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METHOD OF INDICATING A CONTROL CHANNEL IN A WIRELESS ACCESS
SYSTEM,
BASE STATION FOR THE SAME AND

USER EQUIPMENT FOR THE SAME

TECHNICAL FIELD

The  present invention relates to a wireless

communication system, and more particularly, to an

- operating method in a heterogeneous cell in accordance with

ePDCCH (enhanced physical downlink control channel) and

apparatus for supporting the same.

BACKGROUND ART

One of the most significant requirementsfor the next
generation wireless access system is the capability of
supporting the high daté rate requisite. To this end, many
ongoing efforts are made to research and develop various
technologies ‘including MIMO (multiple input multiple
output), CoMP (cooperative multiple point transmission),
relay and the like.

In a wireless access system according to a related
art, even if an uplink (UL) and a downlink (DL) are set to
differ from each other in bandwidth, a single carrier is

mainly taken into consideration. For instance, a wireless
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communication system having UL and DL cafriers, each of
which number is 1, and UL and DL bandwidths generally
symmetric to each other is provided based on a single
carrier.

Yet, considering the situation that frequency
resources are saturated, as a method of securing broadband
bandwidths to meet the higher data transmission rate
requirements, CA (carrier aggregation/multiple cells) 1is
introduced in a manner of designing each of scattered
bandwidths to operate an independent system and aggregating
a plurality of bands into a single system.

In this case, a carrier of an independently operable
bandwidth unit 1is called a component carrier (hereinafter
abbreviated CC). 1In order to support an increasing
transmission size, 3GPP LTE-A or 802.16m keeps extending
its bandwidth up to 20 MHz or higher. In this case, at
least one or more component carriers are aggregated to
support the broadband. For instance, if a single component
carrier supports a bandwidth of 5 MHz, 10 MHz or 20 MHz, a
system bandwidth is supported up to maximum 100 MHz by

aggregating maximum 5 component carriers together.

DISCLOSURE OF THE INVENTION

TECHNICAL TASKS
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Accordingly, the present invention is directed to a
method of indicating a control channel in a wireless access
system, base station for the same and user equipment for
the same that substantially obviate one or more of the
problems due to limitations and disadvantages of the
related art.

An object of the present invention is to provide a
method and apparatus for smoothly transceiving UL/DL data
between a user equipment and a base station in a wireless
access system, and more preferably, in a component carrier
(CA) supportive wireless access system.

When ePDCCH and ePHICH are introduced to reduce
influence of interference occurring between homogeneous
base stations (or homogeneous networks) or Dbetween
heterogeneous base stations (or heterogeneous networks),
interference influence on PDCCH and PHICH of the related
art, and the capacity shortage problem of PDCCH region,
another object of the present invention is to provide a
system for operating the ePDCCH and the ePHICH, method of
indicating the ePDCCH and the ePHICH, and apparatus for the
same.

Technical tasks obtainable from the present invention
are non-limited the above-mentioned technical task. And,

other unmentioned technical tasks can be clearly understood
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from the following description by those having ordinary
skill in the technical field to which the present invention

pertains.

TECHNICAL SOLUTION

Additional features and advantages of the invention
will be set forth in the description which follows, and in
part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims thereof as well as the
appended drawings.

To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, in transmitting a control
channei of a 1°" base station in a wireless communication
system, a method of transmitting the control channel
according to one embodiment of the present invention may
include the steps of receiving E-PDCCH (enhanced-physical
downlink control channel) including a downlink scheduling
information in a data region from a 2™ pase station,
assigning E-PDCCH including a downlink scheduling

information of the 1°° base station to the data region
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based on the downlink scheduling information réceived from
the 2™ Dbase station, and transmitting the downlink
scheduling information of the 1°° base station to the 2™
base station.

Preferably, the E-PDCCH of the 1°° base station may be
assigned to the data region in a manner of being orthogonal
to a resource having the E-PDCCH of the 2™ base station
assignedthereto.

Preferably, the déwnlink SCheduling information from
the 2™ base station may be received as a bitmap of a
resource block unit in frequency domain or a bitmép of a
slot or subframe ﬁnit in time domain.

Preferably, in the resource having the E-PDCCH of the
2" base station assigned thereto, the E-PDCCH of the 1°°
base station may be muted instead of being assigned or a
user equipment capable of data reception with a low power
may be scheduled.

Preferably, if both of the 1°° base station and the
2™ base station are macro base stations, user equipments
may be located in outer areas of the 1°° and 2™ bpase
stations.

Preferably, if the 1°° base station and the 2™ base
station include a macro base station and a pico base

station, respectively, a pico base station Dbased user



10

15

20

WO 2013/036005 PCT/KR2012/007042

equipmentmay be located in an outer area of the pico base
station and a macro base station based user equipmentmay be
located within the pico base station.

To further achieve these and other advantages and in
accordance with the purpose of the present invention, in
transmiﬁting a control channel of a 1°° base station in a
wireless communication system, a method‘of transmitting the
control channel, according to another embodiment of the
present invention may include the steps of receiving a
semi-static ABRB (almost blank RB) pattern for E-PDCCH
(enhanced-physical downlink control channel) of a 2@ base
station containing a downlink scheduling information in a
data region by RRC (radio resource control) andassigning E-
PDCCH containing a downlink scheduling information of the
1% base station to a corresponding blank data region
resource based on the ARBR (almost blank resource block)
pattern from the 2™ base station.

Preferably, the 1°° base station may include a macro
base station, the 2™ base station may include a femto base
station, and a macro base user equipmentmay be located
within the femto base station.

To further achieve these and other advantages and in
accordance with the purpose of the present invention, a 1°°

base station, of which control channel is transmitted in a
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wireless communication system, according to another
embodiment of the present invention may includea radio
frequency unit anda processor configuréd to control the
radio frequency unit, the processor controlling the radio
frequency unit to receive E-PDCCH (enhanced-physical
downlink control channel) including a downlink scheduling
information in a data region from a 2™ base station, the
processor assigning E-PDCCH including a downlink scheduling
information of the 1°° base station to the data region
based on the downlink scheduling information received from
the 2™ base station, the processor controlling the radio
frequency unit to transmit the downlink scheduling
information of the 1°° base station to the 2™ base station.

Preferably,the processor may assign( the E—PDCCﬁ of
the 1°® base station to the data region in a manner that
the E-PDCCH of the 1°° base station is orthogonal to a
ond

resource having the E-PDCCH of the base station

assignedthereto.

Preferably,the downlink scheduling information from
the 2" base station may be received as a bitmap of a
resource block unit in frequency domain or a bitmap of a
slot or subframe unit in time domain.

Preferably,in the resource having the E-PDCCH of the

2" pase station assigned thereto, the E-PDCCH of the
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1°*base station may be muted instead of being assigned or a
user equipment capable of data receptién with a low power
may be scheduled.

Preferably,if both of the 1°° base station and the 2™
base station are macro base stations, user equipments may
be located in outer areas of the 1°° and 2™ base stations.

Preferably,if the 1°° base station and the 2™ Dbase
station include a macro base station and a pico base
station, respectively, a pico base station based user
equipmentmay be located in an outer area of the pico base
station and a macro base station based user equipmentmay be
located within the pico base station.

To further achieve these and other advantages and in
accordance with the purpose of the present invention, a lSt
base station, of which control channel is transmitted in a
wireless communication system, according to a further
embodiment of the present invention may includea radio
frequency unit anda processor configured to control the
radio frequency unit, the processor controlling the radio
frequency unit to receive a semi-static ABRB (almost blank
RB) pattern for E-PDCCH (enhanced-physical downlink control -
channel) of a 2™ base station containing a downlink
scheduling information 1in a data region by RRC (radio

resource control), the processor assigning E-PDCCH
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containing a doWnlink scheduling information of the 1%t
base station to a corresponding blank data region resource
based on the ARBR (almost blank resource block) patﬁernv
from the 2™ base station.

Preferably,the 1°° base station may include a macro

base station, the 2™ base station may include a femto base

station, and a macro base user equipmentmay be located
within the femto base station.

It is to be understood that both the‘ foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide

further explanation of the invention as claimed.

ADVANTAGEQUS EFFECTS

Accordingly, the present invention provides the
following effects and/or advantages.

First of all, according to an embodiment of the
preseﬁt invention, UL/DL data can be smoothly transceived
between a user equipment and a base station in a wireless
access system, and more preferably, in a component carrier
(CA) supportive wireless access system.

Secondly, according to an embodiment of the present
invention, influence of interference can be reduced by

performing cross subframe scheduling for transmitting
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control information of a subframe having a considerable
influence of interference between homogeneous base stations
(networks) or Dbetween heterogeneous base stations (or
networks) in a subframe having small influence of
interference.

Thirdly, according to an embodiment of the present
invention, a user equipmentis able to improve a cell
throughput and reduce a burden put on its implementation
due to the reduced interference.

Effects obtainable from the present invention may be
nén—limited by the above mentioned effect. And, other
unmentioned effects can be clearly understood from the
following description by those having ordinary skill in the

technical field to which the present invention pertains.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the
invention.

In the drawings:

"FIG. 1 is a diagram for explaining physical channels

10
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used for 3GPP system and a signal transmission using the
same.

FIG. 2 1is a diagram for a structure of a radio frame
in 3GPP LTE.

FIG. 3 is a diagram for one example of a resource
grid for a downlink slot.

FIG. 4 1is a diagram for a structure of an uplink
subframe.

FIG. 5 1is a diagram for a structure of a downlink
subframe.

FIG. 6 1is a diagram for one example of component
carriers of LTE system and carrier aggregation used by LTE-
A system;

FIG. 7 is a diagram for a subframe structure of LTE-A
system in accordance with cross carrier scheduling;

FIG. 8 is a diagram for one example of a use for RNTP;

FIG. 9 is a diagram for one example of a use for HII
or OI;

FIG. 10 is a Vdiagram for a structure of a
heterogeneous network;

FIG. 11 is a diagram for one example of a case of an
event triggered reporting condition A3;

FIG. 12 1s a diagram for one example of cell range

extension (CRE) ;

11
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FIG. 13 1is a diagram for one example of an
interference possibly occurring in a heterogeneous network
wireless communication system including a mécrocell and a
microcell;

FIG. 14 is a diagram for one example of a
configuration of ABS in a macrocell of a macro-pico network;

FIG. 15 is a diagram for one example of a CSG (closed
subscriber group) scenario as a part of time-domain ICIC
(inter-cell interference coordination) ;

FIG. 16 1s a diagram for one example of a pico
scenario as a part of time-domain ICIC (inter-cell
interference coordination) ;

FIG. 17 is a diagram for one example of a scheme of
reducing interference by exchanging scheduling informatiqn
between base stations;

FIG. 18 is a diagram for one example of a scheme of
reducing interference by exchanging scheduling information
between base stations differing from each other in UL/DL
configuration;

FIG. 19 is a diagram for one example of an almost
blank subframe having FIG. 13 apply thereto;

FIG. 20 is a diagram for one example of two kinds of

ABS types;

FIG. 21 is a diagram for examples of a subframe shift

12
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and a symbol level shift;

FIG. 22 1is a diagram for examples of an ABS and
subframe shift and a symbol level shift;

FIG. 23A 1is a diagram for one example of a
configuration of ePDCCH in time domain;

FIG. 23B 1is a diagram for another example of a
configuration of ePDCCH in time domain;

FIG. 23C 1is a diagram for another example of a
configuration of TDM type ePDCCH occupying a subframe;

FIG. 23D 1is a diagram for one example of a
configuration of ePDCCH occupying a 1°° slot;

FIG. 23E 1is a diagram for another example of a
configuration of ePDCCH occupying a 1°% slot;

FIG. 24 1is a diagram for one example of a resource
model assigned for ePDCCH indication of the present
invention;

FIG. 25 is a diagram for one example of a semi-static
pattern model for ePDCCH assignment of the present
invention; and

FIG. 26 is a block diagram for a configuration of a
wireless communication device according to one embodiment

of the present invention.

13
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BEST MODE

MODE FOR INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. In the following
detailed description of the invention includes details to
help the full understanding of the present invention. Yet,
it is apparent to those skilled in the art that the present
invention can be implemented without these details.

Qccasionally, to prevent thé present invention from
getting vaguer, structures and/or devices known to the
public are skipped or can be represented as block diagrams
centering on the core functions of the structures and/or
devices. Wherever possible, the same reference numbers will
be used throughout the drawings to refer to the same or
like parts.

In this specification, embodiments of the present
invention are described centering on the data
transmission/reception relations between a base station and
a terminal. In this case, the base station may be

meaningful as a terminal node of a network which directly

performscommunication with the terminal. In this disclosure,

a specific operation explained as performed by a base

station may be performed by an upper node of the Dbase

14
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station 1in some cases.In particular, in a network
constructed with a plurality of network nodes including a
base station, it is apparent that various operations
performed for communication with a terminal can be
performed by a base station or other networks except the
base station. Moreover, in this document, ‘base station
(BS)’ may be substituted with such a terminology as a fixed
station, a Node B, an eNode B (eNB), an access point (AP)
and the 1like.. A relay may be substituted with such a
terminology as a relay node (RN), a relay station (RS) and
the like. And, ‘terminal’ may be substituted with such a
terminology as a user equipment (UE), a mobile station (MS),
a mobile subscriber station (MSS), a'subscriber station (SS)
and the like. |

Specific terminologies used for the following
description may be provided to help the understanding of
the present invention. And, the wuse of the specific
terminology may be modified into other forms within the
scope of the technical idea of the present invention.

Embodiments of the presentinvention may be supported
by the disclosed standard documents of at least one of
wireless access systems including IEEE 802 system, 3GPP
system, 3GPP LTE and LTE-A (LTE-Advanced) system and 3GPP2

system. In particular, the steps or parts, which are not

15
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explained to clearly reveal the technical idea of the
present invention, in the embodiments of the present
invention may be supported by the above documents. Moreover,
all terminologies disclosed in this document may be
supported by the above standard documents.

The following description of embodiments of the
present invention may apply to various wireless access
systems including CDMA(code division multiple access),
FDMA (frequency division multiple access), TDMA (time
division multiple access), OFDMA (orthogonal frequency
division multiple access), SC-FDMA(single carrier frequency
division multiple access) and the 1like. CDMA can be
implemented with such a radio technology as UTRA (universal
terrestrial radio access), CDMA 2000 and the like. TDMA' can
be implemented with such a radio technology as
GSM/GPRS/EDGE {(Global System for Mobile
communications) /General Packet Radio Service/Enhanced Data
Rates for GSM Evolution). OFDMA can be implemented with
such a rédio technology as IEEE 802.11 (Wi-Fi), IEEE 802.16
(WiMAX), IEEE 802.20, E-UTRA(Evolved UTRA), etc. UTRA is a
part of UMTS(Universal Mobile Telecommunications System).
3GPP(3rd Generation Partnership Project) LTE(long term
evolution) is a part of E-UMTS(Evolved UMTS) that uses E-

UTRA. The 3GPP LTE adopts OFDMA in downlink (hereinafter

16
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abbreviated) DL and SC-FDMA in uplink (hereinafter
abbreviated UL). And, LTE-A(LTE-Advanced) i1is an. evolved
version of 3GPP LTE.

For <clarity, the following description wmainly
concerns 3GPP LTE system or 3GPP LTE-A system, by which the
technical idea of the present invention may be non-limited.

1. 3GPP LTE/LTE-A System to Which The Present
Invention Is Applicable

1. 1. The General of System

FIG. 1 is a diagram for explaining physical channels
used for 3GPP system and a signal transmission using the
same.

Referring to FIG. 1, 1f a power of a user equipment
is turned on or the user equipment enters a new cell, the
user equipment may perform an initial cell search job for
matching synchronization with a base station and the 1like
[S11]. To this end, the wuser equipment may receive a
primary synchronization channel (P-SCH) and a secoﬁdary
synchronization channel (S-SCH) from the base station, may
match synchronization with the base station and may then
obtain information such as a cell ID and the like.

Subsequently, the wuser equipment may receive a
physical broadcast channel from the base station and may be

then able to obtain intra-cell broadcast information.

17
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Meanwhile, the wuser equipment may receive a downlink
reference signal (DL RS) and may be then able to check a DL
channel state.

Having completed the initial cell search, the user
equipment may receive a physical downlink control channel
(PDCCH) and *a physical downlink shared control channel
(PDSCH) according to the physical downlink control channel
(PDCCH) and may be then able to obtain a detailed system
information [S12].

Meanwhile, the user equipment may be able to perform
a random access procedure to complete the access to the
base station [S13 to S16]. To this end, the user equipment
may transmit a specific sequence as a preamble via a
physical random access channel (PRACH) ([S13] and may be
then able to receive a response message via PDCCH and a
corresponding PDSCH in response to the random access [S14].
In case of a contention based random access, it may be able
to perform a contention resolution procedure such as a
transmission 815 of an additional physical random access
channel and a channel reception S16 of a physical downlink
control channel and a correspondingphysicaldownlink shared
channel.

Having performed the above mentioned procedures, the

user equipment may be able to perform a PDCCH/PDSCH

18
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reception S17 and a PUSCH/PUCCH (physical uplink shared
channel/physical uplink control channel) transmission S18
as a general uplink/downlink signal transmission procedure.

Control information transmitted to a base station by
a user equipment may be commonly named uplink control
information (hereinafter abbreviated UCI). The UCI may
include HARQ-ACK/NACK (Hybrid Automatic Repeat and reQuest
Acknowledgement/Negative-ACK), SR (Scheduling Request), CQI
(Channel Quality Indication), PMI (Precoding Matrix
Indication), RI (Rank Indication) information and the like.

In LTE system, the UCI is normally transmitted via
PUCCH by periods. Yet, in case that both control
information and traffic data need to be simultaneously
transmitted, the UCI may be transmitted on PUSCH. Moreover,
the UCI may be non-periodically transmitted in response toa
request/indication made by a network.

FIG. 2 shows structures of radio frames in 3GPP LTE.

FIG. 2 (a) shows a frame structure type 1. This frame
structure type 1 may be applicable to both a full duplex
FDD (frequency division duplex) system and a half duplex
FDD system.

One radio frame has a length of ‘T = 307200 'Tg = 10
ms’ and 1s constructed with 20 slots to which indexes 0 to

19 are respectively given with an equal length of ‘Tgior =

19
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15360Ty = 0.5 ms’. One subframe is defined as two
contiguous slots. For example, an i*® subframe is
constructed with a slot corresponding to ‘2i’ and a slot
corresponding to ‘21 + 1’. In particular, a radio frame

includes 10 subframes. And, a time taken to transmit one

subframe is calleda transmission time interval (hereinafter

abbreviated TTI). In this case, Ts indicates a sampling
time and may be represented as '‘Ts = 1/(15kHz X 2048) =
3.2552 X 10°® (i.e., about 33 ns)’. One slot may include a

plurality of OFDM or SC-FDMA symbols in time domain and may
include a plurality of resource blocksv(RBs) in frequency
domain.

One slot includes a plurality of OFDM (orthogonal
frequency division multiplexing) symbols in time
domain.Since 3GPP uses OFDMA in downlink, OFDM symbol is
provided to indicate one symbol period. The OFDM symbol may
be named one SC-FDMA symbol or symbol period. Resource
block (RB) 1is a resource allocation unit and may include a
plurality of contiguous subcarriers in one slot.

In the full duplex FDD sgystem, 10 subframes are
simultaneously usable for DL and UL transmissions in each

10ms interval. In doing so, the UL transmission and the DL

transmission are separated from each other in

frequencydomain. On the contrary, in the half duplex FDD

20
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system, a user equipment 1s unable to perform a
transmission and a reception at the same time.

The above-described structure of the radio frame is
one example only. And, the number of subframes included in
a radio frame, the number of slots included in the subframe
and the number of symbols included in the slot may be
modified in various ways.

FIG. 2 (b) shows a frame structure type 2. The frame
structure type 2 is applicable to the TDD system. One radio
frame has a length of ‘T = 307200 'Ty = 10 ms’ and is
constructed with 2 half-frames each of which has a length
of '15360'Ty = 0.5 ms’. Each of the half-frames 1is
constrpcted with 5 subframes each of which has a length of
'30720'Ts = 1 ms’. For example, an i*® subframe is

constructed with a slot corresponding to ‘'2i’ and a slot

corresponding to ‘'2i + 1’, each of which has a length of
‘Teiot = 153607y = 0.5 ms’. In this case, Ts indicates a
sampling time and may be represented as '‘Ts = 1/(15kHz X
2048) = 3.2552 X 10°® (i.e., about 33 ns)’.

The type 2 frame includes a special subframe
constructed with 3 kinds of fields including DwPTS
(downlink pilot time slot), GP (guard period) and UpPTS
(uplink pilot time slot). The DwPTS is used for initialcell

search, synchronization or channel estimation in a user
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equipment. The UpPTS is used for channel estimation in a
base station and uplink transmission synchronization of a
user equipment. The guard period i1is a period for
eliminatiﬁg interference generated in uplink due to multi-

5 path delay of a downlink signal between uplink and downlink.
Table 1 shows a configuration (length of

DWPTS/GP/UpPTS) of a special frame.

[Table 1]
Special subframe Normal cyclic prefix in downlink Extended cyclic prefix in downlink
configuration DwWPTS UpPTS DwPTS UpPTS
Normal Extended Normal cyclic Extended cyclic
cyclic prefix | cyclic prefix prefix in uplink prefix in uplink
in_uplink in uplink
0 65927, 7680-T,
19760 T, 20480-T,
! B ] N : 21927, 2560-T,
2 219527, 21927, 25607, | 230407,
3 241447, 256007,
4 26336-T, 76807, ‘
5 65927, 20480-T, 4384 T, 51207,
197607, 230407,
6 A 43847, 51207, :
7 219527, | - . _
8 241447, - .
10 In the frame structure type 2, UL-DL configuration

indicates that all subframes are assigned to (or reserved
for) UL and DL by a prescribed rule. Table 2 shows UL-DL

configuration.

[Table 2]
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Uplink-downlink Downlink-to-Uplink Subframe number

configuration | Switch-pointperiodicity | 0 [ 1] 2 [ 3|4 ]5]|6]7 8|89
0 5ms DIS|JUjJUJUID|sS|UJUlU
1 5 ms D|S|UjU|D|D|[S|U|U]|D
2 5 ms D|S{U|D|D|D|S]J]U|D|D
3 10 ms. D(S|U|lU(U|D|D|[D|D|D
4 10 ms D|S|{UjuU|D|D|D|D|D]|D
5 10ms . D(s|Ju|D|(D|D|[D|[D|D|D
[ 5ms DI|SjU|UJU|D|S|UJU[D

Referring to Table 2, in each subframe of a radio
frame, ‘D’ indicates a subframe for DL transmission, ‘U’
indicates a subframe for UL tfansmission, and ‘'S’ indicates
a special subframe constructed with 3 kinds of fields
including DwPTS, GP and UpPTS. UL-DL configurations may be
classified into 7 types. And, the respective configurations
differ from each other in the‘positions or number of DL
subframes, special frames and UL subframes.

A point of switching DL to UL or a point of switching
UL to DL 1is called a switching point. Switch-point
periodicity means a period in which a switching operation
between UL and DL subframes is identically repeated and
supports both 5 ms and 10 ms. In case of the 5ms DL-UL
switch-point periodicity, a special subframe (S) exists in
every half-frame. In case of the 10ms DL-UL éwitch-point
periodicity, a spécial subframe (S) exists in a 1°° half-

frame only.

Oth 5th

-In all configurations, subframe, subframe and

DwWPTS are the intervals provided for the DL transmission

23



10

15

20

WO 2013/036005 PCT/KR2012/007042

only. UpPTS and a subframe directly contiguous with a
special subframe are the intervals for the UL transmission.

The above-mentioned UL-DL configuration may be known
to both a base station and a user equipment. The base
station is able to inform the user equipment of the change
of the UL-DL assigned state of a radio frame in a manner of
transmitting an index of configuration information each
time UL-DL configuration information is changed. The
configuration information 1is a sort of DL control
information and can be transmitted on PDCCH (physical
downlink control channel), which is a DL control channel,
like other scheduling information. Moreover, the
configuration information is a broadcast information and
can be commonly transmitted to all user equipments in a
cell on a broadcast channel. In the TDD system, the number
of half-frames included in a radio frame, the number of
subframes included in the half-frame and the combination of
DL and UL subframes are just exemplary.

Meanwhile, in FDD system, HARQ ACK/NACK transmitted
to‘a user equipment on PHICH in an i*® subframe is related
to PUSCH transmitted by the user equipment in an (i - 4)th
subframe.

On the other hand, since DL/UL subframe configuration

in TDD system differs per UL-DL configuration, PUSCH and
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PHICH transmission times are set different in accordance
with the configuration. And, transmission times of PﬁSCH
and PHICH may be configured different in accordance with an
index (or number) of a subframe.

In LTE system, UL/DL timing relations among PUSCH,.
PDCCH ahead of the f’USCH and PHICH for carrying DL HARQ
ACK/NACK corresponding to the PUSCH are determined in
advance.

FIG. 3 is a diagram for one example of a resource
grid for one downlink (DL) slot.

Referring to FIG. 3, one downlink (DL) slot may
include a plurality of OFDM symbols in time domain. In
particular, one DL slot exemplarily includes 7 OFDM symbols
and one resource block (RB) exemplarily includes 12
subcarriers in frequency domain, by which the present
invention may be non-limited.

Each element on a resource grid iscalled a resource
element (hereinafter abbreviated RE). One resource block
includes 12 x 7 resource elements. The number N°* of
resource blocks included in a DL slot may depgnd on a DL
transmission bandwidth. And, the structure of an uplink (UL)
slot may be identical to that of the DL slot.

FIG. 4 is a diagram for a structure of an uplink (UL)

subframe.
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Referring to FIG. 4, a UL subframe may be divided
into a control region and a data region in frequency domain.
A physical UL control channel (PUCCH), which carries UL
control information, 1is allocated to the control region.
And, a physical UL shared channel (PUSCH), which carries
user data, 1is allocated to the data region. In order to
maintain single carrier property, one user equipment does
not transmit PUCCH and PUSCH simultaneously. A resource
block pair (RB pair) in subframe is allocated to PUCCH for
one user equipment. Resource blocks belonging to the
resource block (RB) pair may occupy different subcarriers
in each of 2 slots. Namely, a resource block pair allocated
to PUCCH is frequency-hopped on a slot boundary.

FIG. 5 is a diagram for a structure of a downlink (DL)
subframe.

Referring to FIG. 5, maximum 3 OFDM symbols situated
in a head part of a first slot of one subframe correspond
to a control region to which control channels are allocated.
The rest of OFDM symbols correspond to a data region to
which  PDSCH (physical downlink shared channel) is
allocated.Examples of DL control channels used by 3GPP LTE
may include PCFICH(Physical Control Format Indicator
Channel) , PDCCH (Physical Downlink Control Channel) ,

PHICH (Physical hybrid automatic repeat request indicator
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Channel) and the like.

The PCFICH is transmitted in a first OFDM symbol of a
subframe and carries information on the number of OFDM
symbols used for a transmission of a control channel within
the subframe. The PHICH is a response channel in response
to UL and carries ACK/NACK (acknowledgement /non-
acknowledgement) signal for HARQ (hybrid automatic repeat
request). Control information carried on PDCCH may be
called downlink control information (hereinafter
abbreviated DCI).The DCI may include UL resource allocation
information, DL resource allocation information or a UL
transmission (Tx) power control command for a random UE
(user equipment) group.

1. 2. PDCCH (physical downlink control channel)

1. 2. 1. The General of PDCCH

PDCCH 1is able to carry resource allocation and
transmission format (or called a DL grant) of DL-SCH
(downlink shared channel), resource allocation information
(or called a UL grant) of UL-SCH (uplink shared channel),
paging information on PCH (paging chanhel), system
information on DL-SCH, resource allocation to an upper
layer control message such as a random access response
transmitted on PDSCH, a set of transmission power control

commands for individual user equipments within a random
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user egquipment (UE) group, activation of VoIP (voice over
IP) and the like. A plurality of PDCCHs can be transmitted
in a control region and a user equipment is able to monitor
a plurality of the PDCCHs. PDCCH is configured with the
aggregationof at least one or more contiguous CCEs (control
channel elements) . The PDCCH configured with the
aggregation of the at least one or more contiguous CCEs
undergoes subblock interleaving and may be then transmitted
via the control region. CCE is a logical assignment unit
used to provide PDCCH with a code rate in accordance with a
state of a radio channel. CCE corresponds to a plurality of
REGs (resource element groups). A format of PDCCH and the
number of bits of an available PDCCH are determined
depending on correlétion between the number of CCEs and a
code rate provided by the CCEs.

1. 2. 2. PDCCH Structure

A plurality of PDCCHs multiplexed for a plurality of
user equipments can be transmitted in a control region.
PDCCH is configured with one CCE or the aggregation of at
least 2 contiguous CCEs [CCE aggregation]. In this case,

the CCE means a unit corresponding to 9 sets of REGs each

of which is configured with 4 resource elements. And, 4

QPSK (quadrature phase shift keying) symbols are mapped to

each of the REGs. Resource elements occupied by RS
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(reference signal) are not included in the REG. 1In
particular, the total number of REGs in OFDM symbol may
vary by depending on whether a cell-specific reference
signal exists. The concept of REG for mapping 4 resource
elements to one group may apply to other DL control
channels (e.g., PCFICH, PHICH, etc.). Assuming that REG not
assigned to PCFICH or PHICH is set to Ngge, the number of
CCEs available for a system 1is represented as ‘'Ngeg =
INRgc/91" and indexes 0 to ‘Necg- 1’ are given to the CCEs in
order, respectively.

In order to simplify a decoding processor of a user
equipment, PDCCH format including n CCEs may start with CCE
having an index equal to the multiple of‘n. In particular,
if a CCE index is i, the PDCCH format may start with the
CCE that satisfies the equation ‘i mod n = 0'.

In order to configure a single PDCCH signal, a base
station may be able to use CCEs, of which number belongs to
{1, 2, 4, 8}. In this case, {1, 2, 4, 8} is called a CCE
aggregation level. The number of CCEs used for a-
transmission of a specific PDCCH is determined by a base
station in accordance with a channel state. For instance, a
single CCE may be sufficient for a PDCCH provided for a
user equipment having a good DL channel state (e.g., a case

that the user equipment is' located in the vicinity of a
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base station). On the other hand, in case of a user
equipment having a poor channel state (e.g., a case thét
the user equipment is located on a cell edge or boundary),
8 CCEs may be required for sufficient robustness. Besides,

a power level of PDCCH may be adjusted in a manner of being

matched to the channel state.

Table 3 shows PDCCH format, in which 4 kinds of PDCCH
formats are supported in accordance with CCE aggregation

levels.

[Table 3]

PDCCH format  Number of CCEs (#)  Number of REGs  Number of PDCCH bits

0 ] 9 72
l 2 I8 44
2 4 36 © 288
3 8 72 _ 376

User equipments differ from each other in CCE
aggregation 1level. This is Dbecause a format or MCS
(modulation and coding scheme) level of control information
carried on PDCCH is different. In this case, the MCS level
means a code rate used for data coding and a modulation
order. An adaptive MCS level is used for a link adaptation.
Generally, in a control channel for transmitting éontrol
information, 3 or 4 MCS levels may be taken into
consideratiormn.

In the following description, PDCCH is explained in
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detail. First of all, control information carried on PDCCH
may be called downlink control information (DCI). A
configuration of information loaded on PDCCH payload may
vary in accordance with DCI format. In this case, the PDCCH
payload may mean information bit(s). Table 4 shows DCI in

accordance with DCI format.

[Table 4]
DCI Format |Description
‘| Format 0 Resource grants for the PUSCH transmissions
(uplink)
Format 1 Resource assignments for single codeword PDSCH

transmissions (transmission modes 1, 2 and 7)

Format 1A Compact signaling of resource assignments for
single codeword PDSCH (all modes) :

Format 1B Compact resource assignments for PDSCH usin
rank-1 closed loop precoding (mode 6)

Format 1C Very compact resource assignments for PDSCH
(e.g. paging/broadcast system information)

Format 1D Compact resource assignments for PDSCH wusing
multi-user MIMO (mode 5)

Format 2 Resource assignments for PDSCH for closed-loop
MIMO operation (mode 4)

Format 2A Resource assignments for PDSCH for open-loop
MIMO operation (mode 3)

Format Power control commands for PUCCH and PUSCH
3/3A with 2-bit/1-bit power adjustment

Referring to Table 4, DCI formats may include a
format 0 for PUSCH scheduling, a format 1 for scheduling of
one PDSCH codeword, a format 1A for compact scheduling of
one PDSCH codeword, a format 1C for very compact scheduling
of DL-SCH, a format 2 for PDSCH scheduling in closed-loop
spatial multiplexing mode, a format 2A for PDSCH scheduling

in open-loop spatial multiplexing mode, a format 3 for a
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transmission of a TPC (transmission power control) command
for a UL channel, and a format 3A for a transmission of a
TPC (transmission power control) command for a UL channel.
Moreover, a DCI format 1A is usable for PDSCH scheduling
despite that any kind of transmission mode is set for a
user equipment.

PDCCH payload length may vary in accordance with DCI
format. A PDCCH payload type and a length thereof may vary
in accordance with a presence or non-presence of a compact
scheduling, a transmission mode configured for a user
equipment, or the like.

The transmission mode may bé configured in order for
a user equipment to receive DL data on PDSCH. For instaﬁce,
the DL data on PDSCH may include scheduled data for a user
equipment, paging, random access response, broédcast
information via BCCH and the like. The DL data on PDSCH is
related to the DCI format signaled via PDCCH. The
transmission mode may be semi-statically configured by an
upper layer signaling (e.g., RRC (radio resource control)
signaling, etc.). The transmission mode may be categorized
into a single antenna transmission and a multi-antenna
transmission. A transmission mode 1is semi-statically
configured for a wuser equipment by the upper layer

signaling. For instance, the multi-antenna transmission may
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include transmit diversity, open-loop spatial multiplexing,
closed-loop spatial multiplexing, MU-MIMO (multiuser-
multiple input multiple output), beamforming or the like.
The transmit diversity 1is the technology of raising
transmission reliability by transmitting the same data via
multiple transmitting antennas. The spatial multiplexing is
the technology of transmitting high-speed data without
increasing a bandwidth of a system by simultaneously
transmitting different data via multiple transmitting
antennas. The beamforming is the technology of increasing
SINR (signal to interference plus noise ratio) by adding a
weight in accordance with a channel state at multi-antenna.

DCI format depends on a transmission mode configured
in a user equipment. The user equipment has a reference DCI
format of monitoring in a tranémission mode configured on
its own. The transmission mode configured in the user
equipment may correspond to one of 7 transmission modes as
follows.

(1) Single antenna port: Port 0

(2) Transmit diversity

(3) Opeﬁ—loop spatial multiplexing

(4) Closed-loop spatial multiplexing

(5) Multi-user MIMO

(6) Closed-loop rank = 1 precoding
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(7) Single antenna port: Port 5

1. 2. 3. PDCCH Transmission

A base station determines PDCCH format in accordance
with DCI to transmit to a user equipment and attaches CRC
(cyclic redundancy check) to control information. The CRC
is masked with a unique identifier (called RNTI (radio
network temporary identifier) in accordance with an owner
or usage of PDCCH. If the PDCCH is provided for a specific
user equipment, the CRC can be masked with a unique
identifier of the user equipment, i.e., C-RNTI (i.e., Cell-
RNTI). If the PDCCH is provided for a paging message, the

CRC can be masked with a paging indication identifier (e.g.,

P-RNTI (Paging-RNTI)). If the PDCCH is provided for system
information, and more particularly, for a system
information block (SIB), the CRC can be masked with a
system information identifier (e.g., SI-RNTI (system
information-RNTI). In order to indicate a random access

response that is a response to a transmission of avrandom
access preamble of a user equipmént, CRC can be masked with
RA-RNTI (random access-RNTI).

Subsequently, the base station creates coded data by
performing channel coding on the CRC attached control
information. In doing so, -the channel coding may be

performed at a code rate in accordance with an MCS level.
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The base station performs a rate matching in accordance
with a CCE aggregation level assigned to PDCCH format and
then generates modulated symbols by modulating the coded
data. In doing so, it may be able to use a modulation
sequence 1in accordance with an MCS level. The modulated
symbols configuring one PDCCH may have a CCE aggregation
level set to one of 1, 2, 4 and 8. Thereafter, the base
station maps the modulated symbols to physical resource
elements [CCE to RE mapping] .

1. 2. 4. Blind Decoding

A plurality of PDCCHs can be transmitted in a single
subframe. In particular, a control region of one subframe
is configured with a plurality of CCEs having indexes set
to 0 to (Neeg,x— 1) . In particular, the Ngcg x means the total
number of CCEs in a control region of k™ subframe. A user
equipment monitors a plurality of PDCCHs in each subframe.
In this case, the verb ‘monitor’ means that the user
equipmenfattempts decoding of each of the PDCCHs 1in
accordance with a monitored PDCCH format. In a control
region assigned within a subframe, a base station ‘does not
provide information indicating where a PDCCH corresponding
to the user equipment is located. In order to receive a
control channel transmitted from the base station, since

the user equipment is unable to know that its PDCCH 1is
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transmitted in a specific DCI format or on a specific CCE
aggregation level at a specific position, the wuser
equipment finds its PDCCH by monitoring an aggregation of
PDCCH candidates in a subframe. This is called a blind
decoding/detection (BD). According to the blind.decoding, a
user equipment takes its UE ID (user equipment identifier)
from a CRC part by demasking and then confirms whether the
corresponding PDCCH is a control channel of the user
equipment by checking CRC error.

In an active mode, a user equipment monitors PDCCH of
every subframe to receive daté transmitted to it. In DRX
mode, a user equipment wakes up in a monitoring interval of
each DRX period and then monitors PDCCH in a subframe
corresponding to the monitoring interval. In doing so, a
subframe for monitoring PDCCH is called a non-DRX subframe.

The user equipment should perform blind decoding on
all CCEs existing in a control region of the non-DRX
subframe on order to receive PDCCH transmitted to the user
equipment. Since the user equipment does not know which
PDCCH format will be received, it should decode all PDCCHs
on possible CCE aggregation levels in every non-DRX
subframe until succeeding in the blind decoding of PDCCHs.
Moreover, since the user equipment does not know how many

CCEs will be used by the PDCCH for the user equipment, the
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user equipment should attempt detection on all possible CCE
aggregation levels until succeeding in the blind decoding
of PDCCH.

In LTE system, a concept of a search space (SS) is
defined for a blind decoding performed by a user equipment.
A search space means a PDCCH candidate set to be monitored
and may have a size different in accordance with each PDCCH
format. The search space may be configured with a common
search space (CSS) and a UE-specific/dedicated search space
(USS). In case of the common search space, all wuser
equipments may be able to know a size of the common search
space. On the other hand, the UE-specific search space may
be individually set for each user equipment. Hence, a user
equipment should monitor both of the UE-specific search
space and the common search space to decode PDCCH, thereby
performing the blind decoding (BD) in a single frame 44
times to the maximum. In doing so, the blind decoding
performed in accordance with a different CRC value (e.g.,
C-RNTI, P-RNTI, SI-RNTI, RA-RNTI) is not included.

Due to a small search space, it may happen that a
base station is unable to reserve CCE resources enough to
transmit PDCCH to all wuser equipments attempting to
transmit PDCCH in a given subframe. This 1is because

resources remaining after assignment of CCE positions may
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not be included in a search space of a specific user
equipment. In order to minimize this barrier that may be
kept in a next subframe, a UE-specific hopping sequence may
apply to a start point of the UE-specific search space.
Table 5 shows sizes of a common search space and a

UE-specific search space.

[Table 5]
Search space 5" Number of PDC(C]:“H
i » X S .’._)
Type Aggregation level L Size [in CCEs] candidates M

UE- 2 12 6
specific 4 8 >
8 16 3
4 16 4
Common 5 e !

In order to reduce a calculation load of a user
equipment due to a blind decoding attempt count, a user
equipmentdoes not perform searches in accordance with all
the defined DCI formats at the same time. In particular,
the user equipment always searches'a UE-search space for
DCI format 0 and DCI format 1A. In doing so, although the
DCI format 0 and the DCI format 1A are equal to each other
in size, the user equipment is able to identify DCI formats
using flags used ﬁo identify the DCI formatAO and the DCI
format 1A included in PDCCH [Flags for format 0/format 1A
differentiation] . Moreover, DCI formats other than the DCI

format 0 or the DCI format 1A may be requested to the user
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equipment. For example, the requested DCI formats may
include DCI format 1, DCI format 1B and DCI format 2.

A user equipment may be able to search a common
search space for DCI format 1A and DCI format 1C. Moreover,
the user equipment may be set to search for DCI format 3 or
DCI format 3A. In this case, although the DCI format 3/A
may have the same size of the DCI format 0/1A, the user
equipment may be able to identify a DCI format using CRC
scrambled by an identifier other. than a UE-specific

identifier.

(L)
Search space k means a PDCCH candidate set in

Le{l248  ocg in

accordance with an aggregation level
accordance with a PDCCH candidate set m of the search space

may be determined by Formula 1.

[Formula 1]

LAY, +m)mod|News , /L [+i

In -Formula 1, M% indicates the number of PDCCH
candidates in accordance with a CCE aggregation level L to

=0 ... MO _ ;
be monitored in a search space, where m=0,--, M 1. The !

is an index for designating an individual CCE in each PDCCH
candidate in PDCCH and may be represented as i=0 L1

= 2 , ) .
Moreover, it is k L%/ J and the ™ indicates a slot index
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within a radio frame.

In order to decode. PDCCH, as mentioned in the
foregoing description, a user equipment monitors both a UE-
specific search space and a common search space. In this
case, the common search space (CSS) supports PDCCHs having
the aggregation 1level of {4, 8}, while Athe UE-specific
search space (USS) supports PDCCHs having the aggregation
level of {1, 2, 4, 8}. Table 6 shows PDCCH candidates

monitored by a user equipment.

[Table 6]
Search space S{Y Number of PQC&?‘* |

Type Aggregation level L Size [in CCEs) candidates M™
UE- 2 12 B
specific 4 8 5
8 16 2
4 16 3
Common 5 T -

Referring to Formula 1, in case of a common search
space, for two aggregation levels, L=4 and L=8, Yy is set
to 0. On ﬁhe contrary, in case of a UE-specific search
space, for an aggregation level L, Yx is defined as Formula
2.

[Formula 2]
Y, =(A4-Y,_,)mod D

Y =ngnm #0

In Formula 2, it 1is and indicates a
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valueof "wvr RNTI, where A=39827 gng D=65537

2., Carrier Aggregation Environment

2. 1. The General of Carrier Aggregation

Communication environments taken into consideration
by embodiments of the present invention include a
multicarrier supportive environment. In particular, a
multicarrier or CA (carrier aggregation) system used by the
present invention means a system that uses at least one
component carrier (CC) having a bandwidth smaller than a
target Dband by aggregation in configuring a target
broadband to support a broadband.

According to the present invention, multicarrier
means aggregation of carriers (or carrier aggregation). In
this case, the carrier aggregation means aggregation of
non-contiguous carriers as well as aggregatidn of
contiguous carriers. Moreover, the number of component
carriers aggregated in DL may be set to different from that
of component carriers aggregated in UL. If the downlink
component carrier (hereinafter abbreviated DL CC) number
and the uplink component carrier (hereinafter abbreviated
UL CC) number are equal to each other, it is called a
symmetric aggregation. Otherwise, it is called an

asymmetric aggregation. The above-mentioned carrier
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aggregation may be interchangeably substituted with such a
terminology as a Dbandwidth aggregation, a spectrum
aggregation and the like.

In the carrier aggregation configured in a manner of
combining at least two or more component carriers together,
the goal of the LTE-A system is to support bandwidths up to
100 MHz.When at 1least one carrier having a bandwidth
smaller than a target band is combined or aggregated, the
bandwidth of the aggregated carrier may be limited to a
bandwidth used by a legacy IMT system to secure backward
compatibility with the 1legacy system. For instance, a
legacy 3GPP LTE system supports bandwidths of {1.4, 3, 5,
10, 15, 20} MHz and a 3GPP LTE-advanced (LTE-A) system may
be configured to.support a bandwidth greater than 20 MHz
for compatibility with the legacy system using the above
bandwidths only. Moreover, a carrier aggregation system of
the present invention may be configured to support carrier
aggregation by defining a new bandwidth irrespective of
bandwidths used by a legacy system.

LTE-A system uses the concept of a cell to manage
radio resources. The above-mentioned carrier aggregation
environment may be <called a multi-cell environment
(environment of multiple cells). A cell is defined as a

combination of a pair of a DL resource (DL CC) and a
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ULresource (UL CC). Yet, the UL resource is not a necessary
element. Hence, the cell may be configured with a DL
resource only or both a DL resource and a UL resource. In
case that a specific user equipment has one configured
serving cell only, it may have one DL CC and one UL CC. Yet,
in case that a specific user equipment has at leaét two
configured serving célls, the number of DL CCs is equal to
the number of the cells but the number of UL CCs may be
equal to or smaller than the number of the cells.
Alternatively, DL CCs and UL CCs may be configured to the
contrary. In particular, in case that a specific user
equipment has a pilurality of configured serving cells, it
may be able té support a carrier aggregation environment in
which the number of UL CCs is greater than that of DL CCs.
In more particular, carrier aggregation may be understood
as aggregation of at least two cells differing from each
other in carrier frequency (e.g., center frequency of cell).
In this case, the above-mentioned ‘cell’should be
discriminated from a generally used cell that is an area
covered by a base station.

Cells used by LTE-A system may include a primary cell
(PCell) and a secondary cell (SCell). PCell and SCell may
be used as a serving cell. If a carrier aggregation is not

configured for a user equipment in RRC_CONNECTED state or a
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user equipment does not support a carrier aggregation,
there exists one serving cell configured with PCell only.
On the other hand, i1f a carrier aggregation is configured
for a user equipment in RRC CONNECTED state, at least one
serving cell may be able to exist. And, PCell and at least
one SCell are included in all the serving cells.

Serving cell (e.g., PCell, SCell) may be configured
via RRC parameters. In particular, PhysCellId is a physical
layer identifier and has an integer value ranging 0 to 503.
SCellIndex is a short identifier used to identify SCell and
has an integer value ranging 1 to 7. ServeCellIndex is a
short identifier used to identify a serving cell (e.g.,
PCell, SCell) and has a value ranging 0 to 7. A value of 0
is applied to PCell and ScellIndex is previously given to
be applied to SCell. In particular, a cell having a
smallest cell ID (or a smallest cell index) in
ServCellIndex becomes PCell.

The PCell means the cell operating on a primary
frequency (or, a primary CC). The PCell is usable for a
user equipment to perform an initial connection
establishment process or a connection reconfiguration
process. The PCell may include a cell indicated in a
handover procedure. The PCell may mean the cell becomes a

center of a control related communication in the serving
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cell configured in a carrier aggregation environment. In
particular, a user equipment is able to perform a
transmission by receiving assignment of PUCCH in its PCell
only and is able to use the PCell only in obtaining system
information or changing a monitoring procedure. E-UTRAN
(evolved universal terrestrial radio access) may change
PCell only for a handover procedure in a manner of sending
a user equipment supportive of <carrier aggregation
environment an RRC connection reconfiguration
(RRCConnectionReconfiguration) message of an upper laygr,
which contains mobility control information
(mobilityControlInfo) .

The SCell may mean the cell operating on a secondary
frequency (or, a secondary CC). One PCell is assigned to a
specific user equipment, while at least one SCell may be
assigned to the specific user equipment. The SCell is
configurable only after an RRC connection has Dbeen
established. And, the SCell may be usable to provide an
addition radio resource. PUCCH does not exist in the rest
of cells (i.e., SCell) except PCell in the serving cell
configured in the carrier aggregation environment. When E-
UTRAN adds SCell to a user equipment supportive of a
carrier aggregation environment, it may be able to provide

all system information related to an operation of a related
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cell in RRC CONNECTED state via a dedicated signal. A
change of system information may be controlled by a release
and addition of a related SCell. In doing so, it may be
able to use an RRC connection reconfiguration
(RRCConnectionReconfiguration) message of an upper layer.
E-UTRAN may perform a dedicated signaling having a
parameter differing per user equipment rather than a
broadcasting in a reléted SCell.

Afper an 1initial security activating process has
started, E-UTRAMN may be able to configure a network
including at 1least one SCell in addition to PCell
configured in the early stage of a connection establishment
process. In a carrier aggregation environment, PCell or
SCell may be able to work as a component carrier. In the
following description of embodiments, a primary component
carrier (PCC) may be usable as having the same meaning of
PCell and a secondary component carrier (SCC) may be usable
as having the same meaning of SCell.

FIG. 6 is a diagram for one example of component
carriers of LTE system and carrier aggregation used by LTE-
A system.

FIG. 6 (a) shows a single carrier structure used by
LTE system. Component carriers include DL CC and UL CC. One

component carrier may have a frequency range of 20 MHz.
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FIG. 6B shows a carrier aggregation structure used by
LTE-A system. Refefring to FIG. 6 (b), 3 components
carriers, each of which has a frequency size of 20 MHz, are
aggregated together. 3 DL CCs and 3 UL CCs are present, by
which the number of DL CCs or the number of UL CCs may be
non-limited. In case of carrier aggregation, a wuser
equipment may be able to monitor 3 CCs at the same time,
receive DL signal/data, and transmit UL signal/data.

In case that N DL CCs are managed in a specific cell,
a network may be able to assign M DL CCs (where, L < M £ N)
to a user equipment. In doing so, the user equipment may be
able to monitor the limited M DL CCs only and receive DL
signals. Moreover, a network may be able to assign primary
DL CC to the user equipment in a manner of prioritizihg L
DL CCs (where, L £ M £ N). In doing so, the user
equipmentshould monitor the L DL CCs. This mechanism may be
exactly applicable to a UL transmission.

A linkage between a carrier frequency (or DL CC) of a
DL, resource and a carrier frequency (or UL CC) of a UL
resource may be indicated by such an upper layer message as
an RRC message or a system information. For instance, by a
linkage defined by SIB2 (system information block type 2),
a combination of DL and UL resources may be configured. In

particular, a linkage may mean a mapping relation between a
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DL CC for transmitting PDCCH carrying a UL grant and a UL
CC using the UL grant or a mapping relation between a DL/UL
CC for carrying HARQ data and a UL/DL CC for carrying HARQ
ACK/NACK signal.

2. 2. Cross Carrier Scheduling

In a carrier aggregation system, a self-scheduling
method and a cross carrier scheduling method exist in
aspéct of carrier or serving cell scheduling. In particular,
a cross carrier scheduling may be named a cross éomponent
carrier scheduling or a cross cell scheduling.

A self-scheduling means that PDCCH . (DL grant) and
PDSCH are carried on the same DL CC or that PUSCH
transmitted in accordance with PDCCH (UL grant) carried on
DL CC is transmitted on UL CC linked with the DL CC having
carried the UL grant.

A cross carrier scheduling means that PDCCH (DL grant)
and PDSCH are transmitted on different DL CCs, respectively
or that PUSCH transmitted in accordance with PDCCH (UL
grant) carried on DL CC is transmitted on a different UL CC
that is not the UL CC linked with the DL CC having carried
the UL grant.

Whether to perform a cross carrier scheduling may be
UE-specifically activated or deactivated and may be

notified to each user equipment semi-statically via an
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upper layer signaling (e.g., RRC signaling).

In case that the «cross carrier scheduling 1is
activated, PDCCH needs a carrier field indicator (CIF) that
indicates that PDSCH/PUSCH indicated by the corresponding
PDCCH is carried on which DL/UL CC. For instance, PDCCH is
able to assign a PDSCH or PUSCH resource to one of a
plurality of component carriers using the CIF. In
particular, if PDCCH on DL CC assigns a PDSCH or PUSCH
resource to one of multiply aggregated DL/UL CCs, CIF is
configured. In this case, DCI format of LTE-A Release-8 may
be extended in accordance with CIF. In doing so, the
configured CIF is fixed to a 3-bit field or a position of
the configured CIF may be stationary irrespective of a DCI
format size. Moreover, it may be able to reuse a PDCCH
structure of LTE-A Release-8 (e.g., a resource mapping on
the basis of the same coding and CCE).

On the other hand, in case that PDCCH on DL CC
assigns a PDSCH resource on the game DL CC or a PUSCH
resource on a singly linked UL CC, CIF is not configured.
In this case, i1t may be able to use the same PDCCH
structure and DCI format of LTE-A Release-8 (e.g., a
resource mapping on the basis of the same coding and CCE).

When a cross carrier scheduling is possible, a user

equipment needs to monitor PDCCH for a plurality of DCIs in
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a control region of monitoring CC in accordance with a per-
CC transmission mode and/or bandwidth. To support this( a
search space configuration and PDCCH monitoring may be
required.

In ‘a carrier aggregation system, a UE DL CC set
indicates a set of DL CCs scheduled to enable a user
equipment to receive PDSCH and a UE UL CC set indicates a
set of UL CCs scheduled to enable a user equipment to
transmit PUSCH. And, a PDCCH monitoring set indicates a set
of at least one DL CC for performing a PDCCH monitoring.
The PDCCH monitoring set may be equal to the UE DL CC set
or may be a subset of the UE DL CC set. The PDCCH
monitoring set may include at least one of DL CCs belonging
to the UE DL CC set. Alternatively, the PDCCH monitoring
set may be separately defined irrespective of the UE DL CC
set. The DL CC included in the PDCCH monitoring set may be
configured to always enable a self-scheduling of a linked
UL CC. Thus, the UE DL C set, the UE UL CC set and the
PDCCH monitoring set may be configured UE-specifically, UE
group-specifically or cell-specifically.

In case that the cross carrier scheduling is inactive,
it means that a PDCCH monitoring set is always equal to a
UE DL CC set. In this case, such an indication as a

separate signaling for the PDCCH monitoring set is not
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necessary. Yet, in case that a cross carrier scheduling is
active, it 1is preferable that a PDCCH monitoring set is
defined within a UE DL CC set. In particular, in order to
schedule a PDSCH or PUSCH for a user equipment, a base
station transmits PDCCH on a PDCCH monitoring set only.

FIG. 7 isva diagram for a subframe structure of LTE-A
system in accordance with cross carrier scheduling.

Referring to FIG. 7, a DL subframe for an LTE-A user
equipment represents a case that 3 DL CCs are combined and
that DL CC ‘A; 1is set as a PDCCH monitoring DL CC. If CIF
is not used, each DL CC may be able to transmit a PDCCH for
scheduling its PDSCH without the CIF. On the other hand, if
a CIF 1s used via an upper layer signaling, the only DL CC
‘A’ 1is able to transmit its PDSCH or a PDCCH for scheduling
a PDSCH of another CC using the CIF. In doing so, DL CC ‘B’
or DL CC 'C’, which is not set as the PDCCH monitoring DL
CC, does not transmit PDCCH.

3. Interference between Base Stations

3. 1. RNTP (relative narrowband transmit power)

In a cellular network based wireless communication
system, there exists interference between homogeneous base
stations (or homogeneous networks) or interference between
heterogeneous base stations (or heterogeneous networks).

This interference may cause a problem of affecting a
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control channel as well as a data channel. In the following
description, a method for solving this problem is explained.

FIG. 8 is a diagram for one example of a use for RNTP
(relative narrowband transmit power) .

Referring to FIG. 8, information is exchanged by
means of a signaling via X2 interface to reduce
interference between macro base stations (or macro eNBs).
In DL situation, bitmap information is exchanged using RNTP
(relative narrowband transmit power). Each bit of a
generated bitmap informationcorresponds to a bit mapping of
RB unit and each bit configuration may follow Formula 3 in
the following.

[Formula 3]

E
0 if % < RN TP/hre.\'hold

RNTP(HPRB ) _ max_nom

1 if no promise about the upper limit of E”—(E)ﬁ”ﬁ*—) is made

max_nom

In Formula 3,Es(npgs) indicates a maximum EPRE of a
UE-specific PDSCH resource element in an OFDM symbol of a
physical resource block at an antenna port p not including
a reference signal.

[Formula 4]

P(P) L

E(p) _ max Af

max_nom DL RB
Ngg - Nyc
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If an RNTP threshold value given as Formula 3 or -
Formula 4 is not exceeded, it may indicate 0. Otherwise, it
may indicate 1. |

Referring to FIG.‘8, if a band on a frequency side is
assigned for an outer cell user equipment (UE) 1 and an
outer cell user equipment (UE) 2 in a cell 1 of an
environment having two cells neighbor to each other in a
manner shown in FIG. 8, a bitmap 1 0 1 containing an RNTP
threshold is transmitted as an RNTP indicator. The neighbor
cell 2 assigns a user equipment (UE) 3 located in its outer
cell to a band orthogonal to a frequency band assigned to
the wuser equipment 1 and the user equipment 2 with
reference to the corresponding RNTP indicator information
(cf. the corresponding band is interpreted as RB). Thus,
inter-cell interference can be reduced. In doing so, in
case that a frequency resource (RB) is insufficient, it may
be difficult to achieve inter-cell orthogonal resource
allocation. Therefore, this technique helps mutual
interference to decrease as far as possible.

3. 2.'Use for HII (high interference indicator) and
OI (overhead indicator)

FIG. 9 is a diagram for one example of a use for HII

or OI.

Referring to FIG. 9, as an X2 interface signaling
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method for interference reduction in case of UL, there is
HIT (high interference indicator) or OI (overhead
indicator). The HII is a proactive indicator and announces
scheduling information on an RB, to which a user located in
an outer cell in a UL situation, in a bitmap format.

The OI is a reactive indicator and announces whether
interference/noise 1level in a corresponding RB is low,
medium or high by RB uﬁit. A case of using ICIC (inter-cell
interference coordination) in UL situation may apply to FIG.
9.

In FIG. 9, in a UL situation, a cell 1 transmits HII
of bitmap format containing a cell ID for RB scheduling
information assigned to a user located in an outer cell of
the cell 1. The meaning of 11100 indicates that an outer
cell user is assigned to 1°° to 3™ RBs. In particular, if
an outer cell user of a neighbor cell does not use the
corresponding RB, it may cause interference. Hence, the
corresponding information is sent. The neighbor cell 2
refers to the information to enable its outer cell user to
be assigned to a 0-bit situated RB with reference to HII
information. Yet, since resource allocation for fully
avoiding interference 1is impossible due to the 1limited
resources, if an outer cell user is assigned to a 3*@ RB in

the cell 2, as shown in the drawing, the cell 1 experiences
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high interference at the 3™ RB., In this case, after
duration of prescribed time, information on the severe
interference may be set via ﬁhe OI again. Therefore, this
technique transmits information via HII or OI to help
mutual interference to decrease as far as possible.

3. 3. Structure of Heterogeneous Network

FIG. 10 is a diagram for a structure of a
hete:ogeneous network.

Referring to FIG. 10, in order to stably secure such
a data service as a multimedia service and the like in the
next generation mobile communication, lots of attractions
are paid to a hierarchical cell structure, in which micro
cells (e.g., pico cells or femto cells) for low-
power/short-range communications coexist on a macro cell
based homogeneous network, or a heterogeneous <cell
structure. This is because additional installation of a
macro base station (e.g., macro eNode B) is inefficient in
aspect of cost and complexity versus system performance
enhancement. A structure of a heterogeneous network in
ongoing consideration of a current communication network
has the configuration shown in FIG. 10.

3. 4. Measurement Report

Regarding a reporting configuration, a corresponding

user equipmentreports a measurement value to a
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corresponding base station (eNB) by one of the following
event triggered reporting criteria.

(1) Event Al:Case that a measurement value of a
serving cell is better than an absolute threshold value.

(2) Event A2: Case that a measurement value of a
serving cell is poorer than an absolute threshold value.

(3) Event A3:Case better than an offset related to a
neighbor cell serving cell.

(4) Event A4:Case that a measurement value of a
neighbor cell is better than an absolute threshold value.

(5) Event A5:Case that a  measurement value of a
serving cell is poorer than an absolute threshold value and
that a measurement value of a neighbor cell is better than
another absolute threshold value.

FIG. 11 is a diagram for one example of a case of an
event triggered reporting condition A3. In particular, FIG.
11 is a diagram for an event triggered reporting condition
corresponding to the event A3. In case that an RSRP value
from a serving cell becomes greater than an RSRP from a
neighbor cell by a specific offset or more, 1if a
corresponding condition keeps being met after duration of a
time-to-trigger that is a predetermined time, the
corresponding event is triggered.

3.5. Cell Range Extension (CRE)
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FIG. 12 1s a diagram for one example of cell range
extension (CRE).

According to the technology of cell range extension,
a macro based user equipment, which is located in the
vicinity of a pico base station (PeNB) and receives extreme
interference from the corresponding pico base station
(PeNB), among a pluralitonf macro based user equipments
(MUE) connected to a macro base station (MeNB) 1in a
heterogeneous network structure is made to handover into
the pico base station. Through this CRE execution,
influence of previous interference can be reduced and a
load balancing can be achieved. In case that a serving cell
is determined by a single measurement comparison like RSRP,
since it is highly probable that an RSRP value from a macro
base station having a high transmission power is relatively
higher that an RSRP from a pico base station having a low
transmission power, it may be difficult for a corresponding
macro based user equipment to make a handover into the
corresponding pico base station (PeNB). Therefore, in order
to smoothly perform the CRE technology, CRE can be
performed using the following criterion.

[Formula 5]

Pico RSRP + Offset > Macro RSRP

In Formula 5, an offset value is a value configured
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by an upper layer signaling and enables CRE to be performed
on a pico base  station (PeNB) having a low transmission
power.

Hence, if a sum of a pico RSRP and an offset value is
equal to or greater than a macro RSRP, CRE is performed on
a pico base station.

3. 6. Assignment of ABS (almost blank subframe)

Heterogeneous network/deployments may mean a
structure in which micro cells for low power/short-range
communication coexist in a macro cell based homogeneous
network. A macro cell (or a macro base station) means a
general cell (or base station) of a wireless communication
system with a wide coverage and a high transmission power.
A micro cell (or a micro base station) is a small version
of a. macro cell, 1is able to operate independently by
performing most of functions of a macro cell, and means a
cell (or a base station) of a non-overlay typé which is
overlaid within an area covered by a macro cell or a shadow
area not covered by the macro cell. The micro cell has a
coverage narrower than that of the macro cell and a
transmission power lower than that of the macro cell and is
able to accommodate user equipments less than those of the
macro cell. This micro cell may be named one of a pico cell,

a femto cell, an HeNB (home evolved Node B), a relay and
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the like.

A user equipment may be direétly served by a macro
cell or may be served by a micro cell. Occasionally, a user
equipment existing within a coverage of a micro cell may be
served by the macro cell.

In accordance with a presence or non-presence of
restriction put on a user equipment, a micro cell may be
classified into two types. The 1‘St type means a CSG (closed
subscriber group) cell that does not grant an access of a
previous macro user equipﬁent (e.g., a user equipment
served by a macro cell) or accesses of other micro user
equipments (e.g., user equipments served by a micro cell)
without authentication. And, the 2" type means an OASC
(open access subscriber group) or OSG (open subscriber
group) cell that grants an access of a previous macro user
equipment or accesses of other micro user equipments.

In a heterogeneous network environment having a macro
cell and a micro <cell coexist therein, inter-cell
interference more serious than that of a homogeneous
network environment having a macro cell (or a micro cell)
exist therein only may occur.

FIG. 13 1is a diagram for one example of an
interference possibly occurring in a heterogeneous network

wireless communication system including a macro cell and a
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microcell.

Referring to FIG. 13, a case (a) shows one example
that a macro user equipment, for which an access to a CSG
cell is not granted, experiences interference by an HeNB. A
case (b) shows one example that a macro user equipment
causes a severe interference toward the HeNB. A case (c)
shows one example that a CSG user equipment experiences
interference caused by another CSG cell. A case (d) shows
one example that the increase of DL interference of a user
equipment other than a macro user equipment on a cell
boundary or edge is inevitable despite that an uplink may
be improved owing to a path loss (e.g., a use of an
inclining RSRP (reference signal received power) reporting)
based on cell association.

This also implies that a method of handling an L1/L2
(1% layer/2™ 1layer) control signaling, a method of
handling a synchronization signal and a method of handling
a reference signal are important as well as UL/DL
interference by which data is affected. These methods may
work in time, frequency and/or space domain.

A maéro—pico heterogeneous network or macro cell may
cause a storing interference to a user equipment served by
a pico cell, and more particularly, a user equipment

located on an edge of a serving pico cell. A macro cell,
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which causes interference as a part of time-domain ICIC
(inter-cell interference coordination), provides a subframe
called an ABS (or ABSF: almost blank subframe) and can be

protected against a ‘strong interference attributed to a

. macro cell in a manner that any DL control channel or data

channel is not transmitted in the ABSF except CRS. In case
that PSS(Primary Synchronization Sequence), SSS(Secondary
Synchronization Sequence), PBCH(Physical Broadcast Control
Channel), SIB1l(System Information Block Type 1), Paging and
PRS (Positioning Reference Signal match ABS, they are
transmitted in the ABS. If ABS matches MBSFN (multicast
broadcast single frequency network) subframe which does not
transmit any signal 1in a data region, CRS is not
transmitted in the data region of the ABS.

FIG. 14 1is a diagram for one example of a
configuration of ABS in a macro cell of a macro-pico
netwofk.

Referring to FIG. 14, a macro cell configures a
subframe having an index #2 and a subframe having an index
#6 with ABSF, and this information may be indicated to a
pico cell via backhaul.The pico cell is able to schedule a
pico user equipment (e.g., a user equipment served by the
pico cell), and more particularly, user equipments on the

boundary between the macro cell and the pico cell in ABSF
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only. In particular, the pico user equipment performs CSI

measurement within ABSFs only.

A user equipment, which experiences interference, is
configured to perform measurement for RLM/RRM (radio link
monitoring/radio resource management) in subframe(s)
restricted by a serving cell in order to accurately perform
measurements of a received power (RSRP: reference signal
received power), a reference signal received quality (RSRQ)
and the like. To this end, a bitmap signaling (e.g., ABS is
indicated by 'l1’ and other subframes may be indicated by
07 L) having the same period of a backhaul signaling may be
applicable but should have a pattern configured independent
from a backhaul bitmap pattern.

Since it 1is insufficient for ICI technologies of the
related art to overcome the co-channel interference, two
kinds of scenarios (i.e., CSG scenario and pico scenario)
have been proposed. These scenarios are examples of a
network configufation to depict basic concept of time-
domain ICIC and may be applicable to other network
deployment scenarios.

FIG. 15 is a diagram for one example of a CSG (closed
subscriber group) scenario as a part of time-domain ICIC
(inter-cell interference coordination).

Referring to FIG. 15, if an access to a CSG cell is
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not granted to a user equipment, such a user equipment
shall be named a non-member user equipment. When the non-
member user equipment approaches close to a CSG cell, a
major interference state may occur. Due to the network
deployment and strategy, it may be impossible to divert a
user equipment affected by an inter-cell interference to
another E-UTRA (evolved-universal terrestrial radio access)
carrier or another RAT (radio access technology) carrier. A
time-domain ICIC may be usable to allow the non-member user
equipment to receive a service from a macro cell on the
same frequency layer.

Such interference may be reduced using ABSF in order
for a CSG cell to protect a subframe of a corresponding
macro cell from interference. The non-member user equipment
may be signaled to use resourcesreserved for RRM for a
serving cell, RLM and CSI measurements. And, the non-member
user equipment may be allowed to keep receiving the service
from the macro cell under the strong interference from the
CSG cell.

In RRC-CONNECTED state, a network can observe that a
non-member user equipment . is related to a strong
interference from a CSG cell via measurement events defined
by LTE Release-8/9 for example. For this user equipment,

the network may configure RRM/RLM/SCI measurement
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resourceto be restricted. In order to facilitate mobility
from a serving macro cell, the network may configure RRM
measurement resource for a neighbor cell to be restricted.
If the network detects that the user equipment does not
receive the strong interference any more, it may be able to
cancel the restriction put on the RRM/RLM/CSI measurement
resource.

FIG. 16 is a diagram for one example of a pico
scenario as a part of time-domain ICIC (inter-cell
interference coordination) .

‘Referring to FIG. 16, a time-domain ICIC may be
usable to a pico user equipment (e.g., a user equipment in
the course of off-loading to a pico cell from a macro cell)
located on an edge of a serving pico cell. The time-domain
ICIC (inter-cell interference coordination) may be used to
allow the above-user equipment to receive a service from
the pico cell on ﬁhe same frequency layer. This
interference may be reduced in a manner that a macro cell
uses ABSF to protect a subframe of a pico cell from the
interference. The pico wuser equipment (e.g., a user
equipment served by the pico cell) may be able to use the
resources reserved for the cell measurement (RRM) for the
serving pico «cell, the RLM measurement and the CSI

measurement. For the pico user equipment, the restriction
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put on the RRM/RLM/CSI measurement may enable more accurate
measurement of the bico cell under the strong interference
from the macro «cell. The pico cell may be able to
selectively configure the restriction of the RRM/RLM/CSI
measurement resources only for the user equipments related
to the strong interference from the macro cell. In order to
facilitate the mobility to the pico cell from the macro
cell for a user equipment serviced by the macro cell, the
network may configure the restriction to be put on the RRM
measurement resource for a neighbor cell.

In the following description, a method of delivering
information on a subframe pattern (e.g., ABS pattern, etc.)
between cells is explained in detail.

First of all, an interference-giving cell may be able
to signal 2 bitmaps to an interference-receiving via X2
interface. Each of the bitmaps may be configured to have
40-bit size and may be able to represent the attribute of
each subframe by a unit of 40 subframes. The 1°° bitmap
indicates a subframe having ABS situated therein. 1In
particular, the 1°° bitmap may correspond to a bitmap that
représents the ABS and other subframes as 1 and O,
respectively. The 2™ bitmap may correspond to a bitmap
indicating a subframe supposed to be set to the ABS of the

1% bitmap in high probability. In particular, the subframe,
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which should be set to the ABS in the 2™bitmap, may
correspond to a subset of the subframe set to the ABS in
the 1°° bitmap. Such a subset may be used by a receiving
state for the configuration of the restricted RLM/RRM
measurement. A serving cell indicates actual resources for
the RLM/RRM and CSI through RRC signaling.

In order to indicate an ABS pattern from a macro cell
to a pico cell, a bitmap pattern is used. A period of a
bitmap pattern in FDD system may be 40 ms, a period of a
bitmap pattern in TDD system may be 20 ms in case of UL-DL
configurations 1 to 5, a period of a bitmap pattern in TDD
system may be 70 ms in case of UL-DL configuration 0, and a
period of a bitmap pattern in TDD system may be 60 wms in
case of UL-DL configuration 6.

The above-described bitmap pattern may be semi-
statically updated. In doing so, an update trigger may
occur aperiodically. And, the update trigger may occur on
the basis of an event.

3. 7. 8Scheduling Information Exchange between Base
Stations

In LTE/LTE-A system, as mentioned in the foregoing
description, in order to reduce the interference between
base stations, ABS (almost blank subframe) is assigned for

the interference reduction of a data channel (e.g., PDSCH)
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to enable an interference-receiving cell (i.e., a victim
cell) to receive an interference-free signal.

Besides, using scheduling information between base
stations, it may be able to orthogonally assign a frequency
region having been assigned to each user equipment on a
cell boundary.

FIG. 17 1is a diagram.for one example of a scheme of
reducing interference by exchanging scheduling information
between base stations.

Referring to FIG. 17, a base station 1 (i.e., eNB 1)
transmits PDCCH and PDSCH to a user equipment 1 (i.e., UE
1), while a base station 2 (i.e., eNB 2) transmits PDCCH
and PDSCH to a user equipment 2 (i.e., UE 2). In doing so,
in a manner of exchanging scheduling information between
the base stations eNB 1 and the eNB 2, the base station eNB
1/eNB 2 may be able to reduce the interference by assigning
PDSCH to an  orthogonal frequency region for the
corresponding user equipment UE1l/UE2. Yet, since the PDCCH
for the user equipment UE 1/UE 2is transmitted on a full DL
frequency band, the interference may not be reduced despite
the scheme of exchanging the scheduling information between
the base stations.

Moreover, interference may be generated if base

stations differ from each other in UL/DL configuration.
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FIG. 18 1is a diagram for one example of a scheme of
reducing interference by exchanging scheduling information
between base stations differing from each other in UL/DL
configuration. |

Referring to FIG. 18, a base station 1 eNB 1 receives
PUCCH or PUSCH from a user equipment 1 UE 1, whilea base
stétion 2 eNB 2 transﬁits PDCCH or PDSCH to a user
equipment 2 JUE 2: 1In doing so, the PUCCH or PUSCH
transmitted by the user equipment 1 UE 1 may work as
interference with the PDCCH and PDSCH supposed to be
received by the user equipment 2 UE 2 neighboring to the
user equipment 1 UE 1. In this case, if scheduling
information is exchanged between the base station 1 eNB 1
and the base station 2 eNB 2, the inference with the PDSCH
transmitted to the user equipment 2 UE 2 may be reduced in
a manner of assigning the user equipments UE 1 and UE 2 to
frequency regions orthogonal to each other, respectively.
In particular, the interference can be reduced in a manner
that the PUCCH or PUSCH transmitted to the base station 1
eNB 1 by the user equipment 1 UE 1 and the PDSCH
transmitted to the user equipment 2 by the base station 2
eNB 2 are assigned to frequency regions orthogonal to each
other, respectively. Yet, as mentioned in the foregoing

description, since the PDCCH transmitted to the wuser
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equipment 2 UE 2 is transmitted on the full DL frequency
band, it may be affected by the interference attributed to
the PUCCH or PUSCH transmitted by the user equipment 1 UE 1.

Thus, since a control channel (e.g., PDCCH, PCFICH,
PHICH, etc.) can be transmitted in all subframes in a
manner of being assigned to a full DL frequency bandwidth,
it may be difficult to avoid interference. Therefore, the
demand for a method of reducing ér avoiding interference
with a control channel rises.

In order to solve the above problem, the present
invention proposes a cross subframe scheduling method and
an indication method for the same.

3. 8. Example of ABS (almost blank subframe)

FIG. 19 1is a diagram for one example of an almost
blank subframe having FIG. 13 .applied thereto. In
particular, FIG. 19 shows one example of DL environment
mutual interference influence in a heterogeneous network
structure.

Referring to FIG. 19, a macro user equipment located
in an outer area of a pico base station receives serious
interference from the pico base station. In this casé, the
corresponding macro user equipment performs a handover into
the pico base station through CRE execution. Yet, the macro

user equipment still receives the interference from a macro
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base station. And, a pico user equipment serviced by the
pico base station receives the interference from the macro
base station as well and may be unable to detect a desired
signal. Consequently, a best way for the macro base station
not to interfere with a radio resource used by an outer
user of a pico base station is to empty a corresponding
subframe. This concept enables the technique of ABS. .In
particular, referring to FIG. 19, the macro base station
creates an interval for not transmitting data. Based on
this infofmation. exchangedbetween the base stations, the
pico base station schedules its outer user equipments in
the corresponding subframe, thereby avoiding the
corresponding interference.

FIG. 20 is a diagram for one example of two kinds of
ABS types.

Referring to FIG. 20, in a normal subframe of ARS,
CRS (common reference signal) can be still transmitted.
Hence, the influence of the interference with the CRS still
remains. On the akher hand, since CRS is not transmitted in
a data region of an MBSFN (multicast/broadcast over a
single frequencynetwork) subframe, it may be able to reduce
the influence of the interference with the CRS. Yet, since

a user of the MBSFN is restrictive, ABS pattern is created

and used in consideration of properties of the MBSFN
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subframe. The corresponding technology is applicable to UL
environment as it is.

4, Subframe Shift & Symbol Level Shift

FIG. 21 is a diagram for examples of a subframe shift
and a symbol level shift.

Referring to FIG. 21, in case of ABS used to avoid
interference in a heterogeneous network, such a signal
corresponding to a common channel as PSS, SSS, PBCH, Paging,
SIB1 and the like can be transmitted in a corresponding ABS.
Hence, under the circumstances of the heterogeneous network,
the corresponding signals interfere with each other to
disable an access of a user equipment. The above drawing
shows a subframe shift for avoiding mutual interference
between PSS, SSS and PBCH and a symbol 1level shift for
reducing interference on a control region. Considering the
example shown in the drawing, since positions of the PSS,
SSS and PBCH are misaligned with each other in a time
domain, it may be able to reduce interference in a manner
of configuring the corresponding subframe ABS mutually or
muting the corresponding resources mutually.

Yet, since mutual control regions overlap with each
other despite the subframe shift, the interference with the
control channel still remains serious.

In FIG. 21, if a symbol 1level shift 1is performed

71



10

15

20

WO 2013/036005 PCT/KR2012/007042

after completion of the subframe shift (on the assumption
that a control region includes 3 OFDM symbols), since a
previous control region overlaps with a data region of
another subframe, a correspondingsubframe is set to ABS or
the corresponding 3 OFDM symbols are muted, whereby the
interference with the control regibn can be reduced.

FIG. 20 shows a frame structure for reducing
interference, as mentioned in the foregoing description, in
a manner of configuring a 2-subframe shift for interference
reduction of common channels, configuring a 3-OFDM symbol
shift for protection of a control region, and setting a
normal subframe and MBSFN subframe of a base statién, which
corresponds to an aggressor to ABSfor the corresponding
interference reduction.

FIG. 22 1is a diagram for examples of an ABS and
subfréme shift and a symbol level shift.

Referring to FIG. 22, even if ABS and subframe shift
technique and OFDM symbol shift technique are performed for
interference reduction, it may be difficult to completely
avoid CRS interference from an adjacent neighbor cell.
Since an MBSFN subframe is advantageous in not transmitting
CRS in a data regioﬁ, 1f the MBSFN subframe is set to ABRS,
it may reduqe the influence of the interference from the

CRS but restriction is put on using the MBSFN subframe. In
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case of FDD, it is impossible to perform the MBSFN subframe
configuration on a subframe for transmitting PBCH, PSS, SSS,
paging or SIBl. Hence, in FDD, it is impossible to perform
the configuration on subframes #0, #4, #5 and #9. Due to
the same reason, in TDD, it is impossible to perform the
configuration on subframes #0, #1l, #5 and #6. Moreover, in
case that an aggressor base station sets all available
MBSFN subframes to ABS, it may cause a problem that system
th?oughput is lowered due to the 1loss of its radio
resources. Due to these reasons, some restrictions are put
on using MBSFN. Moreover, if MBSFN 1is configured for a
different wusage, it may be unable to perform the ABS
configuration.

Especially, in case of TDD, when a subframe shift is
applied, as DL/UL subframes overlap with each other between
cells adjacent to each other, a transmitted signal of the
UL subframe interferes with a user of the DL subframe of
the‘adjacent cell. In case of a DL user in the vicinity of
a UL user, a serious interference problem is caused.

In a wireless network based wireless communication
system, interference between homogeneous base stations (or
homogeneous networks) or interference between heterogeneous
base stations (or heterogeneous networks) exists. The

influence of this interference may affect a control channel
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as well as a data channel. In LTE/LTE-A system, ABS (almost
blank subframe) is assigned for interference reduction of a
data channel (PDSCH) . Hence, a victim cell is able to
receive an interference-free signal. And, a frequency
region assigned to each user equipment located in an outer
cell can be orthogonally assigned using scheduling
information between base stations. Yet, a control channel
(e.g., PDCCH, PCFICH, PHICH, etc.) can be transmitted in
every subframe and is transmitted in a manner of being
assigned to a full DL bandwidth. Hence, it may be difficult
to avoid interference. And, the demand for a technique for
reducing or avoiding interference with a control channel is
rising.

FIG. 17 shows a scheme of reducing interference by
assigning PDSCH to an orthogonal region for user equipments
located in an outer cell, which is a scheme available for
exchanging scheduling information between base stations.
Yet, as mentioned in the for%going description, since PDCCH
is transmitted on a full DL bandwidth, it may cause a
problem that interference is not reduced.

In case that base stations differ from each other in
UL/DL configuration, interference is generated. In

particular, referring to FIG. 18, the PUCCH or PUSCH

transmitted by the UE 1 may work as interference with
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PDCCH/PDSCH supposed to be received by the adjacent UE 2.
In doing so, if scheduling information is exchanged between
the base stations, the interference with the PDSCH may be
avoided in a manner that user equipments are assigned to
frequency regions orthogonal to each other. Yet, the PDCCH
transmitted on the full DL bandwidth experiences the
interference with the PUCCH or PUSCH transmitted by the UE
1.

In order to reduce the influence of the interference,
the introduction of ePDCCH (enhanced PDCCH, new PDCCH, or
advanced PDCCH) different from a current PDCCH is currently
discussed. This ePDCCH may be used for an introduction of a
new technology as well as interference. For instance, such
ePDCCH may be introduced to support CoMP (coordinated
multipoint transmission) effectively.

Yet, despite the'introduction of the ePDCCH, it may
be unable to avoid the interference with PHICH carrying
ACK/NACK information on PUSCH. This interference causes a
problem of retransmission of PUSCH, thereby lowering
throughput performance of a whole system. Moreover, since
PHICH is carried on a control channel region previously
determined to use maximum 3 symbols, a size of a resource
for carrying PDCCH is dependent on a used PHICH resource

~

size. If a PHICH carried resource size increases, a PDCCH

75



10

15

20

WO 2013/036005 PCT/KR2012/007042

capacity decreases, thereby causing a problem that PDCCH
blocking possibility increases.

When ePDCCH and ePHICH are introduced to reduce
influence of interference with PDCCH and PHICH and solve a
problem caused by the shortage of capacity of PDCCH region,
the present invention relates to a method of operating the
introduced ePDCCH and ePHICH and a method of indicating the
same. The ePDCCH may be configured not to overlap with a
previous PDCCH region, of which examples are shown in the
diagrams 3 to 7. The ePDCCH may be configured after OFDMA
symbol that configures a previous PDCCH. In doing so, OFDMA
symbols configuring the PDCCH and OFDMA symbols configuring
ePDCCH may be configured contiguous with each other.
Irrespective of this configuration, the number of start
OFDMA symbols of the ePDCCH may be indicated by a separate
signaling (e.g., an RRC signaling, a PDCCH signaling, etc.).
In this case, at least one OFDMA symbol may exist between a
PDCCH region and an ePDCCH region in time domain. For
clarity, in the following examples, assume that a PDCCH
region and an ePDCCH region are contiguous with each other
in time domain.

5. Configuration of ePDCCH and Indicating Method
Thereof According to The Present Invention

5. 1. Configuration of ePDCCH
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FIG. 23A 1is a diagram for one example of a
configuration of ePDCéH in time domain.

Referring to FIG. 23A, OFDMA symbols, of which number
is indicated by PCFICH, situated in a front part of a
subframe are wused as previous PDCCH. Subsequently,
contiguous OFDMS symbol(s), of which number is indicated by
RRC or PDCCH, is used as ePDCCH.

FIG. 23B 1is a diagram for another example of a
configuration of ePDCCH in time domain.

Referring to FIG. 23B, OFDMA symbols, of which number
is indicated by PCFICH, situated in a front part of a
subframe are used as previous PDCCH. Subsequently, the rest
of OFDMS symbol(s) in the subframe is used as ePDCCH. In
this case, a frequency region of the ePDCCH may be
indicated by RRC or PDCCH.

FIG. 23C is a diagram for another example of a
configuration of TDM type ePDCCH occupying a subframe.

Referring to FIG. 23C, OFDMA symbols, of which number
is indicated by PCFICH, situated in a front part of a
subframe are used as previous PDCCH. Subsequently, the rest
of OFDMS symbols in the subframe are used as ePDCCHsf The
ePDCCHs for user equipments may bé multiplexed by TDM, as
shown in the drawing of the corresponding example. In this

case, a frequency region of the ePDCCH may be indicated by
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RRC or PDCCH.

FIG. 23D is a diagram for one example of a
configuration of ePDCCH occupying a 1°® slot.

Referring to FIG. 23D, OFDMA symbols, of which number
is indicated by PCFICH, situated in a front part of a
subframe are used as previous PDCCH. Subsequently, the rest
of OFDMS symbol(s) in a 1°" slot of the subframe is used as
ePDCCH. In this case, a frequency region of the ePDCCH may
be indicated by RRC or PDCCH.

FIG. 23E 1is a diagram for another example of a
configuration of ePDCCH occupying a 1°* slot.

Referring to FIG. 23E, OFDMA symbols, of which number
is indicated by PCFICH, situated in a front part of a
subframe are used as previous PDCCH. Sﬁbsequently, the rest
of OFDMS symbol(s) in a 1°" slot of the subframe is used as
ePDCCH. The ePDCCHs for user equipments may be multiplexed
by TDM, as shown in the drawing of the corresponding
example. In this case, a frequency region of the ePDCCH may
be indicated by RRC or PDCCH.

5. 2. ePDCCH Indiéating Method

Various kinds of methods for indicating a time or
frequency region of ePDCCH shown in one of FIGs. 23A to 23E
are available.

(1) A wuser equipment 1is able to know a time or
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frequency region of ePDCCH by an RRC signaling (oxr
configuration) .

(2)A user equipment i1is able to know a time or
frequency region of ePDCCH through a specific format or
field of PDCCH previously determined by an RRC signaling
(or configuration). |

In ’case that a bése station indicates a frequency
region used by ePDCCH, 3 kinds of methods are available as
follows.

(1) PRV (or VRB) indexes used by ePDCCH among full
PRBs (physical resource blocks) (or full VRBs (virtual
resource blocks) are indicated.

(2) Lowest PRB index used by ePDCCH among full PRBs
(or VRBs) is indicated. A user equipment is able to know a
position of PRB (or VRB) used for ePDCCH by a predetermined
rule (e.g., contiguous VRB, etc.). In doing so, a base
station may also indicate information on how many PRBs (or
VRBs) will be used.

(3) PRB (or VRB) used as a bitmap for full PRBs (or
VRBs) by ePDCCH is indicated. For instance, using bits for
full PRBs (or VRBs), each bit is able to indicate whether
to use ePDCCH of each PRB (or VRB) in a manner of being set
to 0 (e.g., not use) or 1 (e.g., use).

Meanwhile, ePDCCH may be configured by various ways
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as well as the former methods mentioned in the foregoing
description. And, a detailed ePDCCH configuring method is
non-limited by the application of the present invention.

Unlike PDCCH and PHISCH carried on the determined
OFDMA symbol in a front part of a subframe in the legacy
LTE Release-10 system, the present invention is applicable
to a case of transmitting both ePDCCH and ePHICH on PDSCH
region of the legacy Release-10 system.

6. ePDCCH Operating Method in Heterogeneous Cell
According to The Present Invention

6. 1. Method of Operating ePDCCH between Macro Cells

When ePDCCH is assigned to a data region by one of
various ﬁethods in order to reduce PDCCH interference
between macros and increase use capacity, control channel
scheduling | information or control channel candidate
scheduling information can be exchanged via an X2 interface
between macros for the protection from interference with
the assigned data region. In doing so, the X2 interface may
be replaced by an S1 interface. Since user equipments
experiencing the inter-macro interference include the user
equipments located in mutual outer areas, a frequency-
domain bitmap, which contains control information in a data
region, of RB unit or a time-domain bitmap of a slot or

subframe unit can be created and exchanged in-between to
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protect ePDCCH information of the corresponding victim user
equipments. The above exchanging process may be performed
in a manner of ©receiving E-PDCCH (enhanced-physical
downlink control channel)‘ including DL scheduling
information in a data region from a neighbor base station
and then assigning E-PDCCH including DL scheduling
information of a serving base station to the data region
based on the DL scheduling information received form the
neighbor base station. Moreover, it may be able to share
the scheduling information in a manner of transmitting the
DL scheduling information of the serving base station to
the neighbor base station.

The ePDCCH is assigned in a manner of being
orthogonal to a mutual resource by referring to the
exchanged information and the corresponding resource is
mutually muted or a user equipment (e.g., a user equipment
located in an inner cell) of transmitting low-power data 1is
scheduled. Thus, mutual interference can be reduced. If the
two kinds of the bitmaps (e.g., RB-unit bitmap and slot-
unit bitmap) or 2-dimensional bitmaps including both of the
RB unit and the slot unit are created and exchanged, more
accurate resource allocation information of ePDCCH can be
transmitted and may be optimized for the resource mapping

scheme of the ePDCCH. And, this scheme 1is extensibly
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applicable to ePHICH.
6. 2. ePDCCH Operation between Macro Cell and Pico
Cell (non-CSG)

When ePDCCH is assigned to a data region by one of

- various methods in orxder to reduce PDCCH interference

between macro and pico and increase use capacity, control
channel scheduling information or control channel candidate
scheduling information can be exchanged via an X2 interface
between macro and pico for the protection from interference
with the assigned data region. The abbve exchanging process
may be performed 1in a manner of receiving E-PDCCH
(enhanced-physical downlink control channel) including DL
scheduling information in a data region from a neighbor
base station and then assigning E-PDCCH including DL
scheduling information of a serving base station to the
data region based on the DL scheduling information received
form the neighbor base station. Moreover, it may be able to
share the scheduling information in a manner of
transmitting the DL scheduling information of the serving
base station to the neighbor base station. In doing so, the
X2 interface may be replaced by an S1 interface. Although a
major victim between a macro base station and a pico base
station is a pico user equipmentlocated in an outer pico

cell, a macro user equipment located in an inner pico cell
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is a wvictim wuser equipment (UE) as well and receives
interference. When CRE is performed, since the macro user
equipment located in the innér pico cell gets closer to the
pico cell, the macro user equipment located in the outer
pico cell may become a victim user equipment. Afrequency-
domain bitmap, which contains control information in a data
region, of RB unit or a time-domain bitmap of a slot or
subframe unit can be created and exchanged in-between to
protect ePDCCH information of the corresponding victim user
equipments. The ePDCCH is assigned in a manner of being
orthogonal to a mutual resource by referring to the
exchanged information and the corresponding resource is
mutually muted or a user équipment (e.g., a user equipment
located in an inner cell) of transmitting low-power data is
scheduled. Thus, mutual interference can be reduced. If the
two kinds of the bitmaps (e.g., RB-unit bitmap and slot-
unit bitmap) are created and exchanged, more accurate
resource allocation information of ePDCCH can be
transmitted and may be optimized for the resource mapping
scheme of the ePDCCH. And, this intact scheme is applicable
to ePHICH.

6. 3. ePDCCH Operation between Macro Cell and Femto
Cell (CsSG)

When ePDCCH is assigned to a data region by one of
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various methods in order ito reduce PDCCH interference
between macro and femto and increase use capacity, since it
is impossible to exchange scheduling information via an X2
interface between macro and femto for the protection from
interference with the assigned data region, a semi-static
ePDCCH transmission resource allocation for the ePDCCH
protection is required. In macro-femto case, a major victim
user equipment may include a macro user eéuipment in the
vicinity of a femto cell. For ABS operation in the femto
cell, it may be able to use a semi-static ABS pattern. In
particular, a serving base station receives and acquires
ABRB (almost blank RB) pattern information in accordance
with the ABS operation in the semi-static femto cell via
RRC. Therefore, it may be able to reduce interference by
performing resource allocation in a manner of linking a
corresponding ePDCCH with eICIC (enhanced inter-cell
interference eoordination) in a corresponding time domain
to fit the above pattern. Moreover, a semi-static ABRB
(almost blank RB) and the like in a frequency domain for
the ePDCCH is configured in a manner of defining a femto
pattern of RB unit and may be then used to allocates an
ePDCCH resource of a corresponding victim user equipment to
a corresponding blank resource. In case that ABS in time

domain for PDSCH and ABRB in frequencydomain coexist, it
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may be able to apply a previously defined priority. For
instance, ABRB is followed in the first place in a manner
of giving a priority for a control channel and ABS is then
followed. If high-priority data are necessary via PDSCHs,

it may be able to optimize priority assignment of ABS, ABRB
and the 1like wusing information on the corresponding
priorities. If such an interface as X2, S1 and the like is

available between a macro base station and a femto base

station, 1t may apply the macro-macro base station scheme

or the macro-pico base station scheme, which is mentioned
in the foregoing description, thereto. And, the above-

described scheme is extensibly applicable to ePHICH.

6. 4. Example of Bitmap Creation for ePDCCH Operation
and Indication (non-CSG case)

FIG.<24 is a diagram fof one example of a resource
model assigned for ePDCCH indication of the present
invention.

- In case that resources are allocated in the manner
represented by the example shown in FIG. 24, since ePDCCH
is assigned to 5 time slots, scheduling information of an
ePDCCH assigned time slot unit may bei transmitted as a
bitmap of a type '11111’. And, scheduling information of an
RB unit in frequency domain may be transmitted as a bitmap

of a type ‘'01111’. If information on ePDCCH corresponding
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to a victim user equipment is shared only, each of the
bitmaps may be transmitted as ‘11111’ or ‘'00101’. In case
that an ePDCCH in an inner region has significance as well,
a bitmap in time/frequency domain may be transmitted as
5 ‘HHHHH’ or ‘LMHMH’. In this case, ‘H’ means a high priority,
‘M’ means a medium priority, and ‘L’ means a low priority.
Regarding those bitmaps, various types of the bitmaps may
be transmitted to be suitable for the resource mapping
schemes of ePDCCH or various combinations of the bitmaps
10 may be transmitted.

In accordance with one of the various bitmap cases,
when ePDCCH information on an outer cell user or a victim
user equipment is transmitted only, a measurement value of
the corresponding user equipment is used to determine a bit

15 (e.g., 1, 0, etc.) or a state (e.g., H, M, L, etc.). In
particular, the bit determination may operate in accordance
with the following criteria.

A measurement value of a user equipment 1 is RSRQ1l, a
measurement value of a user equipment 2 is RSRP2, and vy is

20 a specific threshold value for relative comparison.
(1) RSRO <7 5 1 ang BSRO>7 5 o

(2) RSRR<RSRR,+y_y 1 ,.q RSRR>RSRR+y

86



10

15

20

WO 2013/036005 PCT/KR2012/007042

RSRA RSRPR,
<y >y
RSRP, RSRP, S 0

(3) - 1 and

In addition to the above-mentioned three kinds of
criteria, only if influence of interference is considerable,
feedback information of the user equipment measurement may
be determined by comparing scheduling information with
reference to a specific threshold wvalue y. Moreover, the
determination can be made by relative comparison of
measurement values. The above technique 1is extensibly
applicable to ePHICH. Besides, the bitmap indication method
of the RB unit defined in the previous RNTP may be
confirmedly applied in association with the above criteria
and the like or may be ufilized for ePDCCH.

In the following description, explained as the
examples of an ePDCCH operating method including an
indication Qia a bitmap for mutual interference reduction
in a multi-cell environment with reference to the ePDCCH
configurations shown in FIGs. 23A to 23E.

In case that ePDCCH is assigned to continuous OFDM
symbol after a previous PDCCH control assignment region in
a subframe, as shown in FIG. 23A, it may be able to operate
ePDCCH through the following indication.

First of all, in aspect of one subframe, it may be

able to indicate an index of a last one of contiguous
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symbols assigned for ePDCCH using a bitmap. In FIG. 23A, if
ePDCCH is configured with OFDM symbols contiguous in a 2™
slot despite being assigned in a 1°° slot, it may be able
to perform an indication of a slot through a 1°° bit of a
bitmap for the indication. The 1°° bit and the 1like are
reserved for the corresponding bit configuration wvia the
slot indication. Subsequently, it may be able to determine
the number of bits fixed for an ePDCCH indication in one
subframe by fixing the bits to N bits for an OFDM symbol
index indication.

In case that a bitmap of a subframe unit is
configured in the above manner, a bit stream of bitmaps by
a plurality of subframe or radio frame wunits may be
configured and sent as a single bit map to fit an actually
signaling transmitted period.

In case that information on ePDCCH operation is
exchanged in a manner of applying the above scheme by a
single radio frame unit, a single bitmap is configured with
‘(L + N) * 10’ bits. In this case, '1l’ means a slot
indication, ‘N’ means the number of bits for a symbol index
indication, and ‘10’ is the number of subframes in a single
radio frame.

If there are many subframes having ePDCCH not

assigned thereto, it may be able to indicate that there is
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no ePDCCH in the corresponding subframe in a manner of
setting indication bits for the corresponding subframe to
all zeros, padding a specific pattern with several bits to
feduce a bitmap size, or inputting specific symbols values.

In case that ePDCCH is configured in a manner of
assigning ePDCCH to a whole subframe region and indicating
scheduling information on a frequency region by RRC or
PDCCH, as shown in FIG. 23B, the folléwing operating scheme
is applicable.

First of all, 1f ePDCCH is configured by RB unit in
frequency region, a bit stream is configured in a manner of
indicating a presence or non-presence of ePDCCH assignment
by the RB unit in a corresponding subframe using 0 or 1. A
bitstream for contiguous subframes is configured into a
single bitmap to fit a signaling period for sending the
corresponding bitmap and the configured bitmap can be
created/exchanged.

If vthere are no ePDCCH assignment in the
corresponding subframe, it may' be able to indicate that
there 1is no ePDCEH in the corresponding subframe in a
manner of setting indication bits for the corresponding
subframe to all =zeros, padding a specific pattern with

several bits to reduce a bitmap size, or inputting specific

symbols values.
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In case that a system bandwidth is considerably wide,
the RB-unit bitmap creation may result in a signaling
overhead. Hence, several RB related patterns including
odd/even number and the 1like for the RB indication of
ePDCCH and a bit or symbol indicating a pattern used in a
subfréme may be created and exchanged as a bitmap format.

Bitmap creation in frequency domain may be performed
by a carrier unit as well as by an RB unit to have the
above-mentioned techniques or schemes applied thereto
extensibly. Hence, a frequency resource for ePDCCH may be
generated by a unit of a single carrier or a unit of a
plurality of carriers, a carrier subset of a frequency
domain for one ePDCCH indication may be defined by a
predetermined pattern, and such information as the number
of carriers used as a single carrier subset and the 1like
may be contained at a fixed position in a bitmap.

In case that TDM ePDCCH shown in FIG. 23C is
configured, a bitmap for ePDCCH indication may be created
and exchanged in a following manner.

First of all, since ePDCCH is assigned to one RB in
one subframe or a frequency region by TDM, scheduling
information on the corresponding frequency region, i.e.,
position information on PRB or carrier 1is reserved at a

fixed position in a bitmap and a bitmap can be created by
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OFDM symbol unit. If a period of a single bitmap amounts to
a radio frame unit, since the creation of the bitmap of the
OFDM symbol unit may increase overhead, it may be possible
to transmit the bitmap by reducing a bitmap size in a
manner of configuring one ePDCCH with the fixed OFDM symbol
number of aggregation level in each subframe or indicating
the limited OFDM symbol number (or aggregation level).

In case that ePDCCH is configured in a 1% slot by FDM,
as shown in FIG. 23D, the scheme depicted in the drawing 4
is extensibly applicable. Moreover, in order to create
information, which indicates whether ePDCCH is assigned to
a 1°° slot of a corresponding subframe, into a bitmap only,
a bitmap creation/exchange by a 1°° slot unit of each frame
is possible as well.

In case that ePDCCH is configured in a 1°% slot by TDM,
as shown in FIG. 23E, the scheme shown in FIG. 23C 1is
extensibly applicable. Moreover, in order to create
informétion, which indicates whether ePDCCH is assigned to
a 1°* slot of a corresponding subframe, into a bitmap only,
a bitmap creation/exchange by a 1°° slot unit of each frame
is possible as well.

The above-described inventions may differently apply
to ABS subframe or non-ABS subframe.The above-described

inventions are extensibly applicable to a non-ABS system.
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In case of an ABS configuration system, the above-described
inventions may be applicable in the following manners.
(1) Case that an entity for ePDCCH indication is a
victim side that receives interference
- After  information on ABS- pattern has been already
exchanged, if a subframe is set to ABS, it is unnecessary
to indicate ePDCCH assignment information of its own. Hence,
a related bitmap néeds not to be created in the ABS. Since
a counter cell is already aware that the corresponding

subframe is the ABS, indication bit informations in the ARS

’may be excluded from a bitmap.

(2) Case that an entity for ePDCCH indication is a
victim side that gives interference

If ePDCCH assignment 1is possible in ABS, the above-
described inventions are extensibly applicable. If ePDCCH
assignment 1s impossible, it is unnecessary to create a
related bitmap in the ABS.Since a counter cell is already
aware that the corresponding subframe is the ABS,
indication bit informations in the ABS may be excluded from
a bitmap.

The ABS and non-ABS related operations are applicable
to ePHICH. Indication schemes of the same concept of the
examples of the detailed configurations for the ePDCCH are

extensibly applicable in accordance with ePHICH

92



10

15

20

WO 2013/036005 PCT/KR2012/007042

configuration schemes.

6. 6. Example of Semi-static Pattern operation for
ePDCCH Operation and Indication (CSG case)

FIG. 25 is a diagram for one example of a semi-static
pattern model for ePDCCH assignment of the present
invention.

Referring to FIG. 25, interference from a femto cell
can be reduced in a manner that ePDCCH of a macro victim UE
(user equipment) is assigned to a vacant resource part to
fit a pattern in the femto cell. An RB or time slot based
semi-static pattern may be prepared for the ePDCCH
assignment in the femto cell or a mixed type pattern may be
formed. A specific pattern for preventing ePDCCH assignment
to a corresponding fixed resource part can be formed to
protect a previous common channel such as PBCH, PCH, SIB-1
and the 1like. A blank part in the drawing 9 means a
resource part available for the ePDCCH assignment and a
gray—éolored part means a part for a femto to allocate a
resource for its user. Since the configured state of the
corresponding pattern may become scheduling information
already known to a macro cell, interference can be reduced
by user scheduling with reference to the corresponding
information. And, the above contents are extensibly

applicable to ePHICH. In case that an ABS pattern is used
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in a femto in a manner of being fixed, a pattern of ePDCCH
is usable by being extensibly combined.with ABS or ePDCCH
may be configured to fit the ABS pattern irrespective of
the additional ePDCCH pattern. In case that such signaling
as X2 signaling, Sl signaling and the like is availabie in
CSG environment, the schemes or methods of the inventions
are.extensibly applicable in non-CSG environment.

7. The General of Device for Implementing The Present
Invention

FIG. 26 is a block diagram for a configuration of a
wireless communication device according to one embodiment
of the present invention. |

Referring to FIG. 26, a wireless communication system
may include a base station (BS)200 and a plﬁrality of user
equipments (UEs)210 located within an area of the base
station 200.

The base station 200 may include a processor 201, a
memory 202 and an RF (radio frequency) unit 203. The
processor 201 implements the proposed functions, processes
and/or methods. Layers of a radio interface protocol can be
implemented by the processor 201. The memory 202 is
connected with the processor 201 and then stores various
kinds of information to drive the processor20l. The RF unit

203 1s connected with the processor20l and then transmits
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and/or receives radio signals.

The user equipment 210 includes a processor 211, a
memory 212 and an RF unit 213. The processor 211 implements
the proposed functions, processes and/or methods. Layers of
a radio 1interface protocol can be implemented by the
processor 211. The memory 212 is connected‘ with the
processor 211 and then stores various kinds of information
to drive the processor2l1l. The RF unit 213 is connected
with the processor21l and then transmits and/or receives
radio signals.

The memory 202/212 may be provided within or outside
the processor 201/211. And, the memory 202/212 may be
connected with the processor 201/211 via various kinds of
well-known means. Moreover, the base station 200 and/or the
user equipment 210 may have a single antenna or multiple
antennas. |

The aforementioned embodiments are achieved Dby
combination of structural elements and features of the
present invention in a predetermined type. Each of the
structural elements or features should be considered
selectively unless specified separately. Each of the
structural elements or features may be carried out without
being combined with other structural elements or features.

Also, some structural elements and/or features may be
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7

combined with one another to constitute the embodiments of
the present invention. The order of operations described
in the embodiments of the present invention may be changed.
Some structural elements or features of one embodiment may
be included in another embodiment, or may be substituted
with corresponding structural elements or features of
another embodimenL. Moreover, it will be apparent that some
claims referring to specific claims may be combined with
another claims referring to the other claims other than the
specific claims to constitute the embodiment or add new
claims by means of amendment after the application is filed.
Embodiments of the present invention can be
implemented using various means. For instance, embodiments
of the present invention can be implemented using hardware,
firmware, software and/or any combinations thereof.In case
of the implementation by hardware, a method according to
each embodiment of the present invention can be implemented

by at least one selected from the group consisting of ASICs

(application specific integrated circuits), DSPs (digital
signal processors), DSPDs (digital signal processing
devices), PLDs (programmable logic devices), FPGAs (field
programmable gate arrays), processor, controller,

microcontroller, microprocessor and the like.

In case of the implementation by firmware or software,
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a method according to each embodiment of the present
invention can be implemented by modules, procedures, and/or
functions for performing the above-explained functions or
operations. Software code is stored in a memory unit and is
then drivable by a processor. The memory unit is provided
within or outside the processor to exchange data with the
processor through the various well-known means.

While the present invention has been described and
illustrated herein with reference to the preferred
embodiments thereof, ip will be apparent to those skilled
in the art that various modifications and variations can be
made therein without departing from the spirit and scope of
the invention. Thus, it i1s intended that the present
invention covers the modifications and variations of this
invention that come within the scope of the appended claims

and their equivalents.

INDUSTRIAL APPLICABILITY

Although a data transceivingmethod in a wireless
access system according to the present invention is
described with reference to examples applied to 3GPP LTE
system, 1t may be applicable to various kinds of wireless

access systems as well as the 3GPP LTE system.
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WHAT IS CLAIMED IS:

1. In transmitting a control channel of a 1%*base
station in a wireless communication system, a method of
transmitting the contfol channel, comprising the steps of:

receiving E-PDCCH (enhanced-physical downlink conﬁrol
channel) indluding a downlink scheduling information in a
data region from a 2™ base station;

assigning E-PDCCH including a downlink scheduling
information of the 1°° base station to the data region
based on the downlink scheduling information received from
the 2™ base station; and

transmitting the downlink scheduling information of

the 1°° base station to the 2™ base station.

2. The method of claim 1, wherein the E-PDCCH of
the 1°° base station is assigned to the data region in a
manner of being orthogonal to a resource having the E-PDCCH

of the 2™ base station assignedthereto.

3. The method of c¢laim 1, wherein the downlink
scheduling information from the 2"  base station is

received as a bitmap of a resource block unit in frequency

domain or a bitmap of a slot or subframe unit in time
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domain.

4, The method of claim 1, wherein in the resource
having the E-PDCCH of the 2" base station assigned thereto,
the E-PDCCH of the 1°° base station is wmuted instead of
being assigned or a user equipment capable of data

reception with a low power is scheduled.

5. The method of claim 1, wherein if both of the

1°* base station and the 2°® base station are macro base
bl

stations, user equipments are located in outer areas of the

1% and 2™ base stations.

6. The method of claim 1, wherein if the 15% base
station and the 2" base station comprise a macro base
station and a pico base station, respectively, a pico base
station based user equipment is located in an outer area of
the pico base station and a macro base station based user

equipment is located within the pico base station.

7. In transmitting a control channel of a 1°° base
station in a wireless communication system, a method of
transmitting the control channel, comprising the steps of:

receiving a semi-static ABRB (almost blank RB)
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pattern for E-PDCCH (enhanced-physical downlink control
channel) of a 2" base station containing a downlink
scheduling information in a data region by RRC (radio
resource control); and

assigning E-PDCCH containing a downlink scheduling
information of the 1°° base station to a corresponding
blank data region resource based on the ARBR (almost blank

resource block) pattern from the 2™ base station.

8. The method of claim 7, wherein the 1%% base
station comprises a macro base station, wherein the 2™
base station comprises a femto base station, and wherein a

macro base user equipment is located within the femto base

station.

9. A 1°° base station, of which control channel is
transmitted in a wireless communication system, comprising:

a radio frequency unit; and

a processor configured to control the radio frequency
unit, the processor controlling the radio frequency unit to
receive E-PDCCH (enhanced-physical downlink control channel)
including a downlink scheduling information in a data
region from a 2 base station, the processor assigning E-

PDCCH including a downlink scheduling information of the
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1% base station to the data region based on the downlink
scheduling information received from the 2°¢ base station,
the processor controlling the radio frequency unit to
transmit the downlink scheduling information of the 1°°

base station to the 2°¢ base station.

10. The 1°° base station of claim 9, wherein the
processor assigns the E—PDCCH'of the 1°° base station to
the data region in a manner that the E-PDCCH of the 1°F
base station is orthogonal to a resource having the E-PDCCH

of the 2™ base station assignedthereto.

11. Thel®® base station of claim 9, wherein the
downlink scheduling information from the 2" base station
is received as a bitmap of a resource block unit in
frequency domain or a bitmap of a slot or subframe unit in

time domain.

12. The 1° base stationof claim 9, wherein in the
resource having the E-PDCCH of the 2" base station
assigned thereto, the E-PDCCH of the 1°° base station is

muted instead of being assigned or a user equipment capable

of data reception with a low power is scheduled.
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13. The 1° base stationof claim 9, wherein if both
of the 1°® base station and the 2™ base station are macro
base stations, user equipments are located in outer areas

of the 1°% and 2™ base stations.

14. The 1°° base stationof claim 9, wherein if the
1°* base station and the 2™ base station comprise a macro
base station and a pico base station, respectively, a pico
base station based user equipment is located in an outer
area of the pico base station and a macro base station.
based user equipment 1is located within the pico base

station.

15. A 1° base station, of which control channel is
transmitted in a wireless communication system, comprising:

a radio frequency unit; and

a processor configured to control the radio frequency
unit, the processor controlling the radio frequency unit to
receive a semi-static ABRB (almost blank RB) pattern for E-
PDCCH (enhanced-physical downlink control channel) of a 2™
base station containing a downlink scheduling information
in a data region by RRC (radio resource control), ‘the
processor assigning E-PDCCH containing a downlink

scheduling' information of the 1°* base station to a
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corresponding blank data region resource based on the ARBR
(almost blank resource block) pattern from the 2° base

station.

16. The 1°° base statioh of claim 15, wherein the 15t
base station comprises a macro base station, wherein the
2™ bpase station comprises a femto base station, and
wherein a macro base user equipment is located within the

femto base station.
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FIG. 9
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FIG. 10
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FIG. 11
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FIG. 20
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FIG. 23C
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PDCCH region PDSCH region

GPDCCH | BDECH

I
!

1st slot Ist slot

Subframe



WO 2013/036005 26 / 28 PCT/KR2012/007042

FIG. 24

: ePDCCH for cell edge UE

: ePDCCH for cell inner UE

RB (resource block)

: Resources for PDSCH

Time slot



PCT/KR2012/007042

27/28

WO 2013/036005

urayed arg1oedg

wayed pughy

woped juapuadap 10s awi |

utayed juapuadap qy

Jo[s duny,

Ge Dl

+

(3y00]q 201n08a1) (Y



WO 2013/036005 PCT/KR2012/007042

28/28
FIG. 26
200 210
20& Base station (BS) / ZE User equipment (UE) /

A | A .

processor RFunit 1203 processor RFunit 1213
memory memory

( (

) )

202 . 212



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2012/007042

A. CLASSIFICATION OF SUBJECT MATTER

HO04J 11/00(2006.01)i, HO4B 7/26(20006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO047J 11/00; HO4W 16/16; HO4W 72/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: Downlink Scheduling Information, Enhanced-Physical Downlink Control Channel, E-PDCCH

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 2010-171885 A (NTT DOCOMO INC.) 05 August 2010 1-16
See abstract; claims 4-7.

A NIT DOCOMO, “On the need for additional carrier types in Rel-11 CA." 1-16
3GPP TSG RAN WG1 Meeting #66, R1-112428, 22-26 August 2011.

(Retrieved from the Internet on 13 February 2013: < URL:
http://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_66/Docs/R1-112428.zip >)
See sections 2, 3; figures 1, 2.

A FUJITSU, “Control Signaling Enhancements for DL-MIMO.® 1-16
3GPP TSG RAN WG1 Meeting #66, R1-112663, 22-26 August 2011.

(Retrieved from the Internet on 13 February 2013: < URL:
http://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_66/Docs/R1-112663.zip >)
See section 2.

|:| Further documents are listed in the continuation of Box C. IE See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
14 FEBRUARY 2013 (14.02.2013) 14 FEBRUARY 2013 (14.02.2013
Name and mailing address of the ISA/KR Authorized officer g
' Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan Moonseong Kim
1 . City, 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-8515

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/KR2012/007042

Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 2010-171885 A 05.08.2010 AU 2010-207198 A1 25.08.2011
AU 2010-207198 A1 29.07.2010
CN 102293042 A 21.12.2011
EP 2391168 A1 30.11.2011
KR 10-2011-0108384 A 05.10.2011
US 2012-069803 A1 22.03.2012
WO 2010-084987 A1 29.07.2010

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - claims
	Page 100 - claims
	Page 101 - claims
	Page 102 - claims
	Page 103 - claims
	Page 104 - claims
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - drawings
	Page 131 - drawings
	Page 132 - drawings
	Page 133 - wo-search-report
	Page 134 - wo-search-report

