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(57) Abstract: A wireless communication 
system and, more specifically, a measure­
ment method and apparatus for inter-cell in­
terference coordination in a wireless com­
munication system are disclosed. Herein, a 
method for supporting measurement of a 
User Equipment (UE) by a first base station 
in a wireless communication system includes 
the steps of acquiring information of down­
link subframe configuration of a second base 
station, determining measurement objects of 
downlink resource of the first base station 
based on the downlink subframe configura­
tion of the second base station; transmitting 
information of the measurement objects to 
the UE, and receiving measurement result 
for the measurement objects from the UE.
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METHOD AND APPARATUS FOR MEASUREMENT FOR INTER-CELL
INTERFERENCE COORDINATION IN RADIO COMMUNICATION SYSTEM

Field of the Invention .
5

The present invention relates to a method for supporting 
measurement of a User Equipment (UE) by a first base station 
in a wireless communication system; a method for performing 
measurement by a User Equipment (UE) in a wireless 

10 communication system; an apparatus for supporting 
measurement of a User Equipment (UE) ; and a User Equipment 
(UE) for performing measurement. For example the invention 
relates to a radio communication system, and more 
particularly, to a method and apparatus for measurement for 

15 inter-cell interference coordination in a radio 
communication system.

Background of the Invention

20 FIG. 1 illustrates a heterogeneous network wireless 
communications system 100 including a macro base station and 
a micro base station. In the description of the present 
invention, the term "heterogeneous network" refers to a 
network wherein a macro base station 110 and a micro base 

25 station 121 and 122 co-exist even when the same RAT (Radio 
Access Technology) is being used.

A macro base station 110 refers to a general base station of 
a wireless communication system having a broad coverage 

30 range and a high transmission power. Herein, the macro base 
station 110 may also be referred to a macro cell The micro 
base station 121 and 122 may also be referred to as a micro 
cell, a pico cell, a femto cell, a home eNB (HeNB) , a relay,
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and so on. More specifically, the micro base station 121 and 
122 corresponds to a small-sized version of the macro base 
station 110. Accordingly, the micro base station 121 and 122 
may independently perform most of the functions of the macro 

5 base station. Herein, the micro base station 121 and 122 may 
correspond to an overlay base station, which may be 
installed in an area covered by the macro base station, or 
to a non-overlay base station, which may be installed in a 
shadow area that cannot be covered by the macro base 

10 station. As compared to the macro base station 110, the 
micro base station 121 and 122 has a narrower coverage range 
and a lower transmission power and may accommodate a smaller 
number of terminals (or user equipments).

15 A terminal 131 may directly receive services from the macro 
base station 110 (hereinafter referred to as a macro­
terminal) . And, alternatively, a terminal 132 may directly 
receive services from the micro base station 122 
(hereinafter referred to as a micro-terminal) . In some 

20 cases, a terminal 132 existing within the coverage area of 
the micro base station 122 may receive services from the 
macro base station 110.

Depending upon whether or not the terminal has limited 
25 access, the micro base station may be categorized into two 

different types, the first type being a CSG (Closed 
Subscriber Group) micro base station, and the second type 
being an OA (Open Access) or OSC (Open Subscriber Group) 
micro base station. More specifically, the CSG micro base 

30 station may serve only specific terminals that are
authorized, and the OSG micro base station may serve all 
types of terminals without any particular access
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limitations.

Meanwhile, the quality of a radio link between an eNB and a 
UE may be degraded due to various factors. When the UE fails

5 to receive a control signal from the eNB or the quality of a 
received signal is significantly degraded, this may be 
defined as a Radio Link Failure (RLF) . To handle the RLF, 
the UE first identifies a problem at a physical layer and 
attempts to solve the physical layer problem. If the UE 

10 fails to recover from the physical layer problem, the UE may 
transmit a connection re-establishment request to the eNB, 
determining that an RLF has been detected.

It is generally desirable to overcome or ameliorate one or 
15 more of the above described difficulties, or to at least 

provide a useful alternative.

Summary of the Invention

20 According to the present invention, there is provided a 
method for supporting measurement of a User Equipment (UE) 
by a first base station in a wireless communication system, 
the method comprising:

acquiring information of downlink subframe 
25 configuration of a second base station;

determining measurement objects of downlink resource of 
the first base station based on the downlink subframe 
configuration of the second base station;

transmitting information of the measurement objects to 
30 the UE; and

receiving measurement result for the measurement 
objects from the UE.
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According to the present invention, there is also provided a 
method for performing measurement by a User Equipment (UE) 
in a wireless communication system, the method comprising:

5 receiving information of measurement objects from a
first base station;

performing measurement for the measurement objects; and 
transmitting measurement result to the first base 

station,
10 wherein the measurement objects are determined from

downlink resource of the first base station based on a 
downlink subframe configuration of a second base station.

According to the present invention, there is also provided 
15 an apparatus for supporting measurement of a User Equipment 

(UE), the apparatus comprising:
a reception module for receiving uplink signals from 

the UE;
a transmission module for transmitting downlink signals 

20 to the UE; and
a processor for controlling transmission and reception 

of a first base station through the transmission module and 
the reception module,

wherein the processor is configured to:
25 acquire information of downlink subframe

configuration of a second base station;
determine measurement objects of downlink resource 

of the first base station based on the downlink 
subframe configuration of the second base station;

30 transmit information of the measurement objects to
the UE; and
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receive measurement result for the measurement
objects from the UE.

According to the present invention, there is also provided a 
5 User Equipment (UE) for performing measurement, the UE 

comprising:
a reception module for receiving downlink signals from 

a first base station;
a transmission module for transmitting uplink signals

10 to the first base station; and
a processor for controlling the UE including the 

transmission module and the reception module,
wherein the processor is configured to: 

receive information of measurement objects from a
15 first base station;

perform measurement for the measurement objects; 
and

transmit measurement result to the first base 
station,

20 wherein the measurement objects are determined
from downlink resource of the first base station based 
on a downlink subframe configuration of a second base 
station.

25 In the above-described heterogeneous network, when a user 
equipment being served by a macro base station, due to an 
intense downlink signal transmitted from a micro base 
station, an interference may occur in a downlink signal, 
which the macro user equipment receives from the macro base

30 station. Alternatively, a user equipment being served by a 
micro base station may receive an intense interference due 
to a downlink signal of a macro base station. In order to
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prevent such interference from occurring, for example, a
method of using time or frequency resource areas (e.g.,
different subframes or different resource blocks) that can
differentiate the micro base station from the macro base

5 station may be considered.

Even when such method for preventing inter-cell interference 
is applied, there may occur a case when, due to an 
interference from a micro base station, a macro-user 

10 equipment existing within the coverage of a macro base 
station detects a radio link failure (RLF) with the macro 
base station and cannot communicate with the macro base 
station. For example, in case the micro base station
performs transmission and reception during a specific 

15 section, if the macro-user equipment measures a signal from 
the macro base station during the corresponding specific 
section, despite the fact that there is no problem in the 
transmission and reception of the macro base station during 
the other sections excluding the corresponding specific 

20 section, the macro-user equipment may be capable of 
detecting an RLF with the macro base station.

A preferred embodiment of the present invention provides a 
method and apparatus that can enhance system efficiency by 

25 enabling a user equipment to accurately perform downlink 
measurement, when an inter-cell interference coordination ( 
I C I C ) is being applied, by designating a resource area 
in which the user equipment may perform various downlink 
measurements (e.g., a measurement for an RLM (Radio Link 

30 Monitoring) with respect to RLF detection, a measurement for 
a Channel State Information (CSI) report, an interference 
measurement, an RRM (Radio Resource Management) measurement
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(measurements of Reference Signal Received Power (RSRP) , 
Reference Signal Received Quality (RSRQ), Received Signal 
Strength Indicator (RSSI) , and so on)).

5 Another preferred embodiment of the present invention 
devised to solve the problem lies on a method for 
efficiently transmitting and receiving a signal on a 
backhaul link and an access link in a relay, if the relay 
performs a mixture of an in-band operation and an out-band 

10 operation on multiple carriers.

According to an embodiment of the present invention, a 
method for supporting measurement of a User Equipment (UE) 
by a first base station in a wireless communication system 

15 includes the steps of acquiring information of downlink 
subframe configuration of a second base station; determining 
measurement objects of downlink resource of the first base 
station based on the downlink subframe configuration of the 
second base station; transmitting information of the 

20 measurement objects to the UE; and receiving measurement 
result for the measurement objects from the UE.

According to another embodiment of the present invention, a 
method for performing measurement by a User Equipment (UE) 

25 in a wireless communication system includes receiving 
information of measurement objects from a first base 
station; performing measurement for the measurement objects; 
and transmitting measurement result to the first base 
station. Herein, the measurement objects may be determined 

30 from downlink resource of the first base station based on a 
downlink subframe configuration of a second base station.
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According to yet another embodiment of the present
invention, an apparatus for supporting measurement of a User 
Equipment (UE) includes a reception module for receiving 
uplink signals from the UE; a transmission module for 

5 transmitting downlink signals to the UE; and a processor for 
controlling transmission and reception of a first base 
station through the transmission module and the reception 
module. Herein, the processor may be configured to acquire 
information of downlink subframe configuration of a second 

10 base station, to determine measurement objects of downlink 
resource of the first base station based on the downlink 
subframe configuration of the second base station, to 
transmit information of the measurement objects to the UE 
through the transmission module, and to receive measurement 

15 result for the measurement objects from the UE through the 
reception module.

According to a further embodiment of the present invention, 
a User Equipment (UE) for performing measurement includes a 

20 reception module for receiving downlink signals from a first 
base station; a transmission module for transmitting uplink 
signals to the first base station; and a processor for 
controlling the UE including the transmission module and the 
reception module. Herein, the processor may be configured to 

25 receive information of measurement objects from a first base 
station through the reception module, to perform measurement 
for the measurement objects, and to transmit measurement 
result to the first base station through the transmission 
module. Also, the measurement objects may be determined from 

30 downlink resource of the first base station based on a 
downlink subframe configuration of a second base station.
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The following details may be equally and commonly applied to 
the embodiments of the present invention.

The measurement objects may include downlink resource of the
5 first base station not interfered by the second base 

station. Alternatively, the measurement objects may include 
downlink resource of the first base station constantly 
interfered by the second base station.

10 Information of the measurement objects may include at least 
one of downlink subframe, control region, data region, slot, 
OFDM symbol, resource block and antenna port of the first 
base station. Also, the information of the measurement 
objects may restrict a measurement region for the UE by one

15 or a combination of downlink subframe, control region, data 
region, slot, OFDM symbol, resource block and antenna port 
of the first base station. Furthermore, the information of 
the measurement objects may be transmitted through RRC 
(Radio Resource Control) signaling.
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The downlink subframe configuration of the second base 
station may include configuration of each of one or more 
downlink subframe of the second base station as normal 
subframe, ABS (Almost Blank Subframe), MBSFN

5 (Multicast/Broadcast over Single Frequency Network) subframe 
or ABS-with-MBSFN. And, the downlink subframe configuration 
of the second base station may include offset of a boundary 
of downlink subframe of the first base station and a 
boundary of downlink subframe of the second base station.

10
The measurement result may include measurement result for at 
least one of RLM (Radio Link Monitoring) measurement, CSI 
(Channel State Information) measurement, interference 
measurement and RRM (Radio Resource Management) measurement.

15 And, the measure ment result for RRM measurement includes 
RSRQ (Reference Signal Received Quality), the RSRQ is 
measured by RSRP (Reference Signal Received Power) and RSSI 
(Received Signal Strength Indicator), and the information of 
the measurement objects for one or more of RSRQ, RSRP and 

20 RSSI restrict a measurement region for the UE by all OFDM 
symbols in a downlink subframe of the first base station.

And, the first base station may be interfered by the second 
base station.

25
It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as

30 claimed.

According to a preferred embodiment of the present
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invention, when an inter-cell interference coordination
(ICIC) is being applied, a method and apparatus enabling a
user equipment to perform an accurate downlink measurement
may be provided, thereby enhancing system efficiency.

5

Brief Description of the Drawings

Preferred embodiments of the present invention are hereafter 
described, by way of non-limiting example only, with 

10 reference to the accompanying drawings, in which:

Figure 1 illustrates a heterogeneous network wireless 
communication system;
Figure 2 illustrates a structure of a downlink wireless 

15 frame;
Figure 3 illustrates a resource grid in a downlink slot;
Figure 4 illustrates a exemplary structure of a downlink 
subframe;
Figure 5 illustrates a structure of an uplink subframe;

20 Figure 6 illustrates a block view showing the structure of a 
wireless communication system having multiple antennae;
Figure 7 illustrates CRS and DRS patterns that are defined 
in the conventional 3GPP LTE system;
Figure 8 illustrates an uplink subframe structure including 

25 an SRS symbol;
Figure 9 illustrates an example of realizing transmitter and
receiver functions of an FDD mode relay station;
Figure 10 illustrates a transmission of a user equipment
from a relay station and a downlink transmission of a relay

30 station from a base station;
Figure 11 illustrates a coverage hole;
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Figure 12 to Figure 18 illustrate examples of resource used 
for a downlink measurement of a user equipment according to 
the present invention;
Figure 19 illustrates a change in amount of interference 

5 according to interference cell subframe settings;
Figure 20 illustrates a downlink measurement method of a 
user equipment with respect to an inter-cell interference 
coordination and a method for supporting the same according 
to an embodiment of the present invention; and

10 Figure. 21 illustrates a base station device and a user 
equipment device according to a preferred embodiment of the 
present invention.

Detailed Description of Preferred Embodiments of the
15 Invention

The following embodiments are proposed by combining
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constituent components and characteristics of the present 
invention according to a predetermined format . The 
individual constituent components or characteristics should 
be considered to be optional factors on the condition that 
there is no additional remark. If required, the individual 
constituent components or characteristics may not be 
combined with other components or characteristics. Also, 
some constituent components and/or characteristics may be 
combined to implement the embodiments of the present 
invention. The order of operations to be disclosed in the 
embodiments of the present invention may be changed to 
another. Some components or characteristics of any 
embodiment may also be included in other embodiments, or 
may be replaced with those of the other embodiments as 
necessary.

The embodiments of the present invention are 
disclosed on the basis of a data communication relationship 
between a base station and a terminal. In this case, the 
base station is used as a terminal node of a network via 
which the base station can directly communicate with the 
terminal. Specific operations to be conducted by the base 
station in the present invention may also be conducted by 
an upper node of the base station as necessary.

In other words, it will be obvious to those skilled 
in the art that various operations for enabling the base 
station to communicate with the terminal in a network 
composed of several network nodes including the base 
station will be conducted by the base station or other 
network nodes other than the base station. The term "Base 
Station (BS)" may be replaced with a fixed station, Node-B, 
eNode-B (eNB), or an access point as necessary. The term 
"relay" may be replaced with a Relay Node (RN) or a Relay

10
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Station (RS) . The term "terminal" may also be replaced 
with a User Equipment (UE) , a Mobile Station (MS) , a 
Mobile Subscriber Station (MSS) or a Subscriber Station
(SS) as necessary.

It should be noted that specific terms disclosed in 
the present invention are proposed for the convenience of 
description and better understanding of the present 
invention, and the use of these specific terms may be 
changed to another format within the technical scope or 
spirit of the present invention.

In some instances, well-known structures and devices 
are omitted in order to avoid obscuring the concepts of the 
present invention and the important functions of the 
structures and devices are shown in block diagram form. 
The same reference numbers will be used throughout the 
drawings to refer to the same or like parts.

Exemplary embodiments of the present invention are 
supported by standard documents disclosed for at least one 
of wireless access systems including an Institute of 
Electrical and Electronics Engineers (IEEE) 802 system, a 
3rd Generation Project Partnership (3GPP) system, a 3GPP 
Long Term Evolution (LTE) system, and a 3GPP2 system. In 
particular, the steps or parts, which are not described to 
clearly reveal the technical idea of the present invention, 
in the embodiments of the present invention may be 
supported by the above documents. -All terminology used 
herein may be supported by at least one of the above­
mentioned documents.

The following embodiments of the present invention
can be applied to a variety of wireless access technologies,
for example, CDMA (Code Division Multiple Access), FDMA
(Frequency Division Multiple Access) , TDMA (Time Division

11
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Multiple Access), OFDMA (Orthogonal Frequency Division 
Multiple Access), SC-FDMA (Single Carrier Frequency 
Division Multiple Access) , and the like. The CDMA may be 
embodied with radio technology such as UTRA (Universal 
Terrestrial Radio Access) or CDMA2000. The TDMA may be 
embodied with radio technology such as GSM (Global System 
for Mobile communications)/GPRS (General Packet Radio 
Service)/EDGE (Enhanced Data Rates for GSM Evolution). The 
OFDMA may be embodied with radio technology such as 
Institute of Electrical and Electronics Engineers (IEEE) 
802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802-20, and E- 
UTRA (Evolved UTRA) . The UTRA is a part of the UMTS 
(Universal Mobile Telecommunications System). The 3GPP 
(3rd Generation Partnership Project) LTE (long term 
evolution) is a part of the E-UMTS (Evolved UMTS) , which 
uses E-UTRA. The 3GPP LTE employs the OFDMA in downlink 
and employs the SC-FDMA in uplink. The LTE - Advanced 
(LTE-A) is an evolved version of the 3GPP LTE. WiMAX can 
be explained by an IEEE 802.16e (WirelessMAN-OFDMA 
Reference System) and an advanced IEEE 802.16m 
(WirelessMAN-OFDMA Advanced System). For clarity, the 
following description focuses on the 3GPP LTE and 3GPP LTE- 
A system. However, technical features of the present 
invention are not limited thereto.

The structure of a downlink radio frame will be 
described with reference to FIG. 2.

In a cellular Orthogonal Frequency Division 
Multiplexing (OFDM) radio packet communication system, 
uplink/downlink data packet transmission is performed in 
subframe units. One subframe is defined as a predetermined 
time interval including a plurality of OFDM symbols. The 
3GPP LTE standard supports a type 1 radio frame structure 

12
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applicable to Frequency Division Duplex (FDD) and a type 2 
radio frame structure applicable to Time Division Duplex 
(TDD).

FIG. 2(a) is a diagram showing the structure of the 
type 1 radio frame. A downlink radio frame includes 10 
subframes, and one subframe includes two slots in time 
domain. A time required for transmitting one subframe is 
defined in a Transmission Time Interval (TTI). For example, 
one subframe may have a length of 1 ms and one slot may 
have a length of 0.5 ms. One slot may include a plurality 
of OFDM symbols in time domain and include a plurality of 
Resource Blocks (RBs) in frequency domain. Since the 3GPP 
LTE system uses OFDMA in downlink, the OFDM symbol 
indicates one symbol duration. The OFDM symbol may be 
called a SC-FDMA symbol or a symbol duration. A RB is a 
resource allocation unit and includes a plurality of 
contiguous subcarriers in one slot.

The number of OFDM symbols included in one slot may 
be changed according to the configuration of a Cyclic 
Prefix (CP) . The CP includes an extended CP and a normal 
CP. For example, if the OFDM symbols are configured by the 
normal CP, the number of OFDM symbols included in one slot 
may be seven. If the OFDM symbols are configured by the 
extended CP, the length of one OFDM symbol is increased, 
the number of OFDM symbols included in one slot is less 
than that of the case of the normal CP. In case of the 
extended CP, for example, the number of OFDM symbols 
included in one slot may be six. If a channel state is 
instable, for example, if a User Equipment (UE) moves at a 
high speed, the extended CP may be used in order to further 
reduce interference between symbols.

In case of using the normal CP, since one slot 
13
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includes seven OFDM symbols, one subframe includes 14 OFDM 
symbols. At this time, the first two or three OFDM symbols 
of each subframe may be allocated to a Physical Downlink 
Control Channel (PDCCH) and the remaining OFDM symbols may 
be allocated to a Physical Downlink Shared Channel (PDSCH).

FIG. 2(b) is a diagram showing the structure of the 
type 2 radio frame. The type 2 radio frame includes two 
half frames, each of which includes five subframes, a 
downlink pilot time slot (DwPTS), a guard period (GP), and 
an uplink pilot time slot (UpPTS) . One of these subframes 
includes two slots. The DwPTS is used for initial cell 
search, synchronization and channel estimation at a user 
equipment. The UpPTS is used for channel estimation and 
uplink transmission synchronization of the user equipment. 
The guard period is to remove interference occurring in an 
uplink due to multi-path delay of a downlink signal between 
the uplink and a downlink. Meanwhile, one subframe includes 
two slots regardless of a type of the radio frame.

The structure of the radio frame is only exemplary. 
Accordingly, the number of subframes included in the radio 
frame, the number of slots included in the subframe or the 
number of symbols included in the slot may be changed in 
various manners.

FIG. 3 is a diagram showing a resource grid in a 
downlink slot. Although one downlink slot includes seven 
OFDM symbols in a time domain and one RB includes 12 
subcarriers in a frequency domain in the figure, the 
present invention is not limited thereto. For example, in 
case of a normal Cyclic Prefix (CP), one slot includes 7 
OFDM symbols. However, in case of an extended CP, one slot 
includes 6 OFDM symbols. Each element on the resource grid 
is referred to as a resource element. One RB includes 12x7 
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resource elements. The number NDL of RBs included in the 
downlink slot is determined based on a downlink 
transmission bandwidth. The structure of the uplink slot 
may be equal to the structure of the downlink slot.

FIG. 4 is a diagram showing the structure of a 
downlink subframe. A maximum of three OFDM symbols of a 
front portion of a first slot within one subframe 
corresponds to a control region to which a control channel 
is allocated. The remaining OFDM symbols correspond to a 
data region to which a Physical Downlink Shared Channel 
(PDSCH) is allocated. Examples of the downlink control 
channels used in the 3GPP LTE system include, for example, 
a Physical Control Format Indicator Channel (PCFICH), a 
Physical Downlink Control Channel (PDCCH), a Physical 
Hybrid automatic repeat request Indicator Channel (PHICH), 
etc. The PCFICH is transmitted at a first OFDM symbol of a 
subframe, and includes information about the number of OFDM 
symbols used to transmit the control channel in the 
subframe. The PHICH includes a HARQ ACK/NACK signal as a 
response of uplink transmission. The control information 
transmitted through the PDCCH is referred to as Downlink 
Control Information (DCI). The DCI includes uplink or 
downlink scheduling information or an uplink transmit power 
control command for a certain UE group. The PDCCH may 
include resource allocation and transmission format of a 
Downlink Shared Channel (DL-SCH), resource allocation 
information of an Uplink Shared Channel (UL-SCH), paging 
information of a Paging Channel (PCH), system information 
on the DL-SCH, resource allocation of an higher layer 
control message such as a Random Access Response (RAR) 
transmitted on the PDSCH, a set of transmit power control 
commands for an individual UEs in a certain UE group,
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aggregation of one or several consecutive control channel
elements (CCEs). The CCE is a logical allocation unit used
to provide the PDCCHs at a coding rate based on the state
of a radio channel. The CCE corresponds to a plurality of
resource element groups. The format of the PDCCH and the
number of available bits are determined based on a
correlation between the number of CCEs and the coding rate
provided by the CCEs. The base station determines a PDCCH
format according to a DCI to be transmitted to the UE, and
attaches a Cyclic Redundancy Check (CRC) to control
information. The CRC is masked with a Radio Network
Temporary Identifier (RNTI) to usageor
of the PDCCH.

Alternatively,

an owner

RNTI (C-RNTI)

according
If the !PDCCH is for a specific UE, a cell -
of the UE may be masked to the CRC.
if the PDCCH is for a paging message, a

may be masked to theidentifier (P-RNTI)paging indicator
CRC. If the PDCCH is for system information
specifically, a system information block (SIB)), system

RNTI)
access
random

and a system information RNTI (SI-
may be masked to
response that is
access preamble of

RNTI) may be masked
FIG. 5 is a

uplink frame. The
control region and

the CRC.
a response
the UE, a

to the CRC.

To indicate a random
for transmission of a

random access’-RNTI (RA-

diagram showing
uplink subframe
a data region in

the structure of an
may be divided into a
a frequency domain. A

a

Physical Uplink Control Channel 
control information is allocated 

(PUCCH) including uplink
to the control region. A

16



WO 2011/122833 PCT/KR2011/002155

5

10

15

20

25

30

Physical uplink Shared Channel (PUSCH) including user data 
is allocated to the data region. In order to maintain 
single carrier property, one UE does not simultaneously 
transmit the PUCCH and the PUSCH. The PUCCH for one UE is 
allocated to a RB pair in a subframe. RBs belonging to the 
RB pair occupy different subcarriers with respect to two 
slots. Thus, the RB pair allocated to the PUCCH is 
"frequency-hopped" at a slot boundary.

Modeling of Multi-Input Multi-Output (ΜΙΜΟ) System
FIG. 6 is a diagram showing the configuration of a 

radio communication system having multiple antennas.
As shown in FIG. 6(a), if the number of transmission 

antennas is increased to NT and the number of reception 
antennas is increased to NR, a theoretical channel 
transmission capacity is increased in proportion to the 
number of antennas, unlike the case where a plurality of 
antennas is used in only a transmitter or a receiver. 
Accordingly, it is possible to improve a transfer rate and 
to remarkably improve frequency efficiency. As the channel 
transmission capacity is increased, the transfer rate may 
be theoretically increased by a product of a maximum 
transfer rate Ro upon using a single antenna and a rate 
increase ratio Ri-

Equation 1
Rt =min(NT,NR)
For example, in an ΜΙΜΟ system using four 

transmission antennas and four reception antennas, it is 
possible to theoretically acquire a transfer rate which is 
four times that of a single antenna system. After the 
increase in the theoretical capacity of the ΜΙΜΟ system was 
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proved in the mid-1990s, various technologies of 
substantially improving a data transfer rate have been 
actively developed up to now. In addition, several 
technologies are already applied to the various radio 
communication standards such as the third-generation mobile 
communication and the next-generation wireless local area 
network (LAN).

According to the researches into the ΜΙΜΟ antenna up 
to now, various researches such as researches into 
information theory related to the computation of the 
communication capacity of a ΜΙΜΟ antenna in various channel 
environments and multiple access environments, researches 
into the model and the measurement of the radio channels of 
the ΜΙΜΟ system, and researches into space-time signal 
processing technologies of improving transmission 
reliability and transmission rate have been actively 
conducted.

The communication method of the ΜΙΜΟ system will be 
described in more detail using mathematical modeling. In 
the above system, it is assumed that NT transmission
antennas and NR reception antennas are present.

In transmitted signals, if the NT transmission
antennas are present, the number of pieces of maximally
transmittable information is NT. The transmitted
information may be expressed as follows.

Equation 2
S =

5 5 "· SThe transmitted information 1’ 2’ ’ NT may have
different transmit powers. If the respective transmit

p p ... ppowers are *’ 2’ ’ nt , the transmitted information with
adjusted powers may be expressed as follows.
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In addition, S may be expressed using a diagonal 
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matrix P of the transmit powers as follows.
Equation 4

0 ■

S2s =
0 V .¼.

Consider that the NT actually transmitted signals 
•^1’^2» ’XNT are configured by applying a weight matrix W

A
to the information vector S with the adjusted transmit 
powers. The weight matrix W serves to appropriately 
distribute the transmitted information to each antenna 
according to a transport channel state, etc. 2’ ’ nt

may be expressed by using the vector X as follows.
Equation 5

X, x Gz "· W1NT

G w21 ’ ‘ ‘ W2Nr

X =
X,.

—

% G-2 ··■ WiNT

XNT 7%! WNT2 ’' ’ WNrNT

where, denotes a

SNT

s2

antenna and

= Ws = WPs

weight between an i-th
transmission
called a precoding matrix.

In received signals, if the NR reception antennas are 
present, respective received signals ’-^2’ of the 
antennas are expressed as follows.

Equation 6
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If channels are modeled in the ΜΙΜΟ radio 
communication system, the channels may be distinguished 
according to transmission/reception antenna indexes. A 
channel from the transmission antenna j to the reception 
antenna i is denoted by hij. In hij, it is noted that the 
indexes of the reception antennas precede the indexes of 
the transmission antennas in view of the order of indexes.

FIG. 6(b) is a diagram showing channels from the NT 
transmission antennas to the reception antenna i. The 
channels may be combined and expressed in the form of a 
vector and a matrix. In FIG. 6(b), the channels from the 
NT transmission antennas to the reception antenna i may be 
expressed as follows.

Equation 7
h/ = Kl > ^i2 ’ ’ ‘ ’ hiNT ]

Accordingly, all the channels from the NT 
transmission antennas to the NR reception antennas may be
expressed as follows .

Equation 8
h? ' *12 ·" Rint

hj *22 ”■

Il-
h7

-
A,·. *.2 -

*W,2 ■” hNsNT _

An Additive White Gaus
the actual channels after a 
^1’^2’ added to the NT 

sian Noise (AWGN) is added to 
channel matrix H The AWGN 
transmission antennas may be

expressed as follows.
Equation 9
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Through the above-described mathematical modeling, 
the received signals may be expressed as follows.

Equation 10
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H indicating the channel state is determined by the number 
of transmission and reception antennas. The number of rows 
of the channel matrix H is equal to the number NR of 
reception antennas and the number of columns thereof is 
equal to the number NT of transmission antennas. That is, 
the channel matrix H is an NrxNt matrix.

The rank of the matrix is defined by the smaller of 
the number of rows or columns, which is independent from 
each other. Accordingly, the rank of the matrix is not 
greater than the number of rows or columns. The rank 
rankifi.) of the channel matrix H is restricted as follows.

Equation 11
rank(W) < , NR)

When the matrix is subjected to Eigen value 
decomposition, the rank may be defined by the number of 
Eigen values excluding 0. Similarly, when the matrix is 
subjected to singular value decomposition, the rank may be 
defined by the number of singular values excluding 0. 
Accordingly, the physical meaning of the rank in the 
channel matrix may be a maximum number of different 
transmittable information in a given channel.
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Reference Signal (RS)
In a radio communication system, since packets are 

transmitted through a radio channel, a signal may be 
distorted during transmission. In order to enable a 
reception side to correctly receive the distorted signal, 
distortion of the received signal should be corrected using 
channel information. In order to detect the channel 
information, a method of transmitting a signal, of which 
both the transmission side and the reception side are aware, 
and detecting channel information using a distortion degree 
when the signal is received through a channel is mainly 
used. The above signal is referred to as a pilot signal or 
a reference signal (RS).

When transmitting and receiving data using multiple 
antennas, the channel states between the transmission 
antennas and the reception antennas should be detected in 
order to correctly receive the signal. Accordingly, each 
transmission antenna has an individual RS.

A downlink RS includes a Common RS (CRS) shared among 
all UEs in a cell and a Dedicated RS (DRS) for only a 
specific-UE. It is possible to provide information for 
channel estimation and demodulation using such RSs.

The reception side (UE) estimates the channel state 
from the CRS and feeds back an indicator associated with 
channel quality, such as a Channel Quality Indicator (CQI), 
a Precoding Matrix Index (PMI) and/or a Rank Indicator (RI), 
to the transmission side (eNodeB) . The CRS may be also 
called a cell-specific RS. Alternatively, an RS associated 
with the feedback of Channel State Information (CSI) such 
as CQI/PMI/RI may be separately defined as a CSI-RS.

The DRS may be transmitted through REs if data
22
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demodulation on a PDSCH is necessary. The UE may receive 
the presence/absence of the DRS from a higher layer and 
receive information indicating that the DRS is valid only 
when the PDSCH is mapped. The DRS may be also called a UE- 
specific RS or a Demodulation RS (DMRS).

FIG. 7 is a diagram showing a pattern of CRSs and 
DRSs mapped on a downlink RB defined in the existing 3GPP 
LTE system (e.g., Release-8). The downlink RB as a mapping 
unit of the RSs may be expressed in units of one subframe 
on a time domain x 12 subcarriers on a frequency domain. 
That is, on the time axis, one RB has a length of 14 OFDM 
symbols in case of the normal CP (FIG. 7 (a) ) and has a 
length of 12 OFDM symbols in case of the extended CP (FIG. 
7(b) ) .

FIG. 7 shows the locations of the RSs on the RB in 
the system in which the eNodeB supports four transmission 
antennas. In FIG. 7, Resource Elements (REs) denoted by 
"0", "1", ”2" and "3" indicate the locations of the CRSs of 
the antenna port indexes 0, 1, 2 and 3, respectively. In 
Fig. 7, the RE denoted by "D" indicates the location of the 
DRS .

Hereinafter, the CRS will be described in detail.
The CRS is used to estimate the channel of a physical 

antenna and is distributed over the entire band as an RS 
which is able to be commonly received by all UEs located 
within a cell. The CRS may be used for CSI acquisition and 
data demodulation.

The CRS is defined in various formats according to
the antenna configuration of the transmission side (eNodeB).
The 3GPP LTE (e.g., Release-8) system supports various
antenna configurations, and a downlink signal transmission
side (eNodeB) has three antenna configurations such as a
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single antenna, two transmission antennas and four 
transmission antennas. If the eNodeB performs single­
antenna transmission, RSs for a single antenna port are 
arranged. If the eNodeB performs two-antenna transmission, 
RSs for two antenna ports are arranged using a Time 
Division Multiplexing (TDM) and/or Frequency Division 
Multiplexing (FDM) scheme. That is, the RSs for the two 
antenna ports are arranged in different time resources 
and/or different frequency resources so as to be 
distinguished from each other. In addition, if the eNodeB 
performs four-antenna transmission, RSs for four antenna 
ports are arranged using the TDM/FDM scheme. The channel 
information estimated by the downlink signal reception side 
(UE) through the CRSs may be used to demodulate data 
transmitted using a transmission scheme such as single 
antenna transmission, transmit diversity, closed-loop 
spatial multiplexing, open-loop spatial multiplexing, or 
Multi-User ΜΙΜΟ (MU-MIMO).

If multiple antennas are supported, when RSs are 
transmitted from a certain antenna port, the RSs are 
transmitted at the locations of the REs specified according 
to the RS pattern and any signal is not transmitted at the 
locations of the REs specified for another antenna port.

The rule of mapping the CRSs to the RBs is defined by 
Equation 12.

Equation 12
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In Equation 12, k denotes a subcarrider index, 1 
denotes a symbol index, and p denotes an antenna port index.

denotes the number of OFDM symbols of one downlink slot, 
,. DLRB denotes the number of RBs allocated to the downlink, ns 

denotes a slot index, and 1D denotes a cell ID. mod 
indicates a modulo operation. The location of the RS in 
the frequency domain depends on a value VshifC. Since the 
value VShif depends on the cell ID, the location of the RS 
has a frequency shift value which varies according to the 
cell .

In detail, in order to increase channel estimation 
performance through the CRSs, the locations of the CRSs in 
the frequency domain may be shifted so as to be changed 
according to the cells. For example, if the RSs are 
located at an interval of three subcarriers, the RSs are 
arranged on 3k-th subcarriers in one cell and arranged on 
(3k+l)-th subcarriers in the other cell. In view of one 
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antenna port, the RSs are arranged at an interval of 6 REs 
(that is,· interval of 6 subcarriers) in the frequency 
domain and are separated from REs, on which RSs allocated 
to another antenna port are arranged, by 3 REs in the 
frequency domain.

In addition, power boosting is applied to the CRSs. 
The power boosting indicates that the RSs are transmitted 
using higher power by bringing (stealing) the powers of the 
REs except for the REs allocated for the RSs among the REs 
of one OFDM symbol .

In the time domain, the RSs are arranged from a 
symbol index (1 = 0) of each slot as a starting point at a 
constant interval. The time interval is differently 
defined according to the CP length. The RSs are located on 
symbol indexes 0 and 4 of the slot in case of the normal CP 
and are located on symbol indexes 0 and 3 of the slot in 
case of the extended CP. Only RSs for a maximum of two 
antenna ports are defined in one OFDM symbol. Accordingly, 
upon four-transmission antenna transmission, the RSs for 
the antenna ports 0 and 1 are located on the symbol indexes 
0 and 4 (the symbol indexes 0 and 3 in case of the extended 
CP) of the slot and the RSs for the antenna ports 2 and 3 
are located on the symbol index 1 of the slot. The 
frequency locations of the RSs for the antenna ports 2 and 
3 in the frequency domain are exchanged with each other in 
a second slot.

In order to support spectrum efficiency higher than 
that of the existing 3GPP LTE (e.g., Release-8) system, a 
system (e.g., an LTE-A system) having the extended antenna 
configuration may be designed. The extended antenna 
configuration may have, for example, eight transmission 
antennas. In the system having the extended antenna 
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configuration, UEs which operate in the existing antenna 
configuration needs to be supported, that is, backward 
compatibility needs to be supported. Accordingly, it is 
necessary to support a RS pattern according to the existing 
antenna configuration and to design a new RS pattern for an 
additional antenna configuration. If CRSs for the new 
antenna ports are added to the system having the existing 
antenna configuration, RS overhead is rapidly increased and 
thus data transfer rate is reduced. In consideration of 
these problems, in an LTE-A (Advanced) system which is an 
evolution version of the 3GPP LTE system, separate RSs 
(CSI-RSs) for measuring the CSI for the new antenna ports 
may be used.

Hereinafter, the DRS will be described in detail.
The DRS (or UE-specific RS) is used to demodulate 

data. A precoding weight used for a specific UE upon 
multi-antenna transmission is also used in an RS without 
change so as to estimate an equivalent channel, in which a 
transfer channel and the precoding weight transmitted from 
each transmission antenna are combined, when the UE 
receives the RSs.

The existing 3GPP LTE system (e.g., Release-8) 
supports four-transmission antenna transmission as a 
maximum and the DRS for Rank 1 beamforming is defined. The 
DRS for Rank 1 beamforming is also denoted by the RS for 
the antenna port index 5. The rule of the DRS mapped on 
the RBs is defined by Equations 13 and 14. Equation 13 is 
for the normal CP and Equation 14 is for the extended CP.

Equation 13
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k denotes a subcarrider index,In Equations 13 and 14,

and p denotes an antenna porta symbol index,

index. sc denotes the resource block size in the
frequency domain and is expressed by the number of

10 subcarriers. n°RB denotes a physical resource block number.
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the bandwidth of the RB of the PDSCH
NceU ns denotes a slot index, and 1D denotes a 

indicates a modulo operation. The location
of the RS in the frequency domain depends on a value Vshift · 
Since the value Vshif depends on the cell ID, the location 
of the RS has a frequency shift value which varies 
according to the cell.

In the LTE-A system which is the evolution version of 
the 3GPP LTE system, high-order ΜΙΜΟ, multi-cell 
transmission, evolved MU-MIMO or the like is considered. 
In order to support efficient RS management and a developed 
transmission scheme, DRS-based data demodulation is 
considered. That is, separately from the DRS (antenna port 
index 5) for Rank 1 beamforming defined in the existing 
3GPP LTE (e.g., Release-8) system, DRSs for two or more 
layers may be defined in order to support data transmission 
through the added antenna.

Cooperative Multi-Point (CoMP)
According to the improved system performance 

requirements of the 3GPP LTE-A system, CoMP 
transmission/reception technology (may be referred to as 
co-MIMO, collaborative ΜΙΜΟ or network ΜΙΜΟ) is proposed. 
The CoMP technology can increase the performance of the UE 
located on a cell edge and increase average sector 
throughput.

In general, in a multi-cell environment in which a
frequency reuse factor is 1, the performance of the UE
located on the cell edge and average sector throughput may
be reduced due to Inter-Cell Interference (ICI). In order
to reduce the ICI, in the existing LTE system, a method of
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enabling the UE located on the cell edge to have 
appropriate throughput and performance using a simple 
passive method such as Fractional Frequency Reuse (FFR) 
through the UE-specific power control in the environment 
restricted by interference is applied. However, rather 
than decreasing the use of frequency resources per cell, it 
is preferable that the ICI is reduced or the UE reuses the 
ICI as a desired signal. In order to accomplish the above 
object, a CoMP transmission scheme may be applied.

The CoMP scheme applicable to the downlink may be 
largely classified into a Joint Processing (JP) scheme and 
a Coordinated Scheduling/Beamforming (CS/CB) scheme.

In the JP scheme, each point (eNodeB) of a CoMP unit 
may use data. The CoMP unit refers to a set of eNodeBs 
used in the CoMP scheme. The JP scheme may be classified 
into a joint transmission scheme and a dynamic cell 
selection scheme.

The joint transmission scheme refers to a scheme for 
transmitting a PDSCH from a plurality of points (a part or 
the whole of the CoMP unit). That is, data transmitted to 
a single UE may be simultaneously transmitted from a 
plurality of transmission points. According to the joint 
transmission scheme, it is possible to coherently or non- 
coherently improve the quality of the received signals and 
to actively eliminate interference with another UE.

The dynamic cell selection scheme refers to a scheme 
for transmitting a PDSCH from one point (of the CoMP unit). 
That is, data transmitted to a single UE at a specific time 
is transmitted from one point and the other points in the 
cooperative unit at that time do not transmit data to the 
UE. The point for transmitting the data to the UE may be 
dynamically selected.
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According to the CS/CB scheme, the CoMP units may 
cooperatively perform beamforming of data transmission to a 
single UE. Although only a serving cell transmits the data, 
user scheduling/beamforming may be determined by the 
coordination of the cells of the CoMP unit.

In uplink, coordinated multi-point reception refers 
to reception of a signal transmitted by coordination of a 
plurality of geographically separated points. The CoMP 
scheme applicable to the uplink may be classified into 
Joint Reception (JR) and Coordinated Scheduling/Beamforming 
(CS/CB).

The JR scheme indicates that a plurality of reception 
points receives a signal transmitted through a PUSCH, the 
CS/CB scheme indicates that only one point receives a PUSCH, 
and user scheduling/beamforming is determined by the 
coordination of the cells of the CoMP unit.

Sounding RS (SRS)
An SRS is used for enabling an eNodeB to measure 

channel quality so as to perform frequency-selective 
scheduling on the uplink and is not associated with uplink 
data and/or control information transmission. However, the 
present invention is not limited thereto and the SRS may be 
used for improved power control or supporting of various 
start-up functions of UEs which are not recently scheduled. 
Examples of the start-up functions may include, for example, 
initial Modulation and Coding Scheme (MCS), initial power 
control for data transmission, timing advance, and 
frequency-semi-selective scheduling (scheduling for 
selectively allocating frequency resources in a first slot 
of a subframe and pseudo-randomly hopping to another 
frequency in a second slot).
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In addition, the SRS may be used for downlink channel 
quality measurement on the assumption that the radio 
channel is reciprocal between the uplink and downlink. 
This assumption is particularly valid in a Time Division 
Duplex (TDD) system in which the same frequency band is 
shared between the uplink and the downlink and is divided 
in the time domain.

The subframe through which the SRS is transmitted by 
a certain UE within the cell is indicated by cell-specific 
broadcast signaling. 4-bit cell-specific 
"srsSubframeConfiguration" parameter indicates 15 possible 
configurations of the subframe through which the SRS can be 
transmitted within each radio frame. By such 
configurations, it is possible to provide adjustment 
flexibility of SRS overhead according to a network 
arrangement scenario. The remaining one (sixteenth) 
configuration of the parameters indicates the switch-off of 
the SRS transmission within the cell and is suitable for a 
serving cell for serving high-rate UEs.

As shown in FIG. 8, the SRS is always transmitted on 
a last SC-FDMA symbol of the configured subframe. 
Accordingly, the SRS and a Demodulation RS (DMRS) are 
located on different SC-FDMA symbols. PUSCH data 
transmission is not allowed on the SC-FDMA symbol specified 
for SRS transmission and thus sounding overhead does not 
approximately exceed 7% even when it is highest (that is, 
even when SRS transmission symbols are present in all 
subframes).

Each SRS symbol is generated by the basic sequence
(random sequence or Zadoff-Ch (ZC)-based sequence set) with
respect to a given time unit and frequency band, and all
UEs within the cell use the same basic sequence. At this
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time, the SRS transmission of the plurality of UEs within 
the cell in the same time unit and the same frequency band 
is orthogonally distinguished by different cyclic shifts of 
the base sequence allocated to the plurality of UEs. The 
SRS sequences of different cells can be distinguished by 
allocating different basic sequences to respective cells, 
but the orthogonality between the different basic sequences 
is not guaranteed. .

Relay Node (RN)
A RN may be considered for, for example, enlargement 

of high data rate coverage, improvement of group mobility, 
temporary network deployment, improvement of cell edge 
throughput and/or provision of network coverage to a new 
area.

A RN forwards data transmitted or received between 
the eNodeB and the UE, two different links (backhaul link 
and access link) are applied to the respective carrier 
frequency bands having different attributes. The eNodeB 
may include a donor cell. The RN is wirelessly connected 
to a radio access network through the donor cell.

The backhaul link between the eNodeB and the RN may 
be represented by a backhaul downlink if downlink frequency 
bands or downlink subframe resources are used, and may be 
represented by a backhaul uplink if uplink frequency bands 
or uplink subframe resources are used. Here, the frequency 
band is resource allocated in a Frequency Division Duplex 
(FDD) mode and the subframe is resource allocated in a Time 
Division Duplex (TDD) mode. Similarly, the access link 
between the RN and the UE(s) may be represented by an 
access downlink if downlink frequency bands or downlink 
subframe resources are used, and may be represented by an 
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access uplink if uplink frequency bands or uplink subframe 
resources are used.

The eNodeB must have functions such as uplink 
reception and downlink transmission and the UE must have 
functions such as uplink transmission and downlink 
reception. The RN must have all functions such as backhaul 
uplink transmission to the eNodeB, access uplink reception 
from the UE, the backhaul downlink reception from the 
eNodeB and access downlink transmission to the UE.

FIG. 9 is a diagram showing an example of 
implementing transmission and reception functions of a FDD­
mode RN. The reception function of the RN will now be 
conceptually described. A downlink signal received from 
the eNodeB is forwarded to a Fast Fourier Transform (FFT) 
module 912 through a duplexer 911 and is subjected to an 
OFDMA baseband reception process 913. An uplink signal 
received from the UE is forwarded to a FFT module 922 
through a duplexer 921 and is subjected to a Discrete 
Fourier Transform-spread-OFDMA (DFT-s-OFDMA) baseband 
reception process 923. The process of receiving the 
downlink signal from the eNodeB and the process of 
receiving the uplink signal from the UE may be 
simultaneously performed. The transmission function of the 
RN will now be described. The uplink signal transmitted to 
the eNodeB is transmitted through a DFT-s-OFDMA baseband 
transmission process 933, an Inverse FFT (IFFT) module 932 
and a duplexer 931. The downlink signal transmitted to the 
UE is transmitted through an OFDM baseband transmission 
process 943, an IFFT module 942 and a duplexer 941. The 
process of transmitting the uplink signal to the eNodeB and 
the process of transmitting the downlink signal to the UE 
may be simultaneously performed. In addition, the
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duplexers shown as functioning in one direction may be 
implemented by one bidirectional duplexer. For example, 
the duplexer 911 and the duplexer 931 may be implemented by 
one bidirectional duplexer and the duplexer 921 and the 
duplexer 941 may be implemented by one bidirectional 
duplexer. The bidirectional duplexer may branch into the 
IFFT module associated with the transmission and reception 
on a specific carrier frequency band and the baseband 
process module line.

In association with the use of the band (or the 
spectrum) of the RN, the case where the backhaul link 
operates in the same frequency band as the access link is 
referred to as "in-band" and the case where the backhaul 
link and the access link operate in different frequency 
bands is referred to as "out-band". In both the in-band 
case and the out-band case, a UE which operates according 
to the existing LTE system (e.g., Release-8), hereinafter, 
referred to as a legacy UE, must be able to be connected to 
the donor cell.

The RN may be classified into a transparent RN or a 
non-transparent RN depending on whether or not the UE 
recognizes the RN. The term "transparent" indicates that 
the UE cannot recognize whether communication with the
network is performed through the RN and the term "non­
transparent" indicates that the UE recognizes whether
communication with the network is performed through the RN.

In association with the control of the RN, the RN may 
be classified into a RN configured as a part of the donor 
cell or a RN for controlling the cell. .

The RN configured as the part of the donor cell may
have a RN ID, but does not have its cell identity. When at
least a part of Radio Resource Management (RRM) of the RN
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is controlled by the eNodeB to which the donor cell belongs 
(even when the remaining parts of the RRM are located on 
the RN), the RN is configured as the part of the donor cell. 
Preferably, such an RN can support a legacy UE. For 
example, examples of such an RN include various types of 
relays such as smart repeaters, decode-and-forward relays, 
L2 (second layer) relays and Type-2 relays.

In the RN for controlling the cell, the RN controls 
one or several cells, unique physical layer cell identities 
are provided to the cells controlled by the RN, and the 
same RRM mechanism may be used. From the viewpoint of the 
UE, there is no difference between access to the cell 
controlled by the RN and access to the cell controlled by a 
general eNodeB. Preferably, the cell controlled by such an 
RN may support a legacy UE. For example, examples of such 
an RN include self-backhauling relays, L3 (third layer) 
relays, Type-1 relays and Type-la relays.

The Type-1 relay is an in-band relay for controlling 
a plurality of cells, which appears to be different from 
the donor cell, from the viewpoint of the UE. In addition, 
the plurality of cells has respective physical cell IDs 
(defined in the LTE Release-8) and the RN may transmit its 
synchronization channel, RSs, etc. In a single-cell 
operation, the UE may directly receive scheduling 
information and HARQ feedback from the RN and transmit its 
control channel (Scheduling Request (SR), CQI, ACK/NACK, 
etc.) to the RN. In addition, a legacy UE (a UE which 
operates according to the LTE Release-8 system) regards the 
Type-1 relay as a legacy eNodeB (an eNodeB which operates 
according to the LTE Release-8 system). That is, the Type- 
1 relay has backward compatibility. The UEs which operates 
according to the LTE-A system regard the Type-1 relay as an
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eNodeB different from the legacy eNodeB, thereby achieving 
performance improvement.

The Type-la relay has the same characteristics as the 
above-described Type-1 relay except that it operates as an 
out-band relay. The Type-la relay may be configured so as 
to minimize or eliminate an influence of the operation 
thereof on an LI (first layer) operation.

The Type-2 relay is an in-band relay and does not 
have a separate physical cell ID. Thus, a new cell is not 
established. The Type-2 relay is transparent to the legacy 
UE and the legacy UE does not recognize the presence of the 
Type-2 relay. The Type-2 relay can transmit a PDSCH, but 
does not transmit at least a CRS and a PDCCH.

In order to enable the RN to operate as the in-band 
relay, some resources in a time-frequency space must be 
reserved for the backhaul link so as not to be used for the 
access link. This is called resource partitioning.

The general principle of the resource partitioning in 
the RN will now be described. The backhaul downlink and 
the access downlink may be multiplexed on one carrier 
frequency using a Time Division Multiplexing (TDM) scheme 
(that is, only one of the backhaul downlink or the access 
downlink is activated in a specific time). Similarly, the 
backhaul uplink and the access uplink may be multiplexed on 
one carrier frequency using the TDM scheme (that is, only 
one of the backhaul uplink or the access uplink is 
activated in a specific time).

The multiplexing of the backhaul link using a FDD
scheme indicates that backhaul downlink transmission is
performed in a downlink frequency band and the backhaul
uplink transmission is performed in an uplink frequency
band. The multiplexing of the backhaul link using the TDD
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scheme indicates that the backhaul downlink transmission is 
performed in a downlink subframe of the eNodeB and the RN 
and the backhaul uplink transmission is performed in an 
uplink subframe of the eNodeB and the RN.

In the in-band relay, for example, if the backhaul 
downlink reception from the eNodeB and the access downlink 
transmission to the UE are simultaneously performed in a 
predetermined frequency band, the signal transmitted from 
the transmitter of the RN may be received by the receiver 
of the RN and thus signal interference or RF jamming may 
occur in the RF front end of the RN. Similarly, if the 
access uplink reception from the UE and the backhaul uplink 
transmission to the eNodeB are simultaneously performed in 
a predetermined frequency band, signal interference may 
occur in the RF front end of the RN. Accordingly, it is 
difficult to implement the simultaneous transmission and 
reception in one frequency band at the RN unless the 
received signal and the transmitted signal are sufficiently 
separated (for example, unless the transmission antennas 
and the reception antennas are sufficiently separated form 
each other (for example, on the ground or under the ground) 
in terms of geographical positions).

As a method for solving the signal interference, the 
RN operates so as not to transmit a signal to the UE while 
a signal is received from the donor cell. That is, a gap 
may be generated in the transmission from the RN to the UE 
and any transmission from the RN to the UE (including the 
legacy UE) may not be performed. Such a gap may be set by 
configuring a Multicast Broadcast Single Frequency Network
(MBSFN) subframe (see FIG. 10) . In FIG. 10, a first
subframe 1010 is a general subframe , in which a downlink
(that is , access downlink) control signal and data is
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transmitted from the RN to the UE, and a second subframe 
1020 is an MBSFN subframe, in which a control signal is 
transmitted from the RN to the UE in a control region 1021 
of the downlink subframe, but any signal is not transmitted 
from the RN to the UE in the remaining region 1022 of the 
downlink subframe. Since the legacy UE expects the 
transmission of the PDCCH in all downlink subframes (that 
is, the RN needs to enable the legacy UEs within its own 
area to receive the PDCCH in every subframe so as to 
perform a measurement function), for the correct operation 
of the legacy UEs, it is necessary to transmit the PDCCH in 
all the downlink subframes. Accordingly, even on the 
subframe (the second subframe 1020)) set for the 
transmission of the downlink (that is, the backhaul 
downlink) from the eNodeB to the RN, the RN needs to 
transmit the access downlink in first N (N=l, 2 or 3) OFDM 
symbol intervals of the subframe, without receiving the 
backhaul downlink. Since the PDCCH is transmitted from the 
RN to the UE in the control region 1021 of the second 
subframe, it is possible to provide backward compatibility 
to the legacy UE served by the RN. While any signal is not 
transmitted from the RN to the UE in the remaining region 
1022 of the second subframe, the RN may receive the signal 
transmitted from the eNodeB. Accordingly, the resource 
partitioning disables the in-band RN to simultaneously 
perform the access downlink transmission and the backhaul 
downlink reception.

The second subframe 1022 using the MBSFN subframe
will now be described in detail. The control region 1021
of the second subframe may be a RN non-hearing interval.
The RN non-hearing interval refers to an interval in which
the RN does not receive a backhaul downlink signal and
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transmits an access downlink signal. This interval may be 
set to 1, 2 or 3 OFDM lengths as described above. The RN 
performs the access downlink transmission to the UE in the 
RN non-hearing interval 1021 and performs the backhaul 
downlink reception from the eNodeB in the remaining region 
1022. At this time, since the RN cannot simultaneously 
perform the transmission and reception in the same 
frequency band, it takes a certain length of time to switch 
the RN from the transmission mode to the reception mode. 
Accordingly, it is necessary to set a guard time (GT) to 
switch the RN from the transmission mode to the reception 
mode in a first portion of the backhaul downlink reception 
region 1022. Similarly, even when the RN receives the 
backhaul downlink from the eNodeB and transmits the access 
downlink to the UE, a guard time (GT) to switch the RN from 
the reception mode to the transmission mode may be set. 
The length of the guard time may be set to values of the 
time domain, for example, values of k (k>l) time samples Ts 
or one or more OFDM symbol lengths. Alternatively, if the 
backhaul downlink subframes of the RN are consecutively set 
or according to a predetermined subframe timing alignment 
relationship, the guard time of a last portion of the 
subframes may not be defined or set. Such a guard time may 
be defined only in the frequency domain set for the 
transmission of the backhaul downlink subframe, in order to 
maintain backward compatibility (the legacy UE cannot be 
supported if the guard time is set in the access downlink 
interval) . The RN can receive a PDCCH and a PDSCH from the 
eNodeB in the backhaul downlink reception interval 1022 
except for the guard time. Such PDCCH and the PDSCH are 
physical channels dedicated for RN and thus may be 
represented by a R-PDCCH (Relay-PDCCH) and a R-PDSCH
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RLF-related Operation
An RLF may occur between an eNB and a UE. The RLF 

means a state in which the quality of a radio link between 
the eNB and the UE is degraded and thus signal transmission 
and reception is difficult between them. A description 
will be given below of a procedure for detecting an RLF and 
searching for a new radio link.

In the 3GPP LTE system, Radio Resource Control (RRC) 
state between an eNB and a UE is divided into RRC CONNECTED 
state and RRC_IDLE state. In the RRC_CONNECTED state, an
RRC connection has been established between the eNB and the
UE and thus the UE can transmit data to and receive data
from the eNB. When the RRC connection is released between
the UE and the eNB, this state is called the RRC IDLE state.

An RLF-related operation involves (1) detection of a
physical layer problem in the RRC CONNECTED state,
recovery from the physical layer problem, RLF
detection.

indications as
layer, the UE

is
signals from a
channel falls
channel

many consecutive "out-of-sync"
a predetermined value N310
activates a T310 timer.

from a lower
"Out-of-sync"

an event occurring when the UE measures
serving

below a
quality may be

eNB and the
predetermined
determined by

quality
level.

of measured
Here, the

Ratio) 'measured using Cell-specific Reference Signal (CRS) 
from the downlink signals. Further, the lower layer (i.e.
the physical layer) may provide an "out-of-sync" indication 
to a higher layer, when demodulation of a received PDCCH is 
impossible or the Signal-to-Interference plus Noise Ratio 
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(SINR) of the PDCCH is low. N310 and T310 are higher-layer 
parameters that may be preset.

(2) Upon receipt of as many consecutive "in-sync" 
indications as a predetermined value N311 while the T310 
timer is running, the UE stops the T310 timer. N311 is a 
higher-layer parameter that may be predefined.

(3) Upon expiration of the T310 timer, the UE starts 
a connection re-establishment procedure, determining that 
an RLF has been detected. The expiration of the T310 timer 
implies that the T310 timer has reached a predetermined 
time T310 without stopping in the middle. In the 
connection re-establishment procedure, the UE transmits an 
RRC connection re-establishment request to the eNB, 
receives an RRC connection re-establishment message from 
the eNB, and then transmits an RRC connection re­
establishment completion message to the eNB. For details 
of the RLF-related operation, section 5.3.11 of the 3GPP 
standard document, TS36.331 may be referred to.

As stated before, the RLF process is a process of 
searching for a new link, when the link state between a 
transmitter and a receiver keeps degraded during activating 
an internal timer. Because it is difficult to predict the 
state of the link (Uu link) between the eNB and the UE in 
the 3GPP LTE system, it is determined whether an RLF has 
been detected using parameters such as N310, N311 and T310.

Operation of measurement for ICIC
Referring back to FIG. 1, description will be made on

a case where an inter-cell interference of a micro base
station with respect to a downlink to a macro-user
equipment occurs from a macro base station. For example,
it is assumed that the micro base station (122) corresponds
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to a CSG cell allowing access only to a specific user 
equipment. Additionally, it is assumed that the user 
equipment (132) corresponds to a macro-user equipment that 
is served by the macro base station (110) . More 
specifically, it is also assumed that the user equipment
(132) is not included in the CSG of the micro base station 
(122). In this case, the user equipment (132) is 
positioned within the coverage of the micro base station 
(122) . However, since the user equipment (132) is 
incapable of accessing the corresponding micro base station 
(122), the user equipment (132) may perform transmission 
and reception to and from a macro base station 110, which 
is located at a more remote location. As a result, in 
performing downlink reception, the user equipment (132) 
eventually receives an intense interference from the micro 
base station (122) .

A variety of methods for controlling such inter-cell 
interference may be considered. For example, a case 
assuming that a macro base station receives an interference 
from the micro base station will now be described. As a 
method for controlling inter-cell interference, a method of 
reducing the influence on uplink/downlink quality between 
the macro base station and the macro-user equipment, by 
chronologically/spatially shifting uplink/downlink 
transmission resource between the micro base station and 
the micro-user equipment, and a method of reducing the 
influence by performing a puncturing process in a downlink 
of the micro base station on essential parts (e.g., CRS) of 
the downlink signals of the macro base station, wherein the 
essential parts of the downlink signals are used for 
maintaining a radio link with the macro-user equipment, may 
be considered. Additionally, as a method for reducing 
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influence of the micro base station on the macro base 
station, a method enabling the micro base station to 
perform transmission only during a specific section (e.g., 
an odd-numbered subframe within the time or a partial RB 
within the frequency) may also be considered.

However, even when such inter-cell interference 
coordinating methods are applied, an RLF between the macro 
base station and the macro-user equipment may still occur. 
For example, in case the macro-user equipment is positioned 
at a remote location from the macro base station, and in 
case the macro-user equipment is served by the macro base 
station, due to a strong interference from a micro base 
station neighboring the macro-user equipment, the macro­
user equipment may detect that a radio link quality between
the macro­-user equipment and the macro base station is
ext remely low. In case an RLF occurs, the macro-user
equipment determines that the radio link with the macro
base station is not suitable for transmission and reception. 
And, accordingly, the macro-user equipment performs a 
procedure for searching a new adequate cell. Most 
particularly, among the above-described inter-cell 
interference coordinating methods, in case the micro base 
station applies a method of performing transmission only 
during a specific section, even if there is no operational 
problem in the macro base station during the other sections 
excluding the corresponding specific section, there may lie 
a problem in that the user equipment detects an RLF and 
searches for another cell. In this case, although the 
coverage of the micro base station and its surrounding area 
belong to the coverage of the macro base station, a problem 
may occur wherein transmission and reception cannot be 
performed between the macro user equipment and the macro 
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base station. As described above, an area where the 
transmission and reception of the macro base station is 
obstructed (or interrupted) by the micro bas station may be 
expressed as a coverage hole.

FIG. 11 illustrates a coverage hole. As shown in FIG. 
11, in case multiple micro base stations exist within the 
coverage of a macro base station, due to an intense 
interference of the micro base station, a coverage hole, 
wherein the transmission and reception between the macro­
user equipment and the macro base station, may occur.

As described above, in case the conventional inter­
cell interference coordination (ICIC) method is applied, 
and if the user equipment measures the radio link by using 
an identical method as the conventional method, problems 
such as the occurrence of the above-described coverage hole 
cannot be resolved. Therefore, in order to prevent the 
occurrence of a coverage hole caused by an RLF, which may 
occur due to inter-cell interference, and to allow the user 
equipment to measure channel quality of a radio link with 
more accuracy, when performing CSI measurement, RRM 
measurement, and so on, the present invention proposes a 
method of designating a resource area that corresponds to a 
measurement object, when the user equipment measures a 
downlink channel quality from the base station to the user 
equipment. According to the present invention, by having 
the user equipment perform signaling on a downlink resource 
(time resource, frequency resource, and/or space resource) 
that is to be measured, the user equipment may correctly 
measure the quality of the wireless resource, even when the 
inter-cell interference is largely applied, problems such 
as the occurrence of unnecessary RLF may be prevented. The 
various embodiments proposed in the present invention may 

45



WO 2011/122833 PCT/KR2011/002155

5

10

15

20

25

30

be effective in cases wherein, for example, CSG cells exist 
within the coverage of the macro base station.

In the following description, it will be assumed that
2 cells receive and transmit interference to and from one 
another for clarity of the description. Hereinafter, a 
method enabling a cell receiving the interference (also 
referred to as a victim cell) to signal a downlink resource 
to a user equipment that is served by the victim cell 
itself (also referred to as a victim UE) will be described. 
Herein, the downlink resource is to be measured by the 
corresponding user equipment. Also, the cell causing the 
interference may also be expressed as an interfering cell 
or an aggressor cell. For example, in case of a network 
wherein the macro base station co-exists with a femto-cell 
base station, the macro user equipment being located within 
the coverage of the femto-cell base station may become the 
victim cell, and the femto cell may become the aggressor 
cell. Alternatively, in case of a network wherein the 
macro base station co-exists with a pico-cell base station, 
the user equipment being served by the pico-cell base 
station within the extended area of the pico-cell base 
station may become the victim user equipment, and the macro 
base station may become the interfering cell.

In the above-described example, description is made 
under the assumption that the macro base station is the 
victim cell and that the micro base station is the 
interfering cell, for simplicity. However, the embodiments 
of the present invention may also be applied in cases other 
than the case of the above-described example. For example, 
when the micro-user equipment measures a downlink signal 
from the micro base station, the same principle described 
in the present invention may be applied to a case where an
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intense interference caused by the macro base station 
exists. Alternatively, the same principle described in the 
present invention may be applied to a case where an 
interference exists between 2 macro cells. More
specifically, it will be apparent that, in case an 
interference can occur between 2 random cells, various 
embodiments of the present invention can be applied.

Additionally, as a case wherein the principle of the 
present invention is applicable, an exemplary case of 
preventing unnecessary RLF from being detected by the 
victim user equipment, when the effect of the inter-cell 
interference is large, has been given to describe the 
above-mentioned example. The present invention will not be 
limited only to the above-described example. The basic 
principle of designating a downlink measurement resource 
may enable the victim user equipment to accurately and 
efficiently perform downlink measurement, when the inter­
cell interference exists, and the basic principle of the 
present invention may also be applied to a case when a 
resource for measuring a downlink from a neighboring cell, 
which is adjacent to a specific user equipment, is 
designated. More specifically, it will be specified that 
the method of designating a downlink measurement resource 
proposed in the present invention can be applied to various 
downlink measurement schemes of the user equipment.

In other words, the downlink measurement of a user 
equipment according to the present invention refers to a 
collective concept including RLM (Radio Link Monitoring) 
for preventing RLF, a measurement for Channel State
Information (CSI) reporting, interference measurement, RRM
(Radio Resource Management) measurement, and so on. The
RRM measurement may include, for example, the measurements
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of Reference Signal Received Power (RSRP), Reference Signal 
Received Quality (RSRQ), Received Signal Strength Indicator 
(RSSI) , and so on.

Designation of Downlink Measurement Resource
The present invention proposes a method of 

designating resource (time resource, frequency resource, 
and/or space resource) areas, which are used for the 
measurement performed by the user equipment, as follows. 
The designation of the resource that is to be used for the 
measurement process may be notified to the user equipment 
by a physical layer signaling or a higher-level layer 
signaling from the base station.

(1) Designating subframes
The user equipment may designate downlink measurement 

to be performed only in a specific subframe. The specific 
subframe, for example, may be designated as a subframe 
receiving no downlink transmission from an interfering cell. 
Additionally, the designated specific subframe may 
correspond to one or more subframes.

(2) Designating control regions/data regions .
The user equipment may designate downlink measurement 

to be performed only in a PDCCH region (or control region) 
or a PDSCH region (or data region) of a random downlink 
subframe .

(3) Designating slots
The user equipment may designate downlink measurement 

to be performed only in a specific slot of a random 
downlink subframe.

(4) Designating OFDM symbols
The user equipment may designate downlink measurement

to be performed only in a specific PFDM symbol of a random
downlink subframe. Herein, the designated OFDM symbol may
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correspond to one or more OFDM symbols.
(5) Designating resource blocks (RBs)
The user equipment may designate downlink measurement 

to be performed only in a specific RB within a frequency 
resource. Herein, the designated specific RB may 
correspond to one or more RBs.

Alternatively, the user equipment may designate a 
specific RB by using a bitmap method. Also, in order to 
reduce signaling overhead, signaling may be performed in 
bundle units (bundles of multiple RBs). Furthermore, 
signaling may also be performed by using an offset value of 
a start RB index and an end RB index.

(6) Designating transmission antenna ports
The user equipment may designate downlink measurement 

to be performed by using only a reference signal being 
transmitted from a specific antenna port. For example, the 
user equipment may designate downlink channel quality to be 
measured by using only a CRS (RE marked as "0" in FIG. 7) 
allocated to antenna port 0, or the user equipment may 
designate downlink channel quality to be measured by using 
only a CRS (REs marked as "0" and "1" in FIG. 7) allocated 
to antenna ports 0 and 1.

The above-described examples (1) to (6) on the 
designation of resources used for the downlink measurement 
performed by the user equipment may be applied 
independently or in combination. For example, signaling 
may be made so that downlink measurement can be performed 
only in a specific RB within the control region of a 
specific downlink subframe. Alternatively, signaling may 
be made so that downlink channel quality can be measured by 
using only the CRS of antenna ports 0 and 1 of the control 
region within a specific downlink subframe. Further, a
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combination of (1) designating subframe and (3) designating 
OFDM symbol may be applied, resulting in that downlink 
measurement may be performed for certain OFDM symbol(s) in 
certain downlink subframe(s) or for all OFDM symbols in 
certain ■ downlink subframe (s). Furthermore, when multiple 
combinations are being applied, the user equipment may 
designate a downlink measurement area in resource element 
(RE) units. Accordingly, in case the effect of the inter­
cell interference is large, the base station may designate 
a downlink resource area (e.g., a resource area that is not 
influenced by an interference caused by another cell may be 
designated) in which the user equipment is to measure
channel quality. Thus, the radio link between the base
station and the user equipment can be accurately measured.
(For example, the radio link may be maintained by
preventing the RLF from being unnecessarily detected.)
Alternatively, by performing downlink measurement in a
portion having no downlink signal transmitted from an
interfering cell, which is adj acent to the victim user
equipment, the victim user equipment may be capable of
accurately calculating the CSI or may be capable of
accurately performing RRM measurement, such as RSRP, RSSI,
RSRQ, and so on.

Detailed examples of designating a resource that is 
to be used for the downlink measurement performed by the 
user equipment according to the present invention will now 
be described with reference to FIG. 12 and FIG. 13.

The embodiment of the present invention shown in FIG.
12 describes a case wherein downlink measurement is
designated to be performed only in an even-numbered
subframe of a channel bandwidth of 1.4MHz (a whole RB (6RB)
is used within the bandwidth of 1.4MHz), and wherein
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downlink measurement is designated to be performed by using 
only the CRS located in the control region (PDCCH region) 
within each RB (or the CRS existing in OFDM symbol indexes 
0 and 1). Herein, the antenna port through which the user 
equipment is to perform downlink measurement may also be 
additionally designated. For example, in case downlink 
measurement is designated to be performed only with respect 
to antenna port 0, signaling may be made so that downlink 
measurement using only 2 REs (REs marked as R0 in FIG. 12) 
for each RB can be performed.

The embodiment shown in FIG. 13(a) and FIG. 13(b) is 
similar to the embodiment shown in FIG. 12 in that the 
downlink measurement is performed only in an even-numbered 
subframe. However, the embodiment shown in FIG. 13(a) and 
FIG. 13(b) describes a case wherein the downlink 
measurement is designated to be performed only with respect 
to 4RB of the 1.4MHz channel bandwidth (6RB) . This may 
correspond, for example, to a case where a victim user 
equipment designates a downlink frequency resource that is 
to be measured, when the victim user equipment uses the 
lower 4RB of the 6RB so as to perform transmission, and 
when the interfering cell uses the upper 2RB of the 6RB so 
as to perform transmission (or including a case when the 
interfering cell uses 2RB or more so as to perform 
transmission) . Herein, the embodiment of FIG. 13 (a) shows 
a case where downlink measurement is performed only with 
respect to a CRS allocated to antenna port 1 in a data 
region (PDSCH region) of a downlink subframe. The 
embodiment of FIG. 13(b) shows a case where downlink 
measurement is performed only with respect to a CRS 
allocated to antenna port 1 in a second slot of a downlink 
subframe. Alternatively, the designation of downlink
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measurement resources shown in FIG. 13(a) and FIG. 13(b) 
may also be expressed as a designation of a CRS RE existing 
in a specific OFDM symbol of a downlink subframe. For 
example, the case shown in FIG. 13(a) may correspond to a 
case where the downlink measurement is designated to be 
performed only on the CRS allocated to antenna port 1 at 
OFDM symbol indexes 4, 7, and 11. And, the case shown in 
FIG. 13 (b) may correspond to a case where the downlink 
measurement is designated to be performed only .on the CRS 
allocated to antenna port 1 at OFDM symbol indexes 7 and 11.

In the above-described example, a case where the user 
equipment uses the CRS so as to measure the downlink 
channel quality has been described, in order to clearly 
describe the principle of the present invention. However, 
the scope of the present invention will not be limited only 
to the above-described example. The above-described 
details may be equally applied to a process of signaling a 
resource area in which various downlink measurements 
(measurement for RLM, CSI measurement, interference 
measurement, RRM measurement) are to be performed, the 
various downlink measurements being performed by the user 
equipment. More specifically, according to the present 
invention, signaling may be performed on a specific time 
resource (e.g., subframe, control region/data region, slot 
or OFDM symbol), a specific frequency resource (e.g., RB), 
and/or a specific space resource (e.g., antenna port) with 
respect to which the various downlink measurements are to 
be performed by the user equipment.

Designating resource for downlink CSI measurement
Hereinafter, a method of designating a downlink

measurement resource corresponding to a case when the user
equipment computes channel state information (CSI)
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according to an embodiment of the present invention will be 
described in detail .

As one of many enhanced inter-cell interference 
coordination (enhanced ICIC or elCIC) methods, an MBSFN 
subframe may be configured from a cell causing interference 
(interfering cell). As a general rule, the MBSFN subframe 
corresponds to a subframe for MBMS (multimedia Broadcast 
and Multicast Service), and MBMS refers to a service 
transmitting the same signal from multiple cells at the 
same time. A downlink subframe that is configured as the 
MBSFN subframe may transmit CRS only from an OFDM symbol 
position, which transmits the control channel, and the CRS 
is not transmitted from the data region. Furthermore, it 
is assumed that a boundary of a downlink subframe of an 
interfering cell and a boundary of a downlink subframe of a 
cell receiving interference (victim cell) are aligned. 
Accordingly, the cell receiving the inference (victim cell) 
receives (or is influenced.by) the interference caused by 
the CRS of the interfering cell only in the control region 
(PDCCH region), and the victim cell does not receive (or is 
not influenced by) the interference caused by the CRS of 
the interfering cell in the data region (PDSCH region). In 
this case, when the victim user equipment computes and 
reports the CSI for PDSCH transmission from the victim cell, 
the influence of the CRS interference caused by the 
interfering cell is not required to be considered. Also, 
in order to enable the victim user equipment to compute and 
report a more accurate CSI, the CSI may be computed by 
using only the CRS located in the PDSCH region (i.e., CRS 
received from the victim cell) of the corresponding 
subframe (downlink subframe of the victim cell being 
aligned with a downlink subframe configured by the 
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interfering cell as an MBSFN subframe).
In order to enable the user equipment to perform such 

downlink measurement operations, the base station may 
designate and signal the corresponding user equipment to 
perform downlink measurement only in the data region. More 
specifically, the above-described method number (2), which 
designates the resource that is used for the downlink 
measurement process, may be applied.

Additionally, when the user equipment computes the 
CSI, an SINR of a received signal may be measured. Herein, 
in order to compute the SINR, a signal element and an 
interference element (or interference and noise elements) 
should be estimated. As described above, in case the 
interfering cell configures a specific downlink subframe as 
an MBSFN subframe and in case the interfering cell does not 
transmit data and CRS in the data region (or in case the 
interfering cell transmits a null resource element (Null 
RE) ), in a downlink subframe of the victim cell that is 
aligned with the specific downlink subframe of the 
interfering cell, the victim user equipment may perform 
interference estimation by using only the CRS of the data 
region. (For example, the victim user equipment extracts a 
CRS of the data region within the downlink subframe that is 
received from the victim cell. Then, the victim user 
equipment may measure the remaining elements as 
interference elements). At this point, the process of 
measuring the signal elements may be performed by using the 
downlink signals of both the data region and the control 
region, or the process of measuring the signal elements may 
be performed by using only the downlink signal of a 
specific region (e.g., data region).

Although an example of the interfering cell
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configuring an MBSFN subframe has been given to describe 
the above-described embodiment of the present invention, 
the present invention will not be limited only to the 
example given herein. In other words, the same principle 
may be applied to normal subframes, ABSs (Almost Blank 
Subframes), and ABS-with-MBSFN. More specifically, in 
order to allow the user equipment to measure downlink CSI 
with more accuracy, the base station may designate and 
signal a resource area in which the downlink measurement is 
to be performed. Herein, the ABS refers to a case wherein 
the CRS is transmitted only from the control region and 
data region of the downlink subframe, and wherein the PDCCH 
and the PDSCH are not transmitted. However, even in the 
ABS, downlink channels, such as PBCH, PSS, SSS, and so on, 
and downlink signals may be transmitted. Furthermore, ABS- 
with-MBSFN refers to a case wherein even the CRS of the 
data region is not transmitted from the above-described ABS.

In the above-described examples, it is described that 
the CRS is used for the downlink CSI measurement. However, 
the principle of the present invention may also be equally 
applied in a case of using CSI-RS in order to measure 
downlink CSI. More specifically, in order to enable the 
user equipment to measure downlink CSI with more accuracy 
based upon a CSI-RS transmitted from the base station, 
which has an extended antenna configuration, the base 
station may designate and signal a resource area in which 
the downlink measurement process is to be performed.

According to another embodiment of the present
invention, description will be made on a method of
designating a downlink measurement resource of a victim
user equipment, in case the number of transmission antennae
of the interfering cell is smaller than the number of
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transmission antennae of the victim cell (or in case the 
number of transmission antennae of the interfering cell is 
limited) . In this case, the victim user equipment may 
perform interference measurement by using the CRS of an 
antenna port that is not used by the interfering cell. 
Accordingly, the victim user equipment may apply the 
measured result to CSI computation. Most particularly, in 
case the interfering cell configures a specific downlink 
subframe as the ABS, and when the victim user equipment 
uses the CSI-RS to compute the downlink CSI, the 
interference may be measured by using the CRS of an antenna 
port that is not used by the interfering cell in a downlink 
subframe from which the CSI-RS is not transmitted.

In the above-described examples, a case wherein the
user equipment measures the downlink CSI has been described
in order to clearly describe the principle of the present
invention. However, the scope of the present invention
will not be limited only to the case described in the
example presented herein. The above-described details may
also be equally applied to a process of signaling a
resource area, wherein various downlink measurement
processes for RLM, CSI measurement,
interference measurement, RRM measurement) which are
performed by the user equipment, are to be performed. More

t

specifically, according to the present invention, signaling
may be performed on a specific time resource (e.g.,
subframe, control region/data region, slot or OFDM symbol),

specific
with respect to which

the various downlink measurements are to be performed by 
the user equipment.

Detailed examples of designating a downlink 
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measurement respective to inter-cell interference 
coordination according to the present invention will now be 
described with reference to FIG. 14 to FIG. 18.

FIG. 14 illustrates an example of designating a 
resource, on which downlink measurement is to be performed, 
from a victim cell being influenced by interference to a 
victim user equipment, in case downlink subframe boundaries 
of two cells exchanging interference are identical, and in 
case CRS transmission resource elements of two cells 
coincide. In the example shown in FIG. 14, the antenna 
configuration of the victim cell corresponds to 4 
transmission antennae, and the antenna configuration of the 
interfering cell corresponds to 2 transmission antenna. 
Additionally, the example of FIG. 14 shows a case wherein 
the downlink subframe of the interfering cell is configured 
as an ABS. Accordingly, a collision may occur between the 
CRS being allocated to antenna ports 0 and 1 of the 
interfering cell and the CRS being allocated to antenna 
ports 0 and 1 of the victim cell. In this case, the victim 
cell may signal the victim user equipment to perform 
downlink measurement by using only the CRS being allocated 
to antenna ports 2 and 3 in the downlink subframe.

FIG. 15 illustrates an example of designating a 
resource, on which downlink measurement is to be performed, 
from a victim cell being influenced by interference to a 
victim user equipment, in case downlink subframe boundaries 
of two cells exchanging interference are identical, and in 
case CRS transmission resource elements of two cells 
coincide. In the example shown in FIG. 15, the antenna 
configuration of both the victim cell and the interfering 
cell corresponds to 4 transmission antennae. Additionally, 
the example of FIG. 15 shows a case wherein the downlink 

57



WO 2011/122833 PCT/KR2011/002155

5

10

15

20

25

30

subframe of the interfering cell is configured as an MBSFN 
subframe. Accordingly, a collision may occur between the 
CRS of the control region of a downlink subframe of the 
interfering cell and the CRS of the control region of a 
downlink subframe of the victim cell. In this case, the 
victim cell may signal the victim user equipment to perform 
downlink measurement by using only the CRS of the data 
region in the downlink subframe.

FIG. 16 illustrates an example of designating a 
resource, on which downlink measurement is to be performed, 
from a victim cell being influenced by interference to a 
victim user equipment, in case downlink subframe boundaries 
of two cells exchanging interference are shifted to an 
offset of 3 OFDM symbols. By shifting the subframe 
boundaries of two cells to an offset of 3 OFDM symbols, the 
PDCCH region of the victim user equipment may be protected 
or CRC collision may be prevented. In the example shown in 
FIG. 16, the antenna configuration of both the victim cell 
and the interfering cell corresponds to 4 transmission 
antennae. Additionally, the example of FIG. 16 shows a 
case wherein the downlink subframe of the interfering cell 
is configured as an MBSFN subframe. Accordingly, a portion 
of the PDSCH region of the victim cell may be influenced by 
an interference caused by the PDCCH and CRS of the 
interfering cell. In this case, the victim cell may signal 
the victim user equipment to perform downlink measurement 
by using only the CRS of a second slot in the downlink 
subframe. Alternatively, if the last 3 OFDM symbols of a 
previous subframe of the interfering cell (first 3 OFDM 
symbols in the bottom drawing of FIG. 16) do not influence 
the PDCCH region of the victim cell at all, the victim cell 
may designate the victim user equipment to also use the CRS 
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of the PDCCH region so as to downlink measurement.
FIG. 17 illustrates an example of designating a 

resource, on which downlink measurement is to be performed, 
from a victim cell being influenced by interference to a 
victim user equipment, in case downlink subframe boundaries 
of two cells exchanging interference are identical, and in 
case CRS transmission resource elements of two cells 
coincide. In the example shown in FIG. 17, the antenna 
configuration of both the victim cell and the interfering 
cell corresponds to 4 transmission antennae. Additionally, 
the example of FIG. 17 shows a case wherein the downlink 
subframe of the interfering cell is configured as an ABS- 
with-MBSFN subframe. Accordingly, a collision may occur 
between the CRS of the control region of a downlink 
subframe of the interfering cell and the CRS of the control 
region of a downlink subframe of the victim cell. In this 
case, the victim cell may signal the victim user equipment 
to perform downlink measurement by using only the CRS of 
the data region in the downlink subframe.

FIG. 18 illustrates an example of designating a 
resource, on which downlink measurement is to be performed, 
from a victim cell being influenced by interference to a 
victim user equipment, in case downlink subframe boundaries 
of two cells exchanging interference are shifted to 2 OFDM 
symbols. By shifting the subframe boundaries of two cells, 
the PDCCH region of the victim user equipment may be 
protected or CRC collision may be prevented. In the 
example shown in FIG. 18, the interfering cell configures 
two consecutive subframes as ABS. In the example shown in 
FIG. 18, the downlink measurement may be designated to be 
performed in a downlink subframe symbol of the victim cell 
that coincides with the ABS of the interfering cell. For 
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example, in the example of FIG. 18, in case the entire nth 
downlink subframe of the victim cell is included in the ABS 
section of the interfering cell, the CRS of the entire 
subframe may be used for the measurement process in the nth 
downlink subframe of the victim cell. Additionally, the 
CRS of the PDCCH region (or the CRS of an available OFDM 
symbol) may be used for the measurement process in the n- 
1th downlink subframe of the victim cell, and the CRS of 
the PDCCH region (or the CRS of an available OFDM symbol) 
may be used for the measurement process in the n+lth 
downlink subframe of the victim cell.

In the examples shown in FIG. 14 to FIG. 18, the 
downlink measurement may include all of the measurement for 
RLM, CSI measurement, interference measurement, RRM 
measurement, and so on.

Signaling downlink measurement resource designation
Hereinafter, description will be made in detail on a 

signaling method that can be applied to the above-described 
various methods, such as designating a resource on which 
the downlink measurement is performed, in case of an inter­
cell interference coordination (ICIC). The base station 
may notify the user equipment of information indicating the 
resource (time resource, frequency resource, and/or space 
resource) area, which is used for the downlink measurement 
of the user equipment, by performing physical layer 
signaling or higher-level layer signaling.

For example, an RRCConnectionReconfiguration message, 
which is defined in the conventional 3GPP LTE standard 
document (e.g., TS36.331), may be considered to be used as 
a message for signaling the measurement process, which is 
performed by the user equipment. As shown in Table 1 below, 
measurement objects may be signaled through a measConfig 
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information element (IE) included in the presently defined
RRCConnectionReconfiguration message.

[Table 1]
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Referring to Table 1, according to the definitions in 
the current LTE standard, the user equipment may be 
informed of the measurement information through the 
MeasObjectEUTRA IE. According to the current LTE standard, 
since measurement is performed on a full bandwidth of each 
cell, an allowedMeasBandwidth within the MeasObjectEUTRA is 
defined to have a full RB signaled for each bandwidth (e.g., 
6RB for a 1.4MHz bandwidth, 15RB for a 3MHz bandwidth, 
etc.) . '

According to what is proposed in the present 
invention, in the aspect of inter-cell interference 
coordination (ICIC), in order to have the user equipment 
measure channel quality by using only a portion of the 
downlink resource (e.g., a portion of the RB) , additional 
information is required to be defined in the 
MeasObjectEUTRA IE, which is defined in a conventional RRC 
message.

For example, a field having the size of 1 bit may be 
added, in case PDCCH/PDSCH is differentiated and designated 
as the resource on which downlink measurement is to be 
performed, or in case 1st slot/2nd slot is differentiated 
and designated as the resource on which downlink 
measurement is to be performed. Also, in case a specific 
RB is designated as the resource on which downlink 
measurement is to be performed, a bit field may be 
configured in accordance with a signaling method using a 
bitmap, a signaling method performed by bundling multiple 
RBs, a signaling method directly signaling a starting point 
and an ending point of an RB, or a signaling method using 
an offset value of a starting RB index and an offset value 
of an ending RB index. Similarly, a field designating a 
specific antenna port or OFDM symbol as the resource, on 

63



WO 2011/122833 PCT/KR2011/002155

5

10

15

20

25

30

which the downlink measurement is to be performed, may also 
be configured. As described above, a signaling method for 
directing a resource, on which downlink measurement is to 
be performed, to a user equipment may be configured 
independently or in combination.

Hereinafter, description will be made on yet another 
signaling method that can be applied to the above-described 
various methods of designating a resource on which the 
downlink measurement is performed, in case of an inter-cell 
interference coordination (ICIC).

The interfering cell may signal to the victim cell 
whether its subframe configuration corresponds to a normal 
subframe or an ABS (herein, ABS includes ABS-with-MBSFN) by 
using a bitmap method. Herein, the bitmap may be signaled 
in the form of a combination of 2 bitmaps (1st bitmap and 
2nd bitmap) . The 1st bitmap corresponds to a bitmap 
notifying which subframe is being configured as an ABS, and 
the 1st bitmap also performs a function of notifying which 
subframe can be converted to a normal subframe in a later 
process. The 2nd bitmap corresponds to a bitmap notifying 
which subframe is to be used for the measurement in the 
victim cell, and the 2nd bitmap may be configured as a 
subset of the lsC bitmap. It is proposed in the present 
invention that the interfering cell should restrict the 
subframe being signaled through the 2nd bitmap, i.e., the 
subframe that is to be used for the measurement of the user 
equipment, which belongs to the victim cell, to an ABS- 
with-MBSFN subframe (i.e., a subframe transmitting only the 
CRS of the control region) . This indicates that the 2nd 
bitmap consists of subsets of all subframes being 
configured as ABS-with-MBSFN subframes by the interfering 
cell .
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In order to perform a flexible measurement, the user 
equipment may be set to perform measurement only in a 
subframe, which is designated as the ABS-with-MBSFN 
subframe by the interfering cell. In this case, by using 
the signaling method that enables downlink measurement to 
be performed only on the above-described specific resource, 
measurement of a region having CRS interference existing 
therein and measurement of a region having no CRS 
interference existing therein may be flexibly applied, 
whenever required, based upon the decision of the serving 
cell (victim cell).

Designating resources for RRM measurement
The measurement for RRM may be classified, for 

example, as Reference Signal Received Power (RSRP), 
Reference Signal Received Quality (RSRQ), and so on. 
Herein, the RSRQ may be measured by a combination of an 
RSRP and an E-UTRA Carrier Received Signal Strength 
Indicator (RSSI).

Hereinafter, a method for applying the above­
described various embodiments of measurement resource 
designation (or measurement restriction) to RRM measurement 
will be described in detail.

In the conventional 3GPP LTE standard document (e.g., 
TS36.214), it is defined that "E-UTRA Carrier Received 
Signal Strength Indicator (RSSI), comprises the linear 
average of the total received power (in [W]) observed only 
in OFDM symbols containing reference symbols for antenna 
port 0, in the measurement bandwidth, over N number of 
resource blocks by the UE from all sources, including co­
channel serving and non-serving cells, adjacent channel 
interference, thermal noise etc." In other words, the 
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power of an OFDM symbol, wherein the CRS for antenna port 0 
is transmitted, may be referred to as RSSI.

As described above, as an enhanced ICIC (elCIC) 
method, a method of having the interfering cell configure 
an ABS or ABS-with-MBSFN subframe, in order to reduce the 
influence of a dominant interference, and having the victim 
cell perform measurement and/or transmission in the 
corresponding subframe may be applied. This corresponds to 
an example of an inter-cell interference coordination 
method using a time-division multiplexing (TDM) scheme.

However, the solution using the above-described TDM 
scheme is disadvantageous in that the dominant interference 
affects only a specific resource element (RE) or a specific 
OFDM symbol. Also, depending upon which subframe is 
configured by the interfering cell as the ABS subframe or 
as the ABS-with-MBSFN subframe in order to reduce 
interference, the amount (or level) of interference may be 
largely varied. Considering the fact that the elCIC method 
is used to avoid the influence of a dominant interference 
on the victim cell, it is preferable to perform a 
measurement having no interference in a subframe, wherein 
the solution using the above-described TDM scheme is 
applied. Furthermore, it is important to perform
measurement so that a consistent interference level can be 
maintained in order to facilitate compensations made by the 
base station.

FIG. 19 illustrates a change in amount of 
interference according to interference cell subframe 
settings. For example, in the example shown in FIG. 19, 
the interfering cell may correspond to a macro base station, 
and the victim cell may correspond to a pico base station. 
However, the present invention will not be limited to the 
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example given herein. More specifically, the same 
principle may be applied to two random cells exchanging 
interference to and from one another, which will 
hereinafter be described in detail.

As shown in the example of FIG. 19(a) (although the 
example shows a case where the CRS of the victim cell 
collides with the CRS of an aggressor cell, it will be 
apparent that the present invention can be applied even in 
a case where there is no CRS collision) , in case the 
subframe of the interfering cell is configured as an ABS 
subframe, all CRSs of the victim cell are influenced by the 
interference. Meanwhile, as shown in the example of FIG. 
19(b), in case the subframe of the interfering cell is 
configured as an ABS-with-MBSFN subframe, only the CRSs 
included in the control region of the victim cell are 
influenced by the interference. Therefore, the amount of 
interference is largely increased in the case where the 
subframe of the interfering cell is configured as an ABS 
subframe (FIG. 19(a)) as compared to the case where the 
subframe of the interfering cell is configured as an ABS- 
with-MBSFN subframe (FIG. 19(b)). Furthermore, it will be 
apparent that the increase in interference with respect to 
a change in the subframe configuration of the interfering 
cell is concentrated in a specific RE or a specific OFDM 
symbol.

As described above, since the interference amount 
respective to the victim cell can be largely reduced when 
the downlink subframe of the interfering cell is configured 
as an ABS-with-MBSFN subframe, the performance of the 
victim cell may be enhanced. However, since a restriction 
in the MBSFN configuration exists (e.g., in one radio frame, 
subframes of subframe indexes 0, 4, 5, and 9 cannot be 

67



WO 2011/122833 PCT/KR2011/002155

5

10

15

20

25

30

configured as MBSFN subframes), all of the subframe cannot 
always be used as MBSFN subframes. Therefore, in an ABS 
pattern, which is signaled by the interfering cell to the 
victim cell, ABS subframes may co-exist with ABS-with-MBSFN 
subframes. And, in this case, due to a fluctuation in 
interference, a problem of decreased measurement accuracy 
and imprecision in measurement may occur.

In order to resolve the above-described problem, a 
method of having the base station designate and signal a 
resource, with respect to which downlink measurement of the 
user equipment is to be performed, will now be described. 
The embodiments of the present invention may be applied to 
both a measurement using REs to which CRS is transmitted 
and a measurement on OFDM symbols. Furthermore, in the 
following description, the downlink measurement includes 
all of CSI measurement, interference measurement, 
measurement for RLM, RRM measurement (measurements of RSRP,
RSSI, etc.) .

For example, the victim cell enables the victim user 
equipment to perform downlink measurement only in a 
subframe configured as an ABS-with-MBSFN subframe by the 
interfering cell, and, at this point, the victim cell may 
designate and signal the measurement to be performed only 
in the data region (PDSCH region) of the downlink subframe. 
Accordingly, since the downlink measurement of the victim
cell can be performed in a region where only the Null RE is
transmitted (i.e., where nothing is transmitted) from the
interfering cell, the influence of the dominant
interference caused by the interfering cell may be
eliminated . In other words, a downlink resource of a
victim cell, which is not substantially influenced by the 
interfering cell, may be designated and signaled as the 
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downlink measurement object of the victim cell.
As another example, in case the subframes of the 

interfering cell are configured as ABS subframes co­
existing with ABS-with-MBSFN subframes, in order to allow 
the corresponding subframes to all be used for the downlink 
measurement, the victim user equipment may designate and 
signal the downlink measurement to be performed only with 
respect to OFDM symbols having a constant interference 
amount, among the corresponding subframes. This method may 
be usefully used in RSSI measurement, wherein OFDM symbol 
power is measured. For example, referring to FIG. 19, the 
OFDM symbols maintaining a constant interference level, 
regardless of the subframe configuration of the interfering 
cell, correspond to OFDM symbol indexes 0, 1, 2, 3, 5, 6, 9,
10, 12, and 13 of the downlink subframe. Therefore, when
the base station designates and signals the downlink 
measurement (e.g., RSSI measurement) to be performed by the 
user equipment by using only the corresponding OFDM symbols 
(OFDM symbol indexes 0, 1, 2, 3, 5, 6, 9, 10, 12, and 13),
the measurement result may maintain a constant interference 
level regardless of the subframe configuration of the 
interfering cell. Also, the base station may designate and 
signal the downlink measurement to be performed by the user 
equipment by using only a portion (one or more) of the 
corresponding OFDM symbols (OFDM symbol indexes 0, 1, 2, 3, 
5, 6, 9, 10, 12, and 13) . In other words, downlink 
resources of the victim cell, which receive constant 
interference from the interfering cell, may be designated 
and signaled as downlink measurement objects of the victim 
user equipment.

FIG. 20 illustrates a downlink measurement method of
69
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a user equipment with respect to an inter-cell interference 
coordination and a method for supporting the same according 
to an embodiment of the present invention. Steps S2010, 
S2020, S2030, and S2050 may correspond to detailed process 
steps of a method for supporting downlink measurement of 
the user equipment in a 1st cell, and steps S2030, S2040,
and S2050 may correspond to detailed process steps of a 
method for performing downlink measurement of the user 
equipment in the 1st cell. Hereinafter, each process step 
will be described in detail.

In the downlink measuring method and the measurement 
supporting method, which are described with reference to 
FIG. 20, it is assumed that 2 cells, i.e., a 1st cell and a 
2nd cell, exchanging interference exist. Hereinafter, in 
the description of the present invention, it will be 
assumed that the 1st cell (or 1st base station) corresponds 
to the victim cell, and that the 2nd cell (or 2nd base 
station) corresponds to the interfering cell. Additionally, 
it will also be assumed that the user equipment corresponds 
to a victim user equipment being served by the lsC cell 
(victim cell) and being influenced by an interference 
caused by the 2nd cell (interfering cell).

In step S2010, the 1st cell may receive information on 
the downlink subframe configuration of the 2nd cell from 
the 2nd cell. Alternatively, in case the 2nd cell 
configures the downlink subframe in accordance with a pre­
decided pattern, the lsC cell may implicitly acquire 
downlink configuration information of the 2nd cell without 
having to receive the corresponding information directly 
from the 2nd cell. Herein, the downlink subframe 
configuration information of the 2nd cell may correspond to 
information indicating whether each downlink subframe of 
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the 2nd cell corresponds to a normal subframe, an ABS 
subframe, an MBSFN subframe, or an ABS-with-MBSFN subframe. 
Furthermore, the 1st cell may be informed of a downlink 
subframe timing of the 2nd cell through the downlink 
subframe configuration of the 2nd cell. Accordingly, the 
1st cell may be informed of an offset degree by which 
downlink subframe boundaries of the 1SL cell and the 2nd 
cell are shifted. As a result, among its own downlink 
resources (time, frequency, and/or space resources), the 
1st cell may be aware of the resource that is being 
influenced by the interference caused from the 2nd cell.

In step S2020, based upon the information on the 
downlink subframe configuration of the 2nd cell, the 1st 
cell may determine the resources on which measurement is to 
be performed by the user equipment, i.e., the measurement 
objects, among the downlink resources of the 1st cell 
itself. More specifically, in deciding the measurement 
objects, the 1st cell may consider resource areas that are 
influenced by the interference occurring from the 2nd cell. 
For example, the 1st cell may determine resources that are 
not substantially actually influenced by the interference 
caused from the 2nd cell as the measurement objects. 
Alternatively, the 1st cell may also decide resources that 
experience constant interference from the 2nd cell as the 
measurement objects.

In step S2030, the base station may transmit 
information on the measurement objects to the user 
equipment. The information on the measurement objects may 
correspond to information specifying downlink resources of 
the 1st cell, which are designated to be measured by the 
user equipment. And, the information on the measurement 
objects may be transmitted to the user equipment via, for 
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example, the RRC signaling. Information on the measurement 
objects may be expressed as a combination of at least one 
set of time resource information, for example, information 
indicating a certain downlink subframe, whether the 
resource corresponds to the control region or the data 
region, a certain slot, a certain OFDM symbol, and so on. 
Additionally, the information on the measurement objects 
may also be expressed as a combination of at least one of 
information on the time resource, information on the 
frequency resource (the corresponding RB), and information 
on the space resource (the corresponding antenna port). 
Accordingly, the lsc cell may notify the resource on which 
the user equipment is to perform downlink measurement in RE 
units.

In step S2040, the user equipment may perform 
measurement on the measurement objects that are designated 
by the 1st cell. The measurement performed by the user 
equipment may include all of the measurement for RLM, the 
measurement for CSI reporting, the measurement of 
interference, and the RRM measurement (measurement of RSRP, 
RSSI, and so on) . Herein, the 1st cell may designate the 
measurement that is to be performed by the user equipment.

In step S2050, the user equipment may report the 
measurement result to the 1st cell. Also, by specifying the 
downlink resource on which the 1st cell and the user 
equipment actually perform communication, only the 
measurement result on the corresponding resources may be 
taken into consideration. Therefore, a more accurate and 
efficient measurement result may be provided, and 
unnecessary RLF may also be prevented. Accordingly, as 
compared to a case where inter-cell interference causes a 
large influence, measurement results, such as channel
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quality, may be more efficiently used.
In the downlink measurement method and the method for 

supporting measurement according to the present invention, 
which are described with reference to FIG. 20, details of

5 the above-described various embodiments of the present 
invention may be independently applied or 2 or more 
embodiments may be applied at the same time. And, in this 
case, overlapping details will be omitted from the 
description for simplicity and clarity.

10

FIG. 21 illustrates a base station device 2110 and a 
user equipment device 2120 according to a preferred 
embodiment of the present invention.

Referring to FIG. 21, the base station device 2110
15 according to the present invention may include a reception 

module 2111, a transmission module 2112, a processor 2113, 
a memory 2114, and a plurality of antennae 2115. The 
plurality of antennae 2115 indicates that the base station 
device supports ΜΙΜΟ transmission and reception. The

20 reception module 2111 may receive various signals, data, 
and information on an uplink from the user equipment. The 
transmission module 2112 may transmit various signals, data, 
and information on a downlink to the user equipment. The 
processor 2113 may control the overall operations of the

25 base station device 2110.
The base station device 2110 according to the 

embodiment of the present invention may be configured to 
support measurement of the user equipment device. The base 
station device 2110 may correspond to a base station that 

30 is influenced by an interference caused from another base 
station. The processor 2113 of the base station 2110 may 
be configured to acquire information on downlink subframe 
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configuration of the base station causing the interference. 
Also, the processor 2113 may be configured to decide 
measurement objects among the downlink resources of the 
base station device 2110, based upon the downlink subframe 
configuration of the base station causing the interference. 
Additionally, the processor 2113 may be configured to 
transmit information on the decided measurement objects to 
the user equipment 2120 through the transmission module 
2112. Furthermore, the processor 2113 may be configured to 
receive measurement results respective to the measurement 
objects from the user equipment 2120 through the reception 
module 2111.

Moreover, the processor 2113 of the base station 
device 2110 performs a calculation/operation process on 
information received by the base station device 2110, 
information that are to be transmitted outside, and so on. 
The memory 2114 may store the operated information for a 
predetermined period of time, and the memory 2114 may be 
replaced by another element, such as a buffer (not shown).

Referring to FIG. 21, the user equipment device 2120 
according to the present invention may include a reception 
module 2121, a transmission module 2122, a processor 2123, 
a memory 2124, and a plurality of antennae 2125. The 
plurality of antennae 2125 indicates that the user 
equipment device supports ΜΙΜΟ transmission and reception. 
The reception module 2121 may receive various signals, data, 
and information on a downlink from the base station. The 
transmission module 2122 may transmit various signals, data, 
and information on an uplink to the base station. The 
processor 2123 may control the overall operations of the 
user equipment device 2120.

The user equipment device 2120 according to the
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embodiment of the present invention may be configured to 
perform measurement on a downlink from the base station 
device 2110. The user equipment device 2120 may correspond 
to a user equipment that is influenced by an interference 
caused from another base station. The processor 2123 of 
the user equipment device 2120 may be configured to receive 
information on measurement objects from the base station 
device 2110 through the reception module 2121. Also, the 
processor 2123 may be configured to perform measurement on 
the designated measurement and to transmit the measured 
results to the base station device 2110 through the 
transmission module 2122. Herein, the measurement objects 
may be decided among downlink resources of the base station 
device 2110, based upon the downlink subframe 
configurations of another base station causing interference.

Moreover, the processor 2123 of the user equipment 
device 2120 performs a calculation/operation process on 
information received by the user equipment device 2120, 
information that are to be transmitted outside, and so on. 
The memory 2124 may store the operated information for a 
predetermined period of time, and the memory 2124 may be 
replaced by another element, such as a buffer (not shown).

In the above-described detailed configuration of the 
base station device 2110 and the user equipment device 2120, 
details of the above-described various embodiments of the 
present invention may be independently applied or 2 or more 
embodiments may be applied at the same time. And, in this 
case, overlapping details will be omitted from the 
description for simplicity and clarity.

Furthermore, the description of the base station
device 2110 of FIG. 21 may also be equally applied to a
relay station device functioning as a downlink transmission
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subject or an uplink reception subject. And, the 
description of the user equipment device 2120 of FIG. 21 
may also be equally applied to a relay station device 
functioning as an uplink transmission subject or a downlink 
reception subject.

The above-described embodiments of the present 
invention can be implemented by a variety of means, for 
example, hardware, firmware, software, or a combination of 
them.

In the case of implementing the present invention by 
hardware, the present invention can be implemented with 
application specific integrated circuits (ASICs), Digital 
signal processors (DSPs), digital signal processing devices 
(DSPDs), programmable logic devices (PLDs), field 
programmable gate arrays (FPGAs), a processor, a controller, 
a microcontroller, a microprocessor, etc.

If operations or functions of the present invention 
are implemented by firmware or software, the present 
invention can be implemented in the form of a variety of 
formats, for example, modules, procedures, functions, etc. 
The software codes may be stored in a memory unit so that 
it can be driven by a processor. The memory unit is 
located inside or outside of the processor, so that it can 
communicate with the aforementioned processor via a variety 
of well-known parts.

The detailed description of the exemplary embodiments 
of the present invention has been given to enable those 
skilled in the art to implement and practice the invention. 
Although the invention has been described with reference to 
the exemplary embodiments, those skilled in the art will 
appreciate that various modifications and variations can be 
made in the present invention without departing from the 
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spirit or scope of the invention described in the appended 
claims. For example, those skilled in the art may use each 
construction described in the above embodiments in 
combination with each other. Accordingly, the invention 
should not be limited to the specific embodiments described 
herein, but should be accorded the broadest scope 
consistent with the principles and novel features disclosed 
herein .

Those skilled in the art will appreciate that the 
present invention may be carried out in other specific 
ways than those set forth herein without departing from 
the spirit and essential characteristics of the present 
invention. The above exemplary embodiments are therefore 
to be construed in all aspects as illustrative and not 
restrictive. The scope of the invention should be 
determined by the appended claims and their legal 
equivalents, not by the above description, and all 
changes coming within the meaning and equivalency range 
of the appended claims are intended to be embraced 
therein. Also, it will be obvious to those skilled in the 
art that claims that are not explicitly cited in the 
appended claims may be presented in combination as an 
exemplary embodiment of the present invention or included 
as a new claim by subsequent amendment after the 
application is filed.

[industrial Applicabili ty]
The embodiments of the present invention are 

applicable to various mobile communication systems.
It will be apparent to those skilled in the art that

various modifications and variations can be made in the
present invention without departing from the spirit or
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scope of the invention. Thus, it is intended that the 
present invention cover the modifications and variations of 
this invention provided they come within the scope of the 
appended claims and their equivalents.

5
Throughout this specification and the claims which follow, 
unless the context requires otherwise, the word "comprise", 
and variations such as "comprises" and "comprising", will be 
understood to imply the inclusion of a stated integer or 

10 step or group of integers or steps but not the exclusion of 
any other integer or step or group of integers or steps.

The reference in this specification to any prior publication 
(or information derived from it) , or to any matter which is 

15 known, is not, and should not be taken as an acknowledgment 
or admission or any form of suggestion that that prior 
publication (or information derived from it) or known matter 
forms part of the common general knowledge in the field of 
endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for supporting measurement of a User Equipment 
(UE) by a first base station in a wireless communication

5 system, the method comprising:
acquiring information of downlink subframe 

configuration of a second base station;
determining measurement objects of downlink resource of 

the first base station based on the downlink subframe 
10 configuration of the second base station;

transmitting information of the measurement objects to 
the UE; and

receiving measurement result for the measurement 
objects from the UE.

15

2. The method according to claim 1, wherein the 
measurement objects include downlink resource of the first 
base station not interfered by the second base station.

20 3. The method according to claim 1, wherein the
measurement objects include downlink resource of the first 
base station constantly interfered by the second base 
station.

25 4. The method according to claim 1,wherein the information
of the measurement objects restrict a measurement region for
the UE by one or a combination of downlink subframe, control
region, data region, slot, OFDM symbol, resource block and
antenna port of the first base station.
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5. The method according to claim 1, wherein the 
information of the measurement objects is transmitted 
through RRC(Radio Resource Control) signaling.

5 6. The method according to claim 1, wherein the downlink
subframe configuration of the second base station include 
configuration of each of one or more downlink subframe of 
the second base station as normal subframe, ABS (Almost 
Blank Subframe), MBSFN (Multicast/Broadcast over Single 

10 Frequency Network) subframe or ABS-with-MBSFN.

7. The method according to claim 1, wherein the downlink 
subframe configuration of the second base station include 
offset of a boundary of downlink subframe of the first base 

15 station and a boundary of downlink subframe of the second 
base station.

8. The method according to claim 1, wherein the 
measurement result includes measurement result for at least

20 one of RLM(Radio Link Monitoring) measurement, CSI(Channel 
State Information) measurement, interference measurement and 
RRM(Radio Resource Management) measurement.

9. The method according to claim 8, wherein the 
25 measurement result for RRM measurement includes RSRQ

(Reference Signal Received Quality), the RSRQ is measured by 
RSRP (Reference Signal Received Power) and RSSI (Received 
Signal Strength Indicator), wherein the information of the 
measurement objects for one or more of RSRQ, RSRP and RSSI 

30 restrict a measurement region for the UE by all OFDM symbols 
in at least one downlink subframe of the first base station.
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receiving information of measurement objects from a
5 first base station;
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downlink subframe configuration of a second base station.

performing measurement for the measurement objects; and
transmitting measurement result to the first base

station,
wherein the measurement obj ects are determined from

10 downlink resource of the first base station based on a

11. The method according to claim 10, wherein the
measurement objects include downlink resource of the first 

15 base station not interfered by the second base station.

12. The method according to claim 10, wherein the
measurement objects include downlink resource of the first 
base station constantly interfered by the second base 

20 station.

13. The method according to claim 10, wherein the 
information of the measurement objects restrict a 
measurement region for the UE by one or a combination of 

25 downlink subframe, control region, data region, slot, OFDM 
symbol, resource block and antenna port of the first base 
station.

14. The method according to claim 10, wherein the
30 information of the measurement objects is received through 

RRC(Radio Resource Control) signaling.
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15. The method according to claim 10, wherein the downlink 
subframe configuration of the second base station include 
configuration of each of one or more downlink subframe of 
the second base station as normal subframe, ABS (Almost

5 Blank Subframe), MBSFN (Multicast/Broadcast over Single 
Frequency Network) subframe or ABS-with-MBSFN.

16. The method according to claim 10, wherein the downlink 
subframe configuration of the second base station include

10 offset of a boundary of downlink subframe of the first base 
station and a boundary of downlink subframe of the second 
base station.

17. The method according to claim 10, wherein the 
15 measurement result includes measurement result for at least

one of RLM(Radio Link Monitoring) measurement, CSI(Channel 
State Information) measurement, interference measurement and 
RRM(Radio Resource Management) measurement.

20 18. The method according to claim 17, wherein the
measurement result for RRM measurement includes RSRQ 
(Reference Signal Received Quality), the RSRQ is measured by 
RSRP (Reference Signal Received Power) and RSSI (Received 
Signal Strength Indicator), wherein the information of the 

25 measurement objects for one or more of RSRQ, RSRP and RSSI 
restrict a measurement region for the UE by all OFDM symbols 
in at least one downlink subframe of the first base station.

19. An apparatus for supporting measurement of a User
30 Equipment (UE), the apparatus comprising:

a reception module for receiving uplink signals from
the UE;
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a transmission module for transmitting downlink signals 
to the UE; and

a processor for controlling transmission and reception 
of a first base station through the transmission module and 

5 the reception module,
wherein the processor is configured to:

acquire information of downlink subframe 
configuration of a second base station;

determine measurement objects of downlink resource
10 of the first base station based on the downlink

subframe configuration of the second base station;
transmit information of the measurement objects to 

the UE; and
receive measurement result for the measurement 

15 objects from the UE.

20. A User Equipment (UE) for performing measurement, the 
UE comprising:

a reception module for receiving downlink signals from 
20 a first base station;

a transmission module for transmitting uplink signals 
to the first base station; and

a processor for controlling the UE including the 
transmission module and the reception module,

25 wherein the processor is configured to:
receive information of measurement objects from a 

first base station;
perform measurement for the measurement objects; 

and
30 transmit measurement result to the first base

station,
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wherein the measurement objects are determined 
from downlink resource of the first base station based 
on a downlink subframe configuration of a second base 
station.

5
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FIG. 9
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FIG. 11
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FIG. 19
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FIG. 20

UE
Cell 1 

(victim cell)
Cell 2 

(interfering cell)

S2010



WO 2011/122833 21/21 PCT/KR2011/002155

FI
G

. 21

Rx
 m

od
ul

e ---
---

---
---

--
1 

1--
---

---
---

---
 Rx m

od
ul

e


