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RADIO COMMUNICATION SYSTEM, BASE
STATION, AND CONTROL METHOD
THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a radio communi-
cation system applied to a heterogeneous network, a base
station, and a control method of the base station.

BACKGROUND ART

[0002] As a next-generation system for performing high
speed communication with high capacity, as compared with
the 3rd-generation and 3.5th-generation cellular radio com-
munication systems operated at present, there are LTE (Long
Term Evolution), which is standardized by 3GPP (3rd Gen-
eration Partnership Project) of a standardization body, and
LTE Advanced which is a sophisticated version of LTE.
[0003] In a downlink of an L'TE system (including LTE
Advanced), a base station transmits user data to a radio ter-
minal using a data transmission channel called PDSCH
(Physical Downlink Shared Channel). In addition, the down-
link indicates communication toward the radio terminal from
the base station, and an uplink indicates communication
toward the base station from the radio terminal.

[0004] Furthermore, in LTE Advanced, it is discussed to
provide a heterogeneous network, that is a network in which
a low power base station (so-called a pico cell base station, a
femto cell base station, or a relay node) is located in a com-
munication area of a high power base station (so-called a
macro cell base station). In the heterogeneous network, it is
possible to distribute a load of the high power base station to
the low power base station.

[0005] However, since it is general that a radio terminal is
connected to a base station, which has the highest received
power of a radio signal among a plurality of base stations, it is
probable that a connection opportunity of the radio terminal
to a low power base station with low transmission power is
reduced in the heterogeneous network.

[0006] In this regard, there has been proposed a technique
of expanding a coverage (a communication area range) of a
low power base station by controlling a radio terminal to be
connected to the low power base station even though received
power from the low power base station is not highest (for
example, refer to Non Patent Literature 1).

CITATION LIST

Non Patent Literature

[0007] Non Patent Literature 1: 3GPP R1-093433 “Impor-
tance of Serving Cell Selection in Heterogeneous Net-
works” February, 2010.

SUMMARY OF THE INVENTION

[0008] However, when radio resources used as data trans-
mission channels between neighboring base stations overlap
each other, since a data transmission channel of one base
station receives interference from a data transmission channel
of'the other base station, it is probable that it is not possible to
normally receive user data through the data transmission
channel of the one base station.

[0009] Particularly, in the technique of expanding the cov-
erage of the low power base station in the heterogeneous
network, since it is highly probable that a data transmission
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channel of the low power base station receives significant
interference from a data transmission channel of the high
power base station, the aforementioned problem becomes
more critical.

[0010] Therefore, it is an object of the present invention to
provide a radio communication system, a base station, and a
control method of the base station, with which it is possible to
reduce inter-base station interference in a heterogeneous net-
work and to improve the throughput of the entire system.

[0011] In order to solve the aforementioned problem, the
present invention has following characteristics. First, the
characteristic of the radio communication system according
to the present invention is summarized as follows. A radio
communication system (radio communication system 1)
comprising: a high power base station (e.g., macro cell base
station MeNB); and a low power base station (e.g., pico cell
base station PeNB) provided in a communication area of the
high power base station and having transmission power lower
than transmission power of the high power base station, com-
prises: a division ratio determination unit (division ratio
determination unit 123 or division ratio determination unit
225) that determines a resource division ratio with respect to
radio resources to be used as a specific downlink channel
(e.g., PDSCH) by the high power base station, the resource
division ratio indicating a ratio of first radio resources (e.g.,
macro cell usable PDSCH resources or macro cell normal
power PDSCH resources) and second radio resources (e.g.,
macro cell unusable PDSCH resources or macro cell normal
power PDSCH resources), the transmission power of the low
power base station for second radio resources being limited to
be lower than that for the first radio resources, wherein the
division ratio determination unit determines the resource
division ratio according to expected throughput of a high
power-side deteriorated terminal having a deteriorated recep-
tion state, and expected throughput of a low power-side dete-
riorated terminal having a deteriorated reception state, the
high power-side deteriorated terminal being a radio terminal
connected to the high power base station, the low power-side
deteriorated terminal being a radio terminal connected to the
low power base station. Here, the specific downlink channel
is, for example, a downlink data transmission channel (PD-
SCH in the LTE system). However, the specific downlink
channel may also be a downlink control information trans-
mission channel (PDCCH in the LTE system) as well as such
a data transmission channel. Furthermore, the low power base
station is, for example, a pico cell base station or a femto cell
base station. However, the low power base station may also be
a relay node or the like as well as the pico cell base station or
the femto cell base station.

[0012] Inaccordance with the radio communication system
according to the aforementioned characteristic, with respect
to the radio resources to be used as the specific downlink
channel of the high power base station, the first radio
resources and the second radio resources are provided, the
transmission power of the high power base station for the
second radio resources being limited to be lower than the first
radio resources. Since interference from the high power base
station for the second radio resources is reduced, it is possible
to improve the throughput of the low power-side deteriorated
terminal by assigning the second radio resources to the low
power-side deteriorated terminal. Furthermore, by determin-
ing the resource division ratio according to the throughput of
the high power-side deteriorated terminal and the throughput
of'the low power-side deteriorated terminal, it is possible, for
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example, to equalize the throughput of cell edge terminals of
each of the high power base station and the low power base
station, resulting in the improvement of the throughput of the
entire system.

[0013] Another characteristic of the radio communication
system according to the present invention is summarized as
follows. In the radio communication system according to the
aforementioned characteristic, the division ratio determina-
tion unit determines the resource division ratio such that the
expected throughput of the high power-side deteriorated ter-
minal is equal to the expected throughput of the low power-
side deteriorated terminal.

[0014] Another characteristic of the radio communication
system according to the present invention is summarized as
follows. In the radio communication system according to the
aforementioned characteristic, the expected throughput of the
high power-side deteriorated terminal is determined on the
basis of a load level of the high power base station and
expected unit throughput corresponding to a reception quality
level of the high power-side deteriorated terminal, and the
expected throughput of the low power-side deteriorated ter-
minal is determined on the basis of a load level of the low
power base station and expected unit throughout correspond-
ing to a reception quality level of the low power-side deterio-
rated terminal.

[0015] Another characteristic of the radio communication
system according to the present invention is summarized as
follows. In the radio communication system according to the
aforementioned characteristic, a load level of the high power
base station indicates the number of radio terminals con-
nected to the high power base station, and a load level of the
low power base station indicates the number of radio termi-
nals connected to the low power base station.

[0016] Another characteristic of the radio communication
system according to the present invention is summarized as
follows. In the radio communication system according to the
aforementioned characteristic, the low power-side deterio-
rated terminal includes a first low power-side deteriorated
terminal to which the first radio resource is assigned, and a
second low power-side deteriorated terminal to which the
second radio resource is assigned, and throughput of the low
power-side deteriorated terminal is determined on the basis of
the load level of the low power base station, expected unit
throughput corresponding to a reception quality level of the
first low power-side deteriorated terminal, and expected unit
throughput corresponding to a reception quality level of the
second low power-side deteriorated terminal.

[0017] Another characteristic of the radio communication
system according to the present invention is summarized as
follows. In the radio communication system according to the
aforementioned characteristic, when the load level of the high
power base station is set as #UEperM, the expected unit
throughput corresponding to the reception quality level of the
high power-side deteriorated terminal is set as TP, .z, the
load level of the low power base station is set as #UEperP, the
expected unit throughput corresponding to the reception
quality level of the first low power-side deteriorated terminal
is set as TPz, and the expected unit throughput corre-
sponding to the reception quality level of the second low
power-side deteriorated terminal is set as TPz, the divi-
sion ratio determination unit determines a ratio o of the first
radio resource to radio resources to be used as the specific
downlink channel by using the calculation equation:
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TPpyg> -#UEperM
@= TPuyyE - #UEperP + (TPpyg, — TPpygy) - #UEperM

Math. 1]

or a calculation equation equivalent to the calculation equa-
tion.

[0018] Another characteristic of the radio communication
system according to the present invention is summarized as
follows. In the radio communication system according to the
aforementioned characteristic, when a plurality of the low
power base stations are provided in the communication area
of the high power base station, the division ratio determina-
tion unit uses an average value or a maximum value of load
levels of the low power base stations as the load level of the
low power base station.

[0019] Another characteristic of the radio communication
system according to the present invention is summarized as
follows. The radio communication system according to the
aforementioned characteristic, further comprises: a resource
assignment unit (resource assignment unit 124) that assigns a
radio resource to a radio terminal connected to the high power
base station, wherein the first radio resource is a radio
resource usable by the high power base station (e.g., macro
cell usable PDSCH resources), the second radio resource is a
radio resource unusable by the high power base station (e.g.,
macro cell unusable PDSCH resources), and the resource
assignment unit assigns a radio resource of the first radio
resources, which are determined according to the resource
division ratio determined by the division ratio determination
unit, to the radio terminal connected to the high power base
station.

[0020] Another characteristic of the radio communication
system according to the present invention is summarized as
follows. The radio communication system according to the
aforementioned characteristic, further comprises: a resource
assignment unit (resource assignment unit 124) that assigns a
radio resource to a radio terminal connected to the high power
base station, wherein the first radio resource is a radio
resource in which transmission power of the high power base
station is not limited (e.g., macro cell normal power PDSCH
resources), the second radio resource is a radio resource in
which the transmission power of the high power base station
is limited (e.g., macro cell low power PDSCH resources), and
the resource assignment unit assigns a radio resource of the
first radio resources and the second radio resources, which are
determined according to the resource division ratio deter-
mined by the division ratio determination unit, to the radio
terminal connected to the high power base station.

[0021] Another characteristic of the radio communication
system according to the present invention is summarized as
follows. In the radio communication system according to the
aforementioned characteristic, when a plurality of the low
power base stations are provided in the communication area
of the high power base station, the division ratio determina-
tion unit determines the division ratio on the basis of an
average value or a maximum value of load levels of each of
the low power base stations.

[0022] Another characteristic of the radio communication
system according to the present invention is summarized as
follows. In the radio communication system according to the
aforementioned characteristic, the specific downlink channel
is a data transmission channel for transmitting user data to the
radio terminal.



US 2015/0319756 Al

[0023] Another characteristic of the radio communication
system according to the present invention is summarized as
follows. In the radio communication system according to the
aforementioned characteristic, the second radio resources are
at least a part of frequency bands of all frequency bands of a
downlink, and the first radio resources correspond to remain-
ing frequency bands of all the frequency bands of the down-
link except for the partial frequency bands.

[0024] Another characteristic of the radio communication
system according to the present invention is summarized as
follows. In the radio communication system according to the
aforementioned characteristic, each of the partial frequency
bands and the remaining frequency bands is an integer times
of a frequency unit by which the radio terminal measures a
reception quality level.

[0025] Another characteristic of the radio communication
system according to the present invention is summarized as
follows. In the radio communication system according to the
aforementioned characteristic, the second radio resources are
at least a part of a time range of a data region for transmitting
user data to the radio terminal in a communication time frame
of' a downlink, and the first radio resources are a remaining
time range of the data region except for the part of a time
range.

[0026] The characteristic of a base station according to the
present invention is summarized as follows. A base station
comprises: a division ratio determination unit that determines
a resource division ratio with respect to radio resources to be
used as a specific downlink channel, the resource division
ratio indicating a ratio of first radio resources and second
radio resources, transmission power for the second radio
resources being limited to be lower than that for the first radio
resources, wherein the division ratio determination unit deter-
mines the resource division ratio according to expected
throughput of a deteriorated terminal being a radio terminal
connected to the base station and having a deteriorated recep-
tion state, and expected throughput of a deteriorated terminal
being aradio terminal connected to a neighboring base station
and having a deteriorated reception state.

[0027] The characteristic of a control method of a base
station according to the present invention is summarized as
follows. A control method of a base station, comprises: a step
of determining a resource division ratio with respect to radio
resources to be used as a specific downlink channel, the
resource division ratio indicating a ratio of first radio
resources and second radio resources, transmission power for
the second radio resources being limited to be lower than that
for the first radio resources, wherein in the step of determin-
ing, the resource division ratio is determined according to
expected throughput of a deteriorated terminal being a radio
terminal connected to the base station and having a deterio-
rated reception state, and expected throughput of a deterio-
rated terminal being a radio terminal connected to a neigh-
boring base station and having a deteriorated reception state.
[0028] The present invention can provide a radio commu-
nication system, a base station, and a control method of the
base station, with which it is possible to reduce inter-base
station interference in a heterogeneous network and to
improve the throughput of the entire system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG.1isadiagram for explaining the overview ofan
LTE system according to the first embodiment to the third
embodiment.
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[0030] FIG. 2 is a diagram illustrating a communication
frame configuration in the LTE system.

[0031] FIG. 3 is a schematic configuration diagram of a
radio communication system according to the first embodi-
ment.

[0032] FIG. 4 is a diagram for explaining the ICIC accord-
ing to the first embodiment.

[0033] FIG. 5is a block diagram illustrating the configura-
tion of the macro cell base station according to the first
embodiment.

[0034] FIG. 6 is a block diagram illustrating the configura-
tion of the pico cell base station according to the first embodi-
ment.

[0035] FIG. 7 is an operation sequence diagram illustrating
the operation of the radio communication system according
to the first embodiment.

[0036] FIG. 8is a block diagram illustrating the configura-
tion of the macro cell base station according to the second
embodiment.

[0037] FIG. 9is a block diagram illustrating the configura-
tion of the pico cell base station according to the second
embodiment.

[0038] FIG. 10 is an operation sequence diagram illustrat-
ing the operation of the radio communication system accord-
ing to the second embodiment.

[0039] FIG. 11 is a diagram for explaining the ICIC accord-
ing to the third embodiment.

[0040] FIG. 12 is a diagram for explaining the case of
time-dividing the PDSCH resources.

[0041] FIG. 13 is a diagram for explaining another case of
time-dividing the PDSCH resources.

DESCRIPTION OF THE EMBODIMENTS

[0042] The first embodiment to the third embodiment and
the other embodiments of the present invention will be
described. In the drawings of each of the embodiments, the
same or similar parts are provided with the same or similar
reference signs.

[0043] [Overview of LTE System]

[0044] Before a description of the first embodiment to the
third embodiment, the overview of an LTE system will be
described while focusing on the content associated with the
present invention.

[0045] FIG.1is adiagram for explaining the overview ofan
LTE system. As illustrated in FIG. 1, a plurality of base
stations eNB constitute E-UTRAN (Evolved-UMTS Terres-
trial Radio Access Network). Each of the plurality of base
stations eNB forms a cell that is a communication area where
a service should be provided to a radio terminal UE.

[0046] The radio terminal UE is a radio communication
device carried by a user, and is also called as “User Equip-
ment”. The radio terminal UE is connected to a base station
eNB, which has the highest received power of a reference
signal (RSRP: Reference Signal Received Power) among the
plurality of base stations eNB. However, as well as the RSRP,
another reception quality indexes such as SNR (Signal-to-
Noise ratio) may be used.

[0047] Each base station eNB is able to communicate
mutually via an X2 interface which is a logical communica-
tion channel to provide inter-base station communication.
Each of the plurality of base stations eNB is able to commu-
nicate with EPC (Evolved Packet Core), specifically, MME
(Mobility Management Entity)/S-GW (Serving Gateway),
via an S1 interface.
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[0048] In radio communication between the base station
eNB and the radio terminal UE, an OFDMA (Orthogonal
Frequency Division Multiple Access) scheme is applied as a
downlink multiplexing scheme and an SC-FDMA (Single-
Carrier Frequency Division Multiple Access) scheme is
applied as an uplink multiplexing scheme. Furthermore, an
FDD (Frequency Division Duplex) scheme or a TDD (Time
Division Duplex) scheme is applied as a duplex scheme.
[0049] FIG. 2(a) is frame configuration diagram illustrat-
ing a downlink radio frame configuration when the FDD
scheme is used. FIG. 2(b) is a frame configuration diagram
illustrating the configuration of a downlink sub-frame.
[0050] Asillustrated in FIG. 2(a), the downlink radio frame
consists of 10 downlink subfames, and each downlink sub-
fame consists of two downlink slots. Each downlink subfame
has a length of 1 ms and each downlink slot has a length 0 0.5
ms. Furthermore, as illustrated in FIG. 2(b), each downlink
slot includes seven OFDM symbols in a time axis direction
(time domain), and includes a plurality of resource blocks
(RB) in a frequency axis direction (frequency domain). Each
RB includes 12 subcarriers.

[0051] As illustrated in FIG. 2(b), the downlink subfame
includes two continuous downlink slots. A zone of up to three
ODFM symbols from the head of a first downlink slot in the
downlink subfame is a control region constituting a radio
resource used as PDCCH (Physical Downlink Control Chan-
nel) for transmitting control information. The control infor-
mation corresponds to uplink and downlink scheduling infor-
mation (that is, information of an assignment radio resource)
and the like. A zone of remaining ODFM symbols of the
downlink subframe is a data region constituting a radio
resource used as PDSCH (Physical Downlink Shared Chan-
nel) for transmitting user data. The radio terminal UE decodes
the control information transmitted by the PDCCH, thereby
designating user data transmitted by the PDSCH.

First Embodiment

[0052] Next, the first embodiment of the present invention
will be described. In the first embodiment, a description will
be provided for an example of an embodiment of a heteroge-
neous network arrangement in which a pico cell base station
PeNB as a low power base station is provided in a communi-
cation area (a macro cell) of a macro cell base station MeNB
as a high power base station.

[0053] In the first embodiment below, the description will
be given in the order of (1) Configuration of radio communi-
cation system, (2) Interference control by resource division,
(3) Configuration of macro cell base station, (4) Configura-
tion of pico cell base station, (5) Operation of radio commu-
nication system, and (6) Effect of first embodiment.

[0054] (1) Configuration of Radio Communication System
FIG. 3 is a schematic configuration diagram of a radio com-
munication system 1 according to the first embodiment.
[0055] As illustrated in FIG. 3, the radio communication
system 1 includes a macro cell base station MeNB (a high
power base station or a large output base station), a radio
terminal MUE connected to the macro cell base station
MeNB, a pico cell base station PeNB (a low power base
station or a small output base station) provided in a macro cell
MC formed by the macro cell base station MeNB and adja-
cent to the macro cell base station MeNB, and a radio terminal
PUE connected to the pico cell base station PeNB in a pico
cell PC formed by the pico cell base station PeNB. The macro
base station MeNB and the pico cell base station PeNB use a
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common frequency band. In the first embodiment, a plurality
of pico cell base stations PeNB 1 to PeNB 3 are provided in
the macro cell MC. In addition, the pico cell PC formed by the
pico cell base station PeNB is appropriately called a “hot
zone” hereinafter.

[0056] The pico cell base station PeNB (also called a hot
zone node) is a low power base station having transmission
power lower than that of the macro cell base station MeNB.
Therefore, in the heterogeneous network, when employing a
maximum received power reference (hereinafter, an RP ref-
erence) that is a connection destination selection reference in
which the radio terminal UE selects and is connected to a base
station eNB with the highest RSRP, the coverage of the pico
cell base station PeNB may be small. Particularly, in a situa-
tion in which the position of the pico cell base station PeNB
is near the macro cell base station MeNB, the coverage of the
pico cell base station PeNB is significantly small, so that it is
not possible to effectively utilize the pico cell base station
PeNB.

[0057] As amethod for expanding the coverage of the pico
cell base station PeNB without an increase in the transmission
power of the pico cell base station PeNB, the following two
methods can be mainly employed.

[0058] Firstly, instead of the RP reference for selecting a
base station eNB, which transmits a radio signal with the
highest RSRP, as a connection destination of the radio termi-
nal UE, there is a method for selecting a base station eNB,
which has the lowest propagation loss (path loss) between the
base station eNB and the radio terminal UE, as the connection
destination of the radio terminal UE. In this way, for example,
since a base station eNB nearest the radio terminal UE is
selected as the connection destination, it is possible to expand
the coverage of the pico cell base station PeNB. Such a
connection destination selection reference is called a mini-
mum path loss reference (hereinafter, a PL reference).
[0059] Secondly, there is a method in which a bias value
(bias) is added to RSRP corresponding to the pico cell base
station PeNB when the RSRP corresponding to the pico cell
base station PeNB is compared with RSRP corresponding to
the macro cell base station MeNB in the case in which the
radio terminal UE is able to receive a radio signal from each
of the macro cell base station MeNB and the pico cell base
station PeNB. The bias is given to the RSRP corresponding to
the pico cell base station PeNB, so that it is more likely that
the RSRP after the offset exceeds the RSRP corresponding to
the macro base station MeNB. Thus, since the pico cell base
station PeNB is preferentially selected as the connection des-
tination, it is possible to expand the coverage of the pico cell
base station PeNB. Such a connection destination selection
reference is called a Range Expansion reference (hereinafter,
an RE reference). The bias value is shared by a pair of the
macro cell base station MeNB and the pico cell base station
PeNB. In addition, a difference between the transmission
power of the macro cell base station MeNB and the transmis-
sion power of the pico cell base station PeNB (for example, 16
dB) can be set as the bias value, so that the RE reference is a
connection destination selection reference equivalent to the
PL reference.

[0060] Inthe firstembodiment, the cell coverage of the pico
cell base station PeNB is assumed to be expanded according
to the RE reference. In addition, an entity for selecting the
connection destination of the radio terminal UE is, for
example, the radio terminal UE when the radio terminal UE is
in a standby state (an idle state), and a base station eNB (a
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connection destination) when the radio terminal UE is per-
forming communication (a connected state). In the connected
state, since a measurement value of the RSRP is periodically
reported to the base station eNB (the connection destination)
from the radio terminal UE, the base station eNB (the con-
nection destination) is able to select a next connection desti-
nation of the radio terminal UE, and perform handover of the
radio terminal UE to the next connection destination.

[0061] According to the RE reference, a pico cell base
station PeNB1 forms an expanded cell PC1, and radio termi-
nals PUE1 are connected to the pico cell base station PeNB1
in the cell edge of the expanded cell PC1. Furthermore,
according to the RE reference, a pico cell base station PeNB2
forms an expanded cell PC2, and radio terminals PUE2 are
connected to the pico cell base station PeNB2 in the cell edge
of the expanded cell PC2. Moreover, according to the RE
reference, a pico cell base station PeNB3 forms an expanded
cell PC3, and radio terminals PUE3 are connected to the pico
cell base station PeNB3 in the cell edge of the expanded cell
PC3.

[0062] Hereinafter, aradio terminal PUE located in the cell
edge, that is, a radio terminal PUE having a deteriorated
reception quality level is called a “pico cell-side deteriorated
terminal PUE (alow power-side deteriorated terminal)”. Fur-
thermore, a radio terminal MUE located in the cell edge, that
is, a radio terminal MUE having a deteriorated reception
quality level is called a “macro cell-side deteriorated terminal
MUE (a high power-side deteriorated terminal)”. In addition,
as the reception quality level, SINR (Signal-to-Interference
and Noise power Ratio) is exemplified.

[0063] The macro base station MeNB transmits user data to
the radio terminal MUE using the PDSCH. The pico cell base
station PeNB transmits user data to the radio terminal PUE
using the PDSCH. When frequency bands of these PDSCHs
overlap each other, the PDSCHs of the macro cell base station
MeNB and the pico cell base station PeNB are interfered with
each other.

[0064] In the state in which the coverage of the pico cell
base station PeNB is expanded, in the pico cell-side deterio-
rated terminal PUE, the received power from the macro cell
base station MeNB may be higher than the received power
from the pico cell base station PeNB. In this case, the PDSCH
of the pico cell base station PeNB receives significant inter-
ference from the PDSCH of the macro cell base station
MeNB, the radio terminal PUE is not able to receive (decode)
user data.

[0065]

[0066] In the downlink of the heterogeneous network,
when adding the bias according to the RE reference such that
the coverage is expanded to be larger than the hot zone created
according to the RP reference, interference power is larger
than power of a desired signal according to the difference
between the transmission power of the macro cell base station
MeNB and the transmission power of the pico cell base sta-
tion PeNB. Thus, a radio terminal UE not optimal in terms of
SINR is accommodated in the hot zone. Since such a radio
terminal UE basically receives significantly strong interfer-
ence from a macro cell base station MeNB with high trans-
mission power, SINR is significantly low. In this regard, in the
first embodiment, interference control is performed by the
following ICIC (ICIC: Inter-Cell Interference Coordination).

[0067] FIG. 4 is a diagram for explaining the ICIC accord-
ing to the first embodiment.

(2) Interference Control by Resource Division
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[0068] As illustrated in FIG. 4(a), PDSCH resources (cor-
responding to the data region illustrated in FIG. 2(b)) of the
macro cell base station MeNB are frequency-divided and a
part thereof is not used, so that the pico cell-side deteriorated
terminal PUE is able to use the unused part. PDSCH
resources unusable by the macro cell base station MeNB are
called “macro cell unusable PDSCH resources”, and PDSCH
resources usable by the macro cell base station MeNB are
called “macro cell usable PDSCH resources”. In the first
embodiment, the macro cell usable PDSCH resources are at
least a part of all resource blocks of a downlink, and the macro
cell unusable PDSCH resources are remaining resource
blocks of all the resource blocks of the downlink, except for
the partial resource blocks. Furthermore, in the first embodi-
ment, the macro cell usable PDSCH resources correspond to
first radio resources and the macro cell unusable PDSCH
resources correspond to second radio resources.

[0069] As illustrated in FIG. 4(b), since the macro cell
unusable PDSCH resource does not receive interference from
the macro cell base station MeNB, each pico cell base station
PeNB assigns the macro cell unusable PDSCH resource to a
pico cell-side deteriorated terminal PUE connected thereto.
In addition, since the radio terminal PUE periodically feeds
back a measurement result of reception quality to the pico cell
base station PeNB as channel quality information (CQI), each
pico cell base station PeNB is able to preferentially assign a
non-interference PDSCH resource to the pico cell-side dete-
riorated terminal PUE according to the fact that CQI corre-
sponding to the non-interference PDSCH resource is good.
[0070] In the ICIC by such frequency division, instead of
avoiding interference to the hot zone, the macro cell usable
PDSCH resources usable by the radio terminal MUE con-
nected to the macro cell base station MeNB are reduced. In
this regard, for the improvement of characteristics by the
expansion of the coverage of the hot zone, a characteristic
improvement effect by load distribution needs to exceed loss
due to the reduction of usable resources by the frequency
division. Furthermore, in order to reliably improve the
throughput of the pico cell-side deteriorated terminal PUE, it
is necessary to consider how low the SINR of the pico cell-
side deteriorated terminal PUE is (that is, how large the
applied bias value is).

[0071] In this regard, in the first embodiment, the macro
cell base station MeNB determines a resource division ratio
according to expected throughput of the macro cell-side dete-
riorated terminal MUE and expected throughput of the pico
cell-side deteriorated terminal PUE. Specifically, the macro
cell base station MeNB determines the resource division ratio
such that the expected throughput of the macro cell-side
deteriorated terminal MUE is equal to the expected through-
put of the pico cell-side deteriorated terminal PUE.

[0072] The expected throughput of the macro cell-side
deteriorated terminal MUE is determined on the basis of a
load level of the macro cell base station MeNB, and expected
unit throughput corresponding to SINR of the macro cell-side
deteriorated terminal MUE. The expected throughput of the
pico cell-side deteriorated terminal PUE is determined on the
basis of a load level of the pico cell base station PeNB, and
expected unit throughput corresponding to SINR of the pico
cell-side deteriorated terminal PUE.

[0073] The load level indicates the number of radio termi-
nals in a connected state. Thus, the load level of the pico cell
base station PeNB indicates the number of radio terminals
PUE connected to the pico cell base station PeNB, and the
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load level of the macro cell base station MeNB indicates the
number of radio terminals MUE connected to the macro cell
base station MeNB. When a plurality of pico cell base stations
PeNB are provided in the same macro cell as is the case with
the example of FIG. 1, an average value or a maximum value
of the number of radio terminals PUE that are connected to
each pico cell base station PeNB is used as the load level of
the pico cell base station PeNB.

[0074] The expected unit throughput indicates throughput
per one resource block, which is provided in a modulation and
coding scheme (MCS) according to SINR. As the SINR is
better, MCS with a larger modulation level is larger a lower
coding rate is used, so that the expected unit throughput is
larger. Meanwhile, as the SINR is worse, MCS with a smaller
modulation level and a higher coding rate is used, so that the
expected unit throughput is smaller.

[0075] In the first embodiment, the pico cell-side deterio-
rated terminal PUE includes a first pico cell-side deteriorated
terminal PUE to which the macro cell usable PDSCH
resource is assigned, and a second pico cell-side deteriorated
terminal PUE to which the macro cell unusable PDSCH
resource is assigned. Therefore, the expected throughput of
the pico cell-side deteriorated terminal PUE is determined on
the basis of the number of terminals connected to the pico cell
base station PeNB, expected unit throughput corresponding
to the first pico cell-side deteriorated terminal PUE, and
expected unit throughput corresponding to the second pico
cell-side deteriorated terminal PUE.

[0076] When the number of terminals connected to the
macro cell base station MeNB is set as #UEperM, the
expected unit throughput corresponding to the SINR of the
macro cell-side deteriorated terminal MUE is set as TP, ;.
the number of terminals connected to the pico cell base station
PeNB is set as #UEperP, the expected unit throughput corre-
sponding to the SINR of the first pico cell-side deteriorated
terminal PUE is set as TP, , and the expected unit through-
put corresponding to the SINR of the second pico cell-side
deteriorated terminal PUE is set as TP, ., the macro cell
base station MeNB calculates the ratio a (refer to FIG. 4(a))
of the macro cell usable PDSCH resources to radio resources
to be used as PDSCH on the basis of a calculation equation
expressed by the following:

Math. 2]

TPyug -

#UEperM ~

TPpyg1 - @+ TPpypy - (1 — @) (1)
#UEperP

In Math. 2, the left side corresponds to the expected through-
put of the macro cell-side deteriorated terminal MUE, and the
right side of the Math. 2 corresponds to the expected through-
put of the pico cell-side deteriorated terminal PUE. By con-
verting Equation (1), the following Equation (2) is obtained.

Math. 3]

_ TPPUEZ -#UEperM (2)
o= TPMUE -#UEperP+ (TPPUEZ - TPPUEI) -#UEperM

[0077] The resource division ratio may be arbitrarily set.
However, according to the LTE specifications, the resources
are divided according to the resolution of CQI fed back from
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the radio terminal UE. That is, the respective frequency bands
of the macro cell usable PDSCH resource and the frequency
band of the macro cell unusable PDSCH resource are an
integer times of a frequency unit by which the radio terminal
UE measures reception quality (channel quality). The fre-
quency unit is called a sub-band (Subband). When the fre-
quency band of the macro cell unusable PDSCH resource is
set as m (=1-a) and the frequency band of the macro cell
usable PDSCH resource is set as n (=a.), the number RB of
resource blocks of the macro cell usable PDSCH resource is
expressed by the following Equation (3).

[Math. 4]

n 1 3)

RB = SubbandSize-|Ngg - —— + ————
uovan zze{ k8 (m+n) SubbandSize

[0078] In this case, the SubbandSize indicates the size
(resolution) of CQI that is fed back, and the N indicates the
total number RB of downlink frequency bands.

[0079] (3) Configuration of Macro Cell Base Station
[0080] Next, the configuration of the macro cell base sta-
tion MeNB will be described. FIG. 5 is a block diagram
illustrating the configuration of the macro cell base station
MeNB according to the first embodiment.

[0081] As illustrated in FIG. 5, the macro cell base station
MeNB includes an antenna 101, a radio communication unit
110, a control unit 120, a storage unit 130, and a network
communication unit 140.

[0082] The radio communication unit 110, for example, is
configured using a radio frequency (RF) circuit, a baseband
(BB) circuit and the like, and performs transmission/recep-
tion of a radio signal with the radio terminal MUE through the
antenna 101. Furthermore, the radio communication unit 110
performs modulation of a transmission signal and demodula-
tion of a reception signal.

[0083] The control unit 120 is configured, for example,
using a CPU, and controls various functions provided in the
macro cell base station MeNB. The storage unit 130 is con-
figured, for example, using a memory, and stores various
types of information used for the control and the like of the
macro cell base station MeNB. The storage unit 130 stores a
bias value of each pico cell base station PeNB. The network
communication unit 140 performs inter-base station commu-
nication with another base station using an X2 interface.

[0084] The control unit 120 includes a connection destina-
tion selection unit 121, an information acquisition unit 122, a
division ratio determination unit 123, and a resource assign-
ment unit 124.

[0085] The connection destination selection unit 121
selects a base station, which is a next connection destination
of the radio terminal MUE, on the basis of information (that
is, a measurement report) of RSRP reported from the radio
terminal MUE connected to the macro cell base station
MeNB. In the case in which the radio terminal MUE receives
a reference signal from each of the macro cell base station
MeNB and the pico cell base station PeNB, when RSRP, ;=
corresponding to the macro cell base station MeNB is com-
pared with RSRP,, . corresponding to the pico cell base
station PeNB, the connection destination selection unit 121
applies bias to the RSRP,,z. When the biased RSRP,_ 5 is
higher than the RSRP, .5, the connection destination selec-
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tion unit 121 performs handover control such that a connec-
tion destination of the radio terminal MUE is switched to the
pico cell base station PeNB.

[0086] The information acquisition unit 122 acquires the
number #UEperM of terminals connected to the macro cell
base station MeNB, the expected unit throughput TP,
corresponding to the SINR of the macro cell-side deteriorated
terminal MUE, the number #UEperP of terminals connected
to the pico cell base station PeNB, the expected unit through-
put TPz, corresponding to the SINR of the first pico cell-
side deteriorated terminal PUE, and the expected unit
throughput TP, ., corresponding to the SINR of the second
pico cell-side deteriorated terminal PUE. The information
acquisition unit 122 is able to acquire the number #UeperM of
terminals connected to the macro cell base station MeNB
using information managed by the resource assignment unit
124. Furthermore, the information acquisition unit 122 is able
to acquire the number #UeperP of terminals connected to the
pico cell base station PeNB using information on the number
of connected terminals, which is received in the network
communication unit 140 from the pico cell base station
PeNB. For the expected unit throughput TP, ;z, TP 57 1, and
TP, x5, an expected value may be used or an actually mea-
sured value may be used. In the case of using the expected
value, each of the expected unit throughput TP, . and
TPy, may be used as Shannon capacity in case of the
SINR=0 [dB], and the expected unit throughput TP, ; may
be used as Shannon capacity in case of the SINR=-bias [dB].
[0087] The division ratio determination unit 123 deter-
mines the resource division ratio by using Equation (2) on the
basis of the number #UeperM of connected terminals and the
number #UeperP of connected terminals acquired by the
information acquisition unit 122, and the expected unit
throughput TP,z TPrr/z, and TP, acquired by the
information acquisition unit 122. In addition, in order to cope
with a change in a communication situation, it is preferable
that the division ratio determination unit 123 periodically
updates the resource division ratio.

[0088] The resource assignment unit 124 assigns, to the
radio terminal MUE, a radio resource (a resource block) of
the macro cell usable PDSCH resources determined accord-
ing to the resource division ratio determined by the division
ratio determination unit 123, and Equation (3). For example,
on the basis of the CQI that is fed back from the radio terminal
MUE, the resource assignment unit 124 assigns the radio
resource (the resource block) of the macro cell usable
PDSCH resources to the radio terminal MUE using a sched-
uling algorithm such as proportional fairness (PF).

[0089] (4) Configuration of Pico Cell Base Station

[0090] Next, the configuration of the pico cell base station
PeNB will be described. FIG. 6 is a block diagram illustrating
the configuration of the pico cell base station PeNB according
to the first embodiment.

[0091] As illustrated in FIG. 6, the pico cell base station
PeNB includes an antenna 201, a radio communication unit
210, a control unit 220, a storage unit 230, and a network
communication unit 240.

[0092] Theradio communication unit 110 is configured, for
example, using a radio frequency (RF) circuit, a baseband
(BB) circuit and the like, and performs transmission/recep-
tion of a radio signal with the radio terminal PUE through the
antenna 201. Furthermore, the radio communication unit 210
performs modulation of a transmission signal and demodula-
tion of a reception signal.
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[0093] The control unit 220 is configured, for example,
using a CPU, and controls various functions provided in the
pico cell base station PeNB. The storage unit 230 is config-
ured, for example, using a memory, and stores various types
of'information used for the control and the like of the pico cell
base station PeNB. The network communication unit 240
performs inter-base station communication with another base
station using the X2 interface.

[0094] The control unit 220 includes a connection destina-
tion selection unit 221, an information generation unit 222,
and a resource assignment unit 223.

[0095] The connection destination selection unit 221
selects a base station, which is a next connection destination
of'a radio terminal PUE, on the basis of RSRP reported from
the radio terminal PUE connected to the pico cell base station
PeNB. In the case in which the radio terminal PUE receives a
reference signal from each of the macro cell base station
MeNB and the pico cell base station PeNB, when the RSRP-
reng corresponding to the macro cell base station MeNB is
compared with the RSRP,_ 5 corresponding to the pico cell
base station PeNB, the connection destination selection unit
221 applies bias to the RSRP, 5. When the biased RSRP-
rong 18 lower than the RSRP, ;. =, the connection destination
selection unit 221 performs handover control such that a
connection destination of the radio terminal PUE is switched
to the macro cell base station MeNB.

[0096] The information generation unit 222 generates con-
nection terminal number information indicating the number
of radio terminals PUE (the number #UeperP of connected
terminals), which are connected to the pico cell base station
PeNB, by using information managed by the resource assign-
ment unit 223. The connection terminal number information
generated by the information generation unit 222 is transmit-
ted to the macro cell base station MeNB from the network
communication unit 240.

[0097] The resource assignment unit 223 assigns a radio
resource (a resource block) to the radio terminal PUE. For
example, on the basis of the CQI that is fed back from the
radio terminal PUE, the resource assignment unit 223 assigns
the radio resource (the resource block) of the PDSCH
resources to the radio terminal MUE using a scheduling algo-
rithm such as proportional fairness (PF).

[0098] (5) Operation of Radio Communication System
[0099] FIG. 7 is an operation sequence diagram illustrating
the operation of the radio communication system 1 according
to the first embodiment. The sequence illustrated in FIG. 7 is
periodically performed.

[0100] As illustrated in FIG. 7, in step S11q, the informa-
tion generation unit 222 of the pico cell base station PeNB1
generates connection terminal number information indicat-
ing the number of radio terminals PUE connected to the pico
cell base station PeNB1. In step S124, the network commu-
nication unit 240 of the pico cell base station PeNB1 transmits
the connection terminal number information to the macro cell
base station MeNB. The network communication unit 140 of
the macro cell base station MeNB receives the connection
terminal number information.

[0101] Instep S115, the information generation unit 222 of
the pico cell base station PeNB2 generates connection termi-
nal number information indicating the number of radio ter-
minals PUE connected to the pico cell base station PeNB2. In
step S1254, the network communication unit 240 of the pico
cell base station PeNB2 transmits the connection terminal
number information to the macro cell base station MeNB.
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The network communication unit 140 of the macro cell base
station MeNB receives the connection terminal number infor-
mation.

[0102] Instep S11c, the information generation unit 222 of
the pico cell base station PeNB3 generates connection termi-
nal number information indicating the number of radio ter-
minals PUE connected to the pico cell base station PeNB3. In
step S12¢, the network communication unit 240 of the pico
cell base station PeNB3 transmits the connection terminal
number information to the macro cell base station MeNB.
The network communication unit 140 of the macro cell base
station MeNB receives the connection terminal number infor-
mation.

[0103] In step S13, the information acquisition unit 122 of
the macro cell base station MeNB acquires the number of
terminals connected to each of the pico cell base stations
PeNB1 to PeNB3 on the basis of the connection terminal
number information received in the network communication
unit 140, and acquires an average value or a maximum value
of the number of terminals connected to each of the pico cell
base stations PeNB1 to PeNB3 as the number #UeperP of
connected terminals. Furthermore, the information acquisi-
tion unit 122 acquires the number #UeperM of terminals
connected to the macro cell base station MeNB. Moreover,
the information acquisition unit 122 acquires the expected
unit throughput TP, ;.- and TP -, stored in the storage unit
130, and acquires the expected unit throughput TP, -, on the
basis of the bias value stored in the storage unit 130.

[0104] Instep S14,thedivisionratio determination unit 123
of the macro cell base station MeNB determines the resource
division ratio using Equation (2) on the basis of the number
#UeperM of connected terminals and the number #UeperP of
connected terminals acquired by the information acquisition
unit 122, and the expected unit throughput TP, 7, TPrr x5
and TP, acquired by the information acquisition unit 122.
[0105] Instep S15, the resource assignment unit 124 of the
macro cell base station MeNB assigns, to the radio terminal
MUE, the radio resource (the resource block) of the macro
cell usable PDSCH resources determined according to the
resource division ratio determined by the division ratio deter-
mination unit 123, and Equation (3).

[0106] Instep S16q,theresource assignmentunit223 of the
pico cell base station PeNB1 assigns the radio resource (the
resource block) to the radio terminal PUE connected to the
pico cell base station PeNB1. Furthermore, since the macro
cell unusable PDSCH resources do not receive interference
from the macro cell base station MeNB, the resource assign-
ment unit 223 assigns the macro cell unusable PDSCH
resources to the pico cell-side deteriorated terminal PUE
connected to the pico cell base station PeNB1. In addition,
since the radio terminal PUE periodically feeds back CQI to
the pico cell base station PeNB1, the pico cell base station
PeNB1 is able to preferentially assign the macro cell unusable
PDSCH resource to the pico cell-side deteriorated terminal
PUE according to the fact that the CQI is good.

[0107] Instep S165,theresource assignmentunit223 of the
pico cell base station PeNB2 assigns the radio resource (the
resource block) to the radio terminal PUE connected to the
pico cell base station PeNB2. Furthermore, since the macro
cell unusable PDSCH resources do not receive interference
from the macro cell base station MeNB, the resource assign-
ment unit 223 preferentially assigns the macro cell unusable
PDSCH resources to the pico cell-side deteriorated terminal
PUE connected to the pico cell base station PeNB2.
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[0108] Instep S16¢, theresource assignmentunit 223 ofthe
pico cell base station PeNB1 assigns the radio resource (the
resource block) to the radio terminal PUE connected to the
pico cell base station PeNB3. Furthermore, since the macro
cell unusable PDSCH resources do not receive interference
from the macro cell base station MeNB, the resource assign-
ment unit 223 preferentially assigns the macro cell unusable
PDSCH resources to the pico cell-side deteriorated terminal
PUE connected to the pico cell base station PeNB3.

[0109] (6) Effect of First Embodiment

[0110] As described above, in accordance with the radio
communication system 1 according to the first embodiment,
with respect to radio resources to be used as the PDSCH by
the macro cell base station MeNB, the macro cell usable
PDSCH resources and the macro cell unusable PDSCH
resources are provided. Since the macro cell unusable
PDSCH resources do not receive interference from the macro
cell base station MeNB, the macro cell unusable PDSCH
resources are preferentially assigned to the pico cell-side
deteriorated terminal PUE, resulting in the improvement of
the throughput of the pico cell-side deteriorated terminal
PUE. Furthermore, the resource division ratio is determined
according to the throughput of the macro cell-side deterio-
rated terminal MUE and the throughput of the pico cell-side
deteriorated terminal PUE, so that it is possible to equalize the
throughput of deteriorated terminals (cell edge terminals) of
each of the macro cell base station MeNB and the pico cell
base station PeNB, resulting in the improvement of the
throughput of the entire system.

[0111] In the first embodiment, since the division ratio
determination unit 123 determines the resource division ratio
on the basis of an average value or a maximum value of the
number of connected terminals of each of a plurality of pico
cell base stations PeNB, even when the plurality of pico cell
base stations PeNB are provided in the communication area
of'the macro cell base station MeNB, it is possible to appro-
priately set the resource division ratio.

Second Embodiment

[0112] In the first embodiment, the macro cell base station
MeNB determines the resource division ratio. However, in
the second embodiment, the pico cell base station PeNB
determines the resource division ratio. Hereinafter, differ-
ences from the first embodiment will be described and a
redundant description will be omitted.

[0113] FIG. 8is a block diagram illustrating the configura-
tion of the macro cell base station MeNB according to the
second embodiment.

[0114] As illustrated in FIG. 8, the macro cell base station
MeNB according to the second embodiment includes an
information generation unit 125, and does not include the
information acquisition unit 122 and the division ratio deter-
mination unit 123 described in the first embodiment. The
information generation unit 125 generates connection termi-
nal number information (information on the number of radio
terminals MUE connected to the macro cell base station
MeNB).

[0115] FIG. 9is a block diagram illustrating the configura-
tion of the pico cell base station PeNB according to the second
embodiment. As illustrated in FIG. 9, the pico cell base sta-
tion PeNB according to the second embodiment includes an
information acquisition unit 224 and a division ratio determi-
nation unit 225. The information acquisition unit 224
acquires connection terminal number information of each of



US 2015/0319756 Al

the macro cell base station MeNB and the pico cell base
station PeNB. The division ratio determination unit 225 deter-
mines a resource division ratio using the same method as that
of the first embodiment on the basis of the connection termi-
nal number information of each of the macro cell base station
MeNB and the pico cell base station PeNB acquired by the
information acquisition unit 224.

[0116] FIG. 10 is an operation sequence diagram illustrat-
ing the operation of the radio communication system 1
according to the second embodiment. The operation sequence
illustrated in FIG. 10 is periodically performed.

[0117] Instep S21a, the information generation unit 125 of
the macro cell base station MeNB generates the connection
terminal number information indicating the number of radio
terminals MUE connected to the macro cell base station
MeNB. In step S22a, the network communication unit 140 of
the macro cell base station MeNB transmits the connection
terminal number information to the pico cell base station
PeNB1. The network communication unit 240 of the pico cell
base station PeNBI1 receives the connection terminal number
information.

[0118] Instep S21b, the information generation unit 222 of
the pico cell base station PeNB2 generates the connection
terminal number information indicating the number of radio
terminals PUE connected to the pico cell base station PeNB2.
In step S22, the network communication unit 240 of the pico
cell base station PeNB2 transmits the connection terminal
number information to the pico cell base station PeNB1. The
network communication unit 240 of the pico cell base station
PeNBI receives the connection terminal number information.
[0119] Instep S21c, the information generation unit 222 of
the pico cell base station PeNB3 generates the connection
terminal number information indicating the number of radio
terminals PUE connected to the pico cell base station PeNB3.
In step S22¢, the network communication unit 240 of the pico
cell base station PeNB3 transmits the connection terminal
number information to the pico cell base station PeNB1. The
network communication unit 240 of the pico cell base station
PeNBI receives the connection terminal number information.
[0120] In step S23, the information acquisition unit 224 of
the pico cell base station PeNB1 acquires an average value or
a maximum value of the number of terminals connected to
each of the pico cell base stations PeNB1 to PeNB3 as the
number #UeperP of connected terminals, and acquires the
number #UeperM of terminals connected to the macro cell
base station MeNB. Moreover, the information acquisition
unit 224 acquires expected unit throughput TP, and
TP ;1 stored in the storage unit 230, and acquires expected
unit throughput TP, on the basis of a bias value stored in
the storage unit 230.

[0121] Instep S24,thedivisionratio determination unit 225
of the pico cell base station PeNB1 determines the resource
division ratio using Equation (2) on the basis of the number
#UeperM of connected terminals and the number #UeperP of
connected terminals acquired by the information acquisition
unit 224, and the expected unit throughput TP, 7z, TPrr x5
and TP, acquired by the information acquisition unit 224.
[0122] Instep S25, the network communication unit 240 of
the pico cell base station PeNB1 transmits information, which
indicates the resource division ratio determined by the divi-
sion ratio determination unit 225, to the macro cell base
station MeNB. The network communication unit 140 of the
macro cell base station MeNB receives the information indi-
cating the resource division ratio.
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[0123] Then, theresource assignment unit 124 of the macro
cell base station MeNB assigns, to the radio terminal MUE, a
radio resource (a resource block) of the macro cell usable
PDSCH resources determined according to the information
received in the network communication unit 140 and indicat-
ing the resource division ratio.

[0124] As described above, according to the second
embodiment, it is possible to obtain the same effects as those
of the first embodiment.

Third Embodiment

[0125] In the first embodiment and the second embodi-
ment, the PDSCH resources of the macro cell base station
MeNB are frequency-divided into the macro cell unusable
PDSCH resources unusable by the macro cell base station
MeNB and the macro cell usable PDSCH resources usable by
the macro cell base station MeNB.

[0126] In the third embodiment, the PDSCH resources of
the macro cell base station MeNB are frequency-divided into
macro cell low power PDSCH resources and macro cell nor-
mal power PDSCH resources. The macro cell low power
PDSCH resources are usable by the macro cell base station
MeNB, but are limited to have transmission power lower than
that of the macro cell normal power PDSCH resources. In the
third embodiment, the macro cell normal power PDSCH
resources correspond to first radio resources and the macro
cell low power PDSCH resources correspond to second radio
resources.

[0127] FIG. 11 is a diagram for explaining ICIC according
to the third embodiment. Mainly, differences from the first
embodiment will be described.

[0128] As illustrated in FIG. 11, in the third embodiment,
the macro cell normal power PDSCH resources are at least a
part of all resource blocks of a downlink, and the macro cell
low power PDSCH resources are the remaining resource
blocks obtained of all the resource blocks of the downlink,
except for the partial resource blocks.

[0129] Since the macro cell low power PDSCH resources
receive low level interference from the macro cell base station
MeNB, the pico cell base station PeNB assigns the PDSCH
resources to a radio terminal PUE with a low SINR. Since the
radio terminal PUE periodically feeds back a measurement
result of reception quality to the pico cell base station PeNB
as channel quality information (CQI), the pico cell base sta-
tion PeNB is able to preferentially assign low interference
PDSCH resources to the radio terminal PUE in response to
the fact that CQI corresponding to the low interference
PDSCH resources is good.

[0130] Furthermore, it is preferable that the macro cell base
station MeNB assigns the macro cell low power PDSCH
resources to aradio terminal MUE in the vicinity of the macro
cell base station MeNB. Specifically, the resource assignment
unit 124 of the macro cell base station MeNB assigns a radio
resource (a resource block) of the macro cell low power
PDSCH resources to a radio terminal MUE with good CQI
corresponding to the macro cell low power PDSCH resources
or a radio terminal MUE with small path loss between the
radio terminal MUE and the macro cell base station MeNB.
The resource assignment unit 124 assigns a radio resource (a
resource block) of the macro cell normal power PDSCH
resources to a radio terminal MUE with bad CQI correspond-
ing to the macro cell low power PDSCH resources or a radio
terminal MUE with large path loss between the radio terminal
MUE and the macro cell base station MeNB.
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[0131] In the third embodiment, similarly to the first
embodiment, a resource division ratio, which indicates a ratio
of'the macro cell low power PDSCH resources and the macro
cell normal power PDSCH resources, is determined using
Equation (2). Furthermore, similarly to the first embodiment,
the resource division ratio matches the resolution of the CQI
that is fed back.

[0132] As described above, according to the third embodi-
ment, the interference reduction effect of the pico cell base
station PeNB is lower than the first embodiment. However,
since PDSCH resources usable by the macro cell base station
MeNB are increased as compared with the first embodiment,
it is possible to improve the throughput of the macro cell base
station MeNB.

Other Embodiments

[0133] As described above, the present invention has been
described according to the embodiments. However, it must
not be understood that the discussions and the drawings con-
stituting a part of this disclosure limit the present invention/
From this disclosure, various alternative embodiments,
examples and operational techniques are apparent to those
skilled in the art.

[0134] In each of the aforementioned each embodiments,
the case of frequency-dividing the PDSCH resources has
been described. However, the PDSCH resources may be time-
divided. FIG. 12 is a diagram for explaining the case of
time-dividing the PDSCH resources. As illustrated in FIG.
12, a data region of a downlink subframe is time-divided to
provide the macro cell unusable PDSCH resources (or the
macro cell low power PDSCH resources) and the macro cell
usable PDSCH resources (or the macro cell normal power
PDSCH resources). A ratio of the time division may be arbi-
trarily set. However, according to the LTE specifications, the
resources are divided in the units of OFDM symbols.

[0135] Alternatively, the subframe may not be time-divided
in the units of OFDM symbols, and the radio frame illustrated
in FIG. 2 may be time-divided in the units of subframes. FIG.
13 is a diagram for explaining the case of time-dividing a
radio frame in the units of subframes. As illustrated in FIG.
13, one radio frame includes subframes corresponding to the
macro cell unusable PDSCH resources (or the macro cell low
power PDSCH resources) and subframes corresponding to
the macro cell usable PDSCH resources (or the macro cell
normal power PDSCH resources).

[0136] In each of the aforementioned embodiments, the
resource division on PDSCH (that is, the data region division)
has been described. However, the present invention may be
applied not only to the PDSCH, but also to resource division
on PDCCH (that is, control region division). For the resource
division on PDCCH, frequency division or time division may
be employed.

[0137] In each of the aforementioned embodiments, the
case has been described in which the coverage of the pico cell
base station PeNB is expanded. However, the present inven-
tion is not limited thereto. Even when the coverage of the pico
cell base station PeNB is not expanded, the present invention
is effective in the reduction of inter-base station interference
in the heterogeneous network.

[0138] In each of the aforementioned embodiments, the
load level indicates the number of radio terminals in a con-
nected state. However, in addition to such a load level index,
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a use rate of a radio resource or the amount of packets trans-
mitted and received, for example, may be employed as the
load level.

[0139] In addition, in LTE Advanced, since a relay node,
that is, a base station in which backhaul is configured by
radio, is expected to be employed, and the X2 interface is
expected to be employed in the relay node, the relay node may
be used as the low power base station according to the present
invention.

[0140] Moreover, in each of the aforementioned embodi-
ments, the LTE system has been described. However, the
present invention may also be applied to other radio commu-
nication systems such as radio communication systems based
on WiMAX (IEEE 802.16).

[0141] As described above, it must be understood that the
present invention includes various embodiments and the like
that are not described herein.

[0142] Note that the entire content of the Japanese Patent
Application No. 2010-277383 (filed on Dec. 13, 2010) is
incorporated herein by reference.

INDUSTRIAL APPLICABILITY

[0143] As mentioned above, a radio communication sys-
tem, a base station, and a control method of the base station of
the present invention is useful for mobile communication,
with which it is possible to reduce inter-base station interfer-
ence in a heterogeneous network and to improve the through-
put of the entire system.

1. A radio communication system comprising a first base
station and a second base station, wherein a radio frame ofthe
radio communication system includes plural subframes, each
subframe is formed by two consecutive time slots, each sub-
frame includes plural resource blocks in frequency domain,
and each resource block is formed by plural subcarriers,

the first base station comprising:

a controller that determines a subframe arrangement
formed by at least one first subframe and at least one
second subframe in which transmission power of the
first base station is limited to low compared with the at
least one first subframe, and sets the subframe arrange-
ment to the first base station, when a cell coverage of the
second base station is extended; and

a receiver that receives information on resource block use
rate in the second base station, from the second base
station,

wherein the controller modifies the subframe arrangement
at least based on the information on resource block use
rate.

2. A first base station in a radio communication system,
wherein a radio frame of the radio communication system
includes plural subframes, each subframe is formed by two
consecutive time slots, each subframe includes plural
resource blocks in frequency domain, and each resource
block is formed by plural subcarriers, the first base station
comprising:

a controller that determines a subframe arrangement
formed by at least one first subframe and at least one
second subframe in which transmission power of the
first base station is limited to low compared with the at
least one first subframe, and sets the subframe arrange-
ment to the first base station, when a cell coverage of a
second base station is extended; and
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a receiver that receives information on resource block use
rate in the second base station, from the second base
station,

wherein the controller modifies the subframe arrangement
at least based on the information on resource block use
rate.

3. A second base station in a radio communication system,
wherein a radio frame of the radio communication system
includes plural subframes, each subframe is formed by two
consecutive time slots, each subframe includes plural
resource blocks in frequency domain, and each resource
block is formed by plural subcarriers, the second base station
comprising:

a transmitter that transmits information on resource block
use rate in the second base station to a first base station,
when a cell coverage of a second base station is extended
and the first base station sets a subframe arrangement
formed by at least one first subframe and at least one
second subframe in which transmission power of the
first base station is limited to low compared with the at
least one first subframe,

wherein the information on resource block use rate is used
for modifying the subframe arrangement.

4. A control method for a first base station in a radio
communication system, wherein a radio frame of the radio
communication system includes plural subframes, each sub-
frame is formed by two consecutive time slots, each subframe
includes plural resource blocks in frequency domain, and
each resource block is formed by plural subcarriers, the con-
trol method comprising:
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determining a subframe arrangement formed by at least
one first subframe and at least one second subframe in
which transmission power of the first base station is
limited to low compared with the at least one first sub-
frame, and setting the subframe arrangement to the first
base station, when a cell coverage of a second base
station is extended;

receiving information on resource block use rate in the

second base station, from the second base station;
modifying the subframe arrangement at least based on the
information on resource block use rate.

5. A control method for a second base station in a radio
communication system, wherein a radio frame of the radio
communication system includes plural subframes, each sub-
frame is formed by two consecutive time slots, each subframe
includes plural resource blocks in frequency domain, and
each resource block is formed by plural subcarriers, the con-
trol method comprising:

transmitting information on resource block use rate in the

second base station to a first base station, when a cell
coverage of a second base station is extended and the
first base station sets a subframe arrangement formed by
at least one first subframe and at least one second sub-
frame in which transmission power of the first base
station is limited to low compared with the at least one
first subframe,

wherein the information on resource block use rate is used

for modifying the subframe arrangement.
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