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Description 

Title of the Invention 

METHODANDAPPARATUS FOR CONTROLLING TRANSMISSION ELECTRIC POWER 

Technical Field 

The present invention relates to a method and an 

apparatus for controlling transmission electric power in a radio 

communication system so as to control maximum transmission 

electric power when a mobile device transmits a plurality of 

signals in a code-multiplexing fashion.  

Background Art 

In recent years, the mobile communication field 

provides the system that multiplexes channels for transmitting 

different pieces of information at the same time and uses a radio 

line for transmission. An example of such system includes the 

W-CDMA system that is under discussion of 3GPP (Third Generation 

Partnership Project). The 3GPP specification additionally 

defines HSDPA (High Speed Downlink Packet Access) as a method 

of improving a rate of transmitting data from a base station 

to a mobile device (downlink). The HSDPA technology transmits 

reception quality information monitored on a mobile device and 

a reception determination result concerning reception data to 

the base station. This implements a downlink high-speed data 

transmission service that enables the adaptive modulation, the 

adaptive code rate, and the retransmission synthesis. To 
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transmit the reception quality information and the reception 

determination result about reception data to the base station, 

a channel called HS-DPCCH (Dedicated Physical Control Channel 

for HS-DSCH) is transmitted in a code-multiplexing fashion with 

the conventional W-CDMA uplink. This code multiplexing 

increases a PAPR (Peak to Average Power Ratio), i.e., a ratio 

of transmission signal's peak power to average power, and 

degrades an ACLR (Adjacent Channel Leakage power Ratio). To 

improve the ACLR, it is necessary to improve linearity of a PA 

(Power Amplifier), increase the PA size, add a distortion 

compensation circuit, and the like (e.g., see JP-A No.  

142959/2003). However, for example, this causes problems of 

increasing the power consumption and the circuit scale.  

When the HS-DPCCH is currently available, a possible 

solution is to decrease the maximum transmission electric power 

at a fixed rate. However, decreasing the maximum transmission 

electric power inevitably limits the scope of HSDPA services.  

It is desirable to appropriately decrease the maximum 

transmission electric power depending on situations, not 

uniformly.  

The present invention has been made in consideration 

of the foregoing. It is therefore an object of the present 

invention to provide a method and an apparatus for controlling 

transmission electric power capable of minimizing a decrease 

in the amount of maximum transmission electric power without 

degrading an adjacent channel leakage power ratio when 

code-multiplexing additional control information with data and 
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main control information.  

Disclosure of the Invention 

The present inventionprovides atransmissionelectric 

power control method of controlling a maximum transmission 

electric power during transmission of a plurality of signals 

in a code-multiplexing fashion, wherein, when code multiplexing 

is used to transmit signals from a first transmission channel 

to transmit data, a second transmission channel to transmit main 

control information, andathirdtransmissionchannel to transmit 

additional control information and when first, second, andthird 

gain factors are used to weight signals from the first, second, 

andthirdtransmission channels, amaximumtransmission electric 

power is decreased at a plurality of levels based on a ratio 

between the first and second gain factors and a ratio between 

the second and third gain factors.  

The present invention decreases amaximum transmission 

electric power at a plurality of levels based on the first and 

second gain factors and a ratio between the second and third 

gain factors. This differs from a method of decreasing the 

maximum transmission electric power at a fixed rate during 

transmission of additional control information for the third 

transmission channel. That is, situations are segmented based 

on the first and second gain factors and a ratio between the 

second and third gain factors. It is possible to settle 

appropriatebackoffamountsofthemaximumtransmissionelectric 

power at a plurality of levels according to the segmented 
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situations.  

More specifically, the backoff amount of maximum 

transmission electric power is decreased as a ratio of said second 

gain factor to the first gain factor decreases. Further, the 

backoff amount of maximum transmission electric power is 

decreased as a ratio of said third gain factor to the second 

gain factor decreases.  

The maximum transmission electric power can be 

decreased under control of an automatic gain control circuit 

disposed previously to a power amplifier.  

The present invention provides another transmission 

electric power control method of controlling a maximum 

transmission electric power during transmission of a plurality 

of signals in a code-multiplexing fashion, wherein code 

multiplexing is used to transmit signals from a first 

transmission channel to transmit data, a second transmission 

channel to transmit main control information, and a third 

transmission channel to transmit additional control information, 

the method comprising the steps of: checking whether or not 

transmission data is available; when no transmission data is 

available, using first, second, and third gain factors to weight 

signals from the first, second, and third transmission channels 

and decreasing a maximum transmission electric power at a 

plurality of levels based on a ratio between the second and third 

gainfactors; andwhentransmissiondata is available, decreasing 

a maximum transmission electric power at a plurality of levels 

based on the second gain factor and a ratio between the second 
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and third gain factors.  

The present invention decreases a maximum transmission 

electric power at a plurality of levels based on the presence 

or absence of transmission data, the second gain factor, and 

a ratio between the second and third gain factors. This differs 

from a method of decreasing the maximum transmission electric 

power at a fixed rate during transmission of additional control 

information for the third transmission channel. That is, 

situations are segmented based on the presence or absence of 

transmission data, the second gain factor, and a ratio between 

the second and third gain factors. It is possible to settle 

appropriate backoff amounts of themaximum transmission electric 

power at a plurality of levels according to the segmented 

situations. This solves the problem of excessively decreasing 

the maximum transmission electric power and narrowing a scope 

of available services. According to the present invention, 

checking the presence or absence of transmission data eliminates 

the need to independently calculate the first gain factor.  

More specifically, abackoff amount for unavailability 

of transmission data is configured to be larger than that for 

availability of transmission data. The backoff amount of 

maximum transmission electric power is decreased as a ratio of 

the third gain factor to the second gain factor decreases.  

The present invention provides another yet another 

transmission electric power control method of controlling a 

maximum transmission electric power during transmission of a 

plurality of signals in a code-multiplexing fashion, wherein 
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code multiplexing is used to transmit signals from a first 

transmission channel to transmit data, a second transmission 

channel to transmit main control information, and a third 

transmission channel to transmit additional control information, 

the method comprising the steps of: checking a requested 

transmission electric power; and when a requested transmission 

electric power is greater than or equal to a threshold value 

close to a maximum transmission electric power, clipping a 

transmission signal using a base band at a plurality of levels 

in accordance withmagnitude of a requestedtransmission electric 

power. The present invention provides clipping at a plurality 

of levels according to the magnitude of requested transmission 

electric power. This differs from a method of constantly 

performing unchangeable clipping from a requested transmission 

electric power. Preferably, according to the present invention, 

first, second, and third gain factors are used to weight signals 

from the first, second, and third transmission channels. Values 

of the first, second, and third gain factors are converted so 

as to normalize an output power value for a transmission signal 

of the base band.  

In addition, the present invention provides a 

transmission electric power control apparatus to implement the 

above-mentioned transmission electric power control methods.  

Its configurations, operations, and effects will be described 

in the embodiments below in detail.  

The method and the apparatus for controlling 

transmission electric power according to the present invention 
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can segment a situation based on the presence or absence of 

transmission data, gain factors, and the like. An appropriate 

backoff amount of maximum transmission electric power can be 

settled for each of the segmented situations at a plurality of 

levels. When additional control information is 

code-multiplexed to data and main control information, the 

backoff amount of maximum transmission electric power can be 

minimized without degrading the adjacent channel leakage power 

ratio. Accordingly, it is possible to effectively prevent the 

adjacent channel leakage power ratio from degrading and enlarge 

the scope of available services.  

Another aspect of the method and the apparatus for 

controlling transmission electric power according to the present 

invention can clip a transmission signal using the base band 

at a plurality of levels in accordance with the magnitude of 

a requested transmission electric power. When additional 

control information is code-multiplexed to data andmain control 

information, it is possible to prevent the adjacent channel 

leakage power ratio fromdegradingwithout decreasing themaximum 

transmission electric power.  

Brief Description of Drawings 

FIG. 1 is a block diagram schematically showing the 

configuration of an uplink system to implement HSDPA according 

to an embodiment of the present invention; 

FIG. 2 is a graph showing the relationship between 

a backoff amount of maximum transmission electric power for a 
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power amplifier, Oc, Pd, and Ahs needed to satisfy ACLR 

specifications when HS-DPCCH is added; 

FIG. 3 is a flowchart showing a first process to 

determineabackoffamountofmaximumtransmissionelectricpower 

according to the embodiment of the present invention; 

FIG. 4 is another graph showing the relationship 

between a backoff amount of maximum transmission electric power 

for the power amplifier, Sc, $d, and Ahs needed to satisfy ACLR 

specifications when HS-DPCCH is added; 

FIG. 5 is a flowchart showing a second process to 

determine abackoff amount of maximum transmission electric power 

according to the embodiment of the present invention; 

FIG. 6 is a data table showing the relationship between 

control values concerning gain factors Pc and Od according to 

the embodiment of the present invention and ratios between both 

gain factors; 

FIG. 7 is a data table showing the relationship between 

control values concerning reception quality information and 

reception determination results of reception data according to 

the embodiment of the present invention and parameter Ahs; 

FIG. 8 is a block diagram schematically showing the 

configuration of an uplink system to implement HSDPA according 

to a second embodiment of the present invention; 

FIG. 9 is a flowchart showing a process flow according 

to the second embodiment of the present invention; and 

FIG. 10 shows the frame configuration of uplink DPCH.  
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Best Mode for Carrying Out the Invention 

Embodiments of the present invention will be described 

in further detail with reference to the accompanying drawings.  

A first embodiment of the present invention concerns 

a method and an apparatus for adaptively decreasing the maximum 

transmission electric power satisfying the 3GPP's ACLR 

specifications during HSDPA implementation according to the 

W-CDMA system.  

FIG. 10 shows the frame configuration of an uplink 

DPCH (Dedicated Physical CHannel). One radio frame (10 ms) is 

a reference unit of decoding and is composed of 15 time slots.  

Each slot is provided with a DPDCH (Dedicated Physical Data 

Channel) to transmit user information (data signal) and a DPCCH 

(Dedicated Physical Control CHannel) to transmit control 

information. The DPDCH is a channel used to transmit data 

generated in a high-order layer. There are three cases of one 

DPDCH, apluralityofDPDCH, andno DPDCH. The DPCCHis a channel 

to transmit control information for thephysical layer. Atleast 

one DPCCH is always available in any modes. The control 

information contains a pilot bit as a known pattern to be used 

for channel estimation in the synchronous detection, a 

transmission electric power control command (TPC), feedback 

information (FBI), and a transport format combination indicator 

(TFCI) . The FBI contains information to be transmitted to the 

basestationfromaterminal forcontrollingvariousdiversities.  

The TFCI provides information indicating how many transport 

channels are multiplexed in a reception frame of the uplink DPDCH 

9
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and which transport format each transport channel uses. As 

mentioned above, the channel HS-DPCCH (Dedicated Physical 

Control Channel for HS-DSCH) is code-multiplexed on a 

conventional W-CDMA uplink for transmission so as to transmit 

the reception quality information and the reception 

determination result of reception data to the base station.  

FIG. 1 schematically shows the configuration of an 

uplink system to implement HSDPA according to the embodiment.  

As already known, the W-CDMA performs spreading by using two 

types of codes, i.e., a channelization code and a scrambling 

code. As the channelization code, an OVSF (Orthogonal Variable 

Spreading Factor) code is used for uplink and downlink. The 

OVSF code is a set of orthogonal codes and enables multiplexing 

of multi-symbol rate signals having different spreading factors 

without interfering with each other. The scrambling code for 

uplink is a complex code unique to a user.  

As shown in FIG. 1, computing units 21, 22, and 23 

use the OVSF to spread signals (sequences of real numbers) from 

the DPDCH, DPCCH, and HS-DPCCH channels, respectively.  

Computing units 24, 25, and26 use gain factors (gain parameters) 

Dd, Oc, and phs to weight the signals. The gain factor is a 

weighting coefficient equivalent to a transmission electric 

powerratio. Value@=1.0correspondstoamomentarilymaximized 

transmission electric power for a predetermined DPCCH and one 

or more DPDCHs. The value for 0 is specified (quantized) in 

4 bits. An example of each gain factor will be described later.  

The signal from the DPDCH is weighted by Od to result 
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in an I branch. The signals from the DPCCH and HS-DPCCH are 

weighted by Pc and Phs and are added in an adder 27 to result 

in a Q branch. The I branch and the Q branch are processed in 

a complex mapping portion 28 to result in a sequence of complex 

numbers. A computing unit 30 uses a scrambling code to re-spread 

an output from the complex mapping portion 28. Afilter 33 limits 

the output to aspecifiedbandwidth. Adigital-analogconverter 

(DAC) 34 converts the output into an analog signal. Amodulator 

35 provides a specified modulation process (e.g., HPSK: Hybrid 

Phase Shift Keying). The modulated signal passes through an 

automatic gain control circuit (AGC) 37, is amplified in a power 

amplifier (PA) 39, and is wirelessly transmitted via an antenna 

(not shown) . A controller 10 functions as main control means 

and has a central processing unit (CPU) and a digital signal 

processor (DSP), for example. The controller 10 controls the 

system components using a control program and data in memory 

11. According to the embodiment, the controller 10 especially 

controls a control signal 38 to be supplied to the AGC 37 to 

control the maximum transmission electric power of the power 

amplifier 39.  

The HS-DPCCH is assigned to either an I phase or a 

Q phase depending on the number of multi-codes of the DPDCH.  

When one DPDCH is available, the HS-DPCCH is assigned to the 

Q phase and is code-multiplexed with the DPCCH.  

Code-multiplexing increases the PAPR and accordingly degrades 

the ACLR. The amount of degradation largely depends on the 

above-mentionedgain factors. Usingthese characteristics, the 
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embodiment decreases the maximum transmission electric power 

to aminimumbasedon the gain factors so as to satisfy the 3GPP's 

ACLR specifications when the HSDPA is applied.  

The following describes the gain factors Oc, Od, and 

Ohs and the associated parameter Ahs. These parameters are 

related with each other as shown in FIGS. 6 and 7 similarly to 

the description in the 3GPP's technical specification TS25.213.  

The gain factors Pc and Pd are supplied froma high-order 

layer or are computed in a mobile device. At least one of the 

gain factors Pc and Od causes amplitude 1 at a given time point.  

Values for the gain factors Oc and Pd are not specified 

individually but are specified as control values each composed 

of a 4-bit word as indicated at the left column of the table 

in FIG. 6. As seen from the right column, each control value 

is assigned a ratio between the gain factors Pc and Pd.  

Accordingly, the control value can provide the ratio between 

the gain factors Oc and Od. The value at the right column in 

the table is smaller. than or equal to 1 and denotes the ratio 

of a smaller gain factor to a larger one (= 1.0).  

As shown in equation (1), Ahs at the right column of 

the table in FIG. 7 is a value associated with signal AHS-DPCCH 

and is equivalent to the ratio of Ohs to Oc (Ohs/Oc) . Value 

Ahs is supplied as a control value at the left column in FIG.  

7 from the base station and is obtained as a value (numeric value 

smaller than or.equal to 2) at the right column for the entry 

corresponding to the control value. The control value at the 

left column represents a signal supplied to the corresponding 
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mobile station in response to the reception quality information 

(Acqi) transmitted to the base station from the mobile device 

or the reception determination result (Aack or Anack) of the 

reception data.  

fibs = pc x Ahs 
AHS-DPCCH 

=)$c x 10 20 Equation (1) 

The information shown in FIGS. 6 and 7 are stored as 

data tables in the memory of each mobile device in a nonvolatile 

fashion.  

FIG. 2 is a graph showing the relationship between 

a backoff amount of maximum transmission electric power for a 

power amplifier, values Oc, Od, and Ahs needed to satisfy the 

ACLR specifications when HS-DPCCH is added. The graph is based 

on the maximum transmission electric power to satisfy the ACLR 

specifications when no HS-DPCCH is added. The backoff amount 

is an actual measurement with reference to the maximum 

transmission electric power of the power amplifier under the 

condition of Oc/$d = 8/15 and Ahs = 0 (i.e., $hs = 0) . Four 

graphs Gi through G4 in FIG. 2 correspond to four cases with 

different gain factor ratios $c/pd between the data channel and 

the control channel. These four cases can be assumed in 

accordance with the prescription in the above-mentioned 3GPP 

technical specifications. In this example, the graph Gl 

represents Oc/Od = 8/15. The graph G2 represents Oc/$d = 1.  

The graph G3 represents Oc/$d = 15/0. When Oc = 1 and Od is 

13
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smaller than 1 ($c/Od= 15/10 in this example), it is ascertained 

that the characteristic takes effect between Pc/Od = 1 (graph 

G2) and Oc = 1 and Od = 0 (graph G3) as represented by the graph 

G4. From these graphs, it can be supposed that decreasing Ahs 

or the gain factor Oc/Od generally enables the backoff amount 

to be small.  

Using the relationship represented by the graphs in 

FIG. 2, it is possible to determine the backoff amount of maximum 

transmission electric power during transmission of the HS-DPCCH 

according to the flowchart as shown in FIG. 3. To perform this 

process, the controller 10 can execute a control program in the 

memory. The process determines the backoff amount of maximum 

transmission electric power when using the four combinations 

of Oc and Od as mentioned above. The following describes an 

example of setting the backoff amount of maximum transmission 

electric power in increments of 0.5 dB.  

The process checks whether or not Pc = 1 is satisfied 

(390). When Oc = 1 is satisfied, the process checks the value 

of Od (S93 and 394) . When Pc = 1 is not satisfied, the process 

candetermineDd=lis satisfied (S91). Inthiscase, theprocess 

further checks the value of Oc (S92) . As the results of checking 

Pcand Pd, thecorrespondinggraphsGl, G2, G4, andG3 are selected 

respectively (S130, S120, S110, and S100).  

Checking the value of Ahs for each of the graphs makes 

it possible to determine specified backoff amounts.  

Specifically, when the graph G1 (Oc/Od = 8/15) is 

selected, it is possible to identify the backoff amount as 1.0 

14
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dB or 0.5 dB by determining whether or not Ahs >= 15/15.  

When the graph G2 is selected, the backoff amount is 

assumed tobe 1.5 dBwhenAhs>= 12/15. Otherwise, itis possible 

to identify the backoff amount as 1.0 dB or 0.5 dB by determining 

whether or not Ahs >= 6/15.  

WhenthegraphG4 is selected, avariation is relatively 

large. Accordingly, the determination uses three threshold 

values for Ahs,' i.e., 24/15, 12/15, and 6/15. That is, when 

Ahs > 24/15, the backoff amount is assumed to be 1.5 dB. When 

Ahs > 12/15, the backoff amount is assumed to be 2.0 dB. When 

Ahs>6/15, thebackoffamountisassumedtobel.5dB. Otherwise, 

the backoff amount is assumed to be 1.0 dB.  

When the graph G3 is selected, the determination uses 

three threshold values for Ahs, i.e., 30/15, 8/15, and 6/15.  

That is, when Ahs = 30/15, the backoff amount is assumed to be 

1.5 dB. When Ahs > 8/15, the backoff amount is assumed to be 

2.0 dB. When Ahs >= 6/15, the backoff amount is assumed to be 

1.5 dB. Otherwise, the backoff amount is assumed to be 1.0 dB.  

As mentioned above, it is possible to configure an 

optimum backoff amount of maximum transmission electric power 

during HS-DPCCH transmission depending on situations.  

Further, there maybe a case of fine-tuning the backoff 

amount of maximum transmission electric power. In such case, 

it may be preferable to add a branch in increments smaller than 

0.5 dB. In addition, it may be preferable to add a branch based 

on another graph by combining $c and Od.  

Normally, the DPDCH as the data channel uses a smaller 
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spreading factor than the DPCCH as the control channel and 

consumes a large electric power. Usually, Pd is set to 1 or 

0 (no transmission data) depending on the presence or absence 

of transmission data. FIG. 4 shows an example of eliminating 

the graph G4 of Oc/Od = 15/10 from FIG. 2. Let us consider Pd/Oc 

= I (graph G2) in FIG. 4 to be a reference. When Pd equals 1 

andocissmallerthan1, itisascertainedthatthecharacteristic 

becomes below the level of the graph G2 of Pc/Pd = 1. It can 

be seen from FIG. 4 that the backoff amount needs to be increased 

when no transmission data (Od = 0) is available compared to the 

case where transmission data is available ($d set to non-zero).  

FIG. 5 is a flowchart showing a second process to 

determine the backoff amount of maximum transmission electric 

power according to the embodiment of the present invention using 

the relationship represented by the graphs in FIG. 4.  

The embodiment confirms only the presence or absence 

of transmission data for the DPDCH without directly using the 

value of Od. When no transmission data is available, the value 

of Od is assumed to be 0. That is, unlike the case in FIG. 3, 

the value of Od is not confirmed. Similarly to the case in FIG.  

3, the backoff amount of maximum transmission electric power 

is configured in increments of 0.5 dB.  

In the flowchart of FIG. 5, the process uses a branch 

at SlO to check whether or not transmission data is available.  

Though this step is equivalent to checking whether or not Od 

equals 0, the determination is possible without needing to 

directly check the value of Pd. When Pd equals 0, the process 
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assumes $c to be 1. At this time, the necessary backoff amount 

takes effect up to the level of the graph G3 configured to be 

$c/$d = 15/0. When the backoff amount is set in increments of 

0. 5 dB, the process determines the backoff amounts in accordance 

with the value of Ahs using branches at S16, 317, and S18.  

When data is available at Step S10, $d is normally 

set to 1 (Sl). The necessary backoff amount takes effect up 

to the level of the graph G2 configured tobe Oc/fd= 1. Further, 

it is possible to more finely select the necessary backoff amount 

by considering the graph G1 configured to be Oc/Od = 8/15 in 

FIG. 4. According to the graph G2 configured to be Oc/Od = 1, 

the backoff amount needed to satisfy the ACLR changes to 1.5 

dB from 1 dB under the condition of Ahs = 12/15. Accordingly, 

the process branches at S13. Likewise, the backoff amount 

changes to 1 dB from 0.5 dB under the condition of Ahs = 6/15.  

Accordingly, the process branches at S14. When Oc/$d is set 

to 8/15, the backoff amount changes to 1 dB from 0.5 dB under 

the condition of Ahs= 15/15. Accordingly, the process branches 

at S15.  

As mentioned above, this process example can set the 

backoff amount of maximum transmission electric power during 

HS-DPCCH transmission without directly confirming the value of 

gain factor $d. Based on the graphs in FIG. 4, it is possible 

to determine backoff amounts in smaller increments.  

FIG. 8 provides a block diagram schematically showing 

the configuration of an uplink system to implement the HSDPA 

according to a second embodiment of the present invention.  

17



SO5P0244 

This configuration provides a limiter 32 subsequent 

to the computing unit 30 and previous to the filter 33. The 

controller 10 controls the limiter 32 via a control signal 31.  

The other parts of the configuration are the same as those of 

the f irst embodiment shown in FIG. 1. The mutually corresponding 

partsinFIGS. 8andlaredesignatedbythesamereferencenumerals.  

A duplicate description is omitted for simplicity.  

The first embodiment implements the maximum 

transmission electric power of the power amplifier under AGC 

control. According to the second embodiment, the limiter 32 

clips a transmission signal close to the maximum transmission 

electricpoweroutputusingthebasebandtodecreasetheadjacent 

channelleakagepower. That is, the clippinglevel of the limiter 

32 is varied in accordance with the necessary transmission 

electric power to suppress the peak power, thus preventing the 

PAPR from increasing and the ACLR from degrading.  

More specifically, let us assume that the base station 

requests a transmission electric power greater than or equal 

to a given threshold value close to the maximum transmission 

electric power. In such case, the limiter 32 clips the 

transmission signal using the base band at a plurality of steps 

according to the magnitude of the requested transmission electric 

power. NoconsiderationneedstobegiventotheACLRdegradation 

with respect to the transmission electric power smaller than 

the threshold value. Accordingly, the transmission signal is 

clipped using the base band for filtering only when the threshold 

value is exceeded. This suppresses the peak power and prevents 
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the PAPR from increasing and the ACLR from degrading.  

According to the first embodiment, the AGC 35 controls 

power values previous to the AGC 35. No consideration needs 

to be given to output power levels for the complex mapping portion 

28. According to the second embodiment, however, the limiter 

32 provides clipping previously to the AGC 37. Therefore, it 

is desirable. to normalize output power values for the complex 

mapping portion 28.  

For this purpose, the configuration example in FIG.  

8 respectively converts Od, @c, and phs into Od', Ofc', and phs' 
so as to always ensure constant power values for the complexed 

signal. Specifically, the power output from the complex mapping 

portion28 needs tobe set toA2. For thispurpose, the following 

equations (2) through (6) are used to respectively convert $d, 

Dc, and Ohs into $d', Oc', and phs' while maintaining ratios 

of the values $d, $c, and Ohs therebetween. The controller 10 

can perform this conversion.  

Equation (2) expresses the relationship among value 

A and $d', Oc', and Ohs'.  

A= Fd'2±+c'2-+,6hs'2  Equation (2) 

Let us suppose that B2 is power after complex mapping 

of Pd, $c, and $hs. Value B is found by equation (3) as follows.  
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B= lid2 +3c 2 +/3hs2  Equation (3) 

The power after the complex mapping can be converted 

intoA2 (constant) fromB2 while maintaining ratios of the values 

pd, @c, and Ohs therebetween. To do this, it just needs to 

multiply $d, @c, and phs by A/B and convert them into pd', Pc', 

and phs' as expressed by equations (4), (5), and (6). The 

equations round fractions due to the multiplication of A/B 

("round" is an operator for rounding).  

A 
,8d'= round(- . )d) 

B Equation (4) 

A 
pc'= round(--8c) 

B Equation (5) 

A 
phs'= round(- .hs) 

B Equation (6) 

FIG. 9 shows a process flow according to the second 

embodiment. This process can be implemented when the controller 

10executes acontrolprogramstoredin thememoryll. Thememory 

11 antecedently stores maximum transmission electric power Pmax, 

i.e., a parameter specific to the mobile device.  

The controller 10 provides control to vary the clipping 

level of the limiter 32 according to a comparison result between 

transmission electric power P requested from the base station 

andmaximumtransmissionelectricpowerPmax. Thisexampleuses 
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three thresholdvalues for transmission electricpower clipping, 

i.e., Pmax, Pmax-ldB, and Pmax-2dB. Clipping levels are set 

to X, Y, and Z (X < Y < Z).  

The controller 10 receives requested transmission 

electric power P from the base station and then compares the 

P value with the threshold value to determine the clipping level.  

At S200, when the requested transmission electric power P from 

the base station is smaller than Pmax-2dB, the process disables 

the limiter 32. That is, no clipping is performed.  

When the requested transmission electric power P is 

greater than or equal to Pmax-2dB and is determined to be smaller 

than Pmax-ldB at S201, the process sets the clipping level to 

X.  

When the requested transmission electric power P is 

greater than or equal to Pmax-ldB and is determined to be smaller 

than Pmax dB at S202, the process sets the clipping level to 

Y. When the requested transmission electric power P is Pmax, 

the process sets the clipping level to Z.  

The above-mentioned control can suppress the peak 

power and prevent the PAPR from increasing and the ACLR from 

degrading. This embodiment eliminates the need to check values 

of the gain factors Od, Oc, and Phs to determine the clipping 

level.  

While there have been described the preferred 

embodiments of the present invention, it is to be distinctly 

understood that various changes and modifications may be made 

in the present invention. For example, the embodiments use 
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specific values such as the gain factors Od, Oc, and phs, and 

Ahs or dB values. These are only examples for the description.  

The present invention is not limited thereto. The present 

invention has exemplifies implementation of the HSDPA in the 

W-CDMA system. Further, the present invention can be used to 

implement any function in any system that confronts the same 

problem as the present invention.  
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Claims 

1. A transmission electric power control method of 

controlling a maximum transmission electric power during 

transmission of a plurality of signals in a code-multiplexing 

fashion, 

wherein, when code multiplexing is used to transmit 

signals from a first transmission channel to transmit data, a 

secondtransmissionchannel to transmitmain control information, 

and a third transmission channel to transmit additional control 

information and when first, second, and third gain factors are 

used to weight signals from said first, second, and third 

transmission channels, a maximum transmission electric power 

is decreased at a plurality of levels based on a ratio between 

said first and second gain factors and a ratio between said second 

and third gain factors.  

2. The transmission electric power control method 

according to claim 1, 

wherein the backoff amount of maximum transmission 

electric power is decreased as a ratio of said second gain factor 

to said first gain factor decreases.  

3. The transmission electric power control method 

according to claim 1 or 2, 

wherein the backoff amount of maximum transmission 

electric power is decreased as a ratio of said third gain factor 
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to said second gain factor decreases.  

4. A transmission electric power control method of 

controlling a maximum transmission electric power during 

transmission of a plurality of signals in a code-multiplexing 

fashion, 

wherein code multiplexing is used to transmit signals 

from a first transmission channel to transmit data, a second 

transmission channel to transmit main control information, and 

a third transmission channel to transmit additional control 

information, said method comprising the steps of: 

checking whether or not transmission data is 

available; 

when no transmission data is available, using first, 

second, and thirdgain factors toweight signals fromsaid first, 

second, and third transmission channels anddecreasingamaximum 

transmission electric power at a plurality of levels based on 

a ratio between said second and third gain factors; and 

when transmission data is available, decreasing a 

maximum transmission electric power at a plurality of levels 

based on said second gain factor and a ratio between said second 

and third gain factors.  

5. The transmission electric power control method 

according to claim 4, 

wherein a backoff amount for unavailability of 

transmission data is configured to be larger than that for 
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availability of transmission data.  

6. The transmission electric power control method 

according to claim 4 or 5, 

wherein a backoff amount of maximum transmission 

electric power is decreased as a ratio of said third gain factor 

to said second gain factor decreases.  

7. The transmission electric power control method 

according to claim 1 or 4, 

wherein said maximum transmission electric power is 

decreased under control of an automatic gain control circuit 

disposed previously to a power amplifier.  

8. A transmission electric power control method of 

controlling a maximum transmission electric power during 

transmission of a plurality of signals in a code-multiplexing 

fashion, 

wherein code multiplexing is used to transmit signals 

from a first transmission channel to transmit data, a second 

transmission channel to transmit main control information, and 

a third transmission channel to transmit additional control 

information, said method comprising the steps of: 

checking a requested transmission electric power; and 

when a requested transmission electric power is 

greater than or equal to a threshold value close to a maximum 

transmission electric power, clipping a transmission signal 
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using a base band at a plurality of levels in accordance with 

magnitude of a requested transmission electric power.  

9. The transmission electric power control method 

according to claim 8.  

wherein first, second, and third gain factors are used 

toweight signals fromsaid first, second, andthirdtransmission 

channels, andvaluesofsaidfirst, second, andthirdgain factors 

are converted so as to normalize an output power value for a 

transmission signal of said base band.  

10. The transmission electric power control method 

according to claim 1, 4, or 9, 

wherein said transmission electric power control 

method is used for a mobile device and said additional control 

information is equivalent to mobile device's reception quality 

information transmitted to a base station by a mobile device 

so as to improve a data transmission rate from a base station 

to a mobile device and/or a reception determination result of 

received data.  

11. A transmission electric power control apparatus 

for controlling a maximum transmission electric power during 

transmission of a plurality of signals in a code-multiplexing 

fashion, said apparatus comprising: 

first spreading means for providing a first spreading 

process to signals from a first transmission channel to transmit 
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data, a second transmission channel to transmit main control 

information, and a third transmission channel to transmit 

additional control information; 

weightingmeans for weighting signals fromsaidfirst, 

second, and third transmission channels after said first 

spreading process with first, second, and third gain factors, 

respectively; 

complex mapping means for complex-mapping said 

weighted signals from channels; 

second spreading means for providing a second 

spreading process to output from said complex mapping means; 

a filter for limiting aband for output fromsaidsecond 

spreading means; 

digital-analog conversion means for converting output 

from said filter into an analog signal; 

modulation means for providing a specified modulation 

process to output from said digital-analog conversion means; 

automatic gain control means for controlling an 

amplification gain with respect to output from said modulation 

means; 

electric power amplification means for electrically 

amplifying output from said automatic gain control means; and 

main control means for using when first, second, and 

third gain factors to weight signals from said first, second, 

and third transmission channels and decreasing a maximum 

transmission electric power at a plurality of levels based on 

a ratio between said first and second gain factors and a ratio 
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between said second and third gain factors.  

12. A transmission electric power control apparatus 

for controlling a maximum transmission electric power during 

transmission of a plurality of signals in a code-multiplexing 

fashion, said apparatus comprising: 

first spreading means for providing a first spreading 

process to signals from a first transmission channel to transmit 

data, a second transmission channel to transmit main control 

information, and a third transmission channel to transmit 

additional control information; 

weightingmeans for weighting signals from said first, 

second, and third transmission channels after said first 

spreading process with first, second, and third gain factors, 

respectively; 

complex mapping means for complex-mapping said 

weighted signals from channels; 

second spreading means for providing a second 

spreading process to output from said complex mapping means; 

afilter for limiting a band for output fromsaidsecond 

spreading means; 

digital-analog conversion means for converting output 

from said filter into an analog signal; 

modulation means for providing a specified modulation 

process to output from said digital-analog conversion means; 

automatic gain control means for controlling an 

amplification gain with respect to output from said modulation 
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means; 

electric power amplification means for electrically 

amplifying output from said automatic gain control means; and 

main control means for checking availability of 

transmission data for transmission of signals from said first, 

second, and third transmission channels, decreasing a maximum 

transmission electric power at a plurality of levels based on 

a ratio between said second and third gain factors when no 

transmission data is available, and decreasing a maximum 

transmission electric power at a plurality of levels based on 

said second gain factor and a ratio between said second and third 

gain factors when transmission data is available.  

13. The transmission electric power control 

apparatus according to claim 11 or 12, 

wherein said main control means controls said 

automatic gain control means to decrease said maximum 

transmission electric power.  

14. A transmission electric power control apparatus 

for controlling a maximum transmission electric power during 

transmission of a plurality of signals in a code-multiplexing 

fashion, said apparatus comprising: 

first spreading means for providing a first spreading 

process to signals from a first transmission channel to transmit 

data, a second transmission channel to transmit main control 

information, and a third transmission channel to transmit 
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additional control information; 

weighting means for weighting signals from said first, 

second, and third transmission channels after said first 

spreading process with first, second, and third gain factors, 

respectively; 

complex mapping means for complex-mapping said 

weighted signals from channels; 

clipping means for clipping output from said complex 

mapping means to a specified level; 

second spreading means for providing a second 

spreading process to output from said clipping means; 

a filter for limiting aband for output from said second 

spreading means; 

digital-analog conversion means for converting output 

from said filter into an analog signal; 

modulation means for providing a specified modulation 

process to output from said digital-analog conversion means; 

automatic gain control means for controlling an 

amplification gain with respect to output from said modulation 

means; 

electric power amplification means for electrically 

amplifying output from said automatic gain control means; and 

main control means for controlling said clippingmeans 

so as to clip output from said complex mapping means complex 

mapping means at a plurality of levels according to magnitude 

of a requested transmission electric power when said power is 

greater than or equal to a threshold value close to a maximum 
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transmission electric power.  

15. The transmission electric power control 

apparatus according to claim 14, 

wherein said main control means converts values of 

said first, second, and third gain factors so as to normalize 

an output power value for said complex ,mapping means.  
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