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(57) ABSTRACT

In the present invention, a physical uplink control channel
(PUCCH) resource, which is used for transmitting acknowl-
edgement/negative ACK (ACK/NACK) information related
to downlink control information, is determined on the basis of
1 e T MmN o s X), when the format of the
downlink control information that is transmitted/received
through a physical downlink control channel (PDCCH) is in
accordance with a transmission mode of a user equipment,
wherein 1.,z is a PUCCH resource index, N, ., is
a value which is received from the base station, n_. is a first
control channel element (CCE) index in the PDCCH, X is a
parameter which is not the n.., and the N, . and
wherein f is a function having the n .z, N ., s, and the
X as a factor.
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METHOD FOR TRANSMITTING UPLINK
CONTROL INFORMATION, USER
EQUIPMENT, METHOD FOR RECEIVING
UPLINK CONTROL INFORMATION, AND
BASE STATION

TECHNICAL FIELD

[0001] The present invention relates to a wireless commu-
nication system. Specifically, the present invention relates to
a method and apparatus for transmitting an uplink signal and
a method and apparatus for receiving an uplink signal.

BACKGROUND ART

[0002] Withappearance and spread of machine-to-machine
(M2M) communication and a variety of devices such as
smartphones and tablet PCs and technology demanding a
large amount of data transmission, data throughput needed in
a cellular network has rapidly increased. To satisfy such rap-
idly increasing data throughput, carrier aggregation technol-
ogy, cognitive radio technology, etc. for efficiently employing
more frequency bands and multiple input multiple output
(MIMO) technology, multi-eNB cooperation technology, etc.
for raising data capacity transmitted on limited frequency
resources have been developed. In addition, a communication
environment has evolved into increasing density of nodes
accessible by a user equipment (UE) at the periphery of the
nodes. A node refers to a fixed point capable of transmitting/
receiving a radio signal to/from a UE through one or more
antennas. A communication system including high-density
nodes may provide a better communication service to the UE
through cooperation between the nodes.

[0003] Such a multi-node cooperative communication
scheme in which a plurality of nodes performs communica-
tion with the UE using the same time-frequency resource has
much better data throughput than a conventional communi-
cation scheme in which the nodes perform communication
with the UE without any cooperation by operating as inde-
pendent eNBs.

[0004] A multi-node system performs cooperative commu-
nication using a plurality of nodes, each node operating as an
eNB, an access point, an antenna, an antenna group, a radio
remote header (RRH), or a radio remote unit (RRU). Unlike a
conventional centralized antenna system in which antennas
converge upon an eNB, the nodes are typically separated from
each other by a predetermined interval or more in the multi-
node system. The nodes may be managed by one or more
eNBs or eNB controllers for controlling the operation thereof
or scheduling data transmission/reception therethrough. Each
node is connected to the eNB or eNB controller for managing
the node through a cable or a dedicated line.

[0005] Such a multi-node system may be regarded as a type
of MIMO system in that distributed nodes are capable of
communicating with a single or multiple UEs by simulta-
neously transmitting/receiving different streams. However,
since the multi-node system transmits signals using nodes
distributed at various locations, a transmission region which
should be covered by each antenna decreases in comparison
with antennas included in the conventional centralized
antenna system. Accordingly, compared with a conventional
system implementing MIMO technology in the centralized
antenna system, a transmit power needed when each antenna
transmits a signal may be reduced in the multi-node system.
In addition, since the transmission distance between an
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antenna and a UE is shortened, path loss is reduced and
high-speed data transmission is achieved. Therefore, trans-
mission capacity and power efficiency of a cellular system
can be enhanced and relatively uniform quality of communi-
cation performance can be satisfied irrespective of the loca-
tions of UEs in a cell. Furthermore, in the multi-node system,
since an eNB(s) or eNB controller(s) connected to multiple
nodes performs cooperative data transmission/reception, sig-
nal loss generated in a transmission process is reduced. In
addition, when nodes distant from each other by a predeter-
mined distance or more perform cooperative communication
with the UE, correlation and interference between antennas
are reduced. Hence, according to the multi-node cooperative
communication scheme, a high signal to interference-plus-
noise ratio (SINR) can be achieved.

[0006] Due to such advantages of the multi-node system, in
the next-generation mobile communication system, the
multi-node system has emerged as a new basis of cellular
communication through combination with or by replacing
conventional centralized antenna systems in order to reduce
additional installation costs of an eNB and maintenance costs
of a backhaul network and simultaneously to expand service
coverage and enhance channel capacity and SINR.

DETAILED DESCRIPTION OF THE INVENTION

Technical Problems

[0007] Due to introduction of new radio communication
technology, the number of user equipments (UEs) to which an
eNB should provide a service in a prescribed resource region
increases and the amount of uplink data and uplink control
information that the BS should receive from the UEs
increases. Since the amount of resources available to the BS
for communication with the UE(s) is finite, a new method in
which the BS efficiently receives uplink data and/or uplink
control information using the finite radio resources is needed.

[0008] Accordingly, the present invention provides a
method and apparatus for efficiently transmitting/receiving
an uplink signal.

[0009] The technical objects that can be achieved through
the present invention are not limited to what has been particu-
larly described hereinabove and other technical objects not
described herein will be more clearly understood by persons
skilled in the art from the following detailed description.

Technical Solutions

[0010] As an aspect of the present invention, provided
herein are a method and a user equipment for transmitting an
uplink signal to a base station in a wireless communication
system. The method includes receiving downlink control
information from the base station through a physical down-
link control channel (PDCCH); and transmitting acknowl-
edgement/negative acknowledgement (ACK/NACK) infor-
mation associated with the downlink control information to
the base station, wherein, when a format of the downlink
control information is a first format according to a transmis-
sion mode of the user equipment, the ACK/NACK informa-
tion is transmitted using a physical uplink control channel
(PUCCH) resource determined based on “[Equation 1] n"
roccrTMece N puecn:X)” wheren'™ oy cpris a PUCCH
resource index, NV, ..., is a value received from the base
station, n.. is an index of a first control channel element
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(CCE) in the PDCCH, X is a parameter other than n.. and
N o ecrs and fis a function having 0z N o ez and X
as arguments.

[0011] As another aspect of the present invention, provided
herein are a method and a base station for receiving an uplink
signal from a user equipment in a wireless communication
system. The method includes transmitting downlink control
information to the user equipment through a physical down-
link control channel (PDCCH); and receiving acknowledge-
ment/negative acknowledgement (ACK/NACK) information
associated with the downlink control information from the
user equipment, wherein, when a format of the downlink
control information is a first format according to a transmis-
sion mode of the user equipment, the ACK/NACK informa-
tion is received using a physical uplink control channel
(PUCCH) resource determined based on “[Equation 1] n'"
rocer T 0ece N peesX)” where nVpy e is a PUCCH
resource index, N, ... is a value received from the base
station, 1. is an index of a first control channel element
(CCE) in the PDCCH, X is a parameter other than n.. and
N® ., ccrnand fis a function having 0. N 1 oo and X
as arguments.

[0012] In each aspect of the present invention, a value cor-
responding to X may be further transmitted to the user equip-
ment from the base station.

[0013] In each aspect of the present invention, X may cor-
respond to an index of a start PUCCH resource among
PUCCH resources configured for the first format.

[0014] In each aspect of the present invention, information
indicating the transmission mode may be further transmitted
to the user equipment from the base station.

[0015] In each aspect of the present invention, when the
format of the downlink control information is a second format
rather than the first format, the ACK/NACK information may
be transmitted to the base station from the user equipment
using at least one of a PUCCH resource determined based on
“[Equation 2] 1, it N 1 e and a PUCCH
resource determined based on “[Equation 3] n"

poccarecet HND pycey.

[0016] In each aspect of the present invention, f may be a
function for mapping M (where M is a positive integer) CCEs
to N (where N is a positive integer less than M) PUCCH
resources.

[0017] As still another aspect of the present invention, pro-
vided herein are a method and a user equipment for transmit-
ting an uplink signal to a base station in a wireless commu-
nication system. The method includes receiving a higher-
layer signal including a plurality of parameter sets from the
base station; receiving information indicating a specific
parameter set among the parameter sets from the base station
through a physical downlink shared channel (PDSCH); and
transmitting the uplink signal generated using a parameter in
the specific parameter set to the base station.

[0018] As a further aspect of the present invention, pro-
vided herein are a method and a base station for receiving an
uplink signal from a user equipment in a wireless communi-
cation system. The method includes transmitting a higher-
layer signal including a plurality of parameter sets to the user
equipment; transmitting information indicating a specific
parameter set among the parameter sets to the user equipment
through a physical downlink shared channel (PDSCH); and
receiving the uplink signal generated using a parameter in the
specific parameter set from the user equipment.

Aug. 7,2014

[0019] In each aspect of the present invention, each of the
parameter sets may include at least one of a cell identifier for
determining a base sequence index, a cell identifier for ini-
tializing a cyclic shift hopping pattern, and a physical uplink
control channel (PUCCH) resource index offset.

[0020] Ineach aspect ofthe present invention, the informa-
tion indicating the specific parameter set may correspond to n
bits added to a downlink control information (DCI) format.
[0021] In each aspect of the present invention, information
indicating enablement or disablement of the parameter sets
may be transmitted to the user equipment from the base
station. When the parameter sets are disabled, a predefined
parameter set may be used.

[0022] Theabove technical solutions are merely some parts
of the embodiments of the present invention and various
embodiments into which the technical features of the present
invention are incorporated can be derived and understood by
persons skilled in the art from the following detailed descrip-
tion of the present invention.

Advantageous Effects

[0023] According to the present invention, when a cell
transmitting a downlink signal is different from a cell receiv-
ing an uplink signal, the risk of collision between PUCCH
resources can be prevented.

[0024] According to the present invention, efficiency of use
of uplink/downlink resources can be enhanced.

[0025] Effects according to the present invention are not
limited to what has been particularly described hereinabove
and other advantages not described herein will be more
clearly understood by persons skilled in the art from the
following detailed description of the present invention.

DESCRIPTION OF DRAWINGS

[0026] The accompanying drawings, which are included to
provide a further understanding of the invention, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention.

[0027] FIG. 1 illustrates the structure of a radio frame used
in a wireless communication system.

[0028] FIG. 2 illustrates the structure of a downlink (DL)/
uplink (UL) slot in a wireless communication system.
[0029] FIG. 3 illustrates the structure of a DL subframe
used in a 3GPP (3’ Generation Partnership Project) LTE
(Long Term Evolution)/LTE-A (Advanced) system.

[0030] FIG. 4 illustrates the structure of a UL subframe
used in a 3GPP LTE/LTE-A system.

[0031] FIG. 5 illustrates logical arrangement of physical
uplink control channel (PUCCH) resources used in one cell.
[0032] FIG. 6 illustrates an example of determining a
dynamic PUCCH resource in a 3GPP LTE-(A) system.
[0033] FIG. 7 illustrates an example of determining a
dynamic PUCCH resource according to an embodiment of
the present invention.

[0034] FIG. 8illustrates an example of CoMP (coordinated
multi-point transmission/reception) to which the present
invention is applicable.

[0035] FIG. 9 illustrates an example of determining one
PUCCH resource among new PUCCH resources configured
according to an embodiment of the present invention.
[0036] FIG. 10 illustrates another example of determining a
dynamic PUCCH resource according to an embodiment of
the present invention
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[0037] FIG. 11 illustrates another example of CoMP to
which the present invention is applicable.

[0038] FIG.12isablock diagram illustrating elements of a
transmitting device 10 and a receiving device 20 for imple-
menting the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0039] Reference will now be made in detail to the exem-
plary embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. The
detailed description, which will be given below with refer-
ence to the accompanying drawings, is intended to explain
exemplary embodiments of the present invention, rather than
to show the only embodiments that can be implemented
according to the invention. The following detailed description
includes specific details in order to provide a thorough under-
standing of the present invention. However, it will be apparent
to those skilled in the art that the present invention may be
practiced without such specific details.

[0040] Insome instances, known structures and devices are
omitted or are shown in block diagram form, focusing on
important features of the structures and devices, 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.

[0041] Inthe presentinvention, a user equipment (UE) may
be a fixed or mobile device. Examples of the UE include
various devices that transmit and receive user data and/or
various kinds of control information to and from a base sta-
tion (BS). The UE may be referred to as a terminal equipment
(TE), a mobile station (MS), a mobile terminal (MT), a user
terminal (UT), a subscriber station (SS), a wireless device, a
personal digital assistant (PDA), a wireless modem, a hand-
held device, etc. In addition, in the present invention, a base
station (BS) generally refers to a fixed station that performs
communication with a UE and/or another BS, and exchanges
various kinds of data and control information with the UE and
another BS. The BS may be referred to as an advanced base
station (ABS), a node-B (NB), an evolved node-B (eNB), a
base transceiver system (BTS), an access point (AP), a pro-
cessing server (PS), etc. Hereinafter, a BS is referred to as an
eNB.

[0042] In the present invention, a node refers to a fixed
point capable of transmitting/receiving a radio signal through
communication with a UE. Various types of BSs may be used
as nodes irrespective of the terms thereof. For example, a BS,
anode B (NB), an e-node B (eNB), a pico-cell eNB (PeNB),
ahome eNB (HeNB), a relay, a repeater, etc. may be a node.
In addition, a node may not be an eNB. For example, a radio
remote head (RRH) or a radio remote unit (RRU) may be a
node. The RRH or RRU generally has a lower power level
than a power level of an eNB. Since the RRH or RRU (here-
inafter, an RRH/RRU) is generally connected to the eNB
through a dedicated line such as an optical cable, cooperative
communication between RRH/RRU and the eNB can be
smoothly performed in comparison with cooperative commu-
nication between eNBs connected by a radio line. Atleastone
antenna is installed per node. The antenna may mean a physi-
cal antenna or mean an antenna port, a virtual antenna, or an
antenna group. A node may be referred to as a point. Unlike a
conventional centralized antenna system (CAS) (i.e. a single-
node system) including antennas which converge upon an
eNB and are controlled by one eNB controller, a multi-node
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system includes a plurality of nodes separated from one
another by a predetermined distance or more. The plural
nodes may be managed by one or more eNBs or eNB con-
trollers for controlling operation thereof or scheduling data
transmission/reception therethrough. Each node may be con-
nected to an eNB or eNB controller for managing the node
through a cable or a dedicated line. In the multi-node system,
the same cell identifier (ID) or different cell IDs may be used
to transmit/receive signals to/from a plurality of nodes. If the
plural nodes have the same cell ID, each of the nodes operates
as a partial antenna group of one cell. If the nodes have
different cell IDs in the multi-node system, the multi-node
system may be regarded as a multi-cell (e.g. a macro-cell/
femto-cell/pico-cell) system. If multiple cells formed respec-
tively by multiple nodes are configured in an overlaid form
according to coverage, a network formed by the multiple cells
is referred to as a multi-tier network. A cell ID of an RRH/
RRU may be the same as or different from a cell ID ofan eNB.
When the RRH/RRU and the eNB use different cell IDs, both
the RRH/RRU and the eNB operate as independent eNBs.

[0043] In the multi-node system of the present invention,
which will be described below, one or more eNBs or eNB
controllers, connected to a plurality of nodes, may control the
plural nodes to simultaneously transmit or receive signals to
or from a UE through some or all of the plural nodes.
Although there is a difference between multi-node systems
according to the nature of each node and implementation
form of each node, the multi-node systems are different from
single-node systems (e.g. a CAS, a conventional MIMO sys-
tem, a conventional relay system, a conventional repeater
system, etc.), in that plural nodes participate in providing a
communication service to a UE on a predetermined time-
frequency resource. Accordingly, embodiments of the present
invention regarding a method for performing cooperative data
transmission using some or all of plural nodes may be applied
to various types of multi-node systems. For example, while a
node generally refers to an antenna group separated by a
predetermined interval or more from another node, the
embodiments of the present invention, which will be
described later, may be applied even when a node means an
arbitrary antenna group irrespective of how far the node is
separated from another node. For example, when an eNB
includes a cross polarized (X-pole) antenna, the embodi-
ments of the present invention are applicable under the
assumption that the eNB controls a node including a horizon-
tally polarized (H-pole) antenna and a node including a ver-
tically polarized (V-pole) antenna.

[0044] A communication scheme capable of transmitting/
receiving a signal through a plurality of transmission (TX)/
reception (RX) nodes, transmitting/receiving a signal
through at least one node selected from among a plurality of
TX/RX nodes, or differentiating a node transmitting a down-
link signal from a node receiving an uplink signal is referred
to as multi-eNB MIMO or coordinated multi-point TX/RX
(CoMP). A coordinated transmission scheme of such coordi-
nated communication between nodes may be classified
largely into joint processing (JP) and scheduling coordination
(CB). The JP scheme may further be divided into joint trans-
mission (JT) and dynamic point selection (DPS) and the CB
scheme may further be divided into coordinated scheduling
(CS) and coordinated beamforming (CB). DPS may also be
called dynamic cell selection (DCS). When JP is performed
compared with other communication schemes among coor-
dination communication schemes between nodes, a wider
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variety of communication environments may be formed. JT
of'the JP scheme is a communication scheme for transmitting
the same stream to a UE from a plurality of nodes. The UE
restores the stream by combining signals received from the
plural nodes. JT can improve reliability of signal transmission
using transmit diversity because the same stream is transmit-
ted by plural nodes. DPS of the JP scheme is a communication
scheme for transmitting/receiving a signal through one node
selected according to a specific rule from among a plurality of
nodes. In DPS, since a node having a good channel state with
a UE will typically be selected as a communication node,
reliability of signal transmission can be improved.

[0045] Meanwhile, in the present invention, a cell refers to
a prescribed geographical area to which one or more nodes
provide a communication service. Accordingly, in the present
invention, communicating with a specific cell may mean
communicating with an eNB or a node which provides a
communication service to the specific cell. In addition, a
downlink/uplink signal of a specific cell refers to a downlink/
uplink signal from/to an eNB or a node which provides a
communication service to the specific cell. Furthermore,
channel status/quality of a specific cell refers to channel sta-
tus/quality of a channel or communication link formed
between an eNB or node which provides a communication
service to the specific cell and a UE. In a 3GPP LTE-A based
system, the UE may measure a downlink channel state from a
specific node using a channel state information-reference
signal(s) (CSI-RS(s)) transmitted on a CSI-RS resource allo-
cated to the specific node by an antenna port(s) of the specific
node. Generally, neighboring nodes transmit corresponding
CSI-RSs on orthogonal CSI-RS resources. When CSI-RS
resources are orthogonal, this mean that CSI-RS resources
have different subframe configurations and/or CSI-RS
sequences which specify subframes to which CSI-RSs are
allocated according to CSI-RS resource configurations, sub-
frame offsets and transmission periods, etc. which specify
symbols and subcarriers carrying the CSI RSs.

[0046] Inthe presentinvention, a physical downlink control
channel (PDCCH), a physical control format indicator chan-
nel (PCFICH), a physical hybrid automatic retransmit request
indicator channel (PHICH), and a physical downlink shared
channel (PDSCH) refer to a set of time-frequency resources
or Resource Elements (REs) carrying downlink control infor-
mation (DCI), a set of time-frequency resources or REs car-
rying a control format indicator (CFI), a set of time-frequency
resources or REs carrying downlink acknowledgement
(ACK)/negative ACK (NACK), and a set of time-frequency
resources or REs carrying downlink data, respectively. In
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information (UCI) and a set of time-frequency resources or
REs uplink data, respectively. In the present invention, in
particular, a time-frequency resource or RE that is assigned to
or belongs to PDCCH/PCFICH/PHICH/PDSCH/PUCCH/
PUSCH/PRACH is referred to as PDCCH/PCFICH/PHICH/
PDSCH/PUCCH/PUSCH/PRACH RE or PDCCH/PCFICH/
PHICH/PDSCH/PUCCH/PUSCH/PRACH time-frequency
resource, respectively. Therefore, in the present invention,
PUCCH/PUSCH transmission of a UE is conceptually iden-
tical to UCl/uplink data/random access signal transmission
on PUSCH/PUCCH, respectively. In addition, PDCCH/PC-
FICH/PHICH/PDSCH transmission of an eNB is conceptu-
ally identical to downlink data/DCI transmission on PDCCH/
PCFICH/PHICH/PDSCH, respectively.

[0047] FIG. 1 illustrates the structure of a radio frame used
in a wireless communication system. Specifically, FIG. 1(a)
illustrates an exemplary structure of a radio frame which can
be used in frequency division multiplexing (FDD) in 3GPP
LTE/LTE-A and FIG. 1(4) illustrates an exemplary structure
of a radio frame which can be used in time division multi-
plexing (TDD) in 3GPP LTE/LTE-A.

[0048] Referringto FIG. 1, a 3GPP LTE(-A) radio frame is
10ms (307,200T),) in duration. The radio frame is divided into
10 subframes of equal size. Subframe numbers may be
assigned to the 10 subframes within one radio frame, respec-
tively. Here, T, denotes sampling time where T ,=1/(2048%15
kHz). Each subframe is 1 ms long and further divided into two
slots. 20 slots are sequentially numbered from 0 to 19 in one
radio frame. Duration of each slotis 0.5 ms. A time interval in
which one subframe is transmitted is defined as a transmis-
siontime interval (TTI). Time resources may be distinguished
by a radio frame number (or radio frame index), a subframe
number (or subframe index), a slot number (or slot index),
and the like.

[0049] A radio frame may have different configurations
according to duplex modes. In FDD mode for example, since
downlink (DL) transmission and uplink (UL) transmission
are discriminated according to frequency, a radio frame for a
specific frequency band operating on a carrier frequency
includes either DL subframes or UL subframes. In TDD
mode, since DL transmission and UL transmission are dis-
criminated according to time, a radio frame for a specific
frequency band operating on a carrier frequency includes
both DL subframes and UL subframes.

[0050] Table 1 shows an exemplary UL-DL configuration
within a radio frame in TDD mode.

TABLE 1

DL-UL

configuration switch-point periodicity

Downlink-to-Uplink Subframe number

=3
—
S}
w
N
w
=N
-~
0
o

[NV R NS

5 ms D § U U U D s U U U
5 ms D § U U D D s U U D
5 ms D 8§ U D D D S U D D
10 ms D § U U U D D D D D
10 ms D § U U D D D D D D
10 ms D 8§ U D D D D D D D
5 ms D § U U U D s U U D

addition, a physical uplink control channel (PUCCH) and a
physical uplink shared channel (PUSCH) refer to a set of
time-frequency resources or REs carrying uplink control

[0051] In Table 1, D denotes a DL subframe, U denotes a
UL subframe, and S denotes a special subframe. The special
subframe includes three fields, i.e. downlink pilot time slot
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(DWPTS), guard period (GP), and uplink pilot time slot
(UpPTS). DwPTS is a time slot reserved for DL transmission
and UpPTS is a time slot reserved for UL transmission. Table
2 shows an example of the special subframe configuration.

TABLE 2

Aug. 7,2014

subcarrier is referred to a resource element (RE) or tone.
Accordingly, one RB includes N°#/“*_ #N*# REs. Each
RE within a resource grid may be uniquely defined by an
index pair (k, 1) within one slot. k is an index ranging from 0

Normal cyclic prefix in downlink

Extended cyclic prefix in downlink

UpPTS UpPTS
Normal Extended Normal Extended
Special subframe cyclic prefix  cyclic prefix cyclic prefix  cyclic prefix
configuration DwPTS in uplink in uplink DwPTS in uplink in uplink
0 6592-T, 2192-T,  2560-T,  7680-T, 2192-T,  2560-T,
1 19760 - T, 20480 - T,
2 21952 - T, 23040 - T,
3 24144 - T, 25600 - T,
4 26336 T, 7680-T, 4384-T,  5120-T,
5 6592-T, 4384-T,  5120-T, 20480-T,
6 19760 - T, 23040 - T,
7 21952 - T, — — —
8 24144 - T, — — —
[0052] FIG. 2illustrates the structure of a DL/UL slot struc- to NPXYE#N®F__1 in the frequency domain, and 1 is an

ture in a wireless communication system. In particular, FIG.
2 illustrates the structure of a resource grid of a 3GPP LTE(-
A) system. One resource grid is defined per antenna port.
[0053] A slot includes a plurality of orthogonal frequency
division multiplexing (OFDM) symbols in the time domain
and includes a plurality of resource blocks (RBs) in the fre-
quency domain. The OFDM symbol may refer to one symbol
duration. Referring to FIG. 2, a signal transmitted in each slot
may be expressed by a resource grid including N
ULes*NFP_ subcarriers and N2¥ ULS mp OFDM symbols.
NPL .  denotes the number of resource ‘blocks (RBs) inaDL
slot and N, denotes the number of RBs in a UL slot.
NPL, 5 and NY%, . depend on a DL transmission bandwidth
and a UL transmission bandwidth, respectively. N7X
denotes the number of OFDM symbols ina DL slot, NULSym ’
denotes the number of OFDM symbols in a UL slot, and
N?Z__denotes the number of subcarriers configuring one RB.
[0054] An OFDM symbol may be referred to as an OFDM
symbol, an SC-FDM symbol, etc. according to multiple
access schemes. The number of OFDM symbols included in
one slot may be varied according to channel bandwidths and
CP lengths. For example, in a normal cyclic prefix (CP) case,
one slot includes 7 OFDM symbols. In an extended CP case,
one slot includes 6 OFDM symbols. Although one slot of a
subframe including 7 OFDM symbols is shown in FIG. 2 for
convenience of description, embodiments of the present
invention are similarly applicable to subframes having a dif-
ferent number of OFDM symbols. Referring to FIG. 2, each
OFDM symbol includes N?Z'%%, #N®Z__subcarriers in the
frequency domain. The type of the subcarrier may be divided
into a data subcarrier for data transmission, a reference signal
(RS) subcarrier for RS transmission, and a null subcarrier for
a guard band and a DC component. The null subcarrier for the
DC component is unused and is mapped to a carrier frequency
f, in a process of generating an OFDM signal or in a fre-
quency up-conversion process. The carrier frequency is also
called a center frequency.

[0055] One RB is defined as NDL/ULSymb (e.g. 7) consecu-
tive OFDM symbols in the time domain and as N*%__ (e.g. 12)
consecutive subcarriers in the frequency domain. For refer-
ence, a resource composed of one OFDM symbol and one

symb

index ranging from 0 to N®*“* 11 in the time domain.

[0056] In one subframe, two RBs each located in two slots
of the subframe while occupying the same N*%__ consecutive
subcarriers are referred to as a physical resource block (PRB)
pair. Two RBs configuring a PRB pair have the same PRB
number (or the same PRB index).

[0057] FIG. 3 illustrates the structure of a DL subframe
used in a 3GPP LTE(-A) system.

[0058] A DL subframe is divided into a control region and
a data region in a time domain. Referring to FIG. 3, a maxi-
mum of 3 (or 4) OFDM symbols located in a front part of a
first slot of a subframe correspond to the control region.
Hereinafter, a resource region for PDCCH transmission in a
DL subframe is referred to as a PDCCH region. OFDM sym-
bols other than the OFDM symbol(s) used in the control
region correspond to the data region to which a physical
downlink shared channel (PDSCH) is allocated. Hereinafter,
a resource region available for PDSCH transmission in the
DL subframe is referred to as a PDSCH region. Examples of
a DL control channel used in 3GPP LTE include a physical
control format indicator channel (PCFICH), a physical down-
link control channel (PDCCH), a physical hybrid ARQ indi-
cator channel (PHICH), etc. The PCFICH is transmitted in the
first OFDM symbol of a subframe and carries information
about the number of OFDM symbols available for transmis-
sion of a control channel within a subframe. The PHICH
carries a HARQ (Hybrid Automatic Repeat Request) ACK/
NACK (acknowledgment/negative-acknowledgment) signal
as a response to UL transmission.

[0059] The control information transmitted through the
PDCCH will be referred to as downlink control information
(DCI). The DCI includes resource allocation information for
a UE or UE group and other control information. For
example, the DCI includes transport format and resource
allocation information of a downlink shared channel (DL-
SCH), transport format and resource allocation information
of an uplink shared channel (UL-SCH), paging information
on a paging channel (PCH), system information on the DL-
SCH, resource allocation information of upper layer control
message such as random access response transmitted on the
PDSCH, a set of transmit power control commands of indi-
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vidual UEs within a UE group, transmit power control infor-
mation, and activity information of voice over Internet pro-
tocol (VoIP). The size and usage of the DCI carried by one
PDCCH are varied depending on DCI formats. The size of the
DCI may be varied depending on a coding rate. In the current
3GPP LTE system, various formats are defined, wherein for-
mat 0 is defined for UL, and formats 1, 1A, 1B, 1C, 1D, 2, 2A,
3, and 3A are defined for DL. Combination selected from
control information such as a hopping flag, RB allocation,
modulation coding scheme (MCS), redundancy version
(RV), new data indicator (NDI), transmit power control
(TPC), cyclic shift, cyclic shift demodulation reference signal
(DMRS), UL index, channel quality information (CQI)
request, DL assignment index, HARQ process number, trans-
mitted precoding matrix indicator (TPMI), precoding matrix
indicator (PMI) information is transmitted to the UE as the
DCI. Table 3 illustrates an example of the DCI format.

TABLE 3

DCI

format  Description

0 Resource grants for the PUSCH transmissions (uplink)

1 Resource assignments for single codeword PDSCH
transmissions

1A Compact signaling of resource assignments for single codeword
PDSCH

1B Compact resource assignments for PDSCH using rank-1 closed
loop precoding

1C Very compact resource assignments for PDSCH
(e.g. paging/broadcast system information)

1D Compact resource assignments for PDSCH using multi-user
MIMO

2 Resource assignments for PDSCH for closed-loop MIMO
operation

2A Resource assignments for PDSCH for open-loop MIMO
operation

3/3A Power control commands for PUCCH and PUSCH with 2-bit/
1-bit power adjustments

4 Scheduling of PUSCH in one UL Component Carrier with
multi-antenna port transmission mode

[0060] Generally, a DCI format capable of being transmit-
ted to the UE differs according to transmission mode (TM)
configured for the UE. In other words, for the UE configured
as a specific TM, all DCI formats cannot be used and only
predetermined DCI format(s) corresponding to the specific
TM can be used.

[0061] A PDCCH is transmitted on one control channel
element (CCE) or an aggregate of a plurality of consecutive
CCEs. The CCE is a logical allocation unit used to provide a
coding rate to a PDCCH based on a radio channel state. The
CCE corresponds to a plurality of resource element groups
(REGs). For example, one CCE corresponds to 9 REGs and
one REG corresponds to 4 REs. In a 3GPP LTE system, a
CCE set in which a PDCCH can be located for each UE is
defined. A CCE set in which the UE can detect a PDCCH
thereof'is referred to as a PDCCH search space or simply as a
search space (SS). An individual resource on which the
PDCCH can be transmitted in the SS is called a PDCCH
candidate. A set of PDCCH candidates that the UE is to
monitor is defined as the SS. In the 3GPP LTE/LTE-A system,
SSs for respective PDCCH formats may have different sizes
and a dedicated SS and a common SS are defined. The dedi-
cated SS is a UE-specific SS and is configured for each
individual UE. The common SS is configured for a plurality
of UEs. Table 4 shows aggregation levels for defining SSs.

Aug. 7,2014
TABLE 4
Search Space
Size Number of
Type Aggregation level L [in CCEs] PDCCH candidates M
UE-specific 1 6 6
2 12 6
4 8 2
8 16 2
Common 4 16 4
8 16 2
[0062] One PDCCH candidate corresponds to 1, 2, 4, or 8

CCEs according to CCE aggregation levels. An eNB trans-
mits an actual PDCCH (DCI) on a PDCCH candidate in an SS
and a UE monitors the SS to detect the PDCCH (DCI). Here,
monitoring refers to attempting to decode each PDCCH inthe
corresponding SS according to all monitored DCI formats.
The UE may detect a PDCCH thereof by monitoring a plu-
rality of PDCCHs. Basically, the UE does not know the loca-
tion at which a PDCCH thereof is transmitted. Therefore, the
UE attempts to decode all PDCCHs of'the corresponding DCI
format for each subframe until a PDCCH having an ID
thereof is detected and this process is referred to as blind
detection (or blind decoding (BD)).

[0063] Meanwhile, in order to reduce BD overhead, fewer
DCI formats in number than types of control information
transmitted using the PDCCH are defined. A DCI format
includes a plurality of different information fields. According
to DCI format, types of information fields, the number of
information fields, and the number of bits of each information
field are different. In addition, the size of control information
which matches the DCI format varies according to DCI for-
mat. An arbitrary DCI format may be used to transmit control
information of two types or more.

[0064] Table 5 illustrates an example of control information
transmitted in accordance with a DCI format 0. In Table 5, a
bit size of each information field is only exemplary, and is not
limited as follows.

TABLE 5

Information Field bit(s)

(1) Flag for format O/format 1A 1
differentiation

(2) Hopping flag

(3) Resource block assignment and
hopping resource allocation

1
ceil{log,(NY g s(NY o + 1)/2)}

(4) Modulation and coding scheme and 5
redundancy version
(5) New data indicator 1
(6) TPC command for scheduled 2
PUSCH
(7) Cyeclic shift for DMRS 3
(8) UL index (TDD) 2
(9) CQI request 1
[0065] The flag field is an information field for identifying

format O from format 1A. In other words, the DCI formats O
and 1A have the same payload size and are identified from
each other by the flag field. A bit size of the resource block
assignment and hopping resource allocation field may be
varied depending on hopping PUSCH or non-hopping
PUSCH. The resource block assignment and hopping
resource allocation field for the non-hopping PUSCH pro-
vides ceil {logo,(NPoa(NPo-+1)/2)} bit(s) for resource
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allocation of the first slot within the UL subframe, wherein
N5 is the number of resource blocks included in the UL
slot and is dependent on a UL transmission bandwidth set in
the cell. Accordingly, the payload size of the DCI format 0
may be varied depending on the UL bandwidth. The DCI
format 1A includes an information field for PDSCH alloca-
tion, and the payload size of the DCI format 1 A may be varied
depending on the DL bandwidth. The DCI format 1A pro-
vides a reference information bit size for the DCI format 0.
Accordingly, if the number of information bits of the DCI
format 0 is smaller than the number of information bits of the
DCI format 1A, 0’ is added to the DCI format O until the
payload size ofthe DCI format O is the same as that of the DCI
format 1A. The added “0’is filled in a padding field of the DCI
format.

[0066] Inthe meantime, in order to maintain operation load
based on blind decoding at a certain level or less, not all the
DCI formats are searched at the same time. For example, the
UE is configured semi-statically by upper layer signaling to
receive PDSCH data signaled through the PDCCH in accor-
dance with one of transmission modes 1 to 9. Table 6 illus-
trates a transmission mode for configuring multi-antenna
technology and a DCI format where the UE performs blind
decoding in accordance with the corresponding transmission
mode.

Aug. 7,2014

[0067] In particular, Table 6 illustrates a relation between
PDSCH and PDCCH configured by C-RNTI. The UE con-
figured to decode the PDCCH with CRC scrambled in
C-RNTI by an upper layer decodes the PDCCH and also
decodes the corresponding PDSCH in accordance with each
combination defined in Table 6. For example, if the UE is
configured in a transmission mode 1 by upper layer signaling,
the UE acquires DCI by respectively decoding the PDCCH
through the DCI format 1A and 1.

[0068] Transmission and reception of the PDCCH will be
described in more detail. The eNB generates control infor-
mation in accordance with the DCI format. The eNB may
select one of a plurality of DCI formats (DCI formats 1, 2, . .
., N) in accordance with control information to be transmitted
to the UE. The eNB attaches cyclic redundancy check (CRC)
for error detection to the control information generated in
accordance with each DCI format. The CRC is masked with
an identifier (for example, radio network temporary identifier
(RNTI)) depending on owner or usage of the PDCCH. In
other words, the PDCCH is CRC scrambled with the identi-
fier (for example, RNTI). If the C-RNTT is used, the PDCCH
carries the control information for the corresponding specific
UE. If the other RNTT (for example, P-RNTI, SI-RNTI, RA-
RNTTI) is used, the PDCCH carries common control informa-
tion received by all the UEs within the cell. The eNB gener-

TABLE 6

Transmission
mode

DCI format

Search Space

Transmission scheme of PDSCH
corresponding to PDCCH

Mode 1 DCI format 1A Common and Single-antenna port, port 0
UE specific by C-RNTI
DCI format 1 UE specific by C-RNTI  Single-antenna port, port 0
Mode 2 DCI format 1A Common and Transmit diversity
UE specific by C-RNTI
DCI format 1 UE specific by C-RNTI ~ Transmit diversity
Mode 3 DCI format 1A Common and Transmit diversity
UE specific by C-RNTI
DCI format 2A  UE specific by C-RNTI ~ Large delay CDD or Transmit
diversity
Mode 4 DCI format 1A Common and Transmit diversity
UE specific by C-RNTI
DCI format2  UE specific by C-RNTI ~ Closed-loop spatial multiplexing
or Transmit diversity
Mode 5 DCI format 1A Common and Transmit diversity
UE specific by C-RNTI
DCI format 1D UE specific by C-RNTI ~ Multi-user MIMO
Mode 6 DCI format 1A Common and Transmit diversity
UE specific by C-RNTI
DCI format 1B UE specific by C-RNTI  Closed-loop spatial multiplexing
using a single transmission layer
Mode 7 DCI format 1A Common and If the number of PBCH antenna
UE specific by C-RNTI  ports is one, Single-antenna port,
port O is used, otherwise Transmit
diversity
DCI format 1~ UE specific by C-RNTI  Single-antenna port, port 5
Mode 8 DCI format 1A Common and If the number of PBCH antenna
UE specific by C-RNTI  ports is one, Single-antenna port,
port O is used, otherwise Transmit
diversity
DCI format 2B UE specific by C-RNTI  Dual layer transmission, port 7
and 8 or single-antenna port, port
Tor8
Mode 9 DCI format 1A Common and Non-MBSFN subframe: If the

DCI format 2C

UE specific by C-RNTI

UE specific by C-RNTI

number of PBCH antenna ports is
one, Single-antenna port, port 0 is
used, otherwise Transmit diversity.
MBSEFEN subframe: Single-antenna
port, port 7

Up to 8 layer transmission, ports
7-14
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ates coded data by performing channel coding for CRC added
control information. The eNB performs rate matching based
onthe CCE aggregation level allocated to the DCI format, and
generates modulation symbols by modulating the coded data.
The modulation symbols constituting one PDCCH may have
a CCE aggregation level of one of 1, 2, 4, and 8. The modu-
lation symbols are mapped into physical resource elements
(CCE to RE mapping). The UE performs demapping of
physical resource elements into CCEs (CCE to RE demap-
ping). Since the UE does not know what CCE aggregation
level should be used to receive the PDCCH, the UE performs
demodulation for each CCE aggregation level. The UE per-
forms rate dematching for the demodulated data. Since the
UE does not know what DCI format (or DCI payload size) of
control information should be received therein, the UE per-
forms rate dematching for each of DCI formats (or DCI
payload size) of a corresponding transmission mode. The UE
performs channel decoding for the rate dematched data in
accordance with a code rate, and detects whether an error has
occurred, by checking CRC. If an error has not occurred, the
UE may be determined that the UE will detect its PDCCH. If
the error has occurred, the UE continues to perform blind
decoding for the other CCE aggregation level or the other DCI
format (or DCI payload size). The UE that has detected its
PDCCH removes CRC from the decoded data and acquires
control information.

[0069] The eNB may transmit data to a UE or UE group in
the data region. Data transmitted in the data region is referred
to as user data. A PDSCH may be allocated to the data region
for user data transmission. The PCH and the DL-SCH are
transmitted on the PDSCH. A UE may decode control infor-
mation received on a PDCCH and thus read data received on
the PDSCH. The size and usage of DCI transmitted on one
PDCCH may vary according to DCI format and the size of the
DCI may vary according to coding rate. Information indicat-
ing to which UE or UE group PDSCH data is transmitted and
information indicating how the UE or UE group should
receive and decode the PDSCH data are transmitted on the
PDCCH. For example, it is assumed that a specific PDCCH is
CRC-masked with a radio network temporary identity
(RNTI) ‘A’ and information about data transmitted using a
radio resource ‘B’ (e.g. frequency location) and using trans-
port format information ‘C’ (e.g. transmission block size,
modulation scheme, coding information, etc.) is transmitted
in a specific DL subframe. Then, the UE monitors the
PDCCH using RNTI information thereof. The UE having the
RNTI ‘A’ receives the PDCCH and receives the PDSCH indi-
cated by ‘B’ and ‘C’ through information of the received
PDCCH.

[0070] FIG. 4 illustrates the structure of a UL subframe
used in a 3GPP LTE(-A) system.

[0071] Referring to FIG. 4, a UL subframe may be divided
into a data region and a control region in the frequency
domain. One or several PUCCHs may be allocated to the
control region to deliver UCI. One or several PUSCHs may be
allocated to the data region of the UE subframe to deliver user
data. The control region and the data region in the UL sub-
frame may also be referred to as a PUCCH region and a
PUSCH region, respectively. A sounding reference signal
(SRS) may be allocated to the data region. The SRS is trans-
mitted on the last OFDM symbol of the UL subframe in the
time domain and is transmitted in a data transmission band,
that is, a data region, of the UL subframe in the frequency
domain. SRSs of several UEs, which are transmitted/received
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on the last OFDM symbol of the same subframe, can be
distinguished according to a frequency location/sequence.

[0072] The DMRS or SRS, associated with PUSCH trans-
mission or PUCCH transmission, is defined by a cyclic shift
of a base sequence according to a predetermined rule. For
example, an RS sequence r(“)u,v(n) may be defined as ¢'“r,,,
W(n) (0=n=M®°_ ). Here, M®S__ (=mN*®%_) is the length of the
RS sequence and 1sm=N"*"YE,  N7*>UL . an integer
multiple of N*2__ denotes the maximum configuration of a
UL bandwidth. A plurality of RS sequences may be defined
from one base sequence through different cyclic shift values
a. A plurality of base sequences is defined for the DMRS and
SRS. For example, the base sequences may be defined using
a root Zadoff-Chu sequence. The base sequences r, ,(n) are
divided into base sequence groups, each of which includes
one or more base sequences. For example, each base
sequence group may include one base sequence (v=0) having
a length of M®®_=mN?*#_(1<m<5) and two base sequences
each having a length of M®*, =mN*?_(6=sm=N**_).Inr,,,
(n), ve{0, 1, ..., 29} is a group number (i.e. a group index)
and v denotes a base sequence number (i.e. a base sequence
index) in the corresponding group. Each base sequence group
number and a base sequence number in the corresponding
group may vary with time. A sequence group number u in a
slot n; is defined by a group hopping pattern and a sequence
shift pattern. A plurality of different hopping patterns and a
plurality of different sequence shift patterns are present.
Although a PUCCH and a PUSCH have the same hopping
pattern, they may have different sequence shift patterns. The
group hopping pattern may be cell-specifically configured
using a pseudo-random sequence generator using a cell ID
N<¢” . The pseudo-random sequence for the group hopping
pattern is initialized to a specific initial value (e.g. c,,,,~tloor
(N, /30)) at the start of each radio frame. The sequence
shift pattern f7Y““#__for the PUCCH may be given based on
acell ID (e.g. ¥ UCCH =N<¢’ . mod 30) and the sequence
shift pattern F775 for the PUSCH may be given using a
value A conﬁgured by higher layers (e.g. fFY°¥ =
Y _+A ) mod 30) where A_e{0,1,...,29}).

[0073] For example, a PUSCH DMRS sequence r' ., o
(m-M®™__+n) associated with a layer Ae{0, 1, ..., v-1} may
be defined as w™(m)+*_ (n). Here, m=0, 1, n=0, .
M*S_-1, and M®®_=M PPUSCH M USCH .lsa bandw1dth
scheduled for UL transmission and denotes the number of
subcarriers. An orthogonal sequence w”(m) may be given by
the following Table 7 using a cyclic shift field in the latest
UL-related DCI for a transport block associated with corre-
sponding PUSCH transmission. A cyclic shift o_A inaslotn,
may be given as 2ntn_ ,/12. In this case, n_, , =(n'" 1, +n®
DarsaHpn(0,))mod 12 and npa{(n,) may be given using a
pseudo-random sequence c(i). c(i) may be cell-specific and a
pseudo-random sequence generator is initialized to a specific
initial value (may be cell-specific) at the start of each radio
frame. For example, c(i) may be initialized to c,,,~floor(N“*".
143027+ FFUSCH  n )  may be given by the following
Table 8 according to a cyclic shift (cyclicShift) parameter
configured by higher-layer signaling and n(z)DMRS,;\ may be
given according to the following Table 7 by a cyclic shift for
a DMRS field in the latest UL-related DCI for a transport
block associated with corresponding PUSCH transmission.

[0074] Table 7 illustrates mapping of a cyclic shift fieldin a
UL-related DCI format to n® s and [wP 0w (1)].
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(DTX), or NACK/DRX. HARQ-ACK is used inter-
changeably with HARQ ACK/NACK and ACK/NACK.

Channel state information (CSI): CSl is feedback
information for a DL channel. MIMO-related feedback
information includes a rank indicator (RI) and a precod-
ing matrix indicator (PMI).

The amount of UCI that can be transmitted by a UE
in a subframe depends on the number of SC-FDMA symbols
available for control information transmission. SC-FDMA
symbols available for UCI correspond to SC-FDMA symbols
other than SC-FDMA symbols used for reference signal

9
TABLE 7
Cyclic Shift Field
in uplink-related Dpases 22 [w® (0) w (1)]
DCI format[3] A=0 A=1 A=2 A=3 A=0 A=1 A=2 A=3
000 0 6 3 9 (111 [11] [1-1] [1-1]
001 6 0 9 30 [1-1 [1-1 [11] 1]
010 3 9 6 0 -1 [1-1] [11] [11]
011 4 10 7 1 Q@1 @1 [ [11]
100 2 8 511 11} 11 11 [11]
101 8 211 5 -1 [1-1 [1-11 [1-1]
110 10 4 1 7 -1 [1-1 [1-1 [1-1]
111 9 3 0 6 (111 111 [1-1] [1-1]
[0075] Table 8 illustrates mapping of a cyclic shift (cyclic-
Shift) to n'?,, /. by higher-layer signaling.
[0081]
TABLE 8
cyclicShift Npnms
0 0
1 5 [0082]

2 3

3 4

4 6

5 8

6 9

7 10

[0076] Ifa UE employs an SC-FDMA scheme in UL trans-
mission, in a 3GPP LTE release-8 or release-9 system, a
PUCCH and a PUSCH cannot be simultaneously transmitted
on one carrier in order to maintain a single carrier property. In
a 3GPP LTE release-10 system, support/non-support of
simultaneous transmission of the PUCCH and the PUSCH
may be indicated by higher layers.

[0077] Inthe UL subframe, subcarriers distant from a direct
current (DC) subcarrier are used as the control region. In other
words, subcarriers located at both ends of a UL transmission
bandwidth are allocated to transmit UCI. A DC subcarrier is
acomponent unused for signal transmission and is mapped to
a carrier frequency 1, in a frequency up-conversion process. A
PUCCH for one UE is allocated to an RB pair belonging to
resources operating on one carrier frequency and RBs
belonging to the RB pair occupy different subcarriers in two
slots. The PUCCH allocated in this way is expressed by
frequency hopping of the RB pair allocated to the PUCCH
over a slot boundary. If frequency hopping is not applied, the
RB pair occupies the same subcarrier.

[0078] The PUCCH may be used to transmit the following
control information.

[0079] Scheduling request (SR): SR is information used
to request a UL-SCH resource and is transmitted using
an on-off keying (OOK) scheme.

[0080] HARQ-ACK: HARQ-ACK is a response to a
PDCCH and/or a response to a DL data packet (e.g. a
codeword) on a PDSCH. HARQ-ACK indicates
whether the PDCCH or PDSCH has been successfully
received. 1-bit HARQ-ACK is transmitted in response to
a single DL codeword and 2-bit HARQ-ACK is trans-
mitted in response to two DL codewords. A HARQ-
ACK response includes a positive ACK (simply, ACK),
negative ACK (NACK), discontinuous transmission

transmission in a subframe. In the case of a subframe in which
an SRS is configured, the last SC-FDMA symbol in the sub-
frame is excluded from the SC-FDMA symbols available for
UCI. A reference signal is used for coherent PUCCH detec-
tion. A PUCCH supports various formats according to trans-
mitted information.

[0083] Table 9 shows a mapping relationship between
PUCCH formats and UCI in an LTE/LTE-A system.

TABLE 9
Number of
PUCCH Modulation bits per
format  scheme subframe Usage Etc.
1 N/A N/A SR (Scheduling
(exist or Request)
absent)
la BPSK 1 ACK/NACK or One
SR + ACK/NACK  codeword
1b QPSK 2 ACK/NACK or Two
SR + ACK/NACK  codewords
2 QPSK 20 CQI/PMI/RI Joint coding
ACK/NACK
(extended
CP)
2a QPSK + BPSK 21 CQI/PMI/RI + Normal CP
ACK/NACK only
2b QPSK + QPSK 22 CQI/PMI/RI + Normal CP
ACK/NACK only
3 QPSK 48 ACK/NACK or
SR + ACK/NACK
or CQUPMI/RI +
ACK/NACK
[0084] Referring to Table 3, PUCCH format 1 series are

mainly used to transmit ACK/NACK information, PUCCH
format 2 series are mainly used to carry channel state infor-
mation (CSI) such as channel quality indicator (CQI)/precod-
ing matrix indicator (PMI)/rank indicator (RI), and PUCCH
format 3 series and PUCCH format 3 series are mainly used to
transmit ACK/NACK information.
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[0085] A UE is assigned PUCCH resources for UCI trans-
mission by an eNB through higher-layer signaling, dynamic
control signaling, or an implicit scheme. Physical resources
used for PUCCHs depend on two parameters, N, and
N, givenby higher layers. The parameter N .. which is
equal to or greater than 0 (N®,=0), indicates available
bandwidth for PUCCH format 2/2a/2b transmission at each
slot and is expressed as an integer multiple of N®Z,.. The
parameter N* ¢ indicates the number of cyclic shifts used
for PUCCH format 1/1a/1b in an RB used for a mixture of
format 1/1a/1b and format 2/2a/2b. A value of N is an
integer multiple of A”Y“¥, _ withinarangeof{0,1,...,7}.
APUCH | 4+ 1s provided by higher layers. If NV is 0, no
mixed RBs are present. At each slot, at most one RB supports
a mixture of PUCCH format 1/1a/1b and PUCCH format
2/2a/2b. Resources used for transmission of PUCCH format
1/1a/1b, PUCCH format 2/2a/2b, and PUCCH format 3 by
antenna port p are expressed by n#’,, .. n®?, <N
(2)RBNRBSC+Cei1(N(1)05/8).(NRBSC_N(1)CS_2)S and n(z,p)PUCCHS
respectively, which are indexes of non-negative integer
indexes.

[0086] More specifically, an orthogonal sequence and/or a
cyclic shift to be applied to UCI are determined from PUCCH
resource indexes according to a specific rule predefined for
each PUCCH format, and resource indexes of two RBs in a
subframe, to which a PUCCH is to be mapped, are provided.
For example, a PRB for PUCCH transmission in a slot n, is
given as follows.

if (m + ngmod2)mod2 =0 [Equation 1]

5]

npRe = m
NYE—1- [EJ if (m +n,mod2)mod? = 1

[0087] In Equation 1, m depends on a PUCCH format and
is given as Equation 2, Equation 3, and Equation 4 for
PUCCH format 1/1a/1b, PUCCH format 2/2a/2b, and
PUCCH format 3, respectively.

(1,p)

(2) .
Nig if rpjicen

(1,5) (1) ; APUCCH
npgicen — € Nes /Axhifr

RB / APUCCH
c-NB/ Axhifr

m=

.

[0088] In Equation 2, n‘“” .., denotes a PUCCH
resource index of an antenna port p for PUCCH format 1/1a/
1b. In the case of an ACK/NACK PUCCH, ", ,ccp is a
value implicitly determined by the first CCE index of a
PDCCH carrying scheduling information of a corresponding
PDSCH.

+NZ+

N
[ gx} otherwise

3 normal cyclic prefix

2 extended cyclic prefix

m=|nppecaTPNE] [Equation 3]
[0089] where n'®,,, ., denotes a PUCCH resource index
of'an antenna port p for PUCCH format 2/2a/2b and is a value
transmitted to a UE from an eNB through higher-layer sig-
naling.

_ 35 PUCCH .
m=|nppcca /N, SF,0 ] [Equation 4]

(1) / \PUCCH
<c Ng' [ Agap
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[0090] n® ., s denotes a PUCCH resource index of an
antenna port p for PUCCH format 3 and is a value transmitted
to a UE from an eNB through higher-layer signaling.
NPUCCH indicates a spreading factor for the first slot of a
subframe. For all of two slots of a subframe using normal
PUCCH format 3, N°V<<# sr,018 5. For first and second slots
of a subframe using a reduced PUCCH format 3, N*Z<<#

. N SF,0
is 5 and 4, respectively.

[0091] FIG. 5 illustrates logical arrangement of PUCCH
resources used in one cell.

[0092] PUCCH resources are configured based on acell ID.
A UE acquires an ID of a cell accessed thereby and configures
PUCCH resources for PUCCH transmission in the cell, that
is, PUCCH transmission to a node ofthe cell, based on the cell
ID. The PUCCH resources configured based on one cell ID
include PUCCH resources for transmission of CSI, PUCCH
resources for transmission of semi-persistent scheduling
(SPS) ACK/NACK and SR, and PUCCH resources for trans-
mission of dynamic ACK/NACK (i.e. dynamically allocated
PUCCH resources linked with a PDCCH). In a 3GPP LTE/
LTE-A system, PUCCH resources for transmission of CSI,
SPS ACK/NACK, SR, etc. are semi-statically reserved
explicitly for the UE by a higher-layer signal. Hereinafter, for
ACK/NACK transmission, a PUCCH resource dynamically
determined in association with a PDCCH is especially
referred to as a dynamic PUCCH resource or an implicit
PUCCH resource, and a PUCCH resource explicitly config-
ured by a higher-layer signal is referred to as a semi-static
PUCCH resource or an explicit PUCCH resource. In addi-
tion, a PUCCH resource for CSI transmission is referred to as
a CSIPUCCH resource or a CSIresource, a PUCCH resource
for SPS ACK/NACK transmission is referred to as an SPS
ACK/NACK PUCCH resource or an SPS ACK/NACK
resource, a PUCCH resource for SR transmission is referred
to as an SR PUCCH resource or an SR resource, and a
PUCCH resource for ACK/NACK transmission associated
with a PDCCH is referred to as an ACK/NACK PUCCH
resource or an ACK/NACK resource.

[Equation 2]

[0093] Referring to FIG. 5, PUCCH resources based on one
cell ID are arranged in order of CSI PUCCH resources, SPS
ACK/NACK and SR PUCCH resources, and dynamic ACK/
NACK PUCCH resources in the direction of a DC subcarrier
(i.e. a subcarrier mapped to f, in a frequency up-conversion
procedure) from subcarriers distant from the DC subcarrier.
In other words, semi-statically configured PUCCH resources
through higher-layer signaling are located at an outer side of
UL transmission bandwidth and dynamically configured
ACK/NACK PUCCH resources are located nearer a center
frequency than the semi-statically configured PUCCH
resources. In this case, as a PUCCH resource approaches the
center frequency, a PUCCH resource index increases.
Namely, the index of a PUCCH resource allocated to a PRB
near the center frequency is larger than the index of a PUCCH
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resource allocated to a PRB distant from the center frequency.
A plurality of PUCCH resources in the same PRB is indexed
based on an orthogonal sequence and/or a cyclic shift.
[0094] Referring to Equation 2, PUCCH resources for
ACK/NACK are not pre-allocated to each UE and a plurality
of UEs in a cell dividedly uses a plurality of PUCCH
resources at each time point. Specifically, PUCCH resources
used by the UE to carry ACK/NACK are dynamically deter-
mined based on a PDCCH carrying scheduling information
for a PDSCH carrying corresponding DL data. An entire
region in which the PDCCH is transmitted in each DL sub-
frame includes a plurality of CCEs and the PDCCH transmit-
ted to the UE is composed of one or more CCEs. The UE
transmits ACK/NACK through a PUCCH resource linked to
a specific CCE (e.g. first CCE) among the CCEs constituting
the PDCCH received thereby.

[0095] Ineach UE, an ACK/NACK signal is transmitted on
different resources including different CSs (frequency
domain codes) of a computer-generated constant amplitude
zero autocorrelation (CG-CAZAC) sequence and OCs (time
domain spread codes). An OC includes, for example, a Walsh/
discrete Fourier transform (DFT) OC. An orthogonal
sequence (e.g. [W,, Wy, W,, W5]|) may be applied in either an
arbitrary time domain (after fast Fourier transform (FFT)
modulation) or an arbitrary frequency domain (before FFT
modulation). If the number of CSs is 6 and the number of OCs
is 3, atotal of 18 UEs may be multiplexed in the same physical
resource block (PRB) based on a single antenna port. In other
words, PUCCH resources used for transmission of an ACK/
NACK signal may be distinguished by an OCC, a CS (or a
CAZAC CS (CCS)), and a PRB. If any one of the OCC, CS,
and PRB of PUCCH resources differs, the PUCCH resources
may be different resources.

[0096] FIG. 6 illustrates an example of determining a
dynamic PUCCH resource in a 3GPP LTE/LTE-A system.
[0097] Referring to FIG. 6, each PUCCH resource index
corresponds to a dynamic PUCCH resource for ACK/NACK.
According to channel state, an eNB transmits DCI (or fall-
back DCI) according to TM configured for the UE to the UE
on a PDCCH. The fallback DCI refers to DCI to be used for
communication according to another TM having lower com-
munication efficiency (hereinafter, fallback mode) than the
corresponding TM, in preparation for the case in which it is
difficult to perform communication according to TM due to a
poor channel state. Hereinafter, DCI according to TM will be
referred to as TM dependent DCI and DCI for a fallback mode
will be referred to as fallback DCI. In addition, a DCI format
defined for transmission of the TM dependent DCI will be
referred to as a TM dependent DCI format and a DCI format
defined for transmission of the fallback DCI will be referred
to as a fallback DCI format. Referring to Table 6, for example,
DCI format 1A may correspond to the fallback DCI format.
Upon detecting the fallback DCI, the UE may switch to the
fallback mode and operate in the fallback mode. Alterna-
tively, when RRC reconfiguration should be performed, the
UE may switch to the fallback mode and operate in the fall-
back mode in order to eliminate ambiguity generated while
RRC reconfiguration is performed.

[0098] Referring to FIG. 6, an eNB may transmit schedul-
ing information fora PDSCH to a UE through a PDCCH of an
aggregation level 2 (L=2) on CCEs n and n+1. The UE is
configured as a specific TM through higher-layer signaling.
Therefore, a DCI format which can be transmitted to the UE
is limited to a fallback DCI format (DCI format A in FIG. 6)
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and a TM dependent DCI format (DCI format B of FIG. 6)
according to TM configured for the UE. The UE attempts to
decode a PDCCH candidate(s) according to the aggregation
level depending on DCI format A and DCI format B in a
common S8 and/or a UE-specific SS, demodulates a PDSCH
using a detected DCI format, and transmits ACK/NACK for
the PDSCH to the eNB using a PUCCH resource linked to a
CCE of a PDCCH on which the DCI format is detected. In this
case, since DCI format A and DCI format B are transmitted on
the same CCE resources, they are linked to the same PUCCH
resource m. Accordingly, the UE transmits ACK/NACK asso-
ciated with corresponding DCI to the eNB using the PUCCH
resource m in both cases in which DCI of DCI format A is
detected and DCI of DCI format B is detected and the eNB
receives ACK/NACK associated with the corresponding DCI
from the UE using the PUCCH resource m in both cases in
which the DCI of DCI format A is transmitted and the DCI of
DCI format B is transmitted.

[0099] Specifically, in the 3GPP LTE/LTE-A system,
PUCCH resource indexes for transmission by two antenna
ports (p, and p, ) are determined as follows.

(Lr=p0)

Hpucce =nceptNpocen'™” [Equation 5]

npyece TP =ncct 1 +Npycea™ [Equation 6]

[0100] Here, n“#=*9, .. denotes a PUCCH resource
index (i.e. number) to be used by the antenna port p,, n¢'# 21
ruccy denotes a PUCCH resource index to be used by the
antenna portp,, and N, .. denotes a value signaled from
a higher layer. N, ., corresponds to a location at which
a dynamic PUCCH resource is stated among PUCCH
resources of a cell. n .. corresponds to the smallest value
among CCE indexes used for PDCCH transmission. For
example, when a CCE aggregation level is 2 or more, the first
CCE index among a plurality of CCE indexes aggregated for
PDCCH transmission is used to determine an ACK/NACK
PUCCH resource. That is, a PUCCH resource used to trans-
mit ACK/NACK for a PDCCH or a PDSCH according to the
PDCCH is determined in association witha DL CCE and this
is called a dynamic CCE-to-AN linkage.

[0101] Accordingtoa3GPP LTE/LTE-A system up to now,
all UEs serviced in a specific cell semi-statically receive
information indicating the same N’ ..., from an eNB of
the cell. In other words, according to a legacy 3GPP LTE/
LTE-A system, UEs located in a specific cell share dynamic
PUCCH resources after N, ., and the dynamic PUCCH
resources are linked to CCE indexes commonly applied to the
specific cell, respectively. If a cell in which the UE receives a
DL signal is the same as a cell in which the UE transmits a UL
signal, the UE may determine the dynamic PUCCH resources
without any problem using only a cell-specifically provided
N® ., e However, in CoMP in which a cell (DL cell) in
which the UE receives a DL signal may be different from a
cell (UL cell) in which the UE transmits a UL signal, PUCCH
resources configured per cell may differ. Hereinafter, a node
of'the DL cell will be referred to as a TX point and a node of
the UL cell will be referred to as an RX point. When the TX
point is different from the RX point, an index of a PUCCH
resource linked to a CCE of a PDCCH received in the DL cell
may become a different index in the UL cell and the PUCCH
resource may be linked to a CCE of a different PDCCH in the
UL cell. Moreover, since semi-static PUCCH resources are
independently reserved per cell, a start location of a dynamic
PUCCH resource of the DL cell may differ from a start
location of a dynamic PUCCH resource of the UL cell. In this
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case, a PUCCH resource linked to a specific CCE cannot be
determined using only one N, .. Accordingly, the
present invention provides a method for efficiently using a
PUCCH resource in a CoMP situation in which the DL cell
and UL cell may be different.

[0102] The present invention proposes configuring addi-
tional dynamic PUCCH resources separately from conven-
tional dynamic PUCCH resources. In other words, the present
invention proposes UE-specifically, UE group-specifically, or
TM-specifically configuring a set of additional dynamic
PUCCH resources separately from a set of cell-specifically
configured conventional dynamic PUCCH resources. For
example, an eNB may configure the additional dynamic
PUCCH resources by transmitting a UE-specific, UE group-
specific, or TM-specific PUCCH resource index offset value
to a UE separately from a cell-specifically provided PUCCH
resource index offset value (e.g. NV, ccr).

[0103] FIG. 7 illustrates an example of determining a
dynamic PUCCH resource according to an embodiment of
the present invention and FIG. 8 illustrates an example of
CoMP to which the present invention is applicable.

[0104] For example, the eNB may configure additional
dynamic PUCCH resources by transmitting a UE-specific,
UE group-specific, or TM-specific PUCCH resource index
offset value K to the UE, separately from a PUCCH resource
index offset value (e.g. N/, .,) cell-specifically provided
for cell 1.

[0105] The UE configured to perform CoMP attempts to
decode DCI according to each of a TM dependent DCI format
and a fallback DCI format in an associated SS, by a higher-
layer signal transmitted by the eNB. In FIG. 7 and F1G. 8, DCI
format B, which is the TM dependent DCI format, corre-
sponds to a DCI format defined for CoMP. The UE transmits
ACK/NACK for TM dependent DCI or ACK/NACK for a
PDSCH according to the TM dependent DCI to the eNB,
using a PUCCH resource linked to a CCE index (e.g. CCE n)
ofa PDCCH carrying the TM dependent DCI (DCI format B)
or fallback DCI (DCI format A). According to the present
invention, upon detecting the TM dependent DCI correspond-
ing to CoMP, the UE determines a PUCCH resource linked to
the CCE index n of the PDCCH carrying the TM dependent
DCI among dynamic PUCCH resources separately config-
ured from conventional dynamic PUCCH resources. For
example, referring to FIG. 7, upon detecting the TM depen-
dent DCI, the UE transmits corresponding ACK/NACK to the
eNB usinga PUCCH resource ‘m+K’ linked to the CCE index
n among PUCCH resources B which are a set of PUCCH
resources separately configured for CoMP. Meanwhile, when
the UE should switch to a fallback mode, the UE determines
a PUCCH resource linked to the CCE index n of the PDCCH
carrying the fallback DCI among PUCCH resources A which
are a set of the conventional dynamic PUCCH resources. For
example, the UE transmits corresponding ACK/NACK to the
eNB using a PUCCH resource m linked to the CCE index n
among the PUCCH resources B. In other words, the UE may
receive a plurality of PUCCH resource index offset values
from the eNB and determine a PUCCH resource by applying
a different offset value according to whether the fallback DCI
is detected or the TM dependent DCI is detected. Referring to
FIG. 7, the UE operating in the fallback mode determines a
dynamic PUCCH resource by configuring a PUCCH resource
index offset as N’ ., and the UE operating in the CoMP
mode determines a dynamic PUCCH resource by configuring
the PUCCH resource index offset as ‘N, +K’.
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[0106] Inthe illustrated example of FIG. 7, a value indicat-
ing a relative location based on N, .., indicating the start
location of the conventional dynamic PUCCH resource
among PUCCH resources of a corresponding cell is used as
an offset value indicating the start location of the additionally
configured dynamic PUCCH resource according to the
present invention. However, instead of the relative value
based on N, ., a value indicating an absolute start loca-
tion may be used as the offset value indicating the start loca-
tion of the additionally configured dynamic PUCCH resource
according to the present invention.

[0107] Referringto FIG. 8, the UE may transmit UCI linked
to a PDCCH to cell 1, which is the same as cell 1 in which the
PDCCH is received, using a PUCCH resource determined
according to the above-described embodiment of the present
invention.

[0108] The above-described embodiment of the present
invention may be applied not only to a DCI format for
PDSCH transmission, i.e. a DCI format for a DL grant, but
also to a DCI format for a UL grant. Referring to FIG. 8, the
UE of the present invention may transmit ACK/NACK infor-
mation about the DCI format for the DL grant to cell 1 using
a PUCCH resource determined according to the above-de-
scribed embodiment of the present invention. Notably, the UE
may transmit a PUSCH according to the DCI format for the
DL grant to cell 2 different from cell 1.

[0109] In addition to the PUCCH resource index, ACK/
NACK transmission related parameters including a PUCCH/
PUSCH DMRS sequence, power control setting, a PUCCH
payload sequence, and a hopping pattern may vary with the
detected DCI format. In other words, the eNB may configure
the ACK/NACK transmission related parameters including
the PUCCH/PUSCH DMRS sequence, power control setting,
PUCCH payload sequence, and hopping pattern as param-
eters for the TM dependent DCI format separately from
parameters for the fallback DCI format and transmit the con-
figured parameters to the UE. Upon detecting the fallback
DCI format, the UE may transmit a PUCCH by applying the
parameters for the fallback DCI and, upon detecting the TM
dependent DCI format, the UE may transmit the PUCCH by
applying the parameters for the TM dependent DCI. For
example, the eNB may separately configure DMRS
sequences, power control parameters, etc. with respect to a
DCI format (e.g. DCI format 0) for fallback PUSCH trans-
mission and a DCI format (e.g. DCI format 4) for TM depen-
dent PUSCH transmission (for MIMO transmission) and may
signal the separately configured sequences, parameters, etc.
to the UE. The UE may perform PUSCH transmission by
applying a DMRS sequence, a power control parameter, etc.
corresponding to a detected DCI format among the pre-con-
figured DMRS sequences, power control parameters, etc.
[0110] The embodiment of the present invention may be
applied to carrier aggregation. Carrier aggregation (CA) (or
bandwidth aggregation) refers to a technology that uses a
wider UL/DL bandwidth by aggregating a plurality of UL/DL
frequency blocks in order to use a wider frequency bandwidth
than a frequency bandwidth operating on one carrier. A gen-
eral wireless communication system transmits/receives data
through one DL band and through one UL band correspond-
ing to the DL band (in the case of frequency division duplex
(FDD) mode) or transmits/receives data through a UL/DL
time unit (in the case of time division duplex (TDD) mode) by
dividing a prescribed radio frame into the UL time unit and
the DL time unit in the time domain. An eNB and a UE
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transmit and receive data and/or control information sched-
uled on a prescribed time unit basis, i.e. on a subframe basis.
In this way, CA is a technology that uses a wider UL/DL
bandwidth by aggregating a plurality of UL/DL frequency
blocks in order to use a wider frequency bandwidth, whereas
a single carrier technology uses one DL band and one UL
band corresponding to the DL band for communication. The
CA technology is different from OFDM technology for per-
forming DL or UL communication by carrying a base fre-
quency band, divided into a plurality of orthogonal subcarri-
ers, on one carrier frequency, in that DL and/or UL
communication is performed using a plurality of carrier fre-
quencies. Each of plural aggregated carriers is referred to as a
component carrier (CC). CCs may be contiguous or non-
contiguous in the frequency domain and the bandwidth of
each CC may be independently determined. Asymmetrical
CA in which the number of UL CCs is different from the
number of DL, CCs may be configured. Here, a UL CC and a
DL CC may also be referred to as UL resources and DL
resources, respectively.

[0111] A 3GPP LTE-A system uses the concept of a cell to
manage radio resources. A cell is defined as a combination of
DL resources and UL resources, thatis, as a combination of a
DL CC and a UL CC. A cell may be configured with DL
resources alone or with a combination of DL resources and
UL resources. When CA is supported, a linkage between a
carrier frequency of DL resources (or DL CC) and a carrier
frequency of UL resources (or UL CC) may be indicated by
system information. For example, a combination of DL
resources and UL resources may be indicated by a system
information block type 2 (SIB2) linkage. In FDD, since a UL
operating bandwidth and a DL operating bandwidth differ,
different carrier frequencies are linked to constitute one cell
and the SIB2 linkage indicates a frequency different from a
DL CC accessed by the UE as a frequency of a UL CC. In
other words, in FDD, a DL CC constituting one cell and a UL
CC linked to the DL CC operate in different frequencies. In
TDD, since a UL operating bandwidth is the same as a DL
operating bandwidth, one carrier frequency constitutes one
cell and the SIB2 linkage indicates a frequency identical to a
DL CC accessed by the UE as a frequency of a corresponding
UL CC. In other words, in TDD, a DL CC constituting one
cell and a UL CC linked to the DL CC operate in the same
frequency. Here, the carrier frequency refers to a center fre-
quency of each cell or CC. A cell that operates on a primary
frequency may be referred to as a primary cell (PCell) or PCC
and a cell that operates on a secondary frequency (or SCC)
may be referred to as a secondary cell (SCell) or SCC. The
PCell refers to a cell used for the UE to perform an initial
connection establishment or connection re-establishment
procedure. The PCell may refer to a cell indicated during a
handover procedure. As another example, the PCell may refer
to a DL CC on which the UE acquires initial synchronization
by receiving a DL synchronization signal (SS) and a UL CC
linked to the DL CC. In DL, a carrier corresponding to the
PCell is called a DL primary CC (DL PCC) and, in UL, a
carrier corresponding to the PCell is called a UL primary CC
(UL PCC). The SCell refers to a cell that is configurable after
radio resource control (RRC) connection establishment is
performed and is usable to provide additional radio resources.
According to capabilities of the UE, the SCell may form a set
of'serving cells for the UE together with the PCell. A serving
cell may be called a serving CC. A carrier corresponding to
the SCell in DL is referred to as a DL secondary CC (DL SCC)
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and a carrier corresponding to the Scell in UL is referred to as
a UL secondary CC (UL SCC). For a UE that is in an RRC_
CONNECTED state, for which CA is not configured or CA is
not supported, only one serving cell comprised of only the
PCell is present. In contrast, for a UE in an RRC_CON-
NECTED state, for which CA is configured, one or more
serving cells may be present and all serving cells may include
one PCell and one or more SCells. For CA, a network may
configure a UE that supports CA by adding one or more
SCells to a PCell initially configured in the connection estab-
lishment procedure after an initial security activation proce-
dure is initiated. However, even if the UE supports CA, the
network may configure only the PCell for the UE, without
adding the SCells.

[0112] For reference, the term cell used in CA is different
from the term cell indicating a predetermined geographical
area to which a communication service is provided by one
eNB or one antenna group. A DL signal of a specific cell
referring to coverage of a communication service indicates a
signal that an eNB or antenna group of the specific cell trans-
mits to a UE and a UL signal of the specific cell indicates a
signal that the UE transmits to the eNB or antenna group of
the specific cell. In contrast, a DL/UL signal of a cell of CA
indicates a radio signal transmitted/received using resources
constituting the corresponding cell. To distinguish a cell indi-
cating a predetermined geographical area from a cell of CA,
embodiments of the present invention will be described here-
inbelow by referring to the cell of CA as a CC and the cell of
the geographical area as a cell.

[0113] Inthe case of communication using a single carrier,
only one serving CC is present and thus a PDCCH carrying a
UL/DL grant and a PUSCH/PDSCH corresponding to the
PDCCH are transmitted in the same CC. In other words, in the
case of FDD in a single-carrier situation, a PDCCH for a DL
grant with respect to a PDSCH to be transmitted on a specific
DL CC is transmitted on the specific CC and a PDCCH for a
UL grant with respect to a PUSCH to be transmitted on a
specific UL CC is transmitted on a DL CC linked to the
specific UL CC. In contrast, in a multi-carrier system, since a
plurality of serving cells may be configured, transmission of
the UL/DL grant on a serving cell having a good channel state
may be permitted. Thus, if a CC on which the UL/DL grant,
which is scheduling information, is carried is different from a
CC on which UL/DL transmission corresponding to the
UL/DL grant is performed, this is called cross-carrier sched-
uling (CCS). Hereinafter, a CC on which a PDCCH carrying
a UL/DL grant is transmitted will be referred to as a sched-
uling CC and a CC on which a PUSCH/PDSCH according to
the UL/DL grant is transmitted will be referred to as a sched-
uled CC. If any CC is used to transmit a PDCCH carrying
scheduling information thereof, the CC is both a scheduling
CC and a scheduled CC. A 3GPP LTE-A system may support
an aggregate of plural CCs and support a CCS operation
based on the aggregated CCs in order to improve data trans-
mission rate and perform stable control signaling. A PCC may
carry scheduling information therefor and scheduling infor-
mation for an SCC and the SCC may carry scheduling infor-
mation therefor and scheduling information for another SCC.
Notably, the SCC basically cannot carry scheduling informa-
tion for the PCC. Although a plurality of PDCCHs may be
transmitted through a scheduling CC, transmission of a
PUCCH associated with the PDCCHs is performed only on

Patent Owner Ex. 2030
Page 26 of 37



US 2014/0219202 Al

the PCC. Accordingly, a PUCCH resource associated with the
PCC and a PUCCH resource associated with the SCC are
reserved on the PCC.

[0114] If PUCCH transmission is permitted only on the
PCC, since UCI may be transmitted only on the PCC in both
CCS and non-CCS, PCC related PUCCH resources and SCC
related PUCCH resources are reserved on the PCC. For
example, in CCS, assuming that the PCC is a scheduling CC
of' an SCC(s), a PUCCH resource(s) for a PDSCH(s) trans-
mitted through the PCC according to a PDCCH transmitted
through the PCC and a PUCCH resource(s) for a PDSCH(s)
transmitted through the SCC(s) according to the PDCCH
transmitted through the PCC are implicitly reserved by CCE
indexes of the PDCCHs on the PCC. In non-CCS in which
scheduling information of a CC is transmitted only through
the corresponding CC, a PUCCH resource(s) associated with
a PDCCH(s) transmitted through the PCC are implicitly
reserved by a CCE index(es) of the PDCCH(s) and a PUCCH
resource(s) associated with a PDCCH(s) transmitted through
the SCC are reserved by explicit signaling from an eNB. For
example, the eNB semi-statically provides PUCCH resource
indexes for the SCC to the UE through higher-layer signaling
and the UE may dynamically indicate a PUCCH resource
index to be used for actual ACK/NACK transmission using a
predetermined field in a DCI format. For example, a TPC field
in the DCI format may be used as an ACK/NACK resource
indicator (ARI) indicating one of a predetermined number of
explicitly configured PUCCH resources.

[0115] Bothin CA of CCS andin CA of non-CCS, a CoMP
operation may be performed. The present invention proposes
further explicitly or implicitly reserving a PUCCH resource
for CoMP, separately from a conventional PUCCH resource
reserved for a PCC and an SCC on the PCC, when CA and
CoMP are configured together. When CoMP is performed on
a plurality of carrier aggregated CCs, the eNB may transmit
CoMP PUCCH resource location information (e.g. informa-
tion indicating a PUCCH resource start location) per CC to
the UE, so that a PUCCH resource region (also referred to as
a PUCCH resource set or a PUCCH resource group) for
CoMP per CC may be separately configured. For example,
when CoMP is applied to N CCs, the eNB may signal N
PUCCH resource index offset values to the UE. Upon detect-
ing a fallback DCI format, the UE may determine a PUCCH
resource among conventional PUCCH resources and upon
detecting TM dependent DCI, the UE may determine a
PUCCH resource to be used for UCI transmission associated
with a CC among new PUCCH resources reserved separately
for the CC based on the CoMP PUCCH resource location
information per CC.

[0116] Assuming that a fallback DCI format is referred to
as DCI format 1A, a TM dependent DCI format is referred to
as DCI format X, a DCI format detected on a PCC is referred
to as PCC DCI format, and a DCI format detected on an SCC
is referred to as SCC DCI format, in the case of CA of CCS,
a PUCCH resource may be reserved/determined on the PCC
as follows. In this case, a PCC PUCCH resource refers to a
PUCCH resource on a PCC.

[0117] PCC DCI format 1A->conventional PCC
PUCCH resource: CCE linkage

[0118] PCC DCI format X->new PCC PUCCH resource:
offset signaling and CCE linkage

[0119] SCC DCI format 1A->conventional PCC
PUCCH resource: CCE linkage
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[0120] SCC DCIformat X->new PCC PUCCH resource:
offset signaling and CCE linkage

[0121] For reference, simultaneous transmission of a
PUSCH and a PUCCH is not permitted and, upon collision of
a PUSCH transmission timing and a PUCCH transmission
timing (i.e. PUSCH transmission and PUCCH transmission
are simultaneously configured), UCI may be piggybacked on
the PUSCH and then transmitted. In other words, when the
PUSCH transmission timing and PUCCH transmission tim-
ing collide in a UE configured not to permit simultaneous
transmission of the PUSCH and the PUCCH, the UE drops
PUCCH transmission, multiplexes UL data and UCI to the
PUSCH, and transmits the multiplexed data and UCI.

[0122] In CA ofnon-CCS, a PUCCH resource for an SCC
may be explicitly configured by higher-layer (e.g. RRC) sig-
naling. However, as in the CCS, only a PUCCH resource
region for CoMP may be signaled using a PUCCH resource
index offset and an actual individual PUCCH resource may
be dynamically allocated. That is, separately from a dynamic
PUCCH resource region of a PCC, a dynamic PUCCH
resource for CoMP for an SCC may be occupied and config-
ured on the PCC. Individual mapping between a PDCCH
through an SCC and a PUCCH resource reserved on the PCC
for CoMP of the SCC may be performed based on a CCE
index of a CoMP dependent DCI format carried by the
PDCCH.

[0123] In PUCCH format 3, although PUCCH resource
allocation to a CoMP UE operating in a CoMP mode and a
normal UE operating in a non-CoMP mode may be per-
formed according to the above-described embodiment of the
present invention, PUCCH resource allocation may be per-
formed by segmenting a PUCCH resource set pre-reserved
for PUCCH format 3. For example, while the normal UE
performs transmission of PUCCH format 3 by selecting one
PUCCH resource from among PUCCH resources in a pre-
reserved PUCCH resource set, the CoMP UE may use one or
more PUCCH resources unused by the normal UE among the
PUCCH resources in the PUCCH resource set. If four
PUCCH resources are reserved for PUCCH format 3 by RRC
signaling, two of the four PUCCH resources are used for
PUCCH resources for conventional PUCCH transmission
and the other two may be used for PUCCH resources for new
transmission (e.g. CoMP). Alternatively, as another example,
aplurality of PUCCH resource sets each having four PUCCH
resources may be configured, wherein a specific set is used for
PUCCH resources for conventional transmission and the
other resource sets are used for PUCCH resources for newly
defined transmission. In this case, how to distinguish between
the plural PUCCH resource sets or which PUCCH resource
set is to actually used may be implicitly or explicitly deter-
mined according to DCI format, a CCE index, an antenna
port, an aggregation level, RRC signaling, and the like. Cur-
rently, an ARI is composed of two bits (i.e. four states) to
indicate one of four PUCCH resources. The ARI may be used
to indicate a normal PUCCH resource or a new PUCCH
resource according to DCI format. For example, when the UE
receives configuration for a PUCCH resource set 1 of {A, B,
C,D} foranormal TM and a PUCCH resource set 2 of {A", B,
C', D'} for a CoMP mode from the eNB, upon detecting a DCI
format of the normal TM, the UE determines that the 2-bit
ARI in the DCI format of the normal TM indicates one of the
PUCCH resource set 1 and selects one of A, B, C, and D
according to the ARI to transmit PUCCH format 3. In addi-
tion, upon detecting a DCI format of the CoMP mode, the UE
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determines that the ARI indicates one of the PUCCH resource
set 2 in the DCI format of the CoMP mode and selects one of
A', B, C', and D' according to the ARI to transmit PUCCH
format 3. Meanwhile, it may be defined that two states (e.g. 00
and 01) of the four states 00, 01, 10, and 11 of the ARI are used
to indicate the normal PUCCH resource and the other two
states (e.g. 10 and 11) are used to indicate the new PUCCH
resource.

[0124] When the UE is configured in a CoMP mode, the UE
switches or selects a PUCCH resource based on CoMP mode
configuration signaling. That is, the UE configured in the
CoMP mode may use a PUCCH resource reserved for CoMP
upon detecting the DCI format for CoMP and the UE config-
ured as a TM except for the CoMP mode or the UE which has
detected a fallback DCI format as the CoMP mode may be
operated to use a conventional dynamic PUCCH resource.
[0125] Since a newly configured PUCCH resource for a
specific TM (e.g. CoMP mode) may be targeted at another RX
point (RP), all or a part of parameters associated with the RX
point (e.g. a virtual cell ID indicating the corresponding RX
point, scrambling ID, A” UCCHShiﬁ, i UCCHoﬁet, Brocem N
rucc €tc.) may be previously interlinked to a corresponding
state. Here, the virtual cell ID is a cell ID replacing a physical
cell ID (e.g. N?“, ) or a cell ID allocated to a specific point
separately from the physical cell ID and may be used to
configure PUCCH resources for a corresponding cell together
with or instead of the physical cell ID. A” UCCHShiﬁ is a value
corresponding to an interval between cyclic shifts applied to
a PUCCH and is provided by a higher layer. " UCCHoﬁet
corresponds to an offset value indicating the start location of
separately configured PUCCH resources according to the
present invention. f 5,z 1s an amplitude scaling value for a
PUCCH and complex-valued symbols to be transmitted on
the PUCCH are multiplied by  p¢,ccz SO as to suit a transmit
power Pp -z For example, when a specific parameter(s) is
linked to a corresponding state by higher-layer (e.g. RRC)
signaling, if the state is indicated by an ARI, the UE may be
operated to perform PUCCH transmission by applying the
pre-linked specific parameter(s).

[0126] An embodiment of the present invention provides a
new scheme for determining a dynamic PUCCH resource in
a new PUCCH resource region corresponding to a set of new
PUCCH resources. In other words, an embodiment of the
present invention provides a new linkage rule for determining
one of new PUCCH resources, instead of Equation 5 and
Equation 6 of a conventional dynamic ACK/NACK linkage
rule. It may be predicted that the UE, which has detected TM
dependent DCI, may be configured to transmit UCI associ-
ated with the TM dependent DCI to the eNB using a PUCCH
resource determined according to the following Equation 7 or
Equation 8 and the eNB, which has transmitted the TM
dependent DCI to the UE, receives the UCI on the PUCCH
resource determined according to Equation 7 or Equation 8.

npucert V=fneceNpyeen™X) [Equation 7]

nppeca V=FhecsX) [Equation 8]

[0127] Unlike Equation 5 and Equation 6 having only n.x
and N, .., as arguments, Equation 7 and Equation 8
determine a PUCCH resource index according to a function
(0N oy ecmX) having a parameter X as well as 0.
and N, ... as arguments. Here, X may be at least one of
parameters (e.g. an RRC-configured resource indicator, an

RB index related parameter, a virtual cell ID, a scrambling 1D,

PUCCH PUCCH
A shift 5 offsens Brerccm etc.) other than n. and
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N, ccsr O at least one combination of the above param-
eters. Various operators or functions may be used as f. For
example, at least one of operators such as a modulo operator,
an N-to-1 mapping operator, an identity operator, a linear
transformer, a translator, an affine transformer, etc. or a partial
combination of the above operators may be used as f.
[0128] FIG. 9 illustrates an example of determining one
PUCCH resource among new PUCCH resources configured
according to an embodiment of the present invention.

[0129] InEquation 7 and Equation 8, f may be an operator
defined such that a new PUCCH resource region can be con-
figured in compressed form. In other words, f may be an
operator configured to map M CCEs to N (N<M) PUCCH
resources where M and N are positive integers. For example,
a modulo operator may be used as the following f to map
CCEs of TM dependent DCI to one PUCCH resource in the
new PUCCH resource region.

nppece FTFO=ncce mod N+Npyecr +0pycca™ [Equation 9]
npyece TPV =nccg mod N+1+Npycecrt V+0puccer

&) [Equation 10]

[0130] Equation 9 and Equation 10 are special types of

Equation 6 or Equation 7. Equation 5 and Equation 6, for
mapping a CCE index to a PUCCH resource index, are to
mayp, for example, M CCEs to M PUCCH resources in one-
to-one correspondence as illustrated in FIG. 9(a), whereas
Equation 9 and Equation 10 are to map, for example, M CCEs
to N (N=3 in FIG. 9(b)) PUCCH resources where N is less
than M as illustrated in FIG. 9(b). Accordingly, excessive
reservation of dynamic PUCCH resources can be prevented
and a plurality of PUCCH resource regions can be configured.
Each of the plurality of PUCCH resource regions may be
allocated to a specific UE, specific UE-group, or a specific
™.

[0131] The UE configured as a new TM (e.g. CoMP mode)
may be operated to determine a PUCCH resource according
to Equation 7 or Equation 8 and the UE configured as a
conventional TM may be operated to determine a PUCCH
resource according to Equation 5 and/or Equation 6. Alterna-
tively, the UE configured as a TM rather than a fallback mode
may be operated to determine a PUCCH resource according
to Equation 7 or Equation 8 and the UE configured as the
fallback mode may be operated to determine a PUCCH
resource according to Equation 5 and/or Equation 6.

[0132] <(Conventional or New) PUCCH Resource Selec-
tion According to CCE Index>

[0133] Meanwhile, dynamic PUCCH resources may be
pre-divided into multiple resource regions according to usage
and one of the resource regions may be selectively used
according to DCI format or TM, or higher-layer signaling.
For example, the eNB may configure two types of PUCCH
resource regions (e.g. PUCCH resource region 1 and PUCCH
resource region 2), previously signal the configured regions to
the UE, and implicitly signal a PUCCH resource to be used by
the UE out of the PUCCH resource region 1 and the PUCCH
resource region 2 at a corresponding PUCCH transmission
timing to the UE using a CCE index of a DCI format for a DL,
grant. That is, the UE may be semi-statically assigned the
allocated PUCCH resource region 1 and PUCCH resource
region 2 and may determine a PUCCH resource to be used at
a specific PUCCH transmission timing from the PUCCH
resource region 1 or the PUCCH resource region 2 according
to a CCE index of a PDCCH associated with the specific
PUCCH transmission timing. For example, if it is predefined
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that an odd CCE index is connected to the PUCCH resource
1 andan even CCE index is connected to the PUCCH resource
2,the UE may determine in which PUCCH resource region of
the PUCCH resource region 1 and the PUCCH resource
region 2 a PUCCH resource is selected according to whether
a CCE index obtained by decoding the DL grant is an odd
number or an even number. Which individual PUCCH
resource in a corresponding PUCCH resource region is to be
used may be implicitly/dynamically determined by the CCE
index. Assuming that a PUCCH resource related to CoMP is
allocated to the PUCCH resource 2, the eNB can prevent a
normal UE and a CoMP UE from transmitting ACK/NACK
using the same PUCCH resource by mapping the DL grant of
the CoMP UE to a CCE of an even index. As another example,
CCE indexes 1 to 50 may be sequentially linked to the
PUCCH resource region 1 and CCE indexes 51 to 100 may be
sequentially linked to the PUCCH resource region 2. Assum-
ing that the CoMP related PUCCH resource is allocated to the
PUCCH resource region 2, the eNB can prevent the CoMP
UE and the normal UE from transmitting ACK/NACK using
the same PUCCH resource by mapping the DL grant of the
CoMP UEto one or more CCEs among CCEs having the CCE
indexes 51 to 100. Upon detecting any one value of the CCE
indexes 51 to 100 as n g, the UE may be configured to select
a PUCCH resource from the PUCCH resource region 2 and,
upon detecting any one value of the CCE indexes 1 to 50 as
N5 the UE may be configured to select a PUCCH resource
from the PUCCH resource region 1.

[0134] <(Conventional or New) PUCCH Resource Selec-
tion According to Aggregation Level or SS>

[0135] A PUCCH resource region may be selected accord-
ing to a CCE aggregation level.

[0136] That is, the PUCCH resource region may be deter-
mined by linking a specific aggregation level and a specific
CCE index. For example, since DCI transmission by the eNB
on aggregation of CCEs corresponding to a high aggregation
level (e.g. an aggregation level 4 or 8) means that a DL
channel state is not good, there is a high probability that the
UE operates in a fallback mode at a high aggregation level.
Accordingly, at a high aggregation level (e.g. an aggregation
level 4 or 8), the eNB and UE may be configured to select a
PUCCH resource from a conventional PUCCH resource
region according to a conventional PUCCH resource linkage
rule and, at a low aggregation level (e.g. an aggregation level
1 or2), the eNB and UE may be configured to selecta PUCCH
resource from a new PUCCH resource region according to a
newly introduced PUCCH resource linkage rule in accor-
dance with the present invention. As another example, it may
be defined that a CCE of a PDCCH in a common search space
(CSS) using only a high aggregation level 4 or 8 is connected
to a PUCCH resource in the conventional PUCCH resource
region and a CCE of a PDCCH in a UE-specific search space
(USS), except for the CSS using only a high aggregation level
4 or 8, is connected to a PUCCH resource in the new PUCCH
resource region. Alternatively, a PUCCH resource region and
a corresponding PUCCH resource index may be obtained
depending upon a value of a specific field of a DCI format.
[0137] Due to overlap of an SS according to aggregation
level, UE may recognize that DCI has transmitted at an aggre-
gation level other than an aggregation level transmitted by the
eNB. For example, assuming thata PDCCH of'an aggregation
level 1 or 2 is linked to anew PUCCH resource and a PDCCH
of an aggregation level 4 or 8 is linked to a conventional
PUCCH resource, the case in which the UE succeeds in
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decoding DCI at an aggregation level 2 may occur although
the eNB has transmitted the DCI at an aggregation level 4. In
this case, since the UE transmits the UCI using a new PUCCH
resource even though the eNB is expected to receive the UCI
using a conventional PUCCH resource, the eNB cannot effec-
tively receive the UCI. To solve such a problem, an SS of a
PDCCH to be linked to a conventional PUCCH resource
region and an SS of a PDCCH to be linked to a new PUCCH
resource region may be differently configured. For example,
the eNB and UE may be configured to conform to a conven-
tional PUCCH linkage rule when a PDCCH carrying DCI is
located in a CSS and conform to a newly introduced PUCCH
linkage rule according to the present invention when the
PDCCH carrying the DCl is located in a USS. In other words,
the eNB and UE may be configured such that a conventional
physical cell ID (PCI) related parameter(s) and a cell-specific
PUCCH resource index offset N’ ., are always applied
to the DCI in the CSS for a fallback operation. As another
method, even when the UE succeeds in decoding the PDCCH
atany aggregation level, an accurate aggregation level can be
determined by causing the UE to attempt to decode the
PDCCH at all the other possible aggregation level(s). If the
UE succeeds in decoding the PDCCH at various aggregation
levels, the UE may determine DCI received through the
PDCCH of a high aggregation level as valid DCI. This is
because there is no case in which the UE succeeds in decoding
the PDCCH at a high aggregation level although the eNB has
transmitted the PDCCH at a low aggregation level. The above
two methods cause the UE to confirm an accurate aggregation
level, thereby aiding in solving collision of PUCCH resources
or collision of CCEs.

[0138] Alternatively, explicit or implicit linkage to other
PUCCH resources is possible according to a specific antenna
port, layer, or carrier.

[0139] <Operation Only in Single DCI Format in UL>
[0140] Inthe case of UL transmission (e.g. signal transmis-
sion through a PUSCH), only DCI format 0 may be used for
scheduling of UL transmission. In this case, DCI format 0 is
used for operations such as UL, CoMP and UL transmission to
a UL cell different from a DL cell. When only format 0 is used
for PUSCH transmission, determination of the conventional
PUCCH resource or new PUCCH resource based on a DCI
format according to the above-described present invention
cannot be applied. Accordingly, in this case, the UE needs to
discern whether DCI format 0 is about a normal operation or
a special operation (e.g. fallback operation) in order to deter-
mine whether to use the conventional PUCCH resource or the
new PUCCH resource. This is signaled by the eNB to the UE.
For example, if the UE should perform a normal operation,
the eNB may inform the UE that DCI format O is about the
normal operation by positioning DCI format Oinan SS A (e.g.
USS) or in the range of a CCE index A or using only a specific
aggregation level (e.g. an aggregation level 1 or 2) and, if the
UE should perform a special operation, the eNB may inform
the UE that DCI format 0 is about the special operation by
positioning DCI format 0 in an SS B (e.g. CSS) or in the range
of'a CCE index B or using only a specific aggregation level
(e.g. aggregation level 4 or 8).

[0141] <Operation in Multiple DCI Formats in UL>
[0142] Meanwhile, when DCI format 0 is used as a DCI
format for fallback DCI and DCI format 4 is used as a DCI
format for TM dependent DCI, the UE may be configured to
use PUCCH resource region 1 upon detecting DCI format O
and PUCCH resource region 2 upon detecting DCI format 4.
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[0143] If DCI format 4 is always positioned in a USS,; all
techniques applied when DCI format 0 is positioned in the
USS may be similarly or identically applied even to DCI
format 4. For example, DCI format 0 and DCI format 4 in the
USS may be identically configured except for a specific field
or flag to schedule PUSCH transmission using an operation
associated with CoMP. The eNB may pre-configure, for
CoMP, a plurality of sets of RRC parameters (e.g. a virtual
cell ID (e.g. VCID?®¥) for determining a base sequence index
(BSI) and another independent virtual cell ID (e.g. VCID*H)
for initializing a cyclic shift hopping (CSH) pattern) and
cause the UE to dynamically select a specific set from among
the RRC parameter sets. In this case, the eNB may generate a
PUSCH DMRS sequence using a specific RRC parameter set
among RRC parameter sets preconfigured for the UE by
addition n bits (e.g. n=1) to DCI format 0 and/or DCI format
4 and dynamically signal transmission of a PUSCH together
with the PUSCH DMRS sequence to the UE. Alternatively,
the eNB may generate the PUSCH DMRS sequence using a
specific RRC parameter set among the RRC parameter sets by
various explicit schemes (e.g. using a carrier indicator field
(CIF), a CSI request field, a frequency hopping field, a
resource allocation (RA) field, a cyclic shift (CS)/orthogonal
cover code (OCC) field, etc.) and signal transmission of the
PUSCH together with the PUSCH DMRS sequence, thereby
indicating dynamic switching between the RRC parameter
sets. For example, in a CoMP mode, the eNB and UE may be
configured such that a conventional PCI related parameter(s)
and a cell specific PUCCH resource index offset N, .y
are always applied to DCI in a CSS for a fallback operation.

[0144] Meanwhile, a mode for dynamic switching/indica-
tion between RRC parameter sets may be enabled or disabled
by higher-layer (e.g. RRC) signaling. For example, if the
dynamic switching/indication mode is disabled by higher-
layer signaling, a specific RRC parameter set among the RRC
parameter sets may be semi-statically configured. That is, if
the dynamic switching/indication mode is disabled by higher-
layer signaling, the aforementioned n bits may not be added
or the n bits may be regarded as meaningless even when the n
bits are added. In other words, the n bits indicating a specific
RRC parameter among the RRC parameter sets may be
regarded as meaningful only when the dynamic switching/
indication mode is enabled.

[0145] If the dynamic switching/indication mode is dis-
abled by higher-layer signaling, a set of specific RRC param-
eters (e.g. a virtual cell ID (e.g. VCID®*) for determining a
base sequence index (BSI) and another independent virtual
cell ID (e.g. VCID“*#) for initializing a cyclic shift hopping
(CSH) pattern) may be semi-statically configured even with
respectto a CoMP mode according to a predetermined rule. A
PUCCH may include not only a virtual cell ID for generating
a PUCCH sequence but also a parameter(s) (e.g. A” UCCHShiﬁ,
§FVCH rers Broccm NV pucens ete.) related to the virtual
cell ID, in a specific RRC parameter set. An SRS related
parameter may also be included in the specific RRC param-
eter set. For example, not only the virtual cell ID for gener-
ating the SRS sequence but also parameters related to the
virtual cell ID may be included in the specific RRC parameter
set.

[0146] Meanwhile, if only one RRC parameter set among a
plurality of RRC parameter sets is UE-specifically configured
with respect to a PUSCH, a PUCCH, or SRS (hereinafter,
PUSCH/PUCCH/SRS), the UE may regard this as a semi-
static mode and may be configured to perform PUSCH/
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PUCCH/SRS transmission by applying the RRC parameter
set. If a plurality of RRC parameter sets is UE-specifically
configured with respect to PUSCH/PUCCH/SRS, the UE
may regard this as dynamic switching between the plural
RRC parameter sets and may be configured to perform an
operation according to dynamic switching.

[0147] <Linkage Assignment of DL, CoMP+UL CoMP>
[0148] In a CoMP scenario, a PUCCH resource region 1
and a PUCCH resource region 2 according to the present
invention are configured with respect to different cells or
different RX points. The PUCCH resource region 1 and the
PUCCH resource region 2 may be configured based on dif-
ferent cell IDs or may be configured to include different
PUCCH resources based on the same cell ID.

[0149] The PUCCH resource region 1 and the PUCCH
resource region 2 can be prevented from generating physi-
cally colliding resources by different PUCCH resource index
offsets. Among the above-described embodiments of the
present invention, when the CoMP mode is configured or
indicated, the embodiment using a PUCCH resource for
CoMP may apply CoMP to PUCCH transmission. Hereinaf-
ter, PUCCH transmission applied to CoMP will be referred to
as PUCCH CoMP. Especially, in order to naturally operate
PUCCH CoMP in linkage to a DL. CoMP operation, the
present invention proposes an embodiment in which CoMP is
not applied to PUCCH transmission using a CCE and a
PUCCH resource mutually linked by a conventional CCE-to-
AN linkage and CoMP is applied only to PUCCH transmis-
sion using a dynamic PUCCH resource reserved for DL
CoMP. Obviously, PUCCH CoMP may independently oper-
ate from DL CoMP but PUCCH CoMP may be enabled in
linkage with DL. CoMP by signaling from the eNB. DL
CoMP and UL CoMP may be configured as various combi-
nations by signaling from the eNB. For example, the follow-
ing combinations are possible.

[0150] 1. DL CoMP (PDSCH)+UL CoMP (all PUCCHs)
[0151] 2. DL CoMP (PDSCH)+UL CoMP (only CoMP
PUCCH)
[0152] 3. DL CoMP (PDSCH)+UL CoMP (all PUCCHs+
PUSCH)
[0153] 4. DL CoMP (PDSCH)+UL CoMP (only CoMP

PUCCH+PUSCH)

[0154] Here, “all PUCCHs” indicates that a PUCCH using
an arbitrary PUCCH resource irrespective of a conventional
PUCCH resource or a PUCCH resource for CoMP may be
transmitted to points other than a PDSCH TX point and “only
CoMP PUCCH resource” indicates that a PUCCH using only
a PUCCH resource configured for CoMP may be used for
PUCCH transmission to points other than a PDSCH TX
point.

[0155] During PUCCH CoMP, ACKs/NACKs may be
transmitted on a PUCCH by applying the same/different
CS/OCC in the same RB or may be transmitted on a PUCCH
by applying the same/different CS/OCC in different RBs.
That is, in the case of PUCCH CoMP, a plurality of ACKs/
NACKSs may be transmitted on one PUCCH in one of the
following forms.

[0156] 1.same PUCCH RB+same CS/OCC

[0157] 2.same PUCCH RB+different CS/OCC

[0158] 3. different PUCCH RB+same CS/OCC

[0159] 4. different PUCCH RB+different CS/OCC

[0160] Thereamong, the present invention in which a

PUCCH resource is separately managed by a PUCCH
resource index offset may be applied to a PUCCH transmitted
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in the form of cases 2, 3, and 4. As in case 4, it is desirable that
aplurality of ACKs/NACKs is separately mapped to orthogo-
nal PUCCH resources. When a plurality of ACKs/NACKs is
multiplexed using the same CS/OCC in the same RB as in
case 1, it is difficult to distinguish between ACKs/NACKs
even when a PUCCH resource index offset according to the
present invention is used. Accordingly, in case 1, a scheme for
reserving a plurality of PUCCH resources according to the
present invention can be effectively applied by transmitting
ACKs/NACKSs through different layers even when the ACKs/
NACKSs are transmitted in the same RB through expansion to
a spatial domain.

[0161] <Application Probability to PUCCH/PUSCH
CoMP (DPS) of the Present Invention>: Different Cell IDs

[0162] FIG.101llustrates another example of determining a
dynamic PUCCH resource according to an embodiment of
the present invention. Particularly, FIG. 10 illustrates
PUCCH resource linkage/reservation when UL dynamic
point selection (DPS) is enabled.

[0163] UL DPS entails an operation of frequently changing
target RX points of UL transmission. If a target RX point has
a cell ID different from a conventional cell ID, PUCCH and
PUSCH transmission suitable for a changed target cell should
be performed. Since a resource linked to a cell ID is allocated
for PUCCH transmission, the UE needs to differently gener-
ate a PUCCH resource depending on to which point a
PUCCH is transmitted. Accordingly, the UE should be con-
figured to generate the PUCCH resource according to a cell
ID of a target RX point to which the PUCCH is transmitted.
Meanwhile, since path loss differs according to the target RX
point, it is desirable to differently set a power control offset
according to the target RX point. Therefore, the present
invention proposes controlling UL power per RX point.
Assuming that a set of points that the UE can dynamically
select is a DPS set, the UE should know, for example, a
PUCCH/PUSCH/SRS power control offset per cell ID
included in the DPS set and determine a power control offset
of any channel of any cell every UL transmission time point,
thereby applying the determined power control offset to UL
transmission to a corresponding cell. The eNB may pre-con-
figure a plurality of power control offsets to signal the con-
figured offsets to the UE and dynamically or explicitly indi-
cate a power control offset among the plural power control
offsets so that the UE may perform UL transmission by apply-
ing the power control offset. Alternatively, the UE may select
one of the plural power control offsets according to a prede-
termined condition so that the selected power control offset
may be applied to UL transmission. Upon detecting CoMP
dependent DCI, the UE may be configured to apply such an
operation to a PUCCH resource reserved for CoMP. Refer-
ring to FIG. 10, the PUCCH resource reserved for CoMP may
be reserved by a PUCCH resource index offset (K or L) for a
conventional dynamic PUCCH resource in terms of one cell.
Furthermore, when UL DPS is performed, a PUCCH
resource index offset may be configured per a plurality of
target RX points.

[0164] In FIG. 10, a value indicating a relative location
calculated based on NV, ., indicating the start location of
dynamic PUCCH resources ofa specific cell (cell of RX point
1) is used as an offset value (K or L) indicating the start
location of dynamic PUCCH resources configured per RX
point according to the present invention. However, a value
indicating an absolute start location rather than a relative
valuebased on N, ..., of a specific cell may be used as the
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offset value indicating the start location of separately config-
ured dynamic PUCCH resources according to the present
invention.

[0165] <Application Probability to PUCCH/PUSCH
CoMP (DPS) of the Present Invention>: Same Cell ID
[0166] FIG. 11 illustrates another example of CoMP to
which the present invention is applicable.

[0167] A DPS set including an RRH having the same cell
ID as the eNB in spite of a plurality of RX points may be
configured. When all RX points in the DPS set have the same
cell ID, if PUCCHs are transmitted towards different RX
points, all RX points in the DPS set may share the same
PUCCH resources.

[0168] However, PUCCH resources using similar UL
transmit power may collectively be allocated per RX point in
consideration of the fact that a UL transmit power level differs
as a distance with the UE varies with an RX point. Inthis case,
as illustrated in FIG. 10, a PUCCH resource region per RX
point may be configured and the PUCCH resource region per
RX point may be distinguished by a PUCCH resource index
offset. A conventional DCI field such as a CIF may be reused
or a new DCI format may be defined to configure an indica-
tion field in the new DCI format, so that an RX point indicat-
ing a target point may be indicated to the UE. The proposal of
the present invention determining a PUCCH resource
depending upon a DCI format may be applied herein. For
example, although a DCI format per RX point is defined or
DCI formats of the same length are used with respect to all
RX points, an indication field indicating a target RX point is
present when actually decoding the DCI format and a
PUCCH resource region may be determined according to the
indication field.

[0169] <Pre-Configuration of Multiple PUCCH Resource
Regions and Dynamic Indication of One of PUCCH
Resource Regions (DCI Format+CIF Combination)>

[0170] In a 3GPP LTE system, the UE is configured to
blind-decode up to two DCI formats according to TM. In this
case, the UE will basically perform blind decoding with
respect to a fallback DCI format (e.g. DCI format 1A) and a
TM dependent DCI format. According to the present inven-
tion, upon detecting a DCI format designated to achieve a
special purpose such as CoMP or a newly introduced DCI
format, the UE performs a pre-designated operation. A cell
selection parameter(s) indicating towards which RX point the
UE is to perform UL transmission, to which target cell the UE
is to perform UL transmission, and which cell ID the UE uses
during UL transmission may be pre-designated. In addition,
selection of a PUSCH transmission parameter(s) indicating
which PUSCH DMRS the UE is to use, selection of an SRS
transmission parameter(s) indicating which sequence or RB
is used to transmit an SRS, and selection of a PUCCH trans-
mission parameter(s) indicating which resource (CS/OCC,
RB, hopping, and cell ID) are used by a PUCCH may be
pre-designated. A parameter set may be pre-configured and
the UE may be configured to use the designated parameter set
according to DCI format. Here, the eNB may pre-designate a
plurality of parameter sets to the UE by higher-layer (e.g.
RRC) signaling and may cause the UE to select one or some
of'the plural parameter sets so as to be used for UL transmis-
sion. If the multiple parameter sets are configured by higher-
layer signaling, the UE may be configured to use a parameter
set linked to specific DCI upon detecting the specific DCI. If
the number of DCI formats for the plural parameter sets is
one, the UE may be configured to select one of the plural
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parameter sets using additional information included in the
DCI format. That is, according to DCI format, parameter sets
reserved for the corresponding DCI format are determined
and an actually used parameter set for transmission among
the reserved parameter sets may be dynamically indicated to
the UE by DCI transmitted through a PDCCH. Information
indicating a parameter set to be applied to actual UL trans-
mission among the reserved parameter sets may be transmit-
ted to the UE from the eNB by reusing a CIF introduced for
carrier aggregation. In carrier aggregation, the CIF is used to
indicate for which CC scheduling information is carried by
the corresponding DCI. The CIF may be used to indicate a
parameter set instead of indicating a CC. If the CIF is used to
indicate the parameter set rather than the CC, the CIF may be
used as an enable signal. For example, if a DCI format for
CoMP is a DCI format X, when CoMP is configured, PUCCH
resources associated with the DCI format X may be pre-
reserved and parameters associated with the DCI format X
may also be pre-configured. However, the PUCCH resources
and parameters associated with the DCI format X are only
reserved without being actually used and when the DCI for-
mat X is detected by the UE, the reserved PUCCH resources
and parameters are used. That is, it may be interpreted that the
reserved PUCCH resources or parameters are enabled by an
additional field of DCI such as a CIF together with the DCI
format X. A PUCCH resource region may be implicitly deter-
mined according to a subframe instead of the CIF. For
example, when subframes in which many PUCCH resources
for CoMP are reserved are periodically configured, ifthe eNB
informs the UE of the start location and configuration period
of'the subframes in which many PUCCH resources for CoMP
are reserved, the UE may use a PUCCH resource for CoMP in
subframes of the corresponding period and use a conventional
PUCCH resource in the other subframes.

[0171] Meanwhile, an additional indication signal other
than DCI may be used to indicate which one of reserved
resources or parameters is to be used. For example, the eNB
may indicate the UE that pre-reserved resources and param-
eters are used by transmitting the DCI format X and inform
the UE which one of the resources and parameters is to be
used through the additional indication signal. Upon detecting
the DCI format X, the UE may discern that the pre-reserved
resources and parameters can be used and discern which one
of the reserved resources and parameters should be used to
perform UL transmission based on the indication signal.

[0172] Uponreceivinga PDSCH in DL cell 1 and transmit-
ting a PUCCH for the PDSCH to UL cell 1 identical to the DL,
cell 1, the UE may transmit the PUCCH using a PUCCH
resource connected to a CCE of the DL cell 1. That is, the UE
transmitting the PUCCH towards the same UL RX point as a
DL TX point may transmit the PUCCH using a conventional
PUCCH resource. In contrast, if UL cell #m (where m is a
value other than 1), which is different from the DL cell 1, is
designated as a cell of an RX point, the UE may be configured
to transmit the PUCCH using a PUCCH resource pre-re-
served for the UL cell #m. Here, although an example of the
PUCCH resource has been described, the embodiment
described in this example may also be applied to transmission
parameters and resources of other channels. As an example, a
new DMRS sequence different from a conventional DMRS
sequence may be configured and indication as to which one of
the conventional DMRS sequence and the new PUSCH
DMRS sequence is to be used for the PUSCH may be
included in the DCI format X or may be determined by an
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indication signal separately transmitted from the DCI format
X. Particularly, the newly configured DMRS sequence may
mainly be used for a UL RX point (i.e. a UL cell) having an
index (e.g. a different physical cell ID or different virtual cell
1D) different from a DL TX point (i.e. a DL cell). Conversely,
the newly configured DMRS may beused inacell ofa DL TX
point and the conventional DMRS sequence may be used in a
UL cell, which is different from the DL cell.

[0173] A dynamic switching/indication mode between pre-
reserved parameter sets or a dynamic switching/indication
mode between pre-reserved PUCCH resource regions may be
indicated through higher-layer (e.g. RRC) signaling. For
example, when the dynamic switching/indication mode is
disabled by higher-layer signaling, a parameter set and a
PUCCH resource region for a specific TM (e.g. CoMP mode)
may be semi-statically configured and the UE may perform
UL transmission using the parameter set and/or PUCCH
resource region. Meanwhile, when only one parameter set is
UE-specifically configured, the UE may regard this as a semi-
static mode and may be configured to perform UL transmis-
sion by applying the corresponding parameter set. When a
plurality of RRC parameter sets is UE-specifically config-
ured, the UE may recognize that dynamic switching should be
performed between the plural parameter sets and may be
configured to perform an operation according to dynamic
switching.

[0174] Ifa DL cell is different from a UL cell, a target UL
cell may be designated using a CIF. Such a situation may
occur when cells of different size, such as in a heterogeneous
network (Hetnet), coexist. As an example, when a PDSCH 1
is transmitted to the UE in a DL cell 1 and the UE transmits a
PUCCH for the PDSCH 1 to a UL cell 2 (in this case, a
PUSCH is generally also transmitted to the UL cell 2), the
eNB should inform the UE that the UL cell 2 is a target RX
point of UL transmission. The eNB may indicate the target
UL cell to the UE using a CIF value in a DCI format. Instead
of the CIF, an additional signaling bit performing such an
indication function may be added to the DCI format.

[0175] The foregoing embodiments may be applied not
only to a DCI format for a CoMP mode but also to a DCI
format for other TMs. For example, a PUCCH resource may
be reserved withrespectto a fallback DCI format according to
a conventional rule and additional dynamic PUCCH
resources according to the present invention may be config-
ured with respect to a DCI format according to a TM. Upon
detection of the fallback DCI format, the UE may determine
a dynamic PUCCH resource according to the convention rule
and, upon detection of a TM dependent DCI format according
to a corresponding TM, the UE may determine a dynamic
PUCCH resource among separately configured PUCCH
resources. In other words, the embodiments of the present
invention may be extended and applied to a normal TM
dependent DCI format as well as a DCI format for a CoMP
mode.

[0176] FIG.121is ablock diagram illustrating elements of a
transmitting device 10 and a receiving device 20 for imple-
menting the present invention.

[0177] The transmitting device 10 and the receiving device
20 respectively include Radio Frequency (RF)units 13 and 23
capable of transmitting and receiving radio signals carrying
information, data, signals, and/or messages, memories 12 and
22 for storing information related to communication in a
wireless communication system, and processors 11 and 21
operationally connected to elements such as the RF units 13
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and 23 and the memories 12 and 22 to control the elements
and configured to control the memories 12 and 22 and/or the
RF units 13 and 23 so that a corresponding device may per-
form at least one of the above-described embodiments of the
present invention.

[0178] The memories 12 and 22 may store programs for
processing and controlling the processors 11 and 21 and may
temporarily store input/output information. The memories 12
and 22 may be used as buffers.

[0179] Theprocessors 11 and 21 generally control the over-
all operation of various modules in the transmitting device
and the receiving device. Especially, the processors 11 and 21
may perform various control functions to implement the
present invention. The processors 11 and 21 may be referred
to as controllers, microcontrollers, microprocessors, or
microcomputers. The processors 11 and 21 may be imple-
mented by hardware, firmware, software, or a combination
thereof. In a hardware configuration, application specific
integrated circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs), programmable
logic devices (PLDs), or field programmable gate arrays (FP-
GAs) may be included in the processors 11 and 21. Mean-
while, if the present invention is implemented using firmware
or software, the firmware or software may be configured to
include modules, procedures, functions, etc. performing the
functions or operations of the present invention. Firmware or
software configured to perform the present invention may be
included in the processors 11 and 21 or stored in the memories
12 and 22 so as to be driven by the processors 11 and 21.
[0180] The processor 11 of the transmitting device 10 per-
forms predetermined coding and modulation for a signal and/
or data scheduled to be transmitted to the outside by the
processor 11 or a scheduler connected with the processor 11,
and then transfers the coded and modulated data to the RF unit
13. For example, the processor 11 converts a data stream to be
transmitted into K layers through demultiplexing, channel
coding, scrambling, and modulation. The coded data stream
is also referred to as a codeword and is equivalent to a trans-
port block which is a data block provided by a MAC layer.
One transport block (ITB) is coded into one codeword and
each codeword is transmitted to the receiving device in the
form of one or more layers. For frequency up-conversion, the
RF unit 13 may include an oscillator. The RF unit 13 may
include N, (where N, is a positive integer) transmit antennas.
[0181] A signal processing process of the receiving device
20 is the reverse of the signal processing process of the
transmitting device 10. Under control of the processor 21, the
RF unit 23 of the receiving device 20 receives radio signals
transmitted by the transmitting device 10. The RF unit 23 may
include N, (where N, is a positive integer) receive antennas
and frequency down-converts each signal received through
receive antennas into a baseband signal. The processor 21
decodes and demodulates the radio signals received through
the receive antennas and restores data that the transmitting
device 10 intended to transmit.

[0182] The RF units 13 and 23 include one or more anten-
nas. An antenna performs a function for transmitting signals
processed by the RF units 13 and 23 to the exterior or receiv-
ing radio signals from the exterior to transfer the radio signals
to the RF units 13 and 23. The antenna may also be called an
antenna port. Each antenna may correspond to one physical
antenna or may be configured by a combination of more than
one physical antenna element. The signal transmitted from
each antenna cannot be further deconstructed by the receiving
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device 20. An RS transmitted through a corresponding
antenna defines an antenna from the view point of the receiv-
ing device 20 and enables the receiving device 20 to derive
channel estimation for the antenna, irrespective of it repre-
sents a single radio channel from one physical antenna or a
composite channel from a plurality of physical antenna ele-
ments including the antenna. That is, an antenna is defined
such that a channel carrying a symbol of the antenna can be
obtained from a channel carrying another symbol of the same
antenna. An RF unit supporting a MIMO function of trans-
mitting and receiving data using a plurality of antennas may
be connected to two or more antennas.

[0183] In the embodiments of the present invention, a UE
operates as the transmitting device 10 in UL and as the receiv-
ing device 20 in DL. In the embodiments of the present
invention, an eNB operates as the receiving device 20 in UL
and as the transmitting device 10 in DL. Hereinafter, the
processor, RF unit, and memory included in the UE will be
referred to as a UE processor, a UE RF unit, and a UE
memory, respectively, and the processor, RF unit, and
memory unit included in the eNB will be referred to as an
eNB processor, an eNB RF unit, and an eNB memory, respec-
tively.

[0184] According to the embodiments of the present inven-
tion, the eNB processor controls the eNB RF unit to transmit
a PDCCH and/or a PDSCH and the UE processor controls the
UE RF unit to receive the PDCCH and/or the PDSCH.
According to the embodiments of the present invention, the
UE processor controls the UE RF unit to transmit the PUCCH
and the PUSCH and the eNB processor controls the eNB RF
unit to receive the PUCCH and the PUSCH. In the present
invention, each RX/TX point may include at least one RF
unit. Although a DL TX point may be different from a UL RX
point when CoMP is configured, since points participating in
CoMP will be controlled by one eNB processor or by coor-
dinated eNB processors, the embodiments of the present
invention will be described hereinafter under the assumption
that the same eNB transmits a DL signal and receives a UL
signal when one of points participating in CoMP transmits the
DL signal to the UE and one of points participating in CoMP
receives the UL signal from the UE. For example, even when
an eNB transmitting a PUCCH resource index offset for
dynamic PUCCH resources is different from an eNB receiv-
ing UCI using a PUCCH resource based on the PUCCH
resource index offset, the embodiments of the present inven-
tion will be described under the assumption that the same
eNB transmits the DL signal and receives the UL signal
according to the present invention. However, the embodi-
ments of the present invention may be applied even when an
eNB transmitting the DL signal is different from an eNB
receiving the UL signal.

[0185] The eNB processor may control the eNB RF unit to
transmit information indicating a TM to the UE. In addition,
the eNB processor may configure a plurality of PUCCH
resource regions. The eNB processor may control the eNB RF
unit to transmit location information (e.g. a start PUCCH
resource index) capable of specifying locations of the plural
PUCCH resource regions to the UE. For example, the eNB
processor may control the eNB RF unit to transmit, to the UE,
one or more PUCCH resource index offsets for the TM as well
as N, .., which is a cell-specific PUCCH resource index
offset. Each PUCCH resource index offset may correspond to
one cell.
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[0186] The UE RF unit receives a DL signal from the eNB
and transmits the DL signal to the UE processor. The UE
processor attempts to decode a PDCCH in a CSS and/or USS
in a subframe in order to receive DCI. The UE processor may
detect/receive the DCI transmitted by the eNB thereto by
decoding the DL signal received on the PDCCH in the CSS
and/or USS to a DCI format (hereinafter, a DCI format X)
and/or a fallback DCI format according to the TM. When the
DCI has been successfully decoded according to the DCI
format X, the UE processor may operate in the TM and when
the DCI has been successfully decoded according to the fall-
back DCI format, the UE processor may operate in a fallback
mode. When the DCI is DCI for a DL grant, the UE processor
controls the UE RF unit to receive DL data through a PDSCH
according to the DL grant. The UE processor may generate
ACK/NACK information for the DL data and control the UE
RF unit to transmit the ACK/NACK information. Upon suc-
cessfully decoding the DCIto the DCI format X (i.e. detecting
the DCI of the DCI format X), the UE processor may control
the UE RF unit to transmit the ACK/NACK information using
a PUCCH resource in a PUCCH resource region configured
for the DCI format X and, upon successfully decoding the
DCl to the fallback DCI format (i.e. upon detecting the DCI of
the fallback DCI format), the UE processor may control the
UE RF unit to transmit the ACK/NACK information using a
PUCCH resource in a PUCCH resource region configured for
the fallback DCI format. The PUCCH resource region for the
fallback DCI format may be a conventional dynamic PUCCH
resource region and the start location thereof may be deter-
mined by N, .. Which PUCCH resource among the
PUCCH resources including in the PUCCH resource region
is to be used may be determined based on an index (n.-) of
a (first) CCE in the PDCCH carrying the DCI. For example,
the UE processor may determine a PUCCH resource for
ACK/NACK information about a PDSCH by the fallback
DCI format according to Equation 5 and/or Equation 6. The
UE processor may determine a PUCCH resource for ACK/
NACK information for a PDSCH by the DCI format X from
among PUCCH resources configured for the DCI format X,
that is, for the TM, based on n,x. For example, the UE
processor may determine a PUCCH resource for the ACK/
NACK information for the PDSCH by the DCI format X
according to one of Equation 7 to Equation 10.

[0187] Meanwhile, upon detecting the DCI format, the UE
processor may control the UE RF unit and/or the UE memory
to perform a pre-designated operation. A cell selection
parameter(s) indicating towards which RX point the UE RF
unitis to perform UL transmission, to which target cell the UE
RF unit is to perform UL transmission, and which cell ID the
UE uses during UL transmission may be pre-designated. In
addition, selection of a PUSCH transmission parameter(s)
indicating which PUSCH DMRS the UE processor is to use,
selection of an SRS transmission parameter(s) indicating
which sequence or RB is used to transmit an SRS, and selec-
tion of a PUCCH transmission parameter(s) indicating which
resource (CS/OCC, RB, hopping, and cell ID) a PUCCH is to
use may be pre-designated. A parameter set may be pre-
configured by the eNB processor and information about the
configured parameter set may be transmitted to the UE by the
eNB RF unit. The UE processor may be configured to use the
designated parameter set according to DCI format. The eNB
processor may pre-designate a plurality of parameter sets and
configure the information about the configured parameter set
as a higher-layer signal. The eNB processor may control the
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eNB RF unit to transmit the higher-layer signal. The UE RF
unit may receive the higher-layer signal and transmit the
received higher-layer signal to the UE processor. The UE
processor may select one or some of the plural parameter sets
to be used for UL transmission. Upon detecting specific DCI,
the UE processor may be configured to use a specific param-
eter set linked to the specific DCI. If the number of DCI
formats for the plural parameter sets is one, the UE processor
may be configured to select one of the plural parameter sets
using additional information included in the DCI format. The
eNB processor may control the eNB RF unit to transmit
information about a parameter set that the UE desires to use
for actual transmission among the parameter sets reserved by
the eNB for the specific DCI format to the UE through a
PDCCH. For instance, the eNB processor may use a CIF to
indicate one of the plural parameter sets.

[0188] Meanwhile, an additional indication signal other
than DCI may be used to indicate which one of reserved
resources or parameters is to be used. For example, the eNB
processor may control the eNB RF unit to transmit the DCI
format X to the UE and control the eNB RF unit to transmit
the additional indication signal indicating which one of the
resource and parameter should be used to the UE. Upon
detecting the DCI format X, the UE processor may discern
that the pre-reserved resources and parameters can be used
and discern which one of the reserved resources and param-
eters should be used to perform UL transmission based on the
indication signal.

[0189] When the UE RF unit receives a PDSCH in DL cell
1 and transmits a PUCCH for the PDSCH to UL cell 1 which
is the same point as the DL cell 1, the UE processor may
control the UE RF unit to transmit UCI (e.g. ACK/NACK
information) through the PUCCH using a PUCCH resource
connected to a CCE ofthe DL cell 1. In contrast, if UL cell #m
(where m is a value other than 1), which is different from DL
cell 1, is designated as a cell of an RX point, the UE processor
may control the UE RF unit to transmit the UCI through the
PUCCH using a PUCCH resource pre-reserved for the UL
cell #m.

[0190] Meanwhile, the eNB processor may pre-divide
dynamic PUCCH resources into multiple resource regions
according to usage. For instance, one PUCCH resource
region among the multiple resource regions may be selected
and used according to DCI format or TM, or higher-layer
signaling. For example, it may be pre-defined that a set of
some CCE indexes is connected to a PUCCH resource region
1 and a set of the other CCE indexes is connected to a PUCCH
resource region 2. The UE processor may determine in which
PUCCH resource region of the PUCCH resource region 1 and
the PUCCH resource region 2 a PUCCH resource is selected
according to a set of CCE indexes to which a CCE index
obtained by decoding a DL grant belongs. The UE processor
may implicitly/dynamically determine which individual
PUCCH resource in a corresponding PUCCH resource region
is to be used based on a CCE index. The eNB processor can
prevent ACK/NACK for a DL grant of a CoMP UE and
ACK/NACK for a DL grant of a normal UE from being
transmitted using the same PUCCH resource, by allocating
the DL grant of the CoMP UE and the DL grant of the normal
UE to CCEs linked to different PUCCH resource regions.

[0191] A PUCCH resource region may be selected accord-
ing to a CCE aggregation level. That is, the PUCCH resource
region may be determined by linking a specific aggregation
level and a specific CCE index. For example, the UE proces-
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sor may select a PUCCH resource from a conventional
PUCCH resource region according to a conventional PUCCH
resource linkage rule with respect to DCI detected at a high
aggregation level (e.g. an aggregation level 4 or 8) and select
a PUCCH resource from a new PUCCH resource region
according to a newly introduced PUCCH resource linkage
rule of the present invention with respect to DCI detected at a
low aggregation level (e.g. an aggregation level 1 or 2). As
another example, the UE processor may use a CCE of a
PDCCH in a CSS using only a high aggregation level 4 or 8 to
determine a PUCCH resource in the conventional PUCCH
resource region and use a CCE of a PDCCH in a USS, except
for the CSS using only a high aggregation level 4 or 8, to
determine a PUCCH resource in the new PUCCH resource
region. Alternatively, the UE processor may obtaina PUCCH
resource region and a corresponding PUCCH resource index
depending upon a value of a specific field of a DCI format.
[0192] To prevent a situation in which the UE recognizes
that DCI has been transmitted at an aggregation level other
than an aggregation level transmitted by the eNB due to
overlap of an SS according to aggregation level, the eNB
processor may differently configure an SS to be linked to the
conventional PUCCH resource region and an SS to be linked
to the new PUCCH resource region. For example, the UE
processor may determine a PUCCH resource according to a
conventional PUCCH linkage rule when a PDCCH carrying
DCl is located in the CSS and determine a PUCCH resource
from among new PUCCH resources according to a newly
introduced PUCCH linkage rule of the present invention
when the PDCCH carrying the DCI is located in the USS. As
an example, the UE processor may determine a PUCCH
resource by always applying a conventional PCI related
parameter(s) and a cell-specific PUCCH resource index offset
N, ccrrto the DCTin the CSS, for a fallback operation. As
another method, even when the PDCCH is successfully
decoded a PDCCH at any aggregation level, the UE processor
may be configured to cause the UE to attempt to decode all
other possible aggregation level(s) so as to determine an
accurate aggregation level.

[0193] In the case in which only format O is used for UL
transmission, the eNB processor may control the eNB RF unit
to transmit information as to whether a corresponding UE
should use a conventional PUCCH resource or a new PUCCH
resource to the UE. For example, if the UE should perform a
normal operation, the eNB processor may inform the UE that
DCI format 0 is about the normal operation by positioning
DCI format 0 in an SS A (e.g. USS) or in the range of a CCE
index A or using only a specific aggregation level (e.g. an
aggregation level 1 or 2) and, if the UE should perform a
specific operation, the eNB processor may inform the UE that
DCI format 0 is about the special operation by positioning
DCI format 0 in an SS B (e.g. CSS) or in the range of a CCE
index B or using only a specific aggregation level (e.g. aggre-
gation level 4 or 8).

[0194] Meanwhile, when DCI format 0 is used as a DCI
format for fallback DCI and DCI format 4 is used as a DCI
format for TM dependent DCI, the UE processor controls the
UE RF unit to transmit UCI using a PUCCH resource in
PUCCH resource region 1 upon detecting DCI format 0 and
using a PUCCH resource in PUCCH resource region 2 upon
detecting DCI format 4.

[0195] The eNB processor may pre-configure a plurality of
sets of RRC parameters (e.g. a virtual cell ID (e.g. VCID?%)
for determining a BSI and another independent virtual cell ID

Aug. 7,2014

(e.g. VCID“*¥) for initializing a CSH pattern) and control the
eNB RF unit to transmit information indicating the config-
ured parameter sets to the UE. The eNB processor may add n
bits (e.g. n=1) to DCI format 0 in a USS and/or DCI format 4
in the USS in order to indicate a specific parameter set among
the RRC parameter sets. In addition, the eNB processor may
control the eNB RF unit to transmit various explicit signals
(e.g. a CIF, a CSI request field, a frequency hopping field, an
RA field, a CS/OCC field, etc.) to the UE. The UE processor
may determine a specific parameter set to be used for UL
transmission among the plural parameter sets based on the
explicit signals. The UE processor may generate a PUSCH
DMRS sequence using the specific parameter set and control
the UE RF unit to transmit a PUSCH together with the
PUSCH DMRS sequence.

[0196] Meanwhile, the eNB processor may enable/disable
a dynamic switching/indication mode between the plural
RRC parameter sets by higher-layer (e.g. RRC) signaling. If
the dynamic switching/indication mode is disabled by higher-
layer signaling, a set of specific RRC parameters (e.g. a
virtual cell ID (e.g. VCID?) for determining a BSI and
another independent virtual cell ID (e.g. VCID®) for ini-
tializing a CSH pattern) may be semi-statically configured
even with respect to a CoMP mode according to a predefined
rule.

[0197] Meanwhile, while a plurality of PUCCH resource
regions configured according to the embodiments of the
present invention may be distinguished by PUCCH resource
index offsets, the PUCCH resource regions may overlap each
other or may be exclusively configured according to how
PUCCH resource index offsets are actually configured. In
addition, the arrangement of the PDCCH in the data region
rather than the control region of FIG. 3 is considered and the
PDCCH transmitted/received in the data region is particularly
referred to as an e-PDCCH. The present invention may be
applied even when a PUCCH resource region for the e-PD-
CCH transmitted/received in the data region is separately
configured from a dynamic PUCCH resource region for a
PDCCH transmitted/received in the control region. The
PUCCH resource region for the e-PDCCH may be UE-spe-
cifically configured.

[0198] According to the present invention, the risk of col-
lision between PUCCH resources when a cell transmitting a
DL signal is different from a cell receiving a UL signal can be
prevented. Accordingly, the PUCCH resources can be effi-
ciently used.

[0199] As described above, the detailed description of the
preferred embodiments of the present invention has been
given to enable those skilled in the art to implement and
practice the invention. Although the invention has been
described with reference to exemplary embodiments, those
skilled in the art will appreciate that various modifications
and variations can be made in the present invention without
departing from the spirit or scope of the invention described in
the appended claims. Accordingly, the invention should not
be limited to the specific embodiments described herein, but
should be accorded the broadest scope consistent with the
principles and novel features disclosed herein.

INDUSTRIAL APPLICABILITY

[0200] The embodiments of the present invention are appli-
cable to a BS, an RN, a UE, or other devices in a wireless
communication system.
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1. A method for transmitting an uplink signal to a base
station by a user equipment in a wireless communication
system, the method comprising:
receiving downlink control information from the base sta-
tion through a physical downlink control channel (PD-
CCH); and

transmitting acknowledgement/negative acknowledge-
ment (ACK/NACK) information associated with the
downlink control information to the base station,

wherein, when a format of the downlink control informa-
tion is a first format according to a transmission mode of
the user equipment, the ACK/NACK information is
transmitted using a physical uplink control channel
(PUCCH) resource determined based on Equation 1,

ey

puccr=S ece N pyccaX) [Equation 1]

where n'",, s is a PUCCH resource index, N
prccr 18 a value received from the base station, n.q is
an index of a first control channel element (CCE) in the
PDCCH, X is a parameter other than n.., and N
roccr and F is a function having 0.z N 4 cpp and
X as arguments.

2. The method according to claim 1, further comprising:

receiving a value corresponding to X.

3. The method according to claim 2, wherein X corre-
sponds to an index of'a start PUCCH resource among PUCCH
resources configured for the first format.

4. The method according to claim 1, further comprising:

receiving information indicating the transmission mode

from the base station.

5. The method according to claim 1, wherein, when the
format of the downlink control information is a second format
rather than the first format, the ACK/NACK information is
transmitted using at least one of a PUCCH resource deter-
mined based on Equation 2 and a PUCCH resource deter-
mined based on Equation 3,

pes:

_ 1 .
puccar=necetN Y pucen [Equation 2]

pes:

puccar=ecet 1N Opyccar [Equation 3]

6. The method according to claim 1, wherein f is a function
for mapping M (where M is a positive integer) CCEs to N
(where N is a positive integer less than M) PUCCH resources.
7. A user equipment for transmitting an uplink signal to a
base station in a wireless communication system, the user
equipment comprising:
a radio frequency (RF) unit configured to transmit/receive
a signal; and

a processor configured to control the RF unit,

wherein the processor controls the RF unit to receive down-
link control information from the base station through a
physical downlink control channel (PDCCH) and con-
trols the RF unit to transmit acknowledgement/negative
acknowledgement (ACK/NACK) information associ-
ated with the downlink control information to the base
station, and

wherein, when a format of the downlink control informa-

tion is a first format according to a transmission mode of
the user equipment, the processor controls the RF unit to
transmit the ACK/NACK information using a physical
uplink control channel (PUCCH) resource determined
based on Equation 1,

ey

puccr=S ece N pyccaX) [Equation 1]
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where n™, .y is a PUCCH resource index, NV
prccr 18 a value received from the base station, n.q is
an index of a first control channel element (CCE) in the
PDCCH, X is a parameter other than n.., and N
roccr and f is a function having n ., N 4 .oy and
X as arguments.

8. The user equipment according to claim 7, wherein the
processor controls the RF unit to further receive a value
corresponding to X.

9. The user equipment according to claim 8, wherein X
corresponds to an index of a start PUCCH resource among
PUCCH resources configured for the first format.

10. The user equipment according to claim 7, wherein the
processor controls the RF unit to further receive information
indicating the transmission mode from the base station.

11. The user equipment according to claim 7, wherein,
when the format of the downlink control information is a
second format rather than the first format, processor controls
the RF unit to transmit the ACK/NACK information using at
least one of a PUCCH resource determined based on Equa-
tion 2 and a PUCCH resource determined based on Equation
35

ey

— 1 .
pucca=tecetN Y pucca [Equation 2]

1 — 1 .
#Pppccar=recst N pyccn [Equation 3]

12. The user equipment according to claim 7, wherein f is
a function for mapping M (where M is a positive integer)
CCEsto N (where N is a positive integer less than M) PUCCH
resources.
13. A method for receiving an uplink signal from a user
equipment by a base station in a wireless communication
system, the method comprising:
transmitting downlink control information to the user
equipment through a physical downlink control channel
(PDCCH); and

receiving acknowledgement/negative acknowledgement
(ACK/NACK) information associated with the down-
link control information from the user equipment,

wherein, when a format of the downlink control informa-
tion is a first format according to a transmission mode of
the user equipment, the ACK/NACK information is
received using a physical uplink control channel
(PUCCH) resource determined based on Equation 1,

ey

pvccr=S tece NP puccnX) [Equation 1]

where n™, .y is a PUCCH resource index, NV
prccr 18 a value received from the base station, n.q is
an index of a first control channel element (CCE) in the
PDCCH, X is a parameter other than n.., and N
roccr and F is a function having n ., N 4o and
X as arguments.
14. A base station for receiving an uplink signal from a user
equipment in a wireless communication system, the base
station comprising:
a radio frequency (RF) unit configured to transmit/receive
a signal; and

a processor configured to control the RF unit,

wherein the processor controls the RF unit to transmit
downlink control information to the user equipment
through a physical downlink control channel (PDCCH)
and controls the RF unit to receive acknowledgement/
negative acknowledgement (ACK/NACK) information
associated with the downlink control information from
the user equipment, and
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wherein, when a format of the downlink control informa-
tion is a first format according to a transmission mode of
the user equipment, the processor controls the RF unit to
receive the ACK/NACK information using a physical
uplink control channel (PUCCH) resource determined
based on Equation 1,

1D puccr=f mece NPpyccnX) [Equation 1]

where 1,y is a PUCCH resource index, N
pucc 18 a value received from the base station, n,.z is
an index of a first control channel element (CCE) in the
PDCCH, X is a parameter other than n.., and N
pucen and fis a function having 0.z, NV oy c o and
X as arguments.

15-24. (canceled)
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