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METHOD OF TRANSMITTING AND RECEIVING CHANNEL STATUS
INFORMATION ON MULTI-CELL OPERATION IN A WIRELESS
COMMUNICATION SYSTEM AND
APPARATUS FOR THE SAME

TECHNICAL FIELD

The present invention relates to a wireless
communication system, and more particularly, to a method of
transmitting and receiving channel status information on a
multi-cell operation in a wireless communication system and

apparatus for the same.

BACKGROUND ART

Generally, MIMO (multi-input multi-output) technique
means a method of improving transceived data efficiency by
adopting MIMO transmitting antennas and MIMO receiving
antennas instead of a single transmitting antenna and a
single receiving antenna. If a single antenna is used, a
receiving side receives data via a single antenna path. If
multi-antennas are used, a receiving side may be able to
receive data via several paths. Therefore, data rate and
throughput can be improved and coverage can be increased.
Single-cell MIO operation can be categorized into SU-MOMO
(single user-MIMO) scheme for a single user equipment to
receive a downlink signal in one cell and MU-MIMO
(multiuser-MIMO) scheme for at least two user equipments to
receive a downlink signal in one cell.

Meanwhile, many ongoing efforts are made to research
and develop coordinated multi-point (CoMP) system to
improve throughput of a user on a cell boundary by applying

improved MIMO transmission in multi-cell environment. If
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the CoMP system is applied, it may be able to reduce inter-
cell interference in multi-cell environment and to improve
overall system performance.

CoMP scheme may be categorized into JP (joint
processing) scheme for enabling downlink data to be shared
with all CoMP coordinating cells to be transmitted to a
specific user equipment and CBF (coordinated beamforming)
scheme having downlink data exist in one cell only. The JP
scheme may Dbe categorized again into JT (joint
transmission) scheme for enabling all coordinating cells to
join a signal transmission and CSL (cooperative silencing)
scheme for one cell to join a signal transmission only in a
manner that the rest of cells stop signal transmission to
reduce interference. In the CBF scheme, each coordinating
cell, which does not transmit a signal to a user equipment,
is able to reduce inter-cell interference in a manner of
determining a beamforming matrix of a user equipment, which
receives a signal from the corresponding coordinating cell)
to apply a less amount of interference to the corresponding

user equipment.

DISCLOSURE

TECHNICAL PROBLEM

In order for cells joining coordinated communications
to perform communication with a user equipment correctly in
CoMP operation, the user equipment is requested to feed
back channel status information (CSI) on each of the cells
joining the coordinated communications.

The technical task of the present invention is to
provide a new method of feeding back CSI on uplink data

channel (e.g., physical uplink shared channel (PUSCH)).
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And, the technical task of the present invention is
to provide a PUSCH based CSI feedback method available for
various operating schemes including CoMP operation, non-
CoMP operation, dynamic cell selection and the like.

Technical tasks obtainable from the present invention
are non-limited the above-mentioned technical task. And,
other unmentioned technical tasks can be clearly understood
from the following description by those having ordinary
skill in the technical field to which the present invention

pertains.

TECHNICAL SOLUTION

Accordingly, the present invention is directed to a
method of transmitting and receiving channel status
information on a multi-cell operation in a wireless
communication system and apparatus for the same that
substantially obviate one or more of the problems due to
limitations and disadvantages of the related art.

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, a method of transmitting
CSI (channel status information), which is transmitted by a

user equipment in a wireless communication system,
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according to one embodiment of the present invention may
include the steps of determining at least one or more CSI
report types for the CSI used for multi-cell operation and
transmitting the CSI corresponding to one of the at least
one or more CSI report types to a base station via uplink
data channel.

To further achieve these and other advantages and in
accordance with the purpose of the present invention, a
method of receiving CSI (channel status information), which
is received by a base station in a wireless communication
system, according to another embodiment of the present
invention may include the steps of determining at least one
or more CSI report types for the CSI used for multi-cell
operation and receiving the CSI corresponding to one of the
at least one or more CSI report types from a user equipment
via uplink data channel.

To further achieve these and other advantages and in
accordance with the purpose of the present invention, a
user equipment for transmitting CSI (channel status
information) in a wireless communication system, according
to one embodiment of the present invention may include a
receiving module receiving a downlink signal from a base
station, a transmitting module transmitting an uplink
signal to the base station, and a processor controlling the

user equipment including the receiving module and the

transmitting module, the processor configured to determine = _

at least one or more CSI report types for the CSI used for
multi-cell operation, the processor configured to transmit
the CSI corresponding to one of the at least one or more
CSI report types to a base station via uplink data channel

using the transmitting module.
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To further achieve these and other advantages and in
accordance with the purpose of the present invention, a
base station for receiving CSI (channel status information)
in a wireless communication system, according to a further
embodiment of the present invention may include a receiving
module receiving an uplink signal from a user equipment, a
transmitting module transmitting a downlink signal to the
user equipment, and a processor controlling the base
station including the receiving module and the transmitting
module, the processor configured to determine at least one
or more CSI report types for the CSI used for multi-cell
operation, the processor configured to receive the CSI
corresponding to one of the at least one or more CSI report
types from the user equipment via uplink data channel using
the receiving module.

Preferably, the following items may apply to the
above-mentioned embodiments of the present invention in
common.

The user equipment may receive control information
for requesting the CSI transmission and determine one of
the at least one or more CSI report types based on the
control information. In this case, the CSI transmitting
step may be performed after prescribed duration from a
timing point of receiving the control information.

The control information for requesting the CSI
transmission may be received on a physical downlink control
channel (PDCCH) .

The user equipment may receive information on a
report period and offset of the CSI transmission for each
of the at least one or more CSI report types. And, the CSI

transmitting step may be performed at a timing determined
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in accordance with the report period and offset.

The information on the report period and offset may
be received by higher layer signaling.

The at least one or more CSI report types may be set
by higher layer signaling or determined in advance.

The at least one or more CSI report types may include
a wideband & subband coordinated multi-point (CoMP) CSI
report type and a subband CoMP CSI report type.

The at least one or more CSI report types may include
a CoMP CSI report type for at least one coordinating cell
and a CoMP CSI report type for a serving cell and the at
least one coordinating cell.

The at least‘one or more CSI report types may include
a CoMP CSI report type for a 1°° cell set and a CoMP CSI
report type for a 2™ cell set.

Each of the 1°° cell set and the 2" cell set may
include at least one of a serving cell joining the multi-
cell operation and at least one coordinating cells.

The multi-cell may belong to a same base station or a
plurality of base stations.

The uplink data channel may include a physical uplink
shared channel (PUSCH).

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.

ADVANTAGEOUS EFFECTS

According to embodiments of the present invention, a
new method of feeding back CSI on an uplink data channel

may be provided.
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Effects obtainable from the present invention are
non-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 1is a diagram to conceptionally describe
operation of a coordinated multi-point (CoMP) system;

FIG. 2 is a diagram for a structure of a downlink
radio frame;

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

FIG. 4 is a diagram for a structure of a downlink
subframe;

FIG. 5 is a diagram for an uplink subframe;

FIG. 6 is a block diagram for a configuration of a
wireless communication system having multiple antennas;

FIG. 7 is a diagram for one example of an aperiodic
CoMP CSI report;

FIG. 8 is a diagram for another example of an
aperiodic CoMP CSI report;

FIG. 9 is a diagram for one example of a periodic

CoMP CSI report;
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FIG. 10 is a flowchart for a method of transmitting
and receiving channel status information according to one
embodiment of the present invention; and

FIG. 11 is a diagram for configurations of a base
station device and a user equipment device according to the

present invention.

BEST MODE FOR INVENTION

The following embodiments correspond to combinations
of elements and features of the present invention in
prescribed forms. And, the respective elements or features
may be considered as selective unless they are explicitly
mentioned. Each of the elements or features can be
implemented in a form failing to be combined with other
elements or features. Moreover, an embodiment of the
present invention may be implemented by combining elements
and/or features together in part. A sequence of operations
explained for each embodiment of the present invention may
be modifiable. Some configurations or features of one
embodiment may be included in another embodiment or
substituted with corresponding configurations or features
of another embodiment.

In this disclosure, embodiments of the present
invention are described centering on the data
transmission/reception relations between a base station and
a user equipment. In this case, the base station may be
meaningful as a terminal node of a network which directly
performs communication 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

base station in some cases.
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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 user equipment can be performed by a
base station or other networks except the base station.
‘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 1like. And, ‘terminal’ may be
substituted with such a terminology as a user egquipment
(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 use of the specific
terminology may be modified into another form within the
scope of the technical idea of the present invention.

In some cases, to prevent the present invention from
getting vaguer, structures and/or devices known to the
public may be skipped or 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 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

explained to clearly reveal the technical idea of the
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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 like. 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 radio 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
abbreviated) DL and SC-FDMA in uplink (hereinafter
abbreviated UL). And, LTE-A (LTE-Advanced) is an evolved
version of 3GPP LTE. WiMAX may be explained by IEEE 802.lée
standard (e.g., WirelessMAN-OFDMA reference system) and
advanced IEEE 802.16m standard (e.g., WirelessMAN-OFDMA
advanced system). For clarity, the following description
mainly concerns 3GPP LTE system or 3GPP LTE-A system, by

which the technical idea of the present invention may be

10
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non-limited.

Coordinated Multi-Point (CoMP)

CoMP (coordinated multi-point) system is described
with reference to FIG. 1 as follows. FIG. 1 1is a
conceptional diagram for CoMP (coordinated multi-point)
operation of an intra eNB and an inter eNB according to a
related art.

Referring to FIG. 1, intra eNBs 110 and 120 and an
inter eNB 130 exist in a multi-cell environment. In LTE
(long term evolution) system, an intra eNB is constructed
with several cells or sectors. Cells belonging to an eNB,
to which a specific user equipment belongs, have the
relation of the intra eNBs 110 and 120 with the specific
user equipment and. In particular, the cells sharing the
same eNB with the cell having the user equipment belong
thereto become the cells corresponding to the inter eNB 130.
Thus, the cells (i.e., intra base stations), which are
based on the same eNB of the specific user equipment, may
exchange channel status information (CSI) with each other
without a separate interface between schedulers of the
cells. Yet, the cells (i.e., inter eNBs), which are based
on other eNB), are able to exchange inter-cell information
via a backhaul 140 and the like. Referring to FIG. 1, a
single-cell MIMO user 150 in a single-cell communicates
with one serving eNB in one cell (e.g., cell A, cell B,
cell D, cell E). And, a multi-cell MIMO user 160 situated
on a cell boundary is able to communicate with a plurality
of serving eNBs in multi-cells (e.g., cell A and cell B,
cell B, cell C and cell D).

In accordance with an improved system performance

requirement of 3GPP LTE-A system, CoMP

11
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transmission/reception scheme (represented as one of co-
MIMO (collaborative MIMO), network MIMO, etc.) has been
proposed. CoMP may raise performance of a user equipment
located at a cell edge and may raise average sector
throughput as well.

Generally, in a multi-cell environment having a
frequency reuse factor set to 1, the performance and
average sector throughput of the user equipment located at
the cell edge may be lowered due to inter-cell interference
(ICI). In order to reduce the ICI, a conventional LTE
system has applied a method of providing an appropriate
throughput performance to a user equipment located at a
cell edge in an environment restricted by interference
using a simple manual scheme such as FFR (fractional
frequency reuse) via UE-specific power control and the like.
Yet, reducing the ICI or reusing the ICI as a signal
desired by a user equipment may be more preferable than
lowering a frequency resource use per cell. To achieve this
object, CoMP transmission schemes may be applicable.

CoMP schemes applicable to a case of downlink may be
mainly categorized into a joint processing (JP) scheme and
a coordinated scheduling/coordinated beamforming (CS/CB)
scheme.

According to the JP scheme, each point (e.g., base
station) of CoMP cooperation unit may use data. And, the

CoMP cooperation unit may mean a set of base stations used

for the cooperative transmission scheme. Moreover, the JP
scheme may be classified into a joint transmission scheme
and a dynamic cell selection scheme.

The joint transmission scheme means a scheme of

transmitting PDSCH from a plurality of points (portion or

12
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all of CoMP cooperation unit) at a time. In particular,
data transmitted to a single wuser equipment may be
simultaneously from a plurality of transmission points.
According to the joint transmission scheme, a quality of a
coherently or non-coherently received signal may be
improved and interference on another user equipment may be
actively eliminated.

The dynamic cell selection scheme may mean the scheme
of transmitting PDSCH from one point (of CoMP cooperation
unit) at a time. In particular, data transmitted to a
single user equipment at a specific timing point is
transmitted from one point, the rest of points in the
cooperation unit at that timing point do not perform data
transmission to the corresponding user equipment, and a
point of transmitting data to the corresponding user
equipment may be dynamically selected.

According to the CS/CB scheme, COoMP cooperation units
may be able to cooperatively perform beamforming of data
transmission to a single user equipment. In this case,
although the data is transmitted from a serving cell only,
user scheduling/beamforming may be determined by the
coordination of cells of the corresponding CoMP cooperation
unit.

Meanwhile, in case of uplink, coordinated multi-point
reception means that a signal transmitted by coordination
of a plurality of points geographically spaced apart from
each other is received. CoMP schemes applicable to a case
of uplink may be classified into joint reception (JR) and
coordinated scheduling/coordinated beamforming (CS/CB) .

The JR scheme means that a signal transmitted on

PUSCH is received by a plurality of reception points. And,

13
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the CS/CB scheme means that user scheduling/beamforming is
determined by coordination of cells of CoMP cooperation
unit despite that PUSCH is received by one point only.

Using this CoMP system, a user equipment may be
supported with data jointly from multOcell base station.
Each base station supports at least one or more user
equipments simultaneously using the same radio frequency
resource, thereby improving performance of system. And, the
base station may be able to perform space division multiple
access (SDMA) scheme based on channel status information
between the base station and a user equipment.

In CoMP system, a serving base station and at least
one or more coordinating base stations are connected with a
scheduler via backbone network. The scheduler may operate
by receiving a feedback of channel information on a channel
status, which is measured by each base station, between
each user equipment and each coordinating base station via
the backbone network. For instance, the scheduler may be
able to schedule information for cooperative MIMO operation
for a serving base station and at least one coordinating
base station. In particular, the scheduler may be able to
directly instruct each base station on the cooperative MIMO
operation.

As mentioned in the foregoing description, CoMP
system may be operate as a virtual MIMO system by binding a
plurality of adjacent cells into one group. Basically, a
communication scheme of MIMO system using multi-antennas
may be applicable. Operation of the MIMO system shall be
described in detail later.

Downlink/Uplink Structure

Frame structure is described with reference to FIG. 1

14
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as follows.

In a cellular OFDM radio packet communication systenm,
UL/DL (uplink/downlink) data packet transmission is
performed by a unit of subframe. And, one subframe is
defined as a predetermined time interval including a
plurality of OFDM symbols. In the 3GPP LTE standard, a
type-1 radio frame structure applicable to FDD (frequency
division duplex) and a type-2 radio frame structure
applicable to TDD (time division duplex) are supported.

FIG. 2 (a) is a diagram for a structure of a downlink
radio frame of type 1. A DL (downlink) radio frame includes
10 subframes. Each of the subframes includes 2 slots. And,
a time taken to transmit one subframe is defined as a
transmission time interval (hereinafter abbreviated TTI).
For instance, one subframe may have a length of 1 ms and
one slot may have a length of 0.5 ms. One slot may include
a plurality of OFDM symbols in time domain or may include a
plurality of resource blocks (RBs) in frequency domain.
Since 3GPP system uses OFDMA in downlink, OFDM symbol
indicates one symbol duration. The OFDM symbol may be named
SC-FDMA symbol or symbol duration. Resource block (RB) is a
resource allocation unit and may include a plurality of
contiguous subcarriers in one slot.

The number of OFDM symbols included in one slot may
vary in accordance with a configuration of CP. The CP may

be categorized into an extended CP and a normal CP. For

instance, in case that OFDM symbols are configured by the
normal CP, the number of OFDM symbols included in one slot
may be 7. In case that OFDM symbols are configured by the
extended CP, since a length of one OFDM symbol increases,

the number of OFDM symbols included in one slot may be
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smaller than that of the case of the normal CP. In case of
the extended CP, for instance, the number of OFDM symbols
included in one slot may be 6. If a channel status is
unstable (e.g., a UE is moving at high speed), it may be
able to use the extended CP to further reduce the inter-
symbol interference.

When a normal CP is used, since one slot includes 7
OFDM symbols, one subframe includes 14 OFDM symbols. In
this case, first 2 or 3 OFDM symbols of each subframe may
be allocated to PDCCH (physical downlink control channel),
while the rest of the OFDM symbols are allocated to PDSCH
(physical downlink shared channel).

FIG. 2 (b) is a diagram for a structure of a downlink
radio frame of type 2. A type-2 radio frame includes 2 half
frames. Each of the half frame includes 5 subframes, DwPTS
(downlink pilot time slot), GP (guard period) and UpPTS
(uplink pilot time slot). And, one of the subframes
includes 2 slots. The DwPTS is used for initial cell search,
synchronization or channel estimation in a user equipment.
The UpPTS is used for channel estimation in a base station
and uplink transmission synchronization of a user equipment.
The guard period is a period for eliminating interference
generated in uplink due to multi-path delay of a downlink
signal between uplink and downlink. Meanwhile, one subframe
includes 2 slots irrespective of the type of the radio
frame.

The above-described structures of the radio frame are
just exemplary. 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.

16
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FIG. 3 1is a diagram for one example of a resource
grid for a downlink (DL) slot. Referring to FIG. 3, one
downlink (DL) slot may include 7 OFDM symbols and one
resource block (RB) may include 12 subcarriers, by which
the present invention may be non-limited. For instance, in
case of a normal cyclic prefix (CP), one slot includes 7
OFDM symbols. Yet, in case of an extended CP, one slot may
include 6 OFDM symbols. Each element on a resource grid may
be named a resource element (hereinafter abbreviated RE).
one resource block includes 12 x 7 resource elements. The
number NP* of resource blocks included in a DL slot may
depend 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 a downlink
(DL) subframe. Maximum 3 OFDM symbols situated in a head
part of a first slot of one subframe correspond to a
control region to which a control channel is allocated. The
rest of OFDM symbols correspond to a data region to which
PDSCH (physical downlink shared channel) is allocated. A
basic unit of transmission becomes one subframe. In
particular, PDCCH and PDSCH are assigned across 2 slots.
Examples of DL control channels used by 3GPP LTE system may
include PCFICH (Physical Control Format Indicator Channel),
PDCCH (Physical Downlink Control Channel), PHICH (Physical
hybrid automatic repeat request indicator Channel) and the

like. The PCFICH is transmitted in a first OFDM symbol of a
subframe and includes information on the number of OFDM
symbols used for a transmission of a control channel within
the subframe. The PHICH includes HARQ ACK/NACK signal in

response to a UL transmission. Control information carried
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on PDCCH may be called downlink control information (DCI).
The DCI may include UL or DL scheduling information or a UL
transmission power control command for a random UE (user
equipment) group. The PDCCH may include transmission format
and resource allocation information of DL-SCH (downlink
shared channel), resource allocation information on UL-SCH
(uplink shared channel), paging information on PCH (paging
channel), system information on DL-SCH, resource allocation
of such a higher layer control message as a random access
response transmitted on PDSCH, transmission power control
command set for individual UEs within a random UE group,
transmission power control information, activation of VoOIP
(voice over IP) and the like. A plurality of PDCCHs can be
transmitted within the control region. A user equipment may
be able to monitor a plurality of the PDCCHs. The PDCCH is
transmitted as an aggregation of at least one or more
contiguous CCEs (control channel elements). The CCE is a
logical allocation unit used to provide the PDCCH at a
coding rate based on a radio channel status. The CCE may
correspond to a plurality of REGs (resource element groups).
A format of the PDCCH and the number of available PDCCH
bits may be determined in accordance with correlation
between the number of CCEs and a coding rate provided by
the CCE. A base station determines a PDCCH format in

accordance with a DCI which is to be transmitted to a user

equipment and attaches a CRC (cyclic redundancy check) to .

control information. The CRC is masked with an identifier
named RNTI (radio network temporary identifier) in
accordance with an owner or usage of the PDCCH. For
instance, if the PDCCH is provided for a specific user

equipment, the CRC may be masked with an identifier (e.g.,
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cell-RNTI (C-RNTI)) of the corresponding user equipment. In
case that the PDCCH is provided for a paging message, the
CRC may be masked with a paging indicator identifier (e.g.,
P-RNTI). If the PDCCH is provided for system information
(particularly, for a system information block (SIC)), the
CRC may be masked with a system information identifier and
a system information RNTI (SI-RNTI). In order to indicate a
random access response to a transmission of a random access
preamble of a user equipment, the CRC may be masked with
RA-RNTI (random access-RNTI).

FIG. 5 is a diagram for a structure of an uplink (UL)
subframe. A UL subframe may be divided into a control
region and a data region in frequency domain. A physical UL
control channel (PUCCH) including UL control information
may be allocated to the control region. And, a physical UL
shared channel (PUSCH) including user data may be allocated
to the data region. In order to maintain single carrier
property, one user equipment does not transmit PUCCH and
PUSCH simultaneously. PUCCH for one user equipment may be
allocated to a resource block pair (RB pair) in subframe.
Resource blocks belonging to the resource block pair may
occupy different subcarriers for 2 slots. Namely, a
resource block pair allocated to PUCCH is frequency-hopped
on a slot boundary.

Modeling of Multi-Antenna (MIMO) System

FIG. 6 is a diagram for a configuration of a wireless

communication system including multiple antennas.

Referring to FIG. 6 (a), if the number of
transmitting antennas is incremented into Ny and the number
of receiving antennas is incremented into Ng, theoretical

channel transmission capacity is increased in proportion to
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the number of antennas unlike the case that a transmitter
or receiver uses a plurality of antennas. Hence, a
transmission rate may be enhanced and frequency efficiency
may be remarkably raised. The transmission rate according
to the increase of the channel transmission capacity may be
theoretically raised by an amount resulting from
multiplying a maximum transmission rate Ry, of the case of
using a single antenna by a rate increasing rate R;.

[Formula 1]
R =min(N,,N,)

For instance, in an MIMO communication system, which
uses 4 transmitting antennas and 4 receiving antennas, it
may be able to obtain a transmission rate 4 times higher
than that of a single antenna system. After this
theoretical capacity increase of the MIMO system has been
proved in the middle of 90’s, many efforts are ongoing to
be made to various techniques for drive it into substantial
data rate improvement. Some of theses techniques are
already adopted as standards for various wireless
communications such as 3G mobile communications, a next
generation wireless LAN and the like.

The trends for the MIMO relevant studies are
explained as follows. First of all, many efforts are
ongoing to be made in various aspects to develop and
research information theory study relevant to MIMO
communication capacity calculations and the like in various
channel configurations and multiple access environments,
radio channel measurement and model derivation study for
MIMO systems, spatiotemporal signal processing technique

study for transmission reliability enhancement and
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transmission rate improvement and the like.

In order to explain a communicating method in an MIMO
system in detail, mathematical modeling can be represented
as follows. Assume that Ny transmitting antennas and Ng

5 receiving antennas exist in this system.

First of all, a transmission signal is explained. If
there are Ny transmitting antennas, Nr maximum
transmittable informations exist. Hence, the transmission
information may be represented as follows.

10 [Formula 2]
r
S = [sl’SZ’”.’SNT]
Meanwhile, transmission power can be set different
for each transmission information <12522°°">Sn, | If the

respective transmission powers are set to P,AR, - ,P, , the

T

15 transmission power adjusted transmission information may be
represented as follows.

[Formula 3]
§=[§l’§2’”"§Nr]T =[P151’P2s2"“’PNrs”r]r

And, S may be represented as follows using a diagonal

20 matrix P of transmission power.

[Formula 4]

If a weight matrix W is applied to the transmission

A

power adjusted transmission information vector S, a case of
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. s . . . x XX x
configuring Ny transmission signals % X207 05 Xy actually

transmitted may be taken into consideration as follows. In
this case, the weight matrix W plays a role in properly
distributing each transmission information to each antenna

according to a transmission channel status and the like.

X,

x vesn . »
The “17%22""">%n may be represented as followings using a

vector X.

[Formula 5]

X Wi Wi, Winy |5
X, Wn Wy Wy |15
X= = . |=Ws=WPs
x; Ya Wi Wiy 5
_xN, ] _WN,1 Wye " Wi ] _s Ny |

In Formula 5, w;ij indicates a weight between an itk

transmitting antenna and a j* information. And, W may be

called a precoding matrix.

When Nz receiving antennas exist, if reception

signals of the receiving antennas are set to 212V " Ym, a

reception signal vector can be represented as follows.

[Formula 6]

y= 1:Y2""’yNR]T

If a channel is modeled in MIMO wireless
communication system, the channel can be represented as an
index of a transmitting antenna and an index of a receiving
antenna. A channel between a transmitting antenna j and a
receiving antenna 1 may be represented as h;j. In the h;j,

it should be noted that a receiving antenna index is
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followed by a transmitting antenna index in order of index.

FIG. 6 (b) shows a channel to a receiving antenna i

from each of N; transmitting antennas. These channels may

be represented as a vector or matrix in a manner of tying
the channels b together. Referring to FIG. 6 (b), the
channels between the receiving antenna i and the Np
transmitting antennas can be represented as follows.

[Formula 7]
A

Hence, all the channels arriving from Np transmitting
antennas to Ny relieving antennas may be expressed as
follows.

[Formula 8]

I | (A o A,
h;r h21 hzz huv,

1

T
h; hil hi2 ot hiN,

T
_hNR_ _hNRI hNR2 hNRN,_

In an actual channel, a transmission signal passes
through a channel matrix H and then has AWGN (additive

white Gaussian noise) added thereto. If white noses

... N i L
172> 2TNg  regpectively added to Np receiving antennas,

"Ny,

. . "n
the white noises >"Nr _can be represented as follows.

[Formula 9]

n=|n,n,, 0y

Hence, the reception signal vector may be expressed

as follows through the above-mentioned formula modeling.
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[Formula 10]

(| [
V2 hy
y — ’ =
¥, hy
| Vg | _hNRl

PCT/KR2012/000736

h, e hm, X n
hy o th, X2 n,
+| =Hx+n
h, o hiNr X; n,
hNRZ ot hNRN, ] _er i _nNR ]

The above description mainly relates to a case that

the MIMO communication system is used by a single user. Yet,

it may be possible to obtain multiuser diversity in a

manner of applying the MIMO communication system to a

plurality of wusers.

follows.

This may be described in brief as

Meanwhile, the number of rows/columns of a channel

matrix H indicating a channel state is dependent on the

number of transmitting/receiving antennas. The number of

rows in the channel matrix H is equal to the number Np of

the receiving antennas. The number of

channel matrix H

columns in the

is equal to the number Ny of the

transmitting antennas. In particular, the

becomes NpxNr matrix.

channel matrix H

A rank of matrix is defined as a minimum one of the

number of independent rows and the number of independent

columns. Hence, it may be impossible for a rank of matrix

to become greater than the number of rows or columns. A

rank (rank(H)) of a channel matrix H is restricted to the — —

following.

[Formula 11]

rank(H) < min(N,,N,)

For another

decomposition is

definition of a rank,

performed on a matrix,

24

when Eigen value

a rank may be



10

15

20

25

30

WO 2012/105793 PCT/KR2012/000736

defined as the number of Eigen values except 0. Similarly,
for a further definition of a rank, when singular value
decomposition is performed, a rank may be defined as the
number of singular values except 0. Hence, the physical
meaning of a rank in a channel matrix may be regarded as a
maximum number for sending different informations on a
given channel.

In the description of this specification, ‘rank’ in
MIMO transmission may indicate the number of paths for
transmitting signals independently and ‘number of layer(s)’
may indicate the number of signal stream(s) transmitted via
each path. Since a transmitting stage transmits layer
amounting to the number of ranks wused for signal
transmission, a rank may have the same meaning of the
number of layers unless mentioned especially.

Feedback of Channel Status Information (CSI) on DL

Channel

MIMO system may be categorized into an open-lop
system and a closed-loop system. The open-loop system may
mean that a transmitting stage performs MIMO transmission
without feedback of channel status information from MIMO
receiving stage. The closed-loop system may mean that a
transmitting stage performs MIMO transmission with feedback
of channel status information from MIMO receiving stage.

According to the closed-loop MIMO system, each of the

transmitting stage and the receiving stage may be able to

perform beamforming based on the channel status information
to obtain a multiplexing gain of MIMO transmitting antennas.
In order for the receiving stage (e.g., user equipment) to
feed back channel status information, the transmitting

stage (e.g., base station) may be able to allocate a UL
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control channel or a UL shared channel to the receiving
stage (e.g., user equipment).

A channel status may be measured from a reference
signal (hereinafter abbreviated RS). The reference signal
is the signal known to both a transmitting stage and a
receiving stage. Using an extent of distortion of this
reference signal received on a channel, the receiving stage
may be able to find out channel information. In order to
measure a DL channel status, it may be able to use a cell-
specific reference signal (CRS) and/or a channel status
information-reference signal (CSI-RS) and the 1like. The
CSI-RS is defined for a system (e.g., LTE-A system) having
an extended antenna configuration and a CSI-RS mapped
position on a DL resource may be defined as a pattern
differing per cell. The CSI-RS may be transmitted in a
prescribed subframe (e.g., a prescribed cycle), whereas the
CRS is transmitted in each frame. Information of such CSI-
RS configuration as CSI-RS pattern, cycle and the like may
be provided to a user equipment by a base station through a
higher layer signal.

Meanwhile, fed-back channel status information (CSI)
may include a rank indicator (RI), a precoding matrix index
(PMI) and a channel quality indicator (CQI).

First of all, the RI is the information on a channel
rank. A rank of a channel may mean a maximum number of
layers (or streams) capable of carrying different —_ _
informations via the same time-frequency resource. Since a
rank value is mainly determined by long-term fading of a
channel, it may be generally fed back in a cycle longer
than that of the PMI or the CQI (i.e., less frequently).

The PMI is the information on a precoding matrix used
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for transmission from a transmitting stage. Precoding means
that a transmission layer is mapped to a transmitting
antenna. By the precoding matrix, layer-to-antenna mapping
relation may be determined. The PMI corresponds to a
precoding matrix index of a base station preferred by a
user equipment with reference to such a metric as a signal-
to-interference plus noise ratio (hereinafter abbreviated
SINR) and the like. In order to reduce feedback overhead of
precoding information, a transmitting stage and a receiving
stage share a codebook containing various precoding
matrixes with each other in advance and an index indicating
a specific precoding matrix in the corresponding codebook
may be fed back only.

The CQI is the information indicating a channel
quality or a channel strength. The CQI may be represented
as a predetermined MCS combination. In particular, a fed-
back CQI index indicates a corresponding modulation scheme
and a corresponding code rate. Generally, the CQI becomes a
value that reflects a reception SINR obtainable in case
that a base station configures a spatial channel using PMI.

A system (e.g., LTE-A system) that supports an
extended antenna configuration considers obtaining
additional multiuser diversity using multiuser-MIMO (MU-
MIMO) scheme. Since an interference channel between user
equipments multiplexed in antenna domain exists in the MU-
MIMO scheme, when a base station performs a DL transmission
using channel status information fed back by one user
equipment among multiple users, it may be necessary to
prevent interference from occurring on other |user
equipments. Hence, in order to correctly perform MU-MIMO

operation, it may be necessary to feed back channel status
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information having accuracy higher than that of a single
user-MIMO (SU-MIMO) scheme.

Thus, in order to measure and repot more accurate
channel status information, a new CSI feedback scheme of
improving the previous CSI including RI, PMI and CQI may
apply. For instance, precoding information fed back by a
receiving stage may be indicated by a combination of 2 PMIs.
One (i.e., 1°® PMI) of the 2 PMIs has the attribute of long
term and/or wideband and may be named Wl. And, the other
one (i.e., 2™ PMI) of the 2 PMIs has the attribute of
short term and/or subband and may be named W2. And, a final
PMI may be determined by a combination (or function) of Wl
and W2. For instance, if a final PMI is set to W, it may
define ‘W = W1 * W2’ or ‘W = W2 * W1'.

In this case, Wl reflects average property on
frequency and/or time of a channel. Namely, W1l may be
defined as channel status information that reflects
property of a long-term channel on time, a wideband channel
on frequency, or a wideband channel on frequency with long
term on time. In order to schematically represent the
property of Wl, Wl may be named channel status information
of long term-wideband property (or long term-wideband PMI)
in this specification.

And, W2 reflects relatively instantaneous channel

property compared to Wl. Namely, W2 may be defined as

channel status information that reflects property of a

short-term channel on time, a subband channel on frequency,
or a subband channel on frequency with short term on time.
In order to schematically represent the property of W2, W2
may be named channel status information of short term-

subband property (or short term-subband PMI) in this
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specification.

In order to determine a final precoding matrix W from
two different attribute informations (e.g., W1l and W2)
indicating channel statuses, it may be necessary to
configure a separate codebook (e.g., a 1°* codebook for Wil
and a 2" codebook for W2) containing precoding matrixes
indicating channel informations of attributes, respectively.
And, a type of the codebook configured in this manner may
be called a hierarchical codebook. If a codebook for a
final use is determined using the hierarchical codebook, it
may be called hierarchical codebook transformation.

For example of a hierarchical codebook transforming
scheme, it may be able to transform a codebook using a long
term covariance matrix of a channel shown in Formula 12.

[Formula 12]

W = norm (W1w2)

In Formula 12, Wl (long term-wideband PMI) indicates
an element (i.e., codeword) configuring a codebook (e.g.,
1°* codebook) prepared to reflect channel information of
long term-wideband attribute. In particular, the Wl
corresponds to a precoding matrix contained in the 1°*
codebook that reflects the channel information of the long
term-wideband attribute. Meanwhile, W2 (short term-subband
PMI) indicates an element (i.e., codeword) configuring a

codebook (e.g., 2™ codebook) prepared to reflect channel

information of short term-subband attribute. In particular,

the W2 corresponds to a precoding matrix contained in the
2" codebook that reflects the channel information of the
short term-subband attribute. And, the W indicates a
codeword of a final codebook. Moreover, ‘norm (A) '

indicates a matrix in which a norm per column of matrix A
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is normalized into 1.

Wl and W2 may have the configurations shown in
Formula 13.

[Formula 13]

L [X 0
Wl(l)=[0 X]

r colums
A~

— ~

el ¢ e’
w2()=| ¥, Mo M | (ifrank=r1)
ae,, ﬂjeM 7€
In Formula 13, W1l may be defined as a block diagonal
matrix type and each block is an identical matrix Xi. One
block Xi may be defined as (Nt/2)x M matrix. In this case,
Nt indicates the number of transmitting antennas. 1In
Formula 13, 5 (p=k, 1, ..., m) of W2 is M x 1 vector and

indicates a vector including M vector components, in which

p™® component among the M vector components is 1 and the

rest of the components are zero. If ¢ is multiplied by W1,
since p™ column is selected from columns of the W1, this
vector may be called a selection vector. In this case, if a
value of M increases, the number of vectors fed back at a
time to represent a long term/wideband channel increases.
Hence, feedback accuracy is raised. Yet, the bigger the M
value becomes, the smaller a codebook size of W1l fed back
in low frequency gets but the larger a codebook size of W2
fed back in high frequency gets. Hence, feedback overhead

increases eventually. In particular, tradeoff exists

between the feedback overhead and the feedback accuracy.

Thus, it may be able to determine the M value in a manner
that the feedback overhead 1is set not to increase
excessively by maintaining the feedback accuracy
appropriately. Meanwhile, o;, fB; and y; indicate prescribed

phase values, respectively. In Formula 13, k, 1 and m are
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integers, respectively (where 1 < k, 1, m £ M).

The codebook structure in Formula 13 is designed to
appropriately reflect channel correlation property
generated in case that an inter-antenna space is dense in
using cross-polarized (X-pol) configuration (generally, a
case that a distance between adjacent antennas is a half of
signal wavelength). For instance, the cross-polarized
antenna configuration may be represented as Table 1.

[Table 1]

2Tx cross—polarized ’
antenna configuration

1 3 2 4
4Tx cross—polarized /// ///
antenna configuration , ,

Ve Vs

1 5 2 6 3 74 8

- / 7 Vd Vd
8Tx cross—polarized e e e /s
. N 7/
antenna configuration
s s s s
e 7/ 4 7/

In Table 1, 8Tx cross-polarized configuration can be

represented as configured with 2 orthogonally polarized
antenna groups. In particular, antennas 1, 2, 3 and 4 of a
1°* antenna group may have the same polarization (e.g.,
vertical polarization), while antennas 5, 6, 7 and 8 of a
2™ antenna group may have the same polarization (e.g.,
horizontal polarization). And, the two antenna groups are
co-located. For instance, the antenna 1 and the antenna 5

are installed at the same location, the antenna 2 and the

antenna 6 are installed at the same location, the antenna 3 =

and the antenna 7 are installed at the same location, and
the antenna 4 and the antenna 8 are installed at the same
location. In other words, antennas of one antenna group
have the same polarization like ULA (uniform linear array)

and inter-antenna correlation in one antenna group has the
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property of 1linear phase increment. And, correlation
between antenna groups has property of phase rotation.

Since a codebook corresponds to a value resulting
from quantizing a channel, it may be necessary to design a
codebook by reflecting property of a real channel as it is.
Thus, in order to describe that the real channel property
is appropriately reflected by the codeword of the codebook
designed as Formula 13, a rank 1 codebook is exemplarily
explained as follows. Formula 14 shows one example of
determining a final codeword W as a multiplication of a
codeword W1l and a codeword W2 in case of rank 1.

[Formula 14]

X,(6)
X, (k)

WI@)* W2()) =[

In Formula 14, a final codeword is represented as Nt
x 1 vector and structured with 2 vectors including an
upper vector X;(k) and a lower vector o;X;j(k). The wupper
vector  X; (k) indicates correlation property  of a
horizontally polarized antenna group of cross-polarized
antennas and the lower vector o;X;(k) indicates correlation
property of a vertically polarized antenna group of the
cross-polarized antennas. And, the X;(k) may be represented
as a vector (e.g., DFT matrix) having 1linear phase

increment by reflecting inter-antenna correlation property

of each antenna group.

In case of using the above-mentioned codebook,

channel feedback may have accuracy higher than that of a
case of using a single codebook. Thus, single-cell MU-MIMO
becomes possible using the channel feedback of the high
accuracy. Due to similar reason, channel feedback of high

accuracy is required for CoMP operation. For instance, in
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case of CoMP JT operation, since several base stations
cooperatively transmit the same data to a specific user
equipment (UE), it may be theoretically regarded as MIMO
system in which a plurality of antennas are geographically
distributed. In particular, when MIMO operation is
performed in JT, like the single-cell MU-MIMO, high-level
accuracy of channel information may be requested to avoid
interference between co-scheduled user equipments. Moreover,
in case of CoMP CB operation, accurate channel information
is requested to avoid interference given to a serving cell
by a neighbor cell.
PUSCH Feedback Reporting Mode

As mentioned in the foregoing description, CSI (i.e.,
RI, PMI, CQI, etc.) may be fed back to a base station from
a user equipment periodically or aperiodically. The
aperiodic CSI feedback may be performed via PUSCH. For the
aperiodic CSI feedback, a base station may transmit control
information for triggering a CSI feedback to a wuser
equipment. For instance, CSI feedback triggering control
information may be provided to a user equipment via CSI
request field defined in UL grant (e.g., PDCCH DCI format O,
PDCCH DCI format 4, etc.). In the following description,
PUSCH reporting mode in CSI feedback is explained in detail.

Single-cell based PUSCH feedback reporting mode may
be represented as Table 2. Each mode may be defined in
accordance with CQI feedback type and PMI feedback type.

[Table 2]
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PMI Feedback Type
No PMI Single PMI Multiple PMI
Wideband Mode 1-2
o {wideband CQI)
a °.
SE
z g UE Selected Mode 2-0 Mode 2-2
7} (subband CQl)
2
oo
* Higher Layer-
configured Mode 3-0 Mode 3-1
(subband CQl)

In Table 2, Mode 2-0 or Mode 3-0 may correspond to
PUSCH reporting mode having no PRI report (i.e., No PMI).
In the following description, Mode 1-2, Mode 3-1 and Mode
2-2 for reporting PMI are explained in detail. In case that
CSI is reported via PUSCH, channel coding for CSI may be
performed by a coding unit. In the following description,
assume that the total number of subbands of a system
bandwidth is N.

PUSCH reporting mode 1-2 is the mode for reporting
multi-PMI and wideband-CQI. In this case, PMI is
determined/calculated for subband (SB), while CQI 1is
determined/calculated for wideband (WB). Table 3 shows
fields of CQI feedback for WB CQI report and corresponding
bit widths in case of 2 or 4 antenna ports in PUSCH

reporting mode 1-2.

ftrable 31
Fleld Bit width
| 2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank=1 | Rank > 1
Wideband CQl codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 0 4
Precoding matrix indicator 2N N 4N 4N
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In Table 3, codeword 0 and codeword 1 indicate two
codewords in single-cell based PDSCH transmission. In
particular, maximum 2 codeword transmissions are supported
in single-cell based DL transmission and a status of a DL
channel experienced by each codeword transmission may
differ. Since CQI is defined as a value that reflects a
reception SINR on the assumption of a case that there is a
DL transmission in case of configuring a space channel
using a prescribed PMI, CQI may be calculated for each
codeword.

Table 4 shows fields of CQI feedback for WB CQI
report and corresponding bit widths in case of 8 antenna

ports in PUSCH reporting mode 1-2.

[Table 4]
Fielkd Bit width
Rank=1 | Rank=2 | Rank=3 | Rank=4
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 4 4
Wideband first PMI 11 4 4 2 2
Subband second PMI 12 aN aN aN 3N
Bit width
Fleld Rank=5 | Rank=6 | Rank=7 | Rank=8
Wideband CQl codeword 0 4 4 4 4
Wideband CQI codeword 1 4 4 4 4
Wideband first PMI i1 2 2 2 0
Subband second PMI i2 0 0 0 0

In Table 4, unlike the PMI for the case of 2 or 4
antenna ports, PMI for a case of 8 antenna ports may be

configured with wideband 1°° PMI (il) and subband 2" PMI

(i2). The 1°t PMI and the 2™ PMI may correspond to Wl and

W2 of the hierarchical codebook described with reference to
Formula 12 to Formula 14, respectively. Field and bit width
for the il (or W1l) and field and bit width for the i2 (or

W2) are shown in Table 4.
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PUSCH reporting mode 3-1 is the mode for reporting

single PMI and upper layer-set subband CQI. In this case,

PMI is determined/calculated for wideband (WB), while CQI

is determined/calculated for subband (SB). Table 5 shows

5 fields of CQI feedback for SB CQI report and corresponding

bit widths in case of 2 or 4 antenna ports in PUSCH
reporting mode 3-1.
[Table 5]
Field Bit width
2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank=1 | Rank > 1
Wide-band CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wide-band CQI codeword 1 0 4 0 4
Subband differential CQIl codeword 1 0 2N 0 2N
Precoding matrix indicator 2 1 4 4

10 Table 6 shows fields of CQI feedback for SB CQI
report and corresponding bit widths in case of 8 antenna
ports in PUSCH reporting mode 3-1.

[Table 6]
Bltwidth
Fleld Rank=1 ] Rank=2 | Rank=3 | Rank=4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQl codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differentlal CQl codeword 1 0 2N 2N 2N
Wideband first PMI i1 4 4 2 2
Subband second PMI 12 4 4 4 3
Fleld Bltwidth
Rank=5 | Rank=6 | Rank=7 | Rank=8
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 4 4 4 4
Subband differential CQl codeword 1 2N 2N 2N 2N
I WdebandfistPMIl4 | 2 | —2 {+——2—+ 08—
Subband second PMI i2 0 0 0 0
15 PUSCH mode 2-2 is the mode for reporting multi-PMI

and subband CQI selected by a user equipment. In this case,
CQI subband

wideband (WB)

is determined/calculated by (SB) unit for

and M-selected subbands (SB). In particular,
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for the M-selected subbands, average PMI and corresponding
CQI are reported and L-bit indicator may be transmitted
together to indicate indexes of the M-selected subbands
(SB) . Table 7 shows fields of CQI feedback for SB CQI

5 report and corresponding bit widths in case of 2 or 4
antenna ports in PUSCH reporting mode 2-2.

[Table 7]

Fleld Bit width
2 antenna ports 4 antenna poris
Rank=1 | Rank=2 | Rank=1 | Rank > 1

Wide-band CQI codeword O
Subband differentiai CQl codeword 0
Wide-band CQI codeword 1
Subband differential CQI codeword 1
Position of the M selected subbands
Precoding matrix indicator

- Jla] (=1 [=]1[VIE X
- 21l SIEAINIEN

al~o]o|vie
NIl s

Table 8 shows fields of CQI feedback for SB CQI
10 report and corresponding bit widths in case of 8 antenna
ports in PUSCH reporting mode 2-2.
[Table 8]
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Bit width
Flold Rank= | Rank= | Rank= | Rank=

1 2 3 4

Wide-band CQI codeword 0 4 4 4 4

Subband differential CQI 2 2 2 2
codeword 0

Wide-band CQl codeword 1 0 4 4 4

Subband differential CQl 0 2 2 2
codeword 1

Position of the M selected

subbands L L L L

Wideband first PMI i1 4 4 2 2

Wideband second PMI i2 4 4 4 3

Subband second PMI i2 4 4 4 3

Blt width
Fleld Rank= | Rank= | Rank= | Rank =

-] 8 7 8

Wide-band CQl codeword 0 4 4 4 4

Subband differential CQl 2 2 2 2
codeword 0

Wide-band CQI codeword 1 4 4 4 4

Subband differential CQI 2 2 2 2
codeword 1

Position of the M selected

subbands L L L L

Wideband first PMI i1 2 2 2 0

Wideband second PMI 12 0 0 0 V]

Subband second PMI i2 0 0 0 0

Meanwhile, bit width applied in common to the PUSCH
mode 1-2, the PUSCH mode 3-1 and the PUSCH mode 2-2 may be

summarized into Table 9.

5 [Table 9]
Bit width
Fleld 4 antenna ports
2 antenna ports -5 layers | Max 4 layers
Rank indication 1 1 2
Bit width
Fleld 8 antenna ports
bB——— — | Max2iayers | Max4 layers ayers |
Rank indication 1 2 8

CSI Feedback on PUSCH

In a wireless communication system capable of
supporting multi-cell operations, in order to support

10 correct multi-cell operation (e.g., CoMP CS/CB operation,
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JP operation, etc.), it may be necessary for a user
equipment to report CSI for each of multi-cells. This CSI
feedback for multi-cells may be performed via PUSCH.
Moreover, in the course of single-cell operation, it may be
actually necessary to receive feedback of CSI for each
multi-cell from a user equipment for the purpose of
checking whether multi-cell operation is appropriate.
According to the present invention, a method for CSI
feedback for multi-cell is proposed by breaking from the
conventional CSI feedback for single-cell.

PUSCH based CSI feedback method proposed by the
present invention may be applicable to various kinds of
multi-cell operations. In particular, the multi-cell
operation may include CoMP operation, non-CoMP operation or
dynamic cell selection (DCS) operation. In case of the CoMP
operation, the principle of the present invention may
identically apply to a case that one serving base station
and one coordinating base station exist and a case that one
serving base station and a plurality of coordinating base
stations exist. And, the principle of the present invention
may apply to an inter-site CoMP type in which a serving
base station and coordinating base station(s) are located
by being geographically spaced apart from each other, an
intra-site CoMP type in which all base stations in a

coordinating set are co-located, or a hybrid type of the

inter-site CoMP type and the intra-site CoMP type. Moreover, . _

30

the principle of the present invention may apply to a
heterogeneous network environment in which a macro base
station and a micro base station (e.g., femto base station)
coexist.

Moreover, the PUSCH Dbased CSI feedback method
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proposed by the present invention includes a cast of
feeding back channel information on each <cell in a
coordinating set (e.g., a set of cells joining the multi-
cell operation) as CSI for subband (SB) unit as well as a
case of feeding back the channel information as CSI for
wideband (WB).

According to the embodiments of the present invention,
CoMP operation configured with one serving base station (S-
eNB) and one coordinating base station (C-eNB) for clarity,
by which the scope of the appended claims and their
equivalents may be non-limited. In particular, as mentioned
in the foregoing description, the principles described in
this specification may apply to the various kinds of the
multi-cell operations.

Compared to the single-cell based non-CoMP CSI report,
CSI feedback for CoMP operation is additionally provided

with CSI feedback for coordinating base station(s) (e.g.,
eNB(s)) . Hence, a considerable amount of feedback overhead
(e.g., bits used for transmission) may be required. Since

transmission bits for the CSI feedback via PUCCH are
limitedly smaller than those for the CSI feedback via PUSCH,
a considerable amount of feedback information may be
preferably transmitted on PUSCH. Hence, instead of
performing the CoMP CSI feedback via periodic CSI report on
PUCCH, if PUSCH is used, it may be advantageous for the

CoMP CSI feedback. Therefore, according to the present

invention, assume that a user equipment (UE) reports CoMP
CSI feedback via PUSCH. In this case, the CSI feedback via
PUSCH may be aperiodically triggered by a serving base
station or may be periodically performed by a predetermined

rule. The aperiodic PUSCH CSI feedback may be triggered by
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CSI request control information on DL control channel for
example. The predetermined rule related to the periodic
PUSCH CSI feedback may be configured through higher layer
signaling or the like for example.

Although overhead of the PUSCH CSI feedback has a
room more than that of the PUCCH CSI feedback, it may be
preferable that the overhead of the CSI feedback is set as
low as possible. Accordingly, the present invention
proposes that report <contents are discriminated in
accordance with attribute when CoMP CSI feedback is
performed via PUSCH. For instance, the contents may be
reported in a manner of discriminating CSI for wideband
(WB) and CSI for subband (SB) from each other,
discriminating CSI of long-term attribute and CSI of short-
term attribute from each other, or discriminating CSI for a
serving base station and CSI for coordinating base
station(s) from each other. Moreover, the CSI discriminated
according to the attribute may be reported periodically or
aperiodically. For instance, in case that aperiodic CoMP
CSI feedback 1is requested by a serving base station,
triggering bits (e.g., CSI request field) may be included
in UL DCI format (e.g., PDCCH DCI format 0 or 4 related to
UL grant). In this case, at least 2 bits are allocated to a
size of CSI feedback triggering bits and a value of the

triggering bits may indicate that a transmission of a

prescribed CSI feedback in the above-discriminated repot

*é6ﬁE€ﬁE§—I§#f€§ﬁ€§EgaT4&5&7M;ﬂ65iA;equest (e.g., triggering
bit of UL DCI format) for triggering a CSI report in a
subframe index n may be transmitted to a user equipment in
a previous subframe (e.g., subframe index n-k).

1% Embodiment
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1°° embodiment relates to one example of a case that a

bit size of CSI request field is set to 2 bits.

For instance, a value of a

CSI

request

field

according to a 1°* embodiment may be defined as Table 10.

[Table 10]
Value of CoMP CSI Description
request field
‘00’ No aperiodic CSI report is triggered

101:

Aperiodic non-CoMP CSI report triggered for serving cell

* 10:

Aperiodic wideband and subband CoMP CSI report triggered

including RI

1111

Aperiodic subband CoMP CSI report triggered

Referring to

Table 10, a wvalue ‘00’

of a CSI request

field indicates that there is no aperiodic CSI feedback

request. A value

‘01’ of the CSI request field indicates

that an aperiodic non-CoMP CSI report for a channel from a

serving cell is requested only. And,

a value ‘10’ or

\lll

of the CSI request field may indicate that a CoMP CSI

report is requested. In this case, the value '10’ of the

CSI request field may indicate that a wideband and subband

CoMP CSI report for a serving cell and coordinating cell(s)

is requested together with a report of RI. And, the value

‘11’ of the CSI request field may indicate that a report of

SB CoMP CSI for a serving cell and coordinating cell(s) is

requested. In particular,

compared to the case of the CSI

request field value '10’, WB CSI and RI are excluded from

EI'E CSI reported in case of the CSI request field wvalue — — —

‘117 .

In doing so,

values of RI and WB CSI are required for

determining/calculating SB CSI.

For

instance,

a

corresponding result may vary in accordance with a fact

that PMI is determined on the premise of a prescribed rank.
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And, a value of CQI may be determined differently in
accordance with a fact that the CQI is based on which PMI.
And, SB CSI (PMI/CQI) may be determined into a value
differing in accordance with a fact that which WB CSI
(PMI/CQI) is premised. Hence, if SB CSI is individually
reported only (i.e., without RI and WB CSI), it may be
necessary to define that SB CSI is determined/calculated on
the premise of what kinds of RI and CSI values.

According to the above example, the SB CoMP CSI,
which is reported on condition that a wvalue of the CSI
request field is '11’, may be determined/calculated on the
assumption (or premise) of values of most recently reported
RI and WB CoMP CSI. In this case, the most recently
reported RI and WB CoMP CSI may correspond to RI and WB
CoMP CSI reported on condition that a value of a latest CSI
request field is ‘10'.

In case that the content of the CSI request is
defined as Table 10, a bit width of CSI feedback reported
by a user equipment may increase in oxder of '00’, ‘01’,
‘11’ and ‘10’ of the CSI request field values. In
particular, a serving cell appropriately sets a value of a
CSI request field, thereby adjusting a bit width (or
feedback overhead) of CSI transmitted on PUSCH.

Moreover, it may be highly probable that CSI of WB
attribute may not change longer than CSI of SB attribute.

Hence, in case of the report of CoMP CSI shown in Table 10, —

if a base station directs a CSI request having a value ‘10’
(i.e., highest feedback overhead in viewpoint of wuser
equipment) less frequently than a CSI request having a
value ‘11’ (i.e., relatively 1low feedback overhead in

viewpoint of user equipment), it may be able to receive a
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report of WB and SB attributes despite maintaining low CSI
feedback overhead overall, if necessary.

FIG. 7 is a diagram for one example of an aperiodic
CoMP CSI report. In the aperiodic CSI report shown in FIG.
7 for example, control information for controlling a user
equipment to report CSI in a subframe index (SI) n may be
received in form of a CSI request (CSI triggering bit of UL
DCI format) in a previous subframe (e.g., subframe index n-
k) from a base station by the user equipment.

In the example shown in FIG. 7, WB CSI, SB CSI and RI
for a serving cell and coordinating cell(s) are reported at
each of the positions having SI (subframe index) values set
to 0, 7 and 13 (SI = 0, SI = 7, and SI = 13), respectively.
This aperiodic CSI report may be indicated in a manner that
a value of triggering bit (i.e., CSI request field) of UL
grant DCI format in a previous subframe is set to ‘10’.

In the example shown in FIG. 7, at each of the
positions (i.e., SI = 2, SI = 5, and SI = 11), SB CoMP CSI
for the serving cell and coordinating cell(s) is reported
except RI and WB CoMP CSI. This aperiodic CSI report may be
indicated in a manner that a value of triggering bit (i.e.,
CSI request field) of UL DCI format in a previous subframe
is set to '11’. In this case, the SB CoMP CSI may be
determined/calculated on the premise (or assumption) of the

values of RI and WB CoMP CSI reported by a latest CSI

request field having arxglgg%ggggggf‘lOL;4E9£7i§§£§3g§+*the4!fA,f

SB CoMP CSI transmitted at 'SI = 2’ or 'SI = 5’ may be
determined/calculated on the assumption of RI and WB CoMP
CSI of 'SI = 0’. For another instance, the SB CoMP CSI
transmitted at ‘SI = 11’ may be determined/calculated on

the assumption of RI and WB CoMP CSI of 'SI = 7’.
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2™ Embodiment

2™ embodiment relates to another example of a case
that a bit size of CSI request field is set to 2 bits.
Although the 1°° embodiment relates to the method of
discriminating CSI report contents with reference to long
term-wideband attribute or short term-subband attribute in
case of reporting CoMP CSI instead of discriminating a
report target (e.g., serving cell/coordinating cell), the
2" embodiment relates to a method of discriminating CSI
report contents with reference to a report target (e.g.,
serving cell/coordinating cell) in case of reporting CoMP
CSI instead of discriminating long term-wideband attribute
or short term-subband attribute.

For instance, a value of a CSI request field

according to a 2" embodiment may be defined as Table 11.

[Table 11]
Value of CoMP CSI Description
request field
‘00’ No aperiodic CSI report is triggered
‘01’ Aperiodic CSI report triggered for serving cell
‘10° Aperiodic CSI report triggered for coordinating cell(s)
11 Aperiodic CSI report triggered for serving and coordinating celi(s)

Referring to Table 11, a value ‘00’ of a CSI request
field indicates that there is no aperiodic CSI feedback
request. A value ‘01’ of the CSI request field indicates

that an aperiodic non-CoMP CSI report for a channel from a

serving cell is rpq‘nqund_ And, a wvalue—‘10' of the€CST  ———

request field may indicate that an aperiodic CSI report for
a channel from cooperating cell(s) is requested. And, a
value ‘11’ of the CSI request field may indicate that an
aperiodic CSI report for channels from a serving cell and

coordinating cell(s) is requested.
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In the example of Table 11,

for the coordinating cell(s)
the CSI request field is ‘10

coordinating cell(s) in a

reported at a time. Alternatively,
the following in advance. First of all,

selects prescribed coordinating

(i.e

PCT/KR2012/000736

in case of the CSI report

., in case that a value of

), channel information on all

coordinating set is fully

it may be able to agree

a user equipment

cell (s) from the

coordinating set and then reports CSI for the selected

coordinating cell(s) only together with index information

of the selected coordinating cell.

In order for the user

equipment to select the prescribed coordinating cell(s), N

coordinating cells having best channel status (i.e., bestON

c-eNB) in viewpoint of the user equipment may be selected

from the coordinating set, where N may be set to 1.

Instead of defining 2-bit CSI request field, as shown

in Table 11, if a CSI request field of at least 3 bits is

defined, an individual CSI report per coordinating cell may

be requested.

According to the present

embodiment, if a base

station transmits a CSI report request to a user equipment

in a manner of discriminating CSI for a service cell (or s-

eNB) or a coordinating cell

(or c-eNB),

utilize CSI feedback in CoMP

According to the present embodiment,

it may be able to

situation more flexibly.

if a CSI report for

all cells (e.g., serving cell and coordinating cell(s))

field is set to '11'. If

a

joining CoMP operation is necessary, a value of CSI request _  _

CSI report for some of

coordinating cell(s) joining CoMP operation is necessary, a

value of a CSI request field may be set to '10’. If a CST

for a serving cell is necessary only,

request field may be set to

‘01’
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back to non-CoMP mode or updating CSI per cell (or cell
group), it may be able to make an appropriate CSI request.
Compared to the case of reporting CSI for all cells joining
CoMP operation, this case enables CSI for some cell(s) to
be reported. Hence, in aspect of a user equipment, it may
be able to reduce CSI feedback overhead.

FIG. 8 1is a diagram for another example of an
aperiodic CoMP CSI report. In such an aperiodic CSI report
as shown in FIG. 8, a user equipment may be able to receive
CSI triggering bit, which enables a user equipment to
report CSI at a subframe index (SI = n), in a previous
frame (e.g., SI = n - k) from a base station.

In the example shown in FIG. 8, CSI of a serving cell
and coordinating cell(s) may be reported at a position 'SI
= 0’ or 'SI = 13’'. This aperiodic CSI report may be
indicated in a manner that a value of a triggering bit
(i.e., CSI request field) of UL grant DCI format in a
previous subframe is set to ‘11'.

In the example shown in FIG. 8, CSI for a serving
cell may be reported at ‘SI = 5’'. And, CSI for coordinating
cell(s) may be reported at 'SI = 8’. This aperiodic CSI
report may be indicated in a manner that a value of a
triggering bit (i.e., CSI request field) of UL grant DCI
format in a previous subframe is set to ‘01’ or ‘10’'.

In the example shown in FIG. 8, CSI reported for each

cell (or base station) may report WB and SB CSIs for a

corresponding cell (or base station) without discriminating

WB and SB.
379 Embodiment

3*® embodiment relates to a periodic CSI report on

PUSCH.
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First of all, the above-mentioned 1°5°% or 2™

embodiment relates to a method of aperiodically reporting
CSI on PUSCH in response to a request (e.g., triggering bit
included in UL grant DCI format) made by a base station.
Yet, according to a 3™ embodiment, CSI may be reported on
PUSCH by a predetermined cycle or period. Secondly, the
above-mentioned 1°® or 2™ embodiment relates to a method of
reporting CSI of a specific type indicated by a base
station in a manner of determining types of CSI reporting
contents in advance. Yet, although the 3™ embodiment is
identical to the 1°® or 2™ embodiment in that types of the
CSI reporting contents are determined in advance, CSI of a
specific type may be transmitted by a previously determined
cycle or period according to the 3" embodiment.

Timing of reporting CSI on PUSCH may be determined by
a transmission period parameter and an offset parameter. In
this case, an offset may be understood as a start point of
a CSI transmission period and may be defined as a value
relative to a prescribed reference value. And, a wuser
equipment may be informed of these parameters by higher
layer (e.g., RRC) signaling. For instance, a CSI reporting
period (Npaws) and subframe offset (Nogrser ws) ©Of WB
attribute may be defined and a CSI reporting period (Npg ss)
and subframe offset (Noffeer s8) ©f SB attribute may be
separately defined. Alternatively, a CSI reporting period

and offset per cell may be separately set. For instance, a

CSI reporting period and offset for a serving cell are
defined and a CSI reporting period and offset for
coordinating cell(s) may be separately defined.
Alternatively, parameters for the CSI reporting period and

offset on PUSCH may be defined as re-construing or reusing
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the PUCCH reporting period and offset.

FIG. 9 is a diagram for one example of a periodic

CoMP CSI report. In the example shown in FIG. 9,

the

reporting contents are classified into a WB CoMP CSI

reporting type and an SB CoMP CSI reporting type. In the

example shown in FIG. 9, a transmission period of SB CoMP
CSI is 2 subframes (Npgsp = 2), an offset is zero (Noggset s»
= 0), a transmission period of WB CoMP CSI is 6 subframes

(Npgawe = 6), and an offset is zero (Nogeset ws = 0). Hence, WB

and SB CoMP CSIs may be reported at '‘SI = 0, 6 or 12'.
The above-mentioned types, reporting periods

offsets of the CoMP CSI reporting contents are

and

just

exemplary, by which the present embodiment may be non-

limited. In particular, various examples of defining

CoMP

CSI reporting contents of various types and defining peribd

and offset values per type of the CSI reporting content

pertain to the scope of the appended claims and their

equivalents.

4" Embodiment

Examples of CoMP CSI reporting types according to a

4*" embodiment are described as follows.

First of all, types of CSI reporting contents may be

reconfigured in various ways. As mentioned in the foregoing

description, types pf the reconfigured CSI reporting

contents may apply to the aperiodic or periodic CoMP CSI

report on PUSCH. In this case, the types of the CST

reporting contents may be determined in advance. In case of

the aperiodic CoMP CSI report, the types of the

CsI

reporting contents are previously determined and shared

between a base station and a user equipment. And, a mapping

relation between each state of CSI triggering bit

49
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and a type of CSI reporting content may be

previously defined between the base station and the user

equipment as well.

Accordingly, the

able to make a request for a

base station may be

CSI report of the

corresponding type to the user equipment in a manner of

setting the CSI triggering bit to a specific value. In case

of the periodic CoMP CSI report,

type of CSI reporting

contents are previously determined and shared between a

base station and a user equipment and a reporting period

and offset are determined per type of the CSI reporting

content. Ac

cordingly,

the user equipment may be informed of

the reporting period and offset by higher layer signaling.

Table 12 shows examples of CSI reporting types.

[Table 12]

serving cell coordinating cell(s) cell group
WB+SB (1)s_an (4)C_al (7) CG_all
WB only (2)S_wb (5) C_wb (8) CG_wb
SB only (3)S_sb (6) C_sb (9) CG_sb

Referring to

contents may be

Table 12, types of CSI reporting

variously defined

as following: (1)

reporting both WB CSI and SB CSI for a serving cell

(occasional

ly, together with RI); (2)

a serving cell only

(occasionally,

reporting WB CSI for

together with RI); (3)

reporting SB CSI for a serving cell only; (4) reporting . —

both WB

(occasional

CST and

SB

CsI for

ly, together with RI); (5)

coordinating cell(s)

reporting WB CSI for

coordinating cell(s) only (occasionally, together with RI);

and (6) reporting SB CSI for coordinating cell(s) only. In

this case,

the coordinating cell(s)
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group consisting of one coordinating cell or a plurality of
coordinating cells. And, the coordinating cell(s) may be
determined by an instruction made by a base station or may
be determined as coordinating cell(s) preferred by a user
equipment.

Referring to Table 12, the types of the CSI reporting
contents may further include the following examples
including: (7) reporting both WB CSI and SB CSI for a cell
group (occasionally, together with RI); (8) reporting WB
CSI for a cell group only (occasionally, together with RI);
and (9) reporting SB CSI for a cell group only. In this
case, the cell group may be defined as consisting of a
serving cell and at least one coordinating cell. The cell
group may be designated by the base station or may be
determined by a selection made by the user equipment.

In case of the aperiodic report, in case that 2-bit
CSI triggering bits are defined, for example, one state of
the 2-bit CSI triggering bits is mapped to ‘no CSI report’.
And, the remaining 3 states may be randomly mapped to 3 of
(1) to (9), respectively. In this case, the CSI reporting
contents mapped to the states of the CSI triggering bits
are preferably selected in consideration of practical use
frequency by a base station in single-cell operation and
multi-cell operation, feedback overhead of user equipment
and the 1like overall. The representative examples may

correspond to the example show in Table 10 or Table 11.

30

In case of Table 10, when the state of the CSI
triggering bit (i.e., CSI request field) is ‘'11’, it is
defied as ‘aperiodic subband CoMP CSI report triggered.
This may be modified as follows. First of all, if the state

of the CSI request field is ‘'11’, it may be defined as

51



10

15

20

WO 2012/105793

PCT/KR2012/000736

mapped to ‘aperiodic wideband CoMP CSI report triggered’

[Table 13].
[Table 13]
Value of CoMP Csl Description
request field
‘00’ No aperiodic CSI report is triggered
‘01’ Aperiodic non-CoMP CSI report triggered for serving cell
10 Aperiodic wideband and subband CoMP CSI report triggered
including RI
‘11 Aperiodic wideband CoMP CSI report triggered

According to

the example shown in Table 13, it may

effectively apply to the case that a transmitting stage

attempts to utilize WB CSI information only in accordance

with a channel status or the like. And, it may be able to

considerably reduce a bit width Of CCSI feedback (or

feedback overhead) on PUSCH.

Meanwhile, in

case that 3-bit CSI triggering bits are

defined, one state of the 2-bit CSI triggering bits is

mapped to ‘no CSI report’. And, the remaining 7 states may

be randomly mapped to 7 of (1) to (9), respectively.

Since the cell group related to the (7) to (9) may be

set in wvarious

forms, newly discriminated reporting

contents are defined for the settings of cell group and may

be mapped to states of the CCSI triggering Dbits,

respectively.

5" Embodiment

5" embodiment relates to one example of applying the

25

present invention

to a carrier aggregation (hereinafter

abbreviated CA) system.

Carrier aggregation means a technique of bringing

such an effect as

using a band having a logically wide

bandwidth in a manner of physically binding a plurality of
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bands together in frequency domain. In this case, a carrier
corresponding to an aggregated unit may be named a
component carrier (hereinafter abbreviated CC) or a cell.
For instance, even if one cell or CC supports a bandwidth
of 5 MHz, 10 MHz or 20 MHz, it may be able to support
system bandwidth up to maximum 100 MHz by binding 5 cells
or CCs to the maximum. The cell (or CC) corresponding to
the aggregated unit may be set to a primary-cell (P-Cell)
or a secondary-cell (S-Cell) in accordance with its
attribute. The P-Cell may be independently allocated to or
set for a user equipment and may be regarded as a cell for
performing transmission and reception of major control
informations (e.g., synchronization signal, UL control
information, etc.). The S-Cell premises allocation/setting
of the P-Cell and may be regarded as a cell additionally
allocated to or set for a user equipment to provide an
extended bandwidth. For instance, in case that aggregation
of maximum 5 carriers is supported, it may be able to one
P-Cell and maximum 4 S-Cells.

Aperiodic CSI triggering scheme in a carrier

aggregation applied system may be defined as Table 14.

[Table 14]
Value of CSl request fleld Description
00’ No aperiodic CSl report is triggered
‘01’ Aperiodic CS| report triggered for serving cell ¢
‘10° Aperiodic CS! report Is triggered for a 1% get of

1 Aperiodic CSI report is triggered for a 2 sef of
serving cells configured by higher layers

In Table 14, if a value of CSI request field is 01, a
user equipment may be able to report CSI for a specific
serving cell (e.g., P-Cell) only. If a value of CSI request

field is 10, a user equipment may report CSI for a 1°% set
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of previously configured serving cells only. If a value of
CSI request field is 11, a user equipment may report CSI
for a 2™ set of previously defined serving cells only. In
particular, the 1°* set of the serving cells corresponds to
a combination of P-Cells and the 2™ set of the serving
cells corresponds to a combination of S-Cells, which may be
configured by higher layers.

The PUSCH aperiodic CoMP CSI reporting scheme
according to the above-mentioned embodiments of the present
invention may be combined with the CSI reporting scheme of
the carrier aggregation (CA) system like the example shown
in Table 14. In particular, instead of providing a type of
the CSI reporting contents in CoMP operation and a type of
the CSI reporting contents in CA separately, it may be able
to define one CSI request field extensibly applicable to
both CoMP and CA environments.

In particular, although the target of the CSI report
indicated by the CSI request field in the example shown in
Table 14 is limited to the CSI report for a serving cell,
it may be able to extend the CSI reporting target to a cell
that joins CoMP. The type of cells configuring the 18t/2™
set of serving cells, interpretation of the state of the
CSI request field and the 1like in the example shown in
Table 14 may be delivered to a user equipment by higher

layer (e.g., RRC) signaling. For the CSI report for the

CoMP joining cells, a set configured with CoMP cells is

30

defined by the higher layer signaling and a mapping
relation between CoMP CSI reporting content and CSI request
field state may be defined. For instance, if CA is taken
into consideration only, a set of serving cells defined for

CA CSI is configured with P-Cell and S-Cell(s) in the
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example shown in Table 14 and the P-Cell and S-Cell(s) are
limited to different carrier(s) within one same base
station. Yet, if a case of applying CA and CoMP
simultaneously is taken into consideration, S-Cell(s) may
correspond to cell(s) belonging to a different base station
on the same carrier. Hence, in case of considering both of
the CA and the CoMP together, a serving cell in CoMP is
interpreted as corresponding to P-Cell in CA and
coordinating cell(s) in CoMP may be interpreted as
corresponding to S-Cell(s) in CA. Thus, without modifying
the interpretation of the CSI request field defined for the
CA CSI report like Table 14, 1°° and 2™ gerving cell sets
are defined to include CoMP cells by higher layer signaling
and may be then used for CoMP CSI report.

For CSI report, a user equipment may be able to
perform CSI measurement/calculation using CSI-RS. The user
equipment may be informed of CSI-RS configuration (e.g.,
CSI-RS transmit subframe, CSI-RS pattern, etc.) of S-
Cell(s) in CA supporting system by higher layer signaling
on P-Cell. When the user equipment is informed of the CSI-
RS configuration of specific S-Cell(s), if the
corresponding S-Cell(s) belongs to different base
station(s), The CSI request field shown in Table 14 or the
like may be interpreted as CSI report for CoMP cells.

In case of applying CoMP to CA system, a method

proposed by the present invention may be utilized for the

30

efficient configuration of CoMP CSI reporting contents. In
particular, one CSI request field (e.g., CSI report
triggering bit) may be defined without discriminating CA
and CoMP and its interpretation is defined using higher

layer signaling or the like to enable efficient control
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information signaling.

For instance, assume a system defined with one P-Cell
and one S-Cell. In case that the P-Cell and the S-Cell are
defined on different carriers within a same base station,
respectively, The same CA CSI reporting operation as Table
14 may be performed. On the contrary, in case that the P-
Cell and the S-Cell correspond to different base stations
on the same carrier, respectively, the CSI request field
shown in Table 14 or the like may be interpreted as the
CoMP CSI reporting contents and its reporting contents may
be previously defined by higher 1layer signaling. For
instance, in case of CoMP CSI report for CoMP CS/CB
operation, it may previously define that CoMP wuser
equipment reports CSI for P-Cell and CSI for S-Cell
together. And, the CSI reporting contents for the S-Cell
may be previously defined by higher layer signaling in a
manner of becoming CoMP CQI achievable wusing the PMI
reported for the P-Cell (i.e., CoMP CQI when the S-Cell
transmits PDSCH to another user equipment using the PMI
reported for the S-Cell). In case of CoMP CSI report for
CoMP JP operation, it may previously define that CoMP user
equipment reports CSI for P-Cell and CSI for S-Cell
together. And, it may previously define that the CoMP CQI
(when the P-Cell and the S-Cell simultaneously perform

PDSCH transmission to the CoMP user equipment) is

Thus the CoMP (CSI reporting

30

scheme of the present invention may apply in a manner of
extending interpretation of the state of the aperiodic CSI
report triggering bit in CA system.

Various CoMP CSI reporting contents (or reporting

types) on PUSCH proposed by the above-mentioned embodiments
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of the present invention may be previously defined as new
PUSCH reporting mode (i.e., new PUSCH reporting mode
different from the PUSCH reporting mode shown in Table 2).
In particular, after various PUSCH reporting modes
corresponding to the various examples of the present
invention have been defined in advance, if a base station
makes a CSI request, a user equipment may perform an
aperiodic PUSCH CoMP CSI report or a periodic PUSCH CoMP
CSI report in accordance with a prescribed reporting period
and offset.

FIG. 10 is a flowchart for a method of transmitting
and receiving channel status information according to one
embodiment of the present invention. In particular, CSI
described with reference to FIG. 10 may mean the CSI used
for such multi-cell operation as CoMP operation.

Referring to FIG. 10, a base station (eNB) is able to
determine at least one or more CSI report types for multi-
cell operation in a step S1010, and a user equipment (UE)
is also able to determine at least one or more CSI report
types in a step S1020. In particular, the step S1010 and
the step S1020 may mean the settings previously determined
between the base station and the user equipment. In this
case, the step S1010 and the step S1020 may be performed in
initialization operations of the base station and the user
equipment, respectively. Alternatively, the base station

determines the at least one or more CSI report types and

30

then informs the user equipment of a corresponding result.
Subsequently, in accordance with signaling of the base
station, the user equipment may be able to determine at
least one or more CSI report types. Hence, in order for FIG.

10 to show that the operations of the step S1010 and the
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step S1020 may be performed by the base station and the
user equipment without separate signaling, respectively or
that the operations of the step S1010 and the step S1020
may be performed in accordance with the signaling from the
base station, a signal transmission from the base station
to the user equipment is represented as a dotted line.

In the above description, the various examples of the
above-mentioned examples of the present invention may apply
to the at least one or more CSI report types. Basically,
various kinds of CSI report types may be determined in
accordance with various combinations of CSI report targets
(e.g., serving cell, coordinating cell(s), cell group,
etc.) and CSI attributes (e.g., wideband, subband, wideband
& subband, etc.) in accordance with the example shown in
Table 12 or the 1like. Preferably, CSI report types for
multi-cell operation may be determined as the forms shown
in Table 10 or Table 11. Alternatively, CSI report types
may be configured in form similar to that of a cell set in
an aperiodic CSI report used for CA system in configuring
the cell set. And, one cell set in CSI report for multi-
cell operation may include at least one of a serving cell
and at least one coordinating cell.

In a step S1030, the base station may provide control
information related to the multi-cell CSI report to the
user equipment. For example, the control information may

include control information (i.e., CSI triggering bit) for

30

requesting CSI transmission and may be transmitted on PDCCH.

"Based on a value of the CSI request control information

carried on PDCCH, the wuser equipment may be able to
determine one CSI report type among the at least one or

more CSI report types determined in the step S1020.
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Alternatively, the control information transmitted in the

step S1030 may include information on a report period and

offset of the CSI transmission for each of the at least one

or more CSI report types and may be transmitted by higher
5 1layer signaling.

In a step S1040, the user equipment may be able to
transmit a CSI corresponding to the determined one CSI
report type. In case of receiving the CSI triggering bit
from the Dbase station in the step S1030, the CsSI

10 transmission in the step S1040 may be performed
aperiodically. In particular, after the control information
in the step S1030 has been received, the CSI transmission
in the step 81040 may be performed after prescribed
duration. Alternatively, 1in case of receiving the CSI

15 report period and offset from the base station in the step
S1030, the CSI transmission in the step S1040 may be
performed periodically. In any cases, the report of the CSI
used for the multi-cell operation may be carried on UL data
channel (i.e., PUSCH). Therefore, in a step 81050, the base

20 station may receive the CSI used for the multi-cell
operation.

In the reference signal transmitting and receiving
method according to the present invention described with
reference to FIG. 10, the matters described in the various

25 embodiments of the present invention may be independently

_ applied or implemented in a manner of applying at least two
embodiments simultaneously. And, the redundant contents
shall be omitted for clarity.
FIG. 11 is a diagram for configurations of a base
30 station device and a user equipment device according to the

present invention.
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Referring to FIG. 11, a base station device 1110
according to the present invention may include a receiving
module 1111, a transmitting module 1112, a processor 1113,
a memory 1114 and a plurality of antennas 1115. In this
case, a plurality of the antennas 1115 may mean a base
station device that supports MIMO transmission and
reception. The receiving module 1111 may receive various
signals, data and informations in wuplink from a user
equipment. The transmitting module 1112 wmay transmit
various signals, data and informations in downlink to the
user equipment. And, the processor 1113 may control overall
operations of the base station device 1110.

The base station device 1110 according to one
embodiment of the present invention may be configured to
receive channel status information. The processor 1113 of
the base station device may be configured to determine at
least one CSI report type for CSI used for multi-cell
operation. And, the processor 1113 may be configured to
receive CSI corresponding to one of the at least one or
more CSI report types from the user equipment via uplink
data channel.

The processor 1113 of the base station device 1110
may perform a function of operating and processing
information received by the base station device 1110,
information to be transmitted externally by the base

station device 1110 and the like. And, the memory 1114 may

30

be able to store the operated and processed information and
the like for prescribed duration and may be substituted
with such a component as a buffer (not shown in the
drawing) and the like.

Referring to FIG. 11, a user equipment device 1120
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according to the present invention may include a receiving
module 1121, a transmitting module 1122, a processor 1123,
a memory 1124 and a plurality of antennas 1125. In this
case, a plurality of the antennas 1125 may mean a user
equipment device that supports MIMO transmission and
reception. The receiving module 1121 may receive various
signals, data and informations in downlink from a base
station. The transmitting module 1122 may transmit various
signals, data and informations in wuplink to the base
station. And, the processor 1123 may control overall
operations of the user equipment device 1120.

The user equipment device 1120 according to one
embodiment of the present invention may be configured to
transmit channel status information. The processor 1123 of
the user equipment device may be configured to determine at
least one CSI report type for CSI used for multi-cell
operation. And, the processor 1123 may be configured to
transmit CSI corresponding to one of the at least one or
more CSI report types to the base station via uplink data
channel.

The processor 1123 of the user equipment device 1120
may perform a function of operating and processing
information received by the user equipment device 1120,
information to be transmitted externally by the wuser
equipment device 1120 and the like. And, the memory 1124

may be able to store the operated and processed information

30

and the like for prescribed duration and may be substituted
with such a component as a buffer (not shown in the
drawing) and the 1like.

Regarding the detailed configurations of the base

station device and the user equipment device, the matters
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described 1in the various embodiments of the present
invention may be independently applied or implemented in a
manner of applying at least two embodiments simultaneously.
And, the redundant contents shall be omitted for clarity.

The details of the base station device 1110 in the
description with reference to FIG. 11 may be identically
applicable to a relay node as a DL transmission subject or
a UL reception subject. And, the details of the user
equipment device 1120 in the description with reference to
FIG. 11 may be identically applicable to a relay node as a
DL reception subject or a UL transmission subject.

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 1logic
devices), FPGAs (field programmable gate arrays), processor,
controller, microcontroller, microprocessor and the like.

In case of the implementation by firmware or software,
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 means known to the public.
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As mentioned in the foregoing description, the
detailed descriptions for the preferred embodiments of the
present invention are provided to be implemented by those
skilled in the art. While the present invention has been
described and illustrated herein with reference to the
preferred embodiments thereof, it 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 is 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. For instance,
the respective configurations disclosed in the aforesaid
embodiments of the present invention can be used by those
skilled in the art in a manner of being combined with one
another. Therefore, the present invention is non-limited by
the embodiments disclosed herein but intends to give a
broadest scope matching the principles and new features
disclosed herein.

While the present invention has been described and
illustrated herein with reference to the preferred
embodiments thereof, it 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 is intended that the present

invention covers the modifications and variations of this

30

invention that come within the scope of the appended claims
and their equivalents. And, it is apparently understandable
that an embodiment is configured by combining claims
failing to have relation of explicit citation in the

appended claims together or can be included as new claims
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by amendment after filing an application.

INDUSTRIAL APPLICABILITY

Accordingly, the above-mentioned embodiments of the
present invention are applicable to various kinds of mobile

communication systems.
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WHAT IS CLAIMED IS:

1. A method of transmitting CSI (channel status
information) at a user equipment in a wireless
communication system, the method comprising:

determining at least one CSI report type for the CSI
used for multi-cell operation; and

transmitting the CSI corresponding to one of the at
least one CSI report type to a base station via uplink data

channel.

2. The method of claim 1, further comprising:

receiving control information for requesting the CSI
transmission; and

determining one of the at least one CSI report type
based on the control information,

wherein the €SI transmitting is performed after
prescribed duration from a timing point of receiving the

control information.

3. The method of c¢laim 2, wherein the control
information for requesting the CSI transmission is received

on a physical downlink control channel (PDCCH).

4. The method of claim 1, further comprising:

receiving information on a report period and offset
of the CSI transmission for each of the at least one CSI
report type,

wherein the CSI transmitting is performed at a timing

determined in accordance with the report period and offset.
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5. The method of claim 4, wherein the information
on the report period and offset is received via higher

layer signaling.

6. The method of claim 1, wherein the at least one
CSI report type 1is set by higher 1layer signaling or

determined in advance.

7. The method of claim 1, wherein the at least one
CSI report type comprises a wideband and subband
coordinated multi-point (CoMP) CSI report type and a
subband CoMP CSI report type.

8. The method of claim 1, wherein the at least one
CSI report type comprises a CoMP CSI report type for at
least one coordinating cell and a CoMP CSI report type for

a serving cell and the at least one coordinating cell.

9. The method of claim 1, wherein the at least one
CSI report type comprises a CoMP CSI report type for a 1%t
cell set and a CoMP CSI report type for a 2™ cell set.

10. The method of claim 10, wherein each of the 1°°
cell set and the 2°@ cell set comprises at least one cell
among a serving cell and at least one coordinating cell

joining the multi-cell operation.

11. The method of claim 1, wherein the multi-cell
belongs to a same base station or a plurality of base

stations.
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12. The method of claim 1, wherein the uplink data

channel comprises a physical uplink shared channel (PUSCH).

13. A method of receiving CSI (channel status
5 information)at a base station in a wireless communication
system, the method comprising:
determining at least one CSI report type for the CSI
used for multi-cell operation; and
receiving the CSI corresponding to one of the at
10 least one CSI report type from a user equipment via uplink
data channel.
14. A user equipment for transmitting CSI (channel
status information) in a wireless communication system, the

15 user equipment comprising:

a receiving module receiving a downlink signal from a
base station;

a transmitting module transmitting an uplink signal
to the base station; and

20 a processor controlling the user equipment including

the receiving module and the transmitting module,
wherein the processor is configured to:
determine at least one CSI report type for the
CSI used for multi-cell operation;

25 transmit the CSI corresponding to one of the at
least one CSI report type to the base station via
uplink data channel using the transmitting module.

15. A Dbase station for receiving CSI (channel

30 status information) in a wireless communication system, the

base station comprising:
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a receiving module receiving an uplink signal from a
user equipment;
a transmitting module transmitting a downlink signal
to the user equipment; and
5 a processor controlling the base station including
the receiving module and the transmitting module,
wherein the processor is configured to:
determine at least one CSI report type for the
CSI used for multi-cell operation;
10 receive the CSI corresponding to one of the at
least one CSI report type from the user equipment via

uplink data channel using the receiving module.
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FIG. 3
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FIG. 4
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FIG. 8
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