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(54) CHANNEL STATE INFORMATION TRANSMISSION/RECEPTION METHOD AND APPARATUS 
FOR USE IN WIRELESS COMMUNICATION SYSTEM

(57) A method and an apparatus for transmitting/re-
ceiving channel state information for use in multi-antenna
system are provided. A signal communication method of
a base station having a plurality of antennas in a wireless
communication system includes determining antenna
ports of first and second directions based on directions
of the plurality of antennas, allocating channel measure-
ment resources for the respective antenna ports to a ter-
minal, transmitting a feedback configuration to the termi-
nal according to the channel measurement resources,
and receiving feedback information from the terminal
based on the channel measurement resource and the
feedback configuration. The signal transmission/recep-
tion method and apparatus are advantageous in trans-
mitting/receiving channel state information efficiently in
the system using a plurality of antennas.
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Description

Technical Field

[0001] CHANNEL STATE INFORMATION TRANS-
MISSION/RECEPTION METhe present invention re-
lates to a method and an apparatus for channel state
information transmission/reception. More particularly,
the present invention relates to a method and an appa-
ratus for transmitting/receiving channel state information
in multi-antenna system.THOD AND APPARATUS FOR
USE IN WIRELESS COMMUNICATION SYSTEM.

Background Art

[0002] A Reference Signal (RS) is a signal used for
measuring the channel state (or quality) between the
base station and users by taking notice of a signal
strength or distortion, an interference strength, and
Gaussian noise to help demodulating and decoding the
data symbol at the receiver. Another use of the reference
signal is to measure the radio channel state. The receiver
measures the received signal strength of the reference
signal transmitted at the negotiated transmission power
level on the radio channel. The radio channel state de-
termined in this way is used in order for the receiver to
determine the data rate to be requested to the transmitter.
[0003] The next generation wireless mobile communi-
cation system standards, such as the 3rd Generation
Partnership Project (3GPP), the Long Term Evolution Ad-
vanced (LTE-A) and the Institute of Electrical and Elec-
tronics Engineers (IEEE) 802.16m adopt a multicarrier-
based multiple access technique, such as Orthogonal
Frequency Division Multiplexing/Orthogonal Frequency
Division Multiple Access (OFDM/OFDMA). In the case
of the wireless mobile communication system adopting
multicarrier-based multiple access, the channel estima-
tion and measurement performance varies depending on
the positions and number of symbols and subcarriers in
time and frequency domains. Furthermore, the channel
estimation and measurement performance are influ-
enced by the power level allocated for the reference sig-
nal. Accordingly, as the resource amount (i.e., time, fre-
quency, and transmission power) allocated for the refer-
ence signal increases, the channel estimation and meas-
urement performance are improved, resulting in improve-
ment of demodulation and decoding performance of the
received data symbol and channel state measurement
accuracy.
[0004] In the typical mobile communication system op-
erating with a limited radio resource (i.e., time, frequency,
and transmission power), however, if a large amount of
radio resource is allocated for reference signal transmis-
sion, the radio resource amount for data transmission
decreases. For this reason, the radio resource allocation
for reference signal transmission has to be determined
in consideration of the system throughput. More partic-
ularly, in a Multiple Input Multiple Output (MIMO) system

for multi-antenna transmission, the resource allocation
for reference signal and measurement of resource signal
are very important technical factors.
[0005] Therefore, a need exists for a method and an
apparatus for transmitting channel state information ef-
ficiently.
[0006] The above information is presented as back-
ground information only to assist with an understanding
of the present disclosure. No determination has been
made, and no assertion is made, as to whether any of
the above might be applicable as prior art with regard to
the present invention.

Disclosure of Invention

Technical Problem

[0007] The present invention has been made to ad-
dress at least the above problems and/or disadvantages
and to provide at least the advantages described below.
Accordingly, an aspect of the present invention provides
a method and apparatus for improved feedback algorithm
that is suitable for use in a multiple input, multiple output
(MIMO) system.

Solution to Problem

[0008] Aspects of the present invention are to address
at least the above-mentioned problems and/or disadvan-
tages and to provide at least the advantages described
below. Accordingly, an aspect of the present invention is
to provide a method and an apparatus for transmitting
channel state information efficiently.
[0009] Another aspect of the present invention is to
provide a method and an apparatus for transmitting/re-
ceiving channel state information efficiently in a system
using a plurality of antennas.
[0010] In accordance with an aspect of the present in-
vention, a signal communication method of a base station
having a plurality of antennas in a wireless communica-
tion system is provided. The method includes determin-
ing antenna ports of first and second directions based on
directions of the plurality of antennas, allocating channel
measurement resources for the respective antenna ports
to a terminal, transmitting a feedback configuration to the
terminal according to the channel measurement resourc-
es, and receiving feedback information from the terminal
based on the channel measurement resource and the
feedback configuration.
[0011] In accordance with another aspect of the
present invention, a signal communication method of a
terminal in a wireless communication system is provided.
The method includes receiving channel measurement re-
sources allocated for antenna ports formed in first and
second directions determined based on directions of a
plurality of antennas, receiving a feedback configuration
according to the channel measurement resources, and
transmitting feedback information measured based on
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the channel measurement resource and the feedback
information.
[0012] In accordance with another aspect of the
present invention, a base station of a wireless commu-
nication system is provided. The base station includes a
transceiver having a plurality of antennas, and a control
unit, for controlling the transceiver, for determining an-
tenna ports of first and second directions based on di-
rections of the plurality of antennas, for allocating channel
measurement resources for the respective antenna ports
to a terminal, for transmitting a feedback configuration to
the terminal according to the channel measurement re-
sources, and for receiving feedback information from the
terminal based on the channel measurement resource
and the feedback configuration.
[0013] In accordance with another aspect of the
present invention, a terminal of a wireless communication
system is provided. The terminal includes a transceiver
for transmitting and receiving to and from a base station
having a plurality of antennas, and a control unit, for con-
trolling the transceiver, for receiving channel measure-
ment resources allocated for antenna ports formed in first
and second directions determined based on directions
of a plurality of antennas and a feedback configuration
according to the channel measurement resources, and
for transmitting feedback information measured based
on the channel measurement resource and the feedback
information.
[0014] Other aspects, advantages, and salient fea-
tures of the invention will become apparent to those
skilled in the art from the following detailed description,
which, taken in conjunction with the annexed drawings,
discloses exemplary embodiments of the invention.

Advantageous Effects of Invention

[0015] Advantages, and salient features of the inven-
tion will become apparent to those skilled in the art from
the following detailed description, which, taken in con-
junction with the annexed drawings, discloses exemplary
embodiments of the invention.

Brief Description of Drawings

[0016] The above and other aspects, features, and ad-
vantages of certain exemplary embodiments of the
present invention will be more apparent from the follow-
ing description taken in conjunction with the accompa-
nying drawings, in which:

FIG. 1 is a diagram illustrating a Full Dimension-Mul-
tiple Input Multiple Output (FD-MIMO) system ac-
cording to an exemplary embodiment of the present
invention;
FIG. 2 is a time-frequency grid illustrating a single
resource block of a downlink subframe as a smallest
scheduling unit in a Long Term Evolution (LTE/LTE-
Advanced (LTE-A) system according to an exempla-

ry embodiment of the present invention;
FIG. 3 is a diagram illustrating a mechanism of a
Channel Status Information Reference Signal (CSI-
RS) transmission in an FD-MIMO system according
to an exemplary embodiment of the present inven-
tion;
FIG. 4 is a diagram illustrating a procedure of esti-
mating channels based on a Horizontal-CSI-RS (H-
CSI-RS) and a Vertical-CSI-RS (V-CSI-RS) and
generating channel state information according to
an exemplary embodiment of the present invention;
FIG. 5 is a timing diagram illustrating a channel state
information feedback method 1 according to an ex-
emplary embodiment of the present invention;
FIG. 6 is a timing diagram illustrating a channel state
information feedback method 2 according to an ex-
emplary embodiment of the present invention;
FIG. 7 is a timing diagram illustrating a channel state
information feedback method 3 according to an ex-
emplary embodiment of the present invention;
FIG. 8 is a timing diagram illustrating a channel state
information feedback method 4 according to an ex-
emplary embodiment of the present invention;
FIG. 9 is a block diagram illustrating a configuration
of an evolved Node B (eNB) according to an exem-
plary embodiment of the present invention;
FIG. 10 is a block diagram illustrating a configuration
of a User Equipment (UE) according to an exemplary
embodiment of the present invention;
FIG. 11 is a flowchart illustrating an eNB procedure
according to an exemplary embodiment of the
present invention; and
FIG. 12 is a flowchart illustrating a UE procedure
according to an exemplary embodiment of the
present invention.
Throughout the drawings, it should be noted that like
reference numbers are used to depict the same or
similar elements, features, and structures.

Mode for the Invention

[0017] The following description with reference to the
accompanying drawings is provided to assist in a com-
prehensive understanding of exemplary embodiments of
the invention as defined by the claims and their equiva-
lents. It includes various specific details to assist in that
understanding but these are to be regarded as merely
exemplary. Accordingly, those of ordinary skill in the art
will recognize that various changes and modifications of
the embodiments described herein can be made without
departing from the scope and spirit of the invention. In
addition, descriptions of well-known functions and con-
structions may be omitted for clarity and conciseness.
[0018] The terms and words used in the following de-
scription and claims are not limited to the bibliographical
meanings, but, are merely used by the inventor to enable
a clear and consistent understanding of the invention.
Accordingly, it should be apparent to those skilled in the
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art that the following description of exemplary embodi-
ments of the present invention is provided for illustration
purpose only and not for the purpose of limiting the in-
vention as defined by the appended claims and their
equivalents.
[0019] It is to be understood that the singular forms "a,"
"an," and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference
to "a component surface" includes reference to one or
more of such surfaces.
[0020] By the term "substantially" it is meant that the
recited characteristic, parameter, or value need not be
achieved exactly, but that deviations or variations, includ-
ing for example, tolerances, measurement error, meas-
urement accuracy limitations and other factors known to
those of skill in the art, may occur in amounts that do not
preclude the effect the characteristic was intended to pro-
vide.
[0021] Although the following description is directed to
an Orthogonal Frequency Division Multiplexing
(OFDM)-based radio communication system, particular-
ly the 3rd Generation Partnership Project (3GPP) and an
Evolved Universal Terrestrial Radio Access (EUTRA), it
will be understood by those skilled in the art that exem-
plary embodiments of the present invention can be ap-
plied even to other communication systems having sim-
ilar technical background and channel format, with a
slight modification, without departing from the spirit and
scope of the present invention.
[0022] Exemplary embodiments of the present inven-
tion relate to a method for transmitting channel state in-
formation from the base station to the terminal for use in
channel quality measurement in the radio mobile com-
munication system adopting a multicarrier multiple ac-
cess scheme, such as Orthogonal Frequency Division
Multiple Access (OFDMA).
[0023] The mobile communication system has evolved
into a high-speed, high-quality wireless packet data com-
munication system to provide data and multimedia serv-
ices beyond the early voice-oriented services. In order
to fulfil the requirements for such services, the standard
organizations, such as 3GPP, 3GPP2, and the Institute
of Electrical and Electronics Engineers (IEEE), are in the
middle of standardization of multicarrier-based multiple
access next generation mobile communication system.
Recently, various mobile communication standards,
such as Long Term Evolution (LTE) of 3GPP, Ultra Mobile
Broadband (UMB) of 3GPP2, and 802.16m of IEEE, have
been developed to support the high-speed, high-quality
wireless packet data communication services.
[0024] The 3G-evolved mobile communication sys-
tems of the related art, such as LTE, UMB, and 802.16m,
are designed based on the multicarrier multiple access
scheme. In addition, the 3G evolved mobile communica-
tion systems adopt various technologies including Multi-
ple Input Multiple Output (MIMO), beamforming, Adap-
tive Modulation and Coding (AMC), channel-Sensitive
scheduling, etc. Such technologies are capable of con-

centrating a transmission power to certain antennas or
adjusting the transmission data amount so as to increase
the data transmission amount for good channel condition,
resulting in improvement of system throughput. Since
most of these techniques operate based on the channel
state information between a Base Station (BS) or an
evolved Node B (eNB) and a terminal (i.e., a User Equip-
ment (UE) or a Mobile Station (MS)), the base station or
the terminal has to measure the channel state and, at
this time, the Channel Status Information Reference Sig-
nal (CSI-RS) is used for channel state measurement. The
aforementioned base station denotes a device for trans-
mitting in downlink and receiving in uplink, and a base
station manages multiple cells for transmission/recep-
tion. The mobile communication system includes a plu-
rality of base stations distributed geometrically, and each
base station performs transmission/reception in a plural-
ity of cells.
[0025] The 3G and 4G mobile communication systems
of the related art, such as an LTE/ LTE-Advanced (LTE-
A) system, adopt MIMO technology to improve the data
rate and system throughput. The MIMO technique in-
cludes transmitting a plurality of information streams sep-
arated spatially using multiple transmit/receive antennas.
This technique of transmitting spatially separated multi-
ple information streams is referred to as spatial multiplex-
ing. Typically, the number of information streams for spa-
tial multiplexing is determined depending on the numbers
of transmit and receive antennas. Typically, the number
of information streams that can be spatially multiplexed
is referred to as a rank of the corresponding transmission.
In the MIMO technique supported by the LTE/LTE-A Re-
lease 11, the spatially multiplexing is up to 8 transmit/re-
ceive antennas, and this means that the transmission
rank is supported up to 8.
[0026] The massive MIMO or Full Dimension MIMO
(FD-MIMO) system adopting the technology proposed in
exemplary embodiments of the present invention sup-
ports 32 or more transmit antennas as compared to the
legacy LTE/LTE-A MIMO technique supporting up to 8
transmit antennas. However, exemplary embodiments
of the present invention are not limited thereto.
[0027] FIG. 1 is a diagram illustrating an FD-MIMO sys-
tem according to an exemplary embodiment of the
present invention. The FD-MIMO system is a radio com-
munication system for transmitting data using a few doz-
en or more transmit antennas.
[0028] Referring to FIG. 1, a base station transmitter
100 transmits radio signals 120 and 130 through a few
dozen or more transmit antennas. Transmit antennas
110 are arranged at a minimum distance among each
other. The minimum distance may be half of the wave-
length (λ/2). Typically, in the case that the transmit an-
tennas are arranged at the distance of half of the wave-
length of the radio signal, the signals transmitted by the
respective transmit antennas are influenced by radio
channel with low correlation. Assuming a radio signal
band of 2GHz, this distance is 7.5 cm and shortened as
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the band becomes higher than 2GHz.
[0029] In FIG. 1, a few dozen or more transmit anten-
nas 110 arranged at the base station are used to transmit
signals 120 and 130 to one or more terminals. In order
to transmit signals to a plurality of terminals simultane-
ously, an appropriated precoding is applied. At this time,
one terminal may receive a plurality of information
streams. Typically, a number of information streams
which a terminal can receive is determined depending
on the number of receive antennas of the terminal, a
channel state, and a reception capability of the terminal.
[0030] In order to implement the FD-MIMO system ef-
ficiently, the terminal has to measure the channel condi-
tion and interference size accurately and transmit the
channel state information to the base station efficiently.
If the channel state information is received, the base sta-
tion determines the terminals for downlink transmission,
downlink data rate, and precoding to be applied. In the
case of FD-MIMO system using a large number of trans-
mit antennas, if the channel state information transmis-
sion method of the legacy LTE/LTE-A system is applied
without modification, the control information amount to
be transmitted in uplink increases significantly, resulting
in uplink overhead.
[0031] In order to transmit information from the trans-
mitter to the receiver in the mobile communication sys-
tem, a resource, such as time, frequency, and transmis-
sion power is used. The frequency and power are limited
resources. Accordingly, if the resource allocated for a
reference signal increases, the resource amount to be
allocated for data traffic channel transmission decreases,
resulting in reduction of data transmission amount. In this
case, although the channel estimation and measurement
performance are improved, the data transmission
amount decreases, resulting in reduction of an entire sys-
tem throughput. Thus, it is necessary to adjust the re-
source allocation amount for a reference signal and a
traffic channel transmission appropriately.
[0032] FIG. 2 is a time-frequency grid illustrating a sin-
gle resource block of a downlink subframe as a smallest
scheduling unit in a LTE/LTE-A system according to an
exemplary embodiment of the present invention. In the
LTE system, a subframe consists of a plurality of resource
blocks.
[0033] Referring to FIG. 2, one of a plurality of resource
blocks included in a subframe is illustrated. The radio
resource is of one subframe in the time domain and one
RB in the frequency domain. The radio resource consists
of 12 subcarriers in the frequency domain and 14 OFDM
symbols in the time domain, i.e., 168 unique frequency-
time positions. In the LTE/LTE-A system, each frequen-
cy-time position is referred to as a Resource Element
(RE).
[0034] The radio resource structured as shown in FIG.
2 can be used for transmitting a plurality of different types
of signals as follows.

1. A Cell-specific Reference Signal (CRS): a refer-

ence signal transmitted to all the UEs within a cell.
2. A Demodulation Reference Signal (DMRS): a ref-
erence signal transmitted to a specific UE.
3. A Physical Downlink Shared Channel (PDSCH):
a data channel transmitted in downlink which the
eNB use to transmit data to the UE and mapped to
REs not used for reference signal transmission in
data region of FIG. 2.
4. A Channel Status Information Reference Signal
(CSI-RS): a reference signal transmitted to the UEs
within a cell and used for channel state measure-
ment. Multiple CSI-RSs can be transmitted within a
cell.
5. Other control channels (i.e., a Physical Hybrid Au-
tomatic Repeat reQuest (HARQ) Indicator Channel
(PHICH), a Physical Control Format Indicator Chan-
nel (PCFICH), a Physical Control Channel (PD-
CCH), and the like): channels for providing a control
channel used for the UE to receive PDCCH and
transmitting an ACKnowledgement/ Non-ACKnowl-
edgement (ACK/NACK) of a HARQ operation for up-
link data transmission.

[0035] In addition to the above signals, zero power
CSI-RS can be configured in order for the UEs within the
corresponding cells to receive the CSI-RSs transmitted
by different eNBs in the LTE-A system. The zero power
CSI-RS (muting) can be mapped to the positions desig-
nated for CSI-RS, and the UE receives the traffic signal
skipping the corresponding radio resource in general. In
the LTE-A system, the zero power CSI-RS is referred to
as muting. The zero power CSI-RS (muting) by nature is
mapped to the CSI-RS position without transmission
power allocation.
[0036] In FIG. 2, the CSI-RS can be transmitted at
some of the positions marked by A, B, C, D, E, F, G, H,
I, and J according to the number of number of antennas
transmitting CSI-RS. In addition, the zero power CSI-RS
(muting) can be mapped to some of the positions A, B,
C, D, E, F, G, H, I, and J. The CSI-RS can be mapped
to 2,4, or 8 REs according to the number of the antenna
ports for transmission.
[0037] For two antenna ports, half of a specific pattern
is used for CSI-RS transmission, for four antenna ports,
all of the specific pattern is used for CSI-RS transmission,
and for eight antenna ports, two patterns are used for
CSI-RS transmission. Meanwhile, muting is always per-
formed by pattern. For example, although the muting may
be applied to a plurality of patterns, if the muting positions
mismatch CSI-RS positions, it cannot be applied to one
pattern partially.
[0038] In the case of transmitting CSI-RSs of two an-
tenna ports, the CSI-RSs are mapped to two consecutive
REs in the time domain and distinguished from each other
using orthogonal codes. In the case of transmitting CSI-
RSs of four antenna ports, the CSI-RSs are mapped in
the same way of mapping the two more CSI-RSs to two
more consecutive REs. This is applied to the case of
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transmitting CSI-RSs of eight antenna ports.
[0039] In a cellular system, the reference signal has to
be transmitted for downlink channel state measurement.
In the case of the 3GPP LTE-A system, the UE measures
the channel state with the eNB using the CSI-RS trans-
mitted by the eNB.
[0040] The channel state is measured in consideration
of a few factors including downlink interference. The
downlink interference includes the interference caused
by the antennas of neighbor eNBs and thermal noise that
are important in determining the downlink channel con-
dition. For example, in the case that the eNB with one
transmit antenna transmits the reference signal to the
UE with one receive antenna, the UE has to determine
energy per symbol that can be received in downlink and
interference amount that may be received for the duration
of receiving the corresponding symbol to calculate Es/Io
from the received reference signal. The calculated Es/Io
is reported to the eNB such that the eNB determines the
downlink data rate for the UE.
[0041] In the LTE-A system, the UE feeds back the
information on the downlink channel state for use in
downlink scheduling of the eNB. For example, the UE
measures the reference signal transmitted by the eNB in
downlink and feeds back the information estimated from
the reference signal to the eNB in the format defined in
the LTE/ LTE-A standard. In the LTE/LTE-A system, the
UE feedback information includes the following three in-
dicators:

1. A Rank Indicator (RI): a number of spatial layers
that can be supported by the current channel expe-
rienced at the UE.
2. A Precoding Matrix Indicator (PMI): a precoding
matrix recommended by the current channel expe-
rienced at the UE.
3. A Channel Quality Indicator (CQI): a maximum
possible data rate that the UE can receive signal in
the current channel state. A CQI may be replaced
with the Signal Interference to Noise Ratio (SINR),
a maximum error correction code rate and modula-
tion scheme, or per-frequency data efficiency that
can be used in similar way to the maximum data rate.

[0042] The RI, PMI, and CQI are associated among
each other in meaning. For example, the precoding ma-
trix supported in LTE/LTE-A is configured differently per
rank. Accordingly, the PMI value ’X’ is interpreted differ-
ently for the cases of RI set to 1 and RI set to 2. In addition,
when determining CQI, the UE assumes that the PMI
and RI which it has reported is applied by the eNB. For
example, if the UE reports RI_X, PMI_Y, and CQI_Z, the
UE is capable of receiving the signal at the data rate
corresponding to CQI_Z when the rank RI_X and the
precoding matrix PMI_Y are applied. In this way, the UE
calculates CQI with which the optimal performance is
achieved in real transmission under the assumption of
the transmission mode to be selected by the eNB.

[0043] In LTE/LTE-A, a CSI Process is defined as a
means for configuring the channel state information, such
as CQI, RI, and PMI to the UE. The CSI process includes
a CSI-RS and an Interference Measurement Resource
(IMR). The eNB is capable of configuring at least one
CSI-RS per UE, and the UE measures the CSI-RS des-
ignated in the CSI process to calculate the received signal
strength passed the channel and measures the IMR to
calculate the strength of interference influencing the re-
ceived signal. The IMR is the radio resource configured
separately for interference measurement of the UE such
that the UE assumes all signals received on the IMR are
interference. In addition, an IMR matches one of A to H
to which muting (zero power CSI-RS) may be applied.
For example, if the eNB configure the radio resource of
B as IMR in FIG. 2, the UE performs interference meas-
urement on the radio resource of B in every RB.
[0044] Typically, in the FD-MIMO using a plurality of
transmit antennas, the number of CSI-RSs has to in-
creases in proportion to the number of transmit antennas.
In an exemplary case of LTE/LTE-A using 8 transmit an-
tennas, the eNB has to transmit CSI-RSs of 8 ports to
the UE for downlink channel state measurement. At this
time, in order to transmit 8-port CSI-RSs, 8 REs has to
be allocated for CSI-RS transmission in one RB. For ex-
ample, the REs indicated by alphabets A and B can be
used for CSI-RS transmission of the corresponding eNB.
In the case of applying CSI-RS transmission scheme of
LTE/LTE-A to FD-MIMO, the CSI-RS transmission re-
source increases in proportion to the number of transmit
antenna. For example, the eNB having 128 transmit an-
tennas has to transmit CSI-RS on 128 REs in one RB.
Such a CSI-RS transmission scheme consumes exces-
sive radio resources and thus causes shortage of re-
source for data transmission.
[0045] Exemplary embodiments of the present inven-
tion are described with reference to the accompanying
drawings. Detailed description of well-known functions
and structures incorporated herein may be omitted to
avoid obscuring the subject matter of the present inven-
tion. This aims to omit unnecessary description so as to
make the subject matter of the present invention clear.
[0046] For the same reason, some of elements are ex-
aggerated, omitted, or simplified in the drawings and the
elements may have sizes and/or shapes different from
those shown in drawings, in practice. The same refer-
ence numbers are used throughout the drawings to refer
to the same or like parts.
[0047] Advantages and features of the present inven-
tion and methods of accomplishing the same may be
understood more readily by reference to the following
description of exemplary embodiments and the accom-
panying drawings. Exemplary embodiments of the
present invention may, however, be embodied in many
different forms and should not be construed as being
limited to the exemplary embodiments set forth herein.
Rather, these exemplary embodiments are provided so
that this disclosure will be thorough and complete and
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will fully convey the concept of the invention to those
skilled in the art, and exemplary embodiments of the
present invention will only be defined by the appended
claims. Like reference numerals refer to like elements
throughout the specification.
[0048] It will be understood that each block of the flow-
chart illustrations and/or block diagrams, and combina-
tions of blocks in the flowchart illustrations and/or block
diagrams, can be implemented by computer program in-
structions. These computer program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data
processing apparatus to produce a machine, such that
the instructions, which execute via the processor of the
computer or other programmable data processing appa-
ratus, create means for implementing the functions/acts
specified in the flowchart and/or block diagram block or
blocks. These computer program instructions may also
be stored in a computer-readable memory that can direct
a computer or other programmable data processing ap-
paratus to function in a particular manner, such that the
instructions stored in the computer-readable memory
produce an article of manufacture including instruction
means which implement the function/act specified in the
flowchart and/or block diagram block or blocks. The com-
puter program instructions may also be loaded onto a
computer or other programmable data processing appa-
ratus to cause a series of operational steps to be per-
formed on the computer or other programmable appara-
tus to produce a computer implemented process such
that the instructions which execute on the computer or
other programmable apparatus provide steps for imple-
menting the functions/acts specified in the flowchart
and/or block diagram block or blocks.
[0049] Furthermore, the respective block diagrams
may illustrate parts of modules, segments or codes in-
cluding at least one or more executable instructions for
performing specific logic function(s). Moreover, it should
be noted that the functions of the blocks may be per-
formed in different order in several modifications. For ex-
ample, two successive blocks may be performed sub-
stantially at the same time, or may be performed in re-
verse order according to their functions.
[0050] The term "module" according to exemplary em-
bodiments of the present invention, means, but is not
limited to, a software or hardware component, such as a
Field Programmable Gate Array (FPGA) or an Applica-
tion Specific Integrated Circuit (ASIC), which performs
certain tasks. A module may advantageously be config-
ured to reside on the addressable storage medium and
configured to be executed on one or more processors.
Thus, a module may include, by way of example, com-
ponents, such as software components, object-oriented
software components, class components and task com-
ponents, processes, functions, attributes, procedures,
subroutines, segments of program code, drivers,
firmware, microcode, circuitry, data, databases, data
structures, tables, arrays, and variables. The functional-

ity provided for in the components and modules may be
combined into fewer components and modules or further
separated into additional components and modules. In
addition, the components and modules may be imple-
mented such that they execute one or more Central
Processing Units (CPUs) in a device or a secure multi-
media card.
[0051] It can be considered for the eNB having a plu-
rality of transmit antennas for FD-MIMO to transmit CSI-
RSs on N dimensions such that the UE performs channel
measurements for the plurality of transmit antennas with-
out excessive resource allocation for CSI-RS transmis-
sion. In the exemplary case of FIG. 1 where the transmit
antennas 110 of the eNB are arranged 2-dimensionally,
the CSI-RSs may be transmitted as separated into 2 di-
mensions. In this case, one CSI-RS is used as a hori-
zontal CSI-RS for acquiring the horizontal direction chan-
nel information while the other CSI-RS is used as a ver-
tical CSI-RS for acquiring vertical direction channel in-
formation.
[0052] FIG. 3 is a diagram illustrating a mechanism of
a CSI-RS transmission in an FD-MIMO system according
to an exemplary embodiment of the present invention.
[0053] Referring to FIG. 3, the eNB operating in FD-
MIMO mode has a total of 32 antennas 300. Although
the number of antennas may vary depending on the ex-
emplary embodiment, FIG. 3 is directed to the exemplary
case where the number of antennas is 32. In FIG. 3, the
32 antennas 300 are indicated by A0, ..., A3, B0, ..., B3,
C0, ..., C3, D0, ..., D3, E0, ..., E3, F0, ..., F3, G0, ..., G3,
and H0, ..., H3. Two CSI-RSs are transmitted through
the 32 antennas. The antenna ports corresponding to a
Horizontal-CSI-RS (H-CSI-RS) for use in measuring hor-
izontal channel state consist of the following 8 antenna
ports.

1. H-CSI-RS port 0: group of antennas A0, A1, A2,
and A3.
2. H-CSI-RS port 1: group of antennas B0, B1, B2,
and B3.
3. H-CSI-RS port 2: group of antennas C0, C1, C2,
and C3.
4. H-CSI-RS port 3: group of antennas D0, D1, D2,
and D3.
5. H-CSI-RS port 4: group of antennas E0, F1, E2,
and E3.
6. H-CSI-RS port 5: group of antennas F0, F1, F2,
and F3.
7. H-CSI-RS port 6: group of antennas G0, G1, G2,
and G3.
8. H-CSI-RS port 7: group of antennas H0, H1, H2,
and H3.

[0054] The expression of grouping a plurality of anten-
nas into one CSI-RS port is a concept including antenna
virtualization. Typically, the antenna virtualization is
through a linear combination of the plurality of antennas.
The antenna ports corresponding to a Vertical-CSI-RS
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(V-CSI-RS) for use in measuring vertical channel state
consist of the following 4 antenna ports.

1. V-CSI-RS port 0: group of antennas A0, B0, C0,
D0, E0, F0, G0, and H0.
2. V-CSI-RS port 1: group of antennas A1, B1, C1,
D1, F1, F1, G1, and H1.
3. V-CSI-RS port 2: group of antennas A2, B2, C2,
D2, E2, F2, G2, and H2.
4. V-CSI-RS port 3: group of antennas A3, B3, C3,
D3, E3, F3, G3, and H3.

[0055] It is assumed that the plurality of antennas are
arranged in 2 dimensions as described above. The an-
tennas are arranged orthogonally forming M rows in the
vertical direction and N columns in the horizontal direc-
tion. In this case, the UE is capable of measuring FD-
MIMO channels using N H-CSI-RS ports and M V-CSI-
RS ports. As aforementioned, if two CSI-RSs are used,
the channel state information can be acquired using M+N
CSI-RS ports for M3N transmit antennas. Since the
channel information on the large number of transmit an-
tennas is acquired using relatively small number of CSI-
RS ports, it is advantageous in reducing the CSI-RS over-
head. Although the description is directed to the case
where the channel information on the FD-MIMO transmit
antennas using two CSI-RSs, this approach can be ap-
plied to the cases of using two or more CSI-RSs.
[0056] In FIG. 3, the RSs of the 32 transmit antennas
are mapped to 8 H-CSI-RS ports and 4 V-CSI-RS ports,
and the UE measures the radio channels using the CSI-
RSs of the FD-MIMO system. The H-CSI-RS can be used
for estimating the horizontal angle between the UE and
the eNB transmit antennas 310, while the V-CSI-RS can
be used for estimating the vertical angle between the UE
and the eNB transmit antennas 320.
[0057] Grouping multiple antenna elements into a sin-
gle CSI-RS port means that the grouped antenna ele-
ments contribute to the transmission of the CSI-RS port.
Multiple antenna elements contributing to the transmis-
sion of a single CSI-RS antenna port is beneficial com-
pared to having only one of the multiple antenna elements
transmit for the rest of the antenna elements in the fol-
lowing aspects:

* More transmission energy can be accumulated
compared to having only one antenna element trans-
mit for the rest of the antenna elements,
* Single CSI-RS antenna port can more effectively
represent the grouped antenna elements since the
entire antenna elements are contributing to the CSI-
RS antenna port compared to only one antenna el-
ement transmitting for the rest of the antenna ele-
ments. It is advantageous for the UE to measure the
averaged channel state and reports the channel
state information acquired based on the averaged
channel state in view of system performance.

[0058] As shown in FIG. 3, depending on the total
number of antenna elements, different number of anten-
na elements can contributed to either the H-CSI-RS port
or V-CSI-RS port. In the exemplary embodiment of FIG.
3, 4 antenna elements contribute to a single H-CSI-RS
port while 8 antenna elements contribute to single V-CSI-
RS port. Since different number of antennas contribute
to an H-CSI-RS port and a V-CSI-RS port, different trans-
mission powers are allocated for the H-CSI-RS port and
V-CSI-RS port. Typically, the more the antenna contrib-
ute, the higher the transmission power is.
[0059] In the case of estimating the downlink channel
state using H-CSI-RS and V-CSI-RS, it is necessary for
the use to know the power difference between H-CSI-RS
port and the V-CSI-RS port. This is because the UE can
determine the channel state of horizontal and vertical di-
rection channel state accurately based on the accurate
transmission power ratio information. In the exemplary
embodiment of FIG. 3, the transmission power for the H-
CSI-RS port is half of V-CSI-RS port, i.e., vertical-to-hor-
izontal transmission power ratio of 2:1. Without the
knowledge of the transmission power ratio of 2:1 between
V-CSI-RS port and H-CSI-RS port, it may be shown the
horizontal direction channel state is better than the ver-
tical direction channel state, although it is not true. In
order to prevent the UE for experiencing this channel
distortion effect, there is a need of a method for the UE
to determine the transmission power ratio between the
H-CSI-RS port and V-CSI-RS port. An exemplary em-
bodiment of the present invention proposes two methods
for determining the transmission power ratio between H-
CSI-RS port and V-CSI-RS port.

Exemplary Method 1 for determining a transmission pow-
er ratio between H-CSI-RS and V-CSI-RS ports

[0060] In exemplary method 1, a UE receives the trans-
mission power ratio of a V-CSI-RS port and H-CSI-RS
port through explicit signaling and determines the num-
bers of ports for V-CSI-RS and H-CSI-RS based on the
signaling. If the number of ports for V-CSI-RS is nv and
H-CSI-RS is nh, the UE implicitly assumes that the ratio
between V-CSI-RS port power and H-CSI-RS port power,
Ph:Pv, is nh:nv. Here, Pv denotes the transmission power
of the V-CSI-RS port, and Ph denotes the transmission
power of the H-CSI-RS port. In the exemplary case of
FIG. 3, since there are 8 H-CSI-RS ports and 4 V-CSI-
RS ports, the UE assumes that the ratio of V-CSI-RS port
power and H-CSI-RS port power are 2:1. For example,
the UE determines at least one of a channel state and
feedback information under the assumption that the V-
CSI-RS port transmission power is twice of the H-CSI-
RS transmission power.
[0061] In exemplary method 1, the transmission power
ratio between V-CSI-RS port and H-CSI-RS port is de-
termined as follows:
Step 1: The eNB notifies the UE of the configuration on
the V-CSI-RS and H-CSI-RS. In this process, the eNB
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notifies the UE of the number of V-CSI-RS ports (nv) and
H-CSI-RS ports (nh) through higher layer signaling.
[0062] - In step 1, the eNB may further notify the UE
that the V-CSI-RS and H-CSI-RS are of a single eNB.
Such indication may be required if a UE is required to
perform measurement for multiple eNBs. An explicit in-
dication can be conveyed to the UE for this notification
or the UE may derive this notification based on other
parameters. For example, if the virtual or physical cell ID
value for the determination of the CSI-RS scrambling se-
quence is the same, the UE may assume that two CSI-
RSs are the V-CSI-RS and H-CSI-RS of the same eNB.
For example, if the virtual cell ID used by the eNB in
determining the initial state for use in generating scram-
bling sequence of V-CSI-RS and H-CSI-RS is identical,
the UE determines that the V-CSI-RS and H-CSI-RS are
transmitted by the same eNB. The signal transmitted by
the same eNB may be used for determining the numbers
of V-CSI-RS and H-CSI-RS ports.
Step 2: Based on the signaled value of nh and nv, the UE
implicitly determines the ratio between V-CSI-RS port
power and H-CSI-RS port power, Ph:Pv, is nh:nv.
[0063] In exemplary method 1, the ratio between V-
CSI-RS port power and H-CSI-RS port power can be
used in conjunction with the value Pc defined in the
LTE/LTE-A Release 10 specification. In LTE/LTE-A, the
UE receives Pc which notifies of ratio between PDSCH
transmission power and CSI-RS transmission power. By
applying Pc to the measurement of CSI-RS, the UE de-
termines the expected SNIR (signal to noise and inter-
ference ratio) on the PDSCH. Pc can be applied in using
the ratio between the V-CSI-RS port transmission power
and V-CSI-RS port transmission power in exemplary
method 1. In this case the UE measures SINR with V-
CSI-RS and H-CSI-RS using the transmission power ra-
tio between the V-CSI-RS port and H-CSI-RS port. Af-
terward, the UE calculates SINR of PDSCH using SINR.

Exemplary Method 2 for determining a transmission pow-
er ratio between H-CSI-RS and V-CSI-RS ports

[0064] In exemplary method 2, a UE determines the
transmission power ratio of a V-CSI-RS port and H-CSI-
RS port based an explicit higher layer signaling from the
eNB. There are two different methods for signaling this
information.

* Exemplary method 2-1: The eNB notifies the UE

of  

* Exemplary method 2-2: The eNB notifies the UE

of  and 
respectively. Pd denotes a PDSCH transmission

power. The UE receives Pc,h and Pc,v and calculates

the ratio between H-CSI-RS port transmission power
and V-CSI-RS port transmission power based on
Pc,h and Pc,v.

[0065] In exemplary method 2, the transmission power
ratio between the H-CSI-RS port and V-CSI-RS port are
determined as follows:

Step 1: The eNB sends the UE V-CSI-RS and H-
CSI-RS configuration through higher layer signaling.

In the process, the eNB notifies the UE of 

and  

Step 2: The UE determines the ratio of V-CSI-RS
port power and H-CSI-RS port power based on the

signaled value of  and  

[0066] In order to report the channel state information
for FD-MIMO, there is a need of an efficient channel state
information feedback method as well as the method for
determining a transmission power ratio between H-CSI-
RS port and V-CSI-RS port. For example, the UE has to
perform channel estimation for the horizontal and vertical
dimension channel estimations based on the V-CSI-RS
and H-CSI-RS and report the channel estimation results
to the eNB effectively and efficiently.
[0067] FIG. 4 is a diagram illustrating a procedure of
estimating channels based on H-CSI-RS and V-CSI-RS
and generating channel state information according to
an exemplary embodiment of the present invention.
[0068] Referring to FIG. 4, the eNB transmits H-CSI-
RS and V-CSI-RS alternatively. Reference number 400
denotes H-CSI-RS and reference number 410 denotes
V-CSI-RS. The eNB transmitting the H-CSI-RS and V-
CSI-RS for FD-MIMO transmission is capable of trans-
mitting data to both the FD-MIMO-capable UE and non-
FD-MIMO-capable UE. In order to accomplish this, the
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eNB has to discriminate between the channel state in-
formation transmitted by the FD-MIMO-capable UE and
the non-FD-MIMO-capable UE. In an exemplary embod-
iment of the present invention, the H-CSI-RS 400 and V-
CSI-RS 410 may be transmitted at the same timing.
[0069] In FIG. 4, the eNB configures such that the non-
FD-MIMO-capable UE measures only one of H-CSI-RS
and V-CSI-RS. For example, it is possible to instruct the
non-FD-MIMO-capable UE to measure H-CSI-RS and
report CSI ad denoted by reference number 420. In the
case of operating the FD-MIMO with the channel state
information acquired based on only one of the H-CSI-RS
and V-CSI-RS, it is difficult to expect the best FD-MIMO
performance. Nevertheless, it allows for data transmis-
sion. Meanwhile, the FD-MIMO-capable UE measures
both the H-CSI-RS and V-CSI-RS and thus, it is possible
to acquire improved system performance.
[0070] There are three methods for the UE to generate
channel state information. The first method is to measure
the H-CSI-RS and V-CSI-RS respectively and acquire
the respective horizontal and vertical dimension channel
state information from the H-CSI-RS and V-CSI-RS as
denoted by reference number 430. The second method
is to measure the H-CSI-RS and V-CSI-RS respectively
and acquire a single set of channel state information as
denoted by reference number 440. The third method is
to measure the H-CSI-RS and V-CSI-RS respectively,
acquire the channel state information based on one of
the H-CSI-RS and V-CSI-RS, and the channel state in-
formation based on the other as denoted by reference
number 450. In the case of the method denoted by ref-
erence number 450, the first channel state information
is acquired based on the V-CSI-RS and the second chan-
nel state information is acquired using the H-CSI-RS in
addition.
[0071] The three channel state information generation
methods can be summarized as follows:

CSI Generation Exemplary Method 1

[0072] In this method, the channel state information of
H-CSI-RS and V-CSI-RS are determined individually.
For example, the channel state information based on H-
CSI-RS does not impact the result of the channel state
information based on V-CSI-RS and vice versa. This
method generates two sets of channel state information
that are individually optimized in the horizontal or vertical
direction but not both. The UE measures H-CSI-RS and
determines the channel state information based on H-
CSI-RS without consideration for V-CSI-RS. Additionally,
the UE measures V-CSI-RS and determines the channel
state information based on V-CSI-RS without consider-
ation for H-CSI-RS. However, either of the two sets of
channel state information may not be optimized for the
2 dimensional channel considering the horizontal and
vertical direction channels integrally.
[0073] This method is advantageous in that the erro-
neous reception of one of the set of channel state infor-

mation does not impact the other set of channel state
information. For example, although it fails to receive the
channel status information of the horizontal direction, the
eNB always has the option of falling back to the channel
status information in the vertical direction.

CSI Generation Exemplary Method 2

[0074] In this method, the channel state information
based on H-CSI-RS and V-CSI-RS are determined to-
gether as single set of channel state information. This
method generates a single set of channel state informa-
tion that is optimized for both the horizontal and vertical
direction. The UE measures the H-CSI-RS and V-CSI-
RS and determines the channel state information in con-
sideration of both dimensions. The drawback of this
method is high channel state information determination
complexity. This is because the optimization has to be
performed in the dimension of nh + nv in order to take the
vertical and horizontal direction channels into consider-
ation in the case that there are nh H-CSI-RS and nv V-
CSI-RS ports. Typically, the complexity of optimization
performed to nh and nv separately is lower than that per-
formed to nh + nv.

CSI Generation Exemplary Method 3

[0075] In this method, the channel state information
based on one of H-CSI-RS and V-CSI-RS is determined
first and the channel state information based on the re-
maining CSI-RS is determined. For example, the H-CSI-
RS would be measured first and the corresponding chan-
nel state information is determined. In addition, the UE
generate additional channel state information in consid-
eration of both the horizontal and vertical directions using
the channel state information acquired based on the H-
CSI-RS and the V-CSI-RS.
[0076] In addition to using one of the three methods,
any combination of three methods can be used. For ex-
ample, exemplary method 1 can be used to provide the
individual channel state information on the horizontal and
vertical direction. In addition to the individual channel
state information on both directions, an additional set of
information that are determined by measuring both H-
CSI-RS and V-CSI-RS can be defined. The purpose of
the additional set of information is to provide accurate
channel status information for the case where both an-
tenna ports are activated on both dimensions for a UE.
[0077] An exemplary embodiment of the present in-
vention proposes a channel state information feedback
method under the assumption that the H-CSI-RS and V-
CSI-RS are transmitted for channel measurement in the
horizontal and vertical directions. Although the descrip-
tion is directed to the methods assuming a certain timing,
the general concept is applicable to diverse timing cases.
[0078] The following abbreviations are used through-
out the specification.
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- RIH: a Rank Indicator (RI) generated based on H-
CSI-RS for feedback to eNB.

- RIV: an RI generated based on V-CSI-RS for feed-
back to eNB.

- RIHV: an RI generated based on H-CSI-RS and V-
CSI-RS for feedback to eNB.

- PMIH: a Precoding Matrix Indicator (PMI) generated
based on H-CSI-RS for feedback to eNB.

- PMIV: a PMI generated based on V-CSI-RS for feed-
back to eNB.

- CQIH: a UE-recommended data rate generated un-
der the assumption that only the horizontal direction
precoding matrix is applied.

- CQIV: a UE-recommended data rate generated un-
der the assumption that only the vertical precoding
matrix is applied.

- CQIHV: a UE-recommended data rage generated un-
der the assumption that both the horizontal and ver-
tical precoding matrices are applied.

[0079] In the following, the description is directed to
the case of using the horizontal direction channel state
information and the vertical direction channel state infor-
mation. In the case that an eNB operates with two or
more CSI-RSs, however, other types of channel state
information can be further applied in addition to the hor-
izontal and vertical direction channel state information.
In an exemplary case where the CSI-RS mapped to an
antenna port from the first view point (first CSI-RS) and
the CSI-RS mapped to an antenna port from the second
view point (second CSI-RS) are used, the UE is capable
of acquiring the channel state information (first and sec-
ond channel state information) based on the two respec-
tive CSI-RSs and the channel state information (third
channel state information) based on both the CSI-RSs.
The configuration described in the following description
are application to various exemplary embodiments in
similar manner. In the following, the description is direct-
ed to the exemplary cases of using V-CSI-RS and H-CSI-
RS for the convenience sake.
[0080] In the following description, the channel state
information corresponding to the vertical direction CSI-
RS is referred to as vertical direction channel state infor-
mation. The vertical direction channel state information
includes at least one of RI, PMI, and CQI acquired based
on the vertical direction CSI-RS.
[0081] In the following description, the channel state
information corresponding to the horizontal direction
CSI-RS is referred to as horizontal direction channel state
information. The horizontal channel state information in-
cludes at least one of an RI, a PMI, and a CQI acquired
based on the horizontal direction CSI-RS.
[0082] In the case that the eNB sends the UE two or
more CSI-RSs, the UE is capable of transmitting the
channel state information corresponding to the respec-
tive CSI-RSs. Each of the channel state information in-
cludes at least one of an RI, a PMI, and a CQI. However,
the UE may acquire the channel state information based

on the two or more CSI-RSs in an exemplary embodiment
of the present invention. In this case, how the channel
state information is acquired is described explicitly.
[0083] In an exemplary embodiment of the present in-
vention, the UE may notify of the vertical direction pre-
coding and horizontal direction precoding separately to
determine the precoding for the case of using both the
vertical and horizontal direction precodings. It is neces-
sary to define how to determine CQI in the case that a
plurality of precodings are applied. In the case that two
precodings are applied to downlink simultaneously, it can
be considered as Kronecker product of the two precod-
ings. The Kronecker product is defined with two matrices
as follows:

[0084] In Equation (1), A and B denote matrices, and
a11 to amn denote elements of matrix A. aij denotes the
element at ith row and jth column.

CSI Feedback Exemplary Method 1

[0085] FIG. 5 is a timing diagram illustrating a channel
state information feedback method 1 according to an ex-
emplary embodiment of the present invention.
[0086] Referring to FIG. 5, in the channel state infor-
mation feedback method, the UE generates two sets of
channel state information to the eNB. The two sets of
channel state information are generated based on the H-
CSI-RS and V-CSI-RS transmitted by the eNB. As shown
in FIG. 5, a first set of channel state information consists
of RIH 500, CQIH 510, and CQIV 520. For example, the
UE generates horizontal direction RI, PMI, and CQI
based on the H-CSI-RS and vertical direction RIV 505,
PMIH 515, and PMIV 525 based on the V-CSI-RS. A sec-
ond set of channel state information consists of RIH 530,
CQIH 540, and CQIV 550. For example, the UE generates
horizontal direction RI, PMI, and CQI based on the H-
CSI-RS and vertical direction RIV 535, PMIH 545, and
PMIV 555 based on the V-CSI-RS.
[0087] In LTE, CQI may indicate UE’s maximum re-
ceivable data rate or spectral efficiency. In radio commu-
nication system including LTE, the UE generates one
CQI to the eNB for RI set 1 and two or more CQIs for RI
set to 2 or higher. Assuming that CQI is transmitted, if RI
is set to 2 or higher, this means that the corresponding
CQI has two CQI values. In FIG. 5, if RIH 500 is set to 2,
the CQIH 510 consists of two CQI values.
[0088] In FIG. 5, the UE measures H-CSI-RS and V-
CSI-RS to generate and send RIH 500 and RIV 505 to
the eNB. If the preferred precoding is determined by
measuring H-CSI-RS and if the determined precoding is
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applied, the maximum data rate or spectral efficiency is
determined. The UE notifies the eNB of the determined
preferred precoding and maximum data rate or spectral
efficiency using PMI 510 and CQI 515. The UE also sends
the eNB the PMI 520 and CQI 525 acquired based on V-
CSI-RS.
[0089] If the two sets of channel state information are
received from the UE, the eNB determines the precoding
of PDSCH to be transmitted to the UE based on the pre-
coding-related channel state information. For example,
the eNB determines the precoding matrix to be applied
to PDSCH to be transmitted in downlink based on PMIH
and PMIV transmitted by the UE.
[0090] The CQI transmitted by the UE is generated un-
der the assumption of a certain precoding to be applied
at the eNB. In LTE, the UE sends PMI to the eNB to notify
of the recommended precoding, and CQI indicates UE-
recommended maximum data rate or spectral efficiency
in the case that the corresponding PMI is applied at the
eNB. In the case that two CSI-RSs exist and the precod-
ing is applied in horizontal and vertical directions simul-
taneously, it is necessary to define new CQI. CQIH can
be defined as one of the followings.

- CQIH definition 1: The UE generates CQIH regard-
less of the presence of vertical direction antennas.
For example, the UE generates CQIH only based on
H-CSI-RS but not V-CSI-RS. More specifically, the
UE generates its best PMIH based on the H-CSI-RS
and notifies the eNB of the maximum data rate or
spectral efficiency, when the corresponding PMI is
applied, by transmitting CQIH.

- CQIH definition 2: The UE generates CQIH under the
assumption of fixed precoding in the vertical direc-
tion. For example, the UE generates CQIH under the
assumption that a fixed rank 1 precoding is applied
to the vertical direction antennas. This CQIH gener-
ation is identical with determining CQI under the as-
sumption that the precoding of GHV=GH⊗Gv to which
both the horizontal and vertical direction precodings
are applied. In GHV=GH ⊗Gv, GH denotes the hori-
zontal direction precoding fed back from the UE to
the eNB using PMIH, and GV denotes the fixed ver-
tical direction rank 1 precoding. In addition, ⊗de-
notes Kronecker product. The fixed vertical direction
precoding can be the precoding specified in the
standard or notified to the UE by eNB through higher
layer signaling.

- CQIH definition 3: The UE generates CQIH under the
assumption that the precoding negotiated with the
eNB in the vertical direction is applied. For example,
the eNB and the UE assume that vertical direction
precoding is one of a plurality of precoding candi-
dates and determined according to the method ne-
gotiated therebetween. For example, assuming ver-
tical direction precoding candidates of {Gv1, Gv2,
Gv3, Gv4}, when generating CQIH, the UE assumes
vertical direction precoding of Gv1 at time 1, assumes

vertical direction precoding of Gv2 at time 2, assumes
vertical direction precoding of Gv3 at time 3, and as-
sumes vertical Gv4 at time 4 according to the pre-
negotiated method. The vertical direction precoding
can be changed in time domain or frequency domain.
In the case that the vertical direction precoding is
changed in the frequency domain, the UE divides
the system bandwidth assumes that a specific ver-
tical direction precoding is applied to a specific fre-
quency band and other vertical direction precodings
are applied to other frequency bands. For example,
CQI is generated under the assumption that the pre-
coding represented by GHV=GH⊗GV(i) is applied. In
GHV=GH⊗GV(i), GV(i) is one of the precodings as-
sumable in the vertical direction. The change of GV(i)
can be determined through cyclic rotation in the giv-
en set of GV(i).

[0091] The CQIH definition methods can be applied to
CQIV.
[0092] The drawback of exemplary channel state in-
formation feedback method 1 is that, although the UE
recommends its preferred vertical and horizontal direc-
tion precodings to the eNB, not both the two precodings
are applied to the CQI generation. For example, the UE
does not report the CQI acquired when the best vertical
and horizontal direction precodings are applied and thus,
although the eNB transmits PDSCH with the best vertical
and horizontal direction precodings, it is difficult the data
rate supported by the UE. Although the eNB may deter-
mine the data rate when the best vertical and horizontal
direction precodings are applied with the compensation
of CQIH or CQIV in itself, the determined data rate may
differ from the data rate supportable by the UE. Such a
mismatch occurs because the eNB does not know the
receiver structure of the UE.

CSI Feedback Exemplary Method 2

[0093] FIG. 6 is a timing diagram illustrating a channel
state information feedback method 2 according to an ex-
emplary embodiment of the present invention.
[0094] Referring to FIG. 6, in the channel state infor-
mation feedback method, the UE generates two sets of
channel state information to the eNB as in the feedback
method of FIG. 5. In the exemplary channel state infor-
mation method 2, however, CQIHV 630 (665) is further
transmitted to the eNB. The CQIHV 630 (665) is the in-
formation on the maximum data rate or spectral efficiency
supportable by the UE when the best vertical and hori-
zontal direction precodings are applied. The UE gener-
ates CQIHV 630 under the assumption that the precoding
determined according to the RIH 600 and PMIH 615 based
on H-CSI-RS and RIV 605 and PMIV 625 based on V-
CSI-RS is applied. A first set of channel state information
consists of RIH 600, CQIH 610, and CQIV 620. A second
set of channel state information consists of RIH 635, CQIH
645, and CQIV 655. For example, the UE generates hor-
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izontal direction RI, PMI, and CQI based on the H-CSI-
RS and vertical direction RIV 640, PMIH 650, and PMIV
660 based on the V-CSI-RS. For example, CQIHV 630
(665) is the information on the maximum data rate or
spectral efficiency when the UE-recommended vertical
and horizontal direction precodings are applied simulta-
neously. This method is advantageous in improvement
of system performance since the UE sends the eNB the
information on the case where the best vertical and hor-
izontal precodings are applied simultaneously.
[0095] In the case that the UE transmits CQIHV 630
(665) as shown in the exemplary embodiment of FIG. 6,
one issue to be considered is how to determine RI. In
LTE, the UE transmits one RI for use in one CSI process
to notify the eNB that how many spatial layers the UE is
supportable. One problem associated with RI in FIG. 6
is that two RIs (RIH and RIV) exist. This is because it is
necessary to define the rank in order to report accurate
CQIHV 630 (665) even when the vertical and horizontal
direction precodings are applied and there are two RIs
redundantly.

- RIHV definition exemplary method 1: RIHV=RIH 3
RIv.

- RIHV definition exemplary method 2:
RIHV=max(RIH,RIV).

- RIHV definition exemplary method 3:
RIHV=max(RIH,RIV).

- RIHV definition exemplary method 4: RIHV=RIH or
RIHV=RIV.

[0096] In RIHV definition exemplary method 1, RIHV is
defined as the product of RIH and RIV. The precoding for
this case is obtained by the Kronecker product of the
precoding matrices indicated by PMIH and PMIV. There-
fore, the precoding for the case of exemplary method 1
is defined as GHV=GV ⊗GH or GHV=GH ⊗GV where GH
and GV are the precoding matrices indicated by PMIH
and PMIV, respectively.
[0097] In RIHV definition of exemplary method 2, RIHV
is defined as the maximum of RIH and RIV. The precoding
for this case is again obtained by the Kronecker product
of the precoding matrices. However, since RIHV is defined
as the maximum of RIH and RIV, not all the columns of
the precoding matrix with the lower rank can be used for
the definition of GHV. Therefore,

- If RIH≥RIV, the precoding for the RIHV definition of
exemplary method 2 is defined as GHV=GV’ ⊗GH or
GH ⊗GV’ where GV’ is the precoding matrix on the
vertical dimension obtained by selecting 1 column
out of the RIV columns of GV. The column to be se-
lected is fixed or predefined.

- If RIH<RIV, the precoding for the RIHV definition of
exemplary method 2 is defined as GHV=GV⊗GH’ or

GH’ ⊗GV where GH’ is the precoding matrix on the
horizontal dimension obtained by selecting 1 column
out of the RIH columns of GH. The column to be se-
lected is fixed or predefined.

[0098] In RIHV definition of exemplary method 3, RIHV
is defined as the minimum of RIH and RIV. The precoding
for this case is again obtained by the Kronecker product
of the precoding matrices. However, since RIHV is defined
as the minimum of RIH and RIV, not all the columns of
the precoding matrix with the higher rank can be used
for the definition of GHV. Therefore,

- If RIH<RIV, the precoding for RIHV definition of ex-
emplary method 3 is defined as GHV=GV’ ⊗GH or GH
⊗GV’ where GV’ is the precoding matrix on the ver-
tical dimension obtained by selecting 1 column out
of the RIV columns of GV. The column to be selected
is fixed or predefined.

- If RIH≥RIV, the precoding for RIHV definition of ex-
emplary method 3 is defined as GHV=GV⊗GH’ or GH’
⊗GV where GH’ is the precoding matrix on the hori-
zontal dimension obtained by selecting 1 column out
of the RIH columns of GH. The column to be selected
is fixed or predefined

[0099] In RIHV definition of exemplary method 4, RIHV
is defined as either RIH or RIV. This can be achieved by
fixing either RIH or RIV to be 1. When either RIH or RIV
is fixed to the value of 1, its value can be omitted in the
channel status information feedback since this informa-
tion is already known by the eNB. For example, in FIG.
6, if rank in the horizontal direction is fixed as 1, it is not
necessary to send RIH values. Typically, the eNB can
inform the UE using higher layer signaling which of the
two dimensions should be restricted to a rank of 1. When
the rank of one of the dimensions is restricted to one, a
simple Kronecker product of this precoding matrix and
the other precoding matrix which does not have this re-
striction will generate GHV.
[0100] In FIG. 6, CQIHV is related to either CQIH or
CQIV. Although Either CQIH or CQIV has the CQI value
to which the preferred precoding of either direction is ap-
plied, CQI HV has the CQI value to which the preferred
precodings of both the vertical and horizontal directions
are applied. Typically, CQIHV has a value greater than
CQIH or CQIV. By taking notice of this characteristic, there
is a room for reducing the information amount of CQIHV.
For example, it is possible to notify the eNB of the CQIHV
as a relative value to CQIH or CQIV other than absolute
value of CQIHV.

CSI Feedback Exemplary Method 3

[0101] FIG. 7 is a timing diagram illustrating a channel
state information feedback method 3 according to an ex-
emplary embodiment of the present invention.
[0102] Referring to FIG. 7, the exemplary channel state
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information feedback method 3 is characterized in that
only one RI is transmitted. In FIG. 7, RI 700 (or 740)
indicates the number of layers that can be supported by
the UE in the vertical or horizontal direction. In the ex-
emplary channel state information feedback method 3,
the eNB notifies the UE of the direction in which the rank
is fixed to 1, and the UE determines the rank in the di-
rection in which the rank is not fixed and sends the de-
termined RI to the eNB. According to an exemplary em-
bodiment, a specific CQI value may be transmitted at the
same timing as the PMI. More specifically, CQIHV 730
(770) may be transmitted at the same timing as one of
PMIH 710 (750) and PMIV 720 (760).

CSI Feedback Exemplary Method 4

[0103] FIG. 8 is a timing diagram illustrating a channel
state information feedback method 4 according to an ex-
emplary embodiment of the present invention.
[0104] Referring to FIG. 8, in the exemplary channel
state information feedback method 4, the UE sends eNB
the channel status information generated for the case
where the preferred precodings of the vertical and hori-
zontal directions are applied and the channel status in-
formation generated for the case where the preferred pre-
coding of either the vertical direction or the horizontal
direction.
[0105] The exemplary channel state information feed-
back method 4 aims to provide PMI and CQI on one of
vertical and horizontal directions and, on top of this, the
channel state information for the case where the pre-
ferred precoding is applied for the other direction. In FIG.
8, the UE sends the eNB the channel status information
for the horizontal direction. At this time, the horizontal
direction channel state information generated by the UE
includes CQIH 805 (830) and PMIH 810 (835). In addition,
the UE transmits the vertical direction preferred precod-
ing information 815 (840) and the CQI HV 820 (845) for
the case where the vertical and horizontal direction pre-
ferred precodings are applied simultaneously. Similar to
the exemplary channel state information feedback meth-
od 1, in order to avoid the complexity due to the coexist-
ence of RIH and RIV, only one direction RI is transmitted.
In the exemplary embodiment of FIG. 8, RI 800 (825) is
used for notifying the eNB of the vertical direction rank
while the horizontal direction rank is fixed to 1. According
to an exemplary embodiment, the rank value for the di-
rection with the least channel variation may be fixed to 1.
[0106] FIG. 9 is a block diagram illustrating a configu-
ration of an eNB according to an exemplary embodiment
of the present invention.
[0107] Referring to FIG. 9, the eNB comprises a con-
troller 900, an H-CSI-RS generator 910, a V-CSI-RS gen-
erator 920, other signal generator 930, a multiplexor 940,
and an OFDMA signal generator 950. The H-CSI-RS
generator 910 and the V-CSI-RS generator 920 generate
H-CSI-RS and V-CSI-RS respectively under the control
of the controller 900. The H-CSI-RS and V-CSI-RS are

multiplexed by the multiplexer 940 and transmitted by
means of the OFDMA signal generator 950. The eNB
may further include a channel state information receiver
to receive the channel state information generated based
on the H-CSI-RS and V-CSI-RS at the UE. According to
an exemplary embodiment, the OFDMA signal generator
950 and the receiver may be included in the eNB in the
form of a transceiver for transmitting and receiving signal
to and from the UE.
[0108] FIG. 10 is a block diagram illustrating a config-
uration of a UE according to an exemplary embodiment
of the present invention.
[0109] Referring to FIG. 10, the UE includes a control-
ler 1020, an H-CSI-RS receiver 1030, a V-CSI-RS re-
ceiver 1040, other signal receiver 1050, a demultiplexer
1010, and an OFDMA signal receiver 1000. The UE fur-
ther includes an RI/PMI/CQI generator 1060 for gener-
ating channel state information (CSI) and a CSI trans-
mitter 1070 for transmitting the channel state information.
[0110] The UE receives the signal transmitted by the
eNB using the OFDMA signal receiver 1000. The re-
ceived signal is demultiplexed by the demultiplexer 1010.
For example, the demultiplexer 1010 demultiplexes the
received signal into H-CSI-RS, V-CSI-RS and other sig-
nals and delivers H-CSI-RS, V-CSI-RS and other signals
to the H-CSI-RS receiver 1030, V-CSI-RS receiver 1040,
and other signal receiver 1050. The H-CSI-RS receiver
1030 and the V-CSI-RS receiver 1040 perform channel
measurement based on the received H-CSI-RS and V-
CSI-RS respectively, the RI/PMI/CQI generator 1060
generates RI/PMI/CQI based on the measurement re-
sult. The RI/PMI/CQI is transmitted to the eNB by the CSI
transmitter 1070. According to an exemplary embodi-
ment, the OFDMA receiver 1000 and the channel state
information transmitter 1070 may be included in the UE
in the form of a transceiver for transmitting and receiving
signals to and from the eNB.
[0111] FIG. 11 is a flowchart illustrating an eNB proce-
dure according to an exemplary embodiment of the
present invention.
[0112] Referring to FIG. 11, the eNB determines
whether the UE is a FD-MIMO-capable UE at step 1110.
According to an exemplary embodiment of the present
invention, the eNB is capable of determining whether the
UE has FD-MIMO capability based on signal exchange
with the UE or predefined information.
[0113] If the UE is non-FD-MIMO-capable UE, the eNB
configures one of V-CSI-RS and H-CSI-RS and transmits
the configured reference signal to the UE at step 1115.
[0114] If the UE is the FD-MIMO-capable UE, the eNB
configures both the V-CSI-RS and H-CSI-RS and trans-
mits the configured reference signals to the UE at step
1120.
[0115] The V-CSI-RS and H-CSI-RS can be config-
ured according to at least one of the above described
configuration methods.
[0116] The eNB transmits a CSI-RS feedback config-
uration to the UE at step 1125. The CSI-RS feedback
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can be configured according to at least one of the above
described configuration methods. According to an exem-
plary embodiment of the present invention, the eNB may
perform the operations of steps 1120 and 1125 simulta-
neously or separately.
[0117] The eNB receives feedback information from
the UE at step 1130.
[0118] The eNB communicates FD-MIMO signals with
the UE at step 1135 based on the feedback information
received from the UE at step 1130.
[0119] FIG. 12 is a flowchart illustrating a UE procedure
according to an exemplary embodiment of the present
invention.
[0120] Referring to FIG. 12, the UE receives at least
one of V-CSI-RS and H-CSI-RS from the eNB at step
1210. According to an exemplary embodiment, if it has
the FD-MIMO capability, the UE is capable of receiving
the V-CSI-RS and H-CSI-RS, and otherwise, only one of
the V-CSI-RS and H-CSI-RS. This exemplary embodi-
ment is directed to the case of the UE having the FD-
MIMO capability. According to an exemplary embodi-
ment of the present invention, the V-CSI-RS and H-CSI-
RS can be configured according to one of the above-
described methods.
[0121] The UE receives the CSI-RS feedback config-
uration transmitted by the eNB at step 1215. The CSI
feedback can be configured according to one of the
above-described methods. In an exemplary embodiment
of the present invention, the UE may receive the infor-
mation of steps 1210 and 1215 simultaneously or sepa-
rately.
[0122] The UE generates feedback information based
on at least one of the information received at step 1220.
[0123] The UE transmits the feedback information to
the eNB at step 1225.
[0124] The UE communicates FD-MIMO signals with
the eNB at step 1230. The FD-MIMO signals can be
transmitted/received based on the feedback information
transmitted at step 1225.
[0125] While the invention has been shown and de-
scribed with reference to certain exemplary embodi-
ments thereof, it will be understood by those skilled in
the art that various changes in form and details may be
made therein without departing from the spirit and scope
of the invention as defined by the appended claims and
their equivalents.
[0126] Certain examples of the present disclosure pro-
vide one or more methods, base stations and/or terminals
in accordance with one or more of the following exem-
plary aspects.
[0127] In accordance with a first aspect, there is pro-
vided a signal communication method of a base station
having a plurality of antennas in a wireless communica-
tion system, the method comprising: determining anten-
na ports of first and second directions based on directions
of the plurality of antennas; allocating channel measure-
ment resources for the respective antenna ports to a ter-
minal; transmitting a feedback configuration to the termi-

nal according to the channel measurement resources;
and receiving feedback information from the terminal
based on the channel measurement resource and the
feedback configuration.
[0128] In accordance with a second aspect, there is
provided a method according to the first aspect, wherein
the allocating of the channel measurement resources
comprises transmitting a signal to the terminal through
all antennas constituting at least one antenna port formed
in one of the first and second directions.
[0129] In accordance with a third aspect, there is pro-
vided a method according to the first aspect, wherein the
allocating of the channel measurement resources com-
prises transmitting to the terminal a signal including at
least one of a cell ID and a transmission power ratio be-
tween the first and second direction antenna ports.
[0130] In accordance with a fourth aspect, there is pro-
vided a method according to the first aspect, wherein the
feedback information is generated based on a signal
transmitted through at least one of the antenna ports
formed in the first and second directions.
[0131] In accordance with a fifth aspect, there is pro-
vided a method according to the fourth aspect, further
comprising: transmitting to the terminal a Rank Indicator
(RI) information for one of the first and second directions,
wherein the receiving of the feedback information com-
prises receiving the feedback information including the
RI information for the direction not determined from the
terminal.
[0132] In accordance with a sixth aspect, there is pro-
vided a signal communication method of a terminal in a
wireless communication system, the method comprising:
receiving channel measurement resources allocated for
antenna ports formed in first and second directions de-
termined based on directions of a plurality of antennas;
receiving a feedback configuration according to the chan-
nel measurement resources; and transmitting feedback
information measured based on the channel measure-
ment resource and the feedback information.
[0133] In accordance with a seventh aspect, there is
provided a method according to the sixth aspect, wherein
the receiving of the channel measurement resources
comprises receiving a signal transmitted through all an-
tennas constituting at least one antenna port formed in
one of the first and second directions.
[0134] In accordance with an eighth aspect, there is
provided a method according to the sixth aspect, wherein
the receiving of the channel measurement resources
comprises receiving a signal including at least one of a
cell ID and a transmission power ratio between the first
and second direction antenna ports.
[0135] In accordance with a ninth aspect, there is pro-
vided a method according to the first aspect, wherein the
feedback information is generated based on a signal
transmitted through at least one of the antenna ports
formed in the first and second directions.
[0136] In accordance with a tenth aspect, there is pro-
vided a method according to the ninth aspect, further
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comprising: receiving a Rank Indicator (RI) information
for one of the first and second directions, wherein the
transmitting of the feedback information comprises trans-
mitting the feedback information including RI information
for the direction not determined to a base station.
[0137] In accordance with an eleventh aspect, there is
provided a base station of a wireless communication sys-
tem, the base station comprising: a transceiver having a
plurality of antennas; and a control unit, for controlling
the transceiver, for determining antenna ports of first and
second directions based on directions of the plurality of
antennas, for allocating channel measurement resourc-
es for the respective antenna ports to a terminal, for trans-
mitting a feedback configuration to the terminal according
to the channel measurement resources, and for receiving
feedback information from the terminal based on the
channel measurement resource and the feedback con-
figuration.
[0138] In accordance with a twelfth aspect, there is pro-
vided a base station according to the eleventh aspect,
wherein the control unit transmits a signal to the terminal
through all antennas constituting at least one antenna
port formed in one of the first and second directions.
[0139] In accordance with a thirteenth aspect, there is
provided a base station according to the eleventh aspect,
wherein the control unit transmits to the terminal a signal
including at least one of a cell ID and a transmission
power ratio between the first and second direction an-
tenna ports.
[0140] In accordance with a fourteenth aspect, there
is provided a base station according to the eleventh as-
pect, wherein the feedback information is generated
based on a signal transmitted through at least one of the
antenna ports formed in the first and second directions.
[0141] In accordance with a fifteenth aspect, there is
provided a base station according to the fourteenth as-
pect, wherein the control unit transmits to the terminal a
Rank Indicator (RI) information for one of the first and
second directions, wherein the receiving of the feedback
information comprises receiving the feedback informa-
tion including the RI information for the direction not de-
termined from the terminal.
[0142] In accordance with a sixteenth aspect, there is
provided a terminal of a wireless communication system,
the terminal comprising: a transceiver for transmitting
and receiving to and from a base station having a plurality
of antennas; and a control unit, for controlling the trans-
ceiver, for receiving channel measurement resources al-
located for antenna ports formed in first and second di-
rections determined based on directions of the plurality
of antennas and a feedback configuration according to
the channel measurement resources, and for transmit-
ting feedback information measured based on the chan-
nel measurement resource and the feedback informa-
tion.
[0143] In accordance with a seventeenth aspect, there
is provided a terminal according to the sixteenth aspect,
wherein the control unit receives a signal transmitted

through all antennas constituting at least one antenna
port formed in one of the first and second directions.
[0144] In accordance with an eighteenth aspect, there
is provided a terminal according to the sixteenth aspect,
wherein the control unit receives a signal including at
least one of a cell ID and a transmission power ratio be-
tween the first and second direction antenna ports.
[0145] In accordance with a nineteenth aspect, there
is provided a terminal according to the sixteenth aspect,
wherein the feedback information is generated based on
a signal transmitted through at least one of antenna ports
formed in the first and second directions.
[0146] In accordance with a twentieth aspect, there is
provided a terminal according to the sixteenth aspect,
wherein the control unit receives a Rank Indicator (RI)
information for one of the first and second directions and
transmits the feedback information including RI informa-
tion for the direction not determined to the base station.

Claims

1. A method by a base station in a wireless communi-
cation system, the method comprising:

transmitting, to a terminal, at least one reference
signal; and
receiving, from the terminal, feedback informa-
tion including a first precoding matrix indicator
determined based on the at least one reference
signal and channel quality information deter-
mined based on the first precoding matrix indi-
cator and a second precoding matrix indicator,
wherein the second precoding matrix indicator
is selected by the terminal from a set corre-
sponding to a plurality of precoding matrices.

2. The method of claim 1,
wherein a precoding matrix assumed by the terminal
is determined based on the first precoding matrix
indicator and the second precoding matrix indicator,
and
wherein the set is applied to both the base station
and the terminal.

3. The method of claim 1,
wherein a first precoding matrix for a first frequency
band is determined based on the set, and
wherein a second precoding matrix for a second fre-
quency band is determined based on the set.

4. The method of claim 1, wherein one second precod-
ing matrix indicator is selected from the set for each
of at least one time interval.

5. A method by a terminal in a wireless communication
system, the method comprising:
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receiving, from a base station, at least one ref-
erence signal;
determining a first precoding matrix indicator
based on the at least one reference signal;
selecting a second precoding matrix indicator
from a set corresponding to a plurality of pre-
coding matrices;
determining channel quality information based
on the first precoding matrix indicator and the
second precoding matrix indicator; and
transmitting, to the base station, feedback infor-
mation including the first precoding matrix indi-
cator and the channel quality information.

6. The method of claim 5,
wherein the determining channel quality information
comprises determining a precoding matrix based on
the first precoding matrix indicator and the second
precoding matrix indicator, and determining the
channel quality information based on the determined
precoding matrix, and
wherein the set is applied to both the base station
and the terminal.

7. The method of claim 5, wherein the determining the
precoding matrix comprises determining a first pre-
coding matrix for a first frequency band based on the
set, and determining a second precoding matrix for
a second frequency band based on the set.

8. The method of claim 5, wherein the selecting the
second precoding matrix indicator comprises select-
ing one second precoding matrix indicator from the
set for each of at least one time interval.

9. A base station in a wireless communication system,
the base station comprising:

a transceiver configured to transmit, to a termi-
nal, at least one reference signal; and
a controller configured to control the transceiver
to receive, from the terminal, feedback informa-
tion including a first precoding matrix indicator
determined based on the at least one reference
signal and channel quality information deter-
mined based on the first precoding matrix indi-
cator and a second precoding matrix indicator,
wherein the second precoding matrix indicator
is selected by the terminal from a set corre-
sponding to a plurality of precoding matrices.

10. The base station of claim 9,
wherein a precoding matrix assumed by the terminal
is determined based on the first precoding matrix
indicator and the second precoding matrix indicator,
and
wherein the set is applied to both the base station
and the terminal.

11. The base station of claim 9,
wherein a first precoding matrix for a first frequency
band is determined based on the set, and
wherein a second precoding matrix for a second fre-
quency band is determined based on the set.

12. The base station of claim 9, wherein the second pre-
coding matrix indicator is selected from the set for
each of at least one time interval.

13. A terminal in a wireless communication system, the
terminal comprising:

a transceiver configured to receive, from a base
station, at least one reference signal; and
a controller configured to determine a first pre-
coding matrix indicator based on the at least one
reference signal, select a second precoding ma-
trix indicator from a set corresponding to a plu-
rality of precoding matrices, determine channel
quality information based on the first precoding
matrix indicator and the second precoding ma-
trix indicator, and control the transceiver to
transmit, to the base station, feedback informa-
tion including the first precoding matrix indicator
and the channel quality information.

14. The terminal of claim 13,
wherein the controller is configured to:

determine a precoding matrix based on the first
precoding matrix indicator and the second pre-
coding matrix indicator; and
determine the channel quality information based
on the determined precoding matrix, and
wherein the set is applied to both the base sta-
tion and the terminal.

15. The terminal of claim 13, wherein the controller is
configured to select one second precoding matrix
indicator for each of at least one frequency band from
the set.
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