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(57) ABSTRACT 
Disclosed are a method for reporting channel state informa 
tion in a wireless communication system and an apparatus 
therefor. A method by which user equipment reports channel 
state information (CSI) in a wireless communication system, 
according to one embodiment of the present invention, com 
prises the steps of receiving, from a base station, an RRC 
message including at least one CSI-reference signal (CSI-RS) 
configuration for a first direction domain; respectively receiv 
ing through different sub-frames, a first CSI-RS from a first 
Subset and a second CSI-RS from a second Subset among a 
plurality of physical antenna elements in the base station on 
the basis of the CSI-RS configuration; and performing a CSI 
report by using the first and second CSI-RSs, wherein when 
the CSI-RS configuration for the first direction domain is one, 
the first CSI-RS and the second CSI-RS are respectively 
received from the first subset and the second subset by virtu 
alization-varying antenna ports related to one CSI-RS con 
figuration in a predetermined period. 
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METHOD FOR REPORTING CHANNEL 
STATE INFORMATION IN WIRELESS 
COMMUNICATION SYSTEMAND 

APPARATUS THEREFOR 

TECHNICAL FIELD 

0001. The present invention relates to a wireless commu 
nication system, and more particularly, to a method of report 
ing channel state information in a wireless communication 
system and an apparatus therefor. 

BACKGROUND ART 

0002 Abrief description is now given of a 3rd Generation 
Partnership Project Long Term Evolution (3GPP LTE or, 
simply, LTE) communication system as an example of a 
wireless communication system to which the present inven 
tion is applicable. 
0003 FIG. 1 illustrates a schematic structure a network 
structure of an evolved universal mobile telecommunication 
system (E-UMTS). An E-UMTS system is an evolved version 
of the UMTS system and basic standardization thereof is in 
progress under the 3rd Generation Partnership Project 
(3GPP). The E-UMTS is also referred to as a Long Term 
Evolution (LTE) system. For details of the technical specifi 
cations of the UMTS and E-UMTS, refer to Release 7 and 
Release 8 of "3rd Generation Partnership Project; Technical 
Specification Group Radio Access Network”. 
0004 Referring to FIG. 1, the E-UMTS includes a User 
Equipment (UE), base stations (or eNBs or eNode Bs), and an 
Access Gateway (AG) which is located at an end of a network 
(E-UTRAN) and which is connected to an external network. 
Generally, an eNB can simultaneously transmit multiple data 
streams for a broadcast service, a multicast service and/or a 
unicast service. 
0005. One or more cells may exist for one BS. The cell 
provides a downlink or uplink transmission service to several 
UEs using any one of bandwidths of 1.4, 3, 5, 10, 15 and 20 
MHz. Different cells may be set to provide different band 
widths. A BS controls data transmission or reception to or 
from a plurality of UEs. The BS transmits downlink sched 
uling information to a UE with respect to downlink (DL) data 
So as to inform the UE of time/frequency domain, coding, 
data size, Hybrid Automatic Repeat and request (HARQ) 
associated information of data to be transmitted, or the like. 
The BS transmits uplink scheduling information to a UE with 
respect to uplink (UL) data so as to inform the UE of time/ 
frequency domain, coding, data size, HARO associated infor 
mation used by the UE, or the like. An interface for transmit 
ting user traffic or control traffic can be used between BSs. A 
Core Network (CN) may include the AG; a network node for 
user registration of the UE, or the like. The AG manages 
mobility of a UE on a Tracking Area (TA) basis. One TA 
includes a plurality of cells. 
0006 Wireless communication technology has been 
developed to reach the LTE based on Wideband Code Divi 
sion Multiple Access (WCDMA), but demands and expecta 
tions of users and providers have continuously increased. In 
addition, since other aspects of wireless access technology 
continue to evolve, new advances are required to remain 
competitive in the future. There is a need for reduction in cost 
per bit, service availability increase, the use of a flexible 
frequency band, a simple structure and an open type interface, 
appropriate power consumption of a UE, etc. 
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0007 Recently, ongoing standardization of the next tech 
nology of LTE is performed by 3GPP. Such technology shall 
be named LTE-A. The goal of LTE-A system is to support 
maximum 100MZ wideband. To this end, LTE-A system uses 
a carrier aggregation (CA) technology to achieve the wide 
band using a plurality of frequency blocks. According to the 
carrier aggregation, a plurality of frequency blocks are used 
as one wide logical frequency band to use wider frequency 
band. And, a bandwidth of each frequency block may be 
defined based on abandwidth of a system block used by LTE 
system. And, each frequency block can be referred to as a 
component carrier (CC) or a cell. 
0008 Multiple-Input Multiple-Output (MIMO) technol 
ogy is a technology capable of improving data transmission/ 
reception efficiency using multiple transmit (TX) antennas 
and multiple receive (RX) antennas instead of using a single 
TX antenna and a single RXantenna. A receiver using a single 
antenna receives data through a single antenna path, but a 
receiver using multiple antennas receives data through mul 
tiple paths. Accordingly, data transfer rate and data through 
put may be improved, and coverage may be expanded. 
0009. To increase a multiplexing gain of MIMO operation, 
a MIMO transmitter may receive and use channel state infor 
mation (CSI) fed back from a MIMO receiver. 
0010. It is anticipated that a MIMO system is to have 
extensive development as a result of size increase of a user 
equipment, technological advancement and cost reduction. 
For example, a plurality of antennas (or number of antennas 
increased compared to legacy number of antennas) can be 
installed not only in a MIMO transmitting end (e.g., base 
station) but also in a MIMO receiving end (e.g., UE). If the 
number of antenna ports of a transmitting end and/or a receiv 
ing end increase, since time taken for reporting CSI and a 
frequency resource are sharply increasing, a transfer rate may 
be considerably reduced. 

DISCLOSURE OF THE INVENTION 

Technical Task 

0011. An object of the present invention is to provide a 
method of reporting channel state information in a wireless 
communication system and an apparatus therefor based on 
the aforementioned discussion. 

0012 Technical tasks obtainable from the present inven 
tion are non-limited the above-mentioned technical task. 
And, other unmentioned technical tasks can be clearly under 
stood from the following description by those having ordi 
nary skill in the technical field to which the present invention 
pertains. 

Technical Solution 

0013 To achieve these and other advantages and in accor 
dance with the purpose of the present invention, as embodied 
and broadly described, according to one embodiment, a 
method of reporting channel state information (CSI) by a user 
equipment in a wireless communication system, includes 
receiving an RRC message including at least one CSI-RS 
configuration for a first direction domain from a base station, 
receiving, via different subframes respectively, a first CSI-RS 
and a second CSI-RS from a first subset and a second CSI-RS 
from a second Subset among a plurality of physical antenna 
elements of the base station through subframes different from 
each other based on the at least one or more CSI-RS configu 
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rations at least one CSI-RS configuration, and performing a 
CSI report using the first CSI-RS and the second CSI-RS. In 
this case, if a number of the at least one CSI-RS configuration 
for the first direction domain corresponds to one, the first 
CSI-RS and the second CSI-RS are respectively received 
from the first subset and the second subset according to vir 
tualization-varying of antenna ports related to the one CSI-RS 
configuration, the virtualization-varying being performed in 
accordance with a predetermined period. 
0014) To further achieve these and other advantages and in 
accordance with the purpose of the present invention, accord 
ing to a different embodiment, a method of receiving channel 
state information (CSI) by a base station in a wireless com 
munication system, includes the steps of transmitting an RRC 
message including at least one CSI-RS configuration for a 
first direction domainto a user equipment, transmitting, to the 
user equipment via different subframes respectively, a first 
CSI-RS mapped to a first subset and a second CSI-RS mapped 
to a second Subset among a plurality of physical antenna 
elements of the base station, and receiving a CSI report using 
the first CSI-RS and the second CSI-RS. In this case, if a 
number of the at least one CSI-RS configuration for the first 
direction domain corresponds to one, the first CSI-RS and the 
second CSI-RS are respectively received from the first subset 
and the second Subset according to virtualization-varying of 
antenna ports related to the one CSI-RS configuration, the 
virtualization-varying being performed in accordance with a 
predetermined period. 
0015 To further achieve these and other advantages and in 
accordance with the purpose of the present invention, accord 
ing to a further different embodiment, a user equipment 
reporting channel state information (CSI) in a wireless com 
munication system includes a receiver configured to receive 
an RRC message including at least one CSI-RS configuration 
for a first direction domain from a base station and to receive, 
via different subframes respectively, a first CSI-RS and a 
second CSI-RS from a first subset and a second CSI-RS from 
a second Subset among a plurality of physical antenna ele 
ments of the base station through subframes different from 
each other based on the at least one or more CSI-RS configu 
rations at least one CSI-RS configuration and a processor 
configured to perform a CSI report using the first CSI-RS and 
the second CSI-RS. In this case, if a number of the at least one 
CSI-RS configuration for the first direction domain corre 
sponds to one, the first CSI-RS and the second CSI-RS are 
respectively received from the first subset and the second 
Subset according to virtualization-varying of antenna ports 
related to the one CSI-RS configuration, the virtualization 
varying being performed in accordance with a predetermined 
period. 
0016 To further achieve these and other advantages and in 
accordance with the purpose of the present invention, accord 
ing to a further different embodiment, a base station receiving 
channel state information (CSI) in a wireless communication 
system includes a transmitter configured to transmit an RRC 
message including at least one CSI-RS configuration for a 
first direction domain to a user equipment and to transmit, to 
the user equipment via different Subframes respectively, a 
first CSI-RS mapped to a first subset and a second CSI-RS 
mapped to a second Subset among a plurality of physical 
antenna elements of the base station, a receiver configured to 
receive a CSI report using the first CSI-RS and the second 
CSI-RS, and a processor configured to control the transmitter 
and the receiver. In this case, if a number of the at least one 

Jul. 21, 2016 

CSI-RS configuration for the first direction domain corre 
sponds to one, the first CSI-RS and the second CSI-RS are 
respectively received from the first subset and the second 
Subset according to virtualization-varying of antenna ports 
related to the one CSI-RS configuration, the virtualization 
varying being performed in accordance with a predetermined 
period. 

Advantageous Effects 
0017. According to embodiments of the present invention, 

it is able to precisely and efficiently report channel state 
information in a wireless communication system. 
00.18 Effects obtainable from the present invention may 
be non-limited by the above mentioned effect. And, other 
unmentioned effects can be clearly understood from the fol 
lowing description by those having ordinary skill in the tech 
nical field to which the present invention pertains. 

DESCRIPTION OF DRAWINGS 

0019. The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this specification, 
illustrate embodiments of the invention and together with the 
description serve to explain the principles of the invention. 
(0020 FIG. 1 is a schematic diagram of E-UMTS network 
structure as one example of a wireless communication sys 
tem; 
0021 FIG. 2 is a diagram for structures of control and user 
planes of radio interface protocol between a 3GPP radio 
access network standard-based user equipment and E-UT 
RAN: 
0022 FIG.3 is a diagram for explaining physical channels 
used for 3GPP System and a general signal transmission 
method using the physical channels; 
0023 FIG. 4 is a diagram for a structure of a radio frame in 
LTE system; 
0024 FIG. 5 is a diagram for a structure of a downlink 
radio frame in LTE system; 
0025 FIG. 6 is a diagram for a structure of an uplink 
subframe in LTE system; 
0026 FIG. 7 is a diagram for a configuration of a multiple 
antenna (MIMO) communication system; 
(0027 FIG. 8 and FIG. 9 are diagrams for a structure of a 
downlink reference signal in LTE system Supportive of down 
link transmission using 4 antennas; 
0028 FIG. 10 is a diagram for an example of assigning a 
downlink DM-RS defined by a current 3GPP standard docu 
ment; 
(0029 FIG. 11 is a diagram for an example of a CSI-RS 
configuration #0 in case of a normal CP among downlink 
CSI-RS configurations defined by a current 3GPP standard 
document; 
0030 FIG. 12 is a conceptual diagram for a massive 
MIMO technology; 
0031 FIG. 13 is a diagram for a pattern of an antenna port 
transmitting an RS according to one embodiment of the 
present invention; 
0032 FIG. 14 is a diagram for a CSI feedback method 
according to one embodiment of the present invention; 
0033 FIG. 15 to FIG. 17 illustrate a result resulted from 
simulating embodiments of the present invention; 
0034 FIG. 18 is a diagram for a CSI feedback method 
according to a different embodiment of the present invention; 
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0035 FIG. 19 to FIG. 21 illustrate a result resulted from 
simulating different embodiments of the present invention: 
0036 FIG.22 and FIG.23 are diagrams for a CSI feedback 
method according to a further different embodiment of the 
present invention; 
0037 FIG. 24 to FIG. 31 illustrate a result resulted from 
simulating further different embodiments of the present 
invention; 
0038 FIG. 32 is a diagram for mapping of an antenna 
port-TXRU-antenna element according to one embodiment 
of the present invention; 
0039 FIG.33 is a diagram for transmission of a CSI-RS 
according to one embodiment of the present invention; 
0040 FIG. 34 is a diagram for EB/FD-MIMO environ 
ment according to one embodiment of the present invention; 
0041 FIG.35 is a diagram for a 2D-AAS antenna accord 
ing to one embodiment of the present invention; 
0042 FIG. 36 is a diagram for EB/FD-MIMO environ 
ment according to a different embodiment of the present 
invention; 
0043 FIG. 37 is a diagram for multiple CSI-RS configu 
rations according to one embodiment of the present inven 
tion; 
0044 FIG. 38 is a diagram for a virtualization varying 
CSI-RS pattern according to one embodiment of the present 
invention; 
004.5 FIG. 39 is a diagram for RS transmission and CSI 
feedback method according to one embodiment of the present 
invention; 
0046 FIG. 40 is a diagram for RS transmission and CSI 
feedback method according to a different embodiment of the 
present invention; 
0047 FIG. 41 is a diagram for structures of a user equip 
ment and a base station according to one embodiment of the 
present invention. 

BEST MODE 

Mode for Invention 

0048 Reference will now be made in detail to the pre 
ferred embodiments of the present invention, examples of 
which are illustrated in the accompanying drawings. The 
following embodiments are examples in which the technical 
features of the present invention are applied to a 3GPP sys 
tem. 

0049. 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 purely exemplary and the embodiments of the 
present invention can be applied to any communication sys 
tem corresponding to the aforementioned definition. In addi 
tion, although the embodiments of the present invention will 
be described based on frequency division duplexing (FDD), 
the FDD mode is purely exemplary and the embodiments of 
the present invention can easily be applied to half-FDD 
(H-FDD) or time division duplexing (TDD) with some modi 
fications. 
0050. In this specification, the term base station may be 
comprehensively used to include remote radio head (RRH), 
evolved node B (eNB), transmission point (TP), reception 
point (RP), relay, etc. 
0051 FIG. 2 is a diagram showing the structure of a con 

trol plane and a user plane of a radio interface protocol 
between a UE and an E-UTRAN based on the 3GPP radio 
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access network standard. The control plane refers to a path 
through which control messages used for managing a call by 
the UE and the E-UTRAN are transmitted. The user plane 
refers to a path through which data generated at an application 
layer, for example, Voice data, Internet packet data or the like 
is transmitted. 
0.052 The physical layer, which is the first layer, provides 
an information transfer service to a higher layer using a physi 
cal channel. The physical layer is connected with a medium 
access control (MAC) layer located at a higher level through 
a transport channel, and data is transferred between the MAC 
layer and the physical layer via the transport channel. Data is 
transferred between physical layers of a transmission side and 
a reception side via the physical channel. The physical chan 
nel uses time and frequency as radio resources. In detail, the 
physical channel is modulated using an Orthogonal Fre 
quency Division Multiple Access (OFDMA) scheme in 
downlink and is modulated using a Single Carrier Frequency 
Division Multiple Access (SC-FDMA) scheme in uplink. 
0053. The MAC layer of the second layer provides ser 
vices to a radio link control (RLC) layer, which is a higher 
layer, via a logical channel. The RLC layer of the second layer 
enables reliable data transmission. The function of the RLC 
layer is included as the functional block of the MAC layer. A 
Packet Data Convergence Protocol (PDCP) layer of the sec 
ond layer performs a header compression function that 
reduces the size of an Internet protocol (IP) packet header 
containing unnecessary control information having a rela 
tively large size in order to efficiently transmit the IP packets 
such as IPv4 or IPv6 packets over a radio interface having a 
limited bandwidth. 

0054 A Radio Resource Control (RRC) located at a low 
est portion of the third layer is defined only in the control 
plane. The RRC layer handles logical channels, transport 
channels and physical channels for the configuration, re-con 
figuration and release of Radio Bearers (RBs). Here, the RBs 
refer to services provided by the second layer, for data trans 
fer between the UE and the network. The RRC layers of the 
UE and the network exchange RRC messages with each 
other. If the RRC layers of the UE and the network are 
RRC-connected, the UE is in an RRC connected mode and, if 
so not, is in an RRC idle mode. A Non-Access Stratum (NAS) 
layer located at a layer higher than the RRC layer performs a 
function Such as session management and mobility manage 
ment. 

0055 One cell configuring a base station (eNB) provides a 
downlink or uplink transmission service to several UEs using 
any one of bandwidths of 1.4, 3, 5, 10, 15 and 20 MHz. 
Different cells may be set to provide different bandwidths. 
0056. Examples of a downlink transport channel for trans 
mitting data from the network to the UE include a Broadcast 
Channel (BCH) for transmitting system information, a Pag 
ing Channel (PCH) for transmitting a paging message, or a 
downlinkShared Channel (SCH) for transmitting user traffic 
or a control message. Traffic or a control message of a broad 
cast service or downlink multicast may be transmitted 
through the downlink SCH or a separate downlink Multicast 
Channel (MCH). Examples of an uplink transport channel for 
transmitting data from the UE to the network include a Ran 
dom. Access Channel (RACH) for transmitting an initial con 
trol message and an uplink SCH for transmitting user traffic 
ora control message. Examples of a logical channel located at 
a layer above the transport channel and mapped to the trans 
port channel includes a Broadcast Control Channel (BCCH), 
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a Paging Control Channel (PCCH), a Common Control Chan 
nel (CCCH), a Multicast Control Channel (MCCH), a Mul 
ticast Traffic Channel (MTCH), etc. 
0057 FIG. 3 is a diagram illustrating physical channels 
used in a 3GPP System and a general signal transmitting 
method using the same. 
0058 If a UE is powered on or newly enters a cell, the UE 
performs an initial cell search operation such as Synchroni 
zation with a base station (S301). The UE receives a primary 
synchronization channel (P-SCH) and a secondary synchro 
nization channel (S-SCH) from the base station so as to syn 
chronize with the base station and to acquire information Such 
as a cell ID. Thereafter, the UE may receive a physical broad 
cast channel from the base station so as to acquire abroadcast 
signal in the cell. The UE may receive a downlink reference 
signal (DLRS) so as to check a downlink channel state in the 
initial cell search step. 
0059. The UE, upon completion of initial cell search, may 
receive a Physical Downlink Control Channel (PDCCH) and 
a Physical Downlink Shared Channel (PDSCH) according to 
information carried in the PDCCH so as to acquire more 
detailed system information (S302). 
0060. When the UE initially accesses the base station or 
when radio resources for signal transmission are not present, 
the UE may perform a Random Access Procedure (RACH) 
with respect to the base station (steps S303 to S306). The UE 
may transmit a specific sequence using a preamble through a 
Physical Random Access Channel (PRACH) (S303 and 
S305) and receive a response message of the preamble 
through the PDCCH and the PDSCH corresponding thereto 
(S304 and S306). In the contention-based RACH, a conten 
tion resolution procedure may be additionally performed. 
0061 The UE which performs the above-described proce 
dure may receive the PDCCH/PDSCH(S307) and transmit a 
Physical Uplink Shared Channel (PUSCH)/Physical Uplink 
Control Channel (PUCCH) (S308), as a general uplink/down 
link signal transmission procedure. Specifically, the UE 
receives downlink control information (DCI) through the 
PDCCH. Here, the DCI includes control information such as 
resource allocation information for the UE, and has a differ 
ent format depending on the use thereof. 
0062 Meanwhile, the information transmitted from the 
UE to the base station in uplink and transmitted from the base 
station to the UE may include a downlink/uplink ACK/NACK 
signal, a Channel Quality Indicator (CQI), a Precoding 
Matrix Index (PMI), a Rank Indicator (RI), etc. In the 3GPP 
LTE system, the UE may transmit the above-described infor 
mation such as CQI/PMI/RI through the PUSCH and/or the 
PUCCH. 

0063 FIG. 4 illustrates exemplary radio frame structures 
in a LTE system. 
0064. Referring to FIG.4, a radio frame is 10 ms (307200 
T) and divided into 10 equal-sized subframes. The 10 sub 
frames of a radio frame may be indexed. Herein, T represents 
a sampling time and T=1/(2048* 15 kHz) (approximately, 33 
ins). Each subframe is 1 ms long, including two slots. Each slot 
is 0.5 ms (15360 T.) long. A slot includes a plurality of 
orthogonal frequency division multiplexing (OFDM) sym 
bols in the time domain and a plurality of resource blocks 
(RBS) in the frequency time. In a LTE system, single resource 
block includes 12 (subcarriers)*7 (or 6) OFDM symbols. TTI 
(Transmission Time Interval), which is unit time for data 
transfer, can be defined by one or more subframes. The afore 
mentioned structure of the radio frame is shown for exem 
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plary purposes only. Thus, the number of subframes included 
in the radio frame or the number of slots included in the 
subframe or the number of OFDM symbols included in the 
slot may be modified in various manners. 
0065 FIG. 5 illustrates control channels included in a 
control region of one subframe in a downlink radio frame. 
0066 Referring to FIG. 5, the subframe consists of 14 
OFDM symbols. Initial 1 to 3 OFDM symbols are used as the 
control region and the other 13 to 11 OFDM symbols are used 
as a data region depending on a subframe configuration. In 
this figure, R1 to R4 denote reference signals (RSS) (or pilot 
signals) for antennas 0 to 3. The RSs are fixed as a certain 
pattern in the Subframe irrespective of the control region and 
the data region. The control channels are allocated to 
resources of the control region to which no RS is allocated, 
and traffic channels are allocated to resources of the data 
region to which no RS is allocated. The control channels 
allocated to the control region include a Physical Control 
Format Indicator Channel (PCFICH), a Physical HARQ (Hy 
brid-Automatic Repeat and Request) Indicator Channel (PH 
ICH), a Physical Downlink Control Channel (PDCCH), etc. 
0067. The PCFICH signals the number of OFDM symbols 
used for the PDCCH in every subframe to the UE. The 
PCFICH is located in the first OFDM symbol and is config 
ured prior to the PHICH and the PDCCH. The PCFICH 
consists of 4 resource element groups (REGs) each distrib 
uted over the control region based on cell identity (ID). One 
REG consists of 4 resource elements (REs). The RE refers to 
a minimum physical resource defined as one subcarrierxone 
OFDM symbol. The value of the PCFICH indicates one of 
values 1 to 3 or 2 to 4 depending on a bandwidth and is 
modulated through quadrature phase shift keying (QPSK). 
0068. The PHICH is used to carry HARQACK/NACK for 
uplink transmission. That is, the PHICH refers to a channel 
for transmitting DLACK/NACK information for UL HARQ. 
The PHICH consists of 1 REG, and is scrambled cell-specifi 
cally. ACK/NACK is indicated using 1 bit, and is modulated 
through binary phase shift keying (BPSK). The modulated 
ACK/NACK is spread using a spreading factor (SF)=2 or 4. A 
plurality of PHICH channels mapped to the same resource 
form a PHICH group. The number of PHICH channels mul 
tiplexed into the PHICH group is determined depending on 
the number of spreading codes. The PHICH (group) is 
repeated 3 times to achieve diversity gain in the frequency 
domain and/or the time domain. 
0069. The PDCCH is allocated to initial n OFDM symbols 
of the subframe. Here, n is an integer equal to or greater than 
1 and is indicated by the PCFICH. The PDCCH consists of 
one or more CCEs. The PDCCH signals information related 
to resource allocation of a Paging Channel (PCH) and a 
Downlink-Shared Channel (DL-SCH) which are transmis 
sion channels, uplink scheduling grant, HARO information, 
etc. to each UE or UE group. The PCH and the DL-SCH are 
transmitted through a PDSCH. Accordingly, the base station 
and the UE generally transmit and receive data other than 
specific control information or specific service data through 
the PDSCH. 
(0070 Information about a UE (or UEs) targeted by the 
data of the PDSCH, information about schemes for receiving 
and decoding the PDSCH data by the UEs, etc. are carried by 
the PDCCH. For example, it is assumed that a specific 
PDCCH is CRC-masked with radio network temporary iden 
tity (RNTI) 'A' and information about data to be transmitted 
using radio resource (e.g., frequency location) “B” and DCI 
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format (i.e., transmission format information (e.g., transmis 
sion block size, modulation Scheme, coding information, 
etc.)) “C” is transmitted in a specific subframe. In this case, a 
UE within a cell monitors, i.e., blind-decodes, the PDCCH in 
a search area using RNTI information of the UE. If one or 
more UEs have RNTI 'A', the UEs receive the PDCCH, and 
receive a PDSCH indicated by “B” and “C” using information 
of the received PDCCH. 
(0071 FIG. 6 illustrates the structure of a UL subframe in a 
LTE system. 
0072 Referring to FIG. 6, the UL subframe can be divided 
into a region to which Physical Uplink Control Channels 
(PUCCHs) carrying control information are allocated, and a 
region to which Physical UplinkShared Channels (PUSCHs) 
carrying user data are allocated. A middle part of the Sub 
frame is allocated for the PUSCHs, and two side parts of the 
data region in the frequency domain are allocated for the 
PUCCHs. The control information carried by the PUCCH 
includes ACK/NACKused for HARQ, a channel quality indi 
cator (COI) indicating DL channel state, a rank indicator (RI) 
for MIMO, a scheduling request (SR) which is a UL resource 
allocation request, etc. The PUCCH for one UE uses one 
resource block which occupies different frequencies in slots 
of the subframe. That is, 2 resource blocks allocated for the 
PUCCH are frequency hopped at a slot boundary. Specifi 
cally, FIG. 6 exemplarily shows that a PUCCH of m=0, a 
PUCCH of m=1, a PUCCH of m=2, and a PUCCH of m=3 are 
allocated to the subframe. 

0073. A description is now given of a MIMO system. 
Multiple-Input Multiple-Output (MIMO) is a method using 
multiple TX antennas and multiple RX antennas, and this 
method may improve transmission and reception efficiency 
of data. That is, a transmitter or receiver of a wireless com 
munication system uses multiple antennas and thus the capac 
ity and performance thereof may be improved. In the follow 
ing description of the present invention, MIMO can be called 
multiple antenna technology. 
0074. In the multiple antenna technology, reception of one 
whole message does not depend on a single antenna path. 
Instead, in the multiple antenna technology, data fragments 
received through multiple antennas are collected and com 
bined to complete data. If the multiple antenna technology is 
used, a data transfer rate within a cell region of a specific size 
may be improved, or system coverage may be improved while 
ensuring a specific data transfer rate. In addition, this tech 
nology can be broadly used by mobile communication 
devices and relays. Due to the multiple antenna technology, 
restriction on mobile communication traffic based on a legacy 
technology using a single antenna can be solved. 
0075 FIG. 7 shows the configuration of a wireless com 
munication system including multiple antennas. When both 
the number of transmit (Tx) antennas and the number of RX 
antennas respectively to N and N, a theoretical channel 
transmission capacity of the MIMO communication system 
increases in proportion to the number of antennas, differently 
from the above-mentioned case in which only a transmitter or 
receiver uses several antennas, so that transmission rate and 
frequency efficiency can be greatly increased. In this case, the 
transfer rate acquired by the increasing channel transmission 
capacity can theoretically increase by a predetermined 
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amount that corresponds to multiplication of a maximum 
transferrate (R) acquired when one antenna is used and a rate 
of increase (R). The rate of increase (R) can be represented 
by the following equation 1. 

Rimin(NN) Equation 1 

0076 For example, provided that a MIMO system uses 
four Tx antennas and four RXantennas, the MIMO system can 
theoretically acquire a high transfer rate which is four times 
higher than that of a single antenna system. After the above 
mentioned theoretical capacity increase of the MIMO system 
was demonstrated in the mid-1990s, many developers began 
to conduct intensive research into a variety of technologies 
which can Substantially increase data transfer rate using the 
theoretical capacity increase. Some of the above technologies 
have been reflected in a variety of wireless communication 
standards, for example, third-generation mobile communica 
tion or next-generation wireless LAN, etc. 
0077. A variety of MIMO-associated technologies have 
been intensively researched by many companies or develop 
ers, for example, research into information theory associated 
with MIMO communication capacity under various channel 
environments or multiple access environments, research into 
a radio frequency (RF) channel measurement and modeling 
of the MIMO system, and research into a space-time signal 
processing technology. 
0078. Mathematical modeling of a communication 
method for use in the above-mentioned MIMO system will 
hereinafter be described in detail. As can be seen from FIG. 7, 
it is assumed that there are NTX antennas and NRX anten 
nas. In the case of a transmission signal, a maximum number 
of transmission information pieces is N, under the condition 
that NTx antennas are used, so that the transmission infor 
mation can be represented by a specific vector shown in the 
following equation 2. 

SfS1, S2, ..., SN, 

0079. In the meantime, individual transmission informa 
tion pieces S1, s2, . . . . Sv may have different transmission 
powers. In this case, if the individual transmission powers are 
denoted by P, P, ..., P., transmission information having 
an adjusted transmission power can be represented by a spe 
cific vector shown in the following equation 3. 

Equation 2 

SIS 1, S2, ..., SN'-(PS1PS2, ...,PNSN Equation 3 

0080. In Equation 3, S is a transmission vector, and can be 
represented by the following equation 4 using a diagonal 
matrix P of a transmission power. 

P O Sl Equation 4 

P S2 
S = = PS 

O PN SNT 

I0081. In the meantime, the information vectors having an 
adjusted transmission power is applied to a weight matrix W. 
So that N7 transmission signals X1,X2,..., XM to be actually 
transmitted are configured. In this case, the weight matrix W 
is adapted to properly distribute transmission information to 
individual antennas according to transmission channel situa 
tions. The above-mentioned transmission signals X, X2,..., 
X can be represented by the following equation 5 using the 
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vector X. Here, W, denotes a weight corresponding to i-th Tx 
antenna and j-th information. Wrepresents a weight matrix or 
precoding matrix. 

X 11 M2 WIN. S1 Equation 5 

X2 12 122 W2N. S2 

X r 

Wi vil 12 WiN Si 

VNT WNT1 WNT2 ... WNTNT SNT 

WS = WPS 

0082 Generally, a matrix rank is defined by a smaller 
number between the number of rows and the number of 
columns, in which the rows and the columns are independent 
of each other. Therefore, the matrix rank cannot be higher 
than the number of rows or columns. The rank of the channel 
matrix H can be represented by the following equation 6. 

rank(H)smin (NN) 

0083. In addition, each of different pieces of information 
transmitted using the multiple antenna technology is now 
defined as a transport stream or simply a stream. This 
stream can be called a layer. Then, the number of transport 
streams cannot be greater than a channel rank which is the 
maximum number of different pieces of information trans 
mittable using the multiple antenna technology. Accordingly, 
a channel matrix H can be expressed as given by Equation 7. 

Equation 6 

# of streamss rank(H)smin (NN) 

0084. Here, “it of streams' denotes the number of streams. 
Meanwhile, it should be noted here that one stream can be 
transmitted through one or more antennas. 
0085. There can be a variety of methods for mapping one 
or more streams to multiple antennas. These methods may be 
described as follows depending on the type of the multiple 
antenna technology. A case in which a single stream is trans 
mitted through multiple antennas can be regarded as a spatial 
diversity Scheme, and a case in which multiple streams are 
transmitted through multiple antennas can be regarded as a 
spatial multiplexing scheme. Alternatively, a hybrid of spatial 
diversity and spatial multiplexing can also be used. 

Equation 7 

I0086 A detailed description is now given of reference 
signals (RSS). 
0087. In general, a reference signal known to both a trans 
mitter and a receiver is transmitted from the transmitter to the 
receiver for channel measurement together with data. This 

CSI reference signal 

configuration 

Frame 
Structure 

type 1 
and 2 

O 
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reference signal indicates a modulation scheme as well as a 
channel measurement Scheme to perform a demodulation 
procedure. The reference signal is divided into a dedicated RS 
(DRS), i.e., a UE-specific RS, for a base station and a specific 
UE, and a common RS (CRS), i.e., a cell-specific RS, for all 
UEs in a cell. In addition, the cell-specific RS includes a 
reference signal for reporting CQI/PMI/RI measured by the 
UE to the base station, which is called a channel state infor 
mation-RS (CSI-RS). 
I0088 FIGS. 8 and 9 are diagrams showing the structures 
of reference signals in a LTE system supporting downlink 
transmission using 4 antennas. Specifically, FIG. 8 illustrates 
the case of a normal cyclic prefix (CP), and FIG. 9 illustrates 
the case of an extended CP. 
I0089 Referring to FIGS. 8 and 9, 0 to 3 marked in the grid 
denote common RSS (CRSs) which are cell-specific RSS 
transmitted through antenna ports 0 to 3 for channel measure 
ment and data demodulation, and the CRSs which are the 
cell-specific RSs can be transmitted to UEs over a control 
information region as well as a data information region. 
0090. In addition, D marked in the grid denotes a down 
link demodulation-reference signal (DM-RS) which is a UE 
specific RS, and the DM-RS supports single antenna port 
transmission through a data region, i.e., PDSCH. The UE 
receives a higher layer signal indicating whether a DM-RS, 
which is a UE-specific RS, is present. FIGS. 8 and 9 exem 
plarily illustrate a DM-RS corresponding to antenna port 5, 
and 3GPP 36.211 also defines DM-RSs corresponding to 
antenna ports 7 to 14, i.e., a total of 8 antenna ports. 
(0091 FIG. 10 exemplarily illustrates downlink DM-RS 
allocation currently defined by the 3GPP specification. 
0092 Referring to FIG. 10, DM-RSs corresponding to 
antenna ports {7, 8, 11, 13} are mapped to DM-RS group 1 
using antenna port sequences, and DM-RSS corresponding to 
antenna ports {9, 10, 12, 14} are mapped to DM-RS group 2 
using antenna port sequences. 
(0093 Meanwhile, unlike CRS, CSI-RS has been proposed 
above for PDSCH channel measurement, and can be defined 
as up to 32 different CSI-RS configurations to reduce inter 
cell interference (ICI) in a multiple-cell environment. 
0094. The CSI-RS configuration differs depending on the 
number of antenna ports, and neighboring cells are config 
ured to transmit CSI-RSs defined as different CSI-RS con 
figurations as possible. Unlike CRS, CSI-RS supports up to 8 
antenna ports, and a total of 8 antenna ports from antenna port 
15 to antenna port 22 are allocated as antenna ports for CSI 
RS in the 3GPP specification. Tables 1 and 2 show CSI-RS 
configurations defined in the 3GPP specification. Specifi 
cally, Table 1 shows the case of a normal CP and Table 2 
shows the case of an extended CP. 

TABLE 1. 

Number of CSI reference signals configured 

1 or 2 4 8 

(k', I') in mod 2 (k, I') in mod 2 (k', I') in mod 2 

(9,5) O (9,5) O (9,5) O 
(11, 2) 1 (11, 2) 1 (11, 2) 1 
(9, 2) 1 (9, 2) 1 (9, 2) 1 
(7, 2) 1 (7, 2) 1 (7, 2) 1 
(9,5) 1 (9,5) 1 (9,5) 1 
(8,5) O (8,5) O 

1 1 (10, 2) (10, 2) 
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configuration 

1 

16 
17 
18 
19 
2O 
21 
22 
23 
24 
25 
26 
27 

TABLE 1-continued 

(k', ') 

(8, 2) 
(6, 2) 
(8,5) 
(3,5) 
(2,5) 
(5, 2) 
(4,2) 
(3, 2) 
(2, 2) 
(1,2) 
(0,2) 
(3,5) 
(2,5) 

(11, 1) 
(9, 1) 
(7, 1) 

(10, 1) 
(8, 1) 
(6, 1) 
(5, 1) 
(4, 1) 
(3, 1) 
(2, 1) 
(1, 1) 
(0,1) 

Number of CSI reference signals configured 

(k', ') 

(11, 4) 
(9,4) 

(10,-4) 
(9,4) 
(5,4) 
(3, 4) 
(4, 4) 
(3, 4) 
(8,4) 
(6, 4) 
(2, 4) 
(0, 4) 
(7,4) 
(6, 4) 
(1, 4) 
(0, 4) 

(11, 1) 
(10, 1) 
(9, 1) 
(5, 1) 
(4, 1) 
(3, 1) 
(8, 1) 
(7, 1) 
(6, 1) 
(2, 1) 
(1, 1) 
(0,1) 

Number of CSI reference signals configured 

1 or 2 

in mod 2 

TABLE 2 

1 or 2 

in mod 2 

(k', ') 

(8, 2) 
(6, 2) 
(8,5) 

(11, 1) 
(9, 1) 
(7, 1) 

(10, 1) 
(8, 1) 
(6, 1) 

(k', ') 

(11, 4) 
(9,4) 

(10,-4) 
(9,4) 
(5,4) 
(3, 4) 
(4, 4) 
(3, 4) 

(11, 1) 
(10, 1) 
(9, 1) 
(5, 1) 
(4, 1) 
(3, 1) 

4 

in mod 2 

1 

1 
1 

4 

in mod 2 

(k', ') 

(11, 1) 
(9, 1) 
(7, 1) 

(k', ') 

(11, 4) 
(9,4) 

(10,-4) 
(9,4) 

(11, 1) 
(10,1) 
(9,1) 

8 

8 

in mod 2 

in mod 2 

O 
O 
1 
1 

1 
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0095. In Tables 1 and 2, (k'1') denotes an RE index, k' 
denotes a subcarrier index, 1' denotes an OFDM symbol 
index. FIG. 11 exemplarily illustrates CSI-RS configuration 
#0 in the case of a normal CP among CSI-RS configurations 
currently defined in the 3GPP specification. 
0096 CSI-RS subframe configurations can also be 
defined, and each CSI-RS subframe configuration includes a 
periodicity Tess and a subframe offset Ass which are 
expressed on a subframe basis. Table 3 shows the CSI-RS 
subframe configurations defined in the 3GPP specification. 

TABLE 3 

CSI-RS- CSI-RS periodicity CSI-RSSubframe offset 
SubframeConfig TcS-Rs ACS-Rs 

ICSI-RS (subframes) (subframes) 

0-4 5 ICS/ RS 
5-14 10 ICS1 RS-5 
15-34 2O ICS1 RS-15 
35-74 40 ICS1 RS-35 
75-154 8O Icist RS-75 

0097. Enhanced CSI Feedback 
0098. A receiving end (e.g., UE) measures a state of a 
channel formed by each of antenna ports of a transmitting end 
(e.g., base station) and may be able to report a result of the 
measurement. In this case, the receiving end can determine or 
calculate RI, PMI and/or CQI using an RS of each antenna 
port of the transmitting end to measure the channel state. In 
this case, the PMI is defined as an index value for indicating 
a precoding matrix appropriate for a channel measured in the 
aspect of the receiving end. The precoding matrix can be 
selected or determined from among a set of precoding matrix 
candidates, which are determined in advance and shared 
between the transmitting end and the receiving end. In this 
case, the set of precoding matrix candidates is called a code 
book. The PMI can indicate a proper precoding matrix in a 
specific rank. 
0099 Meanwhile, a next generation wireless communica 
tion system considers introduction of an active antenna sys 
tem (AAS). Unlike a legacy passive antenna of which an 
amplifier capable of controlling a phase and a size of a signal 
and an antenna are separated from each other, the active 
antenna is configured to have an active element Such as an 
amplifier. It is not necessary for an active antenna system to 
have a separate cable, a connector and other hardware for 
connecting an amplifier with an antenna and the active 
antenna system has a characteristic of high efficiency interms 
of energy and management cost. In particular, since the active 
antenna system is able to Support an electronic beam control 
scheme according to each antenna, the active antenna system 
enables Such an enhanced MIMO technology as forming a 
delicate beam pattern or a 3-dimensional beam pattern in 
consideration of beam direction and beam width. 
0100. With the help of the introduction of an advanced 
antenna system such as the active antenna, it may also con 
sider a massive MIMO structure including a plurality of 
input/output antennas and a multidimensional antenna struc 
ture. As an example, unlike a legacy straight antenna array (or 
one-dimensional antenna array), in case of forming a 2-di 
mensional antenna array, it may be able to form a 3-dimen 
sional beam pattern by an active antenna of the active antenna 
system. 
0101 FIG. 12 is a conceptual diagram for a massive 
MIMO technology. In particular, FIG. 12 shows a system that 
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an eNB or a UE has a plurality of active antenna system-based 
transmission/reception antennas capable of forming a 3D 
beam. 
0102 Referring to FIG. 12, if a 3-dimensional beam pat 
tern is utilized in terms of a transmission antenna, semi-static 
or dynamic beam forming can be performed not only in 
horizontal direction but also in vertical direction of a beam 
and it may also consider Such an application as sector forming 
in vertical direction and the like. In terms of a reception 
antenna, when a reception beam is formed by utilizing a 
massive reception antenna, it may be able to expect a signal 
power increasing effect according to an antenna array gain. 
Hence, in case of uplink, an eNB can receive a signal trans 
mitted from a UE through a plurality of antennas. In this case, 
the UE can configure transmit power of the UE to be very low 
in consideration of again of the massive reception antenna to 
reduce an impact of interference. 
0103) In order to perform 3D beam forming in a massive 
MIMO system, it is required to feedback more delicate CSI 
compared to legacy CSI. And, in order to Support the 
increased number of antenna ports such as the massive 
MIMO system, it is necessary to define or add a new code 
book. If a codebook is defined or added, a feedback overhead 
increasing problem may occur. And, as the number of antenna 
ports increases, the number of RS for identifying each 
antenna port also increases. As a result, an amount of using a 
resource (e.g., time, frequency and/or a code resource) for 
transmitting an RS increases and an amount of using a 
resource for transmitting data may decrease among total sys 
tem resources. In particular, overhead for Supporting the 
increased number of antenna ports increases, whereas user 
data processing ratio decreases. 
0104. In order to solve the aforementioned problem, a CSI 
feedback method for maximizing MIMO transmission effi 
ciency is required in a system to which a massive MIMO 
scheme is applied. As a method of enhancing CSI feedback, 
the present invention proposes a method of designing a code 
book for a massive MIMO system supporting the increased 
number of antenna ports (or antenna elements) and a method 
of reducing or mitigating feedback overhead of a CSI report 
based on the codebook. Moreover, the present invention pro 
poses a method of performing efficient CSI feedback and 
transmission/reception beam forming based on the CSI feed 
back in a massive MIMO system. More specifically, the 
present invention includes a method of making a feedback on 
CSI in a manner of measuring a partial channel in a receiving 
end, a method of generating a beam former corresponding to 
the number of physical antennas in a manner that a transmit 
ting end matches repetitive CSI feedbacks received from a 
receiving end with each other, and a method of separating a 
received signal into a plurality of data streams. 
0105. According to one embodiment of the present inven 
tion, a transmitting end performs grouping on physical 
antenna ports. If a subframe in which an RS is transmitted is 
differently configured according to an antenna port group, an 
RS is transmitted over a plurality of subframes. A receiving 
end measures a channel using an RS and may be able to 
generate and report CSI. The transmitting end generates a 
beam forming codebook or a code vector using the CSI 
reported from the receiving end to transmit a plurality of data 
streams or multiple layers. 
0106. In the following examples of the present invention, 
for example, a transmitting end of MIMO transmission (i.e., 
a receiving end offeedback information) and a receiving end 
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of MIMO transmission (i.e., a transmitting end of feedback 
information) correspond to an eNB and a UE, respectively, by 
which the present invention may be non-limited. 
0107 I. Antenna Port Configuration for RS Transmission 
0108. A pattern of an antenna port transmitting an RS 
according to one embodiment of the present invention is 
explained with reference to FIG. 13 in the following. The RS 
may correspond to a CSI-RS, by which the present invention 
may be non-limited. In an embodiment of FIG. 13, assume 
that an RS is transmitted through the total M number of 
antenna ports. The RS is transmitted by L. number of antenna 
ports among the M number of antenna ports over Knumber of 
time durations or instances instead of being transmitted by the 
M number of antenna ports at the same time. In this case, the 
L is a natural number smaller than the M. The K number of 
time durations may correspond to the K number of OFDMA 
symbols, the Knumber of slots, the Knumber of subframes or 
the K number of frames, by which the present invention may 
be non-limited. For example, the M corresponds to 4, the K 
corresponds to 3 and the L corresponds to 2 in FIGS. 13 (a) 
and (b). On the contrary, the M corresponds to 4, the K 
corresponds to 6 and the L corresponds to 2 in FIG. 13 (c). 
0109. In FIG. 13, a UE performs channel measurement 
using RSS transmitted from 2 antenna ports over one time 
duration (e.g., subframe unit). In FIG. 13 (a) and FIG. 13(b), 
although RSs are transmitted from antenna ports different 
from each other over K time duration corresponding to 3, a 
pattern of antenna ports selected for transmitting the RSS is 
different from each other in FIG. 13 (a) and FIG. 13(b). 
0110. The UE measures a partial radio channel corre 
sponding to the L number of antenna ports at every time 
duration (e.g., Subframe unit) in a manner of receiving sig 
naling on pattern information of the antenna ports from an 
eNB. For example, the eNB signals at least one selected from 
the group consisting of transmission timing of an RS trans 
mitted by the antenna ports and an offset, sequence scram 
bling information of an RS, information on RE (resource 
element) mapping of an RS to the UE together with a pattern 
of the antenna ports. If the eNB operates in a transmission 
mode for CoMP operation (mode 10), the sequence scram 
bling information of RS may correspond to a scrambling 
initialization parameter using a virtual cell ID. 
0111. Meanwhile, the UE can feedback CSI on a partial 
channel to the eNB as many as K times based on partial 
channel measurement measured over Knumber of time dura 
tions. For example, the UE feedbacks CSI 3 times over single 
iteration in FIG. 13 (a) and FIG. 13 (b) and the UE can 
feedback CSI 6 times over single iteration in FIG. 13 (c). The 
eNB matches the CSI on the K number of partial channels 
with each other and obtains CSI on total channels. 
0112. On the contrary, the UE can feedback CSI to the 
eNB in a manner of matching channel measurements mea 
Sured in times (n is a natural number equal to or less than K) 
with each other. For example, in FIG. 13(a), the UE matches 
channel measurements measured 3 times within single itera 
tion with each other and may be able to feedback CSI to the 
eNB one time. On the contrary, the UE matches channel 
measurements measured 2 times within single iteration with 
each other and may be then able to feedback CSI to the eNB 
twice (e.g., (1.2) matching feedback, (2.3) matching feed 
back, etc.) 
0113. In order to more accurately match channel measure 
ments measured over time durations different from each 
other, at least one or more ports transmitting an RS should be 
in common in the time durations different from each other. 
For example, in FIG. 13(a), a P0 transmits an RS in all time 
durations including first to third time duration. Hence, the P0 

Jul. 21, 2016 

and the RS transmitted by the P0 become a reference for 
matching channel measurements measured over time dura 
tions different from each other. For example, in order to make 
strength or phase of an RS received from the P0 to be practi 
cally same in the time durations including the first to the third 
time duration, the channel measurements measured over the 
first to the third time duration can be revised. In FIG. 13(b), 
a reference for matching channel measurements in the second 
and the third time duration corresponds to a P1 and a refer 
ence for matching channel measurements in the second and 
the third time duration corresponds to a P3. It is not manda 
tory that an antenna port becoming a reference for matching 
channel measurements corresponds to a single antenna port. 
A reference antenna port may change in various ways 
depending on an embodiment. 
0114 Meanwhile, according to a legacy scheme that all 
antenna ports transmit an RS to a same Subframe, a UE or an 
eNB is able to obtain CSI in a manner of averaging n number 
of channel measurements measured in n number of Sub 
frames. Yet, according to one embodiment of the present 
invention, antenna ports transmitting an RS change according 
to time duration. Hence, channel measurements can be aver 
aged only in time durations where a pattern of an antenna port 
is identical to each other. For example, in FIG. 13 (a), it is 
unable to average channel measurements in the first, the sec 
ond and the third time duration of single iteration. 
0115 Yet, since antenna ports transmitting an RS are iden 

tical to each other in (14) time duration, (2.5) time duration 
and (2.5) time duration respectively belonging to iterations 
different from each other, channel measurements can be aver 
aged in the time durations. Meanwhile, the eNB can provide 
the UE with information on time duration in which averaging 
of channel measurements is unavailable (or time duration in 
which averaging of channel measurements is available). For 
example, CSI measurement averaging window information 
can be set to the UE to indicate time duration at which CSI 
measurement values are averaged among iterations. The eNB 
makes the UE identify the CSI measurement averaging win 
dow in a manner of informing the UE of a pattern of an 
antenna port transmitting an RS. 
0116 II. CSI Feedback Based on Partial Channel Mea 
Surement 

0117. In the following description, an embodiment for a 
UE to make a feedback to an eNB in a manner of performing 
singular value decomposition on a channel measurement 
result (channel matrix) in a plurality of time durations (e.g., 
Subframes) is explained. 
0118 II-1. CSI Feedback Including Quantized-V 
0119 Singular value decomposition can be performed 
after channel measurements are accumulated for prescribed 
time durations. And, a result of the singular value decompo 
sition is not fed back whenever the singular value decompo 
sition is performed. Instead, the result can be intermittently 
fed back according to a prescribed interval. 
I0120 For example, a UE measures RSS transmitted from 
the L number of antenna ports of an eNB in every time 
duration (e.g., Subframe) and accumulates measurement 
results. The UE performs singular value decomposition 
(SVD) on the channel measurements accumulated to the eNB 
as shown in Equation 8. 

0.121. A matrix H is a channel matrix of mxn size. U is an 
orthogonal matrix of mxm size and is referred to as a left 

Equation 8 
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singular matrix. X is a diagonal matrix of mxn size. V is a 
unitary matrix and is referred to as a right singular matrix. 
0122) According to one embodiment, a UE feedbacks a 
right singular matrix V extracted from a result of singular 
value decomposition to an eNB. Meanwhile, if a single 
antenna is mounted on the UE, a right singular vector V is 
transmitted to the eNB. 

0123. According to a different embodiment, the UE 
searches for a precoding matrix of which similarity of phase 
information with the quantized right singular matrix V is 
biggest in a codebook and may be then able to report a 
precoding matrix index (PMI) to the eNB rather than feed 
backs the right singular matrix V as it is. In this case, the 
codebook may correspond to a codebook of a legacy mobile 
communication system or a codebook newly defined for a 
quantized right singular matrix V. 
0.124 FIG. 14 is a diagram for a CSI feedback process 
according to one embodiment of the present invention. In 
FIG. 14, assume that an eNB transmits an RS according to a 
pattern shown in FIG. 13 (a) and two reception antenna ports 
are installed in a UE. Hence, total channels can be represented 
by a channel matrix of a size of 2x4. The aforementioned 
assumption is just an example for clarity. Those skilled in the 
art can understand that the scope of the present invention 
includes massive MIMO environment. 

0.125. Although the eNB transmits an RS through a part of 
antenna ports, the UE can be configured to perform CSI 
feedback at a time after channel measurements are all fin 
ished. All channel measurements measured by the UE can be 
obtained in a manner of performing interpolation on partial 
channel measurement values. To this end, it is preferable for 
the eNB to inform the UE of at least one of the number of 
antenna ports (e.g., M'), which becomes a unit of CSI feed 
back, after that UE performs interpolation using the number 
of RS transmission antenna ports (e.g., Such information as 
M-4), a size of single iteration (e.g., Such information as 
K=3), the number of RS transmission antenna ports corre 
sponding to a partial channel (e.g., Such information as L-2) 
and partial channel measurement values. If the number of 
antenna ports M'becoming a CSI feedback unit is delivered to 
the UE, the UE obtains CSI corresponding to the M' number 
ofantenna ports via interpolation and may be able to feedback 
the CSI to the eNB. In this case, the M' may be equal to M, by 
which the present invention may be non-limited. If the M' is 
equal to M, channels obtained by the UE by performing 
interpolation on the partial channel measurement values cor 
respond to total channels. In a different embodiment, the M' 
may exceed the L and may correspond to a natural number 
equal to or less than the M. Meanwhile, the CSI fed back to the 
eNB by the UE may include M'-Tx PMI. 
0126. Meanwhile, the UE can configure a CSI feedback 
period to be greater than K value received from the eNB. 
When CSI feedback on total channels is performed at a time, 
the CSI feedback is performed with a lower frequency com 
pared to a case that CSI feedback is immediately performed 
whenever measurement for a partial channel is performed. 
0127. Meanwhile, when the UE performs CSI feedback 
through interpolation of partial channel measurement values, 
it is not mandatory that a CSI-RS is transmitted over a plu 
rality of time durations. For example, the UE is able to obtain 
measurement values of a first partial channel in a manner of 
measuring a first CSI-RS transmitted in first time duration. 
Subsequently, the UE is able to obtain CSI of all channels in 
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a manner of performing interpolation on the measurement 
values of the first partial channel. 
I0128. In a different embodiment, the UE can perform CSI 
feedback in a manner of performing interpolation on mea 
Surement values of partial channels transmitted in time dura 
tions different from each other. For example, the UE mea 
sures a first CSI-RS transmitted in first time duration and 
measures a second CSI-RS transmitted in second time dura 
tion. The UE can report CSI on all channels corresponding to 
the M' number of antenna ports or CSI on a partial channel in 
a manner of performing interpolation on measurement values 
of a first partial channel obtained by measuring the first CSI 
RS and measurement values of a second partial channel 
obtained by measuring the second CSI-RS. 
I0129. In order to perform interpolation on measurement 
values of partial channels, which are measured in time dura 
tions different from each other, there may exist a reference 
antenna port. For example, the reference antenna port may 
correspond to an antenna port configured to transmit a CSI 
RS in both first time duration and second time duration. After 
at least a part of measurement values of partial channels is 
revised through the reference antenna port, it may be then able 
to perform interpolation using the revised measurement val 
CS. 

0.130. Meanwhile, in order to perform interpolation on the 
measurement values of the partial channel, the UE can use 
information on a pattern of an antenna port that transmits an 
RS. In particular, if it is assumed that it is necessary to per 
form interpolation on a first measurement value and a second 
measurement value and it is unable to perform interpolation 
on a first measurement value and a third measurement value 
among the measurement values of the partial channel, infor 
mation on the aforementioned contents can be provided to the 
UE by the eNB. 
0.131. In a further different embodiment, it is not manda 
tory for the UE to perform interpolation on a partial channel 
only. For example, if the UE performs CSI feedback based on 
measurement of a partial channel, the eNB may perform 
interpolation on the partial channel. 
(0132) In the first time duration of FIG. 13 (a), the UE 
receives RSS from the antenna port P0 and the P1 and obtains 
H' S1405). The UE can wait for receiving an RS in the 
second time duration without immediately making a feed 
back on the H') to the eNB. 
I0133. In the second time duration of FIG. 13(a), the UE 
receives RSS from the antenna port P0 and the P1 and obtains 
HS1410. 
I0134) In the third time duration of FIG. 13 (a), the UE 
receives RSS from the antenna port P0 and the P1 and obtains 
HS1415. 
0.135 The UE obtains a total channel matrix H and a 
matrix V, in a manner of matching the H', the Hand the 
H with each other S1420). For example, the UE performs 
singular value decomposition on the obtained channel matrix 
H. The UE obtains the V, by quantizing a right singular 
matrix V. 
0.136 The UE feedbacks the quantized right singular 
matrix V, to the eNBS1425). For example, the UE feedbacks 
an index of a precoding matrix (PMI) of which a similarity 
with the right singular matrix V, quantized from a codebook 
is biggest to the eNB. 
10137 After the quantized right singular matrix V, is ini 
tially fed back, in other word, after a first PMI is transmitted, 
the UEupdates the channel matrix H in a manner of reflecting 
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a channel measurement result of an antenna port in which an 
RS is transmitted in time duration to the previously calculated 
channel matrix H only in every time duration. The UE per 
forms singular value decomposition on the updated channel 
matrix H and transmits obtained V, to the eNB. For example, 
in FIG. 13(a), the channel matrix H is updated in every time 
duration such as fourth time duration, fifth time duration, 
sixth time duration, and the like and the quantized right sin 
gular matrix V, can be fed back to the eNB. 
0138. The eNB transmits downlink data on which beam 
forming (or precoding) is performed based on the quantized 
right singular matrix V, to the UE S1430). The UE receives 
the downlink data using a Hermitian matrix U of a left 
singular matrix U or a minimum mean square error (MMSE) 
scheme. 
0139 FIG. 15 illustrates a result resulted from comparing 
CSI feedback capability according to the embodiment of FIG. 
14 and CSI feedback capability in ideal environment with 
each other. Perfect CSI-T corresponds to the ideal environ 
ment. In this case, an eNB and a UE are aware of perfect 
channel information (channel matrix H with no error). The 
perfect CSI-T corresponds to capability in case that the eNB 
and the UE performs transmission and reception beam form 
ing through a left singular matrix U or a right singular matrix 
V obtained from the perfect channel information. Since it is 
able to transmit a not-quantized channel measurement value 
to the eNB as it is in the ideal environment, it is considered as 
a codebook size has an infinite size and resolution. Quantized 
V corresponds to capability of the present embodiment. A 
codebook size is restricted by a prescribed size and a channel 
measurement value is quantized like actual environment. 
0140. When the number of antenna ports M corresponds to 
2, 4, 8 or 16 and the number of antenna ports L assigned to 
transmit an RS per every duration (e.g., every Subframe) 
corresponds to 2 or 4, average correlation power L is mea 
Sured as an indicator of capability. The average correlation 
power L is defined as Equation 9 in the following. 

0141. In Equation 9, H corresponds to USV' and V is 
quantized. diag indicates a diagonal element in a matrix. 
0142 FIG.16 shows a case that M corresponds to 4 and L 
corresponds to 2. FIG. 16 shows a change of average corre 
lation power according to channel information obtained in 
every time duration (e.g., Subframe). A ratio of transmit 
power to noise power of a channel is defined as Y-EIH /2o. 
FIG. 16 shows 3 cases. It may be able to relatively ignore the 
noise power in an infinite case and a 20 dB case. 
0143. In a 10 dB case, average correlation power increases 
as CSI feedback for each time duration is accumulated. Con 
sequently, if M corresponds to 4 and L corresponds to 2, since 
the average correlation powergently increases after third time 
duration, K=3 may become an appropriate point of compro 
mise between CSI feedback overhead and beam forming 
capability. 
014.4 FIG. 17 (a) and FIG. 17 (b) show a change of aver 
age correlation power according to channel information 
obtained in every time duration (e.g., subframe) when M 
corresponds to 8 and L corresponds to 4 and when M corre 
sponds to 16 and L corresponds to 4, respectively. 
0145 II-2. CSI Feedback Including Quantized-U or 
Quantized-U/V 
0146 FIG. 18 is a diagram for a CSI feedback method 
according to a different embodiment of the present invention. 

Equation 9 
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Assume that an eNB transmits an RS according to a pattern of 
FIG. 13 (a) and a UE has 2 reception antenna ports. Having 
received the RS, the UE feedbacks a quantized left singular 
matrix U, and a quantized right singular matrix V, to the eNB. 
0147 First of all, the eNB transmits an RS through 
antenna ports (P0 and P1) IS1805. The UE obtains a matrix 
H'(hereinafter, apartial channel matrix) for partial channels 
corresponding to the antenna ports (P0 and P1) through the 
received RS. The UE performs singular value decomposition 
on the H' and obtains a partial left singular matrix U') and 
a partial right singular matrix V. The UE quantizes the 
partial left singular matrix U') and the partial right singular 
matrix V' and feedbacks the quantized partial left singular 
matrix U') and the partial right singular matrix V to the 
eNBS1810. 
0.148. The eNB preferentially estimates the partial channel 
H' for first time duration by the calculation of U.) X(1) 
(V)-H(''. A diagonal matrix X can be represented 
using a COI (channel quality indicator) corresponding to one 
of legacy feedback information. The eNB estimates the par 
tial channel matrix H' for the antenna ports (P0 and P1) 
through the diagonal matrix X', a quantized partial right 
singular matrix V1) and a quantized partial left singular 
matrix U. 
0149 Such a process as S1805 and S1801 is repeated for 
second time duration and third time duration S1815, S1820, 
S1825, and S1830. For example, the UE performs singular 
value decomposition on a partial channel matrix obtained in 
time durationi and may be able to obtain a partial left singular 
matrix UV and a partial right singular matrix VV). The UE 
obtains U9) and Vo in a manner of quantizing each element 
of the partial left singular matrix U and the partial right 
singular matrix VV to aphase. The UEfeedbacks the U.o and 
the VO) to the eNB in every time duration. 
(0150. The eNB estimates a j" partial channel H by the 
calculation of UVXV(V0)-10). 
0151. According to a further different embodiment, the 
UE does not feedback the left singular matrix U, to the eNB 
and the eNB may use a random orthogonal matrix satisfying 
a characteristic of a not-quantized left singular matrix U. For 
example, it may use u(1)–1; 1) and u(2)-1; -1), by which 
the present invention may be non-limited. 
0152 The eNB obtains channel information on total 
antenna ports over time duration as much as K-3. The eNB 
estimates an overall channel matrix H in a manner of match 
ing partial channel matrixes, which are estimated in each time 
duration, with each other. In order to match the partial channel 
matrixes, the eNB can select a partial channel matrix from 
among the partial channel matrixes as a reference of match 
ing. The partial channel matrix becoming the reference of 
matching (hereinafter, a reference matrix) may correspond to 
a channel matrix of which a channel state is best or a partial 
channel matrix of which phase information is most accurate 
based on a COI. Phase of the rest of the partial channel 
matrixes can be adjusted based on a phase of the reference 
matrix. For example, if an RS is transmitted as shown in FIG. 
13 (a), although phase information of an antenna port P0 is 
included in all partial channel matrixes, the phase information 
of the antenna port P0 may delicately vary in each time 
duration. For example, the eNB calculates a difference 
between a phase of a reference antenna port P0 of a reference 
matrix determined as being most accurate and a phase of an 
antenna port P0 in a specific partial channel matrix and may 
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be able to adjust phase of the rest of antenna ports of the 
specific partial channel matrix. 
0153. For example, the eNB executes phase revision for 

partial channels obtained via S1810, S1820 and S1803 pro 
cess S1835. If a COI of a partial channel obtained through 
j=2 is best among CQIs received through the S1810, the 
S1820 and the S1803, the eNB executes phase revision as 
follows. 
I0154) In case of estimating a reference matrix Hamong 
the total channels, the eNB reflects the estimation of the 
reference matrix H’ to H as it is. Yet, in case of estimating 
H' and H, the eNB excludes a first row corresponding to 
the P0 and reflects it to a second row and a fourth row, 
respectively. A result of the estimation is shown in Equation 
10 in the following. 

hi hi2 his his Equation 10 
(0) (1) (2) (3) 

h21 h22 h23 h24 

(0) (1) (2) 

0155. It is necessary to perform phase revision on Equa 
tion 10. If the phase revision is performed on Equation 10 and 
a result of the phase revision is represented as Equation 11, 
Equation 12 shows a calculation for revising phase of H(1) 
and H(3) on the basis of a first row of H’, i.e., an antenna port 
PO. 

Equation 11 hi hi2 his 
h2. h2 h23 h24 

Li = 1 h. (Lh-Lh), Li = 1 h. (Lh-Lh), Equation 12 

0156. As shown in the above, phase revision is not per 
formed on a partial channel matrix corresponding to index, 
which becomes a reference, and phase revision can be per 
formed on elements of the rest of partial channel matrixes on 
the basis of the partial channel matrix corresponding to the 
index. 
(O157 Meanwhile, an RI (rank indicator) of a CSI reported 
in every time duration may be different from each other. The 
UE reports vectors of uo and v,v) as many as the rank 
number to the eNB and the eNB estimates channels as many 
as the limited rank number according to the report of the UE. 
The eNB performs downlink transmission within a range not 
exceeding a corresponding rank. For example, if a rank cal 
culated foraj" partial channel (i-1) by the UE corresponds to 
1, dimension of a matrix U9-1) and dimension of a matrix 
VV' correspond to Naxi and 1XL, respectively. 

1 

(e.g., u - V = 1 -1) 

If a rank calculated for a j" partial channel (2) by the UE 
corresponds to 2. dimension of a matrix U9-2) and dimen 
sion of a matrix V-2) correspond to Nox2 and 2xL, respec 
tively. 

0158. In other word, an RI of a CSI report (e.g., RI, PMI, 
and/or CQI) can be independent from each other according to 
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a partial channel indexj or time duration. As mentioned in the 
foregoing description, if CSIs including an RI value different 
from each other is respectively fed back, the eNB estimates/ 
reconfigures partial channels according to each index j and 
matches the estimated/reconfigured partial channels with 
each other. In particular, although CSIs including an RI dif 
ferent from each other are fed back, the eNB is able to esti 
mate/reconfigure a total channel matrix. If CSI feedback 
including an independent RI value is permitted according to a 
partial channel index j, the UE can report CSI feedback opti 
mized according to corresponding time duration. This may 
lead to increase efficiency and accuracy in case that the eNB 
performs transmission beam forming after a total channel is 
estimated or reconfigured. 
0159. The eNB performs singular value decomposition on 
the estimated total channel matrix H and generates a code 
vector. The code vector is formed in a manner that vectors as 
many as rank number are selected from a right singular matrix 
V of H=USV. The eNB performs transmission beam forming 
through the formed code vectors. 
(0160 If the UE feedbacks CSI to the eNB, the UE is able 
to know all of the total channel information. Hence, the UE 
performs singular value decomposition on the total channel 
matrix and obtains a left singular matrix U. When the UE 
receives downlink data, the UE eliminates or minimizes inter 
ference of a reception antenna using a Hermitian matrix U of 
the left singular matrix. 
0.161 FIG. 19 illustrates average correlation power 
according to the embodiment of FIG. 18. Assume that M 
corresponds to 4 or 8. R1 corresponds to a case that a single 
reception antenna is used only and R2 corresponds to a case 
that 2 reception antennas are used. A rank of the R1 is 
restricted to a half of the R2. A quantized-UN (fixed U) 
indicates a case that the eNB quantizes a random orthogonal 
matrix (u,C1)-1: 1) and u(2)-1-1) among the aforemen 
tioned embodiments. The quantized-U/V corresponds to 
average correlation power of which the eNB receives feed 
back on a quantized U matrix from the UE and the eNB uses 
the quantized U matrix. The quantized-UN (fixed U) and the 
quantized-UN show identical capability. 
0162 II-3. CSI Feedback Including Quantized-H 
(0163 FIG. 20 is a diagram for a CSI feedback method 
according to a different embodiment of the present invention. 
Assume that an eNB has 4 transmission antenna ports and a 
UE has 2 reception antenna ports. According to the embodi 
ment of FIG. 20, a process of performing singular value 
decomposition on a partial channel matrix performed by the 
UE is omitted. The UE quantizes a partial channel matrix 
(phase information of the partial channel matrix) and feed 
back the quantized partial channel matrix to the eNB. 
0164. The eNB transmits an RS according to the pattern 
shown in FIG. 13 (a) S2005, S2015, S2025. The UE can 
obtainapartial channel matrix H, Hand Husing the RS 
received in each time duration. The UE quantizes the partial 
channel matrix H, Hand Hand feedback the quantized 
partial channel matrix H', H' and H to the eNBS2010, 
S2020, S2030. 
0.165. The eNB obtains a quantized total channel matrix 
H. in a manner of accumulating the partial channel matrixes 
received via the S2010, S2020 and the S2030 and matching 
the partial channel matrixes with each other. The eNB per 
forms singular value decomposition on the channel matrix H, 
and obtains a right singular matrix V. The right singular 
matrix V, is used as a code vector for transmission beam 
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forming. The eNB performs transmission beam forming (or 
precoding) using a code vector consisting of column vectors 
of the right singular matrix V, S2035). 
0166 The UE performs singular value decomposition on a 
channel matrix, which is known in a CSI feedback process, 
and receives downlink data transmitted by the eNB via trans 
mission beam forming using a left singular matrix. 
0167 FIG. 21 illustrates average correlation power 
according to the embodiment of FIG. 20. Since it is able to 
understand a result of FIG. 21 based on the contents men 
tioned earlier in FIG. 15 to FIG. 19, explanation is omitted at 
this time. 
0168 II-4. CSI Feedback Including Quantized-V 
(Stacked) 
0169. According to a further different embodiment of the 
present invention, the UE can make a feedback on an antenna 
port transmitting an RS in a unit of every time duration (e.g., 
subframe) whenever the UE receives the RS. According to the 
aforementioned II-1 Quantized-V scheme, a matrix V, is fed 
back via singular value decomposition after the UE obtains 
channel information on the total M number of antenna ports. 
In order to more reduce the burden of a feedback resource 
consumed at a time compared to the aforementioned II-1 
Quantized-V Scheme, the present invention proposes a 
method of making a feedback on accumulated Quantized-V. 
0170 FIG. 22 explains a calculation process of a UE 
according to Quantized-V (stacked) when M corresponds to 
4, L corresponds to 2 and the UE has 2 reception antennas. 
FIG. 22 shows channel information fed back in every time 
duration or each feedback reporting instance determined in 
advance. 
0171 The UE makes feedback on channel information of 
an antenna port transmitting an RS in current time duration 
and calculates channel information of antenna ports transmit 
ting RSS from previous time durations to current time dura 
tion in an accumulation manner. The UE performs singular 
value decomposition on the accumulated channel informa 
tion (or channel matrixes). 
0172 A size of a right singular matrix V on which singular 
value decomposition is performed is getting bigger as CSI 
feedback is repeated according to the accumulation of the 
channel information, thereby increasing overhead of the CSI 
feedback. Hence, the UE can transmit a part corresponding to 
an antenna port transmitting a current RS only to the eNB in 
a manner of extracting the part from the right singular matrix 
V instead of reporting the whole of the calculated right sin 
gular matrix V. 
0173 For example, when a rank corresponds to 2, the UE 
can feedback a part (2x2 matrix) represented by a dotted line 
to the eNB among elements of the right singular matrix in 
each CSI feedback instance. If a rank corresponds to 1, the UE 
can feedback 2x1 matrix corresponding to a left column of the 
dotted line only to the eNB. Those skilled in the art can 
understand that embodiments of the present invention are also 
applicable to a case that a rank exceeds 2. 
0.174. It may consider a method of transmitting Quan 
tized-V (stacked) using a codebook for PMI feedback of 
3GPP LTE. Table 4 shows a codebook for transmitting maxi 
mum 2 layers in LTE system. If a rank corresponds to 1, an 
index is selected from the group consisting of an index 0, 1 
and 2 in v=1 and the selected index is fed back. If an RI 
corresponds to 2, an index is selected from the group consist 
ing of an index 0, 1 and 2 in V-2 and the selected index is fed 
back. For example, the UE selects a matrix (or vector) of 
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which a similarity with a quantized right singular matrix (or 
vector) is biggest from among matrixes (or vectors) corre 
sponding to each index. 

TABLE 4 

Codebook Number of layers 

index 1 2 

O 1 1 1 1 0 | vil 
1 1 1 1 1 1 | i 
2 1 s 

V2.j 2 j -j 

3 | V2-j 

0.175 Operations of an eNB and a UE according to the 
Quantized-V (stacked) scheme are explained in the following 
with reference to FIG. 23. For clarity, assume that the eNB 
transmits an RS according to the pattern shown in FIG. 13(a). 
(0176 The eNB transmits an RS in each time duration 
through the L number of antenna ports S2305, S2315, 
S2325. 
0177. The UE accumulates information on a partial chan 
nel based on the RS received in each of the time durations. For 
example, in the step S2320, the UE generates a channel 
matrix using the information on the antenna ports accumu 
lated via the step S2305 and the step S2315. In the step S2330, 
the UE generates a channel matrix in a manner of accumu 
lating information of partial channels obtained through the 
step S2305, the step S2315 and the step S2325. The UE 
performs singular value decomposition on the accumulated 
channel matrixes. 

0.178 For example, a dimension of the channel matrixes 
accumulated untilj" time duration corresponds to {(N)x 
(1+(L-1))}. In this case, N. corresponds to the number of 
antenna ports of the UE. A dimension of a right singular 
matrix V, which is obtained as a result of performing the 
singular value decomposition performed on the accumulated 
channel matrixes, corresponds to {(1+(L-1).j)x(1+(L-1).j)}. 
In this case, a code vector used by the eNB for transmission 
beam forming corresponds to the N number of column vec 
tors from the left of the right singular matrix V. Meanwhile, 
information fed back in each feedback instance corresponds 
to a partial matrix including column vectors corresponding to 
antenna ports transmitting an RS only among the V matrix 
consisting of the N number of columns. Hence, in the step 
S2320 and the step S2330 of FIG. 23, the remaining part 
exceptapart represented by a dotted line is CSI fedback to the 
eNB. More generally speaking, if a dimension of channel 
matrixes calculated in a manner of being accumulated corre 
sponds to {(N)x(L), a partial matrix of the fed back right 
singular matrix V corresponds to {(L)x(N)}. 
(0179 The eNB obtains the whole of the right singular 
matrix V in a manner of accumulating the partial matrixes of 
the right singular matrix V obtained in each feedback instance 
S2335). 
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0180 According to the present embodiment, as a feedback 
instance increases, in particular, as the II-4 Quantized-V 
(stacked) fed back by the UE is accumulated, the II-4 Quan 
tized-V (stacked) converges into a beam forming result of II-1 
Quantized-V (non-stacked). 
0181 FIG. 24 shows an average quantization error ratio of 
II-1 Quantized-V (non-stacked) to II-4 Quantized-V 
(stacked) in environment that M corresponds to 16 and L 
corresponds to 4. As shown in FIG. 22, similar to a legacy 
codebook-based feedback, a first element of partial matrixes 
for L. number of ports, which are fedback inj" order, is fixed 
to 1. And, I-V, V-, -v- respectively indicate vectors 
including 3 elements inj" time duration (e.g., subframe). 
0182. In the present embodiment, a process of making a 
feedback on a quantized code vector can be applied to a 
process of making a feedback on a codebook-based PMI in a 
legacy LTE mobile communication system. 
0183 In case of making a feedback on an RI, the UE can 
feedback the RI in a manner of calculating PMI/COIbased on 
an RI selected by the UE. On the contrary, when the UE makes 
a feedback on CSI, if the UE differently selects an RI for a 
partial channel in every feedback instance, it may confuse the 
eNB. Hence, it may be able to restrict the UE not to change an 
RI within an identical iteration, i.e., Ktime duration (higher 
layer signaling). In this case, the UE calculates PMI using a 
single RI in a process of generating a total channel matrix. 
0184 Meanwhile, similar to the embodiment of II-4, a 
CQI used for determining a MCS (modulation and coding 
scheme) can also be fed back based on accumulated channel 
information. In a different embodiment, the UE can feedback 
not only a COI for a corresponding partial channel but also a 
CQI for all antenna ports based on the accumulated channel 
information when a feedback is made on K" time duration. 
For example, the UE can feedback a different with a past CQI 
(differential CQI) together with a complete CQI for a total 
channel. In a further different embodiment, a COI feedback 
on all antenna ports can be performed via a separate feedback 
instance or a separate message based on the accumulated 
channel information. One of the aforementioned embodi 
ments can be indicated to the UE via RRC signaling. 
0185. II-5. Repetition of Pattern and CSI Update 
0186. As mentioned earlier in FIG. 13, each antenna port 
transmits an RS according to a pattern and the pattern can be 
repeated. For example, if K corresponds to 3, RS transmission 
in fourth time duration can be performed by an antenna port 
identical to an antenna port transmitting an RS in first time 
duration. 
0187. When a pattern is repeated and CSI feedback is 
performed according to the pattern, an additional method of 
improving capability is explained in the following. 
0188 When a CSI is fed back according to a CSI-RS of a 
pattern Such as a previous iteration, it may be able to enhance 
CSI feedback accuracy using previous CSI information. For 
example, in case of reporting a quantized matrix V, using 
PMI, it may be able to increase accuracy in a manner of 
averaging previous phase information and current phase 
information. Meanwhile, the current phase information can 
be selected from a codebook different from a codebook from 
which the previous phase information is selected. 
0189 FIG. 25 corresponds to an embodiment of making a 
feedback on a CSI in response to a repetition of a pattern when 
Mcorresponds to 16, L corresponds to 4 and K corresponds to 
5 in II-4 Quantized-V (stacked) scheme. A UE performs 
quantization on a right singular matrix V in 6' time duration 
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using a codebook including a random phase as a configura 
tion element. V, and V. are updated through phase infor 
mation selected from codebooks different from each other. 
For example, the UE selects phase information through a 
second codebook in 6' time duration (e.g., 6" subframe), 
selects phase information through a first codebook in 1 time 
duration (e.g., 1 subframe), calculates a phase information 
average and may be able to update a matrix V. 
0190. An eNB and the UE can preconfigure or discuss 
about a codebook to be used in each feedback instance among 
a plurality of codebooks (e.g., RRC signaling). 
0191 FIG. 26 illustrates a capability improvement effect 
improved by the embodiment mentioned earlier in II-5. In 
FIG. 26, time duration corresponds to a subframe unit and 
capability is measured on the basis of average correlation 
power. Assume that M corresponds to 16, L corresponds to 4. 
K corresponds to 5 or 9 and a UE has 2 reception antenna 
ports. After beam forming is performed using the II-4 Quan 
tized-V (stacked) scheme, a previous pattern uses random 
codebook of which phase of each code vector element has a 
random value for repeated time duration instead of a code 
book using a QPSK symbol. In order to identically maintain 
the number of feedback bits assigned to every subframe, a 
random codebook of a size equal to a size of the codebook 
using the QPSK symbol is used. 
(0192 II-5. Comparison of CSI Feedback Schemes 
0193 FIG. 27 illustrates a result resulted from simulating 
the aforementioned CSI feedback methods in terms of aver 
age correlation power. 
0194 FIG.28 and FIG.29 illustrate a transferrate of a user 
using the aforementioned CSI feedback methods. In this case, 
assume that a UE has 2 reception antenna ports and K corre 
sponds to 5. FIG. 28 illustrates accumulation probability dis 
tribution of a transfer rate of a user when the UE receives 
information using two reception antenna ports and FIG. 29 
illustrates accumulation probability distribution of a transfer 
rate of a user when the UE receives information using one 
reception antenna port only. A Solid line indicates a transfer 
rate after feedback is performed 30 times in Quantized-V 
(stacked) scheme. 
(0195 FIG. 30 illustrates simulation environment of FIG. 
28 and FIG. 29. A user exists between a serving eNB and a 
neighboring eNB and a distance between the two eNBs cor 
responds to 500 m. A UE is located at a point within 150 m 
radius from the serving eNB. 
0.196 FIG. 31 illustrates the number of CSI feedback bits 
transmitted according to each CSI feedback scheme. Depend 
ing on transmitted information, if one element of a matrix is 
quantized by one element among {1, -1, I., -i, two bits are 
used. In case of Quantized-H, Quantized-UN and Quan 
tized-V (stacked), when a subframe is transmitted, it is able to 
immediately feedback information on every subframe. Yet, in 
case of Quantized-V, accumulated information are transmit 
ted at a time when information on all antenna ports are 
received through a plurality of Subframes. Hence, in case of 
Quantized-H, Quantized-UN and Quantized-V (stacked), the 
number of feedback bits consumed in each every subframe 
corresponds to 2x(L-1)x(rank). In case of Quantized-V, the 
number of feedback bits consumed at a time after all sub 
frames for the total M number of antenna ports corresponds to 
2x(M-1)x(channel rank). If the aforementioned number of 
feedback bits is converted into a value of the number of 
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feedback bits per subframe, consequently, the number of 
feedbackbits of the three proposed schemes are identical with 
each other. 

II-6. CSI Feedback Mode 

0197) In order to provide backward compatibility to a 
legacy UE not supporting enhanced RS transmission, a CSI 
feedback mode and a control signal, an eNB can selectively 
configure a legacy mode and an advanced mode. The UE 
signals whether or not the UE supports the advance mode to 
the eNB (capability signaling). The eNB can semi-statically 
signal Switching of a mode to the UE (e.g., semi-static indi 
cation via RRC signaling). On the contrary, Switching of a 
mode can be dynamically signaled via signaling of a physical 
layer or MAC layer (dynamic indication). In order to switch 
a mode, the eNB can transmit a control signal to the UE to 
indicate that enhanced CSI feedback is available. The eNB 
transmits a control signal for initiating the enhanced CSI 
feedback to the UE. For example, information exchanged 
between the eNB and the UE to switch a mode includes at 
least one selected from the group consisting of the number of 
physical antennas of the eNB, the number of antennas for 
transmitting an RS in a subframe, RS configuration (e.g., 
CSI-RS port number and CSI-RS configuration) and pattern 
information of an antenna port transmitting an RS. 
0198 III. Elevation Beamforming and Full-Dimension 
MIMO 
(0199 III-1. High Level View 
0200. In the following description, in case of performing 
elevation beam forming (EB) and FD (full-dimension)- 
MIMO, a method of increasing system performance, which 
does not cause any serious overhead due to many numbers of 
antennas and measurement of an RS resource, is explained. 
0201 In the following description, the elevation beam 
forming and the FD-MIMO can be classified into 2 types. A 
first type corresponds to a type using a horizontal-domain CSI 
feedback only. The first type has a relatively low complexity. 
A second type a type using both a horizontal domain and a 
Vertical domain. Although the second type shows a relatively 
accurate and high performance compared to the first type, the 
second type may have a complexity problem and an overhead 
problem. 
(0202 III-1-(i) Relation Between TXRU (RF Chain) and 
Antenna Elements/Ports 
0203 Among terminologies used in the present specifica 

tion, such a terminology as TXRU is an abbreviation of a 
transceiver unit and may be referred to as an RF chain. For 
example, the TXRU corresponds to a base band processor 
capable of independently controlling a single RF chain or size 
and phase of a transmission symbol. The TXRU can be 
mapped to a plurality of transmission antenna elements by a 
corresponding phase shifters. For example, the number of 
TXRU may be equal to or less than the number of antenna 
elements. 
0204 For clarity, assume that a transmitter (or an eNB) 
includes 32 antenna elements in a cell, 4 elements are arrayed 
in horizontal direction and 8 elements are arrayed in vertical 
direction. Since the 8 elements arrayed in vertical direction 
are connected with a single TXRU, each of the 4 elements 
arrayed in horizontal direction is connected with 4TXRUs. 
0205 As mentioned in the foregoing description, the num 
ber of TXRUs and the number of antenna elements may be 
different from each other and it may be necessary to virtualize 
an antenna port (hereinafter, an RS port) for transmitting an 
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RS. It is able to virtualize an RS port to 4TXRUs in various 
ways. A virtualization scheme may vary according to a map 
ping RS among a CRS, a CSI-RS and a DMRS. Specifically, 
in case of the CSI-RS, when a CSI-RS configuration includ 
ing 4 CSI-RS ports is set to a UE, each of the 4 CSI-RS ports 
may correspond to each TXRU. In case of the CRS, if 2 CRS 
ports are used in a cell, one CRS port corresponds to 2 TXRUs 
and another CRS port may correspond to the remaining 2 
TXRUS. 
0206 DMRS port virtualization may vary according to the 
number of layers transmitted based on a DMRS. For example, 
antenna ports can be variously mapped according to an RS, 
TXRUs, or antenna elements. 

III-1-(ii). Elevation Beamforming 
0207 Beamforming in vertical direction (elevation beam 
forming) can be considered as vertical sectorization. For 
example, in case of the aforementioned example that there 
exist 4x8 antenna elements, 2 vertical sectors are formed and 
each vertical sector i is operated by 4 TXRUs (N=4) among 
total 8 TXRUs. In particular, in order to manage 2 vertical 
sectors, it may be necessary to have TXRUS as many as twice 
of the vertical sectors. Each vertical sector may have a unique 
CRS irrespective of physical cell ID virtualization by the 
corresponding TXRUs. Each vertical sector may have a rel 
evant N-port CSI-RS configuration for a CSI feedback on the 
Vertical sector. It is necessary to semi-statically change a 
tilting angle of each vertical sector to control load balancing 
and interference. In this case, vertical sector tilting is associ 
ated with a phase shifter for analog beam forming. 
(0208 III-1-(iii). Full-Dimension MIMO 
0209. As mentioned in the foregoing description, each 
TXRU can be connected with a plurality of antenna elements, 
a Sub-array, or a single antenna element. For performance of 
FD-MIMO, although it may be preferable to configure one 
to-one (1:1) mapping between a TXRU and an antenna ele 
ment, a Subarray structure for mapping a TXRU to a plurality 
of antenna elements is more practical. In FD-MIMO, each 
antenna port of a CSI-RS is mapped to a TXRU in general. A 
CRS antenna port is mapped to a TXRU or is mapped to a 
plurality of TXRUs in a manner of being virtualized. 
0210. As mentioned in the foregoing description, the first 
type among the EB and the FD MIMO-scheme uses CSI 
feedback in horizontal domain only. In this case, in order to 
use a vertical domain, it is necessary to set and measure an 
additional CSI-RS in a UE. The UE reports a power level 
received per a port or a result of selecting an optimized 
antenna port through the additional CSI-RS. It is able to 
determine optimized vertical direction of long term for the 
UE based on the report of the UE. 
0211. In this case, each CSI-RS port in which a CSI-RS is 
transmitted is virtualized in response to antenna elements 
arrayed in Vertical direction according to Vertical direction 
becoming a target. The UE performs legacy horizontal 
domain short term feedback on a CSI-RS which is pre-coded 
in Vertical direction becoming the target. In this case, it is 
preferable to transmit a non-periodical CSI-RS, which is 
associated with the UE or a UE group only, in consideration 
of overhead of a CSI-RS resource. 
0212. The second type among the FD-MIMO scheme can 
enhance vertical domain capability of a channel in a manner 
of using a new vertical domain feedback together with a 
horizontal domain feedback. It is necessary to newly define a 
vertical direction codebook and the codebook may corre 
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spond to a DFT-based codebook, by which the preset inven 
tion may be non-limited. In particular, a vertical domain 
shows characteristics different from a legacy horizontal 
domain. For example, a target codebook range may cover a 
specific angle only instead of whole range of vertical angles. 
It is preferable to generate a codebook on the basis of an angle 
at which the UE is positioned or the UE is able to position 
except a vertical angle heading to the sky (in 3D-Uma, Zenith 
angles less than 90 degrees are excluded). Hence, a vertical 
direction codebook is limited in a Subset or an angle. 
0213 Meanwhile, it is necessary to consider how many 
Vertical direction ranks are used. In one embodiment, a ver 
tical rank may be restricted to 1. 
0214. In Summary, according to one embodiment of the 
present invention, Vertical sector tilting can be semi-statically 
performed based on up/down data traffic and/or interference 
measurement to control loadbalancing and interference. And, 
a legacy short-term feedback can be performed based on a 
CSI-RS which is pre-coded in long-term vertical direction. In 
another embodiment of the present invention, it is able to 
perform vertical direction feedback together with legacy hori 
Zontal direction feedback. 

0215 III-2. RS Design Aspect 
0216. In one embodiment of the present invention, assume 
at least one among items described in the following. It may 
use a2 dimensional antenna array. The 2 dimensional antenna 
array also includes a single column array of a cross pole 
antenna. It may use various numbers of TXRUs including 8. 
16, 32 and 64TXRUs. It may configure to measure maximum 
64 (8x8) antenna ports. Designing an RS Such as an SRS, a 
CSI-RS and a DMRS may change for EB/FD-MIMO. It is 
able to define an enhanced codebook and CSI feedback for a 
single user/multi-user MIMO (e.g., COI definition, layer 
mapping, precoder/rank indication, etc.). The EB/FD-MIMO 
can operate based on channel reciprocity. A transmission 
diversity mode can be improved for the EB/FD-MIMO. Con 
trol signaling can be enhanced for SU/MU-MIMO in the 
EB/FD-MIMO. It is able to define eNB antenna calibration 
for the EB/FD-MIMO. The maximum number of reception 
layers per UE may also be restricted to 8 in the EB/FD 
MIMO. In the following, RS design for the EB/FD-MIMO is 
explained in more detail. 
0217 FIG. 32 is a diagram for briefly describing a map 
ping relation among an antenna port-TXRU-antenna element 
according to one embodiment of the present invention. Each 
antenna port is mapped to one or more TXRUs through a 
virtualization matrix X. Each TXRU is mapped to one or 
more antenna elements by a phase shifter corresponding to a 
virtualization matrix Y. 

0218. In the following, for clarity, all mapping relations 
between an antenna port and a physical antenna element are 
commonly called a virtualization matrix B. For example, the 
virtualization matrix B may correspond to a multiplication of 
the virtualization matrix X and Y, by which the present inven 
tion may be non-limited. 
0219. Meanwhile, similar to the EB/FD-MIMO, when 
there exist huge number of transmission antennas, it is nec 
essary to determine how many RS ports are to be used to 
transmit and measure an RS. More specifically, it is necessary 
to consider radio resource management in the aspect of a 
method of setting CSI-RSs to a UE, whether or not there is a 
problem for a legacy RS configuration and usage for other 
RSs (e.g., DMRS, SRS and RS for RRM) to support the EB 
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and FD-MIMO operation, in particular, a coverage mismatch 
problem between a data channel of high beam gain and a 
common control channel, etc. 
0220 III-2-(i). Enhancements on CSI-RS 
0221. According to one embodiment of the present inven 
tion, a CSI-RS can be virtualized over a plurality of antenna 
elements. Although it is able to provide a current CSI-RS 
configuration through UE-dedicated RRC signaling, an iden 
tical CSI-RS configuration is provided to UEs in an identical 
cell in general and the UEs measure and report a correspond 
ing CSI-RS. 
0222. In another embodiment, in order to accurately con 
figure a beam direction in an EB/FD-MIMO operation, CSI 
RS transmission in a specific beam direction can be set to a 
UE. Meanwhile, it may use weighted vectors to virtualize a 
CSI-RS. 
0223. When a system performing an EB/FD-MIMO 
operation based on a 2-dimensional antenna array including 
many antenna elements is considered, there is a problem of 
whether to increase the number of antenna ports of a CSI-RS. 
In particular, there is a problem of whether to have N-port 
(ND-8) CSI-RS configuration. In a massive MIMO system, it 
is able to increase the number of ports for transmitting a 
CSI-RS in proportion to the number of antenna elements. In 
particular, it may consider a method of configuring CSI-RS 
ports exceeding 8 CSI-RS ports (e.g., a method of increasing 
positions of a candidate RE according to every PRB pair). In 
this case, there is a demerit in that change of a legacy system 
is not small. Moreover, as the number of ports included in a 
CSI-RS configuration increases, there is a problem in that 
overhead of an RS resource also increases. 
0224 Hence, according to one embodiment of the present 
invention, the maximum number of antenna ports of a CSI-RS 
configuration may correspond to 8, by which the present 
invention may be non-limited. 
0225. It is able to estimate a channel correlation matrix 
through Kronecker multiplication of correlation in azimuth 
dimension and elevation dimension. Hence, in one embodi 
ment of the present invention, a method of performing Kro 
necker precoding in a manner of combining a CSI-RS of 
azimuth dimension and a CSI-RSofelevation dimension with 
each other is proposed. In particular, the two CSI-RSs of the 
azimuth dimension and the elevation dimension are provided 
to a UE. In this case, each of the CSI-RSs has maximum 8 
ports. Hence, it may be able to provide maximum 64 ports to 
the UE by the Kronecker multiplication. 
0226. In another embodiment, a single CSI-RS configura 
tion including maximum 8 ports is provided to the UE. The 
single CSI-RS configuration can be used for virtualization 
varying of CSI-RS transmissions at every time instance 
according to a CSI-RS period. For example, the UE can 
receive a single CSI-RS configuration including a sort of 
virtualization-varying pattern information. In order to obtain 
channel State information on many ports using a relatively 
less CSI-RS port configuration, the UE can perform CSI 
reporting based on a partial channel or an interpolated chan 
nel according to a CSI feedback configuration. 
0227. Meanwhile, it is necessary to consider whether or 
not instantaneous CSI-RS (or shirt-term CSI-RS) transmis 
sion is required for EB/FD-MIMO operation. FIG.33 shows 
instantaneous CSI-RS transmission. In this case, a network 
can alternately use multiple virtualization matrixes for a 
single CSI-RS configuration (e.g., Bi for I=1,2,..., K). And, 
the network can trigger a UE to report a CSI feedback in 

Samsung Exhibit 1012, Page 57 of 64



US 2016/021 1902 A1 

specific vertical beam direction only. For example, a CSI 
feedback can be triggered in a manner that the network indi 
cates instantaneous CSI to be measured in a subframe where 
a CSI-RS to which a virtualization matrix Bi is applied is 
applied. If the UE is triggered to reporta plurality of aperiodic 
CSI feedbacks in a plurality of subframes, each trigger is 
associated with virtual matrix Bi different from each other. 
An eNB can determine a beam direction appropriate for the 
UE based on the CSI feedbacks. 
0228 FIG. 34 illustrates an EB/FD-MIMO operation 
according to one embodiment of the present invention. As 
shown in FIG. 34, instantaneous CSI-RS transmission can be 
used to reduce network overhead when huge number of 
antenna elements are implemented in a corresponding cell. 
0229. Meanwhile, in order not to waste an RS resource in 
a situation that there is no UE for measuring a virtualized 
CSI-RS, a network can control instances of transmitting the 
virtualized CSI-RS with an aperiodic scheme. For example, 
as shown in FIG.34, when UEs are distributed in a whole cell 
radius and the UEs are moving, all UEs can be served at an 
internal area of a center of a cell at a part of the transmission 
instances. Hence, it is preferable to transmit a virtualized 
CSI-RS corresponding to the internal area of the cell only in 
first direction. 
0230. In other word, although a virtualized CSI-RS is not 
transmitted in second direction at the outer area adjacent to a 
cell boundary, it is O.K. Since UEs do not measure the CSI 
RS in second direction, it is preferable not to transmit the 
CSI-RS in the second direction in the aspect of efficiency of 
radio resource management. Although the embodiment of 
FIG. 34 illustrates two areas only, if the areas are more seg 
mented, a radio resource effect due to omission of a CSI-RS 
can be more increased. 
0231 III-2-(ii). Enhancements on Other RSs. 
0232 Practically, since the number of transmission 
antenna ports of most eNBs corresponds to 2. MU-MIMO is 
limited to 2. Under this limitation, there is no considerable 
problem in performing a MU-MIMO operation using current 
standard. If the huge number of transmission antenna ele 
ments and ports are activated for EB/FD-MIMO, it is able to 
support the huge number of MU-MIMO UE pairs in prin 
ciple. In relation to this, necessity for enhancing a DMRS is 
raised to support the huge number of MU-MIMO pairs at the 
same time. For example, according to a current standard, it is 
a question whether it is preferable to set DMRS virtual cell 
IDs different from each other to MU-MIMO UE pairs differ 
ent from each other. According to one embodiment of the 
present invention, it may be able to set a DMRS virtual cell ID 
to the MU-MIMO UE pairs different from each other. 
0233. In a situation that the number of antennas of an eNB 

is far more than the number of antennas of a UE, in case of a 
TDD system, the eNB can obtain channel state information 
base on channel reciprocity. For example, an SRS transmitted 
by the UE in uplink can also be used for channel measurement 
to determine a beam direction appropriate for downlink trans 
mission transmitted from the eNB. 
0234. If the channel reciprocity based on a closed-loop 
scheme is also used for an FDD system, the eNB can set the 
SRS transmission to an FDD downlink band. By doing so, it 
is able to solve a serious mismatch problem between uplink 
measurement and an actual channel state of downlink. 
0235. In a heterogeneous network in which a macro cell 
and a small cell coexist, the macro cell can use a 2-dimen 
sional active antenna system (2D-AAS). For example, a cov 
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erage mismatch problem inevitably occurs between not-pre 
coded SRS transmission and pre-coded DMRS-based 
PDSCH transmission. More specifically, in the aspect of 
CRS-based control channel coverage, macro cell connection 
for DMRS-based PDSCH reception can be relatively better 
for a UE positioned at Small cell coverage. This is because an 
eNB obtains higher beam gain from huge number of antenna 
elements. According to one embodiment of the present inven 
tion, in the aforementioned situation, although the UE is 
geographically positioned at the Small cell coverage, it may 
be preferable for the UE to be associated with the macro cell 
to make the UE receive a service from the macro cell. To this 
end, it is necessary to enhance CRS-based legacy radio 
resource management. For example, it may be able to config 
ure a radio resource management report based on a virtual 
ized CSI-RS or it may be able to use an additional RS for a 
radio resource management report. 
0236. The aforementioned embodiments for the RS 
design can be summarized as follows. When a CSI-RS is 
configured in an EB/FD-MIMO operation, the number of 
antenna ports may not exceed 8 and it may be preferable to 
transmit an instantaneous CSI-RS. In order to transmit huge 
number of MU-MIMO pairs at the same time, it is necessary 
to enhance a DMRS. In order to efficiently manage a radio 
resource, it is necessary to enhance an SRS. 
0237 III-3. CSI Feedback and Codebook Aspect 
0238. In the following description, a CSI feedback scheme 
and a codebook enhanced for EB/FD-MIMO are mainly 
explained according to one embodiment of the present inven 
tion. 
0239 For clarity, an antenna configuration shown in FIG. 
35 is assumed, by which the present invention may be non 
limited. Referring to FIG.35, a 2-dimensional active antenna 
array includes 32 antenna elements. In this case, at least 4 
TXRUs exist in horizontal domain (H-domain) and each of 
the TXRUs is mapped to a single CSI-RS port. For example, 
4-port-H-CSI-RS can be set to a UE for a horizontal domain 
CSI feedback. In a vertical domain, how many additional 
TXRUS are necessary may vary depending on a transmission 
scheme. 
0240 III-3-(i). Relying on H-Domain CSI Feedback 
0241 AS mentioned in the foregoing description, accord 
ing to one embodiment of the present invention, it may use 
H-domain CSI feedback only in an EB/FDMIMO operation. 
0242 Meanwhile, an additional V-CSI-RS can be mea 
sured and set to a UE for vertical direction beam forming and 
a reception power level per port or a result of selecting the 
optimized N number of antenna ports can be fed back to an 
eNB. The eNB determines along-term vertical direction opti 
mized for the UE based on the feedback. More specifically, 
referring to an embodiment of FIG.36, a cell is divided into an 
internal area (center part of the cell) in which 4-port H-CSI 
RS1 corresponding to 4TXRUs are transmitted and an exter 
nal area (edge part of the cell) in which 4-port H-CSI-RS1 
corresponding to other 4 TXRUs are transmitted. Those 
skilled in the art can understand that legacy horizontal direc 
tion sectorization is not depicted for clarity. 
0243 Each H-CSI-RS port is virtualized over vertically 
arrayed 8 antenna elements according to targeting vertical 
direction. 
0244. It may be able to provide 2-port V-CSI-RS configu 
ration to a UE. One V-CSI-RS port is associated with a port of 
the H-CSI-RS1 and another V-CSI-RS port is associated with 
a port of the H-CSI-RS2. This is intended for a UE to select an 
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optimized antenna port and make a feedback on the selected 
antenna port. The UE performs a horizontal domain short 
term feedback on H-CSI-RSi virtualized by a target vertical 
direction i. When CSI-RS resource overhead for the horizon 
tal domain short-term feedback is considered, it may be pref 
erable to transmit an aperiodic CSI-RS to the UE or a UE 
group. 

0245 III-3-(ii). Consideration on Vertical Codebook 
0246 According to one embodiment of the present inven 

tion, a vertical codebook is newly defined for EB/FD-MIMO. 
The vertical codebook may correspond to a DFT-based code 
book, by which the present invention may be non-limited. As 
mentioned in the foregoing description, since a UE may not 
exist in a specific vertical direction, it is preferable to define a 
codebook on the basis of an angle at which the UE is posi 
tioned oran angle at which the UE is able to be positioned. To 
this end, it may be able to set a limit on a Subset oran angle of 
a codebook. 
0247 The aforementioned contents should be considered 
in terms of interference control. In a 3D channel model 
including not only an azimuth domain but also a vertical 
domain, interference characteristics different from each other 
may occur according to each domain. For example, if each 
transmitter (or an eNB) targets a UE positioned at a high 
location of a building, beams targeting a high direction may 
considerably affect a neighbor cell including a high beam 
gain. Hence, it may be able to set a limit on a specific beam 
direction to increase throughput of overall system. 
0248. When avertical direction codebook is determined, it 

is also necessary to consider vertical channel environment. 
For example, since it is able to anticipate that a vertical 
channel has a lower angular spread in horizontal environment 
and has low probability of having a high transmission rank, 
relatively less number of multi-path components will appear. 
Hence, the number of available vertical ranks can be deter 
mined based on a vertical domain channel characteristic or it 
may be able to configure a vertical rank to be equal to or less 
than a specific value. 
0249 III-3-(iii). Closed-Loop Based Scheme 
0250. The number of antenna ports transmitting a CSI-RS 

is restricted in consideration of a trade-off relation between 
network overhead and performance and a CSI-RS can be 
transmitted over all transmission antenna elements by 
antenna port virtualization. A simple closed-loop scheme can 
be implemented by Kronecker precoding based on a horizon 
tal domain feedback and a vertical domain feedback. Accord 
ing to a Kronecker precoding scheme, as shown in Equation 
13 in the following, a total channel precoding matrix P can be 
obtained by Kronecker multiplication between a vertical 
precoding matrix P and a horizontal-precoding matrix P. 

0251. In order to obtain the precoding matrix P and P., a 
UE performs CSI measurement on both a vertical domain and 
a horizontal domain. For example, as shown in FIG. 37, the 
CSI measurements can be performed based on an 8-port 
V-CSI-RS configuration and a 4-port H-CSI-RS configura 
tion, respectively. 
0252) According to the present embodiment, a codebook 
for a massive active antenna system can be divided into a 
vertical direction codebook and a horizontal direction code 
book. Consequently, a legacy horizontal direction codebook 
is reused or expanded and a vertical direction codebook can 
be defined based on a linear phase increase. And, it is able to 

Equation 13 
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reduce RS and CSI feedback overhead compared to a case 
that total 32 (8*4)-port CSI-RS configuration is provided to a 
UE. This is because it is able to measure total 12 (8+4) 
antenna ports and individually design CSI feedback chains 
according to each CSI-RS configuration. 
0253) A CSI process configuration and a COI definition 
may change under a dual feedback structure. For example, 2 
CSI processes respectively corresponding to a vertical and 
horizontal feedback can be set to a UE.The UE independently 
determines a CSI of each process. Yet, it may be difficult for 
an eNB to calculate an appropriate CQI again based on a 
reported CQI and a reported RI may be different from an 
optimized rank. This is because a reported CSI is not gener 
ated based on all channels. 
0254 According to a different embodiment of the present 
invention, it may use a single CSI-RS configuration for 
EB/FD-MIMO. The single CSI-RS configuration is used for 
virtualization-varying CSI-RS transmission in every trans 
mission timing according to a CSI-RS period. More specifi 
cally, a single CSI-RS configuration including a sort of Vir 
tualization-varying pattern information is included in a UE 
and the UE is able to perform CSI reporting based on a partial 
channel or an interpolation channel using the CSI-RS con 
figuration. Meanwhile, an eNB can inform the UE of whether 
the CSI reporting is performed on a partial channel in every 
instance or a plurality of instances or is fed back at a time in 
a manner of combining CSIs for all channels with each other 
(e.g., CSI configuration). 
0255 FIG. 38 is a diagram for a virtualization varying 
CSI-RS through 4 ports. An eNB sets a 4-port CSI-RS con 
figuration to a UE and the 4-port CSI-RS configuration makes 
16 antenna elements to be measured for a plurality of timings 
or frequency resources in a manner of being divided. The UE 
may report a partial channel in every instance or report total 
channels over a plurality of instances in a manner of recon 
figuring the total channels. In order to reconfigure the total 
channels, the UE can combine measurements measured over 
a plurality of instances with each other. 
0256 Meanwhile, a measurement window can be set to 
the UE. For example, the UE should not average measure 
ment results among a plurality of L instances belonging to a 
virtualization-varying CSI-RS. In FIG. 38, measurements 
measured in til to ta should not be averaged with each other. 
An eNB can obtain a CSI for massive antenna ports from the 
UE based on CSI feedbacks on the smaller number of CSI-RS 
ports. 
0257. In the foregoing description, although such a termi 
nology as virtualization-varying CSI-RS is used for clarity, 
the scope of the present invention is not limited to the change 
of a virtualization matrix. For example, as shown in FIG.38, 
a CSI-RS transmitted at each time instance may correspond to 
an unprecoded RS that an antenna port is directly mapped to 
a physical antenna element. Yet, since the aforementioned 
case can be considered as one of Subsets of various virtual 
ization matrixes, such a comprehensive term as a virtualiza 
tion-varying CSI-RS is used in the present invention. 
0258 Meanwhile, in a different embodiment, a plurality 
of CSI-RS configurations can be set to a UE. For example, a 
CSI-RS configuration may exist in each of multiple partial 
channels measured by the UE over a plurality of timings. An 
RS transmitted in each time is mapped/set to an individual 
CSI-RS resource and a CSI-RS port number different from 
each other can be provided to every CSI-RS configuration of 
each time. For example, in FIG.38, the total 16 port numbers 
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can be defined and the port numbers can be set to the UE. Yet, 
a CSI-RS is transmitted in a part of the ports only according 
to each timing and the UE measures the CSI-RS. The UE 
accumulates measurements or performs interpolation on the 
measurements in consideration of a 16-port structure, calcu 
lates total RI/PMI/CQI and reports it to the eNB. 
0259 When a CSI is generated through interpolation of 
partial channel, the interpolation can be performed on a hori 
Zontal domain and a vertical domain, respectively. Or, the 
interpolation can be performed on either the horizontal 
domain or the vertical domain only. The eNB can explicitly 
signal a domain on which the interpolation is to be performed. 
According to a different embodiment, a criterion for whether 
to perform the interpolation of the partial channel can be 
implicitly defined between the eNB and the UE. For example, 
the criterion can be determined in consideration of a measure 
ment value of a CSI-RS, a size of total channels, the number 
of antenna ports configured to transmit an RS and the like, by 
which the present invention may be non-limited. 
0260 The interpolation of the partial channel can be per 
formed according to a Subset of 2-dimensional antenna. For 
example, assume that a 2-dimensional antenna array includes 
a plurality of subsets. Yet, it is not mandatory that a plurality 
of the subsets are mutually exclusive. A part of a plurality of 
the subsets can be overlapped with each other. Assume that a 
UE obtains a measurement value of a first partial channel in a 
manner of measuring a first CSI-RS transmitted from a first 
Subset and obtains a measurement value of a second partial 
channel in a manner of measuring a second CSI-RS transmit 
ted from a second subset. The UE obtains a CSI on a third 
partial channel including the first partial channel in a manner 
of performing interpolation on measurement values of the 
first partial channel. Similarly, the UE obtains a CSI on a 
fourth partial channel in a manner of performing interpolation 
on measurement values of the second partial channel. The UE 
feedbacks the CSIs to the eNB in a manner of respectively 
transmitting the CSI on the third partial channel and the CSI 
on the fourth channel to the eNB or matching the CSI on the 
third partial channel and the CSI on the fourth channel with 
each other. 

0261 Meanwhile, the eNB can signal the UE to make a 
feedback on a partial channel or make a feedback on total 
channels. In particular, in case of an aperiodic CSI report, 
information for indicating whethera CSI request corresponds 
to a CSI request for a partial channel or a CSI request for total 
channels can be included in a corresponding DCI including a 
CSI request field. In case of a periodic CSI report, pattern 
information for indicating a reporting instance and a mea 
surement value on which a CSI report is to be made can be 
provided to the UE. 
0262. In summary, the eNB can provide a single CSI-RS 
configuration or a plurality of CSI-RS configurations to the 
UE. And, the eNB can configure the UE to make a feedback 
on a CSI report for a partial channel whenever a partial 
channel is measured. Or, the eNB can configured the UE to 
make a feedback on a CSI report for total channels at a time in 
a manner of matching measurement results measured for 
partial channels with each other. Hence, there may mainly 
exist 4 configurations and a CSI feedback scheme of the UE 
may vary according to each configuration. 
0263 Case 1. A CSI-RS Configuration & CSI Feedback 
Configuration for Total Channels 
0264. In 3GPP standard, except a case of operating in a 
CoMP mode (transmission mode 10), a single CSI-RS con 
figuration is provided to a UE and maximum 8 CSI-RS ports 
can be set to the UE. 
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0265 Meanwhile, referring to FIG. 38, a single CSI-RS 
configuration is shifted over til to ta and CSI-RSs are trans 
mitted from the total 16 antenna elements. In order to perform 
CSI feedback on the CSI-RSs at a time, it is necessary to have 
a codebook Supporting 16 ports similar to a case of making a 
feedback on one-time CSI-RS transmission through 16 
antenna ports. Hence, it is difficult to use a legacy codebook 
supporting maximum 8 CSI-RS ports only for EB/FD 
MIMO. Hence, according to one embodiment of the present 
invention, a method of newly defining a codebook Supporting 
total 16 (or 32, 64) CSI-RS antenna ports is proposed. For 
example, if an EB/FD-MIMO mode is set to a UE used to use 
a codebook Supporting 4 or 8 antenna ports, the UE may 
perform CSI feedback through a codebook supporting 16, 32 
or 64 antenna ports. Meanwhile, the 16/32/64-port codebook 
for EB/FD-MIMO may correspond to a codebook corre 
sponding to the aforementioned quantized right singular 
matrix V. 
0266 Meanwhile, if CSI is reported at a time for the total 
16 CSI-RS ports, an RI may indicate rank=16. Since the RI is 
unable to exceed the number of CSI-RS ports, although a 
maximum value of the RI corresponds to 8 in a legacy system, 
the maximum value of the RI can be extended to 16 or 32 in 
the EB/FD-MIMO, by which the present invention may be 
non-limited. 
0267 Case 2. A CSI-RS Configuration & CSI Feedback 
Configuration for Partial Channel 
0268. It is able to configure an eNB to set a single CSI-RS 
configuration to a UE and configure the UE to make a CSI 
report on a partial channel. In this case, it is necessary to 
define transmission timing of a CSI-RS to make a feedback on 
a CSI report. For example, it is able to configure the UE to 
make a feedback on a CSI from a subframe appearing as many 
as N Subframes prior to a subframe carrying a DCI including 
a CSI-request to a subframe in which a most recent CSI-RS is 
transmitted, by which the present invention may be non 
limited. 
0269. Meanwhile, if it is assumed that the UE measures a 
CSI-RS transmitted at til and reports a CSI according to an 
embodiment of FIG. 38, an RI becomes rank=4. In particu 
lar, since the RI is restricted to be a number equal to or less 
than the number of CSI-RS ports, the RI does not exceed a 
range of 2 cross-poll antennas (4 antenna ports). And, it may 
reuse a legacy 4-port-based codebook for reporting PMI. 
0270. When the case 1 and the case 2 are compared with 
each other, it is able to know that a type of a codebook and the 
number of rank may vary depending on whether a UE reports 
CSI for a partial channel or the UE reports CSI for the total 
channels. 
(0271 Case 3. A Plurality of CSI-RS Configurations & CSI 
Feedback Configuration for Total Channels 
0272. It is able to provide a plurality of CSI-RS configu 
rations to a UE at the same time. In this case, each of a 
plurality of the CSI-RS configurations may correspond to an 
instance different from each other in FIG. 38. Referring to 
FIG.38, an eNB can provide a CSI-RS configuration fortl, a 
CSI-RS configuration for t2, ..., a CSI-RS configuration for 
t4 to the UE at the same time. 
0273. According to one embodiment of the present inven 
tion, at least one or more horizontal direction (or azimuth 
direction) CSI-RS configurations and at least one or more 
vertical direction CSI-RS configurations can be included in a 
plurality of the CSI-RS configurations. For example, in FIG. 
38, it may be able to provide a horizontal direction CSI-RS 
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configuration for tland a vertical direction VSI-RS configu 
ration for t5 to the UE at the same time. Horizontal direction 
CSI-RS configurations for t3 to ta can be obtained from the 
horizontal direction CSI-RS configuration for t1 and a verti 
cal direction CSI-RS configuration for to can be obtained 
from a vertical direction CSI-RS configuration for t5. 
0274 Meanwhile, when the UE makes a feedback on a 
CSI report for total channels, as mentioned earlier in case 1 a 
rank corresponds to 16/32 and a PMI can be selected from a 
16/32-port codebook. 
(0275 Case 4. A Plurality of CSI-RS Configurations & CSI 
Feedback Configuration for Partial Channel 
0276. If it is assumed that a plurality of CSI-RS configu 
rations are associated with subframes different from each 
other, a UE can reporta CSI based on a CSI-RS configuration 
which is associated with a subframe in which a CSI report is 
triggered. 
0277 Meanwhile, if a CSI-RS configuration is not asso 
ciated with a subframe in which a CSI report is triggered, it is 
able to implicitly define as a UE makes a feedback on a CSI 
report based on CSI-RSS received through the N number of 
most recent subframes. 

0278. The aforementioned CSI-RS configuration and the 
CSI feedback configuration can be provided to the UE via an 
RRC message. The CSI-RS configuration and the CSI feed 
back configuration can be respectively transmitted via RRC 
messages different from each other or can be transmitted via 
a single RRC message. According to a different embodiment, 
a CSI-RS configuration is transmitted via an RRC message, 
whereas a CSI feedback configuration can be transmitted via 
an MAC message or PDCCH. For example, it may be able to 
additionally add a field indicating a CSI feedback configura 
tion to a CSI-request field in a DCI or a size of the CSI-request 
field itself can be expanded. 
(0279 III-3-(iv). Open-Loop Based Scheme 
0280 Depending on a channel state, it may be difficult to 
use the aforementioned closed-loop scheme due to overhead 
and a complexity problem. Hence, it may be able to consider 
an open-loop scheme through enhancement of SFBC or LD 
CDD precoding. According to the open-loop scheme, it may 
be able to reduce feedback overhead and obtain a diversity 
gain without precoding information. Yet, since a legacy open 
loop scheme operates based on a CRS, it is difficult to apply 
the open-loop scheme to a massive antenna array. 
0281 Meanwhile, according to one embodiment of the 
present invention, it may be able to use a closed loop and an 
open loop using a hybrid scheme. A CSI feedback is restricted 
to be performed for a part of RS ports only and the rest of the 
RS ports are used using an open-loop precoding scheme. 
More specifically, the total RS ports to be measured can be 
classified into several antenna port groups. Inter-group pre 
coding can be performed using the closed-loop scheme and 
inner-group precoding can be performed using the open-loop 
scheme and Vise-Versa. By doing so, it may be able to reduce 
overhead of the closed-loop scheme. 
0282. In summary, a legacy short-term feedback can be 
performed for a CSI-RS virtualized by a preferred long-term 
vertical direction and a new vertical domain codebook can be 
defined based on a vertical direction range at which a UE is 
positioned. It may be able to use a Kronecker scheme. The 
present invention proposes a method of transmitting a virtu 
alization-varying CSI-RS. In order to reduce feedback over 
head in FD-MIMO, it may use the open-loop scheme. 
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0283 IV. Exemplary Operations and Structures of UE 
and/or BS 
0284 Exemplary operations and structures of a UE and/or 
a BS are explained based on the aforementioned embodi 
ments in the following. Contents overlapped with the afore 
mentioned explanation are omitted. 
(0285 FIG. 39 is a flowchart for a method of reporting and 
receiving a CSI according to one embodiment of the present 
invention. Referring to FIG. 39, first of all, a BS transmits a 
Subset configuration of a plurality of antenna ports and infor 
mation on a reference signal transmission order of each Sub 
set within an iteration interval to a UE S3905. In particular, 
as mentioned earlier in FIG. 13, the BS transmits a reference 
signal to a part of antenna ports only during an interval. 
Hence, the BS informs the UE of a subset configuration of 
antenna ports and a transmission order. 
0286. In this case, at least one or more antenna ports 
among a plurality of the antenna ports are included in all 
Subsets. 
0287. Meanwhile, averaging results of measuring refer 
ence signals transmitted by each Subset is prohibited in a same 
iteration interval. In particular, averaging S3910, S3920 and 
S3930 belonging to a first iteration interval is prohibited. 
0288 The BS transmits a first reference signal, a second 
reference signal and a third reference signal through antenna 
ports of a first Subset, antenna ports of a second Subset and 
antenna ports of a K subset, respectively S3910, S3920, 
S3930. The UE can obtain partial channel information in a 
manner of measuring the first reference signal, the second 
reference signal and the third reference signal, respectively. 
(0289. Meanwhile, a method for the UE to reporta CSI may 
vary according to an embodiment. For example, the UE can 
transmit information on all radio channels to a number 1 after 
the first iteration interval elapses. In this case, the step S3915 
and the step S3925 are omitted. For example, the UE matches 
first partial channel information based on measurement of the 
first reference signal and second partial channel information 
based on measurement of the second reference signal with 
each other. The UE transmits a matched result to the BS. 

0290 At least one or more antenna ports included in all 
Subsets provide phase information becoming a reference for 
matching the first partial channel information based on mea 
Surement of the first reference signal and the second partial 
channel information based on measurement of the second 
reference signal with each other. 
0291. On the contrary, the UE is able to report a CSI 
whenever a reference signal is measured. For example, the 
UE transmits first partial channel information corresponding 
to an antenna port of a first Subset based on a measurement 
result of a first reference signal S3915 and transmits second 
partial channel information corresponding to an antenna port 
of a second Subset based on a measurement result of a second 
reference signal S3925. The BS can reconfigure the first 
partial channel information and the second partial channel 
information as overall channel information. 
0292 For example, the UE performs singular value 
decomposition on channel information which is generated 
based on at least one of the measurement of the first reference 
signal and the measurement of the second reference signal. 
The UE compares a right singular matrix according to the 
singular value decomposition with matrixes included in a 
prescribed codebook in terms of a phase and quantizes the 
right singular matrix. The UE transmits at least one of the 
quantized right singular matrix and a left singular matrix 
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according to the singular value decomposition to the BS. 
Meanwhile, the quantized right singular matrix may corre 
spond to a matrix which is generated by accumulating the 
measurement result of the first reference signal and the mea 
Surement result of the second reference signal. 
0293 FIG. 40 is a flowchart for a method of reporting and 
receiving a CSI according to a different embodiment of the 
present invention. Explanation on contents overlapped with 
the aforementioned contents is omitted at this time. 
0294 First of all, a BS transmits an RRC message includ 
ing at least one CSI-RS configuration for a first direction 
domain to a UE S4005. The RRC message can further 
include at least one CSI-RS configuration for a second direc 
tion domain. In this case, the first direction and the second 
direction may correspond to a vertical direction or a horizon 
tal direction (or azimuth direction). 
0295) A CSI-RS configuration for a single direction may 
have a single CSI-RS configuration (the aforementioned case 
1 and 2) or may have a plurality of CSI-RS configurations (the 
aforementioned case 3 and 4). 
0296 If a single CSI-RS configuration is set to a UE for a 
single direction, the CSI-RS configuration can include infor 
mation on a pattern of virtualization varying. For example, 
the virtualization varying is to map a first antenna port used to 
be mapped to a first antenna element of a first Subset to a 
second antenna element of a second Subset according to a 
CSI-RS transmission interval. 
0297. The BS transmits the Knumber of CSI-RSs to the 
UE through antenna elements of the K number of subsets 
S4010. S4015, S4020. The K number of CSI-RSs can be 
transmitted from subframes different from each other. 
0298 If there is a single CSI-RS configuration for a first 
direction domain, a first CSI-RS and a second CSI-RS are 
transmitted through a first Subset and a second Subset, respec 
tively, as antenna ports related to the single CSI-RS configu 
ration are virtualization varying according to a CSI-RS trans 
mission interval. 
0299. If there are pluralities of CSI-RS configurations for 
the first direction domain, the first CSI-RS and the second 
CSI-RS respectively correspond to CSI-RS configurations 
different from each other. 
0300. The BS transmits a DCI including a CSI request 
filed to the UES4025. In case of periodic CSI transmission, 
the present step can be omitted. Meanwhile, the DCI can 
further include information on a CSI reporting scheme. The 
information on the CSI reporting scheme indicates either a 
first reporting scheme or a second reporting scheme. Accord 
ing to the first reporting scheme, the UE individually reports 
a CSI for a first partial channel corresponding to a first subset 
and a CSI for a second partial channel corresponding to a 
second Subset (the aforementioned case 2 and 4). According 
to the second reporting scheme, the UE reports a CSI for total 
channels obtained based on at least one of the first partial 
channel and the second partial channel (the aforementioned 
case 1 and 3). Meanwhile, the total channels in the second 
reporting scheme can be obtained in a manner of performing 
interpolation on at least one of the first partial channel and the 
second partial channel or matching the first partial channel 
and the second partial channel with each other. 
0301 In another embodiment, the information on the CSI 
reporting scheme can be transmitted through a MAC or RRC 
message. 
0302) The UE performs a CSI reporting using the Knum 
ber of CSI-RSs. If the UE performs the CSI reporting accord 
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ing to the first reporting scheme, the CSI reporting includes at 
least one of a PMI (precoding matrix index) selected from a 4 
or 8-port based codebook and an RI (rank indicator) indicat 
ing 4 or 8. If the UE performs the CSI reporting according to 
the second reporting scheme, the CSI reporting includes at 
least one of a PMI (precoding matrix index) selected from a 
16 or 32-port based codebook and an RI (rank indicator) 
indicating 16 or 32. 
0303. The aforementioned technology proposed by the 
present invention can be identically or similarly applied to a 
case of performing CSI measurement based on a CSI-RS and 
a case of performing CSI measurement based on a different 
reference signal (e.g., a CRS, an SRS, a TRS (tracking RS), a 
DMRS, a cell-specific reference signal of a different form, or 
a UE-specific reference signal) and performing CSI feed 
back. 
0304. The aforementioned various examples of the 
present invention can be independently applied or two or 
more embodiments can be applied at the same time. 
0305 FIG. 41 is a diagram for structures of a user equip 
ment and a base station according to one embodiment of the 
present invention. In order to prevent a topic of the present 
invention from being unclear, a common configuration ele 
ment is not depicted in FIG. 41. And, since the depicted 
configuration elements are not mandatory configuration ele 
ments, those skilled in the art can understand that a part of the 
configuration elements can be omitted or replaced with a 
different configuration element. The aforementioned 
embodiments and methods can be performed by the UE and 
the BS depicted in FIG. 41. 
0306 A base station (BS) 10 according to one embodi 
ment of the present invention can include a transmitter 11, a 
receiver 12, a processor 13, a memory 14 and a plurality of 
antennas 15. The transmitter 11 can transmit various signals, 
data and information to an external device (e.g., a user equip 
ment (UE)). The receiver 12 can receive various signals, data 
and information from an external device (e.g., a user equip 
ment (UE)). The processor 13 can control overall operation of 
the BS 10. For example, a plurality of the antennas 15 can be 
configured according to a 2-dimensional antenna array. 
(0307. The processor 13 of the BS according to one 
example of the present invention can be configured to receive 
channel state information according to examples proposed by 
the present invention. Besides, the processor 13 of the BS 10 
performs a function of calculating and processing informa 
tion received by the BS 10, information to be transmitted to 
the external and the like. The memory 14 can store processed 
information for prescribed time and can be replaced with such 
a configuration element as a buffer (not depicted). 
0308 AUE20 can include a transmitter 21, a receiver 22, 
a processor 23, a memory 24 and a plurality of antennas 25. A 
plurality of the antennas 25 indicates a UE supporting MIMO 
transmission and reception. The transmitter 21 can transmit 
various signals, data and information to an external device 
(e.g., a base station (BS)). The receiver 22 can receive various 
signals, data and information from an external device (e.g., a 
base station (BS)). The processor 23 can control overall 
operation of the UE20. 
(0309 The processor 23 of the UE 20 according to one 
example of the present invention can be configured to trans 
mit channel state information according to examples pro 
posed by the present invention. Besides, the processor 23 of 
the UE20 performs a function of calculating and processing 
information received by the UE20, information to be trans 
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mitted to the external and the like. The memory 24 can store 
processed information for prescribed time and can be 
replaced with Such a configuration element as a buffer (not 
depicted). 

0310. For a concrete configuration of the UE 10, items 
mentioned earlier in various embodiments of the present 
invention can be independently applied or two or more 
embodiments can be applied at the same time. For clarity, 
explanation on contents overlapped with the aforementioned 
contents is omitted. 

0311. When the various embodiments of the present 
invention are explained, a downlink transmission entity oran 
uplink transmission entity is mainly explained as a base sta 
tion for example and a downlink reception entity or an uplink 
transmission entity is mainly explained as a user equipment 
for example, by which the present invention may be non 
limited. For example, explanation on the base station can be 
identically applied to a case that a cell, an antenna port, an 
antenna port group, a remote radio head (RRH), a transmis 
sion point, a reception point, an access point, a relay or the 
like becomes a downlink transmission entity to the UE or an 
uplink reception entity from the UE. 
0312 And, if a relay becomes a downlink transmission 
entity to the UE or an uplink reception entity from the UE, or 
the relay becomes an uplink transmission entity to the BS or 
a downlink reception entity from the BS, the principle of the 
present invention can also be identically applied via various 
embodiments of the present invention. 
0313 The embodiments of the present invention may be 
implemented through various means. For example, the 
embodiments can be implemented by hardware, firmware, 
software, or a combination thereof. 
0314. When implemented as hardware, a method accord 
ing to embodiments of the present invention may be embod 
ied as one or more application specific integrated circuits 
(ASICs), one or more digital signal processors (DSPs), one or 
more digital signal processing devices (DSPDs), one or more 
programmable logic devices (PLDS), one or more field pro 
grammable gate arrays (FPGAs), a processor, a controller, a 
microcontroller, a microprocessor, etc. 
0315. When implemented as firmware or software, a 
method according to embodiments of the present invention 
may be embodied as a module, a procedure, or a function that 
performs the functions or operations described above. Soft 
ware code may be stored in a memory unit and executed by a 
processor. The memory unit is located at the interior or exte 
rior of the processor and may transmit and receive data to and 
from the processor via various known means. 
0316 Preferred embodiments of the present invention 
have been described in detail above to allow those skilled in 
the art to implement and practice the present invention. 
Although the preferred embodiments of the present invention 
have been described above, those skilled in the art will appre 
ciate that various modifications and variations can be made in 
the present invention without departing from the spirit or 
scope of the invention. For example, those skilled in the art 
may use a combination of elements set forth in the above 
described embodiments. Thus, the present invention is not 
intended to be limited to the embodiments described herein, 
but is intended to accord with the widest scope corresponding 
to the principles and novel features disclosed herein. 
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INDUSTRIAL APPLICABILITY 

0317. Although a method of reporting channel state infor 
mation for 3-dimensional beam forming in a wireless commu 
nication system and an apparatus therefor are explained cen 
tering on examples applied to 3GPP LTE system, the method 
and the apparatus can also applied to various wireless com 
munication systems as well as 3GPP LTE system. 
What is claimed is: 
1. A method of reporting channel state information (CSI) 

by a user equipment in a wireless communication system, the 
method comprising: 

receiving an RRC message containing at least one CSI 
reference signal (CSI-RS) configuration for a first direc 
tion domain from a base station; 

receiving, via different subframes respectively, a first CSI 
RS from a first subset and a second CSI-RS from a 
second Subset among a plurality of physical antenna 
elements of the base station based on the at least one 
CSI-RS configuration; and 

performing CSI reporting using the first CSI-RS and the 
second CSI-RS, 

wherein if a number of the at least one CSI-RS configura 
tion for the first direction domain corresponds to one, the 
first CSI-RS and the second CSI-RS are respectively 
received from the first subset and the second subset 
according to virtualization-varying of antenna ports 
related to the one CSI-RS configuration, the virtualiza 
tion-varying being performed in accordance with a pre 
determined period. 

2. The method of claim 1, wherein the virtualization-vary 
ing comprises mapping a first antenna port used to be mapped 
to a first antenna element of the first subset to a second 
antenna element of the second Subset according to the prede 
termined period. 

3. The method of claim 1, wherein the CSI-RS configura 
tion comprises information on a pattern of the virtualization 
Varying. 

4. The method of claim 1, 
wherein the RRC message further comprises at least one 

CSI-RS configuration for a second direction domain and 
wherein performing the CSI reporting comprises transmit 

ting first CSI for the first direction domain and second 
CSI for the second direction domain. 

5. The method of claim 1, wherein if a number of theat least 
one CSI-RS configuration for the first direction domain is 
greater than one, the first CSI-RS and the second CSI-RS are 
received based on different CSI-RS configurations respec 
tively. 

6. The method of claim 1, wherein the CSI reporting is 
performed according to: 

a first reporting scheme for respectively reporting separate 
CSI on a first partial channel corresponding to the first 
Subset and a second partial channel corresponding to the 
second Subset or 

a second reporting scheme for reporting CSI on total chan 
nels obtained based on at least one of the first partial 
channel and the second partial channel. 

7. The method of claim 6, wherein the total channels in the 
second reporting scheme are obtained by 

performing interpolation on at least one of the first partial 
channel and the second partial channel or 

matching the first partial channel and the second partial 
channel with each other. 
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8. The method of claim 6, further comprising receiving 
information indicating either the first reporting scheme or the 
second reporting scheme. 

9. The method of claim 6, 
wherein if the CSI reporting is performed according to the 

first reporting scheme, the CSI report comprises at least 
one of a precoding matrix index (PMI) selected from a 4 
or 8-port-based codebook and an rank indicator (RI) 
indicating 4 or 8 and 

wherein if the CSI reporting is performed according to the 
second reporting scheme, the CSI report comprises at 
least one of a precoding matrix index (PMI) selected 
from a 16 or 32-port-based codebook and a rank indica 
tor (RI) indicating 16 or 32. 

10. A method of receiving channel state information (CSI) 
by a base station in a wireless communication system, the 
method comprising: 

transmitting an RRC message containing at least one CSI 
RS configuration for a first direction domain to a user 
equipment; 

transmitting, to the user equipment via different Subframes 
respectively, a first CSI-RS mapped to a first subset and 
a second CSI-RS mapped to a second Subset among a 
plurality of physical antenna elements of the base sta 
tion; and 

receiving a CSI report using the first CSI-RS and the sec 
ond CSI-RS, 

wherein if a number of the at least one CSI-RS configura 
tion for the first direction domain corresponds to one, the 
first CSI-RS and the second CSI-RS are respectively 
transmitted through the first subset and the second sub 
set according to virtualization-varying of antenna ports 
related to the one CSI-RS configuration, the virtualiza 
tion-varying being performed in accordance with a pre 
determined period. 

11. The method of claim 10, wherein the virtualization 
varying comprises mapping a first antenna port used to be 
mapped to a first antenna element of the first Subset to a 
second antenna element of the second Subset according to the 
predetermined period. 

12. The method of claim 10, wherein the CSI-RS configu 
ration comprises information on a pattern of the virtualiza 
tion-varying. 

13. The method of claim 10, 
wherein the RRC message further comprises at least one 
CSI-RS configuration for a second direction domain and 

wherein receiving the CSI report comprises receiving first 
CSI for the first direction domain and second CSI for the 
second direction domain. 

14. The method of claim 9, wherein if a number of the at 
least one CSI-RS configuration for the first direction domain 
is greater than one, the first CSI-RS and the second CSI-RS 
are received based on different CSI-RS configurations 
respectively. 

15. The method of claim 9, wherein the CSI report is 
received according to: 

a first reporting scheme for respectively reporting separate 
CSI on a first partial channel corresponding to the first 
Subset and a second partial channel corresponding to the 
second Subset or 

a second reporting scheme for reporting CSI on total chan 
nels obtained based on at least one of the first partial 
channel and the second partial channel. 

Jul. 21, 2016 

16. The method of claim 15, wherein the total channels in 
the second reporting scheme are obtained by 

performing interpolation on at least one of the first partial 
channel and the second partial channel or 

matching the first partial channel and the second partial 
channel with each other. 

17. The method of claim 15, further comprising transmit 
ting information indicating either the first reporting scheme 
or the second reporting scheme. 

18. The method of claim 15, 
wherein if the CSI report is performed according to the first 

reporting scheme, the CSI report comprises at least one 
of a precoding matrix index (PMI) selected from a 4 or 
8-port-based codebook and a rank indicator (RI) indi 
cating 4 or 8 and 

wherein if the CSI report is performed according to the 
second reporting scheme, the CSI report comprises at 
least one of a precoding matrix index (PMI) selected 
from a 16 or 32-port-based codebook and a rank indica 
tor (RI) indicating 16 or 32. 

19. A user equipment reporting channel state information 
(CSI) in a wireless communication system, comprising: 

a receiver configured to receive an RRC message contain 
ing at least one CSI-RS configuration for a first direction 
domain from a base station and to receive, via different 
subframes respectively, a first CSI-RS from a first subset 
and a second CSI-RS from a second Subset among a 
plurality of physical antenna elements of the base station 
based on the at least one CSI-RS configuration; and 

a processor configured to perform CSI reporting using the 
first CSI-RS and the second CSI-RS, 

wherein if a number of the at least one CSI-RS configura 
tion for the first direction domain corresponds to one, the 
first CSI-RS and the second CSI-RS are respectively 
received from the first subset and the second subset 
according to virtualization-varying of antenna ports 
related to the one CSI-RS configuration, the virtualiza 
tion-varying being performed in accordance with a pre 
determined period. 

20. A base station receiving channel state information 
(CSI) in a wireless communication system, comprising: 

a transmitter configured to transmit an RRC message con 
taining at least one CSI-RS configuration for a first 
direction domain to a user equipment and to transmit, to 
the user equipment via different Subframes respectively, 
a first CSI-RS mapped to a first subset and a second 
CSI-RS mapped to a second Subset among a plurality of 
physical antenna elements of the base station; 

a receiver configured to receive a CSI report using the first 
CSI-RS and the second CSI-RS; and 

a processor configured to control the transmitter and the 
receiver, 

wherein if a number of the at least one CSI-RS configura 
tion for the first direction domain corresponds to one, the 
first CSI-RS and the second CSI-RS are respectively 
received from the first subset and the second subset 
according to virtualization-varying of antenna ports 
related to the one CSI-RS configuration, the virtualiza 
tion-varying being performed in accordance with a pre 
determined period. 

k k k k k 
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