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DESCRIPTION 

METHOD FOR CONTROLLING TRANSMISSION OF SIGNAL 

FOR MEASURING QUALITY OF BASE STATION, USER TERMINAL, 

AND RECEPTION CHANNEL 

 5 

TECHNICAL FIELD 

The present invention generally relates to a 

Long Term Evolution (LTE) system. More particularly, the 

present invention relates to a base station, a user 

terminal, and a transmission control method for a 10 

sounding reference signal. 

 

BACKGROUND ART 

A successor communication method to W-CDMA and 

HSDPA, i.e., Long Term Evolution (LTE) (also called 15 

Evolved UTRA and UTRAN or Super 3G), is currently being 

discussed by 3GPP that is a standardization group for W-

CDMA. In 3GPP, orthogonal frequency division 

multiplexing (OFDM) has been proposed as a downlink 

radio access method and single-carrier frequency 20 

division multiple access (SC-FDMA) has been proposed as 

an uplink radio access method (see, for example, 3GPP TR 

25.814 (V7.0.0), “Physical Layer Aspects for Evolved 

UTRA,” June 2006). 

In OFDM, a frequency band is divided into 25 

multiple narrower frequency bands (subcarriers) and data 

are transmitted on the subcarriers. The subcarriers are 

densely arranged along the frequency axis such that they 

partly overlap each other but do not interfere with each 

other. This approach enables high-speed transmission and 30 

improves frequency efficiency. 

In SC-FDMA, a frequency band is divided into 

narrower frequency bands and the narrower frequency 

-1- DESCRIPTION             METHOD FOR CONTROLLING
TRANSMISSION OF SIGNAL FOR MEASURING QUALITY OF BASE
STATION, USER. TERMINAL, AND RECEPTION. CHANNEL 5
TECHNICAL FIELD               The present invention generally relates to a
Long Term Evolution (LIE) system. More particularly, the present invention
relates to a base station, a user 10 terminal, and a transmission control
method for a sounding reference signal. BACKGROUND ART  A
successor communication method to W-CDMA and 15 HSDPA, i.e., Long
Term Evolution (LIE) (also called Evolved UTRA and UTRAN or Super
3G), is currently being discussed by 3GPP that is a standardization group
for WCDMA. In 3aPP, orthogonal frequency division multiplexing (OFDM)
has been proposed as a downlink 20 radio access method and
single-carrier frequency division multiple access (SC-FDMA) has been
proposed as an uplink radio access method (see, for example, 3GPP TR
25.814 (V7.0.0), "Physical Layer Aspects for Evolved UTRA," June 2006).
25In OFDM, a frequency hand is divided into multiple narrower frequency
bands (subcarriers) and data are transmitted on the subcarriers. The
subcarriers are densely arranged along the frequency axis such that they
partly overlap each other but do not interfere with each 30 other. This
approach enables high-speed transmission and improves frequency
efficiency.              In SC-FDMA, a frequency baud is divided into narrower
frequency bands and the narrower frequency 
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bands are allocated to different terminals for 

transmission. This approach makes it possible to reduce 

interference between terminals. Also, SC-FDMA reduces 

variation of the transmission power and therefore makes 

it possible to reduce power consumption of terminals and 5 

to achieve wide coverage. 

In a frequency scheduling method that employs 

propagation path fluctuations in the frequency domain 

caused by frequency selective fading, data are 

transmitted using frequency bands with good reception 10 

conditions and therefore user terminals are requested to 

send wideband signals for the measurement of received-

channel quality. For example, in E-UTRA uplink, 

transmission bands are allocated to data channels taking 

into account the frequency selectivity of received 15 

channels and each user terminal (UE) is requested to 

send a wideband pilot signal called a sounding reference 

signal (SRS) for measuring the uplink received channel 

quality. 

However, when a UE located away from the base 20 

station is to transmit a wideband sounding reference 

signal, the transmission power is limited. Therefore, 

the received power of the sounding reference signal at 

the base station becomes low and the accuracy in 

measuring the received channel quality is reduced. 25 

In a method proposed to cope with this problem, 

the transmission bandwidth for the sounding reference 

signal is adaptively adjusted according to the distance, 

i.e., a path loss, between the UE and the base station. 

Meanwhile, the following two methods for multiplexing 30 

sounding reference signals with different bandwidths 

have been proposed: 

- Multiplexing method using distributed FDMA 

-2- bandsareallocatedtodifferentterminalsfor transmission. This approach
makes it possible to reduce interference between terminals. Also,
SC-FDMA reduces variation of the transmission power and therefore
makes 5 it posshble to reduce power consumption of terminals and to
achieve wide coverage.              In a frequency scheduling method that
employs propagation path fluctuations in the frequency domain caused by
frequency selective fading, data are 10 transmitted using frequency bands
with good reception conditions and therefore user terminals are requested
to send wideband signals for the measurement of received-channel
duality. For example, in E-UTRA uplink, transmission bands are allocated
to data channels taking 15 into account the frequency selectivity of
received channels and each user terminal (UE) is requested to send a
widbband pilot signal called a sounding reference signal (SHE) for
measuring the uplink received channel quality. 20However, when a UE
located away from the base station is to transmit a wideband sounding
reference signal., the transmission power is limited_ Therefore, the
received power of the sounding reference signal at the base station
becomes low and the accuracy in 25 measuring the received channel
quality is reduced.              In a method proposed to cope with this
problem, the transmission bandwidth for the sounding reference signal is
adaptively adjusted according to the distance, i.e., a path loss, between
the ME and the base station. 30 Meanwhile, the following two methods for
multiplexing sounding reference signals with different bandwidths have
been proposed: 
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(FIG. 1) 

- Multiplexing method where sounding reference 

signals are classified into groups by bandwidths and the 

grouped signals are multiplexed using localized FDMA 

(FIG. 2). 5 

In both methods, sounding reference signals 

with the same bandwidths are multiplexed by CDMA. 

 

DISCLOSURE OF INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 10 

However, the above background art technologies 

have problems as described below. 

For example, after transmission bands are 

allocated to some narrowband sounding reference signals, 

in some cases, it becomes impossible to allocate a 15 

transmission band to a sounding reference signal with a 

different bandwidth. FIG. 3 shows an example where 

frequency bands narrower than a system bandwidth are 

allocated as transmission bands for sounding reference 

signals. In FIG. 3, it is assumed that one eighth of the 20 

system bandwidth is to be allocated to each of UE1 and 

UE2 and one half of the system bandwidth is to be 

allocated to UE3 as transmission bands for sounding 

reference signals. In this case, if transmission bands 

that are apart from each other by one half of the system 25 

bandwidth are allocated to UE1 and UE2, respectively, it 

becomes impossible to allocate a half-system 

transmission band to UE3. 

To prevent this problem, it is necessary to 

increase the subcarrier interval for sounding reference 30 

signals. As shown in FIG. 4, the subcarrier interval 

increases as the number of different bandwidths to be 

multiplexed increases. 

- Multiplexing method using distributed FDMA -3- (FIG. 1)              -
Multiplexing method where sounding reference signals are classified into
groups by bandwidths and the grouped signals are multiplexed using
localized FDMA 5(FIG. 2).              In both methods, sounding reference
signals with the same bandwidths are multiplexed. by COMA.
DISCLOSURE OF INVENTION  10 PROBLEMS TO BE SOLVED BY THE
INVENTION               However, the above background art technologies
have problems as described below.              For example, after
transmission. bands are allocated to some nayrowband sounding
reference signals, 15 in some cases, it becomes impossible to allocate a
transmission band to a. sounding reference signal with a different
bandwidth. FIG. 3 shows an example where frequency banns narrower
than a. system bandwidth are allocated as tranbmdssion bands for
sounding reference  20 signals. In FIG. 3, it is assumed that one eighth of
the system bandwidth is to be allocated to each of UEI and UE2 and one
half of the system bandwidth is to be allocated to UE3 as transmission
hands for sounding reference signals. In this case, if transmission bands
25 that are apart from each other by one half of the system bandwidth are
allocated. to UEI and 0E2, respectively, it becomes impossible to allocate
a half-system transmission band to UE3. To prevent this problem, it is
necessary to 30 increase the subcarrier interval for sounding reference
signals. As shown. in FIG. 4, the sutcarrier interval increases as the
number of different bandwidths to be multiplexed increases. 
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However, increasing the subcarrier interval 

decreases transmission power density per unit bandwidth 

and decreases power density of a received signal at the 

base station, thus reducing the accuracy in measuring 

received channel conditions. Also, increasing the 5 

subcarrier interval decreases the number of code 

sequences used to multiply and thereby to separate 

sounding reference signals to be sent by users. 

One object of the present invention is to 

solve or reduce one or more of the above problems and to 10 

provide a base station, a user terminal, and a 

transmission control method for a sounding reference 

signal that make it possible to efficiently allocate 

transmission bands for sounding reference signals. 

 15 

MEANS FOR SOLVING THE PROBLEMS 

An aspect of the present invention provides a 

base station used in a system where sounding reference 

signals from user terminals are multiplexed using 

distributed FDMA in which distributed frequency blocks 20 

each including frequency subcarriers discretely 

distributed in a system bandwidth are allocated to the 

user terminals, and the system bandwidth is repeatedly 

halved into frequency band segments according to a 

binary-tree structure. The base station includes a 25 

transmission bandwidth determining unit configured to 

determine transmission bandwidths to be allocated to the 

respective user terminals for transmission of the 

sounding reference signals based on path losses between 

the user terminals and the base station reported by the 30 

user terminals; a transmission frequency determining 

unit configured to allocate the frequency band segments 

corresponding to the determined transmission bandwidths 

-4-              However, increasing the subcairier interval decreases
transmission power density per unit bandwidth and decreases power
density of a received signal at the base station, thus reducing the
accuracy in measuring 5 received channel conditions. Also, increasing the
subcarrier interval decreases the number of code sequences used to
multiply and thereby to separate sounding reference signals to be sent by
users. One object of the present invention is to 10 solve or reduce one or
more of the above problems and to provide a base station, a user
terminal, and a transmission control method for a sounding reference
signal that make it possible to efficiently allocate transmission bands for
sounding reference signals. 15 MEANS FOR SOLVING THE PROBLEMS
An aspect of the present invention provides a base station used in a
system, where sounding reference signals from user terminals are
multiplexed using 20 distributed FDMA in which distributed frequency
blocks each including frequency subcairiers discretely distributed in a
system bandwidth are allocated to the user terminals, and the system,
bandwidth is repeatedly halved into frequency band segments according
to a 25 binary-tree structure. The base station includes a transmission
bandwidth determining unit configured to determine transmission
bandwidths to be allocated to the respective user terminals for
transmission of the sounding reference signals based on path losses
between 30 the user terminals and the base station reported by the user
terminals; a tranbmdssion frequency determining unit configured to
allocate the frequency band segments corresponding to the determined
transmission bandwidths  -0- as transmission frequency banns for the
sounding reference signals; and a transmission method reporting unit
configured to report the transmission bandwidths and the transmission
frequency bands to the respective 
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as transmission frequency bands for the sounding 

reference signals; and a transmission method reporting 

unit configured to report the transmission bandwidths 

and the transmission frequency bands to the respective 

user terminals. 5 

In a system where sounding reference signals 

to be transmitted from user terminals are multiplexed 

using distributed FDMA in which distributed frequency 

blocks each including frequency subcarriers discretely 

distributed in a system bandwidth are allocated to the 10 

user terminals, the above configuration makes it 

possible to allocate frequency band segments obtained by 

repeatedly halving the system bandwidth according to a 

binary-tree structure as transmission frequency bands 

for the sounding reference signals. 15 

Another aspect of the present invention 

provides a user terminal used in a system where a 

sounding reference signal from the user terminal is 

multiplexed using distributed FDMA in which a 

distributed frequency block including frequency 20 

subcarriers discretely distributed in a system bandwidth 

is allocated to the user terminal, the system bandwidth 

is repeatedly halved into frequency band segments 

according to a binary-tree structure, a transmission 

bandwidth to be allocated to the user terminal for 25 

transmission of the sounding reference signal is 

determined based on a path loss between the user 

terminal and a base station reported by the user 

terminal, and one of the frequency band segments 

corresponding to the determined transmission bandwidth 30 

is allocated as a transmission frequency band for the 

sounding reference signal. The user terminal includes a 

data mapping unit configured to map a sounding reference 

5 user terminals.              In a system where sounding reference signals to
be transmitted from user terminals are multiplexed using distributed FDMA
in which distributed frequency blocks each including frequency
suldcarriers discretely 10 distributed in a system bandwidth are allocated
to the user terminals, the above configuration makes it possible to allocate
frequency band segments obtained by repeatedly halving the system
bandwidth according to a binary-tree structure as transmission frequency
bands 15 for the sounding reference signals.             Another aspect of the
present invention provides a user terminal used in a system where a
sounding reference signal from the user terminal is multiplexed using
distributed FDMA in which a 20 distributed frequency block including
frequency subcarriers discretely distributed in a system bandwidth is
allocated to the user terminal., the system, bandwidth is repeatedly halved
into frequency band segments according to a binary-tree structure, a
transmission 25 bandwidth to be allocated to the user terminal for
transmission of the sounding reference signal is determined based on a
path loss between the user terminal and a base station reported by the
user terminal, and one of the frequency band segments 30 corresponding
to the determined transmission bandwidth is allocated as a transmission
frequency hand for the sounding reference signal. The user terminal
includes a data mapping unit configured to map a sounding reference  -6-
signal sequence to subcarriers based on the transmission bandwidth and
the transmission frequency band reported by the base station_ In a
system where sounding reference signals 5 to be transmitted from user
terminals are multiplexed using distributed FDMA in which distributed
frequency blocks each including frequency suincarriers discretely
distributed in a system bandwidth are allocated to the user terminals and
where the system bandwidth is 10 repeatedly halved into frequency band
segments according to a binary-tree structure, the above configuration
makes it possible to transmit a sounding reference signal using one of the
frequency band segments as a transmission frequency band_ 15Another
aspect of the present invention 
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signal sequence to subcarriers based on the transmission 

bandwidth and the transmission frequency band reported 

by the base station. 

In a system where sounding reference signals 

to be transmitted from user terminals are multiplexed 5 

using distributed FDMA in which distributed frequency 

blocks each including frequency subcarriers discretely 

distributed in a system bandwidth are allocated to the 

user terminals and where the system bandwidth is 

repeatedly halved into frequency band segments according 10 

to a binary-tree structure, the above configuration 

makes it possible to transmit a sounding reference 

signal using one of the frequency band segments as a 

transmission frequency band. 

Another aspect of the present invention 15 

provides a method of controlling transmission of 

sounding reference signals in a system where the 

sounding reference signals from user terminals are 

multiplexed using distributed FDMA in which distributed 

frequency blocks each including frequency subcarriers 20 

discretely distributed in a system bandwidth are 

allocated to the user terminals, and the system 

bandwidth is repeatedly halved into frequency band 

segments according to a binary-tree structure. The 

method includes a reception step of receiving 25 

measurements of path losses between the user terminals 

and a base station from the user terminals; a 

transmission bandwidth determining step of determining 

transmission bandwidths to be allocated to the 

respective user terminals for transmission of the 30 

sounding reference signals based on the measurements of 

the path losses; a transmission frequency determining 

step of allocating the frequency band segments 

provides a method of controlling transmission of sounding reference
signals in a system where the sounding reference signals from user
terminals are multiplexed using distributed FDMA in which distributed 20
frequency blocks each including frequency subcairiers discretely
distributed in a system bandwidth are allocated to the user terminals, and
the system bandwidth is repeatedly halved into frequency band segments
according to a binary-tree structure. The 25 method includes a reception
step of receiving measurements of path losses between the user terminals
and a base station from the user terminals; a transmission bandwidth
determining step of determining transmission bandwidths to be allocated
to the 30 respective user terminals for transmission of the sounding
reference signals based on the measurements of the path losses; a
transmission frequency determining step of allocating the frequency band
segments  -7- corresponding to the determined transmission bandwidths
as transmission frequency banns for the sounding
5 reference signals; and a transmission method reporting step of reporting
the transmission bandwidths and the 5 transmission frequency bands to
the respective user terminals.              In a system where sounding
reference signals to be transmitted from user terminals are multiplexed
using distributed FDMA in which distributed frequency 10 blocks each
including frequency sutcarriers discretely distributed in a system
bandwidth are allocated to the user terminals, the above configuration
makes it possible to allocate frequency band segments obtained by
repeatedly halving the system bandwidth according to a 15 binary-tree
structure as transmission frequency bands for the sounding reference
signals. ADVANTAGEOUS EFFECT OF THE INVENT ION  Aspects of
the present invention provide a 
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corresponding to the determined transmission bandwidths 

as transmission frequency bands for the sounding 

reference signals; and a transmission method reporting 

step of reporting the transmission bandwidths and the 

transmission frequency bands to the respective user 5 

terminals. 

In a system where sounding reference signals 

to be transmitted from user terminals are multiplexed 

using distributed FDMA in which distributed frequency 

blocks each including frequency subcarriers discretely 10 

distributed in a system bandwidth are allocated to the 

user terminals, the above configuration makes it 

possible to allocate frequency band segments obtained by 

repeatedly halving the system bandwidth according to a 

binary-tree structure as transmission frequency bands 15 

for the sounding reference signals. 

 

ADVANTAGEOUS EFFECT OF THE INVENTION 

Aspects of the present invention provide a 

base station, a user terminal, and a transmission 20 

control method for a sounding reference signal that make 

it possible to efficiently allocate transmission bands 

for sounding reference signals. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 25 

FIG. 1 is a drawing illustrating a method of 

multiplexing sounding reference signals with different 

bandwidths; 

FIG. 2 is a drawing illustrating another 

method of multiplexing sounding reference signals with 30 

different bandwidths; 

FIG. 3 is a drawing used to describe a problem 

in allocating transmission bands for sounding reference 

20 base station, a user terminal, and a transmission control method for a
sounding reference signal that make it possible to efficiently allocate
transmission bands for sounding reference signals. 25 BRIEF
DESCRIPTION OF THE DRAWINGS               FIG. 1 is a drawing
illustrating a method of multiplexing sounding reference signals with
different bandwidths;                 FIG. 2 is a drawing illustrating another 30
method of multiplexing sounding reference signals with different
bandwidths;              FIG. 3 is a drawing used to describe a problem in
allocating transmission bands for sounding reference  -8- signals;
FIG. 4 is a drawing used to describe another problem in allocating
transmission bands for sounding reference signals; 5FIG. 5 is a partial
block diagram illustrating a base station according to an embodiment of
the present invention;              FIG. 0 is a drawing illustrating a method of
allocating transmission banns for sounding reference 10 signals according
to an embodiment of the present invention; FIG.is another drawing
illustrating a    method of allocating transmission bands for sounding
reference signals according to an embodiment of the 15 present invention;



 
                                                                          -8- 
 

signals; 

FIG. 4 is a drawing used to describe another 

problem in allocating transmission bands for sounding 

reference signals; 

FIG. 5 is a partial block diagram illustrating 5 

a base station according to an embodiment of the present 

invention; 

FIG. 6 is a drawing illustrating a method of 

allocating transmission bands for sounding reference 

signals according to an embodiment of the present 10 

invention; 

FIG. 7 is another drawing illustrating a 

method of allocating transmission bands for sounding 

reference signals according to an embodiment of the 

present invention; 15 

FIG. 8 is another drawing illustrating a 

method of allocating transmission bands for sounding 

reference signals according to an embodiment of the 

present invention; 

FIG. 9 is a partial block diagram illustrating 20 

a user terminal according to an embodiment of the 

present invention; and 

FIG. 10 is a flowchart showing a process in a 

radio communication system according to an embodiment of 

the present invention. 25 

 

EXPLANATION OF REFERENCES 

100   Base station 

102   Transmission bandwidth determining unit 

104   Transmission frequency determining unit 30 

106   Transmission frequency management unit 

108   Code assignment unit 

110   Code management unit 

FIG. 8 is another drawing illustrating a method of allocating transmission
bands for sounding reference signals according to an embodiment of the
present invention; 20FIG. 9 is a partial block diagram illustrating a user
terminal according to an embodiment of the present invention; and
FIG. 10 is a flowchart showing a process in a radio communication system
according to an embodiment of 25 the present invention. EXPLANATION
CF REFERENCES  100Base station 102Transmission bandwidth
determining unit 30104Transmission frequency determining unit
106Transmission frequency management unit 108Code assignment unit
110Code management unit  -2- 112Transmission bandwidth control unit
200User terminal 
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112   Transmission bandwidth control unit 

200   User terminal 

202   Transmission signal sequence generating unit 

204   Discrete Fourier transform (DFT) unit 

206   Data mapping unit 5 

208   Inverse fast Fourier transform (IFFT) unit 

 

BEST MODE FOR CARRYING OUT THE INVENTION 

Preferred embodiments of the present invention 

are described below with reference to the accompanying 10 

drawings. 

Throughout the accompanying drawings, the same 

reference numbers are used for parts having the same 

functions, and overlapping descriptions of those parts 

are omitted. 15 

A radio communication system according to an 

embodiment of the present invention is described below. 

The radio communication system of this 

embodiment is based on Long Term Evolution (LTE) (also 

called Evolved UTRA and UTRAN or Super 3G). 20 

As described above, OFDM is used as the 

downlink radio access method and SC-FDMA is used as the 

uplink radio access method. In OFDM, a frequency band is 

divided into multiple narrow frequency bands 

(subcarriers) and data are transmitted on the 25 

subcarriers. In SC-FDMA, a frequency band is divided 

into narrower frequency bands and the narrower frequency 

bands are allocated to different terminals for 

transmission. Thus, SC-FDMA makes it possible to reduce 

interference between terminals. 30 

Next, a base station 100 of this embodiment is 

described with reference to FIG. 5. 

The base station 100 includes a transmitting 

202Transmission signal sequence generating unit 204Discrete Fourier
transform (DFT) unit 5206Data mapping unit 208Inverse fast Fourier
transform (IFFT) unit BEST MODE FOR CARRYING OUT THE,
INVENTION                  Preferred embodiments of the present invention
10 are described below with reference to the accompanying drawings.
Throughout the abcompanying drawings, the same reference numbers are
used for parts having the same functions, and overlapping descriptions of
those parts 15are omitted.             A radio communication system
according to an embodi.ment of the present invention is described below.
Theradiocommunicationsystem, ofthis embodiment is based on Long
Term Evolution (LIE) (also 20 called Evolved UTRA and UTRAN or Super
3G).             As described above, OFDM is used as the downlink radio
access method and SC-FaMA is used as the uplink radio access method.
In CTDM, a frequency band is divided into multiple narrow frequency
hands  25 (subcarriers) and data are transmitted on the subcarriers. In
SC-FDMA, a frequency band is divided into narrower frequency hands
and the narrower frequency bands are allocated to different terminals for
transmission. Thus, SC-FDMA makes it possible to reduce 30 interference
between terminals. 
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device. The transmitting device includes a transmission 

bandwidth determining unit 102 that receives path loss 

measurements and maximum transmission power levels from 

user terminals 200; a transmission frequency determining 

unit 104 that receives an output signal from the 5 

transmission bandwidth determining unit 102; a 

transmission frequency management unit 106 connected to 

the transmission frequency determining unit 104; a code 

assignment unit 108 that receives an output signal from 

the transmission frequency determining unit 104; a code 10 

management unit 110 connected to the code assignment 

unit 108; and a transmission bandwidth control unit 112 

connected to the transmission bandwidth determining unit 

102, the transmission frequency management unit 106, and 

the code management unit 110. 15 

In this embodiment, sounding reference signals 

to be transmitted from user terminals are multiplexed 

using distributed FDMA where distributed frequency 

blocks each including frequency subcarriers discretely 

distributed in the system bandwidth are allocated to the 20 

user terminals. 

The transmission bandwidth determining unit 

102 determines transmission bandwidths for sounding 

reference signals to be transmitted by the user 

terminals 200. The transmission bandwidths for the 25 

sounding reference signals are determined, for example, 

based on the distances between the base station 100 and 

the respective user terminals 200. 

For example, the transmission bandwidth 

determining unit 102 allocates wide transmission 30 

bandwidths to users located near the base station 100, 

and allocates narrower transmission bandwidths to users 

other than those located near the base station 100. More 

Next, a base station 100 of this embodiment is described with reference to
FIG. 5. The base station 100 includes a transmitting  -10- device. The
transmitting device includes a transmission bandwidth determining unit
102 that receives path loss measurements and maxim= transmission
power levels from user terminals 200; a transmission frequency
determining 5 unit 104 that receives an output signal from the
transmission bandwidth determining unit 102; a transmission frequency
management unit 106 connected to the transmission frequency
determining unit 104; a code assignment unit 108 that receives an output
signal from 10 the transmission frequency determining unit 104; a code
management unit 110 connected to the code assignment unit 108; and a
transmission bandwidth control unit 112 connected to the transmission
bandwidth determining unit 102, the transmission frequency management
unit 106, and 15 the code management unit 110.              In this
embodiment, sounding reference signals to be transmitted from user
terminals are multiplexed using distributed FDMA where distributed
frequency blocks each including frequency suincarriers discretely 20
distributed in the system, bandwidth are allocated to the user terminals.
The transmission bandwidth determining unit 102 determines transmission
bandwidths for sounding reference signals to be transmitted by the user
25 terminals 200. The transmission bandwidths for the sounding reference
signals are determined, for example, based on the distances between the
base station 100 and the respective user terminals 200.
Forexample,thetransmissionbandwidth 30 determining unit 102 allocates
wide transmission bandwidths to users located near the base station 100,
and allocates narrower transmission bandwidths to users other than those
located near the base station 100. More  
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specifically, the transmission bandwidth determining 

unit 102 determines the transmission bandwidths for the 

sounding reference signals based on path losses and/or 

maximum transmission power levels reported by the user 

terminals 200. 5 

When a user terminal 200 sends a sounding 

reference signal using a wide transmission band, the 

transmission power per unit bandwidth becomes low. As a 

result, the reception level of the sounding reference 

signal at the base station 100 becomes low and the 10 

measurement accuracy is reduced. If the base station 100 

is configured to select user terminals whose sounding 

reference signals are received with good reception 

levels, only a limited number of user terminals can 

transmit sounding reference signals using wide 15 

transmission bands. 

For this reason, the base station 100 allows 

user terminals with extra transmission power to send the 

sounding reference signals at wide intervals in the 

frequency domain, i.e., using wide transmission bands. 20 

The transmission bandwidth determining unit 102 

estimates a transmission power level necessary to 

achieve predetermined reception quality based on a path 

loss reported by each user terminal, and determines 

whether the difference between the maximum transmission 25 

power level and the estimated transmission power level 

is greater than or equal to a predetermined threshold. 

If the difference is greater than or equal to the 

threshold, the transmission bandwidth determining unit 

102 determines a transmission bandwidth for the sounding 30 

reference signal of the user terminal. For example, the 

transmission bandwidth determining unit 102 allocates a 

transmission bandwidth represented by BW0/2n (where BW0 

specifically, the transmission bandwidth determining unit 102 determines
the transmission bandwidths for the sounding reference signals based on
path losses and/or maximum transmission power levels reported by the
user 5terminals 200.             When a user terminal 200 sends a sounding
reference signal using a wide transmission band, the transmission power
per unit bandwidth becomes low. As a result, the reception level of the
sounding reference 10 signal at the base station 100 becomes low and
the measurement accuracy is reduced. If the base station 100 is
configured to select user terminals whose sounding reference signals are
received with good reception levels, only a limited number of user
terminals can 15 transmit sounding reference signals using wide
transmission bands.              For this reason, the base station 100 allows
user terminals with extra transmission power to send the sounding
reference signals at wide intervals in the 20frequency domain, i.e., using
wide transmission bands. The transmission bandwidth determining unit
102 estimates a transmission power level necessary to achieve
predetermined reception quality based on a path loss reported by each
user terminal, and determines 25 whether the difference between the
maximum transmission power level and the estimated transmission power
level is greater than or equal to a predetermined threshold_ If the
difference is greater than or equal to the threshold, the transmission
bandwidth determining unit 30 102 determines a transmission bandwidth
for the sounding reference signal of the user terminal. For example, the
transmission bandwidth determining unit 102 allocates a transmission
bandwidth represented by 13W0/2fl (where BW0  -12- indicates a system,
bandwidth and "n" indicates an integer greater than 0).              The
transmission frequency determining unit 104 determines transmission
frequency hands for the 5 sounding reference signals based, for example,
on the transmission bandwidths determined by the transmission
bandwidth determining unit 102. For example, the transmission frequency
determining unit 104 determines transmission frequency bands for the
sounding reference 
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indicates a system bandwidth and “n” indicates an 

integer greater than 0). 

The transmission frequency determining unit 

104 determines transmission frequency bands for the 

sounding reference signals based, for example, on the 5 

transmission bandwidths determined by the transmission 

bandwidth determining unit 102. For example, the 

transmission frequency determining unit 104 determines 

transmission frequency bands for the sounding reference 

signals by referring to a frequency band allocation 10 

status recorded in the transmission frequency management 

unit 106 described later. 

In the base station 100 of this embodiment, 

transmission bands are allocated to sounding reference 

signals with different bandwidths determined by the 15 

transmission bandwidth determining unit 102 according to 

an allocation method similar to orthogonal variable 

spreading factor code (OVSF) allocation. This approach 

makes it possible to efficiently allocate transmission 

bands to sounding reference signals such that unused 20 

frequency bands in the system bandwidth are reduced. 

This approach also makes it possible to reduce the 

subcarrier interval for sounding reference signals, to 

improve the accuracy in measuring received channel 

conditions, and to prevent reduction in the number of 25 

code sequences used to multiply and thereby to separate 

sounding reference signals to be sent by users. 

For example, as shown in FIG. 6, the system 

bandwidth (BW0) is divided into multiple frequency band 

segments using a tree structure. In this example, based 30 

on a binary-tree structure, the system bandwidth is 

divided into two frequency band segments and at least 

one of the two frequency band segments is further 

10 signals by referring to a frequency band allocation status recorded in
the transmission frequency management unit 106 described later.
In the base station 100 of this embodiment, transmission bands are
allocated to sounding reference 15 signals with different bandwidths
determined by the transmission bandwidth determining unit 102 according
to an allocation method similar to orthogonal variable spreading factor
code (OVSF) allocation. This approach makes it possible to efficiently
allocate transmission 20 bands to sounding reference signals such that
unused frequency banns in the system bandwidth are reduced_ This
approach also makes it possible to reduce the subcarrier interval for
sounding reference signals, to improve the accuracy in measuring
received channel 25 conditions, and to prevent reduction in the number of
code sequences used to multiply and thereby to separate sounding
reference signals to be sent by users.              For example, as shown in
FIG. 6, the system bandwidth (BW0) is divided into multiple frequency
band 30 segments using a tree structure. In this example, based on a
binary-tree structure, the system bandwidth is divided into two frequency
band segments and at least one of the two frequency hand segments is
further -13- divided into two. In other words, at least one of each pair of
frequency band segments is further divided into two and this step is
repeated. In a binary tree, each node has at most two children. This
means that if all 5 frequency band segments are repeatedly divided into
two until the hierarchibal level in the binary tree structure reaches "n" (n
ibbicates an integer greater than 0), the system) bandwidth (13140) ib
divided into frequency hand seqmbnts with a bandwidth of B140/2 . The
10 number of hierarchical levels of either one of the subtrees can be
increased first. In the example shown in FIG. 6, the number of hierarchical
levels of the left subtree is increased first. The transmission frequency
determining unit 15 104 allocates transmission frequency banns
corresponding to the same hierarchibal level of the binary tree structure to
the sounding reference signals of user terminals that are allocated the
same bandwidth by the transmission bandwidth determining unit 102. For
example, 20 as shown in FIG. 0, the transmission frequency determining
unit 104 allocates a transmission frequency hand corresponding to the
hierarchical level 3 to a user terminal that is allocated a bandwidth of
BW0/8 by the transmission bandwidth dbtermibinq unit 102. 25FIG. 6 ib
provided just as an example. The 
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divided into two. In other words, at least one of each 

pair of frequency band segments is further divided into 

two and this step is repeated. In a binary tree, each 

node has at most two children. This means that if all 

frequency band segments are repeatedly divided into two 5 

until the hierarchical level in the binary tree 

structure reaches “n” (n indicates an integer greater 

than 0), the system bandwidth (BW0) is divided into 

frequency band segments with a bandwidth of BW0/2n . The 

number of hierarchical levels of either one of the 10 

subtrees can be increased first. In the example shown in 

FIG. 6, the number of hierarchical levels of the left 

subtree is increased first. 

The transmission frequency determining unit 

104 allocates transmission frequency bands corresponding 15 

to the same hierarchical level of the binary tree 

structure to the sounding reference signals of user 

terminals that are allocated the same bandwidth by the 

transmission bandwidth determining unit 102. For example, 

as shown in FIG. 6, the transmission frequency 20 

determining unit 104 allocates a transmission frequency 

band corresponding to the hierarchical level 3 to a user 

terminal that is allocated a bandwidth of BW0/8 by the 

transmission bandwidth determining unit 102. 

FIG. 6 is provided just as an example. The 25 

number of hierarchical levels may be increased according 

to determined transmission bandwidths, and the number of 

hierarchical levels of the right subtree may be 

increased first. 

The user terminal 200 transmits the sounding 30 

reference signal using the allocated transmission 

frequency band. The base station 100 performs frequency 

scheduling based on the reception quality of sounding 

number of hieratchical levels may be increased according to determined
tranbmibsion bandwidths, and the number of hierarchical levels of the
right subtree may be increased first. 30The user terminal 200 transmits
the sounding reference signal using the allocated transmission frequency
band_ The base station 100 performs frequency scheduling based on the
reception quality of sounding  -14- reference signals and allocates a
transmission band to each data channel within the range of the
transmission frequency band of the sounding reference signal sent from
the corresponding user terminal. 5The transmission frequency
management unit 106 manages the allocation status of frequency bands
allocated by the transmission frequency determining unit 104. For
example, the transmission frequency management unit 106 receives a
combination of bandwidths for the 10 sounding reference signals from the
transmission bandwidth control unit 112. The transmission frequency
management unit 106 manages the current usage status and users of the
received combination of frequency bands. The code assignment unit 108
determines codes 15 for the sounding reference signals. For example, the
code assignment unit 108 assigns codes such that the sounding reference
signals of user terminals are orthogonaljzed on the frequency axis. Also,
the code assignment unit 108 reports the transmission bandwidths, 20 the
transmission frequency bands, and the codes for the sounding reference
signals to the respective user terminals 200.              The code
management unit 110 manages the assignment status of codes for the
sounding reference 
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reference signals and allocates a transmission band to 

each data channel within the range of the transmission 

frequency band of the sounding reference signal sent 

from the corresponding user terminal. 

The transmission frequency management unit 106 5 

manages the allocation status of frequency bands 

allocated by the transmission frequency determining unit 

104. For example, the transmission frequency management 

unit 106 receives a combination of bandwidths for the 

sounding reference signals from the transmission 10 

bandwidth control unit 112. The transmission frequency 

management unit 106 manages the current usage status and 

users of the received combination of frequency bands. 

The code assignment unit 108 determines codes 

for the sounding reference signals. For example, the 15 

code assignment unit 108 assigns codes such that the 

sounding reference signals of user terminals are 

orthogonalized on the frequency axis. Also, the code 

assignment unit 108 reports the transmission bandwidths, 

the transmission frequency bands, and the codes for the 20 

sounding reference signals to the respective user 

terminals 200. 

The code management unit 110 manages the 

assignment status of codes for the sounding reference 

signals. In other words, the code management unit 110 25 

manages the usage status of codes. 

The transmission bandwidth control unit 112 

selects a combination of bandwidths to be allocated to 

the sounding reference signals based on the distribution 

of path losses between the user terminals 200 and the 30 

base station 100. The selected combination is sent to 

the transmission frequency management unit 106. In this 

embodiment, it is assumed that two combinations of 

25signals. In other words, the code management unit 110 manages the
usage status of codes. The transmission bandwidth control unit 112
selects a combination of bandwidths to be allocated to the sounding
reference signals based on the distribution 30 of path losses between the
user terminals 200 and the base station 100. The selected combination is
sent to the transmission frequency management unit 106. In this
embodiment, it is assumed that two combinations of  bandwidths are
provided for sounding reference signals. One of the two combinations of
bandwidths for sounding reference signals is used when the number of
user terminals with high path losses is small, and the other 5 one of the
two combinations is used when the number of user terminals with high
path losses is large.              When the number of user terminals with high
path losses is small, i.e., when the number of user terminals with path
losses greater than or equal to a 10 preset path loss level is less than a
predetermined value, as exemplified in FIG. 7, a combination of
bandwidths that enables allocation of wide transmission bands to
sounding reference signals is selected. In FIG. f, transmission bands
corresponding to hierarchical 15 levels 1 through 3 are shown. With this
combination of bandwidths, a wide transmission band with a bandwidth of
BW0/2 can be allocated to a user with a low path loss, and a transmission
band with a bandwidth of BW0/8 can be allocated to a user with a high
path loss. 
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bandwidths are provided for sounding reference signals. 

One of the two combinations of bandwidths for sounding 

reference signals is used when the number of user 

terminals with high path losses is small, and the other 

one of the two combinations is used when the number of 5 

user terminals with high path losses is large. 

When the number of user terminals with high 

path losses is small, i.e., when the number of user 

terminals with path losses greater than or equal to a 

preset path loss level is less than a predetermined 10 

value, as exemplified in FIG. 7, a combination of 

bandwidths that enables allocation of wide transmission 

bands to sounding reference signals is selected. In FIG. 

7, transmission bands corresponding to hierarchical 

levels 1 through 3 are shown. With this combination of 15 

bandwidths, a wide transmission band with a bandwidth of 

BW0/2 can be allocated to a user with a low path loss, 

and a transmission band with a bandwidth of BW0/8 can be 

allocated to a user with a high path loss. 

When the number of user terminals with high 20 

path losses is large, i.e., when the number of user 

terminals with path losses greater than or equal to a 

preset path loss level is greater than or equal to a 

predetermined value, as exemplified in FIG. 8, a 

combination of bandwidths that enables allocation of 25 

narrow transmission bands to sounding reference signals 

is selected. In FIG. 8, transmission bands corresponding 

to hierarchical levels 2 and 3 are shown. With this 

combination of bandwidths, a narrow transmission band 

with a bandwidth of BW0/4 can be allocated to a user 30 

with a high path loss, and a narrow transmission band 

with a bandwidth of BW0/8 can be allocated to a user 

with a higher path loss. 

20When the number of user terminals with high path losses is large, i.e.,
when the number of user terminals with path losses greater than or equal
to a preset path loss level is greater than or equal to a predetermined
value, as exemplified in FIG. 8, a 25 combination of bandwidths that
enables allocation of narrow transmission bands to sounding reference
signals is selected. In FIG. 8, transmission bands corresponding to
hierarchical levels 2 and 3 are shown_ With this combination of
bandwidths, a narrow transmission band 30 with a bandwidth of BW0/4
can be allocated to a user with a high path loss, and a narrow
transmission band with a bandwidth of BW0/8 can be allocated to a user
with a higher path loss.  -16-              The comlinetions of bandwidths
shown in FIGs. 7 and 8 are just examples and may be modified as
needed.              Next, the user terminal 200 of this embodiment is
described with reference to FIG. 9. 5The user terminal 200 inchudes a.
receiving device. The receiving device includes a transmission signal
sequence generating unit 202 that receives information indicating a code
for the sounding reference signai from the base station 100; a discrete
Fourier  10 transform (DFT) unit 204 that receives an output signai. from
the transmission signai sequence generating unit 202; a data mapping
unit 206 that receives an output signal from the DFT unit 204 and receives
information including a. transmission bandwidth and a transmission 15
frequency hand from the base station 100; and an. inverse fast Fourier
transform (IFFI) unit 208 that receives an output signal from the data
mapping unit 206.              The transmission signal sequence generating
unit 202 generates a sounding reference signal. sequence 20 based on
the received code and inputs the generated sounding reference signal
sequence to the DFT unit 204.              The aFT unit 204 performs
discrete Fourier transform on the sounding reference signal sequence and
inputs the transformed signal sequence to the data 
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The combinations of bandwidths shown in FIGs. 

7 and 8 are just examples and may be modified as needed. 

Next, the user terminal 200 of this embodiment 

is described with reference to FIG. 9. 

The user terminal 200 includes a receiving 5 

device. The receiving device includes a transmission 

signal sequence generating unit 202 that receives 

information indicating a code for the sounding reference 

signal from the base station 100; a discrete Fourier 

transform (DFT) unit 204 that receives an output signal 10 

from the transmission signal sequence generating unit 

202; a data mapping unit 206 that receives an output 

signal from the DFT unit 204 and receives information 

including a transmission bandwidth and a transmission 

frequency band from the base station 100; and an inverse 15 

fast Fourier transform (IFFT) unit 208 that receives an 

output signal from the data mapping unit 206. 

The transmission signal sequence generating 

unit 202 generates a sounding reference signal sequence 

based on the received code and inputs the generated 20 

sounding reference signal sequence to the DFT unit 204. 

The DFT unit 204 performs discrete Fourier 

transform on the sounding reference signal sequence and 

inputs the transformed signal sequence to the data 

mapping unit 206. For example, the DFT unit 204 25 

transforms time-domain waveforms into frequency-domain 

waveforms. 

The data mapping unit 206 maps the signal 

sequence to subcarriers based on the transmission 

bandwidth and the transmission frequency band received 30 

from the base station 100 and inputs the mapped signal 

sequence to the IFFT unit 208. 

For example, the data mapping unit 206 maps 

25 mapping unit 206. For example, the Dal unit 204 transforms
time-domain waveforms into frequency-domain waveforms.              The
data mapping unit 206 maps the signal sequence to subcarriers based on
the transmission 30 bandwidth and the transmission frequency band
received from the base station 100 and inputs the mapped signal
sequence to the IFFT unit 208. For example, the data mapping unit 206
maps  -17- the signal sequence to a distributed frequency block including
frequency subcarriers discretely distributed in the system bandwidth
based on the transmission bandwidth and the transmission frequency
band_ 5The IFET unit 208 performs inverse Fourier transform on the
signal sequence mapped to the subcarriers and transmits the transformed
signal sequence.                Next, a process in the radio communication 10
system of this embodiment is described with reference to FIG. 10.
Eachuserterminal200measuresthe transmission powerofadownlinkpilot'
sIgnal  
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the signal sequence to a distributed frequency block 

including frequency subcarriers discretely distributed 

in the system bandwidth based on the transmission 

bandwidth and the transmission frequency band. 

The IFFT unit 208 performs inverse Fourier 5 

transform on the signal sequence mapped to the 

subcarriers and transmits the transformed signal 

sequence. 

Next, a process in the radio communication 

system of this embodiment is described with reference to 10 

FIG. 10. 

Each user terminal 200 measures the 

transmission power of a downlink pilot signal 

continuously being sent from the base station 100, 

thereby measures the path loss between the user terminal 15 

200 and the base station 100, and reports the path loss 

measurement together with its maximum transmission power 

level to the base station 100 (step S1002). 

Alternatively, the user terminal 200 may be configured 

to report the margin (difference) between the current 20 

transmission power level of the sounding reference 

signal and the maximum transmission power level to the 

base station 100. 

Next, the base station 100 selects a 

combination of transmission bandwidths for sounding 25 

reference signals based on the path losses between the 

user terminals 200 and the base station 100 and the 

maximum transmission power levels reported by the 

respective user terminals 200 (step S1004). In this step, 

the base station 100 selects a combination of bandwidths 30 

for sounding reference signals based on the distribution 

of path losses of the user terminals 200 belonging to 

its cell (sector). For example, when the number of user 

continuously being sent from the base station 100, 15 thereby measures
the path loss between the user terminal 200 and the base station 100, and
reports the path loss measurement together with its maximum
transmission power level to the base station 100 (step S1002).
Alternatively, the user terminal 200 may be configured 20 to report the
margin (difference) between the current transmission power level of the
sounding reference signal and the maximum transmission power level to
the base station 100. Next,thebasestation100selectsa 25 combination of
transmission bandwidths for sounding reference signals based on the path
losses between the user terminals 200 and the base station 100 and the
maximum transmission power levels reported by the respective user
terminals 200 (step S1004). In this step, 30 the base station 100 selects a
combination of bandwidths for sounding reference signals based on the
distribution of path losses of the user terminals 200 belonging to its cell
(sector). For example, when the number of user  -18- terminals with high
path losses is small, the base station 100 selects a combination of
bandwidths that enables allocation of wide transmission bands to many
sounding reference signals as described with reference 5 to FIG. 7.
Meanwhile, when the number of user terminals with high path losses is
large, the base station 100 selects a combination of bandwidths that
enables allocation of narrow transmission bands to many sounding
reference signals as described with reference to FIG. 8. 10 Then, the base
station 100 determines transmission bandwidths for the respective
sounding reference signals of the user terminals 200 based on the path
losses between the user terminals 200 and the base station 100 and the
maximum transmission power levels 15reported by the user terminals 200
(step S1006).             After step 51006, the base station 100 determines
transmission frequency bands and codes for the respective sounding
reference signals of the user terminals 200 (step 51008). For example, the
base 20 station 100 determines transmission bandwidths, transmission
frequency bands, and codes for the sounding reference signals at
predetermined intervals. Also, for example, the base station 100 assigns
codes such that the sounding reference signals of the user terminals 200
25 are orthbgonalized on the frequency axis. 
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terminals with high path losses is small, the base 

station 100 selects a combination of bandwidths that 

enables allocation of wide transmission bands to many 

sounding reference signals as described with reference 

to FIG. 7. Meanwhile, when the number of user terminals 5 

with high path losses is large, the base station 100 

selects a combination of bandwidths that enables 

allocation of narrow transmission bands to many sounding 

reference signals as described with reference to FIG. 8. 

Then, the base station 100 determines 10 

transmission bandwidths for the respective sounding 

reference signals of the user terminals 200 based on the 

path losses between the user terminals 200 and the base 

station 100 and the maximum transmission power levels 

reported by the user terminals 200 (step S1006). 15 

After step S1006, the base station 100 

determines transmission frequency bands and codes for 

the respective sounding reference signals of the user 

terminals 200 (step S1008). For example, the base 

station 100 determines transmission bandwidths, 20 

transmission frequency bands, and codes for the sounding 

reference signals at predetermined intervals. Also, for 

example, the base station 100 assigns codes such that 

the sounding reference signals of the user terminals 200 

are orthogonalized on the frequency axis. 25 

Next, the base station 100 reports the 

determined transmission bandwidths, transmission 

frequency bands, and codes for the sounding reference 

signals to the respective user terminals 200 (step 

S1010). 30 

Then, the user terminals 200 send the sounding 

reference signals using the transmission bandwidths, 

transmission frequency bands, and codes reported by the 

Next,the base determinedtransmission station100 reports the
bandwidths,transmission     frequency hands, and codes for the sounding
reference signals to the respective user terminals 200 (step 30 51010).
Then, the user terminals 200 send the sounding reference signals using
the transmission bandwidths, transmission frequency bands, and codes
reported by the -19- base station 100 (step S1012).              The base
station 100 performs scheduling based on the reception quality of the
sounding reference signals and allocates a transmission hand to each
data 5 channel within the range of the transmission hand of the sounding
reference signal sent from the corresponding user terminal 200 (step
S1014).              Thus, the above embodiments make it possible to
extensively measure propagation path conditions (in 10 the frequency
domain) while keeping the transmission power density per unit bandwidth
at a high level. This in turn makes it possible to effectively perform
frequency scheduling and thereby to transmit data channels using
frequency bands with good propagation 15 path conditions. 
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base station 100 (step S1012). 

The base station 100 performs scheduling based 

on the reception quality of the sounding reference 

signals and allocates a transmission band to each data 

channel within the range of the transmission band of the 5 

sounding reference signal sent from the corresponding 

user terminal 200 (step S1014). 

Thus, the above embodiments make it possible 

to extensively measure propagation path conditions (in 

the frequency domain) while keeping the transmission 10 

power density per unit bandwidth at a high level. This 

in turn makes it possible to effectively perform 

frequency scheduling and thereby to transmit data 

channels using frequency bands with good propagation 

path conditions. 15 

Also, the above embodiments make it possible 

to efficiently allocate transmission bands to sounding 

reference signals without leaving unused frequency bands 

in the system bandwidth. Further, the above embodiments 

make it possible to reduce the subcarrier interval for 20 

sounding reference signals, to improve the accuracy in 

measuring received channel conditions, and to prevent 

reduction in the number of code sequences. 

The descriptions and drawings in the above 

embodiments should not be construed to be limiting the 25 

present invention. A person skilled in the art may think 

of variations of the above embodiments from the 

descriptions. 

In other words, the present invention may also 

include various embodiments not disclosed above. 30 

Therefore, the technical scope of the present invention 

should be determined based on proper understanding of 

the claims with reference to the above descriptions. 

Also, the above embodiments make it possible to efficiently allocate
transmission bands to sounding reference signals without leaving unused
frequency hands in the system bandwidth. Further, the above
embodiments 20 make it possible to reduce the subcarrHer interval for
sounding reference signals, to improve the accuracy in measuring
received channel conditions, and to prevent reduction in the number of
code sequences. The descriptions and drawings in the above 25
embodi.ments should not be construed to be limiting the present
invention. A person skilled in the art may think of variations of the above
embodiments from the descriptions In other words, the present invention
may also 30 include various embodiments not disclosed above. Therefore,
the technical scope of the present invention should be determined based
on proper understanding of the claims with reference to the above
descriptions.  -20-             Although the present invention is described
above in different embodiments, the distinctions between the
embodiments are not essential for the present invention, and the
embodiments may be used individually 5 or in combination. Although
specilfic values are used in the above descriptions to facilitate the
understanding of the present invention, the values are just examples and
different values may also be used unless otherwise mentioned. 10The
present invention is not limited to the specifically disclosed embodiments,
and variations and modifications may be made without departing from the
scope of the present invention. Although functional block diagrams are
used to describe apparatuses in the 15 above embodiments, the
apparatuses may be implemented by hardware, software, or a
combination of them.              The present international application claims
priority from Japanese Patent Application No. 2007-001854 filed on
January 9, 2007, the entire contents of which 20 are hereby incorporated
herein by reference. 
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Although the present invention is described 

above in different embodiments, the distinctions between 

the embodiments are not essential for the present 

invention, and the embodiments may be used individually 

or in combination. Although specific values are used in 5 

the above descriptions to facilitate the understanding 

of the present invention, the values are just examples 

and different values may also be used unless otherwise 

mentioned. 

The present invention is not limited to the 10 

specifically disclosed embodiments, and variations and 

modifications may be made without departing from the 

scope of the present invention. Although functional 

block diagrams are used to describe apparatuses in the 

above embodiments, the apparatuses may be implemented by 15 

hardware, software, or a combination of them. 

The present international application claims 

priority from Japanese Patent Application No. 2007-001854 

filed on January 9, 2007, the entire contents of which 

are hereby incorporated herein by reference. 20 

 

INDUSTRIAL APPLICABILITY 

A base station, a user terminal, and a 

transmission control method for a sounding reference 

signal according to embodiments of the present invention 25 

may be applied to a radio communication system. 

INDUSTRIAL APPLICABILITY              A base station, a user terminal,
and a transmission control method for a sounding reference 25 signal
according to embodiments of the present invention may be applied to a
radio communication system.  -21- CLAIMS 1. A base station in a system
where sounding reference signals from user terminals 5 are multiplexed
using distributed FDMA in which distributed frequency blocks each
including frequency subcarriers discretely distributed in a system
bandwidth are ailocated to the user terminals, and                 the system
bandwidth is repeatedly halved into 10 frequency band segments
according to a binary-tree structure, the base station comprising:
a transmission bandwidth determining unit configured to determine
transmission bandwidths to be 15 allocated to the respective user
terminals for transmission of the sounding reference signals based on
path losses between the user terminals and the base station reported by
the user terminals; a transmission frequency determining unit 20
configured to ailocate the frequency band segments corresponding to the
determined transmission bandwidths as transmission frequency banns for
the sounding reference signals; and 
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CLAIMS 

 

1. A base station in a system where 

sounding reference signals from user terminals 

are multiplexed using distributed FDMA in which 5 

distributed frequency blocks each including frequency 

subcarriers discretely distributed in a system bandwidth 

are allocated to the user terminals, and 

the system bandwidth is repeatedly halved into 

frequency band segments according to a binary-tree 10 

structure, 

the base station comprising: 

a transmission bandwidth determining unit 

configured to determine transmission bandwidths to be 

allocated to the respective user terminals for 15 

transmission of the sounding reference signals based on 

path losses between the user terminals and the base 

station reported by the user terminals; 

a transmission frequency determining unit 

configured to allocate the frequency band segments 20 

corresponding to the determined transmission bandwidths 

as transmission frequency bands for the sounding 

reference signals; and 

a transmission method reporting unit 

configured to report the transmission bandwidths and the 25 

transmission frequency bands to the respective user 

terminals. 

 

2. The base station as claimed in claim 1, 

wherein the transmission bandwidth determining unit is 30 

configured to allocate the transmission bandwidths 

represented by BW0/2n to the respective user terminals, 

where BW0 indicates the system bandwidth and n (n is an 

atransmissionmethodreportingunit 25 configured to report the
transmission bandwidths and the transmission frequency bands to the
respective user terminals. 2. The base station as claimed in claim 1, 30
wherein the transmission bandwidth determining unit is configured to
allocate the transmission bandwidths represented by Bla0/2t to the
respective user terminals, where BIV0 indicates the system bandwidth
and n (n is an -22- integer greater than 0) indicates one of hierarchical
levels in the binary tree structure. The base station as claimed in claim 1
or 2, 5 wherein              the user terminals are conbigured to report
maximum transmission power levels; and              the transmission
bandwidth determining unit is configured to determine the transmission
bandwidths to 10 be allocated to the respective user terminals for
transmission of the sounding reference signals based on the reported
maximum transmission power levels.                    4. The base station as
claimed in claim 1 or 2, 15 wherein              the user terminals are
configured to report margins between transmission power levels of the
sounding reference signals and maximum transmission power levels; and
20the transmission bandwidth determining unit is configured to determine
the transmission bandwidths to be allocated to the respective user
terminals for transmission of the sounding reference signals based on the
reported margins between the transmission power 
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integer greater than 0) indicates one of hierarchical 

levels in the binary tree structure. 

 

3. The base station as claimed in claim 1 or 2, 

wherein 5 

the user terminals are configured to report 

maximum transmission power levels; and 

the transmission bandwidth determining unit is 

configured to determine the transmission bandwidths to 

be allocated to the respective user terminals for 10 

transmission of the sounding reference signals based on 

the reported maximum transmission power levels. 

 

4. The base station as claimed in claim 1 or 2, 

wherein 15 

the user terminals are configured to report 

margins between transmission power levels of the 

sounding reference signals and maximum transmission 

power levels; and 

the transmission bandwidth determining unit is 20 

configured to determine the transmission bandwidths to 

be allocated to the respective user terminals for 

transmission of the sounding reference signals based on 

the reported margins between the transmission power 

levels of the sounding reference signals and the maximum 25 

transmission power levels. 

 

5. The base station as claimed in any one of 

claims 2 through 4, further comprising: 

a transmission bandwidth control unit 30 

configured to select one of plural combinations of 

bandwidths for the sounding reference signals based on a 

distribution of the path losses, the combinations of the 

25 levels of the sounding reference signals and the maximum
transmission power levels.              5. The base station as claimed in any
one of claims 2 through 4, further comprising:
30atransmissionbandwidthcontrolunit configured to select one of plural
combinations of bandwidths for the sounding reference signals based on a
distribution of the path losses, the combinations of the  -23-
bandwidthsforthesoundingreferencesignals a
correspondingtodifferentcombinationsofthe hierarchical levels, wherein the
transmission bandwidth determining 5 unit is configured to determine the
transmission bandwidths to be allocated to the respective user terminals
for transmission of the sounding reference signals based on the selected
one of the combinations of the bandwidths. 10 
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bandwidths for the sounding reference signals 

corresponding to different combinations of the 

hierarchical levels, 

wherein the transmission bandwidth determining 

unit is configured to determine the transmission 5 

bandwidths to be allocated to the respective user 

terminals for transmission of the sounding reference 

signals based on the selected one of the combinations of 

the bandwidths. 

 10 

6. The base station as claimed in claim 5, 

wherein the transmission bandwidth control unit is 

configured 

to select a combination of bandwidths that 

enables allocation of wide transmission bands for the 15 

sounding reference signals when a number of the user 

terminals with path losses greater than or equal to a 

preset path loss level is less than a predetermined 

value; and 

to select a combination of bandwidths that 20 

enables allocation of narrow transmission bands narrower 

than the wide transmission bands for the sounding 

reference signals when a number of the user terminals 

with path losses greater than or equal to the preset 

path loss level is greater than or equal to the 25 

predetermined value. 

 

7. A user terminal in a system where 

a sounding reference signal from the user 

terminal is multiplexed using distributed FDMA in which 30 

a distributed frequency block including frequency 

subcarriers discretely distributed in a system bandwidth 

is allocated to the user terminal, 

6. The base station as claimed in claim wherein the transmission
bandwidth control unit is configured to select a combination of bandwidths
that 15 ensiles allocation of wide transmission bands for the sounding
reference signals when a number of the user terminals with path losses
greater than or equal to a preset path loss level is less than a
predetermined value; and 20to select a combination of bandwidths that
ensiles allocation of narrow transmission bands narrower than the wide
transmission bands for the sounding reference signals when a number of
the user terminals with patn losses greater than or equal to the preset 25
path loss level is greater than or equal to the predetermined value.
7. A user terminal in a system where a sounding reference signal from the
user 30 terminal is multiplexed using distributed FDMA in which a
distributed frequency block including frequency subcarriers discretely
distributed in a system bandwidth is allocated to the user terminal,  -24-
the system bandwidth is repeatedly halved into frequency hand segments
according to a binary-tree structure, transmission bandwidth to be
allocated to 5 the user terminal for transmission of the sounding reference
signai is determined based on a path ioss between the user terminal and
a base station reported by the user terminal, and
oneofthefrequencyhandsegments 
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the system bandwidth is repeatedly halved into 

frequency band segments according to a binary-tree 

structure, 

a transmission bandwidth to be allocated to 

the user terminal for transmission of the sounding 5 

reference signal is determined based on a path loss 

between the user terminal and a base station reported by 

the user terminal, and 

one of the frequency band segments 

corresponding to the determined transmission bandwidth 10 

is allocated as a transmission frequency band for the 

sounding reference signal, 

the user terminal comprising: 

a data mapping unit configured to map a 

sounding reference signal sequence to subcarriers based 15 

on the transmission bandwidth and the transmission 

frequency band reported by the base station. 

 

8. A method of controlling transmission of 

sounding reference signals in a system where 20 

the sounding reference signals from user 

terminals are multiplexed using distributed FDMA in 

which distributed frequency blocks each including 

frequency subcarriers discretely distributed in a system 

bandwidth are allocated to the user terminals, and 25 

the system bandwidth is repeatedly halved into 

frequency band segments according to a binary-tree 

structure, 

the method comprising: 

a reception step of receiving measurements of 30 

path losses between the user terminals and a base 

station from the user terminals; 

a transmission bandwidth determining step of 

10 corresponding to the determined transmission bandwidth is allocated
as a transmission frequency hand for the sounding reference signal, the
user terminal comprising: a data mapping unit configured to map a 15
sounding reference signal sequence to subcaxriers based on the
transmission bandwidth and the transmission frequency band reported by
the base station_                   8. A method of controlling transmission of 20
sounding reference signals in a system where              the sounding
reference signals from user terminals are multiplexed using distributed
FDMA in which distributed frequency blocks each including frequency
subcarriers discretely distributed in a system 25 bandwidth are allocated
to the user terminals, and              the system bandwidth is repeatedly
halved into frequency hand segments according to a binary-tree structure,
the method comprising: 30a reception step of receiving measurements of
path losses between the user terminals and a base station from the user
terminals; a transmission bandwidth determining step of  determining
transmission bandwidths to be allocated to the respective user terminals
for transmission of the sounding reference signals based on the
measurements of the path. losses; 5a transmission frequency determining
step of 
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determining transmission bandwidths to be allocated to 

the respective user terminals for transmission of the 

sounding reference signals based on the measurements of 

the path losses; 

a transmission frequency determining step of 5 

allocating the frequency band segments corresponding to 

the determined transmission bandwidths as transmission 

frequency bands for the sounding reference signals; and 

a transmission method reporting step of 

reporting the transmission bandwidths and the 10 

transmission frequency bands to the respective user 

terminals. 

allocating the frequency band segments corresponding to the determined
transmission bandwidths as transmission frequency bands for the
sounding reference signals; and a transmission method reporting step of
10 reporting the transmission bandwidths and the transmission frequency
bands to the respective user terminals.   ABSTRACT             METHOD
FOR CONTROLLING TRANSMISSION OF SIGNAL FOR MEASURING
QUALITY OF BASE STATION, USER. TERMINAL, AND RECEPTION.
CHANNEL              A disclosed base station is used in a radio
communication system where sounding reference signals from user
terminals are multiplexed using distributed FDMA in which distributed
frequency blocks each  including frequency subcarriers discretely
distributed in a system bandwidth are allocated to the user terminals, and
the system, bandwidth is repeatedly halved into frequency band segments
according to a binary-tree structure. The base station includes a
transmission  bandwidth determining unit for determining transmission
bandwidths to be allocated to the respective user terminals for
transmission of the sounding reference signals based on path losses
between the user terminals and the base station) a transmission
frequency  determining unit for allocating the frequency band segments
corresponding to the determined transmission bandwidths as transmission
frequency bands for the sounding reference signals; and a transmission
method reporting unit for reporting the transmission bandwidths  and the
transmission frequency bands to the respective user terminals. FIG. 6 
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ABSTRACT 

METHOD FOR CONTROLLING TRANSMISSION OF SIGNAL 

FOR MEASURING QUALITY OF BASE STATION, USER TERMINAL, 

AND RECEPTION CHANNEL 

 5 

A disclosed base station is used in a radio 

communication system where sounding reference signals 

from user terminals are multiplexed using distributed 

FDMA in which distributed frequency blocks each 

including frequency subcarriers discretely distributed 10 

in a system bandwidth are allocated to the user 

terminals, and the system bandwidth is repeatedly halved 

into frequency band segments according to a binary-tree 

structure. The base station includes a transmission 

bandwidth determining unit for determining transmission 15 

bandwidths to be allocated to the respective user 

terminals for transmission of the sounding reference 

signals based on path losses between the user terminals 

and the base station; a transmission frequency 

determining unit for allocating the frequency band 20 

segments corresponding to the determined transmission 

bandwidths as transmission frequency bands for the 

sounding reference signals; and a transmission method 

reporting unit for reporting the transmission bandwidths 

and the transmission frequency bands to the respective 25 

user terminals. 

 

FIG. 6 


