result of the second hard decision unit, 10 the transmission
power control information determiner determining that the control
information generated from the control information generator is to be used
as the transmission power control information in a transmission power
control 15 operation at the mobile station. 6. The transmission power
control device as claimed in claim 1, wherein the transmission power
control information determiner includes a 20 selector that selects the
transmission power control information transmitted from the base station
having the smallest transmission loss in the electric wave transmission
path to the mobile station, which transmission loss is calculated by the
transmission 25 loss calculator, the transmission power control information
determiner determining which transmission power control information is to
be used in a transmission power control operation at the mobile station,
based 30 on the transmission power control information selected by the
selector. 7. The transmission power control device as claimed in claim 6,
wherein: 35 the transmission power control information transmitted from
each of the base stations contains a first value that represents a control
status of a   -117 power increase and a second value that represents a
control status of a power decrease; the mobile station receives the
transmission power control information transmitted 5 from each of the base
stations as soft decision values of the first and second values; and the
transmission power control information determiner includes a hard decision
unit that performs a hard decision on the value of the 10 transmission
power control information selected by the selector, using a predetermined
threshold value, and, based on the hard decision result, determines which
transmission power control information is to be used in a transmission
power control operation at 15 the mobile station. 8. The transmission power
control device as claimed in claim 7, wherein the predetermined threshold
value used by the hard decision unit is 



20 closer to the first value by a predetermined amount from a middle value
between the first value and the second value that are contained in the
transmission power control information transmitted from each of the base
stations. 25 9. The transmission power control device as claimed in claim
6, wherein: the transmission power control information transmitted from
each of the base stations contains 30 a first value that represents a
control status of a power increase and a second value that represents a
control status of a power decrease; the mobile station receives the
transmission power control information transmitted 35 from each of the base
stations as a soft decision value; and the transmission power control
information   -118 determiner includes: a first hard decision unit that
performs a hard decision on the value of the transmission power control
information selected by the selector, using 5 a first threshold value; a
second hard decision unit that performs a hard decision on the value of the
selected transmission power control information, using a second threshold
value that is different from the 10 first threshold value; and a control
information generator that generates one of first control information that
represents a control status of a power increase, second control information
that represents a control 15 status of a power decrease, or third control
information that represents a control status of power maintenance, based on
a decision result of the first hard decision unit and a decision result of
the second hard decision unit, 20 the transmission power control
information determiner determining that the control information generated
from the control information generator is to be used as the transmission
power control information in a transmission power control 25 operation at
the mobile station. 10. The transmission power control device as claimed in
claim 1, wherein 



the transmission power control information 30 determiner includes: a weight
corrector that performs weighting on the transmission power control
information supplied from each base station to the mobile station, so that
a greater weight is given to the 35 transmission power control information
supplied from a base station having a smaller transmission loss in the
electric wave transmission path to the mobile   -119 station, the weight
corrector thereby generating weight correction control information; and a
control information generator that generates control information based on
the weight 5 correction control information designed to give priority to
correction information closer to the transmission power control information
representing a control status of a power decrease, the weight correction
control information being selected from 10 the weight correction control
information that is generated from the weight corrector and corresponds to
the transmission power control information transmitted from the base
stations, the transmission power control information 15 determiner
determining that the control information generated from the control
information generator is to be used as the transmission power control
information in a transmission power control operation at the mobile
station. 20 11. The transmission power control device as claimed in claim
10, wherein: the transmission power control information transmitted from
each of the base stations contains 25 a first value that represents a
control status of a power increase and a second value that represents a
control status of a power decrease; the mobile station receives the
transmission power control information transmitted 30 from each of the base
stations as a soft decision value; and the control information generator
includes: a hard decision unit that performs a hard 35 decision on the
value of the weight correction 



control information that is generated from the weight corrector and
corresponds to the transmission   -120 power control information
transmitted from each of the base stations, using a predetermined threshold
value; and a selector that selects one of the hard 5 decision results
corresponding to the transmission power control information transmitted
from the base stations, so that priority can be given to the hard decision
result representing a control status of a power decrease, 10 the control
information generator generating the control information based on the hard
decision result selected by the selector. 12. The transmission power
control device 15 as claimed in claim 1, wherein the transmission power
control information determiner includes: a transmission loss decision unit
that determines whether each transmission loss calculated 20 by the
transmission loss calculator is smaller than a predetermined transmission
loss; and a control information generator that, when the transmission loss
decision unit determines that one transmission loss is smaller than the 25
predetermined transmission loss, generates control information based on the
transmission power control information from the base station corresponding
to the transmission loss determined to be smaller than the predetermined
transmission loss, when the 30 transmission loss decision unit determines
that two or more transmission losses are smaller than the predetermined
transmission loss, generates control information based on the transmission
power control information designed to give priority to the 35 transmission
power control information closer to the transmission power control
information representing a control status of a power decrease among the
-121 transmission power control information transmitted from the base
stations corresponding to the two or more transmission losses, and, when
the transmission loss decision unit determines that a11 the 



5 transmission losses are not smaller than the predetermined transmission
loss, generates control information based on the transmission power control
information designed to give priority to the transmission power control
information closer to the 10 transmission power control information
representing a control status of a power decrease among the transmission
power control information transmitted from the base stations, the
transmission power control information 15 determiner determining that the
control information generated from the control information generator is to
be used as the transmission power control information in a transmission
power control operation at the mobile device. 20 13. A transmission power
control device that controls transmission power of a mobile station based
on transmission power control information transmitted from a plurality of
base stations to the 25 mobile station in a mobile communication system in
which each of the base stations to be radioconnected to the mobile station
supplies the mobile station with the transmission power control information
that is determined based on reception 30 signal quality, the transmission
power control device comprising: a transmission loss calculator that
calculates a transmission loss in an electric wave 35 transmission path
between the mobile station and each of the base stations, based on a
predetermined signal transmitted from each of the base stations   -122 with
a fixed transmission power level; a fading condition measurer that measures
a fading condition of the mobile station; a fading condition determiner
that 5 determines whether the fading condition of the mobile station
measured by the fading condition measurer is better than a predetermined
condition; and a switch controller that validates a first 10 transmission
power control information determiner when the fading condition determiner
determines that the fading condition of the mobile station is better than
the predetermined condition, and validates a second transmission power
control information 15 determiner when the fading condition determiner
determines that the fading condition of the mobile station is not better
than the predetermined condition, the first transmission power control 20
information determiner including: 



a weight corrector that performs weighting on the transmission power
control information transmitted from each of the base stations to the
mobile station, so that a greater weight is given to 25 the transmission
power control information transmitted from a base station having a smaller
transmission loss in the electric wave transmission path to the mobile
station, the weight corrector thus generating weight correction control 30
information; and a combiner that combines the weight correction control
information that is generated from the weight corrector and corresponds to
the transmission power control information transmitted 35 from the base
stations, the combiner thus generating composite transmission power control
information, the first transmission power control   -123 information
determiner determining which transmission power control information is to
be used in a transmission power control operation at the mobile station,
based on the composite transmission 5 power control information generated
from the combiner, the second transmission power control information
determiner including a selector that selects the transmission power control
information 10 transmitted from the base station having the smallest
transmission loss in the electric wave transmission path to the mobile
station, the selection being made from the transmission power control
information transmitted from the base 15 stations to the mobile station,
the second transmission power control information determiner determining
which transmission power control information is to be used in a
transmission power control operation at the 20 mobile station, based on the
transmission power control information selected by the selector. 14. A
transmission power control device that controls transmission power of a
mobile station 25 based on transmission power control information
transmitted from a plurality of base stations to the mobile station in a
mobile communication system in which each of the base stations to be
radioconnected to the mobile station supplies the mobile 30 station with
the transmission power control information that is determined based on
reception signal quality, the transmission power control device comprising:
35 a transmission path quality measurer that measures the quality of a
transmission path between the mobile station and each of the base stations,



-124 based on a predetermined signal transmitted from each of the base
stations with a fixed transmission power level, the quality of the
transmission path being used for determining to which base station the 5
mobile station is to be radio-connected; and a transmission power control
information determiner that determines which transmission power control
information is to be used in a transmission power control operation at the
mobile station, based 10 on the transmission power control information
transmitted from each of the base stations to the mobile station and the
quality of the transmission path between the mobile station and each of the
base stations measured by the transmission path quality 15 measurer. 15. A
transmission power control device that controls transmission power of a
mobile station based on a soft decision value of transmission power 20
control information transmitted from a plurality of base stations to the
mobile station in a mobile communication system in which each of the base
stations to be radio-connected to the mobile station supplies the mobile
station with the transmission 25 power control information that can contain
a first value representing a control status of a power increase and a
second value representing a control status of a power decrease that are
determined based on reception signal quality, 30 the transmission power
control device comprising: a transmission path quality measurer that
measures the quality of a transmission path between the mobile station and
each of the base stations, 35 based on a predetermined signal transmitted
from each of the base stations with a fixed transmission power level; and
-125 a transmission power control information determiner that determines
which transmission power control information is to be used in a
transmission power control operation at the mobile station, based 



5 on the soft decision value of the transmission power control information
transmitted from each of the base stations to the mobile station and the
quality of the transmission path between each of the base stations and the
mobile station measured by the 10 transmission path quality measurer, the
transmission power control information determiner including: a weight
corrector that performs weighting on the soft decision value of the
transmission power 15 control information transmitted from each of the base
stations to the mobile station, so that a greater weight is given to the
transmission power control information of a base station having a higher
quality in the transmission path to the 20 mobile station, the weight
corrector thus generating weight correction control information; a combiner
that combines the weight correction control information that is generated
from the weight corrector and corresponds to the 25 transmission power
control information transmitted from the base stations, the combiner thus
generating composite transmission power control information; and a hard
decision unit that performs a hard 30 decision on the value of the
composite transmission power control information generated from the
combiner, using a threshold value that is closer to the first value by a
predetermined amount from a middle value between the first value and the
second 35 value that can be contained in the transmission power control
information transmitted from each of the base stations,   -126 the
transmission power control information determiner determining which
transmission power control information is to be used in a transmission
power control operation at the mobile station, based 5 on the result of the
hard decision. 16. A transmission power control device that controls
transmission power of a mobile station based on a soft decision value of
transmission power 10 control information transmitted from a plurality of
base stations to the mobile station in a mobile communication system in
which each of the base stations to be radio-connected to the mobile station
supplies the mobile station with the transmission 15 power control
information that can contain a first value representing a control status of
a power increase and a second value representing a control status of a
power decrease that are determined based on reception signal quality, 20
the transmission power control device 



comprising: a transmission path quality measurer that measures the quality
of a transmission path between the mobile station and each of the base
stations, 25 based on a predetermined signal transmitted from each of the
base stations with a fixed transmission power level; and a transmission
power control information determiner that determines which transmission
power 30 control information is to be used in a transmission power control
operation at the mobile station, based on the soft decision value of the
transmission power control information transmitted from each of the base
stations to the mobile station and the quality 35 of the transmission path
between each of the base stations and the mobile station measured by the
transmission path quality measurer,   -127 the transmission power control
information determiner including: a weight corrector that performs
weighting on the soft decision value of the transmission power 5 control
information transmitted from each of the base stations to the mobile
station, so that a greater weight is given to the transmission power
control information of a base station having a higher quality in the
transmission path to the 10 mobile station, the weight corrector thus
generating weight correction control information; a combiner that combines
the weight correction control information that is generated from the weight
corrector and corresponds to the 15 transmission power control information
transmitted from the base stations, the combiner thus generating composite
transmission power control information; a first hard decision unit that
performs a hard decision on the value of the composite 20 transmission
power control information generated from the combiner, using a first
threshold value; a second hard decision unit that performs a hard decision
on the value of the composite transmission power control information, using
a 25 second threshold value that is different from the first threshold
value; and 



a control information generator that generates one of first control
information representing a control status of a power increase, 30 second
control information representing a control status of a power decrease, or
third control information representing a control status of power
maintenance, based on a decision result of the first hard decision unit and
a decision result of the 35 second hard decision unit, the transmission
power control information determiner determining that the control
information   -128 generated from the control information generator is to
be used as the transmission power control information in a transmission
power control operation at the mobile station. 5 17. A transmission power
control device that controls transmission power of a mobile station based
on transmission power control information transmitted from a plurality of
base stations to the 10 mobile station in a mobile communication system in
which each of the base stations to be radioconnected to the mobile station
supplies the mobile station with the transmission power control information
that is determined based on reception 15 signal quality, the transmission
power control device comprising: a transmission path quality measurer that
measures the quality of a transmission path between 20 the mobile station
and each of the base stations, based on a predetermined signal transmitted
from each of the base stations with a fixed transmission power; a fading 25
a fading condition a fading determines whether mobile station mea measurer
is better 30 condition; and condition measurer that measures of the mobile
station; condition determiner that the fading condition of the cured by the
fading condition than a predetermined fading 



a switch controller that validates a first transmission power control
information determiner when the fading condition determiner determines that
the fading condition of the mobile station is better 35 than the
predetermined condition, and validates a second transmission power control
information determiner when the fading condition determiner   -129
determines that the fading condition of the mobile station is not better
than the predetermined condition, the first transmission power control 5
information determiner including: a weight corrector that performs
weighting on the transmission power control information transmitted from
each of the base stations to the mobile station, so that a greater weight
is given to 10 the transmission power control information transmitted from
a base station having a higher quality in the transmission path to the
mobile station, the weight corrector thus generating weight correction
control information; and 15 a combiner that combines the weight correction
control information that is generated from the weight corrector and
corresponds to the transmission power control information transmitted from
the base stations, the combiner thus generating 20 composite transmission
power control information, the first transmission power control information
determiner determining which transmission power control information is to
be used in a transmission power control operation at the 25 mobile station,
based on the composite transmission power control information generated
from the combiner, the second transmission power control information
determiner including a selector that 30 selects the transmission power
control information transmitted from the base station having the highest
quality in the transmission path to the mobile station, the selection being
made from the transmission power control information transmitted 35 from
the base stations to the mobile station, and the transmission path quality
having being measured by the transmission path quality measurer,   -130 the
second transmission power control information determiner determining which
transmission power control information is to be used in a transmission
power control operation at the 



5 mobile station, based on the transmission power control information
selected by the selector. 18. A transmission power control method of
controlling transmission power of a base station 10 based on transmission
power control information transmitted from a plurality of base stations to
the mobile station in a mobile communication system in which each of the
base stations to be radioconnected to the mobile station supplies the
mobile 15 station with the transmission power control information that is
determined based on reception signal quality, the method comprising the
steps of: calculating a transmission loss in an 20 electric wave
transmission path between the mobile station and each of the base stations,
based on a predetermined signal transmitted from each of the base stations
with a fixed transmission power level; and 25 determining which
transmission power control information is to be used in a transmission
power control operation at the mobile station, based on the transmission
power control information transmitted from each of the base stations to the
30 mobile station and the transmission loss in the electric wave
transmission path between each of the base stations and the mobile station
calculated in the transmission loss calculating step. 35 19. A transmission
power control method of controlling transmission power of a mobile station
based on transmission power control   -131 information transmitted from a
plurality of base stations to the mobile station in a mobile communication
system in which each of the base stations to be radio-connected to the
mobile station 5 supplies the mobile station with the transmission power
control information that is determined based on reception signal quality,
the method comprising the steps of: calculating a transmission loss in an
10 electric wave transmission path between the mobile station and each of
the base stations, based on a predetermined signal transmitted from each of
the base stations with a fixed transmission power level; measuring a fading
condition of the mobile 15 station; determining whether the fading
condition of the mobile station measured in the fading condition measuring
step is better than a predetermined condition; and 



20 performing switch control, validating a first transmission power control
information determining step when the fading condition of the mobile
station is determined to be better than the predetermined condition in the
fading condition 25 determining step, and validating a second transmission
power control information determining step when the fading condition of the
mobile station is determined not to be better than the predetermined
condition in the fading condition 30 determining step, the first
transmission power control information determining step including the steps
of: generating weight correction control information, giving such a weight
to the 35 transmission power control information transmitted from each of
the base stations to the mobile station that a greater weight is given to
the transmission   -132 power control information transmitted from a base
station having a smaller transmission loss in the electric wave
transmission path to the mobile station; and 5 combining the weight
correction control information corresponding to the transmission power
control information transmitted from the base stations, thereby generating
composite transmission power control information, the weight correction 10
control information having been generated in the weight correction control
information generating step, the first transmission power control
information determining step determining which 15 transmission power
control information is to be used in a transmission power control operation
at the mobile station, based on the composite transmission power control
'_nformation obtained in the combining step, 20 the second transmission
power control information determining step including the step of selecting
the transmission power control information transmitted from the base
station having the smallest transmission loss in the electric wave 25
transmission path to the mobile station calculated in the transmission loss
calculating step, the selection being made from the transmission power
control information transmitted from the base stations to the mobile
station, 30 the second transmission power control information determining
step determining which transmission power control information is to be used
in a transmission power control operation at the mobile station, based on
the transmission power 35 control information selected in the selecting
step. 20. A transmission power control method  



-133 of controlling transmission power of a mobile station based or_
transmission power control information transmitted from a plurality of base
stations to the mobile station in a mobile 5 communication system in which
each of the base stations to be radio-connected to the mobile station
supplies the mobile station with the transmission power control information
that is determined based on reception signal quality, 10 the method
comprising the steps of: measuring the quality of a transmission path
between the mobile station and each of the base stations, based on a
predetermined signal transmitted from each of the base stations with a 15
fixed transmission power level, the quality of the transmission path being
used for determining to which base station the mobile station is to be
radio-connected; and determining which transmission power 20 control
information is to be used in a transmission power control operation at the
mobile station, based on the transmission power control information
transmitted from each of the base stations to the mobile station and the
quality of the transmission 25 path between the mobile station and each of
the base stations measured in the transmission path quality measuring step.
21. A transmission power control method 30 of controlling transmission
power of a mobile station based on a soft decision value of transmission
power control information transmitted from a plurality of base stations to
the mobile station in a mobile communication system in which 35 each of the
base stations to be radio-connected to the mobile station supplies the
mobile station with the transmission power control information that can
-134 contain a first value representing a control status of a power
increase and a second value representing a control status of a power
decrease that are determined based on reception signal quality, 5 the
method comprising the steps of: measuring the quality of a transmission
path between the mobile station and each of the base stations, based on a
predetermined signal transmitted from each of the base stations with a 10
fixed transmission power; and determining which transmission power control
information is to be used in a transmission power control operation at the
mobile station, based on the soft decision value of the transmission power
15 control information transmitted from each of the base stations to the
mobile station and the quality of the transmission path between each of the
base stations and the mobile station measured in the transmission path
quality measuring step, 



20 the transmission power control information determining step including
the steps of: generating weight correction control information, giving such
a weight to the soft decision value of the transmission power control 25
information transmitted from each of the base stations to the mobile
station that a greater weight is given to the transmission power control
information transmitted from a base station having a better quality in the
transmission path to the 30 mobile station; combining the weight correction
control information corresponding to the transmission power control
information transmitted from the base stations, thereby generating
composite transmission 35 power control information, the weight correction
control information having been obtained in the weight correction control
information generating   -135 step; and performing a hard decision on the
value of the composite transmission power control information obtained in
the combining step, using a threshold 5 value that is closer to the first
value by a predetermined amount from a middle value between the first value
and the second value that can be contained in the transmission power
control information transmitted from each of the base 10 stations, the
transmission power control information determining step determining which
transmission power control information is to be used in a transmission
power control operation at the mobile 15 station, based on the result of
the hard decision. 22. A transmission power control method of controlling
transmission power of a mobile station based on a soft decision value of 20
transmission power control information transmitted from a plurality of base
stations to the mobile station in a mobile communication system in which
each of the base stations to be radio-connected to the mobile station
supplies the mobile station with 25 the transmission power control
information that can contain a first value representing a control status of
a power increase and a second value representing a control status of a
power decrease that are determined based on reception signal quality, 30
the method comprising the steps of: measuring the quality of a transmission
path between the mobile station and each of the base stations, based on a
predetermined signal transmitted from each of the base stations with a 



35 fixed transmission power level; and determining which transmission power
control information is to be used in a transmission   -136 power control
operation at the mobile station, based on the soft decision value of the
transmission power control information transmitted from each of the base
stations to the mobile station and the quality 5 of the transmission path
between each of the base stations and the mobile station measured in the
transmission path quality measuring step, the transmission power control
information determining step including the steps of: 10 generating weight
correction control information, giving such a weight to the soft decision
value of the transmission power control information transmitted from each
of the base stations to the mobile station that a greater weight 15 is
given to the transmission power control information transmitted from a base
station having a higher quality in the transmission path to the mobile
station; combining the weight correction control 20 information
corresponding to the transmission power control information transmitted
from the base stations, the weight correction control information having
been obtained in the weight correction control information generating step,
thereby 25 generating composite transmission power control information;
performing a first hard decision on the value of the composite transmission
power control information obtained in the combining step, using a 30 first
threshold value; performing a second hard decision on the value of the
composite transmission power control information, using a second threshold
value that is different from the first threshold value; and 35 generating
first control information representing one of a control status of a power
increase, second control information representing a   -137 control status
of a power decrease, or third control information representing a control
status of power maintenance, based on a decision result of the first hard
decision step and a decision result of the 5 second hard decision step, the
transmission power control information determining step determining that
the control information generated from the control information generating
step is to be used as the transmission 



10 power control information in a transmission power control operation at
the mobile station. 23. A transmission power control method of controlling
transmission power of a mobile 15 station based on transmission power
control information transmitted from a plurality of base stations to the
mobile station in a mobile communication in which each of the base stations
to be radio-connected to the mobile station supplies 20 the mobile station
with the transmission power control information that is determined based on
reception signal quality, the method comprising the steps of: measuring the
quality of a transmission 25 path between the mobile station and each of
the base stations, based on a predetermined signal transmitted from each of
the base stations with a fixed transmission power; measuring a fading
condition of the mobile 30 station; determining whether the fading
condition of the mobile station measured in the fading condition measuring
step is better than a predetermined condition; and 35 performing switch
control, validating a first transmission power control information
determining step when the fading condition of the   -138 mobile station is
determined to be better than the predetermined condition in the fading
condition determining step, and validating a second transmission power
control information determining 5 step when the fading condition of the
mobile station is determined not to be better than the predetermined
condition in the fading condition determining step, the first transmission
power control 10 information determining step including the steps of:
generating weight correction control information, giving such a weight to
the transmission power control information transmitted from each of the
base stations to the mobile station 15 that a greater weight is given to
the transmission power control information transmitted from a base station
having a higher quality in the transmission path to the mobile station; and
combining the weight correction control 20 information corresponding to the
transmission power control information transmitted from the base station,
thereby generating composite transmission power control information, the
weight correction control information having been obtained in the 25 weight
correction control information generating step, the second transmission
power control information determining step including the step of selecting
the transmission power control information 



30 transmitted from the base station having the highest quality in the
transmission path to the mobile station measured in the transmission path
quality measuring step, the selection being made from the transmission
power control information transmitted 35 from the base stations to the
mobile station, the second transmission power control information
determining step determining which   -139 transmission power control
information is to be used in a transmission power control operation at the
mobile station, based on the transmission power control information
selected in the selecting step. 5 24. A mobile station that is to be
radioconnected to a plurality of base stations in a mobile communication
system, the mobile station comprising: 10 a signal combiner that combines
signals transmitted from the base stations, and thereby generates a
composite signal; an information restorer that restores downlink
transmission information from the composite 15 signal generated from the
signal combiner; a reception quality calculator that calculates reception
quality of the composite signal generated from the signal combiner; a
transmission power control information 20 generator that generates
transmission power control information used for controlling transmission
power of each of the base stations, based on the reception quality
calculated by the reception quality calculator; 25 a transmission power
control information transmitter that transmits the transmission power
control information generated from the transmission power control
information generator to each of the base stations; and 30 the transmission
power control device as claimed in any of claims 1 through 17. 25. A
transmission power control method of controlling transmission power of a
communication 35 device based on predetermined information supplied from
another communication device, the communication device performing radio
transmission and reception   -140 with the other communication device and
transmitting transmission power control information that is to be used in a
transmission power control operation in the other communication device and
is determined 5 based on reception signal quality, 



the method comprising the steps of: determining whether the reception
signal quality has become lower than a predetermined quality; and 10
autonomously controlling the transmission power by increasing the
transmission power in accordance with predetermined characteristics,
regardless of the predetermined information supplied from the other
communication device, when the 15 reception signal quality is determined to
have become lower than the predetermined quality in the quality determining
step, the transmission power being increased from the transmission power
value that is observed at the time of the determination. 20 26. The
transmission power control method as claimed in claim 25, wherein: the
communication device transmits such transmission power control information
to the other 25 communication device that a reception signal quality value
approaches a target reception signal quality value; the quality determining
step includes the step of determining whether the reception signal 30
quality value has become smaller than a first threshold value; and when the
reception signal quality value is determined to have become smaller than
the first threshold value in the first threshold value 35 determining step,
the reception signal quality is determined to nave become lower than the
predetermined quality in the quality determining   -141 step. 27. The
transmission power control method as claimed in claim 25, wherein: 5 the
communication device transmits such transmission power control information
to the other communication device that a reception signal quality value
approaches a target reception signal quality value; 10 the quality
determining step includes the steps of: calculating a difference value by
subtracting the reception signal quality value from the target reception
signal quality value; and 15 determining whether the difference value
obtained in the difference value calculating step is equal to or greater
than a second threshold value; and 



when the difference value is determined to 20 be equal to or greater than
the second threshold value in the second threshold value determining step,
the reception signal quality is determined to have become lower than the
predetermined quality in the quality determining step. 25 28. The
transmission power control method as claimed in claim 25, wherein: the
communication device transmits such transmission power control information
to the other 30 communication device that a reception signal quality value
approaches a target reception signal quality value that is controlled in
accordance with a predetermined parameter; the quality determining step
includes the 35 steps of: determining whether the reception signal quality
value has becomes smaller than a first   -142 threshold value; calculating
a difference value by subtracting the reception signal quality value from
the target reception signal quality value; and 5 determining whether the
difference value obtained in the difference value calculating step is equal
to or greater than a second threshold value; and when the reception signal
quality value is 10 determined to have become smaller than the first
threshold value in the first threshold value determining step, or when the
difference value is determined to be equal to or greater than the second
threshold value in the second threshold value 15 determining step, the
reception signal quality is determined to have become lower than the
predetermined quality in the quality determining step. 20 29. The
transmission power control method as claimed in any of claims 25 through
28, wherein: 



the autonomous control step includes the steps of: generating such
autonomous transmission 25 power control information as to increase the
transmission power in accordance with the predetermined characteristics;
and switching control operations from a transmission power control
operation based on 30 transmission power control information supplied from
the other communication device to a transmission power control operation
based on the autonomous transmission power control information, when the
reception signal quality is determined to have 35 become lower than the
predetermined quality in the quality determining step.   -143 30. The
transmission power control method as claimed in any of claims 25 through
29, wherein: the autonomous control step includes the steps of: 5
determining whether a transmission power increase amount has reached a
predetermined amount while the transmission power is being increased in
accordance with the predetermined characteristics; and 10 stopping the
autonomous control of increasing the transmission power in accordance with
the predetermined characteristics, when the transmission power increase
amount is determined to have reached the predetermined amount in the 15
determining step. 31. A transmission power control device that controls
transmission power of a communication device based on predetermined
information supplied 20 from another communication device, the
communication device performing radio transmission and reception with the
other communication device and transmitting transmission power control
information that is to be used in a transmission power control operation in
25 the other communication device and is determined based on reception
signal quality, the transmission power control device comprising: a quality
determiner that determines 30 whether the reception signal quality has
become lower than a predetermined quality; and 



an autonomous controller that increases the transmission power in
accordance with predetermined characteristics, regardless of the 35
predetermined information supplied from the other communication device,
when the quality determiner determines that the reception signal quality
has   -144 become lower than the predetermined quality, the transmission
power being increased from the transmission power value that is observed at
the time of the determination. 5 32. The transmission power control device
as claimed in claim 31, wherein: the communication device transmits such
transmission power control information to the other 10 communication device
that a reception signal quality value approaches a target reception signal
quality value; the quality determiner comprises a first threshold value
determiner that determines whether 15 the reception signal quality value
has become smaller than a first threshold value; and when the first
threshold value determiner determines that the reception signal quality
value has become smaller than the first threshold value, 20 the quality
determiner determines that the reception signal quality has become lower
than the predetermined quality. 33. The transmission power control device
25 as claimed in claim 31, wherein: the communication device transmits such
transmission power control information to the other communication device
that a reception signal quality value approaches a target reception signal
quality 30 value; the quality determiner comprises: a difference value
calculator that subtracts the reception signal quality value from the
target reception signal quality value to obtain 35 a difference value; and
a second threshold value determiner that determines whether the difference
value obtained by 



-145 the difference value calculator is equal to or greater than a second
threshold value; when the second threshold value determiner determines that
the difference value is equal to or 5 greater than the second threshold
value, the quality determiner determines that the reception signal quality
has become lower than the predetermined quality. 10 34. The transmission
power control device as claimed in claim 31, wherein: the communication
device transmits such transmission power control information to the other
communication device that a reception signal quality 15 value approaches to
a target reception signal quality value that is controlled in accordance
with a predetermined parameter; the quality determiner comprises; a first
threshold value determiner that 20 determines whether the reception signal
quality value has become smaller than a first threshold value; a difference
value calculator that subtracts the reception signal quality value from 25
the target reception signal quality value to obtain a difference value; and
a second threshold value determiner that determines whether the difference
value obtained by the difference value calculator is equal to or 30 greater
than a second threshold value; and when the first threshold value
determiner determines that the reception signal quality value has become
smaller than the first threshold value, or when the second threshold value
determiner 35 determines that the difference value is equal to or greater
than the second threshold value, the quality determiner determines that the
reception signal   -146 



quality has become lower than the predetermined quality. 35. The
transmission power control device 5 as claimed in any of claims 31 through
34, wherein the autonomous controller comprises: an autonomous transmission
power control information generator that generates such autonomous
transmission power control information as to 10 increase the transmission
power in accordance with the predetermined characteristics; and a control
switcher that switches the control operation from a transmission power
control operation based on transmission power control 15 information
supplied from the other communication device to a transmission power
control operation based on the autonomous transmission power control
information. 20 36. The transmission power control device as claimed in any
of claims 31 through 35, wherein the autonomous controller comprises: a
determiner that determines whether a transmission power increase amount has
reached a 25 predetermined amount while the transmission power is being
increased in accordance with the predetermined characteristics; and an
autonomous control stopper that stops increasing the transmission power in
accordance with 30 the predetermined characteristics, when the determiner
determines that the transmission power increase amount has reached the
predetermined amount. 37. A communication device comprising: 35 a
transmission power control information transmitter that performs radio
transmission and reception with another communication device, and   -147
transmits transmission power control information that is determined based
on reception signal quality and is to be used in a transmission power
control operation in the other communication device; 5 a controller that
controls transmission power based on predetermined information supplied
from the other communication device; and 



the transmission power control device as claimed in any of claims 31
through 36. 10 38. The communication device as claimed in claim 37,
comprising a mobile station in a mobile communication system that employs
code division multiple access technology. 15 39. A transmission power
control method of controlling transmission power of a mobile station in a
mobile communication system in which transmission power control information
to be used in 20 a transmission power control operation at the mobile
station is transmitted from a base station, and signal transmission and
reception are performed between the base station and the mobile station to
establish synchronization, before information data 25 transmission is
started between the base station and the mobile station, the method
comprising the step of autonomously controlling transmission power to
increase from an initial value in 30 accordance with predetermined
characteristics, regardless of the transmission power control information
transmitted from the base station, after establishing synchronization at
the mobile station with respect to a signal from the base station. 35 40.
The transmission power control method as claimed in claim 39, wherein the
autonomous   -148 control step includes the step of controlling
transmission power to increase in accordance with more gradual variation
characteristics than the variation characteristics of transmission power 5
controlled based on the transmission power control information transmitted
from the base station. 41. The transmission power control method as claimed
in claim 39 or 40, further comprising the 10 steps of: determining whether
predetermined conditions for stopping the transmission power control
operation of the autonomous control step are satisfied, after the
transmission power control 15 operation of the autonomous control step is
started; and when it is determined that the predetermined conditions are
satisfied in the autonomous control stop condition determining step, 



20 switching transmission power control operations from the transmission
power control operation of the autonomous control step to a transmission
power control operation based on the transmission power control information
transmitted from the base 25 station. 42. The transmission power control
method as claimed in claim 41, wherein the autonomous control stop
condition determining step includes the 30 steps of: determining whether a
predetermined period of time has passed since a start of the transmission
power control operation of the autonomous control step; and 35 determining
that the predetermined conditions are satisfied when the predetermined
period of time has passed since the start of the   -149 transmission power
control operation of the autonomous control step. 43. The transmission
power control method 5 as claimed in claim 41, wherein: the base station
transmits predetermined transmission power control information before
synchronization is established at the base station, and transmits
closed-loop transmission power control 10 information determined based on
reception quality of a signal transmitted from the mobile station after
synchronization is established at the base station based on the signal from
the mobile station; the autonomous control stop condition 15 determining
step includes the step of determining whether the transmission power
control information transmitted from the base station has been switched
from the predetermined transmission power control information to the
closed-loop transmission power 20 control information; and when it is
determined in the control information switch determining step that the
transmission power control information transmitted from the base station
has been switched from the 25 predetermined transmission power control
information to the closed-loop transmission power control information, it
is determined that the predetermined conditions are satisfied. 30 44. The
transmission power control method as claimed in claim 43, wherein: the
autonomous control stop condition determining step includes the step of
determining whether a predetermined period of time has passed 35 since a
start of the transmission power control operation of the autonomous control
step; and 



when it is determined in the start timing   -150 determining step that the
predetermined period of time has passed since the start of the transmission
power control operation of the autonomous control step, the control
information switch determining 5 step is carried out. 45. A transmission
power control method of controlling transmission power of a mobile station
in a mobile communication system in which 10 transmission power control
information to be used in a transmission power control operation at the
mobile station is transmitted from a base station, and signal transmission
and reception are performed between the base station and the mobile station
to 15 establish synchronization, before information data transmission is
started between the base station and the mobile station, the method
comprising the step of controlling transmission power based on 20 moderate
transmission power control information that is designed to increase the
transmission power in accordance with more gradual variation
characteristics than the variation characteristics of transmission power
controlled based on the 25 transmission power control information
transmitted from the base station, after synchronization with a signal from
the base station is established at the mobile station. 30 46. The
transmission power control method as claimed in claim 45, further
comprising the steps of determining whether predetermined conditions for
stopping the transmission power 35 control operation of the moderate
transmission power control step are satisfied, after the transmission power
control operation of the moderate transmission   -151 power control step is
started; and when it is determined that the predetermined conditions are
satisfied in the moderate transmission power control stop condition 



5 determining step, switching transmission power control operations from
the transmission power control operation of the moderate transmission power
control step to a transmission power control operation based on the
transmission power control 10 information transmitted from the base
station. 47. A transmission power control device that controls transmission
power of a mobile station in a mobile communication system in which 15
transmission power control information to be used in a transmission power
control operation at the mobile station is transmitted from a base station,
and signal transmission and reception are performed between the base
station and the mobile station to 20 establish synchronization, before
information data transmission is started between the base station and the
mobile station, the transmission power control device comprising an
autonomous controller that controls 25 transmission power to increase from
an initial value in accordance with predetermined characteristics,
regardless of the transmission power control information transmitted from
the base station, after synchronization with a signal from the base station
30 is established at the mobile station. 48. The transmission power control
device as claimed in claim 47, wherein the autonomous controller controls
transmission power to increase 35 in accordance with more gradual variation
characteristics than the variation characteristics of transmission power
controlled based on the   -152 transmission power control information
transmitted from the base station. 49. The transmission power control
device 5 as claimed in claim 47 or 48, further comprising: an autonomous
control stop condition determiner that determines whether predetermined
conditions for stopping the transmission power control operation by the
autonomous controller are 10 satisfied, after a start of the transmission
power control operation by the autonomous controller; and a control
switcher that switches transmission power control operations from the
transmission power control operation by the 15 autonomous controller to a
transmission power control operation based on the transmission power
control information transmitted from the base station, when the autonomous
control stop condition determiner determines that the predetermined 



20 conditions are satisfied. 50. The transmission power control device as
claimed in claim 49, wherein the autonomous control stop condition
determiner determines whether 25 a predetermined period of time has passed
since a start of the transmission power control operation by the autonomous
controller, and, when determining that the predetermined period of time has
passed since the start of the transmission power control 30 operation by
the autonomous controller, determines that the predetermined conditions are
satisfied. 51. The transmission power control device as claimed in claim
49, wherein: 35 the base station transmits predetermined transmission power
control information before synchronization is established at the base
station,   -153 and transmits closed-loop transmission power control
information determined based on reception quality of a signal transmitted
from the mobile station after synchronization is established at the base
station 5 based on a signal from the mobile station; the autonomous control
stop condition determiner includes a control information switch determiner
that determines whether the transmission power control information
transmitted from the base 10 station has been switched from the
predetermined transmission power control information to the closed-loop
transmission power control information; and when the control information
switch 15 determiner determines that the transmission power control
information transmitted from the base station has been switched from the
predetermined transmission power control information to the closed-loop
transmission power control information, 20 the autonomous control stop
condition determiner determines that the predetermined conditions are
satisfied. 52. The transmission power control device 25 as claimed in claim
51, wherein: 



the autonomous control stop condition determiner includes a start timing
determiner that determines whether a predetermined period of time has
passed since a start of the transmission power 30 control operation by the
autonomous controller; and when the start timing determiner determines that
the predetermined period of time has passed since the start of the
transmission power control operation by the autonomous controller, the 35
control information change determiner starts the determining operation.
-154 53. A transmission power control device that controls transmission
power of a mobile station in a mobile communication system in which
transmission power control information to be used in 5 a transmission power
control operation at the mobile station is transmitted from a base station,
and signal transmission and reception are performed between the base
station and the mobile station to establish synchronization, before
information data 10 transmission is started between the base station and
the mobile station, the transmission power control device comprising a
gentle transmission power controller that controls transmission power based
on moderate 15 transmission power control information that is designed to
control transmission power in accordance with more gradual variation
characteristics than the variation characteristics of transmission power
controlled based on the transmission power control 20 information
transmitted from the base station, after synchronization. with a signal
from the base station is established at the mobile station. 54. The
transmission power control device 25 as claimed in claim 53, further
comprising: a moderate transmission power control stop determiner that
determines whether predetermined conditions for stopping a transmission
power control operation by the moderate transmission power 30 controller
are satisfied, after the transmission power control operation by the
moderate transmission power controller is started; and a control switcher
that switches transmission power control operations from the 35
transmission power control operation by the moderate transmission power
controller to a transmission power control operation based on the
transmission   -155 



power control information transmitted from the base station, when the
moderate transmission power control stop determiner determines that the
predetermined conditions are satisfied. 5 55. A mobile station comprising a
transmission power control device that controls transmission power when
signals are transmitted to and from a base station so as to establish 10
synchronization before information data is sent to the base station that
transmits transmission power control information to be used in a
transmission power control operation, the transmission power control device
15 including an autonomous controller that controls transmission power to
increase from an initial value in accordance with predetermined
characteristics, regardless of the transmission power control information
transmitted from the base station, after 20 synchronization with a signal
from the base station is established at the mobile station. 56. The mobile
station as claimed in claim 55, wherein the transmission power control 25
device further includes: an autonomous control stop condition determiner
that determines whether predetermined conditions for stopping a
transmission power control operation by the autonomous controller are
satisfied, 30 after a start of the transmission power control operation by
the autonomous controller; and a control switcher that switches
transmission power control operations from the transmission power control
operation by the 35 autonomous controller to a transmission power control
operation based on the transmission power control information transmitted
from the base   -156 station, when the autonomous control stop condition
determiner determines that the predetermined conditions are satisfied. 5
57. A mobile station comprising a transmission power control device that
controls transmission power when signals are transmitted to and from a base
station so as to establish synchronization before information data is sent
to 10 the base station that transmits transmission power control
information to be used in a transmission power control operation, the
transmission power control device including a moderate transmission power
controller 15 that controls transmission power based on moderate
transmission power control information that is designed to control
transmission power in accordance with more gradual variation
characteristics than the variation characteristics of transmission power 20
controlled based on the transmission power control information transmitted
from the base station, after synchronization with a signal from the base
station is established at the mobile station. 



25 58. The mobile station as claimed in claim 57, wherein the transmission
power control device further includes: a moderate transmission power
control stop determiner that determines whether predetermined 30 conditions
for stopping a transmission power control operation by the moderate
transmission power controller are satisfied, after the transmission power
control operation by the moderate transmission power controller is started;
and 35 a control switcher that switches transmission power control
operations from the transmission power control operation by the moderate
-157 transmission power controller to a transmission power control
operation based on the transmission power control information transmitted
from the base station, when the moderate transmission power 5 control stop
determiner determines that the predetermined conditions are satisfied.
.AH.Ah,?.A{R.Ah?.Ah?.A{R.A,?.AhR.AhR.Ay.A{R.A{?.A{?.Ah,?.Ah,,.A{,?.Ah,,.A{@
.A{,?.Ah?.Ah?.Ah@R.Ah?.A{,?.Ah@,.Ah@,.Ah@,.A{,,.Ah,,.A{?.A{y.Ale.AU@,.Ae.A{
e.Al{,,.AU?.Al?.Ah,.AR.Ahe.AhR.AhR.AhR.AlR.Ae.Al{e.Ale.AYR.Al{,.AYR.Al{R.Al
,,.A{e.AlR.AYR.AlR.AYe.Al@R.A?.Al?.Ahf.Al?.A{,R.Al,,.AYe.AlR.Al{@,.A{?.AYe.
Ah?.Ae.AR.A{,,.Ay.AlR.Ale.AYR.AR.Al?.AhR.AYR.AR.A{R.A{e.Al?.AYR.Al?.Al{e.AU
,,.A?.A{e.AlR.AlR.A{e.A{?.A{R.AhR.AYe.AYe.Ale.Ae.Ay.AR.Ale.A{R.Ale.Ale.Al,,
.Al{,,.Ah,?.A{.AhS.AhR.AhR.Al?.Al@,.A{R.AR.AY?.A?.A{@,.Al,?.A{@,.AR.Ah,.A{@
.Al{,?.Al{,,.AlS.A,.A{?.A,,.A{,.A{e.AY?.A{?.A{R.Al,?.Ale.AYe.Al{.Al{,?.AYR.
AYe.Ae.AlR.Ale.A{y.Ale.AYy.Al?.A.AYy.A.A{e.A(2&!$$+',222
86899@@@G{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]c:a]ca]c^a]ca]ca]c^a]ca]ca!GGJ+JLnNsNcUhUO\T\RcWc_djjJjqq
wx
PU~|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca!+0HM~6w|X]qvi}xsnid_Z]]]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca!in/4. Qo  ($*$/(4(W/\//5@6E6z6
999c<h<<DB|wrlgb]X]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!DBIBD4FiFFGG;
N@N(U-UbUVV:\?\t\__4c9cieoe^jcjjpLqQq]xbxCHzupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca
]ca]caV]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca
]ca!HQVO<A_dhmhm^cGLAFw16|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca!JO+IN_dh m
;@:?*/!a"%&,,d-}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!d-k-44C4::<AABHHOOVVEYKYc
]h]FdKdffjjklqqww~{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca!~~`e_dCILRouscisy}xsn
id_Z]]]c*a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!'*-CSV *0*0
{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca!  DG+il6awY_
!3!{"~"H$v$|$((**1.4.^.}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!^.0"0,000f12Z7`7:
:<==?@+D1D-EGmJsJJ2M?MOOPPVWWX}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!X<[H[Q\@^F
^q^ddeeghiiikkkoqqruYwwwxoz{zP~V~~Q}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Q}tm&
,PmzkHN:%O>}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Ur 



u{^5;
NT)tBH}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Hn&,svFLpJVbMS3#|K}xsnid_Z]]]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca!?Jt=guKQs
DJG}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cap{Y7!}`M!10%&'()-!`M!10%&'()- M!10%Z
&'()-`S!10%G+&'()-!.S!10%uu&'()-!
S!10%&'()-fzX6!i`0M!10%&'()-`!0M!10%XX&'()-`/10%G&'()-!n`M!10%&'()-!}`M!10%
ee&'()-!`M!10%--&'()- ~\:!!``!10%&'()-!`!10%&'()-,10%Z&'()- 10G 10G
10G!9<10%G&'()-!`0M!10%&'()-` b
OPwU3~\:!}`s$M!10%JJ&'()-!}`s$M!10%&'()-!s$M!10%&'()-!n``!10%&'()-!``!10%SS
&'()-!``!10%&'()-P&uS1!`>M!10%ee&'()-50!>M!10%22&'()-50Y 10%G&'()-10%G&'()-
10 10 10!s`s$M!10%&'()-VD2$zX6uS1!!t`>M!10%;
;&'()-50!}`>M!10%;;&'()-50!x`>M!10%&'()-50!|`>M!10%&'()-50!`>M!10%&'()-50`>
M!10%G&'()-50!}HuS1!` s!10%&'()-.!` s!10% 



&'()-.! s!10%&'()-.h P10%Z&'()-;10%Z&'()- 10;; 10;; 10;;H+OLy>zX6uS1!!x`
s!10%&'()-.!` s!10%&'()-.` s!10%Z~&'()-.!}` s!10%&'()-.!` s!10%ZZ&'()-.!`
s!10%Z Z &'()-.3@rP1!!x`
s!10%!`s!10%&'()-1!`s!10%&'()-1!s!10%&'()-110%Z&'()- 10 10 10@\
]!["#$$zX6P1!!n`s!10%]]&'()-1!`s!10%]]&'()-1!`s!10%&'()-1`s!10%Z&'()-1!}`s!
10%NN&'()-1!`s!10%ZEZE&'()-1$$$$$$f%j&e'sQ/!``'10%JJ&'()-1!``'10%&'()-1!
``'10%EE&'()-1 `'10%S&'()-110%Z&'()- 



10]] 10]]
10]]e'e((8)/*,++wU3sQ/!!``'10%&'()-1!}``'10%&'()-1!}``'10%]]&'()-1!``'10%&'
()-1!x``'10%SS&'()-1!``'10%&'()-1++++',I,l,`-rP/!!``'10%&'!` !10%&'()-.!`
!10%&'()-.! !10%&'()-.P 10%G&'()- 10 10 10`-U.U/P0O1B22wU3P/!!}`
!10%&'()-.!s` !10%uu&'()-.!s` !10%kk&'()-.!n` !10%77&'()-.!` !10%``&'()-.!`
!10%&'()-.222222t34
5uS1!!`>`!10%&'()-50!`>`!10%GG&'()-50!>`!10%&'()-50A10%G&'()-10%G&'()- 10
10 10 567
86889zX6uS1!!!s`>`!10%&'()-50!`>`!10%&'()-50`>`!10%G&'()-50!x`>`!10%&'()-50
!}`>`!10%&'()-50!x`>`!10%&'()-5099999:F:E;
rP1!!!s`>`!10%!``!10%&'()-1!``!10%&'()-1!`!10%ee&'()-110%G&'()- 



10 10 10E;
A<C==/>(??wU3P1!!!}``!10%&'()-1!x``!10%@@&'()-1!``!10%&'()-1!|``!10%&'()-1!
``!10%&'()-1!``!10%&'()-1?@@@@@@@zArS1!!4 "10%&'()-0c 10%Z&'()-10%Z&'()- 10
10 10!t``!10%&'()-1!p``!10%&'()-1zA\BCC:D@EErFwU3rS1!!!`4 "10%ZZ&'()-0!o`4
"10%""&'()-0!x`4 "10%&'()-0!x`4 "10%&'()-0!4 "10%NN&'()-0!`4
"10%NN&'()-0rF@GGGGGGHrP1!!!`4 "10%ZZ&'!y:!10%((&'()--10%G&'()- 10 10 10!`4
"10%&'()-0!`4
"10%pp&'()-0HIJ+JKLLwU3P1!!!s`M!10%22&'()-!`M!10%22&'()-!`M!10%&'()-!M!10%c
c&'()-!y`:!10%[[&'()-!~`:!10%&'()-LMMkNlNmNnNsN}oP1!!!s`M!10%22&'-10%Z&'()-



10 10
10!|`-M!10%&'()-!`-M!10%&'()-!t-M!10%GG&'()-sN4OYOPQQRwU3P1!!!``!10%ZZ&'()-
1!``!10%&'()-1!s``!10%&'()-1!``!10%&'()-1!``!10%}}&'()-1!`!10%&'()-1RST`UaU
bUcUhU}oP1!!!``!10%ZZ&'-10%G&'()- 10}} 10}}
10}}!s``!10%}}&'()-1!x``!10%&'()-1!s``!10%&'()-1hU.VVWXYpZwU3P1!!!n`M!10%&'
()-1!|`M!10%--&'()-1!x`M!10%&'()-1!`M!10%GG&'()-1!`M!10%[[&'()-1!M!10%&'()-
1pZ[[L\M\N\O\T\}oP1!!!n`M!10%&',-10%G&'()- 10 10
10!s`M!10%&'()-1!`M!10%&'()-1!`M!10%GG&'()-1T\
]^__`awU3P1!!!x``!10%&'()-1!s``!10%&'()-1!``!10%22&'()-1!``!10%22&'()-1!``!
10%&'()-1!`!10%&'()-1abOcPcQcRcWcdrP1!!!x``!10%&'!S 10%MM&'()-,-10%Z&'()-
10 10 10!s``!10%&'()-1!``!10%77&'()-1d_ddeZffgwU3P1!!!` s!10%&'()-y)!`
s!10%ZSZS&'()-y)!n` s!10%&'()-y)!` s!10%&'()-y)! s!10%&'()-y)! `S
10%VNVN&'()-gRhpijjjjjJj}oP1!^ Z10%G&'()-,-10%G&'()- 10 10 10!x`
s!10%&'()-y)!` s!10%ZZ&'()-y)!s`
s!10%&'()-y)JjjklmnowU3oP1!!`LM!10%GG&'()-:0!x`LM!10%--&'()-:0!`LM!10%&'()-
:0!`LM!10%##&'()-:0!`LM!10%&'()-:0!LM!10%&'()-:0o`ppqqqqq}oP1!!`LM!10%GG&',
-10%Z&'()- 10 10
10!x`LM!10%&'()-:0!`LM!10%&'()-:0!n`LM!10%22&'()-:0qqrstuhvzX6P1!!!`s!10%&'
()-1!`s!10%ZZ&'()-1`s!10%ZN&'()-1!x`s!10%&'()-1! 



`s!10%&'()-1!s!10%&'()-1hv_wwwwwxxrP1!!!`s!10%!`!10%&'()-1@-10%Z&'()- 10SS
10SS
10SS!n`s!10%SS&'()-1!`s!10%&'()-1xyz{|}{~wU3P1!!x``!10%EE&'()-1!x``!10%&'()
-1!}``!10%;;&'()-1!|``!10%NN&'()-1!|``!10%&'()-1!``!10%jj&'()-1{~
JrP1!!x``!10%EE&'!`M!10%&'()-1!M!10%&'()-1,-10%G&'()- 10 10
10!n``!10%&'()-1J}lawU3P1!!}`M!10%;
;&'()-1!x`M!10%&'()-1!t`M!10%--&'()-1!s`M!10%&'()-1!`M!10%WW&'()-1!~`M!10%G
(G(&'()-1arP1!!}`M!10%;;&'!`s!10%&'()-1!s!10%&'()-1-10%Z&'()- 10-- 10--
10--!t`M!10%--&'()-1g}uwU3P1!!`s!10%&'()-1!x`s!10%&'()-1!s`s!10%&'()-1!`s!1
0%ZZ&'()-1!x`s!10%bb&'()-1!`s!10%&'()-1
rP1!!`s!10%&'!`s!10%&'()-1!`s!10%&'()-1!s!10%&'()-1-10%Z&'()- 10 10
10MNOwUG91!! 10
10!s`s!10%&'()-1!`s!10%&'()-1!x`s!10%&'()-1!`s!10%XX&'()-1!`s!10%SS&'()-1OP
UoM+1!`d`!10%GG&'()-0!s`d`!10%&'()-0!`d`!10%&'()-0!d`!10%&'()-0T
10%G&'()-@-10%G&'()- 10{|}~wi[M1!`d`!10%GG&'()-0 



10JJ 10JJ
10JJ!x`d`!10%JJ&'()-0!x`d`!10%&'()-0!|`d`!10%&'()-0!|`d`!10%&'()-0~3/25zX6M
1!`!}``!10%&'()-1!``!10%&'()-1!s``!10%&'()-1!``!10%&'()-1!`!10%&'()-1-10%G&
'()-59Ywi[M1!`!}``!10% 10 10 10!``!10%&'()-1!``!10%GG&'()-1!x``!10%;
;&'()-1!``!10%&'()-1~ }[9M1!`!!`Q`!10%ZjZj&'()-50!s`Q`!10%&'()-50!
`Q`!10%@@&'()-50!Q`!10%  &'()-50T U10%Z&'()-,-10%Z&'()-ncUMwUG91!`! 10JJ
10JJ!x`Q`!10%JJ&'()-50!`Q`!10%&'()-50!x`Q`!10%&'()-50!`Q`!10%&'()-50!`Q`!10
%EE&'()-50oM+1!`[`!10%&'()->0!`[`!10%&'()->0!`[`!10%77&'()->0![`!10%&'()->0
K P10%G&'()-@-10%G&'()- 10JJ()*+wi[M1!`[`!10%&'()->0 10@@ 10@@
10@@!|`[`!10%@@&'()->0!s`[`!10%&'()->0!`[`!10%&'()->0!`[`!10%;
;&'()->0+0zX6M1!`!}``!10%&'()-1!s``!10%22&'()-1!``!10%&'()-1!
``!10%&'()-1!`!10%77&'()-1@-10%G&'()-EFGHM~}oP1T L10%G&'()-@-10%G&'()- 10@@



10@@ 10@@!s``!10%@@&'()-1!``!10%&'()-1!``!10%&'()-1~
wU3oP1!}`d`!10%&'()-50!}`d`!10%;
;&'()-50!`d`!10%&'()-50!}`d`!10%&'()-50!`d`!10%--&'()-50!d`!10%&'()-50XrP1!
}`d`!10%&'!M!10%--&'()-1,-10%G&'()- 10;; 10;; 10;
;!}`d`!10%;;&'()-50!n`d`!10%&'()-50XPM1
wU3P1!x`M!10%&'()-1!j`M!10%&'()-1!s`M!10%&'()-1!x`M!10%77&'()-1!}`M!10%((&'
()-1!`M!10%&'()-1tjrP1!x`M!10%&'!``!10%&'()-1!`!10%--&'()-1,-10%G&'()- 10ee
10ee 10ee!x`M!10%ee&'()-1jg^URPwU3P1!n``!10%&'()-1!``!10%;
;&'()-1!x``!10%77&'()-1!x``!10%&'()-1!}``!10%&'()-1!``!10%&'()-1prS1!``!10%
JJ&'()-1``!10%Z@&'()-1! ``!10%EE&'()-1!`!10%&'()-110%Z&'()- 10 10
10phX`wi[M1!``!10%JJ&' 10 10
10!s``!10%&'()-1!``!10%&'()-1!n``!10%JJ&'()-1!x``!10%&'()-1vzX6M1!!`!10%$$&
'()-1!s`!10%33&'()-1!
`!10%..&'()-1!`!10%))&'()-1!!10%88&'()-1-10%&'()-vc<:wUG91!! 10$$
10$$!j`!10%$$&'()-1!x`!10%&'()-1!`!10%&'()-1!j`!10%))&'()-1!t`!10%$$&'()-1t
hC:oM+1!x`l!10%==&'()-1!`l!10%GuGu&'()-1`l!10%&'()-1!
`l!10%BB&'()-1!l!10%LL&'()-1-10%&'()- 



10$$:Z4z[9+1
1044!`l!10%44&'()-1`l!10%&'()-1!x`l!10%%%&'()-1!n`l!10%44&'()-1!`l!10%//&'(
)-1`l!10%_&'()-1_W6a?1 1044!!x``!10%&'()-!``!10%aa&'()-!`!10%&'()-K
10%m&'()-@-10%m&'()- 1044 10446"4zX6?1
1044!s`!10%&'()-!`!10%&'()-`!10%m&'()-!x`!10%&'()-!s`!10% ~
~&'()-!s!10%&'()-`5rP1 1044!s`!10%!` "10%33&'()-1! ` "10%))&'()-1!
"10%)\)\&'()-1-10%&'()- 10 10 1056.&wU3P1 104!` "10% \ \&'()-1!x`
"10%88&'()-1!o` "10%$\$\&'()-1!t` "10%$a$a&'()-1!}` "10%$X$X&'()-1!x`
"10%.\.\&'()-1tuvw|ArP1 104!` "10% \ \&'!
`!10%..&'()-1!!10%))&'()-1-10%&'()- 10$$ 10$$ 10$$!j` "10%$$&'()-1(zX6P1 



104!!}`!10%&'()-1!`!10%
&'()-1`!10%&'()-1!}`!10%$$&'()-1!x`!10%..&'()-1!`!10%8.8.&'()-1,UVWX]rS404!
. 10%&'()-,-10%&'()- 10 10
10!`!10%&'()-1`!10%&'()-1!}`!10%&'()-1wU3rS404!o`lQ!10%88&'()-H0!o`lQ!10%88
&'()-H0!`lQ!10%44&'()-H0!}`lQ!10%==&'()-H0!`lQ!10%BB&'()-H0!lQ!10%PP&'()-H0
nopqvrQ/!`!10%&'()-1 !10%&'()-1-10%Z&'()- 10%% 10%%
10%%!s`lQ!10%%%&'()-H0!s`lQ!10%//&'()-H0hwU3rQ/!!n`!10%&'()-1!
`!10%&'()-1!j`!10%&'()-1!}`!10%&'()-1!x`!10%&'()-1!`!10%&'()-1Jfghin}oP/!!n
`!10%&'-10%&'()- 10kk 10kk
10kk!s`!10%kk&'()-1!`!10%**&'()-1!i`!10%&'()-1n9wU3P/!!e`9 10%//&'()-!}`9
10%%%&'()-!9 10%/p/p&'()-!}`s!10%%B%B&'()-!`s!10%**&'()-!s!10%%%&'()-
,-./wi[M/!!e`9 10%// 104 4  104 4  104 



4 !i`ls$ "10%4 4 &'()-!s`ls$ "10%/u/u&'()-!o`ls$ "10%88&'()-!ls$
"10%=8=8&'()-/4
.zX6M/!!!}`!10%$$&'()-"!!10%.X.X&'()-"!j`!10%$k$k&'()-S!`!10%((&'()-S!!10%$
t$t&'()-S-10%&'()-wUG9/!!! 10 10!`!10%&'()-"!`!10%yy&'()-"!i`!10%
&'()-"!x`!10%&'()-"!}`!10%&'()-" QooM+/!x`+s!10%..&'()-{!}`+s!10%&'()-{!
`+s!10%&'()-{!+s!10%pp&'()-{  c10%&'()-,10%&'()- 10otqwUG9/!x`+s! 10 10!j`@
s!10%&'()-3!x`@ s!10%&'()-3!}`@ s!10%&'()-3!`@ s!10%&'()-3!@
s!10%&'()-3N{yoM+/!`+!10%$$&'()-50!`+!10%&'()-50!`+!10%)3)3&'()-50!+!10%8.8
.&'()-50.10%&'()--10%&'()- 10yqw`    zXJ</!`+!10 10YY
10YY!}`+!10%YY&'()-50!`+!10%&'()-50`+!10%&'()-50!j`+!10%$$&'()-50!o`+!10%$t
$t&'()-50   !"K##lJ</!`+!10 10YY!`!10%mm&'()-1!s`!10% ~
~&'()-1!`!10%SS&'()-1!!10%  &'()-1-10%m&'()- 



10YY#${%%&',(wU3</!!n`!10%AA&'()-1!x`!10%&'()-1!`!10%uu&'()-1!`!10%SS&'()-1
!o`!10%aa&'()-1!`!10% ] ]&'()-1,(-(.(/(4((|))rP/!!n`!10%AA&'!`!10%
&'()-1!`!10% ] ]&'()-1!!10%&'()-1-10%m&'()- 10AA 10AA
10AA)*+,Z--.wU3P/!!`!10%&'()-1!`!10%mm&'()-1!j`!10%&'()-1!o`!10%&'()-1!`!10
%&'()-1!`!10%&'()-1.T/U/V/W/\//"01uS1!`4!10%)<)<&'()-'!4!10%8y8y&'()-'8
10%&'()--10%&'()- 10 10 10!s`!10%&'()-11123455wU3uS1!!1`!10%  &'()-!i`4!10%
&'()-'!x`4!10%&'()-'!x`4!10%&'()-'!`4!10%yy&'()-'!x`4!10%.t.t&'()-'5=6>6?6@
6E6z678uS1!`0s!10%  &'()-V!0s!10%/u/u&'()-V  10%&'()--10%&'()- 10 10
10!n`1`!10%&'()-8
99995::}[9uS1!!n`l`$!10%44&'()-!`l`$!10%88&'()-!l`$!10%4B4B&'()-`s!10%&'()-
!s!10%%%&'()-`0s!10%z&'()-V:;l;;<`<a<b<zXJ<1!! 10**
10**!`l`$!10%**&'()-`l`$!10%&'()-!`l`$!10%/"/"&'()-!n`l`$!10%//&'()-!`l`$!1
0%44&'()-b<c<h<<<_===oM.1`+s!10%k&'()-50!`+s!10%&'()-50!`+s!10%&'()-50!+s!1
0%&'()-5010%&'()-,10%&'()- 10**=>:?@@AAwU3.1!i`+s!10%
&'()-50!`+s!10%&'()-50!`+s!10%&'()-50!`+s!10%&'()-50!n`+s!10%
&'()-50!`+s!10%  &'()-50AABBBCBDBIBBICrP1!i`+s!10%
&'!`s!10%<<&'()-'!s!10%44&'()-'-10%&'()- 



10 10 10!n`+s!10%&'()-50ICC6DD*EE4FwU3P1!`y 10%&'()-!n`y 10%4u4u&'()-!y
10%44&'()-!`s!10%&'()-'!`s!10%%%&'()-'!`s!10%&'()-'4FFFGGGGGwi[M1!`y 10%
1088 1088 1088!j`l3 10%88&'()-M!0l3
10%88&'()-M!j`f,!10%**&'()-!ef,!10%//&'()-GGGMHGIJJJzX6M1!!j`l!10%PP&'()-1!
x`l!10%LL&'()-1!`l!10%GuGu&'()-1!l!10%__&'()-1!l!10%ZZ&'()-1-10%&'()-J"KKLL
DMMwU3M1!`l!10%&'()-1!n`l!10%44&'()-1!`l!10%88&'()-1!`l!10%&'()-1!t`l!10%88
&'()-1!`l!10%GG&'()-1M8N9N:N;
N@NOOrP1!`l!10%&'!`Y'10%mm&'()-1!Y'10%{{&'()-1-10%&'()- 10/d/d 10/d/d
10/d/d!`l!10%/d/d&'()-1OPQRST%UwU3P1!x`Y'10%UU&'()-1!`Y'10%UU&'()-1!`Y'10%h
h&'()-1!0`Y'10%&'()-1!`Y'10%cc&'()-1!t`Y'10%{{&'()-1%U&U'U(U-UbUUVVuS1!`lH!
10%GG&'()-Q0!`lH!10%TT&'()-Q0!lH!10%PrPr&'()-Q0$ 10%&'()--10%&'()- 10UU
10UU
10UUVVWXXXYZzX6uS1!!n`lH!10%4545&'()-Q0!o`lH!10%==&'()-Q0!`lH!10%//&'()-Q0!
s`lH!10%BB&'()-Q0!`lH!10%BB&'()-Q0`lH!10%&'()-Q0Z[7\8\9\:\?\t\\rS1!Y&!10%Z[
Z[&'()-M0 10%&'()-,10%&'()- 10*?*? 10*?*?
10*?*?!n`lH!10%*?*?&'()-Q0!s`lH!10%**&'()-Q0\^_j__v``wU3rS1!!`Y&!10%&'()-M0
!x`Y&!10%KK&'()-M0!`Y&!10%Z:Z:&'()-M0!s`Y&!10%ZZ&'()-M0!`Y&!10%PP&'()-M0!`Y
&!10%gg&'()-M0`asbb1c2c3c4cwi[M1!!`Y&!10% 1088 1088
1088!x`Y&!10%88&'()-M0!`Y&!10%BB&'()-M0!o`Y&!10%KK&'()-M0!`Y&!10%GG&'()-M04
c9cdeffgzX6M1!!!|`l!10%4,4,&'()-1!`l!10%==&'()-1!`l!10%BB&'()-1!`l!10%GG&'(
)-1!l!10%GG&'()-1-10%&'()-glhii[j\j]j^jwi[M1!!!|`l!10%4,4 



10%% 10%%
10%%!}`l!10%%%&'()-1!`l!10%4545&'()-1!`l!10%&'()-1!o`l!10%==&'()-1^jcjj,klm
n}[9M1!!!!s`lV "10%LL&'()-V-!}`lV "10%GG&'()-V-!`lV "10%GG&'()-V-!lV
"10%BB&'()-V-. 10%&'()-,-10%&'()-no1ooppIqJqz[9+1 10! Y710%&'()-@`lV
"10%&'()-V-!o`lV "10%= = &'()-V-!`lV "10%4p4p&'()-V-`lV "10%&'()-V-!|`lV
"10%44&'()-V-JqKqLqQqrstt^<1
10!!}`!10%))&'()-1!}`!10%)3)3&'()-1!`!10%))&'()-1!!10%88&'()-1-10%&'()- 10
10tuvwZx[x\x]xwi[M1 



10!!}`!10 10   10   10  !i`!10%
&'()-1!}`!10%&'()-1!o`!10%$A$A&'()-1!x`!10%  &'()-1]xbx#yyzZ{{z[9M1
10!`l!10%BB&'()-1`l!10%&'()-1!x`l!10%BB&'()-1!`l!10%=G=G&'()-1!l!10%BB&'()-
1-10%&'()-{|}~@ABCwi[M1 10!`l!10% 10,, 10,,
10,,!`l!10%,,&'()-1!s`l!10%44&'()-1!o`l!10%88&'()-1!o`l!10%==&'()-1CH zX6M1
10!`Ys!10%KK&'()-1!`Ys!10%""&'()-1!x`Ys!10%KK&'()-1!`Ys!10%BB&'()-1!Ys!10%G
G&'()-1-10%&'()-bNOPwUG91 10! 1033
1033!t`Ys!10%33&'()-1!s`Ys!10%==&'()-1!`Ys!10%==&'()-1!`Ys!10%&'()-1!s`Ys!1
0%B'B'&'()-1PQV3:lJ91 10! 1033 1!x`l "10%LzLz&'()-1!`l "10%GG&'()-1!`l
"10%LlLl&'()-1!l "10%]u]u&'()-1-10%&'()- 1033:#wU391 10!`l "10%88&'()-1!`l
"10%""&'()-1!o`l "10%==&'()-1!|`l "10%4:4:&'()-1!`l "10%8"8"&'()-1!`l
"10%B=B=&'()-1OavT20!`YH!10%ZZ&'()-0!`YH!10%bb&'()-0 YH!10%__&'()-0
10%&'()-,10%&'()- 



1088 1088
10885owU3vT20!!`YH!10%BB&'()-0!`YH!10%??&'()-0!e`YH!10%UU&'()-0!t`YH!10%KK&
'()-0!s`YH!10%UU&'()-0!s`YH!10%ZZ&'()-0orP20!!`YH!10%BB&'!`l
"10%UpUp&'()-1!l "10%LlLl&'()-1@-10%&'()- 1088 1088
1088!x`YH!10%88&'()-09wU3P20!!e`l "10%="="&'()-1!t`l "10%88&'()-1!|`l
"10%4:4:&'()-1!`l "10%&'()-1!`l "10%==&'()-1!t`l "10%PP&'()-19:;<ArP20!!e`l
"10%="="&'!x`s!10%))&'()-1!`s!10% k k&'()-1!s!10%)!)!&'()-1@10%&'()- 10="="
10="="
10="="\wU3P20!!x`s!10%~~&'()-1!}`s!10%&'()-1!x`s!10%&'()-1!`s!10%..&'()-1!n
`s!10%  &'()-1!x`s!10%$$&'()-1\]^_d.+uS10!}`lH!10%GG&'()->0!
`lH!10%GuGu&'()->0!lH!10%GG&'()->0) _10%&'()--10%&'()- 10~~ 10~~
10~~1ewU3uS10!!`lH!10%&'()->0!x`lH!10%**&'()->0!x`lH!10%//&'()->0!s`lH!10%=
=&'()->0!`lH!10%GG&'()->0!`lH!10%&'()->0efghm!rP10!!`lH!10%&'!
`,!10%3y3y&'()-&!`,!10%FF&'()-&!D,!10%<<&'()-&f-10%&'()- 10 10
10!wU3P10!!i/`!10%  &'()-4
!x`,!10%&'()-&!o`,!10%$$&'()-&!x`,!10%))&'()-&!`,!10%$y$y&'()-&!x`,!10%33&'
()-&efghmrP10!!i/`!10%  &'!`l!10%OO&'()-1!l!10%BB&'()-1-10%&'()- 10pp 



10pp 10pp!t`/`!10%pp&'()-4
wwU3P10!!~`l!10%&'()-1!`l!10%dd&'()-1!s`l!10%**&'()-1!`l!10%
&'()-1!`l!10%&'()-1!`l!10%44&'()-1[\]^c-rP10!!~`l!10%&'!
``$10%@@&'()-1!`$10%&'()-1,@10%Z&'()- 10 10
10!}`l!10%&'()-1<iwU3P10!!p``$10%&'()-1!``$10%==&'()-1!~n``$10%bb&'()-1!t``
$10%&'()-1!y``$10%&'()-1!``$10%^%^%&'()-1 DEFGL}oP10!!p``$10%&',-10%&'()-
10   10   10  !a``$10%
&'()-1!fn``$10%&'()-1!ax``$10%&'()-1LOzX6P10!!!t`l!10%88&'()-1!`l!10%8,8,&'
()-1`l!10%&'()-1!`l!10%==&'()-1!`l!10%GG&'()-1!l!10%LL&'()-1O>?@Awi[M10!!!t
`l!10%88 10 10 



10!|`l!10%&'()-1!}`l!10%%%&'()-1!}`l!10%**&'()-1!`l!10%//&'()-1AFw3}[9M10!!
!!`Y> "10%hh&'()-"0!`Y> "10%ww&'()-"0!`Y> "10%&'()-"0!Y> "10%{{&'()-"08
c10%&'()--10%&'()- .wU3M10!!`Y> "10%GG&'()-"0!j`Y> "10%KZKZ&'()-"0!|`Y>
"10%GG&'()-"0!`Y> "10%&'()-"0!}`Y> "10%UU&'()-"0!x`Y>
"10%hh&'()-"0./016rP10!!`Y> "10%GG&'!`l "10%&'()-1!`l "10%gugu&'()-1!l
"10%UpUp&'()-1-10%&'()- 10GG 10GG 10GGwU6P10!!`l "10%&'()-1!s`l
"10%4"4"&'()-1!`l "10%44&'()-1!j`l "10%BPBP&'()-1!}`l "10%88&'()-1!`l
"10%BB&'()-1uS10!`l !10%PP&'()-.!l !10%PP&'()-.$ 10%&'()-6@-10%&'()- 



1044 1044 1044!`l "10%44&'()-1,wU3uS10!!s`l !10%**&'()-.!`l
!10%//&'()-.!n`l !10%44&'()-.!x`l !10%44&'()-.!}`l !10%==&'()-.!}`l
!10%BB&'()-.GHIJO +rP10``!10%&'()-  !``!10%&'()-  !`!10%&'()-  @10%&'()-
10%% 10%% 10%%!o`l !10%%%&'()-.+;wU3rP10!s`!10%&'()-$!n`!10% ~
~&'()-$!t`!10%$$&'()-$!`!10%33&'()-$!n`!10%88&'()-$!!10%..&'()-$
FGHINrP10!s`!10%&'!Y!10%PP&'()-1,10%&'()- 10 10
10!`!10%&'()-$!o`!10%&'()-$wU3P10!o`Y!10%KK&'()-1!x`Y!10%GG&'()-1!x`Y!10%KK
&'()-1!`Y!10%KK&'()-1!`Y!10%UU&'()-1!`Y!10%Z0Z0&'()-1\]^_d4rP10!o`Y!10%KK&'
! `!10% ) )&'()-1!!10%&'()-1-10%m&'()- 



10BMBM 10BMBM 10BMBM!s`Y!10%BMBM&'()-1%#&&wU3P10!s`!10%  &'()-1!x`!10%
&'()-1!`!10%&'()-1!`!10%&'()-1!x`!10%  &'()-1!`!10%  &'()-1AorP10!s`!10%
&'! "10%]]&'()-1-10%m&'()- 10   10   10  !`!10%
&'()-1!`!10%m~m~&'()-1oqn<,wU3P10!s` "10% 



&'()-1!x` "10%&'()-1!` "10%]]&'()-1!s` "10% ) )&'()-1!` "10%]]&'()-1!`
"10%&'()-10}oP10!s` "10%  &'-10%&'()- 10   10   10  !` "10%  &'()-1!`
"10%mumu&'()-1!s` "10%&'()-1bZZ(wU3P10!`!10%&'()-t-!
`!10%&'()-t-!`!10%aa&'()-t-!x`!10%
&'()-t-!`!10%&'()-t-!!10%))&'()-t-5Ez[9+1 10!+
37910%&'()-@510%&'()-!`!10%33&'()-t-!s`!10%&'()-t-!`!10%&'()-t-`!10%&'()-t-
Tlc7^<1 10!!`!10%
&'()-1!x`!10%.~.~&'()-1!`!10%@p@p&'()-1!!10%33&'()-1,-10%&'()- 10 



1072(f~wUG91 10 10
10!x`!10%&'()-1!`!10%~~&'()-1!o`!10%$$&'()-1!}`!10%~~&'()-1!x`!10%$$&'()-1`
*lM+1!`!10%SS&'()-1`!10%ma&'()-1!`!10%&'()-1!`!10%SS&'()-1!!10%II&'()-1-10%
m&'()- 10ne f g wUG91!`! 10
10!x`!10%&'()-1!`!10%SS&'()-1!`!10%mxmx&'()-1!|`!10%&'()-1!x`!10%&'()-1g h
m !lM+1!`lf!10%BB&'()- (`lf!10%Z &'()- (!lf!10%GG&'()- (! `@ 10%&'()-!@
10%&'()--10%&'()- 10 89:wUG91!`lf! 



10** 10**!x`lf!10%**&'()- (!s`lf!10%44&'()- (!x`lf!10%//&'()-
(!o`lf!10%==&'()- (!s`lf!10%BB&'()- (:;
@glM+1!`l!10%="="&'()-1`l!10%&'()-1!`l!10%88&'()-1!`l!10%88&'()-1!l!10%GrGr
&'()-1@10%&'()- 10**789wUG91!`l! 10**
10**!n`l!10%**&'()-1!s`l!10%**&'()-1!x`l!10%**&'()-1!`l!10%**&'()-1!s`l!10%
44&'()-19:?lJ91!`l! 10** 1!|`Ys!10%GG&'()-1!}`Ys!10%KK&'()-1!
`Ys!10%KK&'()-1!Ys!10%BB&'()-1-10%&'()- 10**'()wUG91!`l! 1088
1088!}`Ys!10%88&'()-1!x`Ys!10%==&'()-1!`Ys!10%PP&'()-1!o`Ys!10%KK&'()-1!x`Y
s!10%B'B'&'()-1)*/  !!lJ91!`l! 1088 1!~-
10%&'()-9!|``!10%&'()-!``!10%pp&'()-!`!10%&'()-@10%&'()-
1088!a""#$f%%wU391!!x`S s!10%&'()- !s`S s!10%&'()- !n`S s!10% ~ ~&'()- !o`S
s!10%$$&'()- !S s!10%&'()- !`- 10%&'()-9%%%%&&P''rP1!!x`S s!10%&'!`l
"10%&'()-1!`l "10%ULUL&'()-1!l "10%GG&'()-1-10%&'()- 10 



10 10'(()*++zX6P1!!!s`l "10%4"4"&'()-1!x`l "10%4_4_&'()-1!x`l
"10%8R8R&'()-1!`l "10%GG&'()-1`l "10%,&'()-1!`l
"10%==&'()-1+\,,,,,,-rP1!!!s`l "10%4"4"!!10%8484&'()-1-10%&'()- 10 H H 10 H
H 10 H H!}`l "10% H H&'()-1!`l
"10%44&'()-1-./?001H2wU3P1!!t`!10%$$&'()-1!`!10%$~$~&'()-1!`!10%&'()-1!}!10
%.@.@&'()-1!`!10%.L.L&'()-1!`!10%.y.y&'()-1H2j344444C44rS1!Y4!10%h5h5&'()-?
0 10%&'()--10%&'()- 10 10 10!s`!10%&'()-1!`!10%&'()-14K556
7z77wU3rS1!!e`Y4!10%cc&'()-?0!`Y4!10%__&'()-?0!}`Y4!10%ZmZm&'()-?0!`Y4!10%Z
Z&'()-?0!`Y4!10%&'()-?0!`Y4!10%ZZ&'()-?07R8G9D:::::wi[M1!!e`Y4!10%cc 10=[=[
10=[=[
10=[=[!x`Y4!10%=[=[&'()-?0!`Y4!10%==&'()-?0!x`Y4!10%GG&'()-?0!`Y4!10%UU&'()
-?0::;<_=Z>O?zX6M1!!!s``!10%  &'()-$!``!10%XX&'()-$!`!10%
&'()-$!`M!10%&'()-!M!10%&'()--10%&'()-O?Q@@lAAAAAwi[M1!!!s``!10%   10 10
10!``!10%&'()-$!y``!10%&'()-$!s``!10%&'()-$!x``!10%kk&'()-$AABBBxCiD}[9M1!!
!!`4!10% t t&'()-?0!`4!10%..&'()-?0!`4!10%)t)t&'()-?0!4!10%.t.t&'()-?03
10%&'()-@10%&'()-iD>E5F+G)HHHHwUG91!!! 10&&
10&&!i`4!10%&&&'()-?0!s`4!10%&'()-?0!}`4!10%&'()-?0!x`4!10%&'()-?0!`4!10%KK
&'()-?0HHHIIrJiKlJ91!!! 10&& 1!}`s!10%&'()-1!`s!10%&'()-1!`s!10% 



&'()-1!s!10% a a&'()-110%m&'()-
10&&iKK@LCMSNOOzX691!!!x`s!10%&'()-1!`s!10%&'()-1`s!10%m&'()-1!}`s!10%&'()-
1!`s!10%aa&'()-1!}`s!10%&'()-1OOOOO~P}QQrP1!!!x`s!10%!x`l!10%PP&'()-1!`l!10
%PP&'()-1!l!10%GG&'()-110%&'()- 10 10 10QXRTSS
TUVwU3P1!!}`l!10%*,*,&'()-1!x`l!10%44&'()-1!`l!10%BB&'()-1!d`l!10%LL&'()-1!
`l!10%88&'()-1!`l!10%LzLz&'()-1VVVVVVNW[XrP1!!}`l!10%*,*,&'!`Y!10%&'()-1!Y!
10%ZZ&'()-1,10%&'()- 10*'*' 10*'*'
10*'*'!x`l!10%*'*'&'()-1[XYZZZ[\wU3P1!!}`Y!10%88&'()-1!x`Y!10%==&'()-1!`Y!1
0%8h8h&'()-1!}`Y!10%BB&'()-1!Y!10%GG&'()-1!`Y!10%UU&'()-1\`]a]b]c]h]!^^rP1!
!}`Y!10%88&'!`lt!10%44&'()-1! lt!10%==&'()-1-10%&'()- 1033 1033
1033!x`Y!10%33&'()-1^_`a8bbcwU3P1!!}`lt!10%%%&'()-1!`lt!10%**&'()-1!j`lt!10
%==&'()-1!`lt!10%/z/z&'()-1!`lt!10%44&'()-1!`lt!10%&'()-1cCdDdEdFdKdderP1!!
}`lt!10%%%&'!`s!10%**&'()-!s!10%  &'()--10%&'()- 10   10   10  !}`lt!10%
&'()-1e8fffggohzX6P1!!!`l3!10%==&'()--!n`l3!10%BB&'()--!l3!10%GG&'()--`s!10
%&'()-!`s!10%&'()-!n`s!10%*Z*Z&'()-ohjiVjjjjjj}oP1!!!`l3!10%==,,10%m&'()-
10*5*5 10*5*5 



10*5*5!s`l3!10%*5*5&'()--!s`l3!10%//&'()--!o`l3!10%88&'()--jklHllmmwU3P1!!`
$10%&'()-&!t`$10%mm&'()-&!`$10%&&&'()-&!$10%mm&'()-&!  910%mm&'()-@!
10%mm&'()-&mnQopqqqqwi[M1!!`$10% 10QQ 10QQ
10QQ!}`$10%QQ&'()-&!`$10%mm&'()-&!}`$10%&'()-&!~`$10%&'()-&qqqrwsWtAuzX6M1!
!!}`"10%AA&'()-1!}`"10%yy&'()-1!x`"10%tt&'()-1!`"10%#8#8&'()-1!"10%yy&'()-1
,10%&'()-Au*vvwwwwwwi[M1!!!}`"10%A 10$$ 10$$
10$$!`"10%$$&'()-1!`"10%&'()-1!s`"10%&'()-1!x`"10%yy&'()-1wwxyyuz;
{zX6M1!!!`!10%))&'()-1!`!10%&'()-1!`!10% k
k&'()-1!`!10%$$&'()-1!!10%$$&'()-1-10%&'()-;{{e|3}+~~~~wUG91!!! 10
10!x`!10%&'()-1!x`!10%&'()-1!`!10%
&'()-1!`!10%tt&'()-1!t`!10%$$&'()-1~~~U{xlJ91!!! 10
1!`l!10%4"4"&'()-1!}`l!10%BB&'()-1!`l!10%OO&'()-1!l!10%==&'()-1-10%&'()-
10(-&wU391!!x`l!10%**&'()-1!s`l!10%44&'()-1!x`l!10%//&'()-1!`l!10%//&'()-1!
`l!10%88&'()-1!`l!10%&'()-1buS1!`l9!10%GG&'()-:0!`l9!10%LL&'()-:0!l9!10%BB&
'()-:0. 10%&'()--10%&'()- 10** 10** 10**b[WT-wU3uS1!!`l9!10%
&'()-:0!`l9!10%gg&'()-:0!t`l9!10%8l8l&'()-:0!`l9!10%/"/"&'()-:0!`l9!10%==&'
()-:0!x`l9!10%GG&'()-:0-jrP1!!`l9!10%  



&'!`!10%11&'()-1!!10%.t.t&'()-1-10%&'()- 10 z z 10 z z 10 z z!`l9!10% z
z&'()-:0GF,VwU3P1!!`!10%&'()-1!`!10%&'()-1!s`!10%&'()-1!`!10%yy&'()-1!`!10%
&'()-1!!10%&'()-1 xrP1!!`!10%&'!, 10%n~n~&'()-3 -10%&'()- 10 10
10!o`!10%&'()-1!`!10%&'()-1xu
wU3P1!!|``!10%\\&'()-&!}``!10%&'()-&!``!10%XX&'()-&!``!10%
&'()-&!`!10%&'()-&!`, 10%nn&'()-3 @]^_`e}oP13 h10%&'()--10%&'()- 10<< 10<<
10<<!k``!10%<<&'()-&!t``!10%&'()-&!x``!10%ff&'()-&(!wU3oP1!s`0!10%~~&'()-C0
!n`0!10%  &'()-C0!`0!10%&'()-C0!|`0!10%
&'()-C0!`0!10%&'()-C0!0!10%..&'()-C0YrS1! s!10%SS&'()-.A
c10%Z&'()--10%Z&'()- 10&& 10&& 10&&!j`0!10%&&&'()-C0!x`0!10%&'()-C0Y7#} 



wU6rS1!` s!10%Z&'()-.!|` s!10%&'()-.!` s!10%JJ&'()-.!s` s!10%&'()-.!s`
s!10%SS&'()-.!` s!10%&'()-.\]^_d!rP1!` s!10%Z&'!Ys!10%PP&'()-1-10%&'()-
10XX 10XX 10XX!o` s!10%XX&'()-.!`
s!10%&'()-.!9zX6P1!!o`Ys!10%KK&'()-1!`Ys!10%3P3P&'()-1!s`Ys!10%PP&'()-1!`Ys
!10%==&'()-1`Ys!10%h&'()-1! `Ys!10%PP&'()-1@ABCI}oP1!!o`Ys!10%KK10%&'()-
10BB 10BB
10BB!n`Ys!10%BB&'()-1!s`Ys!10%BB&'()-1!x`Ys!10%==&'()-1IwU3P1!!x`Y!10%G0G0&
'()-1!}`Y!10%PP&'()-1!`Y!10%8080&'()-1!`Y!10%GG&'()-1!Y!10%PP&'()-1!Y!10%__
&'()-1"IJKLwi[M1!!x`Y!10%G0G0 10%w%w 10%w%w
10%w%w!~`Y!10%%w%w&'()-1!x`Y!10%88&'()-1!}`Y!10%88&'()-1!s`Y!10%B_B_&'()-1L
R#}[9M1!!!}`l 



!10%==&'()-.!`l !10%==&'()-.!`l !10%==&'()-.!Wl !10%=u=u&'()-.$ 10%&'()-;
10%&'()-lmnowi[M1!!!}`l !10% 10   10   10  !}`l !10%  &'()-.!x`l
!10%//&'()-.!s`l !10%44&'()-.!`l !10%//&'()-.ou7zX6M1!!!`S "10%&'()-!|`S
"10% X X&'()-!S "10%%%&'()-!`@ 10%``&'()-!@ 10%ii&'()-10%m&'()-s`abwUG91!!!
10 10!t`f, 



"10%&'()-!o`f, "10%pp&'()-!f, "10%&'()-!x`S "10%ff&'()-!x`S
"10%&'()-bcioM+1!|`Y "10% f f&'()-.!sY "10%)f)f&'()-.!`Y "10% f f&'()-.!Y
"10%  &'()-. 10%&'()-@10%&'()- 10pqrswi[M1!|`Y "10% f f&'()-. 10pp 10pp
10pp!s`Y "10%pp&'()-.!}`Y "10%&'()-.!}`Y "10%&'()-.!}`Y
"10%&'()-.syX''zX6M1!|`!l2`9Yz10%&'()-
!x``!10%kk&'()-!``!10%&'()-!``!10%&'()-!`!10%&'()-10%&'()-'*-|ZL>0 10   



10   10  !i`Y(s!10%  &'()-!s`Y(s!10%kk&'()-!Y(s!10%&'()-'10%&'()-
09Yz10%\&'()- {mVzX6L>0 10!`l "10%88&'()-1!`l "10%=p=p&'()-1! `l
"10%GG&'()-1!`l "10%BB&'()-1!l "10%L,L,&'()-110%&'()-V:wi[M0 10!`l "10%88
10 10 10!`l "10%&'()-1!}`l "10%**&'()-1!`l "10%pp&'()-1!`l "10%/ /
&'()-1TMzX6M0 



10!`&!10% p
p&'()-M!!&!10%&'()-M!!y``!10%&'()-!y``!10%<<&'()-!`!10%&'()-10%&'()-MHECSzX
J<0 10! 10!!
10!!!`&!10%!!&'()-M!`&!10%&'()-M!!x`&!10%&'()-M!!`&!10%&'()-M!!}`&!10%tt&'(
)-M!yNPlJ<0 10!
10!!!`lt!10%%%&'()-,!`lt!10%88&'()-,!`lt!10%88&'()-,!lt!10%//&'()-,10%&'()-
10!!P/" wU3<0 1!ll4@
10%&'()-!x`lt!10%%%&'()-,!s`lt!10%//&'()-,!}`lt!10%%%&'()-,!`lt!10%44&'()-,
!}`lt!10%//&'()-,VWrP0 1!ll4@ 10%&'! `l!10%==&'()-1!l!10%==&'()-110%&'()-
10   10   10  !`ll4@ 10%  &'()-W:}wU3P0
1!n`l!10%*h*h&'()-1!n`l!10%//&'()-1!x`l!10%/0/0&'()-1!}`l!10%**&'()-1!}`l!1
0%88&'()-1!`l!10%44&'()-1}~MErP0 1!n`l!10%*h*h&'!`l "10%GlGl&'()-1!`l
"10%PP&'()-1!l "10%LL&'()-1,10%&'()- 10*h*h 10*h*h 



10*h*hwUG90 1! 10/z/z 10/z/z!s`l "10%/z/z&'()-1!`l "10%&'()-1!s`l
"10%==&'()-1!`l "10%44&'()-1!`l "10%&'()-1VmK)!x` s!10%  &'()-! s!10% ,
,&'()-!`, 10%&'()-!, 10%&'()- , 10%l&'()-,10%&'()- 10/z/z ,zX6)!x`
!s`ll!10%44&'()--!o`ll!10%==&'()--!x`ll!10%88&'()--!`ll!10%GG&'()--!ll!10%G
"G"&'()--` s!10%&'()-'()*0yrP!x`
!s`ll!10%44!`!10%))&'()-1!!10%]]&'()-1,10%m&'()- 1044 1044
1044!n`ll!10%44&'()--dwU3P!x`!`!10%pp&'()-1!s`!10%&'()-1!x`!10%&'()-1!`!10%
aa&'()-1!`!10%mm&'()-1!`!10%&'()-1d'()*0rP!x`!`!10%pp&'!`s!10%&'()-
!s!10%&'()- 10%m&'()- 10mm 10mm 10mm!`!10%mm&'()-1wXMB7x`! 10m 10m
10ml(10%m&'()-!x`s!10%&'()- !`s!10%aa&'()- !~`s!10%&'()- !s`s!10%pp&'()-
}[:MB7x`! 



1 s!10%]&'()-!s` s!10%%%&'()- !` s!10%&'()- ! s!10%&'()-
s10%m&'()-S10%m&'()-
,zX6MB7x`!!`0s!10%&'()-!0s!10%XX&'()-`s!10%m=&'()-!`s!10%&'()-!}`s!10%&'()-
!}`s!10%&'()-,rP7x`!!`0s!10%!`s!10%))&'()-Z!s!10%&'()-Z10%m&'()- 10 10
10!s`0s!10%&'()-x (DG&zX6P7x`!!`"s!10%mm&'()-!"s!10% S S&'()-!
10%m&'()-!`s!10%mm&'()-Z!x`s!10%&'()-Z!`s!10%aa&'()-Z&~wi[M7x`!!`"s!10%mm
10 10 10!x`"s!10%&'()-!`"s!10%&'()-!`"s!10%mm&'()-!`"s!10% 



X X&'()-+i^<M7x`!!!`a 10%&'()-!a 10%&'()-8910%m&'()-`@ 10%m&'()-:!@
10%``&'()-:10%m&'()-ilK6azX9M7x`!!$
+10%m&'()-!`3!10%mm&'()-S!`3!10%ff&'()-S!`3!10%mm&'()-S!3!10%ff&'()-S10%m&'
()-av3 yk]O010%&'()- 10 10
10!n`~,s!10%&'()-!`~,s!10%ff&'()-!`~,s!10%mm&'()-
~,s!10%&'()-PhzX9]O0`l!10%&'()-!l!10%//&'()-`s!10%&'()-!`s!10%
&'()-!`s!10%  &'()-!s!10%*w*w&'()-h,wVWXYwi[M0`l!10% 10** 10**
10**!s`l93t!10%**&'()-M!l93t!10%**&'()-M!n`l!10%4"4"&'()-!`l!10%%%&'()-Y_<g
!zX9M0`s!10%&'()-!`s!10%%%&'()-!`s!10%**&'()-!`s!10%<<&'()-!s!10%==&'()-@10
%&'()- !3!!{"~""]#}[9M0!`l)t!10%&'()-T!l)t!10%**&'()-Tl( 10%&'()-!~`
10%&'()-!  10%%%&'()-:10%&'()-]##H$s$t$u$v$|$${\;! !10%  &'()-`!10%&'()- 10
10 10810%&'()-!`l)t!10%&'()-T!`l)t!10%**&'()-T$@%%&&'(zX6{\;
!s`!10%&'()-`!!`!10%&'()-`!!`!10%ll&'()-`!`!10%X&'()-`!!`!10%
&'()-`!!`!10%,,&'()-`!((()W)***}[9+;
10!x`y,s!10%&'()-!`y,s!10%&'()-!`y,s!10%&'()-!y,s!10%&'()-+10%&'()-`!10%&'(
)-`!****++f,!-^<;
10!!|``!10%pp&'()-Z!``!10%\\&'()-Z!``!10%&'()-Z!`!10%))&'()-Z10%&'()- 10
10!-1.4.^../m/}[9<;
10!`d$s!10%pp&'()-!`d$s!10%&'()-!d$s!10%&'()-#10%&'()-!10%&'()-!~``!10%&'()
-Zm/0"0,000000}[M?10 



10aa 10aa 10aa!`4`!10%aa&'()-!4`!10%XX&'()-
9310%&'()-110%&'()-!`d$s!10%&'()-00f11n22>3}[9M?10
10!Y!10%&'()-!x``!10%33&'()-!``!10%33&'()-!`!10%EE&'()-10%"&'()-10%&'()->3~
3484456wU3M?10
!}`Y!10%BB&'()-!x`Y!10%KK&'()-!`Y!10%PP&'()-!`Y!10%UUUU&'()-!`Y!10%&'()-!`Y
!10%UU&'()-6W7X7Y7Z7`7&89rP10
!}`Y!10%BB&'!``!10%yy&'()-Y!`!10%&'()-Y10%&'()- 10GG 10GG
10GG!n`Y!10%GG&'()-99::;<<z[9P10 !!`#s!10%&'()-S`#s!10%t&'()-S!
#s!10%&'()-S!10%&'()-!~``!10%&'()-Y!|``!10%aa&'()-Y<=======Q>tR00!`,-
10%nn&'()-F !,- 10%ee&'()-F @10%m&'()- 10 10 10!`1 10%&'()- 1
10%&'()-Q>t>?l?6@@AwU3tR00!!y s!10%mama&'()- !x`s!10%&'()-  !`s!10%&'()-  



!s!10%mm&'()-  !`,- 10%`f`f&'()-F !`,- 10%``&'()-F AABBC(D)D*DzXJ<00!! 10
10!o`y s!10%&'()- !`y s!10%%%&'()- `y s!10%m6&'()- !|`y s!10%]]&'()- !`y
s!10%&'()- *D+D1DD-EEFFlJ+0` s!10%&'()-!s` s!10%%P%P&'()-! s!10%*P*P&'()-!`
10%&'()-! 10%}}&'()-,10%&'()-
10F{GG9H4IIIwU3+0!`l%!10%88&'()-!j`l%!10%==&'()-!`l%!10%%%&'()-!l%!10%8"8"&
'()-!j` s!10%**&'()-!`
s!10%**&'()-IjJkJlJmJsJJ?KnKuS1!`ns!10%##&'()-2!ns!10%pp&'()-2
10%&'()-@10%&'()- 10%% 10%%
10%%!}`l%!10%%%&'()-nK4L2M?MMNOzX6uS1!!x`s!10%&'()-s!}`s!10%&'()-s!s!10%&'(
)-s10%&'()-!`ns!10%&'()-2!`ns!10%pp&'()-2OOO}PPPPPP}oaS4!10%m&'()- 10 10
10!}`2 10%&'()-!2 10%&'()-
0M10%&'()-`s!10%&'()-sPQRR+SSTzX6aS4!!``!10%&'()-Y%!~``!10%mm&'()-Y%!``!10%
&'()-Y%``!10%m&'()-Y%!``!10%&'()-Y%!~`!10%]]&'()-Y%TTfUVhV.WWwU3aS4!!}`-`!1
0%&'()-!~`-`!10%]]&'()-!~-`!10%mSmS&'()-!t``!10%&'()-Y%!``!10%&'()-Y%!}``!1
0%&'()-Y%WWWWWtXX,Y)ZuS1!}`s!10%&'()-!s!10%&'()-`, 10%0&'()-9!,
10%&'()-910%&'()- 10 10 10)Z[<[H[[Q\\}[9uS1!}!,!10%$$&'()-  



!t`s$s!10%tt&'()-!s$s!10%pp&'()-
#L10%&'()-`s!10%&'()-!`s!10%&'()-\]=^>^?^@^F^q^^rS2!
i!10%$y$&'()-C0$10%&'()-@10%&'()- 10   10   10  !n`,!10%  &'()-
!s`,!10%&'()-  ^__;``^aawU3rS2!
!`i!10%&'()-C0!t`i!10%$$&'()-C0!`i!10%)<)<&'()-C0!|`i!10%  &'()-C0!`i!10%
&'()-C0!`i!10%11&'()-C0abbbvcpddwU6rS2!
!`i!10%&'()-C0!`i!10%&'()-C0!`i!10%~~&'()-C0!``i!10%$$&'()-C0!`i!10%&'()-C0
!j`i!10%$<$<&'()-C0ddddddeehfuV4! !!s!10%&'()-y,Y `10%&'()-
910%&'()-,10%&'()- 10 10 10!`i!10%&'()-C0hfoggghhi{Y7uV4! !!!~`'.
10%&'()-!'. 10%&'()-!``!10%&'()- `!10% l
&'()-!~`s!10%&'()-y`s!10%&'()-yiiKiiiijdBuV4!
!!!~`!l1t!10%**&'()-010%&'()-`'h10%&'()-`'h10%&'()-'h10%&'()-`'.
10%G&'()-jkkkkkkkluS1!`!10%**&'()-!!10%EE&'()-  10%&'()-,10%&'()- 10** 10**



10**!s`l1t!10%**&'()-lxminRoopqwU3uS1!!s`l,!10%//&'()-  !l,!10%88&'()-
!x`!10%&'()-!s`!10%**&'()-!x`!10%/"/"&'()-!}`!10%//&'()-qqqqqqarrsrS1!s!10%
//&'()-Y` 10%&'()-! 10%&'()-S10%&'()- 10   10   10  !}`l,!10%  &'()-
stttuvYwwU3rS1!!}`(s!10%&'()-!x(s!10%&'()-!|`s!10%&'()-Y!`s!10%HH&'()-Y!n`s
!10%44&'()-Y!`s!10%  &'()-YYwwwwwwxx+yuS1!`Q`!10%&'()-(!Q`!10%kk&'()-()
_10%&'()-10%&'()- 10// 10// 10//!sl&6@
10%//&'()-+yuyDzoz{z{|zX6uS1!!`Ys!10%&'()-@!Ys!10%&'()-@
10%&'()-!p`Q`!10%&'()-(!~`Q`!10%&'()-(!~`Q`!10%++&'()-(||}}}M~N~O~zXJ<1!!
10 10!o`Ys!10%&'()-@!`Ys!10%&'()-@!`Ys!10%&'()-@`Ys!10%
&'()-@!|`Ys!10%&'()-@O~P~V~~Q}oM+1!`9s!10%&'()-!9s!10%]]&'()-!|`Y
`!10%&'()-Z !Y 



`!10%NN&'()-Z   10%m&'()-10%m&'()- 10}kO=tz[PE:`9s!1 10m 10m 10m
810%m&'()-`!s!10%m&'()-!|`!s!10%&'()-!n`!s!10%&'()-!n!s!10%
&'()-\D$zX6PE:`!`s!10%kk&'()-&$!`s!10%&'()-&$!`s!10%&'()-&$!`s!10%&'()-&$!s
!10%$8$8&'()-&$,10%&'()-m#$%wUG9:`! 10 10!o`- 10%&'()-!`- 10%\\&'()-!-
10%\\&'()-!|`s!10%&'()-&$!}`s!10%&'()-&$%&,oM+:!`!10%tt&'()-1!`!10%&'()-1`!
10%&'()-1!`!10%&'()-1!!10%pp&'()-1,10%&'()-
10wHzX6+:!`!}`!10%TT&'()-1!`!10%&'()-1`!10%&'()-1!|`!10%&'()-1!`!10%&'()-1!
s`!10%&'()-1PmuS1!``!10%&'()-!`!10%&'()-!3 910%&'()-23 @10%&'()-10%&'()-
10TT 10TT 10TTmz5k}[9uS1!!x`s!10%\\&'()-!x`s!10%  &'()-!s!10%
&'()-``!10%0&'()-:!y`!10%&'()-:``!10%&'()-EFGHNrP1!!x`s!10%\!Y!10%KK&'()-11
0%&'()- 10pp 10pp
10pp!n`s!10%pp&'()-!`s!10%&'()-wU3P1!!j`Y!10%KK&'()-1!`Y!10%&'()-1!`Y!10%==
&'()-1!}`Y!10%KmKm&'()-1!`Y!10%KK&'()-1!`Y!10%UU&'()-1L}oP1!!j`Y!10%KK&'10%
&'()- 



10== 10==
10==!j`Y!10%==&'()-1!`Y!10%//&'()-1!`Y!10%&'()-1=.xV4P1!!!`9s!10%ff&'()-!9s
!10%$$&'()-!x`s!10%&'()-y!`s!10%&'()-y
`s!10%#~#&'()-y!s!10%&'()-y.xwU3P1!!x`0@ 10%yy&'()-!0@
10%&'()-!y`9s!10%&'()-!s`9s!10%&'()-!`9s!10%++&'()-!s`9s!10%
&'()-lrP1!!x`0@ 10%yy&'!`!10% t t&'()-1!`!10%&'()-1!!10%&'()-110%&'()- 10yy
10yy 10yy;\$"wU3P1!!}`!10%&'()-1!`!10%
&'()-1!j`!10%$8$8&'()-1!`!10%pp&'()-1!`!10%kk&'()-1!x`!10%$$&'()-1"}rP1!!}`
!10%&'!`s!10%%%&'()-)!s!10%@@&'()-),10%&'()- 10   10   10  !d`!10%
&'()-1iwU3P1!!t`s!10% 0
0&'()-)!}`s!10%&'()-)!`s!10%&'()-)!`s!10%%%&'()-)!`s!10%&'()-)!`s!10%**&'()
-)rP1` 10%&'()-! 10%&'()-10%&'()- 10%% 10%%
10%%!}`lL3t!10%%%&'()-:!lL3t!10%**&'()-::'%Op}[9rP1!`lV$!10%&'()-v!lV$!10%/
/&'()-v"10%&'()-`l!10%"&'()-S!l!10%//&'()-S!` 10%,,&'()->hwUG91 10
10!}`lf,`!10%&'()-!`lf,`!10%
&'()-!s`lf,`!10%%%&'()-!lf,`!10%/p/p&'()-!`lV$!10%%'%'&'()-vQUoM+1!`!10%//&
'()-!s` `!10%88&'()-!` `!10%//&'()-! `!10%88&'()- 10%&'()-10%&'()-
10rz[9+1!`!!l+t!10%88&'()-U )10%&'()-`l@ !10%&'()-!`l@ !10%//&'()-!~l@
!10%&'()-!}``!10%**&'()-i 



rstzXJ<1!`!! 10 10!3710%&'()--Y510%&'()-!y`l+t!10%  &'()-U
!~`l+t!10%%5%5&'()-U !~`l+t!10%&'()-U tu{mK)!`s!10%&'()-  !s!10%&'()-  !`,
10%&'()-4 !`, 10%&'()-4  , 10%g&'()-4 10%&'()-
10^wU3)!`!`l!!10%**&'()-!`l!!10%8080&'()-!`l!!10%&'()-!`l!!10%B'B'&'()-!sl!
!10%BB&'()-!`s!10%&'()-  2345;rP/ ,10%&'()-l!`  10%""&'()-!
10%&'()-,10%&'()- 10*:*: 10*:*: 



10*:*:!x`l!!10%*:*:&'()-| '~zX6rP/ !`s!10%GG&'()-S!}`s!10%
&'()-S!s!10%**&'()-S`s!10% &'()-!s!10%&'()-!,10%&'()-l~0KLMwUG9/ ! 10%%
10%%!x`ly,10%%%&'()-  !`ly,10%%%&'()-  !j`ly,10%88&'()-  !ly,10%**&'()-
!`s!10%&'()-SMNT)JuS1/ !`lt!10%&'()-!lt!10%==&'()-10%&'()-F
s10%&'()-10%&'()-10%&'()- 10%%t_%zX61/ !!Y'!10%&'()-!|`lt!10%//&'()-
!`lt!10%33&'()-  `lt!10%+&'()-  !lt!10%B'B'&'()-  !`lt!10%8'8'&'()-%8wi[M/
!!Y'!10% 108?8? 108?8? 



108?8?!`Ys0!10%8?8?&'()-!`Ys0!10%&'()-!Ys0!10%33&'()-!`Y'!10%&'()-utSzX6M/
!!`Y!10%PP&'()-!xY!10%UU&'()-!` 10%&'()-m !` 10%&'()-m ! 10%&'()-m
10%&'()-S+wU3M/
!!`Y%!10%GG&'()-!o`Y%!10%KK&'()-!Y%!10%UU&'()-!`Y!10%&'()-!`Y!10%BB&'()-!}`
Y!10%KK&'()-?@ABHrS4 !!  10%&'()-@10%&'()- 10== 10==
10==!x`Y%!10%==&'()-!`Y%!10%BB&'()-`Y%!10%&'()-twU3rS4
!!`s!10%&'()-!`s!10%pp&'()-!x`s!10%&'()-!`s!10%
&'()-!`s!10%&'()-!s!10%((&'()-zynwU3rS4
!!`!!10%))&'()-!`!!10%ff&'()-!}`!!10%XX&'()-!`!!10%&'()-!`!!10%&'()-!s!!10%
\\&'()-n#$%&,rP4 !!`!!10%))&'! 10%&'()-10%&'()- 10 10 10!`4@ 10%&'()-!4@
10%&'()-vsv3z[9P4 !!!l3t!10%//&'()-310%&'()-!s10%&'()-10%&'()-!` 10%&'()-!`
10%&'()-31}CwX6P4 !!!3710%&'()-@l5 10%&'()-!}`l3t!10%  &'()-3!`l3t!10%
&'()-3!n`l3t!10%//&'()-3!x`l3t!10%%%&'()-3CDEFLpuT2 !!`@s!10%%%&'()-
@s!10%&'()-`10%&'()-!10%pp&'()-10%&'()- 10 10 10RJVz[9uT2 !!!lX,!10%&'()-
*10%&'()-`ys!10%P&'()-!t`ys!10%  &'()-!ys!10%""&'()-!`@s!10%  &'()-brS1
!!10%,,&'()-:!  10%&'()-@10%&'()- 10   10   10  !`lX,!10%  &'()- 



!`lX,!10%%%&'()- o:`|2zX6rS1
!!s`!10%&'()-:!!`!10%&'()-:!`!10%&'()-:!!`!10%tt&'()-:!!`!10%&'()-:!!`!10%
&'()-:!5 JKLMwi[M1 !!s`!10% 10pp 10pp 10pp!y`.s!10%pp&'()-Y !x`.s!10%&'()-Y
!`.s!10%&'()-Y !x.s!10%&'()-Y MS3:}[9M1
!!!x`l!10%44&'()--!`l!10%//&'()--!l!10%==&'()--`@ 10%&'()-M!@
10%&'()-M10%&'()-:v#ywU3M1 !!`l/t!10%&'()-Z !`l/t!10%*B*B&'()-Z
!xl/t!10%%%&'()-Z !`l!10%&'()--!x`l!10%**&'()--!`l!10%*P*P&'()--yz{|%KrP1
`lt!10%&'()-! `lt!10%88&'()-!`lt!10%/0/0&'()-!lt!10%33&'()-10%&'()- 10 10
10KQwU6rP1 `lt!10%#&'()- !o`lt!10%88&'()- !`lt!10%88&'()- !o`lt!10%88&'()-
!`lt!10%//&'()- 



!lt!10%==&'()- ^?rS4  10%&'()-10%&'()- 10B0B0 10B0B0
10B0B0!s`Y3s!10%B0B0&'()-C!Y3s!10%GG&'()-C110%&'()-?U;-JwU6rS4
`l!10%0&'()-l!`l!10%//&'()-l!`l!10%88&'()-l!x`l!10%88&'()-l!`l!10%8B8B&'()-
l!l!10%EE&'()-lJt=gz[9rS4
!l4t!10%%%&'()-9310%&'()-!s`l%!10%*0*0&'()-!x`l%!10%**&'()-!l%!10%//&'()-`$
10%&'()-uS1 !`c `!10%&'()-I!c `!10%&'()-I 10%&'()--10%&'()- 10%% 10%%
10%%!s`l4t!10%%%&'()-uMwU3uS1 !!&`!10%&'()-!x`Y 10%nn&'()-!x`Y 10%&'()-!~Y
10%66&'()-!x`c `!10%&'()-I!`c `!10%ff&'()-IMHIJKQ}oP1 !!&`!10%&'10%&'()-
10.. 10.. 10..!t`&`!10%..&'()-!x`&`!10%&'()-!`&`!10%&'()-Q  Vs wU3P1
!!j`lt!10%==&'()-@!`lt!10%//&'()-@!`lt!10%==&'()-@!x`lt!10%==&'()-@!`lt!10%
88&'()-@!lt!10%GG&'()-@s 



d wUG91 !! 10//
10//!`Y&!10%//&'()-s!`Y&!10%==&'()-s!`Y&!10%33&'()-s!`Y&!10%BB&'()-s!Y&!10%
&'()-s     o"ErP.1!`y`!10%mm&'()-!`y`!10%&'()-!y`!10%&'()-  s10%m&'()-
M10%m&'()-10%m&'()-
10//E4AzX6.1!!o`%!10%&'()-!`%!10%&'()-`%!10%mX&'()-!`%!10%aa&'()-!%!10%mm&'
()-!j`y`!10%SS&'()-ABCDJ*uS1!!`3 !10%&'()- !`3 !10%&'()- !3 !10%))&'()-
L10%&'()-s10%&'()- 10 10
10GwU3uS1!!!n`F(!10%yy&'()-!}`F(!10%&'()-!`F(!10%&'()-!}F(!10%KK&'()-!j`3 



!10%$$&'()- !`3 !10%&'()- VuuS1!!!n`F(!10%yy&'()-!}`F(!10%&'()`@ 10%&'()-!@
10%//&'()-10%/&'()- 10yy 10yy 10yy Normal" "Heading 13]c" "Heading 23]c"
"Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Heading 83]c" "Heading 93]c"A "Default Paragraph Font!(/6=DmKbRNYQ`gnt|
O}*GvWph..%V,?3b9C?D:K'R9Y3`]gKn\uB|P;
^gg]F@0IH^g:9)")17>ELSbZEagnt{_^BKnbr)) Xu!'-Y4:*AlGMT?[ahntO{%Gt4MA%EL{J C
"$&(*,.02468:<>@BDFHJLNPRTVXZ\^`bdfhjlnprtvxz|~
"$&(*,.02468:<>@BDFHJLNPRTGiDBHd-~ ^.XQH PH@$e'+`-2 59E;
?zArFHLsNRhUpZT\adgJjoqhvx{~JaO~5+~Xjpv:65n/oy
#,().158:b<=AIC4FGJMO%UVZ\`4cg^jnJqt]x{CP:o9\e!LOA.+o7g
:9)!%'+-H247:O?AiDHiKOQV[X\^ceohjmqAuw;{~b-xY!ILobs'VMPW}d,&iahY
!]#$(*!-m/0>369<Q>A*DFInKOPTW)Z\^adhfijlqsYw+y|O~}%m."t~M%Sn3CM:yK?JMQs  EA
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~  6Times
New RomanArialCourier New"h Root EntryWordDocument\4  



!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~   






