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METHOD AND DEVICE FOR REPORTING
CHANNEL STATE INFORMATION IN
WIRELESS COMMUNICATION SYSTEM

TECHNICAL FIELD

[0001] The present disclosure relates to a wireless commu-
nication system and, more particularly, to a method and appa-
ratus for transmitting channel state information.

BACKGROUND ART

[0002] Wireless communication systems are widely
deployed to provide various kinds of communication content
such as voice and data. Generally, these communication sys-
tems are multiple access systems capable of supporting com-
munication with multiple users by sharing available system
resources (e.g., bandwidth and transmission power).
Examples of multiple access systems include a code division
multiple access (CDMA) system, a frequency division mul-
tiple access (FDMA) system, a time division multiple access
(TDMA) system, an orthogonal frequency division multiple
access (OFDMA) system, a single carrier frequency-division
multiple access (SC-FDMA) system, and a multi-carrier fre-
quency division multiple access (MC-FDMA) system.

DISCLOSURE

Technical Problem

[0003] An object of the present invention devised to solve
the problem lies in a aperiodic transmission method for
reducing overhead of transmission of a reference signal and a
method and device for reporting relevant channel state infor-
mation.

[0004] Tt is to be understood that technical objects to be
achieved by the present invention are not limited to the afore-
mentioned technical objects and other technical objects
which are not mentioned herein will be apparent from the
following description to one of ordinary skill in the art to
which the present invention pertains.

Technical Solution

[0005] According to a first aspect of the present invention,
provided herein is a method for reporting channel state infor-
mation (CSI) by a user equipment (UE) having a plurality of
CSI processes in a wireless communication system, the
method including measuring a channel based on a CSI-refer-
ence signal (CSI-RS) resource associated with one CSI pro-
cess of the plurality of CSI processes, measuring an interfer-
ence based on a CSl-interference measurement (CSI-IM)
resource associated with the one CSI process, determining the
CSI based on the measured channel and interference, and
reporting the CSI over an uplink channel, wherein a codebook
for the reporting of the CSI is one of two or more codebooks
each independently corresponding to each of the plurality of
CSI processes, the codebook being used in determining the
CSL

[0006] According to a second aspect of the present inven-
tion, provided herein is a user equipment (UE) having a
plurality of channel state information (CSI) processes con-
figured in a wireless communication system, the UE includ-
ing a receive module, and a processor, wherein the processor
is configured to measure a channel based on a CSI-reference
signal (CSI-RS) resource associated with one CSI process of
the plurality of CSI processes, measure an interference based
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on a CSl-interference measurement (CSI-IM) resource asso-
ciated with the one CSI process, determine the CSI based on
the measured channel and interference, and report the CSI
over an uplink channel, wherein a codebook for reporting of
the CSI is one of two or more codebooks each independently
corresponding to each of the plurality of CSI processes, the
codebook being used in determining the CSI.

[0007] The first and second aspects of the present invention
may include the following details.

[0008] The determining may include determining a precod-
ing matrix from the codebook for the reporting of the CSI
corresponding to the one CSI process.

[0009] The two or more codebooks may reflect channel
environments depending on different beamformings.

[0010] The CSI-IM resource may be indicated by either a
CSI-IM resource configuration including subframes having
same interference characteristics or a CSI-IM resource con-
figuration including subframes having different interference
characteristics.

[0011] The UE may receive information about whether or
not averaging interferences measured in a plurality of sub-
frames corresponding to the CSI-IM resource is allowed.
[0012] The information may be delivered through radio
resource control (RRC) signaling.

[0013] A signal for a Multi User-Multi Input Multi Output
(MU-MIMO)-paired UE may be transmitted in a portion of
subframes corresponding to the CSI-IM resource.

[0014] The signal for the MU-MIMO paired UE may be
either a PDSCH for the MU-MIMO-paired UE or a dummy
signal obtained by applying a precoding matrix associated
with the MU-MIMO-paired UE.

[0015] The CSI-IM resource may be indicated by either a
CSI-IM resource configuration including subframes having
same channel characteristics or a CSI-IM resource configu-
ration including subframes having different channel charac-
teristics.

[0016] The different channel characteristics may result
from change of an antenna virtualization matrix used in trans-
mitting a CSI-RS corresponding to the CSI-RS resource.
[0017] The measuring of the channel may be performed
using a non-zero power CSI-RS amongto the CSI-RS
resource, and the measuring of the interference is performed
using a zero-power CSI-RS amongto the CSI-IM resource.
[0018] Theuplink channel may be one of a physical uplink
shared channel (PUSCH) and a physical uplink control chan-
nel (PUCCH).

Advantageous Effects

[0019] According to embodiments of the present invention,
overhead may be reduced and a larger number of channel state
information-reference signals (CSI-RSs) may be transmitted.
In addition, a UE may efficiently perform channel state
reporting related to transmission of CSI-RSs.

[0020] It will be appreciated by those skilled in the art that
the effects that can be achieved with the present invention are
not limited to what has been described above and other advan-
tages of the present invention will be clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings.

DESCRIPTION OF DRAWINGS

[0021] The accompanying drawings, which are included to
provide a further understanding of the invention, illustrate
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embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

[0022] FIG. 1 illustrates a radio frame structure;

[0023] FIG. 2 is a diagram illustrating a resource grid for
one downlink (DL) slot;

[0024] FIG. 3 is adiagram illustrating a DL subframe struc-
ture;

[0025] FIG. 4 is a diagram illustrating an uplink (UL) sub-
frame structure;

[0026] FIG. 5 illustrates a reference signal;

[0027] FIG. 6is adiagram illustrating a channel state infor-

mation reference signal;

[0028] FIGS. 7 to 9 are diagrams illustrating reporting of
channel state information;

[0029] FIG. 10 is a diagram illustrating a heterogeneous
network environment;

[0030] FIG. 11 is a diagram illustrating a coordinated
multi-point cluster to which an embodiment of the present
invention is applicable;

[0031] FIG. 12 is a diagram illustrating 3D MIMO and
antenna virtualization matrices related to one embodiment of
the present invention;

[0032] FIG. 13 illustrates aperiodic CSI-RS transmission
according to one embodiment of the present invention;
[0033] FIG. 14 is a diagram illustrating a cell-specific CSI-
RS and a UE-specific CSI-RS according to one embodiment
of the present invention;

[0034] FIGS. 15 and 16 illustrate channel measurement
according to one embodiment of the present invention;
[0035] FIGS. 17 and 18 illustrate interference measure-
ment according to one embodiment of the present invention;
[0036] FIG. 19 is a diagram illustrating a relation between
codebooks and CSI processes according to one embodiment
of the present invention;

[0037] FIG. 20 is a diagram illustrating subband selective
CSI-RS transmission according to one embodiment of the
present invention;

[0038] FIG. 21 is a diagram illustrating a subframe set and
IMR configuration; and

[0039] FIG. 22 is a diagram illustrating configurations of
transceivers.

BEST MODE
[0040] The embodiments described below are constructed

by combining elements and features of the present invention
in a predetermined form. The elements or features may be
considered selective unless explicitly mentioned otherwise.
Each of the elements or features can be implemented without
being combined with other elements. In addition, some ele-
ments and/or features may be combined to configure an
embodiment of the present invention. The sequence of the
operations discussed in the embodiments of the present
invention may be changed. Some elements or features of one
embodiment may also be included in another embodiment, or
may be replaced by corresponding elements or features of
another embodiment.

[0041] Embodiments of the present invention will be
described focusing on a data communication relationship
between a base station and a terminal. The base station serves
as a terminal node of a network over which the base station
directly communicates with the terminal. Specific operations
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illustrated as being conducted by the base station in this
specification may be conducted by an upper node of the base
station, as necessary.

[0042] Inother words, it will be obvious that various opera-
tions allowing for communication with the terminal in a net-
work composed of several network nodes including the base
station can be conducted by the base station or network nodes
other than the base station. The term “base station (BS)” may
be replaced with terms such as “fixed station,” “Node-B,”
“eNode-B (eNB),” and “access point”. The term “relay” may
be replaced with such terms as “relay node (RN)” and “relay
station (RS)”. The term “terminal” may also be replaced with
such terms as “user equipment (UE),” “mobile station (MS),”
“mobile subscriber station (MSS)” and “subscriber station
(SS)”. The name “cell” adopted in the following descriptions
may be applied to transmission/reception points such as a
base station (or eNB), a sector, a remote radio head (RRH),
and a relay, and may be used a general term to identify a
component carrier at a specific transmission/reception point.
[0043] Itshould be noted that specific terms disclosed in the
present invention are proposed for convenience of description
and better understanding of the present invention, and these
specific terms may be changed to other formats within the
technical scope or spirit of the present invention.

[0044] Insome cases, known structures and devices may be
omitted or block diagrams illustrating only key functions of
the structures and devices may be provided, so as not to
obscure the concept of the present invention. The same ref-
erence numbers will be used throughout this specification to
refer to the same or like parts.

[0045] Exemplary embodiments of the present invention
are supported by standard documents for at least one of wire-
less access systems including an institute of electrical and
electronics engineers (IEEE) 802 system, a 3rd generation
partnership project (3GPP) system, a 3GPP long term evolu-
tion (LTE) system, an LTE-advanced (LTE-A) system, and a
3GPP2 system. In particular, steps or parts, which are not
described in the embodiments of the present invention to
prevent obscuring the technical spirit of the present invention,
may be supported by the above documents. All terms used
herein may be supported by the above-mentioned documents.
[0046] The embodiments of the present invention
described below can be applied to a variety of wireless access
technologies such as code division multiple access (CDMA),
frequency division multiple access (FDMA), time division
multiple access (TDMA), orthogonal frequency division
multiple access (OFDMA), and single carrier frequency divi-
sion multiple access (SC-FDMA). CDMA may be embodied
through wireless technologies such as universal terrestrial
radio access (UTRA) or CDMA2000. TDMA may be embod-
ied through wireless technologies such as global system for
mobile communication (GSM)/general packet radio service
(GPRS)/enhanced data rates for GSM evolution (EDGE).
OFDMA may be embodied through wireless technologies
such as IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE
802-20, and evolved UTRA (E-UTRA). UTRA is a part of
universal mobile telecommunications system (UMTS). 3rd
generation partnership project (3GPP) long term evolution
(LTE) is a part of evolved UMTS (E-UMTS), which uses
E-UTRA. 3GPP LTE employs OFDMA for downlink and
employs SC-FDMA for uplink. LTE-Advanced (LTE-A) is
an evolved version of 3GPP LTE. WiMAX can be explained
by IEEE 802.16e (wirelessMAN-OFDMA reference system)
and IEEE 802.16m advanced (wirelessMAN-OFDMA
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advanced system). For clarity, the following description
focuses on 3GPP LTE and 3GPP LTE-A systems. However,
the spirit of the present invention is not limited thereto.
[0047] LTE/LET-A Resource Structure/Channel

[0048] Hereinafter, a radio frame structure will be
described with reference to FIG. 1.

[0049] Inacellular OFDM wireless packet communication
system, an uplink (UL)/downlink (DL) data packet is trans-
mitted on a subframe-by-subframe basis, and one subframe is
defined as a predetermined time interval including a plurality
of OFDM symbols. 3GPP LTE supports a type-1 radio frame
structure applicable to frequency division duplex (FDD) and
a type-2 radio frame structure applicable to time division
duplex (TDD).

[0050] FIG. 1(a) illustrates the type-1 radio frame struc-
ture. A downlink radio frame is divided into ten subframes.
Each subframe includes two slots in the time domain. The
time taken to transmit one subframe is defined as a transmis-
sion time interval (TTT). For example, a subframe may have a
duration of 1 ms and one slot may have a duration of 0.5 ms.
A slot may include a plurality of OFDM symbols in the time
domain and includes a plurality of resource blocks (RBs) in
the frequency domain. Since 3GPP LTE employs OFDMA
for downlink, an OFDM symbol represents one symbol
period. An OFDM symbol may be referred to as an SC-
FDMA symbol or a symbol period. A resource block (RB),
which is a resource allocation unit, may include a plurality of
consecutive subcarriers in a slot.

[0051] The number of OFDM symbols included in one slot
depends on the configuration of a cyclic prefix (CP). CPs are
divided into an extended CP and a normal CP. For a normal
CP configuring each OFDM symbol, a slot may include 7
OFDM symbols. For an extended CP configuring each
OFDM symbol, the duration of each OFDM symbol is
extended and thus the number of OFDM symbols included in
a slot is smaller than in the case of the normal CP. For the
extended CP, a slot may include, for example, 6 OFDM sym-
bols. When a channel status is unstable as in the case of high
speed movement of a UE, the extended CP may be used to
reduce inter-symbol interference.

[0052] When the normal CP is used, each slot includes 7
OFDM symbols, and thus each subframe includes 14 OFDM
symbols. In this case, the first two or three OFDM symbols of
each subframe may be allocated to a physical downlink con-
trol channel (PDCCH) and the other three OFDM symbols
may be allocated to a physical downlink shared channel (PD-
SCH).

[0053] FIG. 1(b) illustrates the type-2 radio frame struc-
ture. The type-2 radio frame includes two half frames, each of
which has 5 subframes, a downlink pilot time slot (DWPTS),
a guard period (GP), and an uplink pilot time slot (UpPTS).
Each subframe includes two slots. The DwPTS is used for
initial cell search, synchronization, or channel estimation in a
UE, whereas the UpPTS is used for channel estimation in an
eNB and UL transmission synchronization ina UE. The GP is
provided to eliminate interference taking place in UL due to
multipath delay of a DL signal between DL and UL. Regard-
less of the type of a radio frame, a subframe of the radio frame
includes two slots.

[0054] The illustrated radio frame structures are merely
examples, and various modifications may be made to the
number of subframes included in a radio frame, the number of
slots included in a subframe, or the number of symbols
included in a slot.
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[0055] FIG. 2 is a diagram illustrating a resource grid for
one DL slot. A DL slot includes 7 OFDM symbols in the time
domain and an RB includes 12 subcarriers in the frequency
domain. However, embodiments of the present invention are
not limited thereto. For a normal CP, a slot may include 7
OFDM symbols. For an extended CP, a slot may include 6
OFDM symbols. Each element in the resource grid is referred
to as aresource element (RE). An RB includes 12x7 REs. The
number NDL of RBs included in a downlink slot depends on
a DL transmission bandwidth. A UL slot may have the same
structure as a DL slot.

[0056] FIG. 3 illustrates a DL subframe structure. Up to the
first three OFDM symbols of the first slot in a DL subframe
are used as a control region to which control channels are
allocated and the other OFDM symbols of the DL subframe
are used as a data region to which a PDSCH is allocated. DL
control channels used in 3GPP LTE include, for example, a
physical control format indicator channel (PCFICH), a physi-
cal downlink control channel (PDCCH), and a physical
hybrid automatic repeat request (HARQ) indicator channel
(PHICH). The PCFICH is transmitted in the first OFDM
symbol ofa subframe, carrying information about the number
of OFDM symbols used for transmission of control channels
in the subframe. The PHICH carries a HARQ ACK/NACK
signal in response to uplink transmission. Control informa-
tion carried on the PDCCH is called downlink control infor-
mation (DCI). The DCI includes UL or DL scheduling infor-
mation or UL transmission power control commands for UE
groups. The PDCCH delivers information about resource
allocation and a transport format for a DL shared channel
(DL-SCH), resource allocation information about a UL
shared channel (UL-SCH), paging information of a paging
channel (PCH), system information on the DL-SCH, infor-
mation about resource allocation for a higher-layer control
message such as a random access response transmitted on the
PDSCH, a set of transmission power control commands for
individual UEs of a UE group, transmission power control
information, and voice over internet protocol (VoIP) activa-
tion information. A plurality of PDCCHs may be transmitted
in the control region. A UE may monitor a plurality of
PDCCHs. A PDCCH is formed by aggregating one or more
consecutive control channel elements (CCEs). A CCE is a
logical allocation unit used to provide a PDCCH at a coding
rate based on the state of a radio channel. A CCE corresponds
to a plurality of RE groups. The format of a PDCCH and the
number of available bits for the PDCCH are determined
depending on the correlation between the number of CCEs
and a coding rate provided by the CCEs. An eNB determines
the PDCCH format according to DCI transmitted to a UE and
adds a cyclic redundancy check (CRC) to the control infor-
mation. The CRC is masked by an identifier (ID) known as a
radio network temporary identifier (RNTI) according to the
owner or usage of the PDCCH. If the PDCCH is directed to a
specific UE, its CRC may be masked by a cell-RNTI
(C-RNTTI) of the UE. If the PDCCH is for a paging message,
the CRC of the PDCCH may be masked by a paging radio
network temporary identifier (P-RNTI). If the PDCCH deliv-
ers system information, particularly, a system information
block (SIB), the CRC thereof may be masked by a system
information ID and a system information RNTI (SI-RNTT).
To indicate that the PDCCH delivers a random access
response in response to a random access preamble transmit-
ted by a UE, the CRC thereof may be masked by a random
access-RNTI (RA-RNTI).
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[0057] FIG. 4 illustrates a UL subframe structure. A UL
subframe may be divided into a control region and a data
region in the frequency domain. A physical uplink control
channel (PUCCH) carrying uplink control information is
allocated to the control region and a physical uplink shared
channel (PUSCH) carrying user data is allocated to the data
region. To maintain single carrier property, a UE does not
simultaneously transmit a PUSCH and a PUCCH. A PUCCH
for a UE is allocated to an RB pair in a subframe. The RBs of
the RB pair occupy different subcarriers in two slots. This is
often called frequency hopping of the RB pair allocated to the
PUCCH over a slot boundary.

[0058] Reference Signal (RS)

[0059] Intransmitting packetsina wireless communication
system, the packets are transmitted over a radio channel, and
therefore signal distortion may occur in the transmission pro-
cess. For a receiver to receive the correct signal in spite of
signal distortion, the received distorted signal should be cor-
rected using channel information. In detecting the channel
information, a signal which is known to both the transmitter
and the receiver is transmitted and the degree of distortion of
the signal received over the channel is used to detect the
channel information. This signal is referred to as a pilot signal
or a reference signal.

[0060] Inthe casein which data is transmitted and received
using multiple antennas, a channel state between a transmit
antenna and a receive antenna needs to be identified to receive
a correct signal. Accordingly, a separate RS is needed for each
transmit antenna and, more particularly, for each antenna
port.

[0061] RSsmay be divided into an UL RS and a DL RS. In
the current LTE system, the UL RSs include:

[0062] i) a demodulation-reference signal (DM-RS) for
channel estimation for coherent demodulation of information
transmitted over a PUSCH and a PUCCH; and

[0063] ii) a sounding reference signal (SRS) for measuring
UL channel quality at frequencies of different networks in the
BS.

[0064] The DL RSs include:

[0065] 1) a cell-specific reference signal (CRS) shared by
all UEs in a cell;

[0066]

[0067] iii)) a demodulation-reference signal (DM-RS)
transmitted for coherent demodulation in the case of trans-
mission of a PDSCH;

[0068] iv) a channel state information-reference signal
(CSI-RS) for delivering channel state information (CSI) in
the case of transmission of a DL DMRS;

[0069] v)amultimedia broadcast single frequency network
(MBSFEN) reference signal transmitted for coherent demodu-
lation of a signal transmitted in an MB SFN mode, and

[0070] wvi) a positioning reference signal used to estimate
geographic position information of a UE.

[0071] The RSs may be broadly divided into two reference
signals according to the purposes thereof. There are an RS
used to acquire channel information and an RS used for data
demodulation. Since the former is used when the UE acquires
channel information on DL, this RS should be transmitted
over a wide band and even a UE which does not receive DL

i) a UE-specific reference signal for a specific UE;
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data in a specific subframe should receive the RS. This RS is
also applied to situations such as handover. The latter RS is
sent by the BS along with a resource on DL. The UE may
receive the RS to perform channel measurement to implement
data modulation. This RS should be transmitted in a region in
which data is transmitted.

[0072] The CRSis used for acquisition of channel informa-
tion and for data demodulation, and the UE-specific RS is
used only for data demodulation. The CRS is transmitted in
every subframe in a wide band and RSs for up to four antenna
ports are transmitted according to the number of transmit
antennas of the BS.

[0073] For example, if the number of transmit antennas of
the BS is 2, CRSs for antenna ports #0 and #1 are transmitted.
If the number of transmit antennas of the BS is 4, CRSs for
antenna ports #0 to #3 are respectively transmitted.

[0074] FIG. 5 is a diagram illustrating a pattern in which
CRSs and DRSs defined in a legacy 3GPP LTE system (e.g.,
Release-8) are mapped to resource block (RB) pairs. A down-
link RB pair, as a unit to which an RS is mapped, may be
represented as a unit of one subframe in the time domain
times 12 subcarriers in the frequency domain. That is, one RB
pair has a length of 14 OFDM symbols for a normal CP (FIG.
5(a)) and a length of 12 OFDM symbols for an extended CP
(FIG. 5(b)).

[0075] FIG. 5 shows locations of RSs on RB pairs in a
system in which the BS supports four transmit antennas. In
FIG. 5, resource elements (REs) denoted by “0”, “1”, “2” and
“3” represent the locations of the CRSs for antenna port
indexes 0, 1, 2 and 3, respectively. In FIG. 5, REs denoted by
“D” represent locations of the DMRSs.

[0076] Channel State Information-RS (CSI-RS)

[0077] The CSI-RS, which is designed for the LTE-A sys-
tem supporting up to eight antenna ports on downlink, is a
reference signal intended for channel measurement. The CSI-
RS is different from the CRS which is intended for channel
measurement and data demodulation. Accordingly, the CSI-
RS does not need to be transmitted in every subframe, unlike
the CRS. The CSI-RS is used in transmission mode 9, and the
DMRS is transmitted for data demodulation.

[0078] More specifically, the CSI-RS may be transmitted
through antenna ports 1, 2, 4, and 8. When one antenna port is
used, it may be antenna port #15. When two antenna ports are
used, they may be antenna ports #15 and #16. When four
antenna ports are used, they may be antenna ports #15 to #18.
When eight antenna ports are used, they may be antenna ports
#15 to #22.

[0079] A CSI-RS may be generated using Equation 1 given
below.

ing () = (1 = 2-c2m)) + o (1 = 2-(2m + 1), Equation |
2

5 5

m=0,1, - , NpgPt -1
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[0080] Herein, r;,, (m) denotes a generated CSI-RS, c(i) —continued
denotes a pseudo random sequence, n, denotes the slot num- iy
ber, 1 denotes an OFDM symbol, and N;"**”* denotes the =0
maximum number of RBs of a DL bandwidth.
. CSI reference ) .
[0081] The CSI-RS generated through Equation 1 may be U . . normal cyclic prefix
. . signal configurations 0- 19,
mapped to an RE for each antenna port, using Equation 2.
CSI reference
2 normal cyclic prefix
signal configurations 20-31,
a/(ﬁ) =Wy Fing (m') Equation 2 CSI reference
” . . . extended cyclic prefix
k=K +12m+ signal configurations 0-27,
-0 for p €{l15, 16}, normal cyclic prefix 1 p €15, 17,19, 21}
wp = .
-6 for p €{17, 18}, normal cyclic prefix ! -D" pelile, 18,20,22}
—1 for p €419, 20}, normal cyclic prefix r=0.1
=7 for p €{21, 22}, normal cyclic prefix ’
. . m=0,1,-- , N5k -1
-0 for p € {13, 16}, extended cyclic prefix
-3 for p €{17, 18}, extended cyclic prefix , NygeePL _ NDL
m=m+| ———
-6 for p €{19, 20}, extended cyclic prefix 2
-9 for p €{21, 22}, extended cyclic prefix
[0082] InEquation2,k'and]'may be determined according
to CSI-RS configurations as shown in Table 1.
TABLE 1
Number of CSI reference signals configured
CSI reference signal lor2 4 8

configuration (k,1" n;mod2 (k,1) n,mod2 (k,l) n,mod2

Frame
structure
type 1 and 2

Frame
structure
type 2 only

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

©,5) 0 ©,5) 0 ©,5) 0
(11,2 1 (11,2 1 (11,2 1
©,2) 1 9,2) 1 ©,2) 1
(7,2) 1 (7,2) 1 7,2) 1
©,5) 1 ©,5) 1 ©,5) 1
(8,5) 0 (8,5) 0
(10,2) 1 (10,2) 1
(8,2 1 (8,2) 1
(6,2) 1 (6,2) 1
(8,5) 1 (8,5) 1
3.5) 0
@5 0
(5,2 1
4,2) 1
(3,2 1
2,2) 1
1,2) 1
0,2) 1
3.5) 1
@5 1
L1 1 L1 1 a1, 1 1
©, 1) 1 ©. 1 1 ©.1 1
(7,1) 1 (7,1) 1 7,1 1
(10, 1) 1 (10, 1) 1
8,1 1 8,1 1
6.1 1 6,1 1
6.1 1
@41 1
G, 1) 1
@0 1
) 1
©, 1) 1
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[0083] For a specific CSI-RS according to Equation 2 and
Table 1, mapping to REs is performed for each antenna port.
FIG. 6 shows mapping of CSI-RSs for each antenna port as
described above. In FIG. 6, RO to R3 respectively represent
mapping of CRSs to antenna ports, and the number indica-
tions represent mapping of CSI-RSs to antenna ports. For
example, REs indicated by numbers 0 and 1 represent map-
ping of a CSI-RS corresponding to antenna port O or 1. In this
case, CSI-RSs corresponding to two antenna ports are
mapped to the same RE, and may be distinguished by differ-
ent orthogonal codes.

[0084] Next, as described above, the CSI-RS may be trans-
mitted in a specific subframe rather than in every subframe.
Specifically, the CSI-RS may refer to CSI-RS subframe con-
figurations as listed in Table 2 given below, and be transmitted
in a subframe satisfying Equation 3.

TABLE 2

CSI-RS periodicity CSI-RS subframe offset

CSI-RS-SubframeConfig Tesrrs Acsirs
Iesrrs (subframes) (subframes)
0-4 5 Iesrrs
5-14 10 Ieszrs-3
15-34 20 Icsrrs- 15
35-74 40 Iesrms - 35
75-154 80 Iesrrs-75

(10n4|n/2]-A e geimod T gy gs=0 Equation 3

[0085] In Table 2, T g, s denotes the period for transmis-
sion of a CSI-RS, Acg s is an offset value, n, denotes a
system frame number, and n; denotes a slot number.
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indicates accurate positions of a symbol and a carrier inan RB
according to CSI-RS configuration numbers of Table 1 rep-
resented as 0 to 31.

[0089] Channel State Information (CSI) Feedback

[0090] MIMO schemes may be classified into an open-loop
MIMO scheme and a closed-loop MIMO scheme. In the
open-loop MIMO scheme, a MIMO transmitter performs
MIMO transmission without receiving CSI feedback from a
MIMO receiver. In the closed-loop MIMO scheme, the
MIMO transmitter receives CSI feedback from the MIMO
receiver and then performs MIMO transmission. In the
closed-loop MIMO scheme, each of the transmitter and the
receiver may perform beamforming based on CSI to achieve
amultiplexing gain of MIMO transmit antennas. To allow the
receiver (e.g., a UE) to feed back CSI, the transmitter (e.g., an
eNB) may allocate a UL control channel or a UL-SCH to the
receiver.

[0091] The CSIfeedback may include arank indicator (RI),
a precoding matrix index (PMI), and a channel quality indi-
cator (CQI).

[0092] The RI is information about a channel rank. The
channel rank indicates the maximum number of layers (or
streams) that may carry different information in the same
time-frequency resources. Since the rank is determined
mainly according to long-term fading of a channel, the RI
may be fed back in a longer period than the PMI and the CQI.
[0093] The PMI is information about a precoding matrix
used for transmission of a transmitter and has a value reflect-
ing the spatial characteristics of a channel. Precoding refers to
mapping transmission layers to transmit antennas. A layer-
antenna mapping relationship may be determined according
to a precoding matrix. The PMI is the index of an eNB
precoding matrix preferred by the UE based on a metric such
as signal-to-interference-plus-noise ratio (SINR), etc. In

[0086] The CSI-RS may be signaled to a UE as a CSI-RS
configuration information element, as shown in Table 3.
TABLE 3
CSI-RS-Config-r10 ::= SEQUENCE {
csi-RS-r10 CHOICE {
release NULL,
setup SEQUENCE {
antennaPortsCount-r10 ENUMERATED {anl, an2, an4, an8},
resourceConfig-r10 INTEGER (0..31),
subframeConfig-r10 INTEGER (0..154),
p-C-r10 INTEGER (-8..15)
}
OPTIONAL, -- Need ON
zeroTxPowerCSI-RS-r10 CHOICE {
release NULL,
setup SEQUENCE {

zeroTxPowerResourceConfigList-r10
zero TxPowerSubframeConfig-r10 INTEGER (0..154)
¥

i

OPTIONAL -- Need ON

BIT STRING (SIZE (16)),

[0087] In Table 3, ‘antennaPortsCount’ carries the number
(selected among 1, 2, 4, and 8) of antennas through which the
CSI-RS is transmitted, ‘resourceConfig’ carries an RE in
which the CSI-RS is positioned in an RB in time-resource
frequency, and ‘subframeConfig’ carries a subframe in which
the CSI-RS is transmitted and a CSI-RS EPRE value for
PDSCH EPRE. Additionally, the eNB delivers information
about a zero power CSI-RS.

[0088] In CSI-RS Config, ‘resourceConfig’ indicates the
position at which the CSI-RS is transmitted. This parameter

order to reduce the feedback overhead of precoding informa-
tion, the transmitter and the receiver may pre-share a code-
book including multiple precoding matrices and only an
index indicating a specific precoding matrix in the codebook
may be fed back.

[0094] In a system supporting an extended antenna con-
figuration (e.g. an LTE-A system), additional acquisition of
multi-user (MU)-MIMO diversity using an MU-MIMO
scheme is considered. In the MU-MIMO scheme, when an
eNB performs downlink transmission using CSI fed back by
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one UE among multiple users, it is necessary to prevent
interference with other UEs from occurring because there is
an interference channel between UEs multiplexed in the
antenna domain. Accordingly, CSI of higher accuracy than
CSlin a single-user (SU)-MIMO scheme should be fed back
in order to correctly perform MU-MIMO operation.

[0095] A new CSI feedback scheme may be adopted by
modifying conventional CSI including an RI, a PMI, and a
CQI so as to more accurately measure and report CSI. For
example, precoding information fed back by the receiver may
be indicated by a combination of two PMIs. One of the two
PMIs (a first PMI) has a long-term and/or wideband property,
and may be referred to as W1. The other PMI (a second PMI)
has a short-term and/or subband property, and may be
referred to as W2. A final PMI may be determined by a
combination (or a function) of W1 and W2. For example, if
the final PMI is denoted by W, W=W1*W2 or W=W2*W1.
[0096] The CQI is information indicating channel quality
or channel strength. The CQI may be expressed as an index
corresponding to a predetermined modulation and coding
scheme (MCS) combination. That is, a CQI index that is fed
back indicates a corresponding modulation scheme and code
rate. In general, the CQI has a value reflecting a reception
SINR that can be achieved when an eNB configures a spatial
channel using a PMI.

[0097] The CSI feedback scheme is divided into periodic
reporting over a physical uplink control channel (PUCCH)
and aperiodic reporting over a PUSCH, which is an uplink
data channel, according to a request from an eNB.

[0098] In aperiodic reporting, reporting is configured for
UEs by a request bit contained in the UL scheduling infor-
mation of the eNB. Upon receiving this information, each UE
sends channel information considering a transmission mode
thereof to the eNB over the PUSCH. In the case of periodic
reporting, a period of transmission of channel information
and a corresponding offset are signaled to each UE in each
subframe through a higher layer signal, and the channel infor-
mation considering a transmission mode of each UE is sent to
the eNB over the PUCCH according to a defined period. If
data is transmitted on uplink in the subframe in which the
channel information is transmitted according to the defined
period, the channel information may be transmitted along
with the data over the uplink data channel (PUSCH) rather
than the PUCCH.

[0099] The periodic reporting of channel information is
described in more detail below. The periodic reporting is
divided into four reporting modes according to CQI and PMI
feedback types as shown in Table 4 below.

TABLE 4
PMI Feedback Type
No PMI Single PMI
PUCCH CQI  Wideband Mode 1-0 Mode 1-1
Feedback (wideband CQI)
Type UE Selected Mode 2-0 Mode 2-1
(subband CQI)
[0100] The periodic reporting is divided into wideband

(WB) CQI and subband (SB) CQI according to CQI feedback
types, and is divided into No PMI and single PMI according
to whether or not PMI is transmitted. Each UE receives infor-
mation configured by a combination of a transmission period
and an offset through RRC signaling in a higher layer. For
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example, when the UE receives information containing a
combination of a period set to ‘5” and an offset set to “1°, the
UE transmits channel information in every five subframes as
shown in FIG. 7. In this case, the channel information is
transmitted over the PUCCH with a subframe offset placed in
the direction in which the subframe index increases from
subframe #0. Herein the subframe indexes are combinations
ofasystem frame number (n,) and 20 slot indexes (n; 0 to 19),
and thus may be expressed as 10xn+floor(ny/2).

[0101] The periodic reporting is divided into one reporting
type for transmitting only WB CQI and the other reporting
type for transmitting both WB CQI and SB CQ], according to
CQI feedback types. In the case of the type for transmitting
only the WB CQI, WB CQI information for the entire band is
transmitted in subframes corresponding to each CQI trans-
mission period. The transmission period of periodic WB CQI
may besetto 2, 5, 10, 16, 20, 32, 40, 64, 80, and 160 ms, or to
no transmission. In this case, if PMI needs to be transmitted
according to a PMI feedback type in Table 4, PMI information
is transmitted together with CQI. In the case of the type for
transmitting both WB CQI and SB CQI, WB CQI and SB CQI
are alternately transmitted, which will be described with ref-
erence to FIG. 8.

[0102] FIG. 8 shows an exemplary system consisting of 16
RBs. The system bandwidth of 16 RBs consists of two band-
width parts (BPs) (BP0 and BP1), and each BP consists of two
subbands (SBs) (SBO and SB1).

[0103] Inthecase ofthe type for transmitting both WB CQI
and SB CQI, the WB CQl is transmitted in a CQI transmission
subframe. In the next transmission subframe, CQI for one SB
having a good channel state from among SB0 and SB1 and an
index of this SB are transmitted at BPO. In the next transmis-
sion subframe, CQI for one SB having a good channel state
from among SBO and SB1 at BP1 and an index of the SB
having a good channel state are transmitted. After transmit-
ting the WB CQI, CQI of individual BPs are sequentially
transmitted at BP1. In this case, after the WB CQI is trans-
mitted, CQIs for BPs are sequentially transmitted. In this
case, the CQIs for BPs located between the WB CQI trans-
mitted and the next WB CQI to be transmitted may be sequen-
tially transmitted one to four times. For example, if the CQI
for each BP is transmitted once between two WB CQIs, CQls
are sequentially transmitted in the order of WB CQI, BP0
CQL BP1 CQI and WB CQI. In another example, if the CQI
about each BP is transmitted four times between the two WB
CQIs, CQIs may be transmitted in the order of WB CQI, BPO
CQI,BP1CQI, BP0 CQIL BP1 CQIL, BP0 CQIL BP1 CQL BP0
CQL BP1 CQI, and WB CQI. Information about the number
of times of sequential transmission is signaled through a
higher layer. Regardless of whether the CQIis WB CQIl or SB
CQL the information about the number of times of sequential
transmission of BP CQI is transmitted over a PUCCH only in
a subframe corresponding to the information containing a
combination of a period of signaling through the higher layer
and an offset. FIG. 8(b) illustrates CQI transmission when
information containing a combination of a period set to 5’
and an offset set to ‘1’ is signaled to the UE in the case of
transmission of both WB CQI and SB CQI. FIG. 8(c) shows
RItransmission in addition to CQI transmission of 8(5). Inthe
case of transmission of RI, RI is signaled according to a
combination ofa transmission period corresponding to a mul-
tiple of the WB CQI transmission period and an offset for the
transmission period. Herein, the offset is an offset relative to
the CQI transmission offset. The offset for RI is defined as 0
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oranegative value. For example, if the RI transmission period
is one time the WB CQI transmission period, and the offset
for RIis ‘=1, R1 is transmitted in a subframe shown in FIG.
8(c). If the offset for RI is 0’ rather than ‘-1°, the transmis-
sion subframe of WB CQI overlaps the transmission sub-
frame of RI. In this case, WB CQI is dropped, while RI is
transmitted.

[0104] In the case of Mode 2-1 in Table 4, two types of
periodic reporting may be performed depending on a pre-
coder type indication (PTI) parameter, which is a 1-bit indi-
cator. In this case, W1 and W2 represent the hierarchical
codebooks described above. A final precoding matrix W is
determined by combining W1 and W2 when W1 and W2 are
determined.

[0105] More specifically, in the case of Mode 2-1 of peri-
odic reporting, Report 1, Report 2 and Report 3, which cor-
respond to reports of different contents, are transmitted
according to different repetition periods. Specifically, in the
case of Report 1, RI and a 1-bit PT1 value are reported. In the
case of Report 2, WB W1 (when PTI=0) or WB W2 and WB
CQI (when PT1=1) are reported. In the case of Report 3, WB
W2 and WB CQI (when PTI=0), or SB W2 and SB CQI (when
PTI=1) are reported.

[0106] Report 2 and Report 3 are transmitted in a subframe
having an index satisfying (10-n+floor(n,/2)-N 4., ~o)mod
(N, »=0. Herein, N ., -, denotes an offset value described
above, N, ; denotes a subframe interval between Report 2 or
Report 3 and neighboring Report 2 or Report 3. Particularly,
a subframe whose index satisfies (10-n4floor(n/2)-N, 4.,
conmod(H'N,,)=0 may be designated as a transmission posi-
tion of Report 2. In this case, Report 2 is transmitted at every
H'N,,; interval, and subframes between neighboring Reports
2 are used to transmit Report 3. Herein, H=J-K+1 when
PTI=1, and H=M when PT1=0. ] is the number of BPs, and K,
and M have values determined by higher layer signaling.
[0107] Report 1 is transmitted in a subframe whose index
satisfies  (10-n+floor(n/2)-N s, cor-Noger,r)mod(Mg, -
(I K+1)-N,,)=0. Herein, My, has a value determined by
higher layer signaling, and N4, »; corresponds to an offset
value of Report 1.

[0108] FIG. 9 illustrates two types of periodic reporting
according to the aforementioned PTI parameter. Specifically,
FIG. 9(a) illustrates a case of PTI=1, and FIG. 9() illustrates
a case of PTT=0. In FIG. 9, it is assumed that N,, /=2, N,
cor=1,M=2, J=3,and K=1. Itis also assumed that M 5,=2, and
N, gzer,r=—1. Thereby, the transmission time of Report 1 does
not overlap the transmission time of Report 2. Accordingly, at
the time when Report 2 and Report 3 are all transmitted after
Report 1 with PTI=0, W1 and W2 are all reported and thus the
eNB may recognize final W.

[0109] Heterogeneous Deployments

[0110] FIG. 10 illustrates a heterogeneous network wire-
less communication system including a macro eNB (MeNB)
and micro eNBs (PeNBs or FeNBs). The term “heteroge-
neous network”™ employed in this specification refers to a
network in which an MeNB and a PeNB or FeNB coexisteven
while they use the same radio access technology (RAT).
[0111] The MeNB is a normal eNB of a wireless commu-
nication system having wide coverage and high transmission
power. The MeNB may be referred to as a macro cell.
[0112] The PeNB or FeNB may be referred to as, for
example, a micro cell, pico cell, femto cell, home eNB
(HeNB), relay, etc. (the exemplified PeNB or FeNB and
MeNB may be collectively referred to as transmission points
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(TPs)). The PeNB or FeNB, a micro version of the MeNB, can
independently operate while performing most functions of
the MeNB. The PeNB or FeNB is a non-overlay type eNB that
may be overlaid in an area covered by the MeNB or in a
shadow area that is not covered by the MeNB. The PeNB or
FeNB may cover a smaller number of UEs while having a
narrower coverage and lower transmission power than the
MeNB.

[0113] A UE (hereinafter, referred to as a macro-UE
(MUE)) may be directly served by the MeNB or a UE (here-
inafter, referred to as a micro-UE) may be served by the PeNB
or FeNB. In some cases, a PUE present in the coverage of the
MeNB may be served by the MeNB.

[0114] PeNBs or FeNBs may be classified into two types
according to whether UE access is limited.

[0115] The first type is an open access subscriber group
(OSG) or non-closed access subscriber group (non-CSG)
eNB and corresponds to a cell that allows access of the exist-
ing MUE or a PUE of a different PeNB. The existing MUE
can handover to the OSG type eNB.

[0116] Thesecondtypeisa CSG eNB which does not allow
access of the existing MUE or a PUE of a different PeNB.
Accordingly, handover to the CSG eNB is impossible.
[0117] Coordinated Multi-Point (CoMP)

[0118] To satisfy enhanced system performance require-
ments for the 3GPP LTE-A system, CoMP transmission and
reception technology (also called co-MIMO, collaborative
MIMO or network MIMO) has been proposed. The CoMP
technology may increase the performance of UEs located at a
cell edge and the average sector throughput.

[0119] In a multi-cell environment with a frequency reuse
factor of 1, the performance of a UE located at a cell edge and
average sector throughput may be lowered due to inter-cell
interference (ICI). To attenuate ICI, the legacy LTE/LTE-A
system has adopted a simple passive technique such as frac-
tional frequency reuse (FFR) based on UE-specific power
control such that a UE located at a cell edge may have appro-
priate throughput performance in an environment constrained
by interference. However, attenuating the ICI or reusing ICI
as a desired signal for the UE may be more desirable than
lowering use of frequency resources per cell. To this end, a
CoMP transmission technique may be employed.

[0120] CoMP schemes applicable to downlink may be
broadly classified into joint processing (JP) and coordinated
scheduling/beamforming (CS/CB).

[0121] According to the JP scheme, data can be used by
each transmission point (eNB) of a CoMP cooperation unit.
The CoMP cooperation unit refers to a set of eNBs used for a
CoMP transmission scheme. The JP scheme may be further
divided into joint transmission and dynamic cell selection.
[0122] Joint transmission refers to a technique of simulta-
neously transmitting PDSCHs from a plurality of transmis-
sion points (a part or the entirety of a CoMP cooperation unit).
That is, a plurality of transmission points may simultaneously
transmit data to a single UE. With the joint transmission
scheme, the quality of a received signal may be coherently or
non-coherently improved, and interference with other UEs
may be actively eliminated.

[0123] Dynamic cell selection is a technique of transmit-
ting a PDSCH from one transmission point (of a CoMP coop-
eration unit) at a time. That is, one transmission point trans-
mits data to a single UE at a given time point, while the other
transmission points in the CoMP cooperation unit do not
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transmit data to the UE at the time point. A transmission point
to transmit data to a UE may be dynamically selected.
[0124] Meanwhile, in the CS/CB scheme, CoMP coopera-
tion units may cooperatively perform beamforming for data
transmission to a single UE. While data is transmitted to the
UE only from a serving cell, user scheduling/beamforming
may be determined through coordination of cells of the
CoMP cooperation units.

[0125] In the case of uplink, CoMP reception refers to
reception of a signal transmitted through cooperation among
a plurality of geographically separated transmission points.
CoMP schemes applicable to uplink may be classified into
joint reception (JR) and coordinated scheduling/beamform-
ing (CS/CB).

[0126] TheJR scheme indicates thata plurality of reception
points receives a signal transmitted through a PUSCH. The
CS/CB scheme indicates that only one point receives a
PUSCH, and user scheduling/beamforming is determined by
coordination of the cells of the CoMP unit.

[0127] With a CoMP system as above, multi-cell base sta-
tions may jointly support data for a UE. In addition, the base
stations may simultaneously support one or more UEs using
the same radio frequency resources, thereby increasing sys-
tem performance. Moreover, a base station may perform
space division multiple access (SDMA) based on CSI
between the UE and the base station.

[0128] Inthe CoMP system, a serving eNB and one or more
cooperative eNBs are connected to a scheduler over a back-
bone network. The scheduler may receive channel informa-
tion about the channel states between each UE and coopera-
tive eNBs measured and fed back by the cooperative eNBs
over the backbone network, and operate based on the channel
information. For example, the scheduler may schedule infor-
mation for a cooperative MIMO operation for the serving
eNB and the one or more cooperative eNBs. That is, the
scheduler may directly give each eNB a command to perform
the cooperative MIMO operation.

[0129] As noted from the above description, it can be said
that the CoMP system operates as a virtual MIMO system by
grouping a plurality of cells into one group. Basically, the
CoMP system may adopt a MIMO communication scheme
employing multiple antennas.

[0130] FIG. 11 illustrates a CoMP cluster. A CoMP cluster
refers to a CoMP cooperation unit mentioned above. FIG.
11(a) illustrates a case in which cells in a CoMP cluster use
different physical cell IDs (PCIDs), and FIG. 11(5) illustrates
a case in which cells in a CoMP cluster use the same PCID.
Even in the case that the cells use the same PCID in a CoMP
cluster, the CoMP clusters (CoMP clusters A, B in FIG. 11(5))
may use different PCIDs, and the cells in a single cluster may
be configured in the form of a distributed antenna of an eNB
oran RRH by sharing a PCID. In a variation, some of the cells
in a cluster may share a PCID.

[0131] If the cells share the PCID, all the cells having the
same PCID may transmit a common signal such as a primary
synchronization signal (PSS)/secondary synchronization sig-
nal (SSS), aCRS, a PBCH, or a CRS-based PDCCH/PDSCH
at the same time. Thereby improving quality of received
signals and removing the communication shadow area. Alter-
natively, some cells having higher transmission power than
may transmit a common signal among the cells having the
same PCID, and the other cells may not transmit a common
signal. However, in the case of unicast data transmission
through a CSI-RS, a UE-specific RS and a UE-specific RS-
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based PDSCH, each cell may individually perform transmis-
sion, and have a cell splitting gain.

[0132] Hereinafter, description will be given of a CSI-RS
transmission scheme proposed in the present invention and a
CSI reporting method for a UE using the same, based on the
descriptions given above. In the description below, one or
more CSI processes per serving cell may be configured for a
UE. Specifically, a plurality of CSI processes associated with
a channel measurement-related CSI-RS resource configura-
tion and an interference measurement-related CSI-IM (Inter-
ference Measurement) resource configuration may be config-
ured for a UE. Herein, a CSI-RS resource configuration may
correspond to either a case in which subframes have the same
channel characteristics or a case in which subframes have
different/variable channel characteristics. The former may be
referred to as a periodic CSI-RS, continuous CSI-RS, or fixed
beam CSI-RS, and the latter may be referred to as an aperiodic
CSI-RS, instantaneous CSI-RS, or adaptive beam CSI-RS. A
CSI-IM resource (or interference measurement resource
(IMR)) configuration may correspond to either a case in
which subframes have the same channel characteristics or a
case in which subframes have different/variable channel char-
acteristics. The former may be referred to as a periodic IMR,
continuous IMR, fixed beam IMR or fixed property IMR, and
the latter may be referred to as an aperiodic IMR, instanta-
neous IMR, adaptive beam IMR or adaptive property IMR.
[0133] As briefly mentioned above, a periodic CSI-RS/
IMR and a aperiodic CSI-RS/IMR may be distinguished from
each other according to whether subframes have the same
channel/interference characteristics or different/variable
channel/interference characteristics. The different/variable
channel/interference characteristics may mean that an
antenna virtualization matrix is not constantly maintained in
a subframe corresponding to each configuration in 3D MIMO
or massive MIMO.

[0134] Hereinafter, 3D MIMO and antenna virtualization
matrices related to one embodiment of the present invention
will be described with reference to FIG. 12. If the number of
transmit antennas increases for 3D MIMO in the pattern of 16
ports, 32 ports, 64 ports, and the like, the number of REs used
for CSI-RS transmission for CSI measurement significantly
increases, resulting in increase of overhead. For example,
when CSI-RSs are transmitted through 64 antenna ports, 64
REs are needed among 168 REs of a subframe, which means
38% of resources are needed for CSI-RS transmission. This is
a significant overhead even ifit is considered that the CSI-RS
is not transmitted in every subframe. Further, when multiple
CSI-RS configurations are established in consideration of
transmission through cooperation between multiple cells or a
zero-power CSI-RS configuration is used for REs on which
CSI-RSs of neighboring cells are transmitted, CSI-RS-asso-
ciated overhead may significantly increase. This problem
may be solved by multiple antenna virtualization matrices.
[0135] More specifically, CSI-RSs for M ports among N
ports may be UE-specifically and aperiodically transmitted,
which is a variation of cell-specific and periodic transmission
of'the CSI-RSs for N ports in resources corresponding to one
CSI-RS configuration (Herein, M, which is less than or equal
to N, may be differently configured for each UE and vary with
time for a specific UE). In other words, in a cell configured
with N antenna ports, only M dimensions may be arranged
among N dimensions in a manner of UE-dedicated beam and
CSI for the same may be fed back, rather than transmitting
CSI-RSs for all N dimensions of the spatial domain and



US 2015/0162966 Al

receiving feedback of CSI. To this end, M antenna ports may
be selected and used among N antenna ports, or mapping
between CSI-RSs of N antenna ports and M UE-specific ports
or antenna virtualization may be performed using a transform
matrix B of N*M dimensions.

[0136] FIG. 12 conceptually shows such antenna virtual-
ization. In FIG. 12, a CSI-RS uses M antenna ports, and the
CRS uses C antenna ports. As shown in FIG. 12, N by M
antenna virtualization matrix B is used for CSI-RS transmis-
sion, the matrix may be designated/configured for each UE.
In contrast, antenna virtualization matrix A used for CRS
transmission is preferably intended for all UEs. If a signal for
CSI-RS antenna ports is X=diag(x, X, . . . X,,), a signal after
antenna virtualization may be represented as 7Z=[z, 7, . . .
7,]=B-X. Herein, z, denotes a precoding vector for the i-th
CSI-RS antenna port. If the signal for the CRS antenna ports
isY=diag(y, v, . . . Y¢), a signal after antenna virtualization is
V=[v, v, ...v.]"=A-Y. Herein, V, denotes a precoding vector
for the i-th CRS antenna port. Finally, transmit signals of the
respective antennas may be transmitted by applying different
time delays (T,, T) as in Equation 4 below in order to fre-
quency-selectively apply antenna virtualization.

Z=[z,(t=7)) 25(1-T5) . . . Zp{t=Tp)]

V= (t=1) v2(t—=T5) . . . v(t-T )] Equation 4

[0137] The antenna virtualization matrix B is preferably
configured so as to maximize the energy of the signal received
by a corresponding UE, and may vary depending on the
location of the UE. Such antenna virtualization matrix B may
be found through an uplink SRS (based on reciprocity of
downlink and uplink channels). An SRS and previously
reported CSI feedback information may be used to trace an
optimum antenna virtualization matrix B according to change
oflocation of the UE and change in the channel environment.
[0138] If the antenna virtualization matrix is UE-specific,
overhead may increase as the number of UEs increases.
Accordingly, the antenna virtualization matrix may be UE-
group-specifically used. Specifically, for a group of UEs at
similar positions, a representative antenna virtualization
matrix B may be selected, UEs of the group may be simulta-
neously informed of transmission of a CSI-RS, and CSI may
be fed back.

[0139] As an example of a UE-group-specific configura-
tion, in a cell including N antenna ports, antenna ports may be
grouped into antenna groups of M antenna ports such that K
(K=N/M or K>N/M) antenna groups are configured. The
CSI-RS transmission time and period of K antenna group
may be determined according to the number of active UEs
designated for the corresponding antenna group and the chan-
nel change rate for the corresponding UEs. Regarding trans-
mission overhead, if the antenna group does not include any
active UE, the eNB may not transmit the CSI-RS of the
antenna group. Herein, grouping may be implemented
through an N by M transform matrix B as shown in FIG. 12.
In other words, antenna virtualization of N antenna ports and
the k-th M port antenna group may be performed through a
transform matrix B,. Matrix B, for the k1-th M-port antenna
group and matrix B, for the k2-th M-port antenna group are
preferably configured to satisfy Equation 4 below, i.e., to be
orthogonal to each other.

B T'Bk2:0

[0140] Subsequently, the eNB may let a specific UE report
an average receive signal level, i.e., RSRP for each antenna

Equation 4
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port group to determine an antenna port group suitable to be
allocated to the UE. Specifically, the eNB may configure a
CSI-RS management set including multiple periodic CSI-RS
transmissions, where the respective CSI-RS in the set repre-
sent the antenna port group, such that the UE can report RSRP
for multiple CSI-RS configurations.

[0141] In summary, in a cell including N antenna ports,
antenna ports are groups into K (K=N/M or K>N/M) antenna
groups of M antenna ports, one CSI-RS transmission resource
is allocated to each antenna group. Alternatively, the number
of antenna ports in an antenna group may be individually set
for each group. Specifically, the eNB establishes K CSI-RS
transmission configurations and assigns an antenna virtual-
ization matrix B, to each configuration such that a CSI-RS
virtualized through a corresponding matrix is transmitted.
The eNB may inform the UEs of only some CSI-RS trans-
mission configurations efficient for the UEs among K CSI-RS
transmission configurations based on the SRS reception state
and an RSRP report.

[0142] Considering the above description of the periodic
CSI-RS/IMR and aperiodic CSI-RS/IMR, the periodic CSI-
RS/IMR may mean that the antenna virtualization matrix B,
does not change in the subframes corresponding to the CSI-
RS/IMR resource configuration. That is, as shown in FIG.
13(a), B, for periodic CSI-RS configuration 1 does not
change in the subframes corresponding to CSI-RS configu-
ration 1, and B, for periodic CSI-RS configuration 2 does not
change in the subframes corresponding to CSI-RS configu-
ration 2. In addition, the aperiodic CSI-RS/IMR may means
that the virtualization matrix B, changes in subframes corre-
sponding to a resource configuration as shown in FIG. 13(5).
[0143] CSI-RS Configuration and Channel Measurement
in CSI-RS Resource

[0144] Hereinafter, description will be given of a CSI-RS
configuration and channel measurement in a CSI-RS
resource. In particular, description will be mainly given of an
aperiodic CSI-RS configuration (which means that sub-
frames corresponding to a CSI-RS resource configuration
according to change of the antenna virtualization matrix have
different/variable channel characteristics, as described
above).

[0145] AneNB may designate a resource region in which a
CSI-RS can be transmitted through a cell-specific CSI-RS
configuration. In this case, the eNB may be used to inform the
UE that the PDSCH is not transmitted in the resource region
in which a CSI-RS can be transmitted. The resource region
designated through the cell-specific CSI-RS configuration
may be divided and used for non-zero power CSI-RS trans-
mission for CSI measurement, for a zero-power CSI-RS con-
figured so as not to interfere with a CSI-RS of a neighboring
cell, and/or as an IMR for interference measurement. A cell-
specific CSI-RS configuration may include parameters such
as subframeConfig, ResourceConfiglist, zeroTxPowerRe-
sourceConfiglist, and zeroTxPowerSubframeConfig. The
parameter subframeConfig may indicate a subframe period
and a offset by which the CSI-RS is transmitted, and the
parameter ResourceConfiglist may indicate, through a k-bit
bitmap, whether or not k resource regions allowing for trans-
mission of x port CSI-RS in a subframe are configured as
cell-specific CSI-RS resources.

[0146] Additionally, the eNB may designate, through one
or more UE-specific aperiodic CSI-RS configurations, a CSI-
RS transmission-enabled region for the UE. Herein, a UE-
specific aperiodic CSI-RS transmission resource may be a
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subset of a cell-specific CSI-RS resource, as shown in FIG.
14. If the UE-specific aperiodic CSI-RS is not a subset of a
cell-specific CSI-RS, the UE may determine that this is an
RRC signaling error, and ignore the UE-specific aperiodic
CSI-RS configuration or assume that the PDSCH is not
mapped to the UE-specific aperiodic CSI-RS resource. The
UE-specific aperiodic CSI-RS configuration may include
parameters antennaPortsCount, subframeConfig, resource-
Config, and p-C. The parameter antennaPortsCount defines
the number of antenna ports configured for the corresponding
UE, the parameter subframeConfig defines a subframe period
and an offset by which the CSI-RS is transmitted, the param-
eter resourceConfig indicates the position of a CSI-RS trans-
mission RE in a subframe, and the parameter p-C indicates a
ratio between the PDSCH transmit power and the CSI-RS
transmit power.

[0147] When the eNB transmits CSI-RS according to cell-
specific/UE-specific CSI-RS configurations, channel mea-
surement for corresponding CSI reporting of the UE may be
performed as follows.

[0148] In the case of a UE-specific aperiodic CSI-RS con-
figuration, the CSI-RS is not necessarily transmitted through
a subframe in which transmission of the CSI-RS is enabled.
Further, even if the CSI-RS is transmitted through contiguous
subframes, the subframes may have different antenna virtu-
alization matrices of the CSI-RS for the UE. Accordingly,
interpolation of the CSI-RS is not performed over contiguous
CSI-RS transmission subframes in the process of channel
estimation. In other words, in the case of a UE-specific ape-
riodic CSI-RS configuration, channel estimation may be per-
formed only in a corresponding CSI-RS transmission sub-
frame. Referring to FIG. 15, in the case of a cell-specific
CSI-RS configuration, the UE uses, in performing channel
measurement, CSI-RS in subframes prior to the subframe in
which CSI reporting is to be performed, as shown in FIG.
15(a). Inthe case of a UE-specific aperiodic CSI-RS configu-
ration, on the other hand, the UE uses, in performing channel
measurement, only the CSI-RS in a subframe immediately
before the subframe in which CSI reporting is to be per-
formed, as shown in FIG. 15(5). To this end, when the eNB
delivers a CSI-RS configuration to the UE, it may also inform
of whether the configuration is a periodic configuration or an
aperiodic configuration. Alternatively, when the eNB delivers
a CSI-RS configuration or a CSI reporting configuration to
the UE, it may also inform the UE of whether or not channel
estimation results from multiple CSI-RS transmission sub-
frames can be combined for generation of CSI. More specifi-
cally, the eNB may inform the UE of the number of previous
CSI-RS transmission subframes providing channel estima-
tion results which can be combined for generation of CSI.
Herein, the number of CSI-RS transmission subframes which
can be used for CSI generation may be defined as a CSI
measurement window. If the CSI measurement window is 1,
the UE can use only the channel estimation result from a
single CSI-RS transmission subframe to perform CSI genera-
tion.

[0149] In summary, the UE combines, when assigned a
periodic CSI-RS, channel estimation results from multiple
CSI-RS transmission subframes to generate CSI, while the
UE generates, when assigned an aperiodic CSI-RS, CSI in
each individual CSI-RS transmission subframe.

[0150] As another example of channel measurement for
CSIreporting from the UE, multi-shot/M-shot aperiodic CSI-
RS transmission may be considered. Herein, M-shot may
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refer to the number of CSI-RSs transmitted with the same
channel characteristics in transmitting aperiodic CSI-RSs.
Alternatively, it may mean that an antenna virtualization
matrix is maintained in M subframes. For example, for 2-shot
aperiodic CSI-RS transmission, the UE perform channel
measurement using CSI-RSs transmitted in two subframes
prior to the subframe in which CSI reporting is to be per-
formed. Herein, the two subframes needs to be subframes
included in the aperiodic CSI-RS configuration. Hereinafter,
description will be given of channel measurement in the case
of M-shot aperiodic CSI-RS transmission with reference to
FIG. 16. FIG. 16 illustrates an example of 2-shot aperiodic
CSI-RS transmission. Specifically, FIG. 16(a) illustrates a
case where subframes in which an antenna virtualization
matrix is maintained are spaced a certain offset from each
other, and FIG. 16(5) illustrates a case where subframes in
which an antenna virtualization matrix is maintained neigh-
bor each other. In the case of FIG. 16(a), the eNB needs to
inform of an offset value in addition to the value of M and the
starting position of'a CSI-RS group, compared to the case of
FIG. 16(b). In FIG. 16(a), the UE may use the CSI-RS of the
24th subframe to determine the CSI reported in the 28th
subframe. However, since the UE has not recognized all the
CSI-RSs belonging to CSI-RS group 3, accuracy of CSI esti-
mation becomes low. Accordingly, in order for the UE to
determine the CSI reported in the 28th subframe, the UE may
use CSI-RSs of the 14th and 19th subframes, which belong to
the CSI-RS group 2, to estimate the CSI. Specifically, the CSI
information that is fed back when the UE feeds back an
aperiodic CSI report over the PUSCH at time n is based on an
aperiodic CSI-RS of the UE-specific aperiodic CSI-RS trans-
mission subframe that is recently received at or before time
(n-k2) and the CSI-RSs in the CSI-RS group to which the
received CSI-RS belongs. Alternatively, the CSI information
that is fed back when the UE feeds back an aperiodic CSI
report over the PUSCH at time n may be based on all the
aperiodic CSI-RS in a CSI-RS group for which reception has
been recently completed at or before (n-k2). The eNB may
designate a method that is to be used between these two
methods.

[0151] For CSI which is based on a measured channel as
described above, a scheme of periodic reporting over the
PUCCH or a scheme of aperiodic reporting over the PUSCH
may be used. A periodic CSI-RS transmission configuration
for periodic CSI reporting over the PUCCH and an aperiodic
CSI-RS transmission configuration for aperiodic CSI report-
ing over the PUSCH may be individually set for the UE by the
eNB. In this case, the CSI for periodic CSI reporting may be
based on combined channel estimation, and the CSI for ape-
riodic CSI reporting may be based on a result estimated in a
specific subframe.

[0152] Alternatively, channel estimation for periodic CSI
reporting over the PUCCH may be performed based on CRSs,
and channel estimation for aperiodic CSI reporting over the
PUSCH may be based on CSI-RSs which are aperiodically
transmitted. In this case, the eNB may determine an MCS of
a CRS-based PDSCH/PDCCH for the UE through periodic
CSI reporting over the PUCCH.

[0153] As the eNB informs the UE of multiple CSI-RS
transmission configurations, it may inform the UE of whether
each CSI-RS transmission configuration is a periodic con-
figuration or an aperiodic configuration. A Periodic CSI-RS
transmission configuration may be used for both periodic CSI
reporting over the PUCCH and aperiodic CSI reporting over
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the PUSCH, and an aperiodic CSI-RS transmission configu-
ration may be used only for aperiodic CSI reporting over the
PUSCH. In other words, the eNB ensures that a CSI-RS for
channel measurement becomes a periodic CSI-RS transmis-
sion configuration, in configuring the scheme of periodic CSI
reporting over the PUCCH.

[0154] The eNB may deliver multiple CSI-RS transmission
configurations to the UE and designate a CSI measurement
window for each CSI-RS transmission configuration. A CSI-
RS transmission configuration having a CSI measurement
window greater than 1 may be used for both the scheme of
periodic CSI reporting over the PUCCH and the scheme of
aperiodic CSI reporting over the PUSCH, and a CSI-RS
transmission configuration having a measurement window
equal to 1 may be used only for the scheme of aperiodic CSI
reporting over the PUSCH. In other words, the eNB ensures
that a CSI-RS for channel measurement has a CSI measure-
ment window greater than 1 in configuring the scheme of
periodic CSI reporting over the PUCCH.

[0155] Meanwhile, since a PDSCH is not mapped to a
resources designated as a cell-specific CSI-RS configuration,
the size of the cell-specific CSI-RS resource may be variably
managed depending on the number of CSI-RS transmissions
which is determined according to the number of active UEs,
positions and distribution of the UEs, and a channel change
rate. Specifically, the size of the cell-specific CSI-RS
resource may be increased when the number of aperiodic
CSI-RS transmissions increase, and may be reduced when the
number of aperiodic CSI-RS transmissions decreases. To
change the size of the cell-specific CSI-RS resource, the
cell-specific CSI-RS configuration needs to be re-set. In this
case, RRC signaling overhead and/or delay occurs. To make
up for this, the eNB may pre-inform of a position where an
aperiodic CSI-RS can be transmitted through the cell-specific
CSI-RS configuration, and dynamically indicate, over the
PDCCH, whether a CSI-RS is transmitted or a PDSCH is
transmitted at the position.

[0156] More specifically, in the case in which the eNB
designate a cell-specific aperiodic CSI-RS configuration and
a UE-specific aperiodic CSI-RS configuration and inform the
UE of the same, the eNB make it sure that the resource of the
UE-specific aperiodic CSI-RS configuration becomes a sub-
set of the resource of the cell-specific aperiodic CSI-RS con-
figuration. The UE is informed, through a ‘CSI-RS exist field’
of the DCI, whether or not a CSI-RS and a PDSCH are
transmitted together in a corresponding subframe. Specifi-
cally, ifthe CSI-RS is transmitted, the UE is informed that the
PDSCH is not transmitted in an RE designated for the cell-
specific aperiodic CSI-RS configuration. In a CSI-RS trans-
mission-available subframe indicated through the cell-spe-
cific aperiodic CSI-RS configuration, positions of REs where
CSI-RS transmission is allowed may be designated by a unit
of X REs up to Z, and Z bits may be allocated to the ‘CSI-RS
exist field’ of the DCI to inform of whether or not REs are
used for CSI-RS transmission or PDSCH transmission for
every X REs.

[0157] ForaCSI-RS transmission-available subframe indi-
cated through the cell-specific aperiodic CSI-RS configura-
tion, the ‘CSI-RS exist field” may be added to the DCI. For a
subframe in which CSI-RS transmission is not allowed, the
‘CSI-RS exist field’ may be omitted from the DCI. In other
words, the length of DCI transmitted in a CSI-RS transmis-
sion-available subframe indicated through the cell-specific
aperiodic CSI-RS configuration and a subframe that is not
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indicated through the cell-specific aperiodic CSI-RS configu-
ration may be different depending on whether or not the
‘CSI-RS exist field” is present.

[0158] When the DCI is transmitted over the ePDCCH,
there is a possibility of collision between the DCI transmis-
sion and CSI-RS transmission. Accordingly, when the ePD-
CCH is received in the CSI-RS transmission-available sub-
frame indicated through the cell-specific aperiodic CSI-RS
configuration, it may be assumed/expected/set that the ePD-
CCH is never mapped to the CSI-RS transmission-available
region. However, in the case which the PDSCH is received
through the DCI delivered over the ePDCCH, whether or not
the PDSCH is mapped to the CSI-RS transmission-available
region is determined through the ‘CSI-RS exist field” of the
DCIL.

[0159] Asanother example, only an aperiodic CSI-RS con-
figuration may be designated for the UE without dividing the
configurations into a cell-specific aperiodic CSI-RS configu-
ration and a UE-specific aperiodic CSI-RS configuration.
This corresponds to a case in which a resource having the
cell-specific aperiodic CSI-RS configuration is identical to a
resource having the UE-specific aperiodic CSI-RS configu-
ration. In this case, only an aperiodic CSI-RS configuration is
designated for the UE, and whether or not CSI-RS transmis-
sion is performed in the resource is determined through the
DCI and the uplink DCI. Whether to transmit a CSI-RS or a
PDSCH on a resource corresponding to the subframe desig-
nated for transmission of an aperiodic CSI-RS through the
aperiodic CSI-RS configuration is indicated through a spe-
cific indicator of the DCI. If the CSI-RS is transmitted on the
resource, whether to measure and report the CSI is indicated
through the uplink DCI.

[0160] In the description above, multiple UE-specific ape-
riodic CSI-RS configurations may be set for the UE. In this
case, the number of antenna ports for each of the configura-
tions may be differently set. This is intended to allow the UE
to use a different number of antenna ports to perform aperi-
odic CSI reporting depending on the time. The antenna vir-
tualization matrix B needs to be properly changed according
to change in the location of the UE and the surrounding
environment. Specifically, it is advantageous to reduce the
number of ports for the UE-specific CSI-RSs corresponding
to the number of columns of matrix B to lower overhead when
the location of the UE is correctly confirmed and to receive
feedback of CSI by increasing the number of ports for the
UE-specific CSI-RSs when the location of the UE is not
accurate or a high rank needs to be supported.

[0161] Each of the multiple CSI-RS configurations allo-
cated to the UE indicates whether the corresponding CSI-RS
is a periodic CSI-RS or an aperiodic CSI-RS. The configured
transmission resources for the periodic CSI-RSs should serve
as unique resources rather than overlapping other CSI-RS
transmission resourced. On the other hand, the aperiodic CSI-
RSs may share transmission resources. For example, trans-
mission resources for 4-port aperiodic CSI-RSs may be con-
figured to be a part of 8-port aperiodic CSI-RS transmission
resources. In other words, the eNB uses half of the 8-port
aperiodic CSI-RS transmission resources to transmit 4-port
aperiodic CSI-RSs to the UE.

[0162] When multiple aperiodic CSI-RS configurations are
allocated to the UE, CSI reporting modes for the CSI-RS
configurations are individually designated. Herein, the CSI
reporting modes may include a wideband reporting mode, a
subband reporting mode, a UE-selective reporting mode. This
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is intended to allow the UE to alternately use the wideband
reporting mode and the subband reporting mode according to
a situation to perform aperiodic CSI reporting. The eNB may
select an approximate beam direction by making a request for
wideband CSI reporting to the UE, and then transmit a CSI-
RS in the beam direction and make a request for subband CSI
reporting.

[0163] As described above, multiple CSI-RS configura-
tions including aperiodic CSI-RS configurations and periodic
CSI-RS configurations may be allocated to the UE. Alterna-
tively, multiple CSI-RS configurations may be assigned to the
UE and the UE may be informed whether each CSI-RS con-
figuration is for periodic CSI-RS transmission or for aperi-
odic CSI-RS transmission. In the case of setting multiple
aperiodic CSI-RS configurations, configuration parameters
such as antennaPortsCount, resourceConfig, subframeConfig
and p-C may be independently set for each aperiodic CSI-RS
configuration. When multiple aperiodic CSI-RS configura-
tions are allocated to the UE, the ‘CSI request field” included
in the uplink DCI for requesting aperiodic CSI reporting may
be constructed with multiple bits to indicate a CSI-RS con-
figuration for which CSI reporting is requested. Alternatively,
the eNB may designate multiple aperiodic CSI-RS configu-
rations such that each configuration designates a different
subframe as a CSI-RS transmission-available subframe, and
the UE may conform to the number of antenna ports for a
configuration to which a UE-specific CSI-RS recently
received at or before time n belongs, with respect to ‘CSI
request’ of subframe time n. As another method supporting
this scheme, a single aperiodic CSI-RS configuration may be
divided into multiple subframe sets and designate the number
of antenna ports for each of the subframe sets.

[0164] CSI-IM (IMR) Resource and Interference Measure-
ment in IMR Configuration

[0165] One or more IMRs may be configured for the UE
together with or independently of the CSI-RS resource con-
figurations described above, and the eNB may inform the UE
of the IMRs through an IMR resource configuration/an IMR
configuration. IMRs may include a periodic IMR and an
aperiodic IMR, similar to the case of CSI-RSs described
above. Hereinafter, description will be given of elements of
an IMR configuration, and an aperiodic IMR configuration
and interference measurement according to one embodiment
of the present invention.

[0166] AnIMR configuration may include parameters sub-
frameConfig and resourceConfig. The parameter subframe-
Config defines the period and offset of subframes in which
interference measurement resources are configured, and the
parameter resourceConfig indicates the position of an inter-
ference measurement RE in a subframe. When the UE is
assigned IMR configurations for CSI reporting, the UE uses
only designated IMRs to perform interference measurement,
considering signals received on the resources indicated by an
IMR configuration as interference.

[0167] Periodic IMR configuration means that an interfer-
ence environment is uniform among the subframe according
to the IMR configuration, and aperiodic IMR configuration
means that the subframes according to the IMR configuration
have different interference environments. Accordingly, in the
case of the periodic IMR configuration, the UE may measure
and combine/average interferences over contiguous IMR
configuration subframes. In the case of the aperiodic IMR, the
subframes may have different interference characteristics,
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and thus the interference measured in a subframe closest to a
subframe for performing CSI reporting measurement may be
used for CQI reporting.

[0168] Alternatively, the eNB may directly inform the UE
of whether interference estimation results from multiple pre-
vious IMR transmission subframes can be combined for
interference estimation or only the interference estimation
result from a recent IMR transmission subframe should be
used, when the eNB delivers an IMR configuration to the UE.
The eNB may also inform the UE of the number of recent
IMR transmission subframes providing interference estima-
tion results to be combined. In this case, the number of indi-
cated subframes may be referred to as an interference mea-
surement window.

[0169] An eNB performing MU-MIMO scheduling may
use an aperiodic IMR to accurately receive CSI from MU-
MIMO-paired UEs. A detailed description will be given
below with reference to FIG. 17. In general, an eNB is con-
figured to configure a periodic IMR for the UEs and the UEs
are configured to report CSI about the SU-MIMO state. The
eNB determines UEs to be subject to be MU-MIMO-paired
based on the SU-MIMO CSI that is fed back. However, since
the fed-back PMI indicating a channel direction is selected
from a restricted codebook in consideration of feedback over-
head, the channel direction may not be accurately indicated.
Accordingly, selection of transmission precoding matrix and/
or AMC for a transmission data of the UEs selected in MU-
MIMO scheduling may not be optimized. To improve this
situation, the eNB may configure an aperiodic IMR for UEs,
and transmit designated signals to the MU-MIMO-paired
UEs onthe IMR in a specific subframe such that CQI and CSI
to be used later in MU-MIMO scheduling are reported.
[0170] For example, referring to FIG. 17, the eNB may
determine to apply MU-MIMO pairing to UE 1 and UE 2 and
receive CSI from the UEs. In this case, the eNB may transmit
a signal for UE 2 that is MU-MIMO paired on an RE of the
third subframe which is the IMR of UE 1. Herein, the signal
for UE 2 may be PDSCH for UE 2 or a dummy data signal
subjected to a PMI to be used for later transmission to UE 2.
UE 1 may measure each channel and interference through the
CSI-RS and IMR of the third subframe, calculate CSI based
on the same, and then perform CSI reporting in the eighth
subframe. Similarly, the eNB may transmit a signal for UE 1
in the IMR for UE 2 (the fourth subframe) and cause corre-
sponding CSI to be reported. Base on such CSI reporting, the
eNB may revise transmission AMC and PMI to be used in
performing MU-MIMO scheduling of UE 1 and UE 2. After
the revision, the eNB may perform an operation for MU-
MIMO in the second radio frame as in the first radio frame, as
shown in FIG. 17. To correct selection of transmission AMC
and PMI in MU-MIMO scheduling, the IMR for CSI mea-
surement intended for MU-MIMO needs to have an interfer-
ence measurement window set to 1 so as not to perform
inter-subframe averaging. To effectively modify the opera-
tion described above, the UE is assigned one or more periodic
IMRs and one or more aperiodic IMRs, the periodic IMR is
used to receive CSI for SU-MIMO, and the aperiodic IMR
used to receive CSI for MU-MIMO.

[0171] FIG. 18 illustrates a case in which the same IMR
configuration is designated for the MU-MIMO paired UEs.
Referring to FIG. 18, the eNB may transmit a signal for UE 2
on the IMR of the third subframe and instruct UE 1 to report
CSlin the eight subframe using the IMR. Then, the eNB may
transmit a signal for UE 1 on the IMR of the thirteenth
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subframe based on the CSI information and instruct UE 2 to
report CSI in the eighteenth subframe using the IMR.
[0172] For the aperiodic IMR scheme described above,
aperiodic reporting may be more suitable as a CSI feedback
method than periodic reporting. Accordingly, the eNB may
configure an aperiodic IMR for a specific UE and make a
request for CSI feedback to the UE through the ‘CSI request
field’ of the DCI of PDCCH. When the UE receives an ape-
riodic CSI request over the PDCCH in subframe n, the UE
may feed back an aperiodic CSI report over the PUSCH in
subframe (n+k). The fed-back CSIinformation is information
measured based onan IMR of arecent subframe configured at
or before subframe time n. Alternatively, when the UE
receives an aperiodic CSIrequest over the PDCCH at the time
of subframe (n-k1), the UE feeds back an aperiodic CSI
report through the PUSCH at time n. The fed-back CSI infor-
mation is measured based on a recent subframe at or before
time (n-k2).

[0173] In the case of an aperiodic IMR, an M-shot (multi-
shot) aperiodic IMR may be considered as in the case of an
aperiodic IMR. In the case of M-shot aperiodic IMRs, the
eNB transmits the same interference signal on the IMRs over
the M contiguous IMR configuration subframes such that the
UE can estimate the same interference. That is, M contiguous
IMR configuration subframes are grouped into one. Accord-
ing to an M-shot aperiodic IMR scheme, the eNB additionally
informs the UE of the value of M and an offset value of the
starting position of the IMR group.

[0174] In terms of a multi-shot aperiodic IMR scheme,
according to a first method for designating an IMR to be
measured, when the UE feeds back an aperiodic CSI report
over the PUSCH at time n, the fed-back CSI information is
measured based on a recent IMR configuration subframe at or
before time (n-k2) and other IMRs in the IMR group to which
the IMR belongs. According to a second method, when the
UE feeds back an aperiodic CSI report over the PUSCH at
time n, the fed-back CSI information is measured based on all
the IMRs ina IMR group in which reception has been recently
completed at or before time (n-k2). The eNB may designate
either the first method or the second method that is to be sued
by the UE.

[0175] In the M-shot aperiodic IMR scheme, transmission
subframes of IMRs belonging to an IMR group may be
defined as neighboring subframes. In this case, the eNB
informs the UE of an interval of IMR group configurations
and the value of M.

[0176] CSI Process

[0177] A plurality of CSI processes may be configured for
a UE, and the UE may determine and report CSI about one of
the CSI processes. Herein, the CSI processes may be related
to (a combination of) a CSI-RS configuration for channel
measurement and a CSI-IM configuration for interference
measurement. The CSI-RS configuration may be the periodic
CSI-RS configuration or aperiodic CSI-RS configuration
described above, and the CSI-IM configuration may also be
the periodic or aperiodic CSI-RS configuration described
above. The UE may measure a channel based on a CSI-RS
resource corresponding to a CSI process, and interference
based on a CSI-IM resource corresponding to the CSI pro-
cess. Then, the UE calculate/determine the CSI (at least one
of CQI, PMI and RI) based on the measured channel and
interference and report the same over an uplink channel.
Herein, a codebook for CSI reporting that is used in deter-
mining the CSI may be one of two or more codebooks inde-
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pendently corresponding to multiple CSI processes config-
ured for the UE. For example, referring to FIG. 19, when there
are two codebooks (codebooks #1 and #2) and three CSI
processes (CSI processes #1, #2 and #3) that reflect different
beams/antenna characteristics, the codebooks may be indi-
vidually designated for the respective CSI processes. More
specifically, for example, codebook #1, codebook #2 and
codebook #3 may be individually/independently designated/
allocated/mapped to CSI process #1, CSI process #2 and CSI
process #3. Herein, codebooks #1 and #2 may be pre-config-
ured for different beams/antenna characteristics.

[0178] Hereinafter, description will be given of an exem-
plary case in which codebooks have different beams/charac-
teristics. In a massive MIMO system, in order to fine an
antenna virtualization matrix suitable for a specific UE, a
CSI-RS of a narrow beam may be transmitted after a CSI-RS
of'awide beam is transmitted and thereby the beam direction-
ality is confirmed. Alternatively, if movement of the UE is
recognized, a CSI-RS of a wide beam may be transmitted to
feed back CSI. Herein, a transmission channel of a CSI-RS
virtualized by a matrix having the characteristics of the wide
beam may be well represented by a codebook reflecting the
characteristics of the wide beam, and a CSI-RS transmission
channel virtualized by a matrix having the characteristics of a
narrow beam may be well represented by a codebook reflect-
ing the characteristics of the narrow beam. Accordingly, when
multiple codebooks are used to well represent multiple chan-
nel environments, codebooks to be used for CSI processes
configured for the UE are individually designated. Alterna-
tively, codebooks to be used are individually designated for
multiple CSI-RS configurations set for the UE. For example,
the eNB allocates two CSI-RS configurations to the UE, and
designate a different codebook for each of the CSI-RS con-
figurations. The eNB connects codebook #1 reflecting the
characteristics of a wide beam to CSI-RS configuration 1 and
codebook #2 reflecting the characteristics of'a narrow beam to
CSI-RS configuration 2 and inform the UE of this informa-
tion. Then, the eNB transmits a CSI-RS of a wide beam to the
UE through CSI-RS configuration 1 and instructs the UE to
measure this and report CSI using codebook #1. In contrast,
the eNB transmits a CSI-RS of a narrow beam through CSI-
RS configuration 2 set for the UE and instructs the UE to
measure this and report CSI using codebook #2.

[0179] Next, CSI process allocation/configuration for a UE
of an eNB will be discussed below.

[0180] An eNB may allocate multiple CSI-RS configura-
tions and multiple IMR configurations to the UE and indi-
vidually indicate whether each configuration is a periodic
configuration or an aperiodic configuration. The eNB may
allocate multiple CSI-RS configurations and multiple IMR
configurations to the UE and inform the UE of the size of a
window for measurement of each configuration on a sub-
frame-by-subframe basis. If a CSI measurement window des-
ignated for a specific CSI-RS configuration is 1, the UE uses
only a channel estimation result from a single CSI-RS trans-
mission subframe to generate CSI. Similarly, if an interfer-
ence measurement window designated for a specific IMR
configuration is 1, the UE uses an estimation result from a
single IMR subframe to determine an estimated value of
interference (or a correlation between an interference direc-
tion and interference).

[0181] A specific CSI (reporting) process is generated by
designating one CSI-RS configuration for receive signal mea-
surement and one IMR configuration for interference mea-
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surement. Both connected CSI-RS configuration and IMR
configuration may be aperiodic configurations or periodic
configurations. Alternatively, an aperiodic CSI-RS configu-
ration and a periodic IMR configuration may be connected to
generate a CSI reporting process. Alternatively, a periodic
CSI-RS configuration and a aperiodic IMR configuration
may be connected to generate a CSI reporting process.
[0182] Table 5 below exemplarily shows four possible
types of CSI process according to combinations of whether or
not the CSI-RS is periodic/aperiodic and whether or not the
IMR is periodic/aperiodic. Only some of these processes may
be supported and pre-designated. For example, only the PP
CSI process and the AA CSI process may be supported. In the
case in which only the PP CSI process and the AA CSI
process are supported, the eNB may designate whether each
CSI process is of PP type or AA type when it informs the UE
of the CSI processes. Alternatively, the eNB may inform the
UE of measurement windows for the CSI processes on the
subframe-by-subframe basis. In this case, the same value of
the measurement window is used for both CSI measurement
and interference measurement.

TABLE 5

Periodic IMR Aperiodic IMR

(Continuous IMR) (Instantaneous IMR)
Periodic CSI-RS PP CSI process PA CSI process
(Continuous CSI-RS)
Aperiodic CSI-RS AP CSI process AA CSI process
(Instantaneous
CSI-RS)
[0183] For the AA CSI process, only a case in which sub-

frameConfig of an aperiodic CSI-RS configuration is identi-
cal to subframeContfig of a aperiodic IMR configuration may
be supported. In other words, for the AA CSI process, 1IMR
is set to be always present in a CSI-RS transmission subframe.
[0184] Forthe AA CSI process, aperiodic reporting is more
suitable than periodic reporting as a CSI feedback scheme.
Accordingly, the eNB configures aperiodic CSI-RS transmis-
sion and an aperiodic IMR for a specific UE and makes a
request to the UE for CSI feedback through ‘CSI request
field’ in the DCI of the PDCCH. When the UE receives an
aperiodic CSI request over the PDCCH at subframe time n,
the UE may feed back an aperiodic CSI report over the
PUSCH in time (n+k). The fed-back CSI information is mea-
sured based on only an aperiodic CSI-RS recently received
and an aperiodic IMR recently configured at or before sub-
frame time n. Alternatively, when the UE receives an aperi-
odic CSI request over the PDCCH at subframe time (n-k1),
the UE feeds back an aperiodic CSI report through the
PUSCH at time n. The fed-back CSI information is measured
based on only an aperiodic CSI-RS recently received and an
aperiodic IMR recently configured at or before subframe time
(n-k2).

[0185] Table 6 below shows possible combinations of CSI
process types and CSI reporting modes. Only some of the
combinations may be supported and pre-designated. For
example, the AA CSI process may be designated to support
only aperiodic PUSCH CSI reporting. The PA CSI process
and the AP CSI process may also be designated to support
only aperiodic PUSCH CSI reporting. Only some CSI report-
ing modes may be supportable. For example, the AA CSI
process, and the PA CSI process or the AP CSI process may be
supported in the wideband reporting mode among the peri-
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odic PUCCH CSI reporting modes and may not be supported
in the subband reporting mode.

TABLE 6

Periodic PUCCH Aperiodic PUSCH

CSI reporting CSI reporting
PP CSI process Possible/Impossible Possible/Impossible
PA CSI process Possible/Impossible Possible/Impossible
AP CSI process Possible/Impossible Possible/Impossible
AA CSI process Possible/Impossible Possible/Impossible

[0186] Subband Selective CSI-RS/CSI-IM

[0187] Inacellincluding N antenna ports, it takes SK ms to
group antenna ports into K (=N/M or >N/M) antenna groups
of M antenna ports and transmit all CSI-RSs corresponding to
K antenna groups through an aperiodic CSI-RS configuration
which is set at intervals of 5 ms. This is a time taken to
transmit each of the CSI-RSs corresponding to all antenna
groups suitable for a specific UE once.

[0188] For an eNB having 64 antennas, the number of con-
figurations allowing transmission of unique 4-port CSI-RS is
16. Therefore, in a first method to directly check an optimum
4-port CSI-RS in a UE, the eNB may allocate 16 fixed beam
CSI-RS configurations to the UE and instruct the UE to select
and report a CSI-RS configuration having the best quality.
According to a second method, one adaptive beam CSI-RS
configuration is set for the UE, the UE selects and reports the
optimum CSI-RS transmission time through 16 different
4-port CSI-RS transmissions, and the eNB confirms the
antenna groups for the CSI-RSs transmitted at the optimum
time. In this case, 80 ms is required to perform 16 CSI-RS
transmissions even when the minimum transmission period
of CSI-RSs, which is 5 ms, is considered. In brief, the first
method results in waste of resources due to configurations of
excessive CSI-RS resources, while the second method takes
excessive time.

[0189] To address these problems, the present invention
proposes that a different transmit antenna group is set for each
subband. In other words, in the subband selective CSI-RS
transmission scheme, an antenna virtualization matrix for
CSI-RS transmission is differently used according to each
subband in a CSI-RS transmission subframe. FIG. 20 illus-
trates a case in which an antenna virtualization matrix is
differently applied according to subbands to transmit CSI-
RSs.

[0190] When an eNB signals designated CSI-RS configu-
rations to a UE, it also signals whether or not the CSI-RS is a
subband selective CSI-RS. The size of a subband may be
predefined or may be signaled to the UE by the eNB. If the
configured CSI-RS is a subband selective CSI-RS, the UE
does not perform channel interpolation between different
subbands in performing channel estimation through the CSI-
RS. Specifically, the UE uses only a CSI-RS received within
a specific subband to perform for channel estimation of the
specific subband.

[0191] Similar to the CSI-RS, an IMR may also be config-
ured to be subband selective. In the case of a subband selec-
tive IMR, since there is a significant difference in interference
characteristic between subbands, interference measured in
different subbands are not averaged, and interference in a
subband is measured using only IMRs belonging to the sub-
band. When the eNB delivers IMR configurations to the UE,
it signals whether or not the IMR is a subband selective IMR.
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The size of a subband may be predefined or may be desig-
nated and signaled to the UE by the eNB. If the configured
IMR is a subband selective IMR, the UE measures interfer-
ence for a subband using only the IMRs belonging to the
subband.

[0192] Ifa CSI-RS or IMR configured for a CSI process is
subband selective, the CSI process will be referred to as a
subband selective CSI process. The subband selective CSI
process may be allowed only when both the CSI-RS and IMR
configured for the process are subband selective. As a CSI
reporting mode for the subband selective CSI process, the
subband CSI reporting mode, in which CSI can be reported
according to each subband, is used. This is because a wide-
band CSI reporting mode allowing only CSI to be reported in
the full band is not useful in the case in which subbands have
different channel characteristics and interference character-
istics. In the subband CSI reporting mode for the subband
selective CSI process, RI may be independently selected and
reported in each subband. In addition, when PMIs is divided
into a long-term PMI and a short-term PMI according to a
dual codebook, the long-term PMI and the short-term PMI
may be independently selected and reported in each subband
in the subband CSI reporting mode for the subband selective
CSI process.

[0193] In subband CSI reporting mode, CSI about a chan-
nel, i.e., RI, PMI and CQI about the channel are indepen-
dently selected and reported in each subband, and therefore
feedback overhead is significantly large. Further, as shown in
FIG. 20, some of the antenna virtualization matrices used in
the respective subbands have directionality different from
that of the channel directionality for the UE, and thus corre-
sponding CSI-RS transmission may be meaningless to the
UE. Antenna virtualization matrices used in some subbands
may be optimized for the channel directionality of another
UE. In other words, the eNB may use a mixture of virtualiza-
tion matrices of a channel direction for UE 1 and virtualiza-
tion matrices of a channel direction for UE 2 in a specific
subband selective CSI-RS transmission subframe. For this
reason, it is not efficient for specific UE to report CSI for all
subbands.

[0194] To solve this problem, the present invention pro-
poses a UE selective subband CSI reporting mode. In the
proposed CSI reporting mode, the UE selects some subbands
having high reception qualities among all subbands and inde-
pendently selects and reports CSI for the selected subband,
i.e., RI, PMI and CQI. In the case in which the UE selects K
subbands to perform reporting, the value of K may be pre-
defined, or designated when eNB designates a CSI reporting
mode for the UE. Herein, the UE does not report channel
information about a subband other the selected subband, and
determination of CSI to be reported for the selected subband
is based on a channel measured using only a CSI-RS trans-
mitted in a subband or interference information using only an
IMR configured in the subband.

[0195] CSI Process with Restricted CSI Measurement

[0196] In a heterogeneous network environment where a
macro cell and a pico cell which have different transmits
powers of an eNB are present together, the cell region of a
pico cell is expanded for load balancing such that the UE
receives services from the pico cell and thus overall system
capacity increases even if the receive power of a signal trans-
mitted from the pico cell is lower than the receive power of a
signal transmitted from a macro cell. When the environment
is managed in this way, UEs in a cell range expansion (CRE)
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region will be served by the pico cell even if the receive power
of a signal transmitted from the pico cell is lower than the
receive power of a signal transmitted from a macro cell.
Accordingly, the macro cell is referred to as an aggressor cell
and the pico cell is referred to as a victim cell.

[0197] In this case, as a method for interference coordina-
tion, inter-cell interference coordination (ICIC) may be
implemented in a manner that the aggressor cell uses silent
subframe (almost blank subframe (ABS)) reducing transmit
powers/activities of some physical channels (including set-
ting a configuration with zero-power), and the victim cell
schedules the UE in consideration of the silent subframe. In
this case, the interference level significantly varies with sub-
frames on the side of the victim cell UE. To perform more
accurate radio link monitoring (RL.M) or radio resource man-
agement (RRM) of measuring RSRP/RSRQ in each subframe
or measure CSI for link adaption in this situation, the moni-
toring/measurement needs to be confined to sets of subframes
having uniform interference.

[0198] In the CSI reporting process, the eNB configures
subframe sets 0 and 1 for the UE to perform restricted CSI
measurement. Subframe sets 0 and 1 are disjointed from each
other, an not all of subframe sets 0 and 1 include a subframe.
When such restricted measurement is configured, the UE
selects and reports CSIO (RI, PMI and CQI) measured in
subframe set 0 and CSI1 (RI, PMI and CQI) measured in
subframe set 1 at a designated moment.

[0199] When the CSI reporting process includes a CSI-RS
configuration for receive signal measurement and an IMR
configuration for interference measurement, the UE performs
restricted CSI measurement to determine CSI to report. The
UE determines CSIO based on interference measured using
only IMR subframes belonging to subframe set 0, and CSI1
based on interference measured using only IMR subframes
belonging to subframe set 1.

[0200] When an IMR is configured every 5 subframes as
shown in FIG. 21, CSI to be reported is determined in a
manner that CSIO is determined based on interference mea-
sured using the IMRs of the third, thirteenth, twenty-third
subframes and CSI1 is determined based on interference
measured using the IMRs of the eighth, eighteenth, and
twenty-eighth subframes.

[0201] Regarding the time domain ICIC ofa heterogeneous
network environment, properties of interference changes
among the subframe sets, but characteristics of a signal to be
measured do not change among the subframe set. Therefore,
even if subframe sets are configured, measurable CSI-RS
transmission subframes are not restricted. That is, when a
CSI-RS is configured every 5 subframes as shown in FIG. 21,
CSIto report between CSI0 and CSI1 is determined based on
a signal measured using the CSI-RSs of all subframes.

[0202] In order to shown various beam directions in an
application field such as massive MIMO to which subframe
sets are applied, the eNB may configure different beam direc-
tions of CSI-RSs according to subframe sets. In this case,
signal measurements of the UE need to be differentiated from
each other according to subframe sets. In other words, when
a CSI-RS is configured every 5 subframes as shown in FIG.
21, CSIO is determined to be reported based on a signal
measured using the CSI-RSs of the third, thirteenth and
twenty-third subframes, and CSI1 is determined to be
reported based on a signal measured using the CSI-RSs of the
eighth, eighteenth and twenty-eighth subframes.
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[0203] Since the purpose of configuration of subframe sets
varies, the eNB determine whether transmit signals of the
subframe sets have the same/different characteristics and
whether the subframe sets have the same/different interfer-
ence characteristics and signals the same to the UE.

[0204] If the UE is informed that the characteristics of
transmit signals are the same between the subframe sets, the
UE measures the characteristics of a transmit signal from a
CSI-RSresource configured without differentiating subframe
sets from each other. On the other hand, if the UE is informed
that the characteristics of transmit signals are different from
each other between the subframe sets, the UE determines
CSI_x reported for specific subframe set_x by measuring
characteristics of a transmit signal using only CSI-RS trans-
mission subframes belonging to subframe set_x.

[0205] If the UE is informed that the characteristics of
interference signals are the same between the subframe sets,
the UE measures the characteristics of an interference signal
from a CSI-IM resource configured without differentiating
subframe sets from each other. On the other hand, if the UE is
informed that the characteristics of interference signals are
different from each other between the subframe sets, the UE
determines CSI_x reported for specific subframe set_x by
measuring characteristics of an interference signal using only
the IMRs of CSI-IM configuration subframes belonging to
subframe set_x.

[0206] With subframe sets configured, it is signaled
whether or not characteristics of each of a CSI-RS configu-
ration and a CSI-IM configuration are the same or indepen-
dent between the subframe sets. If it is signaled that charac-
teristics of each of a CSI-RS configuration and a CSI-IM
configuration are the same or independent between the con-
figured subframe sets, it is signaled whether individual con-
figurations are periodic or aperiodic in a corresponding sub-
frame set. If it is signaled that characteristics of each of the
configured CSI-RS configuration and CSI-IM configuration
is independent between configured subframe sets, the size of
a window for measurement of a configuration in each sub-
frame set is signaled on the subframe-by-subframe basis.

[0207] In the example of FIG. 21, when the measurement
window for subframe set O is set to 1, and the measurement
window for subframe set 1 is set to <multi>, only the CSI-RS
and CSI-IM of the thirteenth subframe used for aperiodic
PUSCH reporting of CSIO, which is triggered in the four-
teenth subframe and reported in the eighteenth subframe, and
all the CSI-RSs and CSI-IMs of the eighth subframe and the
eighteenth subframe belonging to subframe set 1 are used to
estimate CSI1 for aperiodic PUSCH reporting, which is trig-
gered in the nineteenth subframe and reported in the twenty-
third subframe.

[0208] FIG.22is adiagram illustrating configurations ofan
eNB and a UE according to one embodiment of the present
invention.

[0209] Referring to FIG. 22, an eNB 2210 may include a
receive module 2211, a transmit module 2212, a processor
2213, a memory 2214, and a plurality of antennas 2215. The
antennas 2215 represent an eNB that supports MIMO trans-
mission and reception. The receive module 2211 may receive
various signals, data and information from a UE on uplink.
The transmit module 2212 may transmit various signals, data
and information to a UE on downlink. The processor 2212
may control overall operation of the eNB 2210.
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[0210] The processor 2212 of the eNB 2210 according to
one embodiment of the present invention may operate to
implement the embodiments described above.

[0211] Additionally, the processor 2212 of the eNB 2210
may function to operationally process information received
by the eNB 2210 or information to be transmitted from the
eNB 2210, and the memory 2214, which may be replaced
with an element such as a buffer (not shown), may store the
processed information for a predetermined time.

[0212] Referring to FIG. 22, a UE 2220 may include a
receive module 2221, a transmit module 2222, a processor
2223, amemory 2224, and a plurality of antennas 2225. The
antennas 2225 represent a UE that supports MIMO transmis-
sion and reception. The receive module 2221 may receive
various signals, data and information from the eNB on down-
link. The transmit module 2222 may transmit various signals,
data and information to the eNB on uplink. The processor
2223 may control overall operation of the UE 2220.

[0213] Theprocessor 2223 ofthe UE 2220 according to one
embodiment of the present invention may perform operations
necessary for implementation of the embodiments described
above.

[0214] Additionally, the processor 2223 of the UE 2220
may function to operationally process information received
by the UE 2220 or information to be transmitted from the UE
2220, and the memory 2224, which may be replaced with an
element such as a buffer (not shown), may store the processed
information for a predetermined time.

[0215] The configurations of the eNB and the UE as
described above may be implemented such that the above-
described embodiments are independently applied or two or
more thereof are simultaneously applied, and description of
redundant parts is omitted for clarity.

[0216] Description of the eNB 2210 in FIG. 22 may be
equally applied to a relay as a downlink transmitter or an
uplink receiver, and description of the UE 2220 may be
equally applied to a relay as a downlink receiver or an uplink
transmitter.

[0217] The embodiments of the present invention may be
implemented through various means, for example, hardware,
firmware, software, or a combination thereof.

[0218] 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.

[0219] 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.

[0220] 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






