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Description
Title of Invention: WIRELESS COMMUNICATION SYSTEM
AND METHOD FOR MANAGING RESOURCE FOR IN-

TERFERENCE COORDINATION THEREIN
Technical Field

The present disclosure relates to a wireless communication system and a method for
managing a resource for inter-cell interference coordination therein. More particularly,
the present disclosure relates to a method for determining a resource for inter-cell in-

terference coordination in a wireless communication system and a system therefor.

Background Art

In general, mobile communication systems have primarily been developed to provide
voice communication services while guaranteeing user mobility. Mobile commu-
nication systems have gradually extended their scope of communication services to
include high-speed data communication services as well as voice communication
services. However, due to a lack of resources and a demand for higher-speed commu-
nication services by users in currently available mobile communication systems, an
enhanced mobile communication system is needed.

To meet such requirements, a long term evolution (LTE) system, which is one of
next-generation mobile communication systems under development, is being stan-
dardized in the 3rd generation partnership project (3GPP). LTE is technology for im-
plementing high-speed packet based communication at a transmission rate of up to
about 100 Mbps. Several schemes are being discussed to implement high-speed packet
based communication. The schemes include, for example, a scheme for reducing the
number of nodes on a communication path by simplifying the structure of a network
and a scheme for maximally approximating radio protocols to radio channels.

A wireless communication system may include a plurality of base stations capable of
supporting communication for a plurality of user equipments (UEs) (or terminals). A
terminal may communicate with a base station on downlink and uplink. Downlink (or
forward link) means a communication link from the base station to the terminal and
uplink (or backward link) means a communication link from the terminal to the base
station.

The base station may transmit data and control information to the terminal on
downlink and/or receive data and control information from the terminal on uplink.
Here, during the transmission of data and control information from the base station to
the terminal on downlink, interference may occur due to transmission from

neighboring base stations to other terminals. Interference may also occur on uplink
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during transmission from the terminal to the base station due to transmission from
other terminals communicating with neighboring base stations. Such interference on

downlink and uplink may deteriorate communication performance.
In the LTE system, inter-cell interference coordination (ICIC) is technology for

enabling a base station to control interference by informing a neighboring cell of in-
formation about a maximum transmission power of a frequency resource used between
cells. In more detail, the base station informs the neighboring cell of information about
a resource block (RB) resource on which transmission is performed with a high power
and information about an RB resource on which interference is sensed at a prescribed
level or more among RB resources used in a cell thereof. Upon receiving the related in-
formation, the neighboring cell may adjust a transmission power and a scheduling
method of an RB resource used thereby based on the received information.

In a heterogeneous environment of an LTE-advanced (LTE-A) system, a pico cell
having a relatively low power is present in a macro cell having a relatively high
transmission power. In this environment, however, an existing ICIC cannot show
maximum performance due to severe interference between base stations. Accordingly,
an ICIC technology in the time domain rather than in the frequency domain is needed
and enhanced-ICIC (eICIC) based on the ICIC technology needs to be studied.

The above information is presented as background information only to assist with an
understanding of the present disclosure. No determination has been made, and no
assertion is made, as to whether any of the above might be applicable as prior art with

regard to the present disclosure.
Disclosure of Invention

Solution to Problem

Aspects of the present disclosure are to address at least the above-mentioned
problems and/or disadvantages and to provide at least the advantages described below.
Accordingly, an aspect of the present disclosure is to provide a method for determining
a resource for ICIC and a method for reducing overhead between a pico base station
and a macro base station in a wireless communication system.

Another aspect of the present disclosure is to provide a method for causing a network
entity of a higher node to determine an almost blank subframe (ABS) resource by
collecting information about a plurality of macro base stations without using backhauls
between the macro base stations. The present disclosure is proposed to provide a
method for reducing backhaul overhead between macro base stations.

In accordance with an aspect of the present disclosure, a communication method of a
base station is provided. The communication method includes determining, by the base

station, an aggregate interference caused by a terminal in a heterogeneous cell,
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transmitting information about the aggregate interference to a higher layer node entity,
receiving information about an ABS pattern from the higher node entity, and con-
figuring an ABS based on the information about the ABS pattern.

The determining of the aggregate interference may comprise measuring a common
reference signal (CRS) power of the terminal in the heterogeneous cell, and de-
termining the aggregate interference based on the CRS power of the terminal in the
heterogeneous cell.

The determining of the aggregate interference may further comprise determining an
ABS ratio based on the information about the aggregate interference.

The ABS ratio may be proportional to the aggregate interference.

The higher node entity may be a radio resource manager (RRM).

In accordance with another aspect of the present disclosure, a communication method
of a RRM is provided. The communication method includes receiving, by the RRM,
information about an aggregate interference caused by a terminal in a heterogeneous
cell from at least one base station, determining an ABS pattern applied to the at least
one base station by based on the information about the aggregate interference, and
transmitting information about the ABS pattern to the at least one base station.

The receiving of the information about the aggregate interference may comprise
receiving an ABS ratio determined based on the information about the aggregate in-
terference.

The determining of the ABS pattern may comprise determining an ABS ratio applied
to the at least one base station based on the information about the aggregate in-
terference, and determining the ABS pattern applied to the at least one base station
based on the determined ABS ratio.

The at least one base station may be a macro base station and the terminal in the het-
erogeneous cell may be a terminal in a pico cell.

In accordance with another aspect of the present disclosure, a base station is
provided. The base station includes a communication unit configured to transmit and
receive a signal to and from other network entities, and a control unit including a
processor programmed to determine an aggregate interference caused by a terminal of
a heterogeneous cell, transmit information about the aggregate interference to a higher
node entity, receive information about an ABS pattern from the higher node entity, and
configure an ABS based on the information about the ABS pattern.

In accordance with another aspect of the present disclosure, an RRM is provided. The
RRM includes a communication unit configured to transmit and receive a signal to and
from other network entities, and a control unit including a processor programmed to
receive information about an aggregate interference caused by a terminal in a het-

erogeneous cell from at least one base station, determine an ABS pattern applied to the
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at least one base station based on the information about the aggregate interference, and

transmit information about the ABS pattern to the at least one base station.
Other aspects, advantages, and salient features of the disclosure will become apparent

to those skilled in the art from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses various embodiments of the present
disclosure.

Brief Description of Drawings

The above and other aspects, features, and advantages of certain embodiments of the
present disclosure will be more apparent from the following description taken in con-
junction with the accompanying drawings, in which:

FIG. 1 illustrates a subframe structure in a long term evolution (LTE) system
according to an embodiment of the present disclosure;

FIG. 2 illustrates a heterogeneous cell structure according to an embodiment of the
present disclosure;

FIG. 3 illustrates an almost blank subframe (ABS) configuration according to an em-
bodiment of the present disclosure;

FIG. 4 illustrates an example of an ABS configuration and an information sharing
method of the ABS configuration in a heterogeneous cell according to an embodiment
of the present disclosure;

FIG. 5 illustrates an example of an ABS configuration and an information sharing
method of the ABS configuration in a heterogeneous cell according to an embodiment
of the present disclosure;

FIG. 6 illustrates an example of an ABS configuration and an information sharing
method of the ABS configuration in a heterogeneous cell according to an embodiment
of the present disclosure;

FIG. 7 is a flowchart illustrating an example of an ABS configuration and an in-
formation sharing method of the ABS configuration in a heterogeneous cell according
to an embodiment of the present disclosure;

FIG. 8 is a block diagram of an evolved Node B (eNB) according to an embodiment
of the present disclosure;

FIG. 9 is a block diagram of a radio resource manager (RRM) according to an em-
bodiment of the present disclosure; and

FIG. 10 is a block diagram of a user equipment (UE) according to an embodiment of
the present disclosure.

Throughout the drawings, it should be noted that like reference numbers are used to

depict the same or similar elements, features, and structures.

Mode for the Invention
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The following description with reference to the accompanying drawings is provided
to assist in a comprehensive understanding of various embodiments of the present
disclosure as defined by the claims and their equivalents. It includes various specific
details to assist in that understanding but these are to be regarded as merely exemplary.
Accordingly, those of ordinary skill in the art will recognize that various changes and
modifications of the various embodiments described herein can be made without
departing from the scope and spirit of the present disclosure. In addition, descriptions
of well-known functions and constructions may be omitted for clarity and conciseness.

The terms and words used in the following description and claims are not limited to
the bibliographical meanings, but, are merely used by the inventor to enable a clear and
consistent understanding of the present disclosure. Accordingly, it should be apparent
to those skilled in the art that the following description of various embodiments of the
present disclosure is provided for illustration purpose only and not for the purpose of
limiting the present disclosure as defined by the appended claims and their equivalents.

9 <o

It is to be understood that the singular forms “a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to
“a component surface” includes reference to one or more of such surfaces.

Terms used herein are defined based on functions in the present disclosure and may
vary according to users’ or operators’ intention or usual practices. Therefore, the
definition of the terms should be made based on the contents of the present disclosure.

In the present disclosure, although a description will be given of a long term
evolution (LTE) system and an LTE-advanced (LTE-A) system by way of example,
the present disclosure is applicable to other wireless communication system to which
scheduling of a base station is applied.

In the present disclosure, a base station may be a network entity that communicates
with terminals. In the present disclosure, the terms “base station,” “evolved Node B
(eNB),” “node B,” “access point,” etc. are used interchangeably. A base station may
provide communication coverage for a particular geographic area. In a 3rd generation
partnership project (3GPP), the term “cell” may mean a coverage area of a base station
and/or a base station subsystem that serves this coverage area, depending on the
context in which the term is used.

A base station may provide communication coverage for a macro cell, a pico cell, a
femto cell, or some other type of cell. A macro cell may cover a relatively large ge-
ographic area (e.g. several kilometers in radius) and a pico cell may cover a relatively
small geographic area. A base station for a macro cell may be referred to as a macro
base station (MeNB) and a base station for a pico cell may be referred to as a pico base
station (PeNB).

In the present disclosure, terminals may be dispersed throughout a mobile commu-
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nication system and each terminal may be stationary or mobile. In the present
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disclosure, the terms “UE,” “terminal,” “terminal device,” “mobile station,”
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“subscriber unit,” “station,” etc. are used interchangeably. A terminal may be a cellular
phone, a personal digital assistant (PDA), a wireless modem, a wireless commu-
nication device, a handheld device, a laptop computer, a cordless phone, a wireless
local loop (WLL) station, a tablet, etc. A terminal serviced by a macro base station
may be referred to as a macro terminal and a terminal serviced by a pico base station
may be referred to as a pico terminal.

LTE systems use an orthogonal frequency division multiplexing (OFDM)
transmission scheme. The OFDM transmission scheme is a scheme of transmitting data
using multiple carriers. In more detail, the OFDM transmission scheme is a kind of
multi-carrier modulation scheme that converts a serial input symbol stream into
parallel symbol streams, modulates each of the parallel symbol streams into multiple
carriers, i.e. multiple sub-carrier channels, that are orthogonal to each other, and then
transmits the modulated multiple carriers.

The multi-carrier modulation scheme was first applied to high-frequency military
radio receivers in the late 1950s and the OFDM scheme of overlapping a plurality of
orthogonal sub-carriers was introduced in the 1970s. However, the multi-carrier
modulation scheme and the OFDM scheme had limited applicability to actual systems
because of difficulty in implementing orthogonal modulation between multiple
carriers. Meanwhile, since Weinstein et al. announced in 1971 that OFDM based
modulation/demodulation can be efficiently processed using discrete fourier transform
(DFT), OFDM technology has rapidly developed. In addition, with the introduction of
the OFDM scheme of using a guard interval and inserting cyclic prefix (CP) symbols
in the guard interval, the negative impacts of the systems on multipath and delay
spread have been further reduced.

With advances in these technologies, the OFDM scheme has been broadly applied to
digital transmission technologies such as digital audio broadcasting (DAB), digital
video broadcasting (DVB), wireless local area networking (WLAN), and wireless
asynchronous transfer mode (WATM). That is, the OFDM scheme, which was not
widely used due to hardware complexity, has become available with the recent de-
velopment of various digital signal processing technologies including fast fourier
transform (FFT) and inverse FFT (IFFT).

Although the OFDM scheme is similar to a frequency division multiplexing (FDM)
scheme, optimal transmission efficiency can be obtained using the OFDM scheme
during high-speed data transmission by maintaining orthogonality between a plurality
of tones. In addition, the OFDM scheme has high frequency use efficiency and is

robust against multipath fading, thereby acquiring optimal transmission efficiency
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during high-speed data transmission.

Other advantages of the OFDM scheme are high frequency use efficiency and ro-
bustness against frequency selective fading due to use of overlapping frequency
spectrums. The OFDM scheme is also robust against multipath fading and is capable of
reducing the influences of inter-symbol interference (ISI) using the guard interval. It is
possible to simplify the hardware structure of an equalizer using the OFDM scheme.
The OFDM scheme is being widely used in a communication system architecture due
to the advantage of being robust against impulse noise.

In wireless communication systems, factors that hinder high-speed, high-quality data
services are mainly caused by a channel environment. In the wireless communication
systems, the channel environment frequently varies according to change in power of
received signals caused by a fading phenomenon as well as additive white gaussian
noise (AWGN), shadowing, Doppler effect caused by movement of a terminal and
frequent change in speed of a terminal, and interference caused by other terminals and
multipath signals. Therefore, it is necessary to effectively overcome factors that hinder
the channel environment in order to support high-speed, high-quality data services in
wireless communications.

In the OFDM scheme, a modulation signal is located on two-dimensional resources
consisting of time and frequency resources. Resources in the time domain are dis-
tinguished by different orthogonal OFDM symbols. Resources in the frequency
domain are distinguished by different orthogonal tones. In other words, in the OFDM
scheme, one minimum unit resource may be indicated by designating a specific OFDM
symbol in the time domain and a specific tone in the frequency domain. The minimum
unit resource is called a resource element (RE). Different REs are orthogonal to each
other even though they experience a frequency selective channel. Accordingly, signals
transmitted on different REs may be received at a receiver without causing mutual in-
terference.

A physical channel is a channel of a physical layer on which modulated symbols
obtained by modulating one or more coded bit streams are transmitted. An OFDM
Access (OFDMA) system configures and transmits multiple physical channels
according to the usage and receiver of transmitted information streams. On which RE
one physical channel is to be arranged and transmitted should be scheduled in advance
between a transmitter and a receiver and this rule is called mapping.

In an LTE system, a representative system applied to downlink is an OFDM system
and a representative system applied to uplink is a single carrier-frequency division
multiple access (SC-FDMA) system. An LTE-A system is configured by extending the
LTE system to multiple bands and a relay is applied to the LTE-A system.

FIGS. 1 through 10, discussed below, and the various embodiments used to describe
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the principles of the present disclosure in this patent document are by way of il-
lustration only and should not be construed in any way that would limit the scope of
the disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented in any suitably arranged communications system. The
terms used to describe various embodiments are exemplary. It should be understood
that these are provided to merely aid the understanding of the description, and that
their use and definitions in no way limit the scope of the present disclosure. Terms
first, second, and the like are used to differentiate between objects having the same ter-
minology and are in no way intended to represent a chronological order, unless where
explicitly stated otherwise. A set is defined as a non-empty set including at least one
element.

FIG. 1 illustrates a subframe structure in an LTE system according to an embodiment
of the present disclosure. Here, a subframe is supported for compatibility with the
LTE-A system as well.

Referring to FIG. 1, an overall LTE transmission bandwidth 107 is illustrated, where
the overall LTE transmission bandwidth 107 consists of a plurality of resource blocks
(RBs) 109. One subframe 105 is 1ms long and consists of two slots 103. Each of the
RBs 109 includes 12 tones arranged in the frequency domain and 14 OFDM symbols
arranged in the time domain, denoted as 113, or 12 tones arranged in the frequency
domain and 12 OFDM symbols arranged in the time domain, denoted as 121.

Each RB becomes a basic unit for resource allocation. A resource allocation structure
including 14 OFDM symbols is referred to as a normal CP subframe structure 113 and
a resource allocation structure including 12 OFDM symbols is referred to as an
extended CP subframe structure 121.

An RS 119 is a signal agreed upon between a UE and an eNB to enable the UE to
estimate a channel. RSs 123, 125, 127 and 129 are transmitted from antennal ports O, 1,
2 and 3, respectively. If the number of antenna ports is more than 1, this means that a
multi-antenna scheme is adopted.

In the frequency domain, the absolute positions of RSs in an RB are differently
configured depending on a cell, whereas a relative interval between RSs is kept
uniform. In other words, RSs of the same antenna port maintain an interval of 6 REs.
The absolute positions of RSs are differently configured for each cell to avoid collision
of RSs between cells. The number of RSs differs according to an antenna port. In more
detail, for each of the antenna ports O and 1, a total of 8 RSs is present in one RB and
one subframe, whereas, for each of the antenna ports 2 and 3, a total of 4 RBs is
present in one RB and one subframe. Therefore, when four antennas are used, channel
estimation accuracy using antenna ports 2 and 3 is lower than channel estimation

accuracy using antenna ports O and 1.



WO 2016/032264 PCT/KR2015/009005

[58]

[59]

[60]

[61]

[62]

[63]

There are two types of RSs: one is a common RS (CRS) and the other is a dedicated
RS (DRS). The CRS is an RS that a cell transmits at a determined position so that all
UESs can receive the CRS. The DRS is an RS that a cell transmits only on a specific
resource allocated to one receiver. The DRS can be used for channel estimation only
by the receiver to which the resource is scheduled and cannot be used by the other
receivers.

Control channel signals are located at the beginning of one subframe in the time
domain. Referring to FIG. 1, reference numeral 117 denotes a region in which the
control channel signals can be located. The control channel signals may be transmitted
over L OFDM symbols at the beginning of the subframe. L may be 1, 2, or 3. In the il-
lustrated example of FIG. 1, L is 3.

If the amount of control channels is small enough to transmit the control channel
signals only on one OFDM symbol, only the first OFDM symbol is used to transmit
the control channel signals (L=1) and the remaining 13 OFDM symbols are used to
transmit data channel signals. In this case, the value of L is used as basic information
for demapping an allocated control channel resource in a control channel reception
operation. Accordingly, if the UE fails to receive the value of L, the UE cannot recover
the control channels.

If a subframe is configured as a multimedia broadcast over single frequency network
(MBSEN) subframe, L is fixed to 2. An MBSFN is a channel for transmitting
broadcast information. However, the MBSFN may be used for various purposes in the
LTE-A system and also be used for relay backhaul transmission. If a subframe is
indicated as the MBSFN subframe, an LTE UE can receive signals in a control channel
region of the subframe but does not receive signals in a data region. However, an LTE-
A UE may receive signals even in the data region of the subframe for other purposes.

The control channel signals are positioned at the beginning of the subframe to allow
the UE to receive the control channel signals first to determine whether the data
channel signals are transmitted thereto. According to the determination result, the UE
may judge whether to perform a data channel reception operation. If no data channel
signals are transmitted to the UE, the UE need not receive the data channel signals and
thus can save power consumed for the data channel signal reception operation. In
addition, the UE can reduce scheduling delay by receiving the control channel signals
located at the beginning of the subframe faster than the data channel signals.

A downlink control channel defined in the LTE system is transmitted in units of
resource element groups (REGs) 111. The downlink control channel includes a
physical control format indicator channel (PCFICH), a physical hybrid automatic
repeat request indicator channel (PHICH), a packet data control channel (PDCCH) 117
and a physical downlink shared channel (PDSCH).
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The PCFICH is a physical channel for transmitting control channel format indicator
(CCFI) information. A CCFI is 2-bit information for indicating the number, L, of
symbols occupied by a control channel in a subframe. The UE may check the number
of symbols allocated to the control channel based on a received CCFI. Therefore, the
PCFICH is a channel that all UEs should receive first except for the case where a
downlink resource is fixedly allocated. Since the UE is not aware of L before receiving
the PCFICH, the PCFICH should always be transmitted on the first OFDM symbol of
each subframe. The PCFICH is transmitted over an entire band by dividing 16 sub-
carriers by 4.

The PHICH is a physical channel for transmitting a downlink acknowledgement
(ACK)/negative ACK (NACK) signal. The PHICH is received by a UE which is
performing uplink data transmission. Accordingly, the number of PHICHs is pro-
portional to the number of UEs performing uplink data transmission. The PHICH is
transmitted on the first OFDM symbol (LPHICH=1) or across three OFDM symbols
(LPHICH=3) of the control region. A base station (¢NB) informs all UEs of PHICH
configuration information (the amount of used channels, LPHICH) through a primary
broadcast channel (PBCH) during initial access of the UEs to a cell. The PHICH is
transmitted at a predetermined position in each cell like the PCFICH. Accordingly, the
UE may receive the PHICH configuration information by receiving the PBCH when
the UE is connected to the cell regardless of other control channel information.

The PDCCH 117 is a physical channel for transmitting data channel allocation in-
formation or power control information. The PDCCH 117 may differently configure
the coding rate thereof according to the channel state of the UE. The PDCCH 117
fixedly uses Quadrature Phase Shift Keying (QPSK) as a modulation scheme. To
change the channel coding rate, the amount of resources used by one PDCCH 117
needs to be changed. For the UE having a good channel state, a high channel coding
rate is used, thereby minimizing the amount of resources to be used. In contrast, for the
UE having a poor channel state, a high channel coding rate is applied so as to receive
signals even though a large amount of resources is used. The amount of resources
consumed for each PDCCH is determined in units of control channel elements (CCEs).
The CCE is composed of a plurality of REGs 111. To secure diversity, the REGs 111
of the PDCCH 117 are arranged in a control channel resource after interleaving is
performed.

The PHICH multiplexes several ACK/NACK signals using a code division mul-
tiplexing (CDM) scheme. In a single REG, 8 PHICH signals are multiplexed into 4 real
number parts and 4 imaginary number parts and repeated as many as NPHICH so as to
be distributed as separately as possible in the frequency domain to obtain frequency
diversity gain. By using NPHICH REGs, 8 or fewer PHICH signals may be
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configured. In order to configure 8 or more PHICH signals, another NPHICH REGs
should be used.

After determining the resource amount and resources allocation for the PCFICH and
the PHICH, the eNB determines the value of L. The eNB maps the remaining physical
control channels except for the PCFICH and the PHICH to the REG of the allocated
control channels based on the value of L. Next, the eNB performs interleaving to
obtain frequency diversity gain. Interleaving is performed on total REGs of a subframe
determined by the value of L in units of REGs of a control channel. The output of an
interleaver of the control channel prevents ICI caused by using the same interleaver for
cells and simultaneously obtains diversity gain by distantly distributing the REGs of
the control channel allocated across one or multiple symbols in the frequency domain.
In addition, it is guaranteed that REGs constituting the same control channel are
equally distributed across symbols per control channel.

FIG. 2 illustrates a heterogeneous cell structure according to an embodiment of the
present disclosure. In other words, FIG. 2 illustrates a heterogeneous system using a
pico cell in an LTE-A system.

Referring to FIG. 2, a heterogeneous system is illustrated, in which different types or
sizes of cells overlap each other. It is assumed in FIG. 2 that pico cells 220 are added
to an environment in which macro cells 210 are present.

ICIC between the macro cells 210 is technology for reducing interference by ex-
changing information about resource utilization between cells. In LTE, technology for
limiting the transmission power of a specific resource in the frequency domain may be
used as the ICIC technology. The ICIC technology in LTE is used on the assumption
that LTE eNBs are all macro cells. In the ICIC technology, a plurality of cells having
an equal transmission power restricts the maximum transmission power of a specific
resource.

As illustrated in FIG. 2, information of each eNB may be transmitted to a
neighboring eNB which is physically connected thereto using an X2 backhaul 240. In
the LTE-A system, a heterogeneous cell structure is adopted to increase transmission
capability in a specific area by adding a cell (e.g. pico cell 220) having a relatively low
transmission power to an existing LTE cell environment. A radius 225 of the pico cell
220 having a relatively low transmission power may be reduced by the transmission
power of a macro cell 210 having a high transmission power. In other words, the radius
225 of the pico cell 220 having a transmission power lower than the macro cell 210 is
remarkably reduced by the macro cell 210 having a high transmission power, so that
the number of UEs 230 connected to the pico cell 220 may be reduced. In this case,
performance of the heterogeneous cell structure may not be exerted. Although the

same number of UEs should be connected to all eNBs in order to maximally use fre-
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quencies of the same band, fewer UEs are connected to an eNB having a lower cell
radius in the case where the difference in radius between cells is big. As a result,
system performance may be deteriorated.

To acquire maximum system performance, as many UEs 230 as possible should be
connected to the pico cell 220 having a lower transmission power. To connect many
UESs 230 to the pico cell 220 having a low transmission power, a method for expanding
a cell radius should be considered. In this case, the UE 230 needs to recognize the pico
cell 220 having a reception power lower than the macro cell 210 at a location at which
transmission powers of the pico cell 220 and the macro cell 210 are equal as a target
cell and to be connected to the pico cell 220.

In LTE, the UE 230 may indicate a prescribed value of the reception power strength
of an eNB so as to be connected to an eNB having a weak reception power strength
and this technology is referred to as cell range expansion. For example, the UE 230
may physically be located near to the macro cell 210 rather than the pico cell 220. In
the case where the UE 230 actually transmits and receives a control channel and a data
channel, the UE 230 may not perform a transmission and reception operation with the
pico cell 220 due to strong interference from the macro cell 210. Then, an eNB may
protect the transmission and reception of the control channel of the UE 230 which is
near the macro cell 210 but is connected to the pico cell 220 by not arbitrarily
transmitting some resources to the UE 230 and this is called an almost blank subframe
(ABS) scheme.

FIG. 3 illustrates an ABS configuration according to an embodiment of the present
disclosure.

Referring to FIG. 3, according to a configuration of an ABS 330, most signals in a
macro cell 310 are not transmitted on blank REs 335. However, CRSs 337 and signals
including system information can be transmitted. A UE connected to the macro cell
310 measures and feeds back a channel using the CRSs 337 on all frequency and time
resources transmitted by a macro eNB. Therefore, unless the CRSs 337 are transmitted,
the UE cannot be connected to the macro cell 310 anymore.

The CRSs 337 of the macro cell 310 may function as unique interference with
respect to the UE connected to a pico cell 320, which are illustrated as REs having
CRS overlap (from the macro cell 310) 345. The macro eNB that manages the macro
cell configures some subframes among subframes in which the macro eNB transmits
signals as ABSs and informs a pico eNB that manages the pico cell 320 of a normal
subframe 340. In this case, it is necessary to determine which subframes the macro
eNB should select as the ABSs.

FIG. 4 illustrates an example of an ABS configuration and an information sharing

method of the ABS configuration in a heterogeneous cell according to an embodiment
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of the present disclosure.

Referring to FIG. 4, MeNBs 411, 413, 415 and 417 are illustrated, where the MeNBs
411, 413, 415 and 417 may receive information regarding resource states from other
MeNBs and schedule resources according to the resource states. For example, the
MeNB 411 may receive resource related information of each MeNB from the MeNB
413, the MeNB 415 and the MeNB 417. The resource related information may be in-
formation about a resource state allocated from each MeNB. For example, in an en-
vironment in which the MeNB 411 is present, pico base stations (PeNBs) 421, 423 and
425 may be installed and the MeNB 411 may configure part of resources as an ABS so
that the PeNBs 421, 423 and 425 may use the ABS for signal transmission and
reception to an UE 430.

The MeNB 411 may transmit information about resources configured thereby as the
ABS to other MeNBs 413, 415 and 417. Then, the MeNB 413, for example, may
receive not only the information about the resource state received from the MeNB 411
but also information about resource states from the MeNB 415 and the MeNB 417.
The MeNB 413 may determine resources which are to be configured as the ABS using
information about resource states received from the MeNBs 411, 415 and 417. The
MeNB 413 may transmit information about the ABS configured thereby to the MeNB
411, etc. and the MeNB 411 may use this information to configure the ABS.

In the above method in which each MeNB configures the ABS by exchanging in-
formation about the resource states of the MeNBs 411, 413, 415 and 417, the case
where one MeNB should perform resource negotiation with multiple MeNBs may
occur. In other words, one MeNB in an actual network may be encompassed by a
plurality of MeNBs as illustrated in FIG. 4. Therefore, one MeNB should perform
resource negotiation with N other MeNBs. In this way, if resource negotiation between
the MeNBs 411, 413, 415 and 417 is conducted, overhead of X2 backhauls 441, 443,
445 and 447 for communication between the MeNBs 411, 413, 415 and 417 may
increase.

FIG. 5 illustrates an example of an ABS configuration and an information sharing
method of the ABS configuration in a heterogeneous cell according to an embodiment
of the present disclosure.

Referring to FIG. 5, an MeNB 510 is illustrated, where the MeNB 510 may transmit
information about a configured ABS set to PeNBs 521, 523 and 525. The PeNBs 521,
523 and 525 may schedule the ABS set or a subset of the ABS set configured by the
MeNB 510 for UEs 531, 532, 533, 534, 535 and 536 by using the received information
about the ABS set. In addition, the PeNBs 521, 523 and 525 may feed back in-
formation about a scheduled channel for the UEs 531, 532, 533, 534, 535 and 536 to
the MeNB 510. The MeNB 510 may determine subframes to which ABSs are to be



14

WO 2016/032264 PCT/KR2015/009005

[84]

[85]

[86]

[87]

applied using the information about the channel allocated to the UEs 531, 532, 533,
534, 535 and 536, received from the PeNBs 521, 523 and 525.

For example, the MeNB 510 may configure a set of subframes to which ABSs are to
be applied, i.e. an ABS set. Next, the MeNB 510 may transmit information about the
configured ABS set to the PeNBs 521, 523 and 525 connected thereto. Upon receiving
the information about the ABS set from the MeNB 510, the PeNB 521 may schedule
the ABS set or a subset 551 of the ABS set for the UEs 531 and 532. Similarly, the
PeNB 523 may schedule the ABS set or a subset 553 of the ABS set for the UEs 533
and 534 and the PeNB 525 may schedule the ABS set or a subset 555 of the ABS set
for the UEs 535 and 536. Meanwhile, the PeNB 521, the eNB 523 and the PeNB 525
may feed back information about scheduled channels for respective UEs to the MeNB
510. Upon receiving the information about the scheduled channels fed back from the
PeNBs 521, 523 and 525, the MeNB 510 may determine subframes which are to be
configured as ABSs using the feedback information.

In the case where the PeNBs 521, 523 and 525 feed back the information about
scheduled channels for the UEs 531, 532, 533, 534, 535 and 536 to the MeNB 510 and
the MeNB 510 configures the subframes which are to be configured as the ABSs, if the
number of the PeNBs 521, 523 and 525 increases, performance of the MeNB 510 may
be degraded. In other words, the multiple PeNBs 521, 523 and 525 may select different
ABS patterns, i.e. different subframes, as subframes scheduled for the UEs 531, 532,
533, 534, 535 and 536. If the selection of different patterns by the PeNBs 521, 523 and
525 is accepted, an ABS ratio used by the MeNB 510 increases and thus performance
of the MeNB 510 may be deteriorated.

For example, the PeNB 521 may allocate the sixth subframe in the ABS subset 551
to the UEs 531 and 532, the PeNB 523 may allocate the first subframe in the ABS
subset 553 to the UEs 533 and 534 and the PeNB 525 may allocate the first and eighth
subframes in the ABS subset 555 to the UEs 535 and 536 as illustrated in FIG. 5. In
this case, the MeNB 510 may receive the information about the allocated subframes
from the PeNBs 521, 523 and 525 and configure the first, sixth and eighth subframes
as ABSs. Although not shown, if another PeNB is present and the other PeNB allocates
subframes different from subframes allocated by the PeNBs 521, 523 and 525 to the
UEs 531, 532, 533, 534, 535 and 536, the number of subframes that the MeNB 510 is
to configure as ABSs may increase.

In this method, additional signals for feeding back information about scheduled
channels for the UEs 531, 532, 533, 534, 535 and 536 by the PeNBs 521, 523 and 525
need to be defined. In this case, the UEs 531, 532, 533, 534, 535 and 536 belonging to
the PeNBs 521, 523 and 525 may transmit channel states thereof to the PeNBs 521,
523 and 525 in order to obtain ABS patterns suitable therefor and the PeNBs 521, 523
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and 525 may use X2 backhauls between the MeNB 510 and the PeNBs 521, 523 and
525 in order to feed back the information scheduled for the UEs 531, 532, 533, 534,
535 and 536 to the MeNB 510. However, since backhaul resources between the PeNBs
521, 523 and 525 and the MeNB 510 in an actual network are insufficient, the
throughput of the PeNBs 521, 523 and 525 may be reduced in proportion to backhaul
overhead between the PeNBs521, 523 and 525 and the MeNB 510. In addition, if the
PeNBs 521, 523 and 525 are installed in an area including a large number of users,
such as a hotspot, the backhaul overhead between the MeNB 510 and the PeNBs 521,
523 and 525 may increase when a situation in which the PeNBs 521, 523 and 525 are
changed in real time is considered.

FIG. 6 illustrates an example of an ABS configuration and an information sharing
method of the ABS configuration in a heterogeneous cell according to an embodiment
of the present disclosure.

Referring to FIG. 6, a heterogeneous cell is illustrated, where the heterogeneous cell
may include MeNBs 611 and 613 and PeNBs 621, 623 and 625 and may further
include a Radio Resource Manager (RRM) 660 as a higher node. In an embodiment of
the present disclosure, the term “RRM” is used for convenience of description based
on functional properties and it is apparent that main principles of embodiments of the
present disclosure are applicable to network entities of all types providing functions for
resource allocation of each eNB.

According to the embodiment of the present disclosure, in order to determine
whether UEs in the heterogeneous cell (i.e. pico cell) actually operate and to determine
an ABS pattern considering the channel states of the UEs, the MeNBs 611 and 613
may measure CRS powers of the UEs generated therein to obtain a total aggregate in-
terference. The MeNBs 611 and 613 may transmit the measured result to the RRM
660. Upon receiving information about the total aggregate interference from the
MeNBs 611 and 613, the RRM 660 may determine the ABS pattern based on the
received information and inform the MeNBs 611 and 613 of the ABS pattern.
According to this method, since X2 interfaces 641, 643 and 645 between the PeNBs
621, 623 and 625 and the MeNBs 611 and 613 are not needed, overhead therebetween
can be reduced and thus performance of the PeNBs 621, 623 and 625 can be improved.
In addition, since a higher node entity, for example the RRM 660, collects information
of the multiple MeNBs 611 and 613 to determine ABS resources without using
backhauls between the MeNBs 611 and 613, backhaul overhead between the MeNBs
611 and 613 can be reduced and thus communication performance can be improved.

For example, the MeNBs 611 and 613 may measure the CRS powers of the UEs in
the heterogeneous cell generated in a cell thereof as illustrated in FIG. 6. The MeNB
611, for example, includes the PeNB 621, the PeNB 623 and the PeNB 625 within the
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coverage thereof. There may be six UEs 631, 632, 633, 634, 635 and 636 to which the
PeNBs 621, 623 and 625 provide services. The MeNB 611 may measure the CRS
powers of the UE 631 and the UE 632 serviced by the PeNB 621. The MeNB 611 may
also measure the CRS powers of the UE 633 and the UE 634 serviced by the PeNB
623 and the CRS powers of the UE 635 and the UE 636 serviced by the PeNB 625.
Then, the MeNB 611 may calculate a total aggregate interference (AGGI) using the
CRS powers of the UEs 631, 632, 633, 634, 635 and 636. Next, the MeNB 611 may
transmit information about the AGGI to the RRM 660. Similar to the operation of the
MeNB 611, the MeNB 613 may calculate the AGGI and transmit the AGGI to the
RRM 660. While only two MeNBs are shown in FIG. 6, it is apparent that more than
two MeNBs may be present.

Thereafter, the RRM 660 may determine ABS patterns to be applied to the MeNBs
611 and 613 using information about the AGGI received from at least one of the
MeNBs 611 and 613. The RRM 660 may transmit the determined ABS patterns to the
MeNBs 611 and 613. Then the MeNBs 611 and 613 may schedule resources according
to the received ABS patterns.

Meanwhile, according to an embodiment of the present disclosure, the MeNBs 611
and 613 may determine an ABS ratio depending on Quality of Service (QoS) of a cor-
responding macro cell using the CRS powers of UEs. In more detail, the MeNBs 611
and 613 may calculate a total AGGI according to the CRS powers of the UEs and
determine the ABS ratio using the AGGI according to Math Figure 1:

MathFigure 1
[Math.1]

Pr|Y <T'o]<b%
In Math Figure 1,

Y

o

may denote a signal to interference plus noise ratio (SINR) value and

I'eo

may denote a specific reference SINR value (i.e. a threshold value).
The SINR value

Y

o

may be calculated by Math Figure 2:
MathFigure 2
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denotes signal power. The interference power I co may be acquired by, for example,
Math Figure 3:

MathFigure 3
[Math.3]
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where P; may denote the CRS power of each UE in a heterogeneous cell.
The noise power Cy, may be calculated by, for example, Math Figure 4:
MathFigure 4

[Math.4]

The signal power S, may be obtained by, for example, Math Figure 5:
MathFigure 5
[Math.5]
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where P; may represent the CRS power of each UE.

Referring back to Math Figure 1, the MeNBs 611 and 613 may determine the
proportion of ABSs, i.e. an ABS ratio, according to a measured SINR value. If an
AGGTI is high, the MeNBs 611 and 613 may configure a higher ABS ratio in
proportion to the AGGI (i.e. SINR value) of a UE in a heterogeneous cell. For
example, the ABS ratio may be determined according to the probability that the SINR

value

Y

is less than

I'o

o

That is, the probability that the SINR value
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Y

is less than

I'eo

may be compared with the value 6 to determine the ABS ratio. In more detail, if the
probability that the SINR value

Y

is less than

l'o
is less than 0.05, the ABS ratio may be set to 0%. If the probability that the SINR value

Y

o

o

o

is less than

I'eo

is greater than 0.05 and less than 0.06, the ABS ratio may be set to, for example, 10%.
Similarly, if the probability that the SINR value

Y

is less than

I'o

is greater than 0.06 and less than 0.07, the ABS ratio may be set to, for example, 20%.
If the probability that the SINR value

Y

o

o

is less than

I'eo

is greater than 0.09 and less than 0.10, the ABS ratio may be set to, for example, 50%.
The ABS ratio according to the probability that the SINR value

Y

is less than

I'o

are merely exemplary and it is apparent that the ABS ratio may be differently

o

configured according to a network environment.
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The MeNBs 611 and 613 may transmit information about the configured ABS ratio
to the RRM 660. The RRM 660 may determine an ABS pattern which is to be applied
to the MeNBs 611 and 613 according to the received ABS ratio.

Meanwhile, according to an embodiment of the present disclosure, the ABS ratio
which is to be applied to the MeNBs 611 and 613 may be determined not by the
MeNBs 611 and 613 but using information about the interference amount received
from the MeNBs 611 and 613 or the CRS power of a UE.

FIG. 7 is a flowchart illustrating an example of an ABS configuration and an in-
formation sharing method of the ABS configuration in a heterogeneous cell according
to an embodiment of the present disclosure.

Referring to FIG. 7, an MeNB1 711, an RRM 760 and an MeNB2 713 are illustrated,
where the MeNB1 711 may measure CRS powers of UEs in at least one heterogeneous
cell generated in a cell thereof, i.e. CRS powers of UEs serviced by at least one PeNB.
Then, the MeNB1 711 may determine a total AGGI using the measured CRS powers
of the UEs. According to an embodiment of the present disclosure, in operation 771 the
MeNB1 711 may determine the ABS ratio of a corresponding macro cell QoS using in-
formation about the AGGI. The determination of the ABS ratio has been described
above and, therefore, a detailed description thereof will be omitted.

Similar to the MeNB1 711, the MeNB2 713 may measure CRS powers of UEs in the
heterogeneous cell and determine a total AGGI. Although not shown, if other MeNBs
are present, the MeNBs may measure the CRS powers of UEs in the heterogeneous
cell in macro cells thereof and determine a total AGGI. According to an embodiment
of the present disclosure, in operation 773 the MeNB2 713 may determine the ABS
ratio of a corresponding macro cell QoS using information about the AGGI.

In operations 775 and 777, the MeNB1 711 and the MeNB2 713 may transmit in-
formation about the AGGIs (e.g., AGGI 1 and AGGI 2) of macro cells thereof de-
termined in operations 771 and 773 to the RRM 760. When other MeNBs are present,
the other MeNBs may transmit information about determined AGGIs to the RRM 760
in a similar manner. According to an embodiment of the present disclosure, when the
MeNBs 711 and 713 determine the ABS ratios thereof in operations 711 and 773, the
MeNBs 711 and 713 may transmit information about the determined ABS ratios to the
RRM 760.

In operation 779, the RRM 760 may determine ABS patterns using the information
about AGGIs of the MeNBs 711 and 713 received in operations 775 and 777.
According to an embodiment of the present disclosure, the RRM 760 may determine
ABS ratios which are to be applied to the MeNBs 711 and 713 using the AGGIs
received from the MeNBs 711 and 713. The RRM 760 may determine the ABS
patterns which are to be applied to the MeNBs 711 and 713 according to the de-
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termined ABS ratios.

Alternatively, according to an embodiment of the present disclosure, upon receiving
the ABS ratios from the MeNBs 711 and 713 in operations 775 and 777, the RRM 760
may determine ABS patterns applied to the MeNBs 711 and 713 according to the
received ABS ratios.

In operations 781 and 783, the RRM 760 may transmit information (e.g., ABS
pattern 1 requirements and ABS pattern 2 requirements) about the determined ABS
patterns to the MeNBs 711 and 713. Upon receiving the information about the ABS
patterns, the MeNBs 711 and 713 may perform resource scheduling in operations 785
and 787.

Therefore, since X2 interfaces between PeNBs and the MeNBs 711 and 713 are not
needed, overhead therebetween can be reduced and thus performance of the PeNBs can
be improved. In addition, since a higher node entity, i.e. the RRM 760, collects in-
formation of the multiple MeNBs 711 and 713 to determine ABS resources without
using backhauls between the MeNBs 711 and 713, backhaul overhead between the
MeNBs 711 and 713 can be reduced and thus communication performance can be
improved.

FIG. 8 is a block diagram of an eNB according to an embodiment of the present
disclosure.

Referring to FIG. 8§, a communication unit 8§10 and a control unit 820 of an eNB are
illustrated, where the communication unit 8§10 and the control unit 820 may be
configured to control the overall operation of the eNB.

The control unit 820 of the eNB controls the eNB to perform any one operation of
the above-described embodiments. For example, the control unit 8§10 of an MeNB may
control determining an AGGI from a UE in a heterogeneous cell, transmitting in-
formation about the AGGI to a higher node entity, receiving information about an ABS
pattern from the higher node entity, and configuring an ABS subframe using the in-
formation about the ABS pattern.

The communication unit 810 of the eNB transmits and receives signals according to
any one of the above-described embodiments. For example, the communication unit
810 may communicate with other network entities. In more detail, the communication
unit 810 of the MeNB may transmit the information about the AGGI received from the
UE in the heterogeneous cell to an RRM. The communication unit 810 may receive the
information about the ABS pattern from the RRM.

FIG. 9 is a block diagram of an RRM according to an embodiment of the present
disclosure.

Referring to FIG. 9, a communication unit 910 and a control unit 920 of an RRM are

illustrated, where the communication unit 910 and the control unit 920 may be
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configured to control the overall operation of the RRM.

The control unit 920 of the RRM controls the RRM to perform any one operation of
the above-described embodiments. For example, the control unit 920 of the RRM may
control receiving information about an AGGI caused by a UE in a heterogeneous cell
from at least one eNB, determining an ABS pattern which is to be applied to the at
least one eNB using the information about the AGGI, and transmitting information
about the ABS pattern to the at least one eNB.

In addition, the communication unit 910 of the RRM transmits and receives signals
according to any one operation of the above-described embodiments. For example, the
communication unit 910 may communicate with other network entities. In more detail,
the communication unit 910 may receive the information about the AGGI caused by
the UE in the heterogeneous cell from an MeNB. In addition, the communication unit
910 may transmit the information about the determined ABS pattern to the MeNB.

FIG. 10 is a block diagram of a UE according to an embodiment of the present
disclosure.

Referring to FIG. 10, a communication unit 1010 and a control unit 1020 of a UE are
illustrated, where the communication unit 1010 and the control unit 1020 may be
configured to control the overall operation of the UE.

The control unit 1020 of the UE controls the UE to perform any one operation of the
above-described embodiments. For example, the control unit 1020 of the UE may
control signal exchange with an eNB using an allocated resource based on resource
scheduling information received from the eNB.

The communication unit 1010 of the UE transmits and receives signals according to
any one operation of the above-described embodiments. For example, the commu-
nication unit 1010 may communicate with other network entities. In more detail, the
communication unit 1010 may receive resource scheduling information including in-
formation about an ABS configured by the MeNB from the MeNB.

According to an embodiment of the present disclosure, since an X2 interface is not
needed between a PeNB and a MeNB, overhead therebetween can be reduced and thus
performance of the PeNB can be improved.

In addition, since a network entity of a higher node determines an ABS resource by
collecting information about a plurality of MeNBs without using a backhaul between
the MeNBs, backhaul overhead between the MeNBs can be reduced and thus commu-
nication performance can be improved.

It will be appreciated by persons skilled in the art that the effects that can be achieved
through the present disclosure are not limited to what has been particularly described
hereinabove and other advantages of the present disclosure will be more clearly un-

derstood from the above detailed description.
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In the above-described embodiments, all operations and messages may be selectively
performed or part of the operations and messages may be omitted. In each em-
bodiment, the operations are not necessarily performed in accordance with the
described order and may be rearranged. The messages need not always be transmitted
in order and transmission orders of the messages may be changed. The operations and
message transmission operations may be independently performed.

Various aspects of the present disclosure can also be embodied as computer readable
code on a non-transitory computer readable recording medium. A non-transitory
computer readable recording medium is any data storage device that can store data
which can be thereafter read by a computer system. Examples of the non-transitory
computer readable recording medium include Read-Only Memory (ROM), Random-
Access Memory (RAM), CD-ROMs, magnetic tapes, floppy disks and optical data
storage devices. The non-transitory computer readable recording medium can also be
distributed over network coupled computer systems so that the computer readable code
is stored and executed in a distributed fashion. Also, functional programs, code and
code segments for accomplishing the present disclosure can be easily construed by pro-
grammers skilled in the art to which the present disclosure pertains.

At this point it should be noted that various embodiments of the present disclosure as
described above typically involve the processing of input data and the generation of
output data to some extent. This input data processing and output data generation may
be implemented in hardware or software in combination with hardware. For example,
specific electronic components may be employed in a mobile device or similar or
related circuitry for implementing the functions associated with the various em-
bodiments of the present disclosure as described above. Alternatively, one or more
processors operating in accordance with stored instructions may implement the
functions associated with the various embodiments of the present disclosure as
described above. If such is the case, it is within the scope of the present disclosure that
such instructions may be stored on one or more non-transitory processor readable
mediums. Examples of the processor readable mediums include Read-Only Memory
(ROM), Random-Access Memory (RAM), CD-ROMs, magnetic tapes, floppy disks
and optical data storage devices. The processor readable mediums can also be dis-
tributed over network coupled computer systems so that the instructions are stored and
executed in a distributed fashion. Also, functional computer programs, instructions and
instruction segments for accomplishing the present disclosure can be easily construed
by programmers skilled in the art to which the present disclosure pertains.

While the present disclosure has been shown and described with reference to various
embodiments thereof, it will be understood by those skilled in the art that various

changes in form and details may be made therein without departing from the spirit and
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scope of the present disclosure as defined by the appended claims and their

equivalents.
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Claims

A communication method of a base station, the communication method
comprising:

determining, by the base station, an aggregate interference caused by a
terminal in a heterogeneous cell;

transmitting information about the aggregate interference to a higher
layer node entity;

receiving information about an almost blank subframe (ABS) pattern
from the higher node entity; and

configuring an ABS based on the information about the ABS pattern.
The communication method of claim 1, wherein the determining of the
aggregate interference comprises:

measuring a common reference signal (CRS) power of the terminal in
the heterogeneous cell, and

determining the aggregate interference based on the CRS power of the
terminal in the heterogeneous cell.

The communication method of claim 1, wherein the determining of the
aggregate interference further comprises determining an ABS ratio
based on the information about the aggregate interference.

The communication method of claim 3, wherein the ABS ratio is pro-
portional to the aggregate interference.

The communication method of claim 1, wherein the higher node entity
is a radio resource manager (RRM).

A communication method of a radio resource manager (RRM), the
communication method comprising:

receiving, by the RRM, information about an aggregate interference
caused by a terminal in a heterogeneous cell from at least one base
station;

determining an almost blank subframe (ABS) pattern applied to the at
least one base station based on the information about the aggregate in-
terference; and

transmitting information about the ABS pattern to the at least one base
station.

The communication method of claim 6, wherein the receiving of the in-
formation about the aggregate interference comprises receiving an ABS
ratio determined based on the information about the aggregate in-

terference.
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The communication method of claim 6, wherein the determining of the
ABS pattern comprises:

determining an ABS ratio applied to the at least one base station based
on the information about the aggregate interference; and

determining the ABS pattern applied to the at least one base station
based on the determined ABS ratio.

The communication method of claim 8, wherein the ABS ratio is pro-
portional to the aggregate interference.

The communication method of claim 6, wherein the at least one base
station is a macro base station and the terminal in the heterogeneous
cell is a terminal in a pico cell.

A base station, comprising:

a communication unit configured to transmit and receive a signal to and
from other network entities; and

a control unit comprising a processor programmed to:

determine an aggregate interference caused by a terminal in a het-
erogeneous cell,

transmit information about the aggregate interference to a higher node
entity,

receive information about an almost blank subframe (ABS) pattern
from the higher node entity, and

configure an ABS based on the information about the ABS pattern.
The base station of claim 11, wherein the processor of the control unit
is further programmed to:

measure a common reference signal (CRS) power of the terminal in the
heterogeneous cell, and

determine the aggregate interference based on the CRS power of the
terminal in the heterogeneous cell.

The base station of claim 11, wherein the processor of the control unit
is further configured to determine an ABS ratio based on the in-
formation about the aggregate interference.

The base station of claim 13, wherein the ABS ratio is proportional to
the aggregate interference.

The base station of claim 11, wherein the higher node entity is a radio
resource manager (RRM).

A radio resource manager (RRM), comprising:

a communication unit configured to transmit and receive a signal to and

from other network entities; and
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a control unit including a processor programmed to:

receive information about an aggregate interference caused by a
terminal in a heterogeneous cell from at least one base station,
determine an almost blank subframe (ABS) pattern applied to the at
least one base station based on the information about the aggregate in-
terference, and

transmit information about the ABS pattern to the at least one base
station.

[Claim 17] The RRM of claim 16, wherein the processor of the control unit is
further programmed to receive an ABS ratio determined based on the
information about the aggregate interference.

[Claim 18] The RRM of claim 16, wherein the processor of the control unit is
further programmed to:
determine an ABS ratio applied to the at least one base station based on
the information about the aggregate interference, and
determine an ABS pattern applied to the at least one base station based
on the determined ABS ratio.

[Claim 19] The RRM of claim 18, wherein the ABS ratio is proportional to the
aggregate interference.

[Claim 20] The RRM of claim 16, wherein the at least one base station is a macro
base station and the terminal in the heterogeneous cell is a terminal in a

pico cell.
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