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BASE STATION FOR ALLOCATING
DOWNLINK RADIO RESOURCE FOR
DIRECTIVITY TRANSMISSION

TECHNICAL FIELD

The present invention relates to a base station that commu-
nicates with a communication terminal using a plurality of
antennas.

BACKGROUND ART

A variety of techniques related to radio communication
have been conventionally proposed. A technique relating to
LTE (Long Term Evolution) 1s disclosed in Patent Document

1, for example. LTE is referred to also as “E-UTRA”.

PRIOR ART DOCUMENT

Patent Document

Patent Document 1: Japanese Patent Application Laid-Open
No. 2008-099079

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

In base stations of LTE communication systems and the
like, an adaptive array antenna system for adaptively control-
ling directivity in a plurality of antennas i1s occasionally
adopted.

On the other hand, improvement in transmission perfor-
mance 1s desired 1n the base stations.

Theretfore, the present invention 1s devised in view of the
above point, and 1its object 1s to provide a technique that 1s
capable of controlling transmission directivity in the plurality
ol antennas and 1mproving a transmission performance of a
base station communicating with a communication terminal.

Means for Solving the Problem

A base station from a certain aspect, for communicating
with a communication terminal, includes a communication
section for communicating with the communication terminal
using a plurality of antennas and controlling transmission
directivity in the plurality of antennas when downlink com-
munication with the communication terminal 1s performed;
and a scheduling executing section for determining a com-
munication terminal for downlink communication and allo-
cating, to the communication terminal, a use downlink radio
resource to be used by the communication section for the
downlink communication with the communication terminal,
wherein a uplink radio resource for known signal which 1s
capable of being used when the communication terminal
transmits a known signal, and a downlink radio resource,
which 1s associated with the uplink radio resource for known
signal and 1s capable of being used when the communication
section performs downlink communication with the commu-
nication terminal, are determined, when the scheduling
executing section allocates the use downlink radio resource
including a frequency band included 1n a transmission fre-
quency band of the known signal in a frequency direction to
the communication terminal that transmits the known signal
using at least a part of the uplink radio resource for known
signal, the scheduling executing section executes an allocat-
ing process for allocating the use downlink radio resource
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2

from the downlink radio resource associated with the uplink
radio resource for known signal to the communication termi-
nal, when the scheduling executing section executes the allo-
cating process on the communication terminal transmitting
the known signal using at least a part of the uplink radio
resource for known signal, the communication section con-
trols the transmission directivity in the plurality of antennas
based on a reception signal including the known signal as a
desired wave component recerved by at least part of the uplink
radio resource for known signal when the downlink commu-
nication with the communication terminal 1s performed by
using the use downlink radio resource, when the scheduling
executing section allocates the use downlink radio resource
including in the frequency direction a frequency band, 1n
which the known signal 1s not received by the uplink radio
resource for known signal, from the downlink radio resource
associated with the uplink radio resource for known signal to
the communication terminal, the communication section con-
trols the transmission directivity in the plurality of antennas
based on a new reception signal obtained by generating a
known signal recerved from the communication terminal in
the frequency band of the use downlink radio resource 1n a
pseudo manner when performing the downlink communica-
tion with the communication terminal using the use downlink
radio resource and by adding the pseudo known signal as a
desired wave component to the reception signal received 1n
the frequency band of the use downlink radio resource in the
uplink radio resource for known signal.

Eftects of the Invention

According to the present invention, the transmission per-
formance of the base station can be improved.

These and other objects, features, aspects and advantages
of the present invention will become more apparent from the
following detailed description of the present invention when
taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram 1llustrating a configuration of a com-
munication system.

FIG. 2 1s a diagram 1illustrating a configuration of a base
station.

FIG. 3 1s a diagram 1illustrating a configuration of a TDD
frame.

FIG. 4 1s a table 1llustrating the types of configurations of
the TDD frame.

FIG. 5 15 a diagram 1illustrating the details of the configu-
ration of the TDD frame.

FIG. 6 1s a diagram 1llustrating an example in which an SRS
transmission band is frequency-hopped.

FIG. 7 1s a diagram 1illustrating an SRS0 and an SRS]1.

FIG. 8 1s a diagram 1llustrating a plurality of uplink radio
resources for SRS.

FIG. 9 1s a diagram 1llustrating the operation of the com-
munication system.

FIG. 10 1s a diagram 1llustrating association unit period.

FIG. 11 1s a diagram 1llustrating association between the
uplink radio resources for SRS and downlink radio resources.

FIG. 12 15 a diagram 1llustrating an example of allocation
ol the associated downlink radio resources.

FIG. 13 1s a diagram describing first transmission control.

FIG. 14 15 a diagram describing the first transmission con-
trol.

FIG. 15 15 a diagram 1llustrating an example of allocation
of the associated downlink radio resources.
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FIG. 16 1s a diagram illustrating an example of allocation
of non-associated downlink radio resources.

FI1G. 17 1s a diagram describing second array transmission
control.

FI1G. 18 1s a diagram describing second transmission con-
trol.

FIG. 19 1s a flowchart illustrating the operation of the
communication system.

FIG. 20 1s a diagram describing the second transmission
control.

EMBODIMENT FOR CARRYING OUT TH.
INVENTION

L1l

FIG. 1 1s a diagram 1llustrating a configuration of a com-
munication system 100 according to the embodiment. This
communication system 100 1s, for example, LTE in which a
TDD (Time Division Duplexing) system 1s adopted as a
duplex system, and includes a plurality of base stations 1.
Each of the base stations 1 performs communications with a
plurality of communication terminals 2. In LTE, an OFDMA
(Orthogonal Frequency Division Multiple Access) system 1s
used for downlink communication, and an SC-FDMA (Single
Carrier-Frequency Division Multiple Access) system 1s used
for uplink communication. Thus, the OFDMA system 1s used
for transmission from the base stations 1 to the communica-
tion terminals 2, and the SC-FDMA system 1s used for trans-
mission from the communication terminals 2 to the base
stations 1. An OFDM (Orthogonal Frequency Division Mul-
tiplexing) signal 1n which a plurality of sub-carriers orthogo-
nal to each other 1s combined together 1s used in the OFDMA
system.

Asshown in FIG. 1, each of the base stations 1 has a service
area 10 which partially overlaps service areas 10 of 1ts neigh-
boring base stations 1. In FIG. 1, only two or three neighbor-
ing base stations 1 are present for each of the base stations 1
because only four base stations 1 are shown. In actuality, six
neighboring base stations 1, for example, may be present for
cach of the base stations 1.

The plurality of base stations 1 1s connected to a network
not shown, and 1s capable of performing communications
with each other via the network. A server device, not shown,
1s connected to the network, and each of the base stations 1 1s
capable of performing communications with the server
device via the network.

FI1G. 2 1s a diagram 1llustrating a configuration of each base
station 1. Such a base station 1 1s capable of performing
communications with the plurality of communication termi-
nals 2 at the same time by individually allocating radio
resources specified by two-dimensions composed of a time
axis and a frequency axis to the plurality of communication
terminals 2, respectively. The base station 1 includes an array
antenna as transmitting and recerving antennas, and 1s
capable of controlling the directivity of the array antenna by
using an adaptive array antenna system.

As shown 1n FIG. 2, the base station 1 includes a radio
processing section 11, and a control section 12 for controlling
the radio processing section 11. The radio processing section
11 includes an array antenna 110 composed of a plurality of
antennas 110a. The radio processing section 11 performs an
amplification process, down-converting, an A/D conversion
process and the like on each of a plurality of reception signals
received by the array antenna 110 to generate and output a
plurality of baseband reception signals.

The radio processing section 11 also performs a D/A con-
version process, up-converting, an amplification process and
the like on each of a plurality of baseband transmission sig-
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nals generated by the control section 12 to generate a plurality
of carrier-band transmission signals. The radio processing
section 11 then 1nputs the plurality of generated carrier-band
transmission signals to the plurality of antennas 110a consti-
tuting the array antenna 110, respectively. Thus, the transmis-
s10n signals are transmitted from the antennas 110a by radio.

The control section 12 includes a CPU (Central Processing,
Unit), a DSP (Digital Signal Processor), a memory and the
like. In the control section 12, the CPU and the DSP execute
various programs stored in the memory, so that a plurality of
functional blocks, which includes a transmission signal gen-
erating section 120, a reception data acquiring section 121, a
scheduling executing section 122, a transmission weight pro-
cessing section 123, a reception weight processing section
124, a transmission mode determining section 125 and the
like, are formed.

The transmission signal generating section 120 generates
transmission data to be transmitted to the communication
terminals 2 with which communication 1s performed. The
transmission data includes control data and user data. The
transmission signal generating section 120 then generates the
baseband transmission signal including the generated trans-
mission data. The generated transmission signals are equal in
number to the plurality of the antennas 110a constituting the
array antenna 110.

The transmission weight processing section 123 sets a
plurality of transmission weights for controlling the transmis-
sion directivity of the array antenna 110 respectively to the
plurality of transmission signals generated by the transmis-
s10on signal generating section 120. The transmission weight
processing section 123 then performs an mverse discrete Fou-
rier transform (IDFT) and the like on the plurality of trans-
mission signals to which the respective transmission weights
are set, and thereafter outputs the plurality of transmission
signals to the radio processing section 11.

The reception weight processing section 124 performs a
discrete Fourier transform (DF'T) on the plurality of reception
signals input from the radio processing section 11, and there-
after sets a plurality of reception weights for controlling the
reception directivity of the array antenna 110 respectively to
the plurality of reception signals. The reception weight pro-
cessing section 124 then synthesizes the plurality of reception
signals to which the plurality of reception weights 1s set
respectively so as to generate a new reception signal (referred
to hereinafter as “synthesized reception signal™).

The reception data acquiring section 121 performs an
iverse discrete Fourier transform, a demodulation process
and the like on the synthesized reception signal generated 1n
the reception weight processing section 124 to obtain the
control data and the user data included 1n the synthesized
reception signal.

The radio processing section 11, the transmission weight
processing section 123 and the reception weight processing
section 124 1n the base station 1 according to the embodiment
constitute a communication section 13 for performing com-
munications with the plurality of communication terminals 2
while adaptively controlling the directivity of the array
antenna 110. When performing communications with the
communication terminals 2, the communication section 13
controls the reception directivity and the transmaission direc-
tivity of the array antenna 110. Specifically, the communica-
tion section 13 adjusts the reception weights by which the
reception signals are multiplied 1n the reception weight pro-
cessing section 124 to thereby set beam and null of the recep-
tion directivity of the array antenna 110 1n various directions.
Further, the communication section 13 adjusts the transmis-
s1on weights by which the transmission signals are multiplied
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in the transmission weight processing section 123 to thereby
set beam and null of the transmission directivity of the array
antenna 110 1n various directions. The transmission weights
may be determined from the reception weights, and the recep-
tion weights may be determined based on the known signals
from the commumnication terminals 2.

The scheduling executing section 122 determines the com-
munication terminal 2 which performs downlink communi-
cation of data, and allocates, to the communication terminal
2, the downlink radio resource (referred to hereinafter as a
“use downlink radio resource’) to be used for downlink com-
munication of data with the communication terminal 2. The
transmission signal generating section 120 generates a trans-
mission signal including data which should be transmaitted to
a communication terminal 2 based on the use downlink radio
resource allocated to the communication terminal 2 by the
scheduling executing section 122, and inputs the transmission
signal to the transmission weight processing section 123 at a
time based on the use downlink radio resource. Thus, the
transmission signal including the data which should be trans-
mitted to the communication terminal 2 1s transmitted from
the communication section 13 by using the use downlink
radio resource allocated to the communication terminal 2.
The transmission signal generating section 120 generates and
outputs a transmission signal including the control data for
notifying the communication terminal 2 about the use down-
link radio resource allocated to the communication terminal 2
by the scheduling executing section 122. This allows the
communication terminal 2 to know the use downlink radio
resource which 1s used for the transmission of data thereto,
thereby recerving data from the base station 1 thereto appro-
priately.

Further, the scheduling executing section 122 determines
the communication terminal 2 that performs uplink commu-
nication of data, and allocates an uplink radio resource (re-
terred to heremafiter as a “use uplink radio resource™) to be
used for uplink communication of data with the communica-
tion terminal 2 to the communication terminal 2. The trans-
mission signal generating section 120 generates and outputs a
transmission signal including control data for notifying the
communication terminal 2 about the use uplink radio
resource allocated to the communication terminal 2 by the
scheduling executing section 122. This allows the communi-
cation terminal 2 to know the use uplink radio resource which
1s used for the transmission of data to the base station 1,
thereby transmitting the data to the base station 1 by radio
through the use uplink radio resource.

The transmission mode determining section 125 deter-
mines a transmission mode (a transmission frequency band, a
transmission cycle and the like) of a sounding reference sig-
nal (SRS) to be described later which 1s a known signal
transmitted from the communication terminals 2. The trans-
mission signal generating section 120 generates and outputs a
transmission signal including control data for notifying a
communication terminal 2 about the transmission mode of
the SRS to be transmitted by the communication terminal 2
which 1s determined by the transmission mode determining
section 125. As a result the communication terminal 2 knows
the transmission mode (the transmission frequency band, the
transmission cycle and the like) of the SRS to be transmitted
therefrom, and transmits the SRS to the base station 1 based
on the transmission mode.

<Configuration of TDD Frame>

Next, a TDD frame 300 for use between the base station 1
and the communication terminal 2 1s described. The TDD
frame 300 1s specified by two-dimensions composed of a time
axis and a frequency axis. The frequency bandwidth (system
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bandwidth) of the TDD frame 300 1s 10 MHz, for example,
and the time length of the TDD frame 300 1s 10 ms. The base

station 1 determines the use uplink radio resources and use
downlink radio resources to be allocated to the communica-
tion terminals 2, respectively, based on the TDD frame 300.

FIG. 3 1s a diagram 1illustrating a configuration of the TDD
frame 300. As shown in FIG. 3, the TDD frame 300 1s com-
posed of two halt frames 301. Each of the half frames 301 1s
composed of five sub-frames 302. That 1s to say, the TDD
frame 300 1s composed of ten sub-frames 302. The time
length of each of the sub-frames 302 1s 1 ms. The ten sub-
frames 302 constituting the TDD frame 300 are hereinafter
referred to as zeroth to minth sub-frames 302 1n order from the
leading end 1n some cases.

Each of the sub-frames 302 includes two slots 303 arranged
in a time direction. Each of the slots 303 1s composed of seven
symbol periods 304. Therefore, each of the sub-frames 302
includes 14 symbol periods 304 arranged 1n a time direction.
Such a symbol period 304 serves as one symbol period for an
OFDM symbol in the downlink communication of the
OFDMA system, and serves as one symbol period fora DFTS
(Discrete Founier Transform Spread)-OFDM symbol in the
uplink communication of the SC-FDMA system.

The TDD frame 300 having the aforementioned configu-
ration includes a sub-frame 302 for uplink commumnication
only, and a sub-frame 302 for downlink communication only.
The sub-frame 302 for uplink communication only 1s referred
to as an “uplink sub-frame 302" and the sub-frame 302 for
downlink commumnication only 1s referred to as a “downlink
sub-frame 302" hereinafter. The communication terminals 2
transmit data to the base station 1 1n the uplink sub-frame 302,
and the base station 1 transmits data to the communication
terminals 2 in the downlink sub-frame 302.

In LTE, a region (radio resource) of the TDD frame 300
which includes a frequency bandwidth of 180 kHz 1n a fre-
quency direction and includes seven symbol periods 304 (one
slot 303) 1n a time direction 1s referred to as a “resource block

(RB)”. The resource block includes 12 sub-carriers. When

allocating a use uplink radio resource to a communication
terminal 2 or when allocating a use downlink radio resource

to a communication terminal 2, the scheduling executing
section 122 allocates the use uplink radio resource or the use
downlink radio resource to the communication terminal 2 1n
units of two consecutive resource blocks, 1.e., for each sub-
frame 302, 1n the time direction and 1n units of one resource
block 1n the frequency direction. When a plurality of resource
blocks 1s allocated in the frequency direction to a certain
communication terminal 2 in the uplink sub-frame 302, a
plurality of resource blocks consecutive in the frequency
direction 1s allocated to the communication terminal 2
because the SC-FDMA system 1s used in the uplink commu-
nication.

In LTE, seven types of configurations of the TDD frame
300 are specified. The configurations have different combi-
nations of the uplink sub-frames 302 and the downlink sub-
frames 302. FIG. 4 15 a table illustrating the seven types of
configurations.

As shown 1 FIG. 4, zeroth to sixth configurations of the
TDD frames 300 are specified in LTE. In this communication
system 100, one of the seven types of configurations 1s used.
In FIG. 4, the sub-frame 302 denoted by “D” means the
downlink sub-frame 302, and the sub-frame 302 denoted by
“U” means the uplink sub-frame 302. Further, the sub-frame
302 denoted by “S” means the sub-frame 302 in which
switching from the downlink communication to the uplink
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communication 1s done in the communication system 100.
The sub-frame 302 of this type 1s referred to as a “special
sub-frame 302”.

For example, in the TDD frame 300 having the zeroth
configuration, the zeroth and fifth sub-frames 302 are the
downlink sub-frames 302, the second to fourth sub-frames
302 and the seventh to ninth sub-frames 302 are the uplink
sub-frames 302, and the first and sixth sub-frames 302 are the
special sub-frames 302. Further, 1in the TDD frame 300 hav-
ing the fourth configuration, the zeroth sub-frame 302 and the
fourth to ninth sub-frames 302 are the downlink sub-irames
302, the second and third sub-frames 302 are the uplink
sub-frames 302, and the first sub-frame 302 1s the special
sub-frame 302.

FIG. 5 1s a diagram 1illustrating details of the configuration
of the TDD frame 300 having the first configuration. As
shown 1n FIG. 5, the special sub-frame 302 includes a down-
link pilot time slot (DwWPTS) 351, a guard time (GP) 350, and
an uplink pilot time slot (UpPTS) 352 1n the time direction.
The guard time 350 1s a no-signal time period required for the
switching from the downlink communication to the uplink
communication, and 1s not used for communication. In the
tollowing description, the TDD frame 300 having the first
configuration shall be used 1n the communication system 100.

A plurality of types of combinations of time lengths of the
downlink pilot time slot 351, the guard time 350 and the
uplink pilot time slot 352 are specified in LTE. In the example
of FIG. 5, the time length of the downlink pilot time slot 351
1s set to 11 symbol periods 304, and the time length of the
uplink pilot time slot 352 1s set to 2 symbol periods 304.

In the communication system 100 according to the
embodiment, the downlink communication i1s allowed to be
performed not only 1n the downlink sub-frame 302 but also in
the downlink pilot time slot 351 of the special sub-frame 302.
Further, 1in this communication system 100, the uplink com-
munication 1s allowed to be performed not only 1n the uplink
sub-frame 302 but also 1n the uplink pilot time slot 352 of the
special sub-frame 302.

In the embodiment, the base station 1 transmits data to the
communication terminal 2 in each of the symbol periods 304
of the downlink pilot time slot 351. Each of the communica-
tion terminals 2 transmits a known signal referred to as the
SRS 1n one of the two symbol periods 304 of the uplink pilot
time slot 352. The SRS 1s composed of a plurality of complex
symbols which modulates a plurality of sub-carriers. Herein-
aiter, the complex symbols included in the SRS are referred to
as “SRS symbols™. In the embodiment, the SRS transmuitted
in the uplink pilot time slot 352 1s used for calculation of the
transmission weight. In other words, the communication sec-
tion 13 1n the base station 1 1s capable of controlling trans-
mission directivity of array antenna 110 based on the SRS
transmitted by the communication terminal 2 1n the uplink
pilot time slot 352. The control of the transmission directivity
of the array antenna 110 1s hereinafter referred to as “array
transmission control™.

The SRS can be transmitted in the last symbol period 304
of the uplink sub-frame 302. In other words, the communi-
cation terminals 2 are able to transmit data in the symbol
periods 304 other than the last symbol period 304 of the
uplink sub-frame 302, and to transmit the SRS in the last
symbol period 304. For the array transmission control, the
SRS transmitted 1n the last symbol period 304 of the uplink
sub-frame 302 may be used, but the SRS transmitted 1n the
uplink pilot time slot 352 shall be used in the embodiment.
The SRS shall mean the SRS transmitted using the uplink
pilot time slot 352 hereinafter unless otherwise specified.
Further, a leading one of the symbol period 304 and a trailing
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one of the symbol period 304 included 1n the uplink pilot time
slot 352 1n which the communication terminals 2 can transmit
the SRS are referred to as a “first uplink commumnication
period for SRS 370a” and a “second uplink communication
period for SRS 37057, respectively. Further, the first uplink
communication period for SRS 370q and the second uplink
communication period for SRS 3705 are each referred to as an
“uplink communication period for SRS unless otherwise
discriminated.

Each of the communication terminals 2 transmits the SRS
periodically. The length of an SRS transmission cycle (trans-
mission interval) can be changed. The transmission cycle of
the SRS 1s referred to as an “SRS transmission cycle 3607,
heremafter. In the example of FIG. 5, the length of the SRS
transmission cycle 360 1n each of the communication termi-
nals 2 1s set to 5 ms. Therefore, in the example of FIG. §, each
of the communication terminals 2 transmits the SRS 1n each
of the uplink pilot time slots 352 of the uplink special sub-
frame 302.

<Transmission Frequency Band of SRS>

In the communication system 100, for each of the commu-
nication terminals 2, frequency bands 400 (heremafter
referred to as “SRS transmittable bands 400”) which can be
used for transmission of SRS by each of the communication
terminals 2 are arranged alternately on a high-frequency side
and a low-Irequency side of the system band at every SRS
transmission cycle 360 for the communication terminals 2. In
FI1G. 5, the SRS transmittable band 400 of the communication
terminals 2 where the length of the SRS transmission cycle
360 1s 5 ms and the SRS 1s transmitted in the first uplink
communication period for SRS 370a 1s diagonally shaded
from bottom leit to top right, and the SRS transmittable band
400 of the communication terminals 2 where the length of the
SRS transmission cycle 360 1s 5 ms and the SRS 1s transmit-
ted 1n the second uplink communication period for SRS 37056
1s diagonally shaded from top left to bottom right. When the
system bandwidth1s 10 MHz, the SRS transmittable band 400
1s a frequency band for 40 resource blocks (180 kHzx40). In
this embodiment, for example, the SRS transmittable bands
400 are arranged on the same place 1n the system band among
the plurality of communication terminals 2 that transmits the
SRS 1n the uplink pilot time slot 352 of one special sub-frame
302. That 1s to say, the SRS transmittable bands 400 1n the
same band are set for the plurality of communication termi-
nals 2 where the SRS 1s transmitted 1n the uplink pilot time
slot 352 of one special sub-frame 302.

Further, in the communication system 100 according to
this embodiment, a frequency band (referred to hereinaiter as
an “SRS transmission band”) used by one communication
terminal 2 for single transmission of the SRS 1s allowed to be
changed 1n each SRS transmission cycle 360 within the entire
or partial range of the SRS transmittable band 400. Such
control 1s referred to as “frequency hopping™. The bandwidth
(referred to as hereinafter an “SRS transmission bandwidth™)
of the SRS transmission band 450 1s variable 1n this commu-
nication system 100.

FIG. 6 1s a diagram 1llustrating an example of the frequency
hopping of the SRS transmission band 450 used by a certain
communication terminal 2 within the entire range of the SRS
transmittable band 400. Hereinafter, the communication ter-
minal 2 being a target of the description 1s referred to as a
“target communication terminal 2. In the example of FI1G. 6,
the length of the SRS transmission cycle 360 for the target
communication terminal 2 1s set to 5 ms, and the SRS trans-
mittable band 400 1s divided 1nto first and second frequency
bands 1n the target communication terminal 2. The SRS trans-
mission band 450 having a bandwidth which 1s one half of the
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bandwidth of the SRS transmittable band 400 1s changed in
cach SRS transmission cycle 360 alternately between the first
and second frequency bands.

The SRS transmission band 450 may be fixed to a constant
frequency band without the frequency hopping. In other
words, each of the communication terminals 2 1s capable of
cyclically transmitting the SRS having a constant transmis-
s1on frequency band.

<Configuration of SRS>

In the communication system 100 according to the
embodiment, two kinds of SRSs 1dentified by a parameter k-
called as “transmission Comb” are specified. Each of the
communication terminals 2 transmits any one of the two
kinds of SRSs by any one of the first uplink communication
period for SRS 370q and the second uplink communication
period for SRS 370b.

The parameter k-~ can take a value of “0” or “1”. A plu-
rality of sub-carriers SCO to be used for transmission of SRS
(hereimafiter referred to as “SRS0”) specified by the parameter
k=0 1s arranged 1n the frequency direction not in a consecu-
tive manner but in a comb-shaped manner. In other words, a
carrier frequency of the SRSO i1s arranged 1 a frequency
direction 1n the comb-shaped manner. Similarly, a plurality of
sub-carriers SC1 to be used for transmission of SRS (herein-
after referred to as “SRS17) specified by the parameter k =1
1s arranged 1n the frequency direction in the comb-shaped
manner. When the SRS0 and the SRS1 are transmutted at the
same frequency bands, the plurality of sub-carriers SCO to be
used for the transmission of the SRSO and the plurality of
sub-carriers SC1 to be used for the transmission of the SRS1
are arranged alternately 1n the frequency direction. Therefore,
the carrier frequency of the SRS0 and the carrier frequency of
the SRS1 do not overlap with each other in the frequency
direction.

FI1G. 7 illustrates transmission of both the SRS0 and SRS 1
in a certain frequency band 470. As shown in FIG. 7, the
plurality of sub-carriers SCO to be used for the transmission of
the SRSO0 1s arranged in the frequency direction 1n every other
sub-carrier. Similarly, the plurality of sub-carriers SC1 to be
used for the transmission of the SRS1 1s arranged in the
frequency direction 1n every other sub-carrier. The plurality
of sub-carriers SCO and the plurality of sub-carriers SCI
included 1n the same frequency band 470 are arranged alter-
nately in the frequency direction.

Since the plurality of sub-carriers to be used for the trans-
mission of the SRS by one communication terminal 2 1s
arranged 1n the frequency direction in the comb-shaped man-
ner, not all the sub-carriers 1n the SRS transmission band 450
to be used by the communication terminal 2 are used for the
transmission of the SRS. Since the plurality of sub-carriers
SCO and the plurality of sub-carriers SC1 included 1n the
same frequency band are arranged alternately, the communi-
cation terminal 2 that transmits the SRS0 and the communi-
cation terminal 2 that transmits the SRS1 can use the same
SRS transmission band 450 in the same uplink communica-
tion period for SRS. When viewed from the side of the base
station 1, the base station 1 can discriminate the SRS0 and the
SRS1 transmitted 1n the SRS transmission band 450 for the
same SRS uplink communication period from each other.

Further, in the communication system 100, eight types of
code patterns composed of a plurality of SRS symbols com-
posing the SRS are specified. The e1ght types of code patterns
adopt eight types of code sequences that are orthogonal to
cach other. The communication terminals 2 transmit any one
of the eight types of code patterns as the SRS.

Since the eight types of code patterns that adopt the eight
types of code sequences orthogonal to each other are speci-
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fied 1n the SRS, at most the eight communication terminals 2
can transmit the SRSO 1n the same uplink communication
period for SRS using the same SRS transmission band 450.
Further, at most the eight communication terminals 2 can
transmit the SRS1 1n the same uplink communication period
for SRS using the same SRS transmission band 450.

In this embodiment, each of the communication terminals
2 transmits the SRSO0 1n the first uplink communication period
for SRS 370qa, or transmits the SRS0 1n the second uplink
communication period for SRS 3705, or transmits the SRS1
in the second uplink communication period for SRS 3705. In
the L'TE, each of the communication terminals 2 1s allowed to
transmit the SRS1 1n the first uplink communication period
for SRS 370a, but 1n this embodiment, each of the commu-
nication terminals 2 does not transmit the SRS1 1n the first
uplink communication period for SRS 370a.

Heremaftter, an uplink radio resource, that 1s specified by
the first uplink communication period for SRS 370q and the
plurality of sub-carriers SCO of the comb-shape capable of
being used for the transmission of the SRS0 included 1n the
frequency band of the special sub-frame 302, is referred to as
a “first uplink radio resource for SRS 500a”. Further, an
uplink radio resource, that 1s specified by the second uplink
communication period for SRS 3705 and the plurality of
sub-carriers SCO of the comb-shape capable of being used for
the transmission of the SRSO included 1n the frequency band
ol the special sub-frame 302, 1s referred to as a ““second uplink
radio resource for SRS 5006”. An uplink radio resource, that
1s specified by the second uplink communication period for
SRS 37056 and the plurality of sub-carriers SC1 of the comb-
shape which 1s included in the frequency band of the special
sub-frame 302 and 1s capable of transmitting the SRS1, 1s
referred to as a “third uplink radio resource for SRS 300¢”.

FIG. 8 1s a diagram 1llustrating the first uplink radio
resource for SRS 500q, the second uplink radio resource for

SRS 5006 and the third uplink radio resource for SRS 500c.
As shown 1n FIG. 8, the first uplink radio resource for SRS
500a, the second uplink radio resource for SRS 5006 and the
third uplink radio resource for SRS 500¢ are different from
cach other at least any one of 1n the time direction and 1n the
frequency direction. Hereinafter, these uplink radio resources
are referred to as “uplink radio resources for SRS” unless
otherwise discriminated.

In this embodiment, the transmission mode determining,
section 125 for determining the transmission mode of the
SRS determines the uplink communication period for SRS,
the SRS transmission bandwidth, a head position of the SRS
transmission band 450, the SRS transmission cycle 360, a
value of parameter k .~ and a type of the SRS code pattern to
be used 1n each of the communication terminals 2 that com-
municates with the base station 1. As aresult, the transmission
mode determining section 125 determines any one of the
uplink radio resource included in the first uplink radio
resource for SRS 500q, the uplink radio resource included in
the second uplink radio resource for SRS 5005 and the uplink
radio resource included 1n the third uplink radio resource for
SRS 500c for the transmission of the SRS in each of the
communication terminals 2 to communicate with the base
station 1. When the head position of the SRS transmission
band 450 changes at every SRS transmission cycle 360, the
SRS transmission band 450 performs the frequency hopping.
For this reason, the transmission mode determining section
125 determines the SRS transmission bandwidth and the head
position of the SRS transmission band 4350 in the communi-
cation terminal 2 so as to be capable of determining the SRS
transmission band 450 of the communication terminal 2.
Further, in L'TE, a plurality of bandwidths that 1s different
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from each other 1s determined as bandwidths that can be set as
the SRS transmission bandwidth. For example, when the
system bandwidth 1s 10 MHz, three types of bandwidths
including a bandwidth (180 kHzx40) for 40 resource blocks,
a bandwidth (180 kHzx20) for 20 resource blocks, and a
bandwidth (180 kHzx4 ) for 4 resource blocks are determined.
The transmission mode determining section 125 determines
one of the plurality of bandwidths as the SRS transmission
bandwidth.

The transmission signal generating section 120 generates a
transmission signal including control data (referred to as
“SRS control data” hereinafter) for notifying a communica-
tion terminal 2 about the transmission mode of the SRS to be
transmitted by the communication terminal 2 which 1s deter-
mined by the transmission mode determining section 125.
This transmission signal 1s transmitted from the communica-
tion section 13 to the communication terminal 2 by using the
downlink sub-frame 302. As a result, the SRS control data 1s
transmitted to each communication terminal 2. This allows
cach communication terminal 2 to know the transmission
mode of the SRS to be transmitted therefrom. That 1s to say,
cach of the communication terminals 2 can recognize a type
of the code pattern of the SRS to be transmitted therefrom, an
uplink radio resource to be used for the transmission of the
SRS and the SRS transmission cycle 360. Each communica-
tion terminal 2 cyclically transmits the SRS based on the
transmission mode determined by the base station 1.

It should be noted that the SRS control data includes trans-
mission start data for providing an instruction to start the
transmission of the SRS or transmission stop data for provid-
ing an instruction to stop the transmission of the SRS. Upon
receipt of the SRS control data including the transmission
start data, a communication terminal 2 which 1s not transmit-
ting the SRS starts the cyclic transmission of the SRS based
on the transmission mode about which an 1nstruction 1s pro-
vided by the SRS control data.

Upon receipt of the SRS control data including the trans-
mission stop data, the communication terminal 2 which 1s
cyclically transmitting the SRS stops the transmission of the
SRS. When changing the transmission mode of the SRS
which the communication terminal 2 transmits, the commu-
nication terminal 2 1s notified about the SRS control data for
providing an 1nstruction about a changed transmission mode.
Such SRS control data 1s referred to as an “RRC Connection
Reconfiguration message” in LTE.

<Basic Operation of Communication System in Control-
ling Transmission of SRS>

Description will be given on the operation of the commu-
nication system 100 after a target communication terminal 2
receives the SRS control data and until the target communi-
cation terminal 2 transmits the SRS, based on the transmis-
sion mode about which notification 1s provided by the SRS
control data. FIG. 9 1s a diagram 1illustrating the operation.

As shown in FIG. 9, after the transmission signal including
the SRS control data 1s transmitted from the base station 1 to
a target communication terminal 2 1n the downlink sub-frame
302 positioned at the trailing end of the (N-2)th TDD frame
300, the target communication terminal 2 transmits the trans-
mission signal including response data for notifying the base
station 1 about normal reception ofthe SRS control data in the
cighth uplink sub-frame 302 (the seventh sub-frame 302)
from the leading end of the subsequent (N-1)th TDD frame
300. Such response data1s referred to as an “RRC Connection
Reconfiguration Complete message”.

After transmitting the response data, the target communi-
cation terminal 2 transmits the SRS 1n the transmission mode
about which the instruction 1s provided by the received SRS
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control data 1n and after the subsequent Nth TDD frame 300.
In the example of FIG. 9, the length of the SRS transmission
cycle 360 1s set to 5 ms.

In the example of FIG. 9, the target communication termi-
nal 2 transmits the response data in the (N-1)th TDD frame
300, but the target communication terminal 2 transmits the

response data in a TDD frame 300 subsequent to the (N-1)th
TDD frame 300 1n some cases.

When the communication terminal 2 which 1s transmitting,
the SRS receives the SRS control data for providing notifica-
tion about a changed transmission mode, the target commu-
nication terminal 2 transmits the SRS 1n the current transmis-
s1on mode until transmitting the SRS 1n the new transmission
mode about which notification 1s provided by the SRS control
data (in the example of FIG. 9, until the second special sub-
frame 302 of the (N-1)th TDD frame 300).

In this manner, after the base station 1 transmits the SRS
control data to the target communication terminal 2 1n a

certain TDD frame 300, the target communication terminal 2
transmits the SRS based on the SRS control data 1n and after
a ' TDD frame 300 which 1s at least the next but one counting
from the certain TDD frame 300. Thus, when the base station
1 instructs the target communication terminal 2 to start the
transmission of the SRS or to change the transmission mode
of the SRS, 1t takes a certain length of time between the
transmission of the SRS control data to the target communi-
cation terminal 2 and the reception of the SRS transmitted
from the target communication terminal 2 based on the SRS
control data. The base station 1 transmits the SRS control data
to a communication terminal 2 newly connected thereto or a
communication terminal 2 that1s connected thereto and starts
data transmission, and 1nstructs the communication terminals
2 to start transmission of the SRS. As a result, each of the
communication terminals 2 which performs downlink com-
munication of data with the base station 1 transmits the SRS
to the base station 1. Hereinafter, the communication terminal
2 that 1s transmitting the SRS 1s referred to as a “communi-
cation target terminal 2” 1n some cases.

Also when the base station 1 instructs the communication
terminal 2 which 1s cyclically transmitting the SRS to stop the
transmission of the SRS, the communication system 100
similarly operates. For example, after the SRS control data
including the transmission stopping data 1s transmitted from
the base station 1 to the target communication terminal 2 in
the downlink sub-frame 302 positioned 1n the trailing end of
the (IN=-2)th TDD frame 300, the target communication ter-
minal 2 transmits response data for notifying the base station
1 about normal reception of the SRS control data 1n the eighth
uplink sub-frame 302 from the leading end of the subsequent
(N-1)th TDD {frame 300. After transmitting the response
data, the target communication terminal 2 stops the transmis-
sion of the SRS 1n the subsequent Nth TDD frame 300.

In such a manner, when the base station 1 instructs the
target communication terminals 2 to stop the transmission of
the SRS, it take a certain length of time between the trans-
mission of the SRS control data to the target communication
terminal 2 and the stopping of the transmission of the SRS in
the target communication terminal 2. The base station 1 trans-
mits the SRS control data to a communication terminal 2
connected to the neighboring base station 1 by handover, or a
communication terminal 2 that 1s connected thereto and com-
pletes the data transmission, and mstructs the communication
terminal 2 to stop the transmission of the SRS. As a result,
cach of the communication terminals 2 that does not have to
perform the downlink communication of data with the base
station 1 does not transmit the SRS to the base station 1.
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<Association Between the SRS Upstream Radio Resource
and the Downstream Radio Resource>

In this embodiment, as to a period 550 between the leading
end of the uplink pilot time slot 352 of the special sub-frame
302 and the leading end of the uplink pilot time slot 352 of the
subsequent special sub-Tframe 302 shown 1 FI1G. 10, the first
uplink radio resource for SRS 500q and the leading downlink
sub-frame 302 included 1n the period 550 are associated with
cach other. Further, the second uplink radio resource for SRS
50056 and the second downlink sub-tframe 302 included 1n the
period 550 are associated with each other. The third uplink
radio resource for SRS 500¢ included 1n the period 550 and a
portion including the downlink pilot time slot 351 1in the
special sub-frame 302 included 1n the period 550 are associ-
ated with each other.

Hereinatter, the period 550 1s referred to as an “association
unit period 5507, Further, as to the two downlink sub-frames
302 included 1n the association unit period 550, a leading one
ol the downlink sub-frame 302 1s referred to as a “first down-
link radio resource 560a”, and a trailing one of the downlink
sub-frame 302 1s referred to as a “second downlink radio
resource 3605, Further, a portion including the downlink
pilot time slot 351 1n the special sub-frame 302 included in the
association unit period 550 1s referred to as a “third downlink
radio resource 560¢”. The first downlink radio resource 5604,
the second downlink radio resource 5606 and the third down-
link radio resource 560c¢ are each referred to as a “downlink
radio resources 360 unless otherwise discriminated.

FIG. 11 1s a diagram 1llustrating the association between
the uplink radio resource for SRS and the downlink radio
resource 560 1n a certain association unit period 350. FIG. 11
1llustrates the association unit period 550 including the uplink
pilot time slot 352 of the first special sub-frame 302 in the
TDD frame 300, but the same 1s true on the association unit
period 5350 including the uplink pilot time slot 352 of the
second special sub-frame 302 1n the TDD frame 300.

When the use downlink radio resources, which include 1n
the frequency direction the frequency band included 1n the
SRS transmission frequency band, are allocated to the com-
munication terminals 2 that transmit the SRS using at least a
part of the uplink radio resource for SRS at each of the
association unit period 350, the scheduling executing section
122 determines the use downlink radio resources from the
downlink radio resources 560 associated with the uplink radio
resources for SRS.

Hereinafter, in the association unit period 550, the use
downlink radio resources, that include in the frequency direc-
tion the frequency band included 1n the SRS transmission
frequency band and are allocated from the downlink radio
resources 360 associated with the uplink radio resource for
SRS to the communication terminals 2 that transmit the SRS
using at least a part of the uplink radio resource for SRS, are
referred to as “associated downlink radio resources”. Further,
a portion 1n the uplink radio resource for SRS, which 1s used
for the transmission of the SRS by the communication termi-
nal 2, 1s referred to as an “SRS use uplink radio resource” of
the communication terminal 2. Further, a communication
terminal 2 that transmits the SRS using the uplink radio
resource for SRS included 1n the association unit period 550
in the communication terminals 2 for performing downlink
communication in the association unit period 530 1s referred
to as an “SRS most recent transmission terminal 2”.

FI1G. 12 1s a diagram 1llustrating an allocation example of
the associated downlink radio resources to the SRS most
recent transmission terminals 2 of terminal numbers 1 to 3 for
performing downlink communication with the base station 1
in a certain association unit period 350. The association unit
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period 550 being a target of description 1s hereinafter referred
to as a “target association unit period 3507,

In the example shown 1n FIG. 12, the SRS most recent
transmission terminal 2 of terminal number 1 transmits the
SRS using a part of the first uplink radio resource for SRS
500a, and the SRS most recent transmission terminal 2 of
terminal number 2 transmits the SRS using a part of the
second uplink radio resource for SRS 50056, and the SRS most
recent transmission terminal 2 of terminal number 3 transmits
the SRS using a part of the third uplink radio resource for SRS
500c¢. In other words, the SRS use uplink radio resource 600q
of the SRS most recent transmission terminal 2 of terminal
number 1 1s a part of the first uplink radio resource for SRS
500a, the SRS use uplink radio resource 6005 of the SRS
most recent transmission terminal 2 of terminal number 2 1s a
part of the second uplink radio resource for SRS 50056, and the
SRS use uplink radio resource 600c¢ of the SRS most recent
transmission terminal 2 of terminal number 3 1s a part of the
third uplink radio resource for SRS 500c.

Further, in the example shown 1n FIG. 12, to the SRS most
recent transmission terminal 2 of terminal number 1, an asso-
ciated downlink radio resource 650a, which includes in the
frequency direction a frequency band matching with the SRS
transmission band 450q (the frequency band of the SRS use
uplink radio resource 600a) of the SRS transmitted by the
SRS most recent transmission terminal 2, 1s allocated from
the first downlink radio resource 560a. To the SRS most
recent transmission terminal 2 of terminal number 2, an asso-
ciated downlink radio resource 6505, which includes in the
frequency direction a frequency band matching with the SRS
transmission band 4505 (the frequency band of the SRS use
uplink radio resource 6000) of the SRS transmitted by the
SRS most recent transmission terminal 2, 1s allocated from
the second downlink radio resource 56056. To the SRS most
recent transmission terminal 2 of terminal number 3, an asso-
ciated downlink radio resource 650¢, which includes in the
frequency direction a frequency band matching with the SRS
transmission band 450¢ (the frequency band of the SRS use
uplink radio resource 600c¢) of the SRS transmitted by the
SRS most recent transmission terminal 2, 1s allocated from
the third downlink radio resource 560c.

In the example shown i FI1G. 12, the associated downlink
radio resource, which includes 1n the frequency direction the
frequency band matching with the SRS transmission band
450 of the SRS transmitted by the SRS most recent transmis-
sion terminal 2, 1s allocated to the SRS most recent transmis-
sion terminal 2, but an associated downlink radio resource,
which includes 1n the frequency direction a frequency band
matching with a part of the SRS transmission band 450 may
be allocated to the SRS most recent transmission terminal 2.

Further, 1n this embodiment, 1n the case where the sched-
uling executing section 122 allocates the associated downlink
radio resource to the SRS most recent transmission terminal 2
for transmitting the SRS using at least a part of the uplink
radio resource for SRS 1n the association unit period 550, at
the time of making downlink communication with the SRS
most recent transmission terminal 2 using the associated
downlink radio resource, the communication section 13 con-
trols array transmission based on a reception signal received
in the frequency band of the associated downlink radio
resource 1n the uplink radio resource for SRS. This reception
signal includes SRS to be transmitted by the SRS most recent
transmission terminal 2 as a desired wave component. Here-
inafter, the array transmission control 1s referred to as a “first
array transmission control”. Further, scheduling for allocat-
ing the associated downlink radio resource to the SRS most
recent transmission terminal 2 that 1s the condition of making
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the first array transmission control 1s referred to as “associ-
ated scheduling”. The first array transmission control and the
associated scheduling that form a pair are collectively
referred to as a “first transmission control”. In this embodi-
ment, as described later, the second transmission control dit-
terent from the first transmission control 1s present. The first
array transmission control will be described 1n detail below
with reference to FIG. 12 by exemplilying the SRS most
recent transmission terminal 2 of terminal number 1.

In the example of FIG. 12, when the communication sec-
tion 13 transmits data to the SRS most recent transmission
terminal 2 of terminal number 1 using the associated down-
link radio resource 650a allocated thereto, a transmission
weight 1s calculated based on a reception signal received in
the frequency band of the associated downlink radio resource
650a 1n the first uplink radio resource for SRS 500q. In other
words, when the communication section 13 transmits data to
the SRS most recent transmission terminal 2 of terminal
number 1 using the associated downlink radio resource 650a
allocated thereto, a transmission weight 1s calculated based
on a reception signal received in the frequency band matching
with the frequency band of the associated downlink radio
resource 650a 1n the SRS use uplink radio resource 600aq.
This reception signal includes SRS to be transmitted by the
SRS most recent transmission terminal 2 of terminal number
1 using the SRS use uplink radio resource 600q as a desired
wave component.

In the array transmission control according to this embodi-
ment, null steering and beam forming are simultaneously
carried out. In the communication section 13, the reception
weight 1s updated by using a serially updating algorithm such
as RLS (Recursive Least-Squares) algorithm a plurality of
times, and a transmission weight 1s calculated based on a
reception weight after completion of the updating so that both
the null steering and the beam forming are carried out simul-
taneously.

The communication section 13 updates the reception
weilght a plurality of times based on a plurality of complex
symbols composing a reception signal (more specifically, a
synthesized reception signal obtained by the reception weight
processing section 124 from the plurality of reception signals
received by a plurality of antennas 110a 1n the frequency
band) recerved by the SRS use uplink radio resource 600a of
the SRS most recent transmission terminal 2 of terminal
number 1 in the frequency band of the associated downlink
radio resource 650a, and calculates a transmission weight
based on the reception weight after the completion of updat-
ing. The communication section 13 sets the calculated trans-
mission weight to a transmission signal including the control
data and the user data transmitted by using the associated
downlink radio resource 650qa. In such a manner, the first
array transmission control 1s performed on the SRS most
recent transmission terminal 2.

In the array transmission control according to the embodi-
ment, the transmission weight 1s determined, for example, for
cach frequency band of one resource block. Hereinatter, the
frequency band of one resource block 1s referred to as “RB
band”. For example, when the frequency band of the associ-
ated downlink radio resource 650q allocated to the SRS most
recent transmission terminal 2 of terminal number 1 1s com-
posed of four RB bands, the four RB bands 1s obtained for

cach of the transmission weights 1n the first array transmis-
sion control of the SRS most recent transmission terminal 2.
The transmission weight to be applied to the signal transmiut-
ted to the SRS most recent transmission terminal 2 of terminal
number 1 by using a certain RB band included 1n the associ-
ated downlink radio resource 650q 1s calculated based on a

10

15

20

25

30

35

40

45

50

55

60

65

16

updated reception weight which 1s obtained by updating the
reception weight six times based on six complex symbols
received 1n the certain RB bands 1n the plurality of complex
symbols composing the reception signal received by the SRS
use uplink radio resource 600aq 1n frequency band of the
associated downlink radio resource 650a. Twelve complex
symbols are transmittable using one RB band because one
resource block includes 12 sub-carriers. On the other hand, as
described above, the plurality of sub-carriers used for trans-
mission ol SRS by one communication terminal 2 1s arranged
in the frequency direction in the comb-shaped manner. The
reception weight processing section 124 updates the recep-
tion weight si1x times using six complex symbols correspond-
ing to six sub-carries used for the transmission of the SRS by
the SRS most recent transmission terminal 2 of terminal
number 1 in twelve complex symbols received in a certain RB
band included in the frequency band of the associated down-
link radio resource 650q 1n the SRS use uplink radio resource
600a.

When the downlink communication with the SRS most
recent transmission terminal 2 being a target of communica-
tion 1s performed, the first transmission control in each of the
base stations 1 enables a beam relating to the transmission
directivity of the array antenna 110 to direct at the SRS most
recent transmission terminal 2, and enables a null relating to
the transmission directivity of the array antenna 110 to direct
at the communication terminals 2 with which the neighboring
base station 1 communicates using the downlink radio
resource that 1s the same as the downlink radio resource used
for the downlink communication. As a result, each of the base
stations 1 can securely send signals to the SRS most recent
transmission terminal 2 1n each of the association unit periods
550, and can repress interference to the communication ter-
minals 2 that communicate with the neighboring base station
1. This point 1s described 1n detail below.

FIGS. 13 and 14 are diagrams describing advantages of the
first transmission control. FIG. 13 illustrates the SRS use
uplink radio resource and the associated downlink radio
resources relating to the two base stations 1a and 15 in the
target association unit period 550. Further, FIG. 14 illustrates
the beam and null relating to transmission directivity of the
base stations 1la and 15 1n the target association unit period
550.

In examples of FIGS. 13 and 14, the base station 1a per-
forms the first transmission control in the target association
unit period 550, and makes downlink communication with
the communication terminal 2 of terminal number 1 as the
SRS most recent transmission terminal 2. The base station 15
makes the first transmission control, and makes downlink
communication with the communication terminal 2 of termi-
nal number 5 as the SRS most recent transmission terminal 2.
In the example of FIGS. 13 and 14, an SRS use uplink radio
resource 601q of the communication terminal 2 of terminal
number 1 matches with an SRS use uplink radio resource
6015 of the communication terminal 2 of terminal number 5,
and a part of the first uplink radio resource for SRS 500a 1s the
SRS use uplink radio resources 601a and 6015. In the
example of FIGS. 13 and 14, a frequency band of the associ-
ated downlink radio resource 651a allocated to the commu-
nication terminals 2 of terminal number 1 matches with a
frequency band of the SRS use uplink radio resource 601a. A
frequency band of the associated downlink radio resources
6515 allocated to the commumnication terminal 2 of terminal
number 3 matches with a frequency band of the SRS use
uplink radio resource 6015.

In the example of FIGS. 13 and 14, since the SRS use

uplink radio resource 601a of the communication terminal 2
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of terminal number 1 matches with the SRS use uplink radio
resource 6015 of the communication terminal 2 of terminal
number 5, a reception signal received by the base station 1a in
the SRS use uplink radio resource 601a 1includes the SRS to
be transmitted by the communication terminal 2 of terminal
number 1 as a desired wave component, and includes the SRS
transmitted by the communication terminal 2 of terminal
number 5 with which the base station 15 positioned around
the base station 1a¢ communicates as an interference wave
component. Therefore, when the base station 1a calculates
the transmission weight based on the reception signal and sets
the transmission weight to the transmission signal to be trans-
mitted to the commumnication terminal 2 of terminal number 1
using the associated downlink radio resource 651a, as shown
in FIG. 14, 1n the transmission directivity of the array antenna
110 at the transmission by the base station la using the
assoclated downlink radio resource 651a, a beam 700a
directs at the communication terminal 2 of terminal number 1
and a null 701a directs at the communication terminal 2 of
terminal number 5 that communicates with the base station
15. The base station 1a, therefore, can securely send a trans-
mission signal to the communication terminal 2 being a target
of communication, and can repress the interference to the
communication terminal 2 with which the neighboring base
station 15 communicates. From the side of the base station 15,
when the neighboring base station 1a communicates with the
communication terminal 2, the null directs at the communi-
cation terminal 2 with which the base station 15 communi-
cates.

On the other hand, the reception signal that 1s received by
the base station 15 through the SRS use uplink radio resource
6015 1ncludes the SRS to be transmitted by the communica-
tion terminal 2 of terminal number $ as a desired wave com-
ponent, and mcludes the SRS to be transmitted by the com-
munication terminal 2 of terminal number 1 communicating,
with the base station 1la around the base station 15 as an
interference wave component. Therefore, when the base sta-
tion 15 calculates a transmission weight based on the recep-
tion signal, and sets the transmission weight to a transmission
signal to be transmitted to the communication terminal 2 of
terminal number 5 using the associated downlink radio
resources 6515, as shown 1n FIG. 14, 1n the transmission
directivity of the array antenna 110 at time when the base
station 15 transmits the transmission signal using the associ-
ated downlink radio resource 65154, a beam 7005 directs at the
communication terminal 2 of terminal number 5, and a null
7015 directs at the communication terminal 2 of terminal
number 1 communicating with the base station 1a. Therelore,
the base station 15 can securely send a transmission signal to
the communication terminal 2 being a target of the commu-
nication, and can repress the interference to the communica-
tion terminal 2 communicating with the neighboring base
station 1a.

In the first transmission control, the beam can be directed at
the communication terminal 2 being a target of communica-
tion, and the null can be directed at the communication ter-
minal 2 being a non-target of communication. For this reason,
this technique 1s effective 1n that the beam and the null can be
suitably controlled. On the other hand, the first transmission
control 1s disadvantageous from a viewpoint an improvement
of a transmission throughput of the base station 1. This point
1s described below.

As described above, 1n the first transmission control in the
target association unit period 530, as shown 1 FIG. 12, only
a frequency band a included 1n a transmission frequency band
of the SRS received in the target association unit period 550
can be used for the downlink communication. Further, in the
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first transmission control 1n the target association unit period
550, the use downlink radio resource can be allocated to the
communication terminal 2 to which the SRS 1s transmitted
through the uplink radio resource for SRS 1n the target asso-
ciation unit period 550 only from the downlink radio resource
560 corresponding to the uplink radio resource for SRS.

In the first transmission control, since scheduling for allo-
cating the downlink radio resource to the communication
terminal 2 in the frequency direction and the time direction 1s
restricted, the downlink radio resource cannot be effectively
used. Particularly as shown i FIG. 12, when the number of
the communication terminals 2 for transmitting the SRS 1n
the target association unit period 550 1s small, 1n the target
association unit period 550, in all the downlink radio
resources capable of being used for downlink communica-
tion, namely, 1n the downlink radio resources composed of the
first downlink radio resource 560a, the second downlink
radio resource 5605 and the third downlink radio resource

560¢, free downlink radio resources that are not used for the
downlink communication increase. Even when the downlink
communication with the communication terminals 2 for
transmitting the SRS should be performed 1n an association
unmit period 550 different from the target association unit
period 550, the free downlink radio resources cannot be used
in the target association unit period 550. For this reason, it 1s
difficult to improve the transmission throughput of the base
station 1.

Further, as shown 1n FIG. 15, also when the transmission
bandwidth (the SRS transmission bandwidth) of each SRS
received 1n the target association unmit period 550 1s small, the
free downlink radio resources increase 1n the target associa-
tion unit period 350. For this reason, 1t 1s difficult to improve
the transmission throughput of the base station 1. The
example of FIG. 15 illustrates the SRS use uplink radio
resources 602a to 602¢ of the communication terminals 2 of
terminal numbers 1 to 5, and the associated downlink radio
resources 652a to 652¢ allocated to the communication ter-
minals 2 of terminal numbers 1 to 3.

In the base station 1 according to this embodiment, when
the state of communication with the communication terminal
2 15 bad due to a long distance with respect to the communi-
cation terminal 2, the SRS transmission bandwidth of the
communication terminal 2 1s small. As a result, the commu-
nication terminal 2 can concentrate electricity at time of
transmission of the SRS, and the base station 1 1s made to
casily recerve the SRS from the communication terminal 2.
For example, the transmission mode determining section 125
of the base station 1 calculates a reception level of the recep-
tion signal from the communication terminal 2, and when the
reception level 1s smaller than a threshold, the communica-
tion state between the communication terminals 2 and the
base station 1 1s determined as being bad. For the communi-
cation terminal 2, the smallest bandwidth of the plural types
of bandwidths capable of being set as the SRS transmission
bandwidth 1s set as the SRS transmission bandwidth of the
communication terminal 2.

In such a manner, by the use of the first transmission
control alone, 1t 1s difficult to improve the transmission
throughput of the base station 1.

In the base station 1 according to this embodiment, there-
fore, the array transmission control 1s performed, and simul-
taneously the second transmission control, in which the
downlink radio resources that cannot be used 1n the first
transmission control are used for the downlink communica-
tion with the communication terminals 2, 1s made. As a result,
while the array transmission control 1s being performed, the
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transmission throughput of the base station 1 can be
improved. The second transmission control 1s described 1n
detail below.

<The Second Transmission Control>
<Scheduling 1n the Second Transmission Control>

In the second transmission control according to this
embodiment, the scheduling executing section 122 of the
base station 1 allocates the use downlink radio resource,
which includes 1n the frequency direction the frequency band
in which the SRS is not received in each of the uplink radio
resource for SRS of the association unit period 550, from the
downlink radio resource 560 associated with the uplink radio
resource for SRS to the communication target terminal 2,
namely, the communication terminal 2 transmitting the SRS.
A scheduling for allocating the use downlink radio resource1s
hereinafter referred to as a “non-associated scheduling”. Fur-
ther, a use downlink radio resource, which includes 1n the
frequency direction the frequency band in which the base
station 1 does not receive the SRS 1n the uplink radio resource
for SRS and 1s selected from the downlink radio resources
560 associated with the uplink radio resources for SRS, is
referred to as a “non-associated downlink radio resource”.

FIG. 16 1s a diagram 1llustrating an example of allocation
of the non-associated downlink radio resources to the com-
munication terminals at time of performing the non-associ-
ated scheduling 1n the example of FIG. 12. In the example of
FIG. 16, the non-associated downlink radio resource 680a,
which includes 1n the frequency direction the frequency
bands 1n which the SRS 1s notrecerved 1n the first uplink radio
resource for SRS 500a, namely, the frequency bands other
than the SRS transmission band 450a of the communication
terminal 2 of terminal number 1 and 1s selected from the first
downlink radio resources 360q associated with the first uplink
radio resources for SRS 500a, 1s allocated to the communi-
cation terminal 2 of terminal number 1.

Further, the non-associated downlink radio resource 6805,
which includes 1n the frequency direction a frequency band in
which the SRS 1s not recerved 1n the second uplink radio
resource for SRS 5005, namely, the frequency bands other
than the SRS transmission band 4505 of the communication
terminal 2 of terminal number 2 and is selected from the
second downlink radio resources 3606 associate with the
second uplink radio resources for SRS 5005, 1s allocated to
the communication terminal 2 of terminal number 1.

Further, the non-associated downlink radio resources 680¢
and 6804, which include 1n the frequency direction the fre-
quency band 1n which the SRS 1s not received in the third
uplink radio resource for SRS 500¢, namely, the frequency
bands other than the SRS transmission band 450c¢ of the
communication terminal 2 of terminal number 3 and is
selected from the third downlink radio resources 560¢ asso-
ciated with the third uplink radio resources for SRS 500c¢, are
allocated to the communication terminals 2 of terminal num-
bers 4 and 2. The communication terminal 2 of terminal
number 4 1s the communication terminal 2 that transmaits the
SRS but does not transmit the SRS 1n the association unit
period 550 shown 1n FIG. 16.

In the second transmission control according to the
embodiment, the non-associated downlink radio resource 1s
allocated to the communication terminal 2 1n the association
unit period 550 1n, for example, each RB band (the frequency
band 1n each resource block). That 1s to say, when the non-
associated downlink radio resource 1s allocated to the com-
munication terminal 2, the communication terminal 2 to
which the use downlink radio resource including the RB band
in the frequency direction 1s determined for each RB band.
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<Array Transmission Control in Second Transmission
Control>

In the second transmission control, when performing the
downlink communication with the target communication ter-
minal 2 using the non-associated downlink radio resource
allocated to the target communication terminal 2 1n the sched-
uling executing section 122, the communication section 13
generates the SRS received from the target communication
terminal 2 in the frequency band of the non-associated down-
link radio resource 1n a pseudo manner. The pseudo SRS 1s
referred to as a “pseudo reception SRS”. The communication
section 13 adds the generated pseudo reception SRS as a
desired wave component to a reception signal received 1n the
frequency band of the non-associated downlink radio
resource 1n the uplink radio resource for SRS corresponding
to the downlink radio resource 560 to which the non-associ-
ated downlink radio resource belongs. The communication
section 13 makes the array transmission control based on a
new reception signal (hereimnafter referred to as “pseudo
desired wave-containing reception signal”) obtained by this
addition. The array transmission control 1s hereinafter
referred to as “second array transmaission control”.

FIG. 17 1s a diagram describing the second array transmis-
s1on control 1n the example of FIG. 16. As shown in FIG. 17,
in the scheduling executing section 122, when the non-asso-
ciated downlink radio resource 680a included in the first
downlink radio resource 560a 1s allocated to the communi-
cation terminal 2 of terminal number 1, the reception weight
processing section 124 of the commumnication section 13 gen-
erates the SRS recerved from the communication terminal 2
of terminal number 1 1n frequency band 690a of the non-
associated downlink radio resource 6804 1n a pseudo manner.
The reception weight processing section 124 adds the gener-
ated pseudo SRS as a desired wave component to a reception
signal 695a recerved 1n the frequency band 690q of the non-
associated downlink radio resource 680a in the first uplink
radio resource for SRS 500a corresponding to the first down-
link radio resource 560a to which the non-associated down-
link radio resource 680a belongs, so as to generate a pseudo
desired wave-containing reception signal. Thereatter, the
reception weight processing section 124 updates the recep-
tion weight plural of times based on a plurality of complex
symbols included in the generated pseudo desired wave-con-
taining reception signal, and the transmission weight process-
ing section 123 calculates the transmission weight based on
the updated reception weight. The transmission weight pro-
cessing section 123 sets the calculated transmission weight to
the transmission signal to be transmitted by using the non-
associated downlink radio resource 680a.

Further, in the scheduling executing section 122, when the
non-associated downlink radio resource 6805 1included 1n the
second downlink radio resource 5605 1s allocated to the com-
munication terminal 2 of terminal number 1, the reception
weight processing section 124 generates the SRS recerved
from the communication terminal 2 of terminal number 1 1n
the frequency band 6906 of the non-associated downlink
radio resource 680b 1 a pseudo manner. The reception
welght processing section 124 adds the generated pseudo
SRS as a desired wave component to a reception signal 6955
received 1n the frequency band 6905 of the non-associated
downlink radio resource 6806 in the second uplink radio
resource for SRS 50056, and generates a pseudo desired wave-
containing reception signal. Therealiter, the communication
section 13, similarly to the above, generates a transmission
weilght based on the generated pseudo desired wave-contain-
ing reception signal, and sets the transmission weight to a
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transmission signal to be transmitted by using the non-asso-
ciated downlink radio resource 6805b.

Further, 1n the scheduling executing section 122, when the
non-associated downlink radio resource 680c¢ included 1n the
third downlink radio resource 560c¢ 1s allocated to the com-
munication terminal 2 of terminal number 4, the reception
welght processing section 124 generates the SRS received
from the communication terminal 2 of terminal number 4 1n
the frequency band 690c¢ of the non-associated downlink
radio resource 680c¢ 1n a pseudo manner. The reception weight
processing section 124 adds the generated pseudo SRS as a
desired wave component to a reception signal 6935¢ recerved
in the frequency band 690c¢ of the non-associated downlink
radio resource 680c¢ 1n the third uplink radio resource for SRS
500¢, and generates a pseudo desired wave-containing recep-
tion signal. Thereafter, the communication section 13, simi-
larly to the above, generates a transmission weight based on
the generated pseudo desired wave-containing reception sig-
nal, and sets the transmission weight to a transmission signal
to be recerved by using the non-associated downlink radio
resource 680c.

Further, 1n the scheduling executing section 122, when the
non-associated downlink radio resource 680d included 1n the
third downlink radio resource 560c¢ 1s allocated to the com-
munication terminal 2 of terminal number 2, the reception
weight processing section 124 generates the SRS to be
received from the communication terminal 2 of terminal
number 2 1n the frequency band 6904 in the non-associated
downlink radio resource 6804 in a pseudo manner. The recep-
tion weight processing section 124 adds the generated pseudo
SRS as a desired wave component to a reception signal 6954
to be received 1n a frequency band 6904 of the non-associated
downlink radio resource 680d in the third uplink radio
resource for SRS 500¢, and generates a pseudo desired wave-
containing reception signal. Therealiter, the communication
section 13, similarly to the above, generates a transmission
welght based on the generated pseudo desired wave-contain-
ing reception signal, and sets the transmission weight to a
transmission signal to be transmitted by using the non-asso-
ciated downlink radio resource 680d.

In the second array transmission control in the second
transmission control, when the downlink communication
with the target communication terminal 2 1s performed by
using the non-associated downlink radio resource, the SRS
received 1n the frequency band of the non-associated down-
link radio resource 1s generated in a pseudo manner, and the
array transmission control i1s performed based on the pseudo
desired wave-containing reception signal including the
pseudo SRS as a desired wave component. For this reason, the
beam relating to the transmission directivity of the array
antenna 110 can be directed at the target communication
terminal 2.

On the contrary, assume that when the downlink commu-
nication with the target communication terminal 2 1s per-
formed by using the non-associated downlink radio resource,
in the uplink radio resource for SRS corresponding to the
downlink radio resource 560 to which the non-associated
downlink radio resource belongs, the array transmission con-
trol 1s performed based on only reception signals (in the
example of FIG. 17, reception signals 695a to 695d) to be
received 1n the frequency band of the non-associated down-
link radio resource. In this case, the beam 1s not likely to direct
at the target commumnication terminal 2 because the reception
signal does not include the SRS from the communication
terminal 2 as a desired wave component. In this case, there-
fore, the transmission signal to be transmitted by using the
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non-associated downlink radio resource 1s not likely to reach
the target communication terminal 2.

In the second array transmission control according to this
embodiment, when the transmission signal 1s transmitted to
the target communication terminal 2 by using the non-asso-
ciated downlink radio resource, the array transmission con-
trol 1s performed based on the pseudo desired wave-contain-
ing reception signal including a pseudo signal of SRS to be
received from the target communication terminal 2 1n the
frequency band of the non-associated downlink radio
resource. For this reason, the beam can be directed at the
target communication terminal 2. Therefore, the transmission
signal to be transmitting by using the non-associated down-
link radio resource can securely be sent to the target commus-
nication terminal 2.

Further, when the base station 1 makes the second trans-
mission control and performs the downlink commumnication
with the communication terminal 2, the neighboring base
station 1 makes the first transmission control and can direct
the null relating to the transmission directivity at the commu-
nication terminals 2 that performs the downlink communica-
tion. This point 1s described below.

FIG. 18 1s a diagram describing an example of the trans-
mission control in the base station 1a and the neighboring
base station 15 positioned therearound. In the example of
FIG. 18, the base station 1a performs downlink communica-
tion with the commumnication terminal 2 of terminal number 1
using the second transmission control, and the neighboring
base station 15 performs the downlink communication with
the communication terminal 2 of terminal number 5 using the
first transmission control. In the example of FIG. 18, the base
station 1a allocates the non-associated downlink radio
resource 681a included 1n the first downlink radio resource
5604 to the communication terminal 2 of terminal number 1,
and the neighboring base station 15 allocates the associated
downlink radio resource 6535 included in the first downlink
radio resource 560q to the communication terminal 2 of ter-
minal number 5. In the example of FIG. 18, the non-associ-
ated downlink radio resource 681a and the associated down-
link radio resource 6335 are set to the same frequency band
and the same time zone. Therefore, 1n a case where the base
station 1a does not make the array transmission control in the
downlink communication with the communication terminal 2
of terminal number 1, when the communication terminal 2 of
terminal number 5 that communicates with the neighboring
base station 15 receives a transmission signal from the neigh-
boring base station 15, the transmission signal that 1s trans-
mitted by the base station 1a to the communication terminal
2 of terminal number 1 1s recerved as an interference wave.

In such a case, when the base station 1a makes the second
array transmission control on the communication terminal 2
of terminal number 1, a reception signal 696aq that is recerved
in a frequency band 691a of the non-associated downlink
radio resource 681a 1s used in the first uplink radio resource
for SRS 500a corresponding to the first downlink radio
resource 560a to which the non-associated downlink radio
resource 681a allocated to the communication terminal 2 of
terminal number 1 belongs.

On the other hand, the neighboring base station 16 per-
forms the downlink communication with the communication
terminal 2 of terminal number 3 using the first transmission
control, the communication terminal 2 of terminal number 5
transmits the SRS, where the frequency band including a
frequency band 65456 of a associated downlink radio
resources 653a 1s a SRS transmission band 450545, 1n the first
uplink radio resource for SRS 500qa corresponding to the first
downlink radio resource 560a to which the associated down-




US 9,271,264 B2

23

link radio resource 653a belongs. Since the frequency band
691a of the non-associated downlink radio resource 681a
matches with the frequency band 6545 of the associated
downlink radio resource 653a included in the SRS transmis-
sion band 430565b, the base station la receives a reception
signal 696a 1n the frequency band 691a 1included 1n the SRS

transmission band 45055 of the SRS 1n the first uplink radio
resource for SRS 500q to be used when the communication
terminal 2 of terminal number 5 transmits the SRS. The
reception signal 696a to be used for the second array trans-
mission control 1n the base station 1a, therefore, includes the
SRS to be transmitted by the communication terminal 2 of
terminal number 5 communicating with the neighboring base
station 15 as an interference wave component. The base sta-
tion 1a, therefore, makes the array transmission control based
on the reception signal 696a to which the pseudo reception
SRS 1s added, so that the neighboring base station 15 can
direct the null at the communication terminal 2 of terminal
number 5 using the first transmission control. As a result, a
situation can be repress that when the communication termi-
nal 2 of terminal number 5 receives a transmission signal
from the neighboring base station 15, the transmission signal
transmitted to the communication terminal 2 of terminal
number 1 by the base station 1a 1s recerved as an interference
wave.

The base station 1 that makes the second transmission
control can direct the beam at the communication terminals 2
being a target of communication, and the neighboring base
station 1 can direct the null at the communication terminal 2
that performs the downlink communication using the first
transmission control.

In the example of FIG. 18, when the neighboring base
station 15 performs the downlink communication with the
communication terminal 2 of terminal number 5 using the
second transmission control, and when the downlink radio
resource on the same position as the associated downlink
radio resource 6335 shown in FIG. 18 1s allocated as the
non-associated downlink radio resource to the communica-
tion terminal 2, the communication terminal 2 does not trans-
mit the SRS 1n the first uplink radio resource for SRS 500a.
Therefore, the reception signal 696a to be recerved by the
base station 1a 1n the first uplink radio resource for SRS 5004
does not include the SRS to be transmitted by the communi-
cation terminal 2 of terminal number 5 as the interference
wave component. In this case, therefore, 1n the base station
1a, the null may be accidentally directed at the communica-
tion terminal 2 of terminal number 5 commumicating with the
neighboring base station 15, but the null cannot be intention-
ally directed. Therefore, when the communication terminal 2
of terminal number 5 receives a transmission signal from the
neighboring base station 15, the transmission signal to be
transmitted to the communication terminal 2 of terminal
number 1 by the base station 1a 1s likely to be recerved as an
interference wave.

<Method for Generating Pseudo Reception SRS>

In this embodiment, the pseudo reception SRS to be used in
the second array transmission control on the target commu-
nication terminal 2 1n the target association unit period 350 1s
generated based on an array response vector of a desired wave
component obtained based on a reception signal including the
SRS to be transmitted by the target communication terminal
2 betore the target association unit period 550 as a desired
wave component. A method for generating the pseudo recep-
tion SRS 1s described 1n detail below. A method for calculat-
ing the array response vector of the target communication
terminal 2 1s described first.
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A reception signal vector X, which 1s composed of a recep-
tion signal for one sub-carrier including the SRS to be trans-
mitted by the target communication terminal 2 as a desired
wave component, which 1s recerved by the plurality of anten-
nas 110a composing the array antenna 110, 1s expressed by
the following formula (1).

[Mathematical Formula 1]

X=hxS+h xU+hxUs+ . .. by xU, AN (1)

S represents a signal vector of a desired wave component
composed of the SRS (SRS symbol) for one sub-carrier to be
transmitted by the target communication terminal 2 which 1s
recetved by the plurality of antennas 110a. U, (1<1<M) rep-
resents a signal vector of the interference wave component
composed of the SRS (SRS symbol) for one sub-carrier to be
transmitted by the communication terminal 2 communicating
with the neighboring base station 1 which 1s recerved by the
plurality of antennas 110a. Further, N represents a signal
vector of the internal noise component. Further, h, represents
an array response vector of the desired wave component, and
h, represents an array response vector ol the interference
wave component.

The reception weight processing section 124 of the base
station 1 calculates a correlation value between the reception
signal vector X per one sub-carrier and the known signal
vector of the desired wave component obtained from an out-
put signal from the radio processing section 11. The reception
weight processing section 124 calculates the correlation
value for each of six sub-carriers to be used for the transmis-
sion of SRS 1ncluded 1n one RB band. The reception weight
processing section 124 calculates an average value of the
obtained six correlation values. This average value 1s referred
to as a “correlation average value”.

Since Irequencies of twelve sub-carriers included in one
RB band are adjacent to each other, response vectors h,, h; of
s1x of the twelve sub-carriers to be used for the transmission
of SRS 1n the reception signal vector X are considered to be
the same as each other. Further, in LTE, a correlation between
the SRS to be transmitted by the communication terminal 2
communicating with the base station 1 and the SRS to be
transmitted by the communication terminal 2 communicating
with the neighboring base station 1 1s low. For this reason, a
correlation between a signal vector U, of the interference
wave component and the signal vector S of the desired wave
component 1s low. Further, a correlation between the signal
vector N ol the internal noise component and the signal vector
S of the desired wave component 1s also low. The correlation
value between the signal vector S of the desired wave com-
ponent and the signal vector S of the desired wave component
1s such that all the vector elements are “1”. The correlation
average value 1s, therefore, equal to the array response vector
h.. In such a manner, the reception weight processing section
124 calculates the array response vector h, of one RB band.
The reception weight processing section 124 calculates the
array response vector h, of all the RB bands included 1n all the
frequency bands 1n which each of the communication termi-
nals 2 that transmits the SRS, namely, all the RB bands
included 1n frequency bands in which the SRS transmission
band 450 of the communication terminals 2 performs ire-
quency hopping for one cycle.

In LTE, the communication terminals 2 cannot occasion-
ally transmit the SRS over all the regions of the system band
according to a width of the system band and the mode of
frequency hopping. In this case, the array response vector h,
of the frequency band 1n which the communication terminals
2 do not transmit the SRS cannot be calculated.
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Every time when the target communication terminal 2
transmits the SRS with the SRS transmission cycle 360, the
reception weight processing section 124 calculates the array
response vector h, of the target communication terminals 2.
The reception weight processing section 124 calculates the
array response vector h, of each the RB bands included in the
frequency band (the SRS transmission bands 450 of the SRS)
ol a reception signal based on the reception signal which 1s
received by the communication section 13 1n the SRS use
uplink radio resource used by the target communication ter-
minal 2 for the transmission of the SRS and includes the SRS
as a desired wave component. When the array response vector
ht of the same RB bands 1s already present as the newly
obtained array response vector h,, the reception weight pro-
cessing section 124 stores the newly calculated array
response vector h, istead of the old array response vector h..
In such a manner, a new array response vector h, 1s always
stored in the communication section 13.

The method for generating the pseudo reception SRS from
the array response vector h, 1s described below. The pseudo
reception SRS 1n the frequency band of the non-associated
downlink radio resource allocated to the target communica-
tion terminals 2 1s generated based on the array response
vector h, of each of the RB bands included 1n the frequency
band, and known signal composed of a plurality of complex
symbols. The known signal 1s referred to as a “pseudo signal
generation known signal™.

The pseudo signal generation known signal which 1s used
for generating the pseudo reception SRS 1n the frequency
band of the non-associated downlink radio resources 1s com-
posed of a plurality of complex symbols corresponding to the
plurality of sub-carriers included 1n the frequency band. Fur-
ther, when the pseudo reception SRS 1s generated, the plural-
ity of the same pseudo signal generation known signals cor-
responding to the plurality of antennas 110a 1s used.

As the code sequence of the plurality of complex symbols
composing the pseudo signal generation known signal
adopts, for example, a ZC (Zadoif-Chu) sequence similarly to
the SRS. As the code sequences of the pseudo signal genera-
tion known signal, a code sequence different from that of the
SRS may be used.

The pseudo reception SRS 1n the frequency bands of the
non-associated downlink radio resources allocated to the tar-
get communication terminals 2 1s composed of pseudo recep-
tion signal vectors of the plurality of sub-carriers included in
the frequency bands. The pseudo reception signal vector of a
sub-carrier included in the frequency band of the non-asso-
ciated downlink radio resource 1s obtained by generating 1n a
pseudo manner the complex signal vector composed of SRS
symbols (the SRS per one sub-carrier) that is received by the
plurality of antennas 110a and is transmitted 1n the sub-
carrier by the target communication terminal 2. The pseudo
reception signal vector Q, of a sub-carrier j included in the
frequency band of the non-associated downlink radio
resource 1s expressed by the following formula (2).

[Mathematical Formula 2]

Q_;' =h erP f; (2)

h, - represents the array response vector h,ofthe RB band to
which the sub-carrier j belongs. Further, P, represents the
complex signal vector composed of complex symbols corre-
sponding to the sub-carrier 1 in the plurality of pseudo signal
generation known signals corresponding to the plurality of
antennas 110a, respectively.

The reception weight processing section 124 generates the
pseudo reception signal vectors of the plurality of sub-carri-
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ers included 1n a frequency band of the non-associated down-
link radio resource using the formula (2) so as to generate the
pseudo reception SRS 1n the frequency band.

In such a manner, the reception weight processing section
124 generates pseudo reception SRSs 1n the frequency bands
of each of the non-associated downlink radio resources in the
association unit period 550.

When generating the pseudo reception SRS 1n the fre-
quency band of the non-associated downlink radio resource,
the reception weight processing section 124 adds the pseudo
reception SRS as a desired wave component to a reception
signal (referred to hereinatfter as “desired wave non-including
reception signal”) to be received 1n the frequency band of the
non-associated downlink radio resource 1n the uplink radio
resource for SRS corresponding to the downlink radio
resource 560 to which the non-associated downlink radio
resource belongs so as to generate the pseudo desired wave
including reception signal.

The desired wave non-including reception signal 1s com-
posed of reception signal vectors R, of the plurality of sub-
carriers included 1n the frequency band of the non-associated
downlink radio resource. The reception signal vector R, of a
certain sub-carrier 1s the complex signal vector composed of
reception symbols corresponding to the sub-carrier received
by the plurality of antennas 110a. Heremaftter, the reception
signal vector R, of a certain the sub-carrier j 1s represented by
“R, ;7. The reception symbol 1s a complex symbol that 1s
included 1n a reception signal to be recerved by the antenna
110a and modulates one sub-carrier.

Further, the pseudo desired wave-containing reception sig-
nal 1s composed of reception signal vectors R, corresponding
to the plurality of sub-carriers included 1n the frequency band
of the non-associated downlink radio resource. When the
reception signal vector R, of a certain sub-carrier 7 1s repre-
sented by “R, ”, the reception signal vector R, ; 1s expressed
by the following formula (3).

[Mathematical Formula 3]

Ry ;=R 40, (3)

The reception weight processing section 124 generates
reception signal vectors R, of the plurality of sub-carriers
included 1n the frequency band of the non-associated down-
link radio resource using the formula (3) so as to generate the
pseudo desired wave-containing reception signal. The recep-
tion weight processing section 124 generates the pseudo
desired wave-containing reception signal of the non-associ-
ated downlink radio resource, and calculates the reception
weilght based on that signal. The transmission weight process-
ing section 123 calculates the transmission weight to be
applied to the transmission signal to be transmitting by using
the non-associated downlink radio resource based on the
reception weight.

As 1s understood from the above description, past SRS
transmitted by the communication terminal 2 1n the frequency
band of the non-associated downlink radio resource 1s neces-
sary for the transmission weight to be applied to the transmis-
sion signal to be transmitted to the target communication
terminal 2 by using the non-associated downlink radio
resource. In other words, even 1f the non-associated downlink
radio resource 1s allocated to the target communication ter-
minal 2, 1n the case when the target communication terminal
2 does not transmit the SRS 1n the frequency band of the
non-associated downlink radio resources, the array transmis-
sion control cannot be performed when the transmission 1s
performed by using the non-associated downlink radio
resource. The scheduling executing section 122, therefore,
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does not allocate the non-associated downlink radio resource
including 1n the frequency direction the frequency band, 1n
which the target communication terminal 2 does not transmit
the SRS, to the target communication terminal 2.

<Operation for Scheduling Downstream Radio Resource
in the Base Station 1>

A series ol the operation of the base station 1 for scheduling
the allocation of the downlink radio resource to the commu-
nication terminal 2 by the base station 1 and making the
downlink communication based on the scheduling result 1s
described below. FIG. 19 1s a flowchart illustrating the series
of the operation. The scheduling executing section 122 of the
base station 1 performs the scheduling for allocating the use
downlink radio resources from the downlink radio resources
560 to the communication terminal 2 1n each of the downlink
radio resources 560. F1G. 19 1llustrates the series of the opera-
tion 1n the base station 1 for scheduling a certain downlink
radio resource 560 and making the downlink communication
based on the scheduling result. The scheduling of a certain
downlink radio resource 560 1s performed, for example, 1n the
association unit period 550 one previous to the association
unit period 550 including the certain downlink radio resource
560.

As shown 1n FIG. 19, at step s1, the scheduling executing
section 122 allocates the associated downlink radio resource
from the downlink radio resource 360 (referred to hereinatter
as “the target downlink radio resource 560”’) being a target for
scheduling to each of the communication terminals 2 for
transmitting the SRS in the association unit period 550
including the downlink radio resource 560, namely, each of
the SRS most recent transmission terminals 2.

At step s2, the scheduling executing section 122 judges
whether the downlink radio resource that can be used as the
non-associated downlink radio resource 1s present 1n the tar-
get downlink radio resource 560. When the determination 1s
made at step s2 that the downlink radio resource which can be
used as the non-associated downlink radio resource 1s not
present, step s5, described later, 1s executed. When all the
frequency bands of the uplink radio resource for SRS corre-
sponding to the target downlink radio resource 560 are used
for the transmission of the SRS, the downlink radio resource
that can be used as the non-associated downlink radio
resource 1s not present.

On the other hand, when the determination 1s made at step
s2 that the downlink radio resource that can be used as the
non-associated downlink radio resource 1s present, at step s3,
the scheduling executing section 122 determines the commu-
nication terminal 2 to which the non-associated downlink
radio resource 1s allocated as an allocation terminal from the
communication terminals 2 for transmitting the SRS, and
allocates the non-associated downlink radio resource to the
allocation terminal. At step s3, the scheduling executing sec-
tion 122 determines the allocation terminal based on the
communication state between the base station 1 and the com-
munication terminal 2. For example, the scheduling execut-
ing section 122 determines the allocation terminal based on
proportional fairness (PF) relating to the downlink commu-
nication between the base station 1 and the communication
terminal 2. The method for determining the allocation termi-
nal according to this embodiment 1s described 1n detail below.

The scheduling executing section 122 determines a down-
link priority as a priority of the downlink communication 1n
cach of the communication target terminals 2 based on the
proportional fairness. When determining the downlink prior-
ity relating to each of the communication target terminals 2,
the scheduling executing section 122 determines the down-
link prionity for each of the RB bands. A downlink priority
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DM(n) of the target communication terminals 2 1n a certain
RB band (the target RB band) at the nth association unit
period 550 can be expressed by the following formula (4).

[Mathematical Formula 4]

DM(n)=RD(n)/ TD(x) (4)

RD(n) 1s an available transfer speed 1n the target RB band
in the nth association unit period 550, and represents an
expected value of a data amount transmittable to the target
communication terminal 2 in the target RB band 1n the nth
association unit period 550 by the base station 1. RD(n) 1s
determined by, for example, based on MCS (Modulation and
Coding Scheme) to be used for the downlink communication
in the target RB band. The MCS represents a combination of
a modulation system and a coded rate of an error correcting
code, and a transmission rate 1s determined according to the
MCS. The MCS 1s determined by SINR (Signal to Interfer-
ence plus Noisepower Rat1o) that 1s notified to the base station
1 by the communication terminal 2 and relates to a reception
signal from the base station 1 1n the communication terminal
2. The communication terminal 2 notifies the base station 1 of
the obtained SINR as CQI (Channel Quality Indicator) infor-
mation.

Further, TD(n) represents an average transmission
throughput of the base station 1 with respect to the target
communication terminal 2 1n the target RB band up to the nth
association unit period 350, and 1s expressed by the following

formula (3).

[Mathematical Formula 3]

ID(n)=(1-1/Tc)xI'D(n-1)+1/TexRD(n-1) (5)

Tc represents a constant called a forgetting coellicient.

As 1s understood from the formulas (4) and (5), the higher
a transmission ability at that time 1s, the higher the downlink
priority of the target communication terminal 2 is. Further,
the smaller the data amount in the past downlink communi-
cation 1s, the higher the downlink priority 1s. As aresult, while
the equality of the data amount in the downlink communica-
tion among the plurality of communication terminals 2 1s
being maintained, the transmission throughput of the base
station 1 can be improved.

In such a manner, the scheduling executing section 122
determines the downlink priority of each of the communica-
tion target terminals 2 1n each of the RB bands.

The scheduling executing section 122, then, specifies the
communication target terminal 2 whose downlink priority 1s
the highest in each of the RB bands included 1n all the down-
link radio resources as the non-associated downlink radio
resources 1n the target downlink radio resource 3560. The
scheduling executing section 122 allocates the non-associ-
ated downlink radio resource including the RB band in the
frequency direction to the communication target terminal 2
whose downlink prionity 1s the highest 1n each of the RB
bands included 1n all the downlink radio resources as the
non-associated downlink radio resource 1n the target down-
link radio resource 560, from the target downlink radio
resource 360. Even if the downlink priority of a certain com-
munication target terminal 2 in the RB band 1s the highest,
when the communication target terminal 2 does not transmit
the SRS at all in the RB band, as described above, the non-
associated downlink radio resource including the RB band 1n
the frequency direction 1s not allocated to the commumnication
target terminal 2. As a result, the allocation terminal of the
non-associated downlink radio resource as the target down-
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link radio resource 560 1s determined, and the non-associated
downlink radio resource 1s allocated to the allocation termi-
nal.

In the above example, the allocation terminal of the non-
associated downlink radio resource 1s determined by the
downlink priority based on the proportional fairness, but
another index indicating the communication state between
the communication terminal 2 and the base station 1 may be
used. For example, the allocation terminal of the non-associ-
ated downlink radio resource may be determined by using
SINR notified by each of the communication terminals 2 1n
cach of the RB bands of a reception signal 1in the communi-
cation terminal 2 from the base station 1, or by using MCS
that 1s allocated to each of the communication terminals 2 in
cach of the RB bands.

When the association unit period 550 including the target
downlink radio resource 560 appears after step s3, at step s4
the reception weight processing section 124 generates the
pseudo desired wave-containing reception signal in the fre-
quency band of the non-associated downlink radio resource
allocated to each of the communication target terminals 2 to
which each of the non-associated downlink radio resources 1s
allocated at step s3 1n the above manner.

At next step s5, the communication section 13 calculates a
transmission weight to be set to a transmission signal to be
transmitted to each of the communication terminals 2 to
which each of the use downlink radio resources 1s allocated at
steps s2 and s3. The communication section 13 generates, 1n
the above manner, the transmission weight based on the
reception signal that 1s received 1n the frequency band of the
associated downlink radio resource in the uplink radio
resource for SRS corresponding to the downlink radio
resource 360 to which the associated downlink radio resource
belongs 1n the communication terminal 2 to which the asso-
ciated downlink radio resource 1s allocated and includes the
SRS as a desired wave component from the communication
terminal 2.

On the other hand, the communication section 13 generates
the transmission weight based on the pseudo desired wave-
containing reception signal 1in the frequency band of the asso-
ciated downlink radio resource obtained at step s4 for the
communication terminal 2 to which the non-associated
downlink radio resource 1s allocated.

At next step s6, the communication section 13 makes the
array transmission control on each of the communication
terminals 2 to which each of the use downlink radio resources
1s allocated at steps s2 and s3 based on the transmission
weight of each of the communication terminals 2 generated at
step s3, and transmits data using the use radio resource allo-
cated to the communication terminal 2.

In the base station 1 according to this embodiment, when
the transmission signal 1s transmitted to the target communi-
cation terminal 2 using the non-associated downlink radio
resource, the array transmission control i1s performed based
on the pseudo desired wave-containing reception signal. For
this reason, the beam can be directed to the target communi-
cation terminal 2. Therefore, the transmission signal to be
transmitting by using the non-associated downlink radio
resource can securely be sent to the target communication
terminal 2. Further, in the base station 1, when the second
transmission control 1s performed so that the downlink com-
munication with the communication terminal 2 1s performed,
the neighboring base station 1 makes the first transmission
control so as to be capable of directing the null relating to the
transmission directivity at the communication terminal 2 that
performs the downlink communication as described above.
Theretore, the base station 1 uses the non-associated down-
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link radio resource for the downlink communication with the
communication terminal 2 and simultaneously can direct the
beam at the communication terminal 2, and at the same time
the neighboring base station 1 can direct the null at the com-
munication terminal 2 that performs the downlink communi-
cation using the first transmission control. As a result, while
beam forming and null steering are being carried out, more
number of the downlink radio resources can be used, and thus
the transmission performance of the base station 1 1s
improved.

In the second transmission control according to this
embodiment, since the communication terminal 2 to which
the non-associated downlink radio resource 1s allocated 1s
determined based on the communication state between the
communication terminal 2 and the base station 1, the non-
associated downlink radio resource can be allocated to the
communication terminal 2 whose state of the communication
with the base station 1 1s satisfactory. As a result, when the
base station 1 transmits a signal to the communication termi-
nal 2 using the non-associated downlink radio resource, even
if the neighboring base station 1 cannot intentionally direct
the null at the communication terminal 2 performing the
communication through the second transmission control,
interference to the communication terminal 2 can be
repressed. This point 1s described below with reference to
FIG. 20.

FI1G. 20 1llustrates the base station 1a, and the beam relat-
ing to the transmission directivity in the neighboring base
station 15. In an example of FIG. 20, the base station 1a
performs the downlink communication with the communica-
tion terminal 2 of terminal number 1 using the second trans-
mission control, and the neighboring base station 15 performs
the downlink communication with the communication termi-
nal 2 of terminal number 5 using the second transmission
control. Further, the communication state between the base
station 1a and the communication terminal 2 of terminal
number 1 1s satisfactory.

In the example of FIG. 20, since the communication state
between the base station 1aq and the communication terminal
2 of terminal number 1 1s satisfactory, the communication
terminal 2 of terminal number 1 1s likely to be present on a
position which 1s hardly influenced by the interference from
cach of the communication terminals 2 communicating with
the neighboring base station 15, namely, a position separated
from each of the communication terminals 2 communicating
with the neighboring base station 15. Therefore, the commu-
nication terminal 2 of terminal number 1 1s likely to be present
on a position that 1s separated from the communication ter-
minal 2 of terminal number 5 performing the downlink com-
munication with the neighboring base station 15 through the
second transmission control. As a result, when the base sta-
tion 1a transmits a signal to the communication terminal 2 of
terminal number 1, even if the null relating to the transmission
directivity of the base station 1a 1s not directed at the com-
munication terminal 2 of terminal number 5 communicating
with the neighboring base station 15, as shown in FIG. 20, the
beam 700a relating to the transmission directivity of the base
station 1a 1s not likely to reach the communication terminal 2
of terminal number 5. When the base station 1a, therefore,
performs the downlink communication with the communica-
tion terminal 2 of terminal number 1, even if the null cannot
be directed at the communication terminal 2 of terminal num-
ber 5 communicating with the neighboring base station 15,
the mterference to the communication terminal 2 of terminal

number 5 can be repressed.

Modified Example

In the above example, the three uplink radio resources for
SRS including the first uplink radio resource for SRS 5004,
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the second uplink radio resource for SRS 5005 and the third
uplink radio resource for SRS 5005 are used for the transmis-
sion of the SRS, but only two of the uplink radio resources for
SRS may be used for the transmission ol the SRS. In this case,
one of the uplink radio resources for SRS to be used for the
transmission of the SRS 1s associated with one of the down-
link radio resources 560 including the first downlink radio
resource 560a, the second downlink radio resource 56054 and
the third downlink radio resource 560c¢, and the other one of
the uplink radio resources for SRS to be used for the trans-
mission ol the SRS i1s associated with the downlink radio
resources composed of the residual two the downlink radio
resources 560.

Further, only one uplink radio resource for SRS 1n the first
uplink radio resource for SRS 500a, the second uplink radio
resource for SRS 5005 and the third uplink radio resource for
SRS 5005 may be used for the transmission of the SRS. In this
case, the one uplink radio resource for SRS to be used for the
transmission of the SRS 1s associated with the downlink radio
resources composed of the first downlink radio resource
560a, the second downlink radio resource 5605 and the third
downlink radio resource 560c.

In the above example, the SRS to be transmitted in the
uplink pilot time slot 352 of the special sub-frame 302 15 used
for the array transmission control, but the SRS to be trans-
mitted 1n the last symbol period 304 of the uplink sub-frame
302 may be used instead of or together with the SRS. In this
case, 1n the uplink sub-frame 302, when the uplink radio
resource specified by the last symbol period 304 and the
plurality of sub-carriers SCO of the comb-shape that can be
used for the transmission of the SRS0 1s set as the uplink radio
resource for SRS, similarly to the above, the first and second
transmission controls can be performed. Further, in the uplink
sub-frame 302, when the uplink radio resource specified by
the last symbol period 304 and the plurality of sub-carriers
SCO of the comb-shape that can be used for the transmission
of the SRS1 1s set as the uplink radio resource for SRS,
similarly to the above, the first and second transmission con-
trols can be made.

Although the present invention 1s applied to LTE 1n the
aforementioned examples, the present mvention may be
applied to other communication systems.

While the invention has been described 1n detail, the fore-
going description 1s 1n all aspects 1llustrative and not restric-
tive. It 1s understood that numerous other modifications and
variations which have not been illustrated can be devised
without departing from the scope of the invention.

REFERENCE SIGNS LIST

1 base station
2 communication terminal
13 communication section
1104 antenna

122 scheduling executing section
500a first uplink radio resource for SRS

50056 second uplink radio resource for SRS
500c¢ third uplink radio resource for SRS
560q first downlink radio resource

5605 second downlink radio resource

560c¢ third downlink radio resource

The invention claimed is:
1. A base station for communicating with a communication
terminal, the base station comprising:
a communication section for communicating with the com-
munication terminal using a plurality of antennas and
controlling transmission directivity 1n the plurality of
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antennas when downlink communication with the com-
munication terminal 1s performed; and

a scheduling executing section for determining the com-

munication terminal for downlink communication and
allocating, to the communication terminal, a use down-
link radio resource to be used by the communication
section for the downlink communication with the com-
munication terminal, wherein

an uplink radio resource for known signal which 1s capable

of being used when the communication terminal trans-
mits a known signal, and the downlink radio resource,
which 1s associated with the uplink radio resource for
known signal and 1s capable of being used when the
communication section performs downlink communi-
cation with the communication terminal are determined,

when the scheduling executing section allocates the use

downlink radio resource including a frequency band
included 1n a transmission frequency band of the known
signal 1n a frequency direction to the communication
terminal that transmits the known signal using at least a
part of the uplink radio resource for known signal, the
scheduling executing section executes the allocating
process for allocating the use downlink radio resource
from the downlink radio resource associated with the
uplink radio resource for known signal to the communi-
cation terminal,

when the scheduling executing section executes the allo-

cating process on the communication terminal transmit-
ting the known signal using at least a part of the uplink
radio resource for known signal, the commumnication
section controls the transmission directivity in the plu-
rality of antennas based on a reception signal including
the known signal as a desired wave component recerved
by at least part of the uplink radio resource for known
signal when the downlink communication with the com-
munication terminal i1s performed by using the use
downlink radio resource,

when the scheduling executing section allocates the use

downlink radio resources including in the frequency
direction the frequency band, in which the known signal
1s not recerved by the uplink radio resource for known
signal, from the downlink radio resource associated with
the uplink radio resource for known signal to the com-
munication terminal, the communication section con-
trols the transmission directivity in the plurality of
antennas based on a new reception signal obtained by
generating a known signal received from the communi-
cation terminal 1n the frequency band of the use down-
link radio resource 1n a pseudo manner when performing
the downlink communication with the commumnication
terminal using the use downlink radio resource and by
adding the pseudo known signal as the desired wave
component to the reception signal received in the fre-
quency band of the use downlink radio resource in the
uplink radio resource for known signal.

2. The base station according to claim 1, wherein
when the scheduling executing section allocates the use

downlink radio resource including in the frequency
direction the frequency band, in which the known signal
1s not recerved by the uplink radio resource for known
signal, from the downlink radio resource associated with
the uplink radio resource for known signal to the com-
munication terminal, the scheduling executing section
determines the communication terminal to which the use
downlink radio resource 1s allocated based on a commu-
nication state of the downlink communication between
the base station and the communication terminal.



US 9,271,264 B2
33

3. The base station according to claim 2, wherein

when the scheduling executing section allocates the use
downlink radio resource including in the frequency
direction the frequency band, in which the known signal
1s not recerved by the uplink radio resource for known 5
signal, from the downlink radio resource associated with
the uplink radio resource for known signal to the com-
munication terminal, the scheduling executing section
determines the communication terminal to which the use
downlink radio resource 1s allocated based on propor- 10
tional fairness of the downlink communication between
the base station and the communication terminal.
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