2014/073805 A1 I 0000 1 1010 RO

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/0738035 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

15 May 2014 (15.05.2014) WIPOIPCT
International Patent Classification: (81)
HO4W 24/10 (2009.01)

International Application Number:
PCT/KR2013/009419

International Filing Date:
22 October 2013 (22.10.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/724,382 9 November 2012 (09.11.2012) US
61/726,513 14 November 2012 (14.11.2012) US

Applicant: LG ELECTRONICS INC. [KR/KR]; 20
Yeouido-dong, Yeongdeungpo-gu, Seoul 150-721 (KR).

Inventors: KIM, Hyungtae; LG Institute, #533 Hogye
1(il)-dong, Dongan-gu, Anyang-si, Gyeonggi-do 431-080
(KR). KIM, Byounghoon; LG Institute, #533 Hogye 1(il)-
dong, Dongan-gu, Anyang-si, Gyeonggi-do 431-080 (KR).
KIM, Kijun; LG Institute, #533 Hogye 1(il)-dong,
Dongan-gu, Anyang-si, Gyeonggi-do 431-080 (KR).

Agents: KIM, Yong In et al.; KBK & Associates, 7th
Floor, Hyundae Building, 175-9 Jamsil-dong, Songpa-ku,
Seoul 138-861 (KR).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: METHOD FOR FEEDING BACK CHANNEL STATE INFORMATION IN WIRELESS COMMUNICATION SYS-
TEM AND APPARATUS THEREFOR

FIG. 16

DL
transmission

DL
transmisston

(57) Abstract: The present invention relates to a method for receiving a reference CSI configuration information and a following
CSI configuration information which is configured to report a same RI (Rank Indicator) as the reference CSI configuration informa -
tion, receiving a first precoding codebook subset information for the reference CSI configuration information and a second precod-
ing codebook subset information for the following CSI configuration information, set of RIs according to the second precoding
codebook subset information is same as set of Rls according to the first precoding codebook subset information, and transmitting
CSI determined based on at least one of the first precoding codebook subset information and the second precoding codebook subset
information.



10

15

20

25

30

WO 2014/073805 PCT/KR2013/009419

[DESCRIPTION]
[Invention Title]

METHOD FOR FEEDING BACK CHANNEL STATE INFORMATION IN
WIRELESS COMMUNICATION SYSTEM AND APPARATUS THEREFOR

[ Technical Field)

[1] The present invention relates to wireless communication systems, and
more particularly, to a method for feeding back channel state information in a wireless
communication system and an apparatus therefor.

[Background Art]

‘ [2] As an example of a wireless commﬁnication system to which the present
invention is applicable, a ‘3rd Generation Partnership Project Long Term Evolution
(BGPP LTE) (hereinafter, referred to as ‘LTE’) communication system is briefly
described. ‘ ‘

[3] FIG. 1 is a view schematically illustrating the network architecture of an
E-UMTS as an exemplary wireless communication system. An Evolved Universal
Mobile Telecommunications System (E-UMTS) is an advanced version of a legacy
Universal Mobile Telecommunications System (UMTS) and standardization thereof is
currently underway in the 3GPP. E-UMTS may be generally referred to as an LTE
system. For details of the technical specifications of UMTS and E-UMTS, reference
can respectively be made to Release 7 and Release 8 of “3rd Generation Partnership
Project; Technical Specification Group Radio Access Network™.

[4] Referring to FIG. 1, the E-UMTS includes a User Equipment (UE), eNode
Bs (eNBs), and an Access Gateway (AG) which is located at an end of a network
(Evolved-Universal Terrestrial Radio Access Network ((E-UTRAN)) and connected to
an external network. The eNBs may simultaneously tranémit multiple data streams for
a broadcast service, a multicast service, and/or a unicast service.

[S] One or more cells may exist in one eNB. A cell is configured to use one
of bandwidths of 1.25, 2.5, 5, 10, 20 MHz to provide a downlink or uplink transport
service to several UEs. Different cells may be configured to provide different

bandwidths. The eNB controls data transmission and reception for a plurality of UEs.
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The eNB transmits downlink scheduling information for downlink data to notify a
corresponding UE of a data transmission time/frequency domain, coding, data size, and
Hybrid Automatic Repeat and reQuest (HARQ)-related information. In addition, the
eNB transmits uplink scheduling information for uplink data to inform a corresponding

UE of available time/frequency domains, coding, data size, and HARQ-related

- information. An interface for transmitting user traffic or control traffic may be used

between eNBs. A Core Network (CN) may include an AG and a network node for user
registration of the UE. The AG manages mobility of the UE on a Tracking Area (TA)
basis, wherein one TA consists of a plurality of cells.

[6] Although radio communication technology has been developed up to LTE
based on Wideband Code Division Multiple Access (WCDMA), demands and
expectations of users and service providers have continued to increase. In addition,
since other radio access technologies continue to be developed, new technical evolution
is required for future competitiveness. Decrease of cost per bit, increase of service
availability, flexible use of a frequency band, simple structure and open interface, and
suitable power consumption by a UE are required.

[7) To aid in efficient management of a wireless communication system of an
eNB, a UE periodically and/or aperiodically reports state information of a current
channel to the eNB. Since the reported state information of the channel may include
results calculated in consideration of various situations, a more efficient reporting

method is needed.

[Disclosure]

[ Technical Problem}

[8] An object of the present invention devised to solve the problem lies in
providing a method for reporting channel state information in a wireless communication
system and an apparatus therefor.

[9] It will be appreciated by persons skilled in the art that that the technical
objects that can be achieved through the present invention are not limited to what has
been particularly described hereinabove and other technical objects of the present

invention will be more clearly understood from the following detailed description.



10

15

20

25

30

WO 2014/073805 PCT/KR2013/009419

[ Technical Solution])

[10) To achieve these and .other advantages and in accordance with the
purpose of the present invention, as embodied and broadly described, in a wireless
access system supportive of multiple cells, a method of receiving a reference CSI
configuration information and a following CSI configuration information which is
configured to report a same RI (Rank Indicator) as the reference CSI configuration
information, receiving a first precoding codebook subset information for the reference
CSI configuration information and a second precoding codebook subset information for
the following CSI configuration information, wherein set of RIs according to the second
precoding codebook subset information is same as set of Rls according to the first
precoding codebook subset information, and transmitting CSI determined based on at
least one of the first precoding codebook subset information and the second precoding
codebook subset information.

[11]  According to one embodiment, the first precoding codebook subset
information and the second precoding codebook subset information are configured as
bitmap parameter respectively.

[12] According to one embodiment, the first precoding codebook subset
information and the second precoding codebook subset information are transmitted
through RRC (Radio Resource Control) signaling respectively.

[13] According to one embodiment, the reference CSI configuration
information and the following CSI configuration information are transmitted through
RRC (Radio Resource Control) signaling respectively.

[14]  According to one embodiment, the CSI includes at least one of RI, PMI
(Precoding Matrix Indicator), and CQI (Channel Quality Indiéator).

[15] To further achieve these and other advantages and in accordance with
the purpose of the present invention, in a wireless access system supportive of multiple
cells, a method of transmitting a reference CSI configuration information and a
following CSI configuration information which is configured to report a same RI (Rank
Indicator) as the reference CSI configuration information, transmitting a ﬁfst precoding

codebook subset information for the reference CSI configuration information and a
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second precoding codebook subset information for the following CSI configuration
information, wherein set of Rls according to the second precoding codebook subset
information is same as set of Rls according to the first precoding codebook subset
information, and receiving CSI determined based on at least one of the first precoding
codebook subset information and the second precoding codebook subset information.

[16] According to one embodiment, the first precoding codebook subset
information and the second precoding codebook subset information ére configured as
bitmap parameter respectively.

[17]  According to one embodiment, the first precoding codebook subset

information and the second precoding codebook subset information are transmitted

“through RRC (Radio Resource Control) signaling respectively.

[18] According to one embodiment, the reference CSI configuration
information and the following CSI configuration information are transmitted through
RRC (Radio Resource Control) signaling respectively.

[19] According to one embodiment, the CSI includes at least one of RI, PMI
(Precoding Matrix Indicator), and CQI (Channel Quality Indicator).

[20] To further achieve these and other advantages and in accordance with
the purpose of the present invention, in a wireless access system supportive of multiple
cells, a mobile station including a RF (Radio Frequency) module and a processor
configured to: receive a reference CSI configuration information and a following CSI
configuration information which is configured to report a same RI (Rank Indicator) as
the reference CSI configuration information, receive a ﬁrst precoding codebook subset
information for the reference CSI configuration information and a second precoding
codebook subset information for the followiﬁg CSI configuration information, wherein
set of Rs according to the second precoding codebook subset information is same as set
of RIs according to the first precoding codebook subset information, and transmit CSI
determined based on at least one of the first precoding codebook subset information and
the second precoding codebook subset information.

[21]  To further achieve these and other advantages and in accordance with
the purpose of the present invention, in a wireless access system supportive of multiple

cells, a base station including a RF (Radio Frequency) module and a processor
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configured to: transmit a reference CSI configuration information and a following CSI
configuration information which is configured to report a same RI (Rank Indicator) as
the reference CSI configuration information, transmit a first precoding codebook subset
information for the reference CSI configuration information and a second precoding
codebook subset information for the following CSI configuration information, wherein
set of Rls according to the second precoding codebook subset information is same as set
of RIs according to the first precoding codebook subset information, and receive CSI
determined based on at least one of the first precoding codebook subset information and

the second precoding codebook subset information.

[ Advantageous Effects]
[22]  According to embodiments of the present invention, channel state
information can be effectively reported in a wireless communication system.
[23] It will be appreciated by persons skilled in the art that that the effects
that can be achieved through the present invention are not limited to what has been
particularly described hereinabove and other advantages of the present invention will be

more clearly understood from the following detailed description.

[Description of Drawings]

[24] The accompanying drawings, which are included to provide a further
understanding of the invention, illustrate embodiments of the invention and together
with the description serve to explain the principle of the invention. In the drawings:

[25]  FIG. 1 schematically illustrates the network architecture of an E-UMTS
as an exemplary wireless communication system;

[26] FIG. 2 illustrates structures of a control plane and a user plane of a radio
interface protocol between a UE and an E-UTRAN based on the 3GPP radio access
network specification;

[27]  FIG. 3 illustrates physical channels used in a 3GPP system and a general
signal transmission method using the same;

[28]  FIG. 4 illustrates the structure of a radio frame used in an LTE system;

[29] FIG. 5 illustrates the structure of a downlink radio frame used in an LTE
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system;

[30] FIG. 6 illustrates the structure of an uplink subframe used in the LTE
system;

[31] FIG. 7 illustrates the configuration of a general MIMO communication
system,;

[32] FIGs.8to 1l illustréte periodic reporting of CSI;

[33] FIGs. 12 and 13 illustrate periodic reporting processes of CSI when a
non-hierarchical codebook is used;

[34] FIG. 14 illustrates a periodic reporting process of CSI when a
hierarchical codebook is used; )

[35]  FIG. 15 illustrates an example of performing CoMP;

[36] FIG. 16 illustrates a downlink CoMP operation;

[37] FIG. 17 illustrates the case in which a type 5 report of a following CSI
process and a type 5 report of a reference CSI process collide; '

~ [38] FIG. 18 is a diagram showing another embodiment of the case in which

a type S report of a following CSI process and a type 5 report of a reference CSI process
collide;

[39] FIG. 19 is a diagram showing an embodiment in which three CSI
processes collide as an extension of FIG. 18; and

[40]  FIG. 20 is a diagram showing a BS and a UE which are applicable to the

present invention.

[Best Mode)

[41] Hereinafter, the structures, operations, and other features of the present
invention will be understood readily from the embodiments of the present invention,
examples of which are described with reference to the accompanying drawings. The
embodiments which will be described below are examples in which the technical
features of the present invention are applied to a 3GPP system.

[42]  Although the embodiments of the present invention will Be described
based on an LTE system and an LTE-Advanced (LTE-A) system, the LTE system and

the LTE-A system are only exemplary and the embodiments of the present invention can
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be applied to all communication systems corresponding to the aforementioned
definition. In addition, although the embodiments of the present invention will herein
be described based on Frequency Division Duplex (FDD) mode, the FDD mode is only
exemplary and the embodiments of the present invention can easily be modified and
applied to Half-FDD (H-FDD) mode or Time Division Duplex (TDD) mode.

[43] FIG. 2 is a view illustrating structures of a control plane and a user plane
of a radio interface protocol between a UE and an E-UTRAN based on the 3GPP radio
access network specification. The control plane refers to a path through which control
messages used by a User Equipment (UE) and a network to manage a call are
transmitted. The user plane refers to a path through which data generated in an
application layer, e.g. voice data or Internet packet data, is transmitted.

[44] A physical layer of a first layer provides an information transfer service
to an upper layer using a physical channel. The physical layer is connected to a
Medium Access Control (MAC) layer of an upper layer via a transport channel. Data
is transported between the MAC layer and the physical layer via the transport channel.
Data is also transported between a physical layer of a transmitting side and a physical
layer of a receiving side via a thsical channel. The physical channel uses time and
frequency as radio resources. Specifically, the physical channel is modulated using an
Orthogonal Frequency Division Multiple Access (OFDMA) scheme in downlink and is
modulated using a Single-Carrier Frequency Division Multiple Access (SC-FDMA)
scheme in uplink. |

[45] A MAC layer of a second layer provides a service to a Radio Link
Control (RLC) layer of an upper layer via a logical channel. The RLC layer of the
second layer supports reliable data transmission. The function of the RLC layer may
be implemented by a functional block within the MAC. A Packet Data Convergence
Protocol (PDCP) layer of the second layer performs a header compression function to
reduce unnecessary control information for efficient transmission of an Internet Protocol
(IP) packet such as an IPv4 or IPv6 packet in a radio interface having a relatively
narrow bandwidth.

[46] A Radio Resource Control (RRC) laiyer located at the bottommost
portion of a third layer is defined only in the control plane. The RRC layer controls
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logical channels, transport channels, and physical channels in relation to configuration,
re-configuration, and release of radio bearers. The radio bearers refer to a service
provided by the second layer to transmit data between the UE and the network. To this
end, the RRC layer of the UE and the RRC layer of the network exchange RRC
messages. The UE is in an RRC connected mode if an RRC connection has been
established between the RRC layer of the radio network and the RRC layer of the UE.
Otherwise, the UE is in an RRC idle mode. A Non-Access Stratum (NAS) layer
located at an upper level of the RRC layer performs functions such as session
management and mobility management.

[47)  One cell of an eNB is set to use one of bandwidths such as 1.25, 2.5, 5,
10, 15, and 20 MHz to provide a downlink or uplink transmission ‘service to a plurality
of UEs. Different cells may be set to provide different bandwidths.

[48] Downlink transport channels for data transmission from a network to a

UE include a Broadcast Channel (BCH) for trénsmitting system information, a Paging

Channel (PCH) for transmitting paging messages, and a downlink Shared Channel
(SCH) for transmitting user traffic or control messages. Traffic or control meséages of
a downlink multicast or broadcast service may be transmitted through the downlink
SCH or may be transmitted through an additional downlink Multicast Channel (MCH).
Meanwhile, uplink transport channels for data transmission from the UE to the network
include a Random Access Channel (RACH) for transmitting initial control messages
and an uplink SCH for transmitting user traffic or control messages. Logical channels,
which are located at an upper level of the transport channels and are mapped to the
transport channels, include a Broadcast Control Channel (BCCH), a Paging Control
Channel (PCCH), a Common Control Channel (CCCH), a Multicast Control Channel
(MCCH), and a Multicast Traffic Channel MTCH).

[49] FIG. 3 is a view illustrating physical channels used in a 3GPP system
and a general signal transmission method using the same.

[S0) A UE performs initial cell search such as establishment of
synchronization with an eNB when power is turned on or the UE enters a new cell (step
S301). The UE may receive a Primary Synchronization Channel (P-SCH) and a
Secondary Synchronization Channel (S-SCH) from the eNB, establish synchronization
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with the eNB, and acquire information such as a cell identity (ID). Thereafter, the UE
may receive a physical broadcast channel from the eNB to acquire broadcast
information within the cell. Meanwhile, the UE may receive a Downlink Reference
Signal (DL RS) in the initial cell search step to confirm a downlink channel state. _

[S1]  Upon completion of initial cell search, the UE may receive a Physical
Downlink Control Channel (PDCCH) and a Physical Downlink Shared Channel
(PDSCH) according to information carried on the PDCCH to acquire more detailed
system information (step S302).

[S2] Meanwhile, if the UE initially accesses the eNB or if radio resources for
signal transmission are not present, the UE may perform a random access procedure
(steps S303 to S306) with respect to the eNB. To this end, the UE may transmit a
specific sequence through a Physical Random Access Channel (PRACH) as a preamble
(steps S303 and S305), and receive a response message to the preamble through the
PDCCH and the PDSCH corresponding thereto (steps S304 and S306). In the case of
a contention-based RACH, a contention resolution procedure may be additionally
performed.

[S3] The UE which performs the above procedures may receive a

PDCCH/PDSCH (step S307) and transmit a Physical Uplink Shared Channel |

'(PUSCH)/Physical Uplink Control Channel (PUCCH) (step S308) according to a

general uplink/downlink signal transmission procedure. Especially, the UE receives
Downlink Control Information (DCI) through the PDCCH. The DCI includes control
information such as resource allocation information for the UE and has different formats
according to use purpose.

[S4] Meanwhile, control information, transmitted by the UE to the eNB
through uplink or received by the UE from the eNB through downlink, includes a
downlink/uplink ACKnowledgment/Negative ACKnowledgment (ACK/NACK) signal,
a Channel Quality Indicator (CQI), a Precoding Matrix Index (PMI), a Rank Indicator
(RI), and the like. In the case of the 3GPP LTE system, the UE may transmit control
information such as CQI/PMI/RI through the PUSCH and/or the PUCCH.

[SS]  FIG. 4 is a view illustrating the structure of a radio frame used in an LTE

system.
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[56] Referring to FIG. 4, the radio frame has a length of 10 ms (327200 Tj)
and includes 10 equally-sized subframes. Each of the subframes has a length of 1 ms
and includes two slots. Each of the slots has a length of 0.5 ms (15360 T;). In this
case, Ts denotes sampling time and is represented by T; = 1/(15 kHz x 2048) =
3.2552x10° (about 33 ns). Each slot includes a plurality of OFDM symbols in a time
domain and includes a plurality of Resource Blocks (RBs) in a frequency domain. In
the LTE system, one resource block includes 12 subcarriers x 7 (or 6) OFDM symbols.
A Transmission Time Interval (TTI), which is a unit time for data transmission, may be
determined in units of one or more subframes. The above-described structure of the
radio frame is purely exemplary and various modifications may be made in the n.umber
of subframes included in a radio frame, the number of slots included in a subframe, or
the number of OFDM symbols included in a slot.

[S7] FIG. 5 is a view illustrating control channels contained in a control
region of one subframe in a downlink radio frame.

[S8] Referring to FIG. 5, one subframe includes 14 OFDM symbols. The
first to third ones of the 14 OFDM symbols may be used as a control region and the
remaining 13 to 11 OFDM symbols may be used as a data region, according to
subframe configuration. In FIG. 5, R1 to R4 represent reference signals (RSs) or pilot
signals for antennas 0 to 3, respectively. The RSs are fixed to a predetermined pattern
within the subframe irrespective of the control region and the data region. Control"
channels are allocated to resources to which the RS is not allocated in the control region.
Traffic channels are allocated to resources, to which the RS is not allocated, in the data
region. The control channels allocated to the control region include a Physical Control
Format Indicator Channel (PCFICH), a Physical Hybrid-ARQ Indicator Channel
(PHICH), a Physical Downlink Control Channel (PDCCH), etc.

[S9] The PCFICH, physical control format indicator channel, informs a UE
of the number of OFDM symbols used for the PDCCH per subframe. The PCFICH is
located in the first OFDM symbol and is established prior to the PHICH and the
PDCCH. The PCFICH is comprised of 4 Resource Element Groups (REGs) and each
of the REGs is distributed in the control region based on a cell ID. One REG includes

4 Resource Elements (REs). The RE indicates a minimum physical resource defined
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as one subcafrier x one OFDM symbol. The PCFICH value indicates values of 1 to 3
or values of 2 to 4 depending on bandwidth and is modulated by Quadrature Phase Shift
Keying (QPSK).

[60] The PHICH, physical Hybrid-ARQ indicator channei, is used to transmit
a HARQ ACK/NACK signal for uplink transmission. That is, the PHICH indicates a
channel through which downlink ACK/NACK information for uplink HARQ is
transmitted. The PHICH includes one REG and is cell-specifically scrambled. The
ACK/NACK signal is indicated by 1 bit and is modulated by Binary Phase Shift Keying
(BPSK). The modulated ACK/NACK signal is spread by a Spreading Factor (SF) =2
or 4. A plurality of PHICHs mapped to the same resource constitutes a PHICH group.
The number of PHICHs multiplexed to the PHICH group is determined depending on
the number of SFs. The PHICH (group) is repeated three times to obtain diversity gain
in a frequency domain and/or a time domain.

[61] The PDCCH, physical downlink control channel, is allocated to the first
n OFDM symbols of a subframe. In this case, n is an integer greater than 1 and is
indicated by the PCFICH. The PDCCH is comprised of one or more Control Channel
Elements (CCEs). The PDCCH informs each UE or UE group of information
associated with resource allocation of a Paging Channel (PCH) and a Downlink-Shared
Channel (DL-SCH), uplink scheduling grant, Hybrid Automatic Repeat Request
(HARQ) information, etc. Therefore, an eNB and a UE transmit and receive data other
than specific control information or specific service data through the PDSCH.

[62] Information indicating to which UE or UEs PDSCH data is to be
transmitted, information indicating how UEs are to receive PDSCH data, and
information indicating how UEs are to perform decoding are contained in the PDCCH.
For example, it is assumed that a specific PDCCH is CRC-masked with a Radio
Network Temporary Identity (RNTI) "A" and information about data, that is transmitted
using radio resources "B" (e.g., frequency location) and transport format information
"C" (e.g., transmission block size, modulation scheme, coding information, etc.), is
transmitted through a specific subframe. In this case, a UE located in a cell monitors
the PDCCH using its own RNTI information. If one or more UEs having the RNTI ‘A’
are present, the UEs receive the PDCCH and receive the PDSCH indicated by 'B' and
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'C' through the received PDCCH information.

[63] FIG. 6 illustrates the structure of an uplink subframe used in the LTE
system. . '

[64] Referring to FIG. 6, an uplink subframe is divided into a region to which

a PUCCH is allocated to transmit control information and a region to which a PUSCH is

' allocated to transmit user data. The PUSCH is allocated to the middle of the subframe,

whereas the PUCCH is allocated to both ends of a data region in the frequency domain.
The control information transmitted on the PUCCH includes an ACK/NACK, a CQI
representing a downlink channel state, an RI for Multiple Input and Multiple Output
(MIMO), a Scheduling Request (SR) indicating a request for allocation of uplink
resources, etc. A PUCCH of a UE occupies one RB in a different frequency in each
slot of a subframe. That is, two RBs allocated to the PUCCH frequency-hop over the
slot boundary. Particularly, FIG. 6 illustrates an example in which PUCCHs for m=0,
m=1, m=2, and m=3 are allocated to a subframe.

[65] MIMO system

[66] Hereinafter, a MIMO system will be described. MIMO refers to a
method of using multiple transmission antennas and multiple réception antennas to
improve data transmission/reception efficiency. Namely, a plurality of antennas is
used at a transmitting end or a receiving end of a wireless communication system so that
capacity can be increased and performance can be improved. MIMO may also be
referred to as ‘multi-antenna’ in this disclosure.

[67] MIMO technology does not depend on a single antenna path in order to
receive a whole message. Instead, MIMO technology collects data fragments received
via several antennas, merges the data fragments, and forms complete data. The use of
MIMO technology can increase system coverage while improving data transfer rate
within a cell area of a specific size or guaranteeing a specific data transfer rate. MIMO
technology can be widely used in mobile communication terminals and relay nodes.
MIMO technology can overcome the limitations of the restricted amount of
transmission data of single antenna based mobile communication systems. |

[68]  The configuration of a general MIMO communication system is shown

in FIG. 7. A transmitting end is equipped with Nt transmission (Tx) antennas and a
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receiving end is equipped with Ng reception (Rx) antennas. If a plurality of antennas
is used both at the transmitting end and at the receiving end, theoretical channel
transmission capacity increases unlike the case where only either the transmitting end or
the receiving end uses a plurality of antennas. Increase in channel transmission
capacity is proportional to the number of antennas, thereby improving transfer rate and
frequency efficiency. If a maximum transfer rate using a signal antenna is R,, a
transfer rate using multiple antennas can be theoretically increased by the product of the
maximum transfer rate R, by a rate increment R;. The rate increment R; is represented
by the following equation 1 where R; is the smaller of Nt and Ng.
[69] [Equation 1]

a0 K= min(N,, N,,)

[71]  For example, in a MIMO communication system using four Tx antennas
and four Rx antennas, it is possible to theoretically acquire a transfer rate four times that
of a single antenna system. After theoretical increase in the capacity of the MIMO
system was first demonstrated in the mid-1990s, various techniques for substantially
improving data transfer rate have been under development. Several of these
techniques have already been incorporated into a variety of wireless communication
standards including, for example, 31 generation mobile communication and next-
generation wireless local area networks. _

[72]  Active research up to now related to MIMO technology has focused
upon a number of different aspects, including research into information theory related to
MIMO communication capacity calculation in various channel environments and in
multiple access environments, research into wireless channel measurement and model
derivation of MIMO systems, and research into space-time signal processing
technologies for improving transmission reliability and transfer rate. .

[73] To describe a communication method in a MIMO system in detail, a
mathematical model thereof is given below. As shown in FIG. 7, it is assumed that Nt
Tx antennas and Ng Rx antennas are present. In the case of a transmission signal, a
maximum number of transmittable pieces of information is Nt under the condition that
Nt Tx antennas are used, so that transmission information can be represented by a

vector represented by the following equation 2:
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[74] [Equation 2]

|r
s : lS , S , ee ’ S J
[75] 1>%2 Ny
[76) Meanwhile, individual transmission information pieces

S]ns'zs'“aSN . . . .
: T may have different transmission powers. In this case, if the

BB, By

individual transmission powers are denoted by , transmission
information having adjusted transmission powers can be represented by a vector shown

in the following equation 3:

[77] [Equation 3]

(78] §= [Slasza”'asNT]T = [ESpPzSza"'»PNTSNT]T

[79]  The transmission power-controlled transmission information vector S
may be expressed as follows, using a diagonal matrix P of a transmission power:

[80] [Equation 4]

A 0 s
P S
8= 2 > |=Ps
0 P
[81] 2 w )L |
[82] *78

.. . Xys Xost o, Xy .
[83] Nr transmission signals ~ 17?2 Nt to be actually transmitted

may be configured by multiplying the transmission power-controlled information vector

~

S by a weight matrix W. In this case, the weight matrix is adapted to properly

distribute transmission information to individual antennas according to transmission

o o X5 X5ttty Xy,
channel situations. The transmission signals ~!”72> >7¥  can be represented by

the following Equation 5 using a vector X m Equation 5, Wy is a weight between

the i-th Tx antenna and the j-th information and W is a weight matrix, which may also
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be referred to as a precoding matrix.
[84] [Equation 5]
v 1 T . Ts 7
X Wi W Win, || S
X5 Wa Wan 0 Wy IS
X = = . |=Ws§=WPs
X; Wi Wa 0 Wiy |5
85 v | [ W Wz 0 Wi, | Sy |

[86]  Generally, the physical meaning of a rank of a channel matrix may be a
5  maximum number of different pieces of information that can be transmitted in a given
channel. Accordingly, since the rank of the channel matrix is defined as the smaller of
the number of rows or columns, which are independent of each other, the rank of the
matrix is not greater than the number of rows or columns. A rank of a channel matrix

H, rank(H), is restricted as follows.

10 [87] [Equation 6] '

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

[89] Each unit of different information transmitted using MIMO technology
is defined as a 'transmission stream' or simply 'stream’. The 'stream' may be referred to
as a 'layer'. The number of transmission streams is not greater than a rank of a channel

15 which is a maximum number of different pieces of transmittable information.
Accordingly, the channel matrix H may be indicted by the following Equation 7:

[90] [Equation 7]

[91] # of streams< rank(H) < min(N,,N,)

[92] where '# of streams' denotes the number of streams. It should be noted

20  that one stream rﬁay be transmitted through one or more antennas.

[93] There may be various methods of allowing one or more streams to

correspond to multiple antennas. These methods may be described as follows
_according to types of MIMO technology. The case where one stream is transmitted via

multiple antennas may be called spatial diversity, and the case where multiple streams
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are transmitted via multiple antennas may be called spatial multiplexing. It is also

possible to configure a hybrid of spatial diversity and spatial multiplexing.

[94] CSIfeedback

[95] Now, a description of a Channel State Information (CSI) report is given.
In the current LTE standard, a MIMO transmission scheme is categorized into open-
loop MIMO operated without CSI and closed-loop MIMO operated based on CSI.
Especially, according to the closed-loop MIMO system, each of the eNB and the UE
may be able to perform beamforming based on CSI to obtain a multiplexing gain of
MIMO antennas. To obtain CSI from the UE, the eNB allocates a PUCCH or a
PUSCH to command the UE to feedback CSI for a downlink signal.

[96] CSIis divided into three types of information: a Rank Indicator (RI), a
Precoding Matrix Index (PMI), and a Channel Quality Indicator (CQI). First, RI is
information on a channel rank as described above and indicates the number of streams
that can be received via the same time-frequency resource. Since Rl is determined by
long-term fading of a channel, it may be generally fed back at a cycle longer than that of
PMI or CQIL.

[97] Second, PMI is a value reflecting a spatial characteristic of a channel
and indicates a precoding matrix index of the eNB preferred by the UE based on a
metric of Signal-to-Interference plus Noise Ratio (SINR). Lastly, CQI is information
indicating the strength of a channel and indicates a reception SINR obtainable when the
eNB uses PMI.

[98] In an evolved communication system such as an LTE-A system, multi-
user diversity using Multi-User MIMO (MU-MIMO) is additionally obtained. Since
interference between UEs multiplexed in an antenna domain exists in the MU-MIMO
scheme, CSI accuracy may greatly affect not only interference of a UE that has reported
CSI but also interference of other multiplexed UEs. Hence, in order to correctly
perform MU-MIMO operation, it is necessary to report CSI having accuracy higher than
that of a Single User-MIMO (SU-MIMO) scheme.

[99] Accordingly, LTE-A standard has determined that a final PMI should be
separately designed into W1, which a long-term and/ér wideband PMI, and W2, which
is a short-term and/or subband PMI.
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[100] An example of a hierarchical codebook transform scheme configuring
one final PMI from among W1 and W2 may use a long-term covariance matrix of a
channel as indicated in Equation 8:

[101] [Equation 8]

(102] W = norm(W1 W2)
[103] In Equation 8, W2 of a short-term PMI indicates a codeword of a
codebook configured to reflect short-term channel information, W denotes a codeword

of a final codebook, and 9" m(A) indicates a matrix in which a norm of each column

of amatrix A is normalized to 1.
[104]  The detailed configurations of W1 and W2 are shown in Equation 9:
[105] [Equation 9]

[106]
X, 0 . :
WI(i) = 0 x! where X, is Nt/2 by M matrix.
r columns
r k ! n

€

e e
W2(j) ={ Mk M Mm :\ (if rank = 1), where 1< k,/,m < Mand k, /,m are integer.

L
ae, Pey ¥y

[107]  where Nt is the number of Tx antennas, M is the number of columns of a
matrix Xi, indicating that the matrix Xi includes a total of M candidate column vectors.
eMk, eMl, and eMm denote k-th, 1-th, and m-th column vectors of the matrix Xi in

which only k-th, I-th, and m-th elements among M elements are 0 and the other

elements are 0, respectively. *j , B, , and T7 are complex values each having a
unit norm and indicate that, when the k-th, 1-th, and m-th column vectors of the matrix
Xi are selected, phase rotation is applied to the column vectors. At this time, i is an
integer greater than 0, denoting a PMI index indicating W1 and j is an integer greater
than 0, denoting a PMI index indicating W2. |
[108] In Equation 9, the codebook configurations are designed to reflect
channel correlation properties generated when cross polarized antennas are used and

when a space between antennas is dense, for example, when a distance between
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adjacent antennas is less than a half of signal wavelength. The cross polarized
antennas may be categorized into a horizontal antenna group and a vertical antenna
group. . Each antenna group has the characteristic of a Uniform Linear Array (ULA)
antenna and the two groups are co-located. » '

[109] Accordingly, a correlation between antennas of each group has
characteristics of the same linear phase increment and a correlation between antenna
groups has characteristics of phase rotation. Consequently, since a codebook is a value

obtained by quantizing a channel, it is necessary to design a codebook such that

“characteristics of a channel are reflected. For convenience of description, a rank-1

codeword generated by the aforementioned configurations is shown as follows:

[110] [Equation 10]
X, (k)

WIO*W2(D =1 0

[111]

[112] In Equation 10, a codeword is expressed as a vector of Ny x1 (where

X (k)

Nr is the number of Tx antennas) and is structured with an upper vector and a

X (®)

which show correlation characteristics of a horizontal antenna

X (k)

lower vector

group and a vertical antenna group, respectively. is preferably expressed as a
vector having the characteristics of linear phase increment by reflecting the
characteristics of a correlation between antennas of each antenna group and may be a
DFT matrix as a representative example.

[113]  As described above, CSI in the LTE system includes, but is not limited
to, CQIL, PMI, and RI. According to transmission mode of each UE, all or some of the
CQI, PMI, and RI is transmitted. Periodic transmission of CSI is referred to as
periodic reporting and transmission of CSI at the request of an eNB is referred to as
apefiodic reporting. In aperiodic reporting, a request bit included in uplink scheduling
information transmitted by the eNB is transmitted to the UE. Then, the UE transmits

CSI considering transmission mode thereof to the eNB through an uplink data channel
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(PUSCH). In periodic reporting, a period of CSI and an offset at the period are
signaled in the unit of subframes by a semi-static scheme through a higher-layer signal
per UE. The UE transmits CSI considering transmission mode to the eNB through an
uplink control channel (PUCCH). If there is uplink data in a subframe in which CSIis
transmitted, the CSI is transmitted through an uplink data channel (PUSCH) together
with the uplink data. The eNB transmits transmission timing information suitable for
each UE to the UE in consideration of a channel state of each UE and a UE distributed
situation in a cell. The transmission timing information includes a period and an offset
necessary for transmitting CSI and may be transmitted to each UE through an RRC
message. »

[114]  FIGs. 8 to 11 illustrate periodic reporting of CSI in an LTE system.

[115] Referring to FIG. 8, there are four CQI reporting modes in the LTE
system. Specifically, the CQI reporting modes may be divided into modes in a
WideBand (WB) CQI and modes in a SubBand (SB) CQI according to CQI feedback
type. The CQI reporting mode may also be divided into modes in a No PMI and
modes in a single PMI depending on whether a PMI is transmitted or not. Each UE is
informed of information comprised of a period and an offset through RRC signaling in
order to periodically report CQL

[116] FIG. 9 illustrates an example of transmitting CSI when a UE receives
information indicating {a period '5' and an offset '1'} through signaling. Referring to
FIG. 9, upon receiving the information indicating the period '5' and offset '1', the UE
transmits CSI in the unit of 5 subframes with an offset of one subframe in ascending
order of a subframe index counted from 0 starting from the first subframe. Although
the CSI is transmitted basically through a PUCCH, if a PUSCH for data transmission is
present at the same transmission time point, the CSI is transmitted through the PUSCH
together with data. The subframe index is given as a combination of a system frame
number (or a radio frame index) nr and a slot index ns (0 to 19).  Since one subframe
includes two slots, the subframe index may be defined as 10xnstfloor(ny/2) wherein
floor() indicates the floor function.

[117]  CQI transmission types include a type of transmitting a WB CQI only
and a type of trahsmitting both a WB CQI and an SB CQL In the type of transmitting
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a WB CQI only, CQI information for all bands is transmitted in subframes
corresponding to every CQI transmission period. Meanwhile, in the case in which
PMI information should also be transmitted according to the PMI feedback type as
illustrated in FIG. 8, the PMI information is transmitted together with the CQI
information. In the type of transmitting both a WB CQI and an SB CQI, the WB CQI
and SB CQI are éltemately transmitted.

[118]  FIG. 10 illustrates a system in which a system bandwidth consists of 16
RBs. It is assumed that the system bandwidth includes two Bandwidth Parts (BPs)
BP0 and BP1 each consisting of two SubBands (SBs) SBO and SBI and each SB
includes 4 RBs. The above assumption is exemplary and the number of BPs and the
size of each SB may vary with the size of the system bandwidth. The number of SBs
constituting each BP may differ according to the number of RBs, the number of BPs,
and the size of each SB.

[119] In the CQI transmission type of transmitting both a WB CQI and an SB
CQI, the WB CQI is transmitted in the first CQI transmission subframe and an SB CQI
of the better- SB state of SBO and SB1 in BP0 is transmitted in the next CQI
transmission subframe together with and an index of the corresponding SB (e.g.
Subband Selection Indicator (SSI). Thereafter, an SB CQI of the better SB state of
SBO and SB1 in BP1 and an index of the corresponding SB are transmitted in the next
CQI transmission subframe. Thus, CQIL of each BP is sequentially transmitted after
transmission of the WB CQI. The CQI of each BP may be sequentially transmitted once
to four times during the interval between transmission intervals of two WB CQIs. For
example, if the CQI of each BP is transmitted once during the time interval between two
WB CQIs, CQIs may be transmitted in the order of WB CQI =BP0 CQI =BP1 CQI =
WB CQL If the CQI of each BP is transmitted four times during the time interval
between two WB CQIs, CQls may be transmitted in the order of WB CQI =BP0 CQI =
BP1 CQI BP0 CQI =BP1 CQI =BP0 CQI =BP1 CQI =BP0 CQI =BP1 CQI =WB
CQI. Information as to how many times each BP CQI is transmitted is signaled by a
higher layer (RRC layer).

[120]  FIG. 11(a) illustrates an example of transmitting both a WB CQI and an
SB CQI when a UE receives information indicating {period 'S' and offset '1'} through



10

15

20

25

30

WO 2014/073805 PCT/KR2013/009419

21

signaling. Referring to FIG. 11(a), a CQI may be transmitted only in subframes
corresponding to the signaled period and offset regardless of type. FIG. 11(b)
illustrates an example of transmitting an RI in addition to the example shown in FIG.
11(a). The RI may be signaled as a combination of a multiple of a WB CQI
transmission period and an offset at the transmission period from a higher layer (e.g.
RRC layer). The offset of the RI is signaled using a value relative to the offset of a
CQI. For example, if the offset of the CQI is 'l and the offset of the RI is '0', the RI
has the same offset as the CQI.  The offset value of the RI is defined as 0 or a negative
number. More specifically, it is assumed in FIG. 11(b) that, in an environment
identical to that of FIG. 11(a), an RI transmission period is a multiple of 1 of the WB
CQI transmission period and the RI offset is -1'.  Since the RS transmission period is a
multiple of 1 of the WB CQI transmission period, the RS transmission period and the
WB CQI transmission period are substantially the same. ~Since the offset of the RI is '-
1, the RI is transmitted based upon the value -1' (i.e. subframe index 0) relative to the
offset '1' of the CQI in FIG. 11(a). If the offset of the RI is '0', the transmission
subframes of the WB CQI and RI overlap. In this case, the WB CQI is dropped and
the R1 is transmitted.

[121]  FIG. 12 illustrates CSI feedback in the case of Mode 1-1 of FIG. 8.

[122] Referring to FIG. 12, CSI feedback is comprised of two types of report
content, i.e. transmission of Report 1 and transmission of Report 2.  More specifically,
an RI is transmitted. through Report 1 and a WB PMI and a WB CQI are transmitted
through Report 2. Report 2 is transmitted in subframe indexes satisfying
(10*nrfﬂoor(ns/2)-Noffse[,ch)mod(diFO. Nosset,cQi 1ndicates an offset for PMI/CQI
transmission shown in FIG. 9. In FIG. 12, Noffset,CQ] =1. Npq illustrates an interval of
subframes between contiguous Reports 2 and the case of Nyg = 2 is illustrated in FIG. 12.
Report 1 is transmitted in subframe indexes satisfying (10*n¢+floor(ns/2)-Nofrset,cQi-
Nottset )mMOd(Mg*Npg)=0. M is determined by higher layer signaling. NofsetRI
denotes a relative offset value for RI transmission shown in FIG. 11. The case in
which Mg; = 4 and Noggserr1 = -1 is illustrated in FIG. 12.

[123]  FIG. 13 illustrates CSI feedback in the case of Mode 2-1 of FIG. 8.

[124] Referring to FIG. 13, CSI feedback is comprised of three types of report
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content, i.e. transmission of Report 1, transmission of Report 2, and transmission of
Report 3. More specifically, an RI is transmitted through Report 1, a WB PMI and a
WB CQI are transmitted through Report 2, and an SB CQI and an L-bit Subband
Selection Indicator (SSI) are tranémitted through Report 3. Report 2 or Report 3 is
transmitted in subframe indexes satisfying (10*ng+Hfloor(ng/2)-Nofset,conmod(Npg)=0.
Especially, Report 2 is transmitted in subframe indexes satisfying (10*ns+floor(ny/2)-
Noffset’cél)mOd(H*di)zo. Accordingly, Report 2 is transmitted at an interval of H*Npq
and subframes between contiguous Reports are filled with transmission of Report 3.
At this time, H equals to J*K +1 wherein J is the number of BPs. K is a value
indicating how many full cycles will be consecutively performed, wherein the full cycle
is a cycle during which a process for selectively transmitting a subband once per
different BP over all BPs. K is determined by higher layer signaling. The case in
which Npg = 2, J = 3, and K = 1 is illustrated in FIG. 13. Report 1 is transmitted in
subframe  indexes  satisfying  (10*n¢t+floor(ng/2)-Nog.coi-Notse, kpmod(Mg*(J*K
+1)*Npg)=0. The case in which Mr; = 2 and Nofgset 1 = -1 18 illustrated in FIG. 13.

[125]  FIG. 14 illustrates periodic reporting of CSI which is being discussed in
LTE-A. If an eNB includes 8 Tx antennas in Mode 2-1, then a 1-bit indicator, i.e.. a
Precoder Type Indication (PTI) parameter, is configured and periodic reporting modes
classified into two types according to the PTI value are considered. In FIG. 14, Wl
and W2 illustrate hierarchical codebooks described with reference to Equations 8 and 9.
If both W1 and W2 are determined, a completed type of a precoding matrix W is
determined by combining W1 and W2.

[126] Referring to FIG. 14, in the case of periodic reporting, different contents
corresponding to Report 1, Report 2, and Report 3 are reported according to different
repetition periods. An Rl and a 1-bit PTI value are reported through Report 1. A WB
W1 (when PTI=0) or a WB W2 and a WB CQI (when PTI=1) are reported through
Report 2. A WB W2 and a WB CQI (when PTI=0) or an SB W2 and an SB CQI
(when PTI=1) are reported through Report 3.

[127] Report 2 and Report 3 are transmitted in subframes (for convenience,
referred to as a first subframe set) having subframe indexes satisfying

(10*ng+loor(ng/2)-Nomercqr) mod (N¢)=0 wherein Nosercor is an offset value for
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PMI/CQI transmission shown in FIG. 9 and N denotes a subframe interval between
contiguous Reports 2 or Reports 3. The case in which Notser,cqr = 1 and N.= 2 is
illustrated in FIG. 14. The first subframe set is comprised of subframes having odd-
numbered indexes. ny denotes a system frame number (or radio frame index) and ng
denotes a slot index in a radio frame. floor() indicates the floor function and ‘A mod B’
indicates a remainder obtained by dividing A by B.

[128] Report 2 is located in some subframes in the first subframe set and
Report 3 is located in the other subframes. More specifically, Report 2 is located in
subframes having subframe indexes satisfying (10*ngHloor(ng/2)-Noftser,cqr) mod
(H*No)=0. Accordingly, Report 2 is transmitted at an interval of H*Nc and one or
more first subframes between contiguous Reports 2 are filled with transmission of
Report 3. If PTI=0, then H=M and M is determined by higher layer signaling. The
case in which M=2 is illustrated in FIG. 14. If PTI=1, then H=J*K+1, K is determined
by higher layer signaling, and J is the number of BPS. In FIG. 14, J=3 and K=1.

[129]  Report 1 is transmitted in subframes having subframe indexes satisfying
(10*ng+floor(ng/2)-Noiser,cQi-Noftse,k1)  mod (Mrr*(J*K+1)*N;)=0 wherein Mg, 1is
determined by higher layer signaling. Nometriindicates a relative offset value for an
RI. InFIG. 14, Mp=2 and Nogserri=-1. The transmission time points of Report 1 and
Report 2 do not overlap because Nogserri=-1. When a UE calculates RI, W1, and W2,
they are associated with each other. For example, W1 and W2 are calculated
depending on RI and W2 is calculated depending on W1. A BS may be aware of a
final W from W1 and W2 when both Report 2 and Report 3 are reported after Report 1
is reported.

[130] CSI feedback of CoMP

[131] Hereinafter, Cooperative Multipoint (CoMP) transmission/reception will
be described.

[132] In a system after LTE-A, a scheme for raising system performance by
enabling cooperation between a plurality of cells is attempted.  Such a scheme is called
CoMP transmission/reception. CoMP refers to a scheme in which two or more eNBs,
access points, or cells cooperatively communicate with a UE for smooth communication

between a specific UE and an eNB, an access point, or a cell. In the present invention,
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eNB, access point, and cell may be used interchangeably.

[133] In general, in a multi-cell environment in which a frequency reuse
factor is 1, the performance of the UE located at a cell edge and average sector
throughput may be reduced due to inter—Cell Interference (ICI). In order to reduce ICI,
a legacy LTE system uses a method of enabling the UE located at a cell edge to have
appropriate throughput and performance using a simple passive scheme such as
Fractional Frequency Reuse (FFR) through UE-specific power control in an
environment restricted by interference. However, it is desirable that ICI be reduced or
the UE reuse ICI as a desired signal, rather than decreasing the use of frequency
resources per cell,. In order to accomplish the above purpose, a CoMP transmission
scheme may be employed. _

[134] FIG. 15 illustrates an example of performing CoMP. Referring to FIG.
15, a radio communication system includes a plurality of eNBs eNB1, eNB2, and eNB3
that perform CoMP and a UE. The plural eNBs eNBI1, eNB2, and eNB3 for
performing CoMP may efficiently transmit data to the UE through cooperation.

[135] A CoMP transmission scheme may be divided into CoMP-Joint
Processing (CoMP-JP) which is a cooperative MIMO type of JP through data sharing
and CoMP-Coordinated Scheduling/Coordinated Beamforming (CoMP-CS/CB).

[136] In the case a CoMP-JP scheme in downlink, a UE may simultaneously

receive data from a plurality of eNB implementing the CoMP transmission scheme and

. may improve reception performance by combining signals received from the respective

eNBs (Joint Transmission (JT)). In addition, a method in which one of a plurality of
eNBs performing the CoMP transmission scheme transmits data to the UE at a specific
time point may be considered (Dynamic Point Selection (DPS). In a CoMP-CS/CB
scheme in downlink, the UE may instantaneously receive data through one eNB, i.e. a
serving eNB by beamforming.

[137]  If the CoMP-JP scheme is applied in uplink, a plurality of eNBs may
simultaneously receive a PUSCH signal from the UE (Joint Reception (JR)). In the
case of CoMP-CS/CB in uplink, only one eNB may receive a PUSCH signal.
Cooperative cells (or eNBs) may determine to use the CoMP-CS/CB scheme. |

[138] A UE using the CoMP transmissionv scheme, i.e. a CoMP UE, may feed



10

15

20

25

30

WO 2014/073805 PCT/KR2013/009419

25

back channel information feedback (hereinafter, CSI feedback) to a plurality of eNBs
performing the CoMP transmission scheme. A network scheduler may select a proper
CoMP transmission scheme capable of raising a transmission rate among the CoMP-JP,
CoMP-CS/CB, and DPS schemes based on CSI feedback. To this end, a periodic
feedback transmission scheme using a PUCCH may be used as a method in which the
UE configures CSI feedback in a plurality of eNBs performing the CoMP transmission
scheme. In this case, feedback configurations for the eNBs may be independent of one
another. Accordingly, in the disclosure according to an embodiment of the present
invention, an operation of feeding back CSI with such an independent feedback
configuration is referred to as a CSI process. One or more CSI processes may be
performed in one serving cell.

[139] FIG. 16 illustrates a downlink CoMP operation.

[140] In FIG. 16, a UE is positioned between an eNB1 and an eNB2 and the
two eNBs, i.e. eNB1 and eNB2, perform a proper CoMP operation such as JT, DCS, or
CS/CB to solve a problem of interference to the UE. To aid in the CoMP operation of
the eNBs, the UE performs proper CSI feedback. Information transmitted through CSI
feedback includes PMI and CQI of each ¢eNB and may additionally include channel
information between the two eNBs (e.g. phase offset information between two eNB
channels) for JT.

(141] In FIG. 16, although the UE transmits a CSI feedback signal to the
¢NB1 which is a serving cell thereof, the UE may transmit the CSI feedback signal to
the eNB2 or the two eNBs, according to situation. In addition, in FIG. 16, while the
eNBs are described as a basic unit participating in CoMP, the present invention may be
applied to CoMP between Transmission Points (TPs) controlled by a single eNB.

(142]  That is, for CoMP scheduling in a network, the UE should feed back not
only downlink CSI of a serving eNB/TP but also downlink CSI of a neighboring
eNB/TP. To this end, the UE feeds back a plurality of CSI processes reflecting various
interference environments of eNBs/TPs for data transmission.

[143]  Accordingly, an Interference Measurement Resource (IMR) is used to
measure interference during CoMP CSI calculation in an LTE system. A plurality of

IMRs may be configured for one UE and each of the plural IMRs may be independently
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configured. That is, the period, offset, and resource configuration of the IMR are
independently determined and may be signaled by an eNB to a UE using higher layer
signaling (RRC etc.).

[144] In addition, a CSI-RS is used to measure a channel desired for CoMP
CSI calculation in the LTE system. A plurality of CSI-RSs may be configured for one
UE and each of the CSI-RSs in independently configured. Namely, each CSI-RS
includes an independently configured period, offset, resource configuration, power
control, and the number of antenna ports and information related to the CSI-RS is
signaled to the UE from the eNB through higher layer signaling (RRC etc.).

[145] Among a plurality of CSI-RSs and a plurality of IMRs configured for a
UE, one CSI process may be defined in association with one CSI-RS resource for signal
measurement and one IMR for interference measurement. The UE feeds back CSI
having different periods and subframe offsets, derived from different CSI processes, to a
network (e.g. eNB).

[146) That is, each CSI process has an independent CSI feedback
configuration. The eNB may signal the CSI-RS resource, IMR association information,
and CSI feedback configuration to the UE through higher layer signaling of RRC etc. on
a CSI process basis. For example, it is assumed that three CSI processes as shown in
Table 1 are configured for the UE.

[147] [Table 1]

] Signal.Measurement | i 0
. |, Resource(SMR) - . |: .-

T CSTProcess
CSI process 0 CSI-RS O IMR O

CSI process 1 CSI-RS 1 IMR 1
CSI process 2 CSI-RS O IMR 2

[148] In Table 1, CSI-RS 0 and CSI-RS 1 indicate a CSI-RS received from an
eNB 1 which is a serving eNB of the UE and a CSI-RS received from an eNB 2 which
is a neighboring eNB participating in cooperation. It is assumed that IMRs configured

for the CSI processes of Table 1 are configured as shown in Table 2.
[149] [Table 2]
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AR €NB:
IMR 0 Muting Data transmission
IMR 1 Data transmission Muting
IMR 2 Muting Muting

[150] In IMR 0, the eNB 1 performs muting, the eNB 2 performs data
transmission, and the UE is configured to measure interference of eNBs except for the
eNB 1 from IMR 0. Similarly, in IMR 1, the eNB 2 performs muting, the eNB 1
performs data transmission, and the UE is configured to measure interference of eNBs
except for the eNB 2 from IMR 1. In'addition, in IMR 2, both the eNB 1 and eNB2
perform muting and the UE is configured to measure interference of eNBs except for
the eNB1 and eNB 2 from IMR 2.

[151] Accordingly, as shown in Table 1 and Table 2, CSI of CSI process 0
indicates optimal RI, PMI, and CQI when data is received from the eNB 1. CSI of CSI
process 1 indicates optimal RI, PMI, and CQI when data is received from the eNB 2.
CSI of CSI process 2 indicates optimal RI, PMI, and CQI, when data is received from
the eNB 1 and there is no interference from the eNB 2.

[152] Collision of CSI of CoMP

[153] For CoMP scheduling, a UE should feed not only channel information of
a serving cell or a serving transmission point (TP) but also channel information of a
neighboring cell or TP participating in CoMP back to a BS.  Accordingly, for CoMP, a
UE feeds back CSI according to a plurality of CSI processes considering an interference
environment with a plurality of cells or TPs.

[154]  One CSI process is defined as association between one CSI-RS resource
for signal measurement and one interference measurement resource (IMR) for
interference measurement. In addition, each CSI process has an independent CSI
feedback configuration. The CSI feedback configuration includes a feedback mode, a
feedback period and an offset.

[155] It is desirable that CSI processes configured for one UE share a
dependent value for CoMP scheduling efficiency. For example, if a first cell and a
second cell are subjected to joint transmission (JT), RIs and subband indices of a first

CSI process for the first cell and a second CSI process for the second cell should be the
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same in order to facilitate JT scheduling.

[156] Accordingly, some or all of the CSI processes configured for the UE
may be restricted to have a common CSI (e.g., RI) value. For convenience of
description, among the CSI processes restricted to have the common CSI value, a CSI
process which is used as a reference for setting a CSI value is referred to as a reference
CSI process and the CSI processes other than the reference CSI process are referred to
as following CSI processes. The following CSI process may feed the same value as
the CSI value of the reference CSI process back without separate computation.

[157] Here, since the CSI feedback configuration of each CSI process may be
independently set, collision between CSI processes may occur. For example, a
reporting type of one CSI process and a reporting type of another CSI process may be
configured to be fed back at the same time such that collision between the CSI
processes may occur. More specifically, when CSI feedback is performed according to
a plurality of CSI processes each having a constant period and offset, the plurality of
CSI processes may be fed back on the same subframe, such that collision may occur.

[158] Hereinafter, a method of handling collision between reporting types
including an RI if collision between CSI processes occurs is proposed. For example,
this method is applicable to collision occurring among type 3, type 5 and type 6 among
CSI reporting types defined in LTE release 10. A CSI reporting type defined in LTE
release 10 will now be described. -

[159] A type 1 report supports CQI feedback for a UE in a selected subband.
A type la report supports subband CQI and second PMI feedback. Type 2, type 2b
type 2c reports support broadband CQI and PMI feedback. A type 2a report supports
broadband PMI feedback. A type 3 report supports RI feedback. A type 4 report
supports broadband CQIL. A type 5 report supports RI and broadband PMI feedback.
A type 6 report supports RI and PTI feedback.

[160]  According to definition of LTE release 10, if collision between CSI
processes occurs, drop priority is first determined according to a reporting type. If
drop priorities accordin‘g to the reporting type are the same, a CSI process having a
lower CSI process index has higher priority. CSI reporting types 3, 5 and.6 have the

same priority. Since the priorities according to the reporting type are the same, a CSI



10

15

20

25

30

WO 2014/073805 PCT/KR2013/009419

29

process excluding a CSI process having a lowest index is dropped.

[161]  Hereinafter, a method of handling collision between a type 6 report of a
following CSI process and a type 3, type 5 or type 6 report of a reference CSI process
will be described.

[162]  According to the present invention, a UE preferentially feeds a report of
a reference CSI process back and drops a type 6 report of a following CSI process.
That is, the index of the reference CSI process may be set to be lower than the index of
the following CSI process. At this time, the type 6 report of the following CSI process
is dropped together with a PTI joiﬁt encoded with an RI.  The UE may determine the
dropped PTI value using the following method.

[163]  First, the UE may determine the PTI value of the following CSI process
to be the PTI value of the reference CSI process.

[164] More specifically, if the type 6 report of the following CSI process and
the type 3, type 5 or type 6 report of the reference CSI process collide, the UE
determines the PTI value of the following CSI process to be the PTI value of the
currently fed-back reference CSI process. That is, after the collision time, the UE
calculates and reports CQI or PMI of the following CSI process based on the PTI value
of the reference CSI process. Thereafter, if the UE feeds the type 6 report of the
following CSI process back without collision, the UE calculates CQI or PMI based on
the PTI value of the newly fed-back following CSI process, not based on the PTI value
of the reference CQI process. ‘

[165] Next, the UE may determine the PTI value of the following CSI process
to be a default PTI value.

[166] More specifically, if the type 6 report of the following CSI process and
the type 3, type 5 or type 6 report of the reference CSI process collide, the UE may
determine the PTI value of the following CSI process to be a default PTI value. The
default PTI value may be 0 or 1 and the BS and the UE may share the predetermined
default PTI value. Thereafter, if the UE feeds the type 6 report of the following CSI
process back without collision, the UE calculates CQI or PMI based on the PTI value of
the newly fed-back following CSI process, not based on the default PTI value.

[167]  Next, the UE may determine the PTI value of the following CSI process
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to be a recently reported PTI value according to the following CSI process.

[168] More specifically, if the type 6 report of the following CSI process and
the type 3, type 5 or type 6 report of the reference CSI process collide, the UE may
determine the PTI value of the following CSI process to be a recently reported PTI
value according to the following CSI process. Thereatter, if the UE feeds the type 6
report of the following CSI process back without collision, the UE calculates CQI or
PMI based on the PTI value of the newly fed-back following CSI process, not based on
the recently reported PTI value, according to the following CSI process.

[169]  If the type 6 report of the following CSI process and the type 3, type 5 or
type 6 report of the reference CSI process collide, the UE may multiplex the PTI value
of the following CSI process with the reference CSI process and report the multiplexed
result. |

[170]  Hereinafter, a method of handling collision between the type S report of
the following CSI process and the type 3, type 5 or type 6 report of the reference CSI
process will be described.  That is, the case in which, instead of the type 6 report of the
following CSI process of the above-described method, the type 5 report of the following
CSI process collides with the type 3, type 5 or type 6 report of the reference CSI process
will be described.

[171]  According to the present invention, the UE preferentially feeds a report
of a reference CSI process back and drops a type 5 report of a following CSI process.
That is, the index of the reference CSI process may be set to be lower than the index of
the following CSI process. At this time, the type 5 report of the following CSI process
is dropped together with a PMI (W1) joint encoded with an RI. The UE may
determine the dropped W1 value using the following method.

[172] First, the UE may determine the W1 value of the following CSI process
to be the W1 value of the reference CSI process.

[173] More specifically, if the type 5 report of the following CSI process and
the type 5 report of the reference CSI process collide, the UE determines the W1 value
of the following CSI process to be the W1 value of the currently fed-back reference CSI
process. That is, after the collision time, the UE calculates and reports CQI or PMI of

the following CSI process based on the W1 value of the reference CSI process.
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Thereafter, if the UE feeds the type 5 report of the following CSI process back without
collision, the UE calculates CQI or PMI based on the W1 value of the newly fed-back
following CSI process, not based on the W1 value of the reference CQI process.

[174] FIG. 17 shows an example of determining the W1 value of the following
CSI process to be the W1 value of the reference CSI process if the type 5 report of the
following CSI process and the type 5 report of the reference CSI process collide.

[175] Referring to FIG. 17, if the type 5 reports of CSI process 1, which is the
reference CSI process, and CSI pfocess 2, which is the following CSI process, collide,
the UE drops the type 5 report of CSI process 2 which is the following CSI process.
After the type 5 report of CSI process 2 is dropped, the UE calculates and reports CQI
or PMI of CSI process 2, which is the following CSI process, based on the W1 value of
CSI process 1 which is the reference CSI process.

[176] Next, the UE may determine the W1 value of the following CSI process
to be a default W1 value.

[177)  More specifically, if the type 5 report of the following CSI process and
the type 3, type 5 or type 6 report of the reference CSI process collide, the UE may
determine the W1 value of the following CSI process to be a default W1 value. The
default W1 value may be 0 or 1 and the BS and the UE may share the predetermined
default W1 value. Thereafter, if the UE feeds the type 5 report of the following CSI
process back without collision, the UE calculates CQI or PMI based on the W1 value of
the newly fed-back following CSI process, not based on the default W1 value.

[178] Next, the UE may determine the W1 value of the following CSI process
to be a recently reported W1 value according to the following CSI process.

[179] More specifically, if the type 5 report of the following CSI process and
the type 3, type 5 or type 6 report of the reference CSI process collide, the UE may
determine the W1 vaiue of the following CSI process to be a recently reported W1 value
according to the following CSI process. Thereafter, if the UE feeds the type 5 report
of the following CSI process back without collision, the UE calculates CQI or PMI
based on the W1 value of the newly fed-back following CSI process, not based on the
recently reported PTI value, according to the following CSI process.

[180]  If the type 5 report of the following CSI process and the type 3, type 5 or
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type 6 report of the reference CSI process collide, the UE may multiplex the W1 value
of the following CSI process with the reference CSI process and report the multiplexed
result. |

[181] FIG. 18 is a diagram showing another embodiment of the case in which
a type 5 report of a following CSI process and a type 5 report of a reference CSI process
collide.

[182]  If the type S report of the following CSI process and the type 5 report of
the reference CSI process collide, the UE may determine priority according to the
following drop rule without preferentially considering the report of the reference CSl1
process. Upon collision between CSI processes, the UE may assign higher priority in
order of a reporting type, é CSI process index and a component carrier (CC) index. At
this time, the situation shown in FIG. 18 may occur.

[183]  Referring to FIG. 18, the following CSI process has a CSI process index

" of 1, the reference CSI process has a CSI process index of 2, and the two CSI process

collide at a specific time. According to the above-described drop rule, since the
reporting types of the fwo CSI processes are the same, the UE determines priority
according to the CSI process index. Accordingly, the UE drops the CSI of the
reference CSI process having the higher CSI process index. At this time, the RI of the
following CSI process inherits the recently reported RI value according to the reference
CSI process. The W1 value of the following CSI process subjected to joint encoding
may not be inherited but may be independently determined. In case of FIG. 17, since
the W1 value of the following CSI process is also dropped, the W1 value of the
reference CSI process is efficiently inherited. However, in case of FIG. 13, since the
W1 value of the following CSI process is not dropped, the W1 value of the following
CSI process may be independently determined. In FIG. 18, after collision, the W2 and
CQI value of the following CSI process are calculated based on the recently reported Rl
and W1 value. At this time, the RI is the RI value of the referencev CSI process before
collision and W1 may be independently determined based on the RI value in the
following CSI process.

[184] FIG. 19 is a diagram showing an embodiment in which three CSI

processes collide as an extension of FIG. 18.
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[185] Referring to FIG. 19, CSI processes 1 and 2 are configured as following
CSI processes, a CSI process 3 is configured as a reference CSI process and the three
CSI processes collide at a specific time. According to the above-described drop rule,
the CSI process 2 having a higher CSI process index and the CSI process 3 which is the
reference CSI process are dropped. In this case, the RI of the CSI process 1 inherits a
recently reported RI value according to the reference CSI process. The W1 value
subjected to joint encoding may be independently determined instead of being inherited.
The CSI process 2 inherits the RI and W1 value of the CSI process 1. That is, if the
reference CSI process and two or more following CSI process collide, one following
CSI process inherits the value of the remaining following CSI process if both the report
thereof and the report of the reference process are dropped. In FIG. 19, the RI of the
CSI process 2 inherits the RI value of the CSI process 1. The W1 value of the CSI
process 2 inherits the W1 value of the CSI process 1. The W1 value of the CSI process
1 is determined independently of the reference CSI process. Therefore, the CSI
process 2 does not inherit the W1 value of the reference CSI process but inherits the
value of the remaining following CSI process.

[186]  Although the RI and the PMI are subjected to joint encoding in FIG. 19,
the following CSI process inheriting the value of the remaining following CSI process if
the reference CSI process and two or more following CSI process collide is applicable
to the case in which only the RI value is reported or the RI and the PTI are subjected to
joint encoding. |

[187]  As in the embodiment of FIG. 18 or 19, if the index of the reference CSI
process is higher than the index of the following CSI process, the reference CSI process
is dropped and the inherited RI value of the reference CSI process becomes a previous
value. That is, since previous channel information is reported, CSI feedback accuracy
is decreased. Accordingly, when the reference CSI process and the following CSI
process collide, the index of the reference CSI process is preferably set to be lower than
the index of the following CSI process ‘such that the reference CSI process is not
dropped. Alternatively, the index of the reference CSI process may be set to be fixed
to 1 which is a lowest CSI process index. In this case, the UE anticipates that the BS

sets the index of the reference CSI process to 1.
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[188] If the index of the reference CSI process is higher than the index of the
following CSI process and the periods and offsets of the two CSI processes are the same
such that collision between the CSI processes always occurs, the reference CSI process
is always dropped and the value inherited by the following CSI process may be
removed. This problem may be resolved using the following two methods. First, if
the index of the reference CSI process is set to be higher than the index of the following
CSI process, the periods and offsets of the two CSI processes may not be set to be equal.
Next, if the periods and offsets of the reférence CSI process and the following CSI
process are the same, the index of the reference CSI process is not set to be higher than
the index of the following CSI process. Alternatively, the index of the reference CSI
process may be set to 1.

[189] Contradiction in common CSI application in CoMP

[190] Codebook subset restriction means that a UE is restricted to select a
precoder only within a subset including elements in a codebook. That is, codebook
subset restriction means that a codebook including various precoding matrices is
generated and then available precoding matrices are restricted according to the cell or
UE. If codebook subset restriction is used, an overall wireless communication system
has a codebook having a large size but a codebook used by each UE includes a subset of
a codebook. Thus, precoding gain may be increased.

[191] Here, if codebook subset restriction is independently set according to the
CSI process, the RI of the following CSI process and the RI (common RI) of the
reference CSI process may not be set to the same value. That is, a problem may occur
upon application of the common RI due to codebook subset restrictions. For example,
if codebook subset restriction is set such that the reference CSI process uses ranks 1 and
2 and the following CSI process uses only rank 1, available Rls are different and thus a
problem may occur. That is, if the RI of the reference CSI process is 2, the rank of the
following CSI process may not be set to 2 due to codebook subset restriction. In this .
case, the UE may perform the following procedure.

[192] First, the UE may determine and feed the RI of the following CSI
process back separately. from the RI of the reference CSI process. In this case,

codebook subset restriction is applied ahead of the Rl of the reference CSI process.
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Accordingly, in this case, the common RI is not applied. When the RI of the following
CSI process is selected, the UE determines available Rls according to the codebook
subset restriction of the following CSI process and selects an optimal RI from among
the available RIs based on a non zero power (NZP) CSI and IMR measurement value of
the following CSI process. |

[193] - Next, the UE may determine the RI of the following CSI process to be
the same value as the RI of the reference CSI process. In this case, the RI of the
reference CSI process is applied ahead of codebook subset restriction. Accordingly, in
this case, the codebook subset restriction of the following CSI process is not applied.

[194] Next, available RIs may be determined according to codebook subset
restriction of the following CSI process and an RI most approximate to the RI of the
reference CSI process may be selected from among the available Rls. In case of
periodic feedback, the RI of the following CSI process means a most recent value
among values reported when or before the RI of the following CSI process is reported.
In case of aperiodic feedback, the RI of the following CSI process means a value
reported at the same time as the RI of the following CSI process.

[195] Next, available RIs may be determined according to codebook subset
restriction of the following CSI process and a smallest RI may be selected from among
the available Rls.

[196] As described above, in order to prevent a contradiction between
codebook subset restriction of the following CSI process and application of the common
RI, codebook subset restriction may not be independently set according to the CSI
process. That is, the BS may set the same codebook subset restriction with respect to
the following CSI process and the reference CSI process and the UE may anticipate that
the codebook subset restriction of the following CSI process is equal to the codebook
subset restriction of the reference CSI process.

[197] In addition, in order to prevent the above-described problems, the BS
may set the codebook subset restriction of the following CSI process and the codebook
subset restriction of the reference CSI process such that the available RI of the
following CSI process is equal to the available RI of the reference CSI process.

Similarly, the UE may not anticipate that the codebook subset restriction of the
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following CSI process and the codebook subset restriction of the reference CSI process

are set such that the available RI of the following CSI process and the available RI of

the reference CSI process are different.

[198] In order to prevent the above-described problem, the BS may set the
codebook subset restriction of the following CSI process and the codebook subset
restriction of the reference CSI process such that a set of available Rls of the following
CSI process is equal to a set of available Rls of the reference CSI process or a superset
thereof. That is, the UE may anticipate that the codebook subset restriction of the
following CSI process and the codebook subset restriction of the reference CSI process
are set such that a set of available Rls of the following CSI process is equal to a set of
available RIs of the reference CSI process or a superset thereof. Similarly, the UE may
not anticipate that the codebook subset restriction of the following CSI process and the
codebook subset restriction of the reference CSI process are set such that a set of
available RIs of the following CSI process is not included in a set of available RIs of the
reference CSI process.

[199]  Although the above-described features describe the case in which a there
is a contradiction between the codebook subset restriction of the following CSI process
and the application of the common R, the present invention is not limited thereto and is
applicable to the case in which there is a contradiction between the application of the
common PMI and the codebook subset restriction of the following CSI process.
Hereinafter, a procedure when there is a contradiction between the application of the
common PMI and the codebook subset restriction of the following CSI process will be
described.

[200]  First, the UE may determine and feed the PMI of the following CSI
process back separately from the PMI of the reference CSI process. In this case,
codebook subset restriction is applied ahead of the PMI of the reference CSI process.
Accordingly, in this case, the common PMI is not applied. When the PMI of the
following CSI process is selected, the UE determines available PMIs according to
codebook subset restriction of the following CSI process and selects an optimal RI from
among the available PMIs based on a non zero power (NZP) CSI and IMR

measurement value of the following CSI process.
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[201]  Next, the UE may determine the PMI of the following CSI process to be
the same value as the PMI of the reference CSI process. In this case, the PMI of the
reference CSI process is applied ahead of codebook subset restriction.  Accordingly, in
this case, the codebook subset restriction of the following CSI process is not applied.

[202] Next, available PMIs may be determined according to the codebook
subset restriction of the following CSI process and a PMI most approximate to the PMI
of the reference CSI process may be selected from among the available PMIs.  For
example, an approximation degree between two PMIs may be determined based on
Euclidean distance or correlation between the two PMIs. More specifically, as
correlation is increased or as Euclidean distance is decreased, it may be determined that
the two PMIs are approximate to each other. In case of periodic feedback, the PMI of
the following CSI process means a most recent value among values reported when or
before the PMI of the following CSI process is reported. In case of aperiodic feedback,
the PMI of the following CSI process means a value reported at the same time as the
PMI of the following CSI process.

[203]  Next, available PMIs may be determined according to the codebook
subset restriction of the following CSI process and a smallest PMI may be selected from
among the available PMIs.

[204] As described above, in order to prevent a contradiction between
codebook subset restriction of the following CSI process and application of the common
CSI, codebook subset restriction may not be independently set according to the CSI
process. That is, the BS may set the same codebook subset restriction with respect to
the following CSI process and the reference CSI process and the UE may anticipate that
the codebook subset restriction of the following CSI process is equal to the codebook
subset restriction of the reference CSI process.

[205]  Hereinafter, similarly to a contradiction between codebook subset
restriction and common CSI, the case in which the number of CSI-RS antenna ports of
the following CSI process and the number of CSI-RS antenna ports of the reference CSI
process are different will be described.

[206]  If the number of CSI-RS antenna ports of the following CSI process and

the number of CSI-RS antenna ports of the reference CSI process are different, it is
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impossible to equally set the Rls and PMIs of the two CSI processes. For example, if
the number of CSI-RS antenna ports of the following CSI process and the number of
CSI-RS antenna ports of the reference CSI process are respectively set to 4 and 8 and
the RI of the reference CSI process is set to 8, the RI of the following CSI process may
not be equally set to 8.

[207]  In order to solve such a problem, the BS may equally set the number of
CSI-RS antenna ports of the following CSI process and the number of CSI-RS antenna
ports of the reference CSI process. 1 At this time, the UE may anticipate that the
number of CSI-RS antenna ports of the following CSI process and the number of CSI-
RS antenna ports of the reference CSI process are the same. Similarly, the UE may not
anticipate that the number of CSI-RS antenna ports of the following CSI process and the
number of CSI-RS antenna ports of the reference CSI process are different.

[208]  As another embodiment, the BS may set the number of CSI-RS antenna
ports of the following CSI process to be equal to or greater than the number of CSI-RS
antenna ports of the reference CSI process. That is, the UE may anticipate that the
number of CSI-RS antenna ports of the following CSI process is equal to or greater than
the number of CSI-RS antenna ports of the reference CSI process. If the number of
CSI-RS antenna ports of the following CSI process is equal to or greater than the
number of CSI-RS antenna ports of the reference CSI process, no problem occurs.

[209] As another method, if the number of CSI-RS antenna ports of the
following CSI process and the number of CSI-RS antenna ports of the reference CSI
process are different, the UE may calculate the RI and PMI of the following CSI process
separately from the RI and PMI of the reference CSI process. Alternatively, if the
number of CSI-RS antenna ports of the following CSI process is less than the number of
CSI-RS antenna ports of the reference CSI process, the UE may calculate the RI and
PMI of the following CSI process separately from the RI and PMI of the reference CSI
process.

[210]  Hereinafter, a contradiction in the application of the common CSI,
which occurs if a configuration for activation of the RI and PMI report is independent in
each CSI process, will be described.

[211] If the configuration for activation of the RI and PMI report is
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independent according to the CSI process, the RI of the following CSI process may not
be determined to be the same value as the RI of the reference CSI process. For
example, although the RI and PMI report of the reference CSI process is activated and
the RI is set to 2, if the RI and PMI report of the following CSI process is deactivated,
the rank of the following CSI process may not be set to 2. In this case, the UE may
perform the following procedure. |

[212]  First, the RI and PMI report of the following CSI process may be
deactivated. In this case, a configuration for deactivation of the RI report of the
following CSI process is applied ahead of application of the RI of the reference CSI
process. At this time, the RI of the reference CSI process is not applied.

[213]  Next, the RI of the following CSI process may be determined to be the
same value as the RI of the reference CSI process. In this case, application of the RI of

the reference CSI process is applied ahead of the configuration for deactivation of the

" RI and PMI report of the following CSI process. At this time, the configuration for

deactivation of the RI and PMI report of the following CSI process is not valid.

[214]  In order to prevent the above-described problem, the RI and PMI reports
of the following CSI process and the reference CSI process may remain constantly
activated. At this time, the BS may configure both the RI and PMI reports of the
following CSI process and the reference CSI process to be activated. The UE may
anticipate that both the RI and PMI reports of the following CSI process and the
reference CSI process are activated.

[215]  Priority upon collision between CSI processes

[216.] Hereinafter, a method of determining reported CSI and dropped CSI
according to priority if two or more CSI processes collide in periodic CSI feedback
using a PUCCH will be described.

[217] Upon collision between CSI processes, priority of CSI reporting
currently defined in LTE release 10 is as follows. Upon collision between CSI
processes, the UE assigns higher priority in order of a reporting type, a CSI process
index and a CC index.

[218]  For example, priority of the reporting type is first considered and then, if

the priorities of the reporting types are the same, a lower index has higher priority based
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on the CSI process index. If the priorities of the reporting types are the same and the
CSI process indices are the same, a CSI process having a lower CC index has higher
priority.

[219]  The priority according to the reporting type is determined as follows.
In a corresponding subframe, if the CSI report of PUCCH reporting iype 3,5,6o0r2a
collides with the CSI report of PUCCH reporting type 1, 1a, 2, 2b, 2¢ or 4, the latter CSI
report has low priority and is dropped. In a corresponding subframe, if the CSI report
of PUCCH reporting type 2, 2b, 2c or 4 collides with the CSI report of the PUCCH
reporting type 1 or la, the latter CSI report has low priority and is dropped.

[220] In the present invention, details of the priority of the conventional
reporting type are proposed. According to the present invention, in a corresponding
subframe, if the CSI report of PUCCH reporting type 5 or 6 collides with the CSI report
of the PUCCH reporting type 3, the latter CSI report has low priority and is dropped.

[221]  The priorities of the above-described PUCCH reporting type 3, 5 and 6
may be applied upon collision between the reference CSI process and the following CSI
process. For example, if the reporting type 6 of the following CSI process and the
reporting type 3 of the reference CSI process collide in the same subframe, the CSI
report of the reporting type 3 is dropped and the CSI of the reporting type 6 of the
following CSI process is reported.

[222]  Since not only the RI but also the PTI are subjected to joint encoding in
the PUCCH reporting type 6, not only the RI but also the PTI value may be reported
without loss, by applying the priority of the present invention. Similarly, since not
only the RI but also the W1 value are subjected to joint encoding in the PUCCH
reporting type 5, not only the RI but also the W1 value may be reported without loss, by
applying the above-described priority.

[223] At this time, the RI value of the reference CSI process is dropped but the
same RI value as the RI of the reference process is reported via type 5 or 6.  Therefore,
the UE calculates the PMI and CQI of the reference CSI process based on the RI value
of type 5 or 6 until the RI of a next reference CSI process is reported.

[224] In a conventional system, an ACK/NACK report for data and CSI
(RI/PMI/subband index) feedback collide, the ACK/NACK report is preferentially
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considered and the CSI is dropped. However, if the CSI of the reference CSI and the
ACK/NACK report collide, the CSI report of the reference CSI process preferably has
priority higher than that of the ACK/NACK report. The CSI of the reference SI
process is reported and the ACK/NACK report is dropped. Since the CSI of the
reference CSI process is referred to by one or more following CSI processes, if the CSI
report of the reference CSI process is dropped, the CSI value of the following CSI
process may be influenced. Accordingly, if the CSI of the reference CSI process and
the ACK/NACK report collide, the CSI report of the reference CSI process preferably
has priority higher than that of the ACK/NACK report. ‘.

[225]  FIG. 20 is a diagram showing a BS and a UE which are applicable to the
present invention.

[226]  If a wireless communication system includes a relay, communication in
a backhaul link is performed between the BS and the relay and communication in an
access link is performed between the relay and the UE. Accordingly, the BS and UE
shown in FIG. 20 may be replaced with the relay according to situation.

[227]  Referring to FIG. 20, a wireless communication system includes a BS
110 and a UE 120. The BS 110 includes a processor 112, a memory 114, and a Radio
Frequency (RF) unit 116. The processor 112 may be configured so as to implement the
procedures and/or methods proposed in the present invention. The memory 114 is
connected to the processor 112 and stores various pieces of information related to
operations of the processor 112.  The RF unit 116 is connected to the processor 112 and
transmits and/or receives RF signals. The UE 120 includes a processor 122, a memory
124, and an RF unit 126. The processor 122 may be configured so as to implement the -
procedures and/or methods proposed in the present invention. The memory 124 is
connected to the processor 122 and stores various pieces of information related to
operations of the processor 122. The RF unit 126 is connected to the processor 122
and transmits and/or receives RF signals. The BS 110 and/or the UE 120 may have a
single antenna or multiple antennas.

[228] The embodiments of the present invention described hereinabove are
combinations of elements and features of the present invention. The elements or

features may be considered selective unless otherwise mentioned. Each element or
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feature may be practiced without being combined with other elements or features.
Further, an embodiment of the pfesent invention may be constructed by combining parts
of the elements and/or features. Operation orders described in the embodiments of the
present invention may be rearranged. Some constructions of any one embodiment may
be included in another embodiment and may be replaced with corresponding
constructions of another embodiment. It is obvious that claims that are not explicitly
cited in each other in the appended claims may be presented in combination as an
embodiment of the present invention or included as a new claim by subsequent
amendment after the application is filed. ‘

[229] In this document, the embodiments of the present invention have been
described centering on a data transmission and reception relationship between a UE and
a BS. In some cases, a specific operation described as performed by the BS may be
performed by an upper node of the BS. Namely, it yis apparent that, in a network
comprised of a plurality of network nodes including a BS, various operations performed
for communication with a UE may be performed by the BS, or network nodes other
than the BS. The term BS may be replaced with the terms fixed station, Node B,
eNodé B (eNB), aécess point, etc.

[230] The embodiments of the present invention may be achieved by various
means, for example, hardware, firmware, software, or a combination thereof. In a
hardware configuration, the embodiments of the present invention may be achieved by
one or more Application Specific Integrated Circuits (ASICs), Digital Signal Processors
(DSPs), Digital Signal Processing Devices (DSPDs), Programmable Logic Devices
(PLDs), Field Programmable Gate Arrays (FPGAs), processors, controllers,
microcontrollers, microprocessors, etc.

[231] In a firmware or software configuration, the embodiments of the present
invention may be implemented in the form of a module, a procedure, a function, etc.
For example, software code may be stored in a memory unit and executed by a
processor.

[232] The memory unit is located at the interior or exterior of the processor
and may transmit and receive data to and from the processor via various known means.

[233] Those skilled in the art will appreciate that the present invention may be
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carried out in other specific ways than those set forth herein without departing from the

spirit and essential characteristics of the present invention. The above embodiments

are therefore to be construed in all aspects as illustrative and not restrictive. The scope

of the invention should be determined by the appended claims and their legal

equivalents, not by the above description, and all changes coming within the meaning

and equivalency range of the appended claims are intended to be embraced therein.

[Mode for Invention]
[234]  Various embodiments have been described in the best mode for carrying

out the invention.

[Industrial Applicability]
[235] The present invention is applicable to a wireless communication

apparatus such as a UE, a relay or a BS.
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[CLAIMS]

1. A method for fransmitting CSI (Channel State Information) in a wireless
access systerh, the method performed by a mobile station and comprising:

receiving a reference CSI configuration information and a following CSI
configuration information which is éonﬁgured to report a same RI (Rank Indicator) as
the reference CSI configuration information; ‘

receiving a first precoding codebook subset informatibn for the reference CSI
configuration information and a second precoding codebook subset information for the
following CSI configuration information,_

wherein set of Rls according to the second precoding codebook subset
information is same as set of Rls according to the first precoding codebook subset
information; and

transmitting CSI determined based on at least one of the first precoding

codebook subset information and the second precoding codebook subset information.

2. The method of claim 1, wherein the first precoding codebook subset
information and the second precoding codebook subset information are configured as

bitmap parameter respectively.

3. The method of claim 1, wherein the first precoding codebook subset
information and the second precoding codebook subset information are transmitted

through RRC (Radio Resource Control) signaling respectively.

4. The method of claim 1, wherein the reference CSI configuration
information and the following CSI configuration information are transmitted through

RRC (Radio Resource Control) signaling respectively.

5. The method of claim 1, wherein the CSI includes at least one of RI, PMI
(Precoding Matrix Indicator), and CQI (Channel Quality Indicator).



10

15

20

25

30

WO 2014/073805 PCT/KR2013/009419

45

6. A method for receiving CSI (Channel State Information) in a wireless
access system, the method performed by a base station and comprising:

transmitting a reference CSI conﬁguration information and a following CSI
configuration information which is configured to report a same RI (Rank Indicator) as
the reference CSI configuration information;

transmitting a first precoding codebook subset information for the reference
CSI configuration information and a second precoding codebook subset information for
the following CSI configuration information,

wherein set of RIs according to the second precoding codebook subset
information is same as set of Rls according to the first precoding codebook subset
information; and

receiving CSI determined based on at least one of the first precoding

codebook subset information and the second precoding codebook subset information.

7. The method of claim 6, wherein the first precoding codebook subset
information and the second precoding codebook subset information are configured as

bitmap parameter respectively.

8. The method of claim 6, wherein the first precoding codebook subset
information and the second precoding codebook subset information are transmitted

through RRC (Radio Resource Control) signaling respectively.

9. The method of claim 6, wherein the reference CSI configuration
information and the following CSI configuration information are transmitted through

RRC (Radio Resource Control) signaling respectively.

10. The method of claim 6, wherein the CSI includes at least one of RI, PMI
(Precoding Matrix Indicator), and CQI (Channel Quality Indicator).

11. A mobile station of transmitting CSI (Channel State Information) in a

wireless access system, the mobile station comprising:
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a processor; and

a RF (Radio Frequency) module,

wherein the processor is configured to:

receive a reference CSI configuration information and a following CSI
configuration information which is configured to report a same RI (Rank Indicator) as
the reference CSI configuration information;

receive a first precoding codebook subset information for the reference CSI
configuration information and a second precoding codebook subset information for the
following CSI configuration information, wherein set of Rls according to the second
precoding codebook subset information is same as set of Rls according to the first
precoding codebook subset information; and

transmit CSI determined based on at least one of the first precoding codebook

subset information and the second precoding codebook subset information.

12. A base station of receiving CSI (Channel State Information) in a wireless
access system, the base station comprising:

a processor; and

a RF (Radio Frequency) module,

wherein the proceséor is configured to:

transmit a reference CSI configuration information and a following CSI
configuration information which is configured to report a same RI (Rank Indicator) as
the reference CSI configuration information;

transmit a first precoding codebook subset information for the reference CSI
configuration information and a second precoding codebook subset information for the
following CSI configuration information, wherein set of Rls according to the second
precoding codebook subset information is same as set of Rls according to the first
precoding codebook subset information; and

vreceive'CSI determined based on at least one of the first precoding codebook

subset information and the second precoding codebook subset information.
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