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(57) Abstract: In the present invention, when a user equipment (UE) transmits ACK/NACK information of multiple CCs to a base
station (BS), ACK/NACK responses of one CC detected in the order of [ACK, ACK, ACK, ACK], and other ACK/NACK responses
of the CC detected in the order of [ACK, DTX, DTX, DTX] are treated to be the same. According to the present invention, control
information can be effectively transmitted in a wireless system.
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Description

Title of Invention: METHOD AND USER EQUIPMENT FOR

TRANSMITTING UPLINK CONTROL INFORMATION, AND

[1]

[2]

[3]

[4]

[5]

METHOD AND BASE STATION FOR RECEIVING UPLINK

CONTROL INFORMATION
Technical Field

The present invention relates to a wireless communication system, and more par-
ticularly to a method and apparatus for transmitting uplink control information.
Background Art

Wireless communication systems are widely used to provide various kinds of com-
munication services such as voice or data services. Generally, a wireless commu-
nication system is a multiple access system that can communicate with multiple users
by sharing available system resources (bandwidth, transmission (Tx) power, and the
like). A variety of multiple access systems can be used, for example, a Code Division
Multiple Access (CDMA) system, a Frequency Division Multiple Access (FDMA)
system, a Time Division Multiple Access (TDMA) system, an Orthogonal Frequency
Division Multiple Access (OFDMA) system, a Single Carrier Frequency Division
Multiple Access (SC-FDMA) system, a Multi-Carrier Frequency Division Multiple
Access (MC-FDMA) system, and the like.

Disclosure of Invention
Technical Problem

An object of the present invention is to provide a method and apparatus for ef-
fectively transmitting control information in a wireless communication system.
Another object of the present invention is to provide a channel format and signaling
processing to efficiently transmit control information, and an apparatus for the same.
Another object of the present invention is to provide a method and apparatus for ef-
ficiently allocating resources used for transmitting control information.

It is to be understood that objects to be achieved by the present invention are not
limited to the aforementioned objects and other objects which are not mentioned will
be apparent to those of ordinary skill in the art to which the present invention pertains
from the following description.

Solution to Problem

The object of the present invention can be achieved by providing a method for

transmitting, by a user equipment (UE), uplink control information to a base station

(BS) in a wireless communication system, the method comprising: detecting 4 first
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ACK(ACKnowledgement)/NACK(Negative ACK)/DTX(Discontinuous Transmission)
responses [x(0), x(1), x(2), x(3)] for 4 downlink (DL) transmissions on a first carrier,
where x(1), 0<i<3, is an ACK/NACK/DTX response for i-th DL transmission on the
first carrier; detecting 4 second ACK/NACK/DTX responses [y(0), y(1), y(2), y(3)] for
4 DL transmissions on a second carrier, where y(1), 0<i<3, is an ACK/NACK/DTX
response for i-th DL transmission on the second carrier; performing channel selection,
by selecting one of a plurality of physical uplink control channel (PUCCH) resources
and generating transmission bits, based on [x(0), x(1), x(2), x(3)] and [y(0), y(1), y(2),
y(3)]; and transmitting the generated transmission bits on the selected PUCCH
resource, wherein when [y(0), y(1), y(2), y(3)] is the same, the same transmission bits
are generated for [x(0), x(1), x(2), x(3)]=[ACK, ACK, ACK, ACK] and for [x(0), x(1),
x(2), x(3)]=[ACK, DTX, DTX, DTX].

In another aspect of the present invention, a user equipment (UE) for transmitting
uplink (UL) control information to a base station (BS) in a wireless communication
system includes a receiver, a transmitter, and a processor configured to control the
receiver and the transmitter. The processor is configured to control the receiver to
detect 4 first ACK(ACKnowledgement)/NACK(Negative ACK)/DTX(Discontinuous
Transmission) responses [x(0), x(1), x(2), x(3)] for 4 downlink (DL) transmissions on
a first carrier, where x(i), 0<i<3, is an ACK/NACK/DTX response for i-th DL
transmission on the first carrier, and detect 4 second ACK/NACK/DTX responses
[y(0), y(1), y(2), y(3)] for 4 DL transmissions on a second carrier, where y(i), 0<i<3, is
an ACK/NACK/DTX response for i-th DL transmission on the second carrier. The
processor is configured to perform channel selection by selecting one of a plurality of
physical uplink control channel (PUCCH) resources and generating transmission bits,
based on [x(0), x(1), x(2), x(3)] and [y(0), y(1), y(2), y(3)]. The processor is
configured to control the transmitter to transmit the generated transmission bits on the
selected PUCCH resource. When [y(0), y(1), y(2), y(3)] is the same, the same
transmission bits are generated for [x(0), x(1), x(2), x(3)]=[ACK, ACK, ACK, ACK]
and for [x(0), x(1), x(2), x(3)]=[ACK, DTX, DTX, DTX].

In another aspect of the present invention, a method for receiving, by a base station
(BS), uplink (UL) control information from a user equipment (UE) in a wireless com-
munication system, the method comprising: transmitting a first carrier and a second
carrier to the user equipment (UE); receiving, from the user equipment (UE),
transmission bits on one of a plurality of physical uplink control channel (PUCCH)
resources; determining first ACK (ACKnowledgement)/NACK(Negative
ACK)/DTX(Discontinuous Transmission) responses [x(0), x(1), x(2), x(3)] for the first
carrier, where x(1), 0<i<3, is an ACK/NACK/DTX response for i-th DL transmission
on the first carrier, and second ACK/NACK/DTX responses [y(0), y(1), y(2), y(3)] for
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the second carrier, where y(i), 0<i<3, is an ACK/NACK/DTX response for i-th DL
transmission on the second carrier, based on the transmission bits and the PUCCH
resource on which the transmission bits are received.

[8] In another aspect of the present invention, a base station (BS) for receiving uplink
(UL) control information from a user equipment (UE) in a wireless communication
system includes a receiver, a transmitter, and a processor configured to control the
receiver and the transmitter. the processor is configured to control the transmitter to
transmit a first carrier and a second carrier to the user equipment (UE), and control the
receiver to receive transmission bits on one of a plurality of physical uplink control
channel (PUCCH) resources. The processor is configured to determine, based on the
transmission bits and the PUCCH resource on which the transmission bits are received,
first ACK (ACKnowledgement)/NACK(Negative ACK)/DTX(Discontinuous
Transmission) responses [x(0), x(1), x(2), x(3)] for the first carrier, where x(i) is an
ACK/NACK/DTX response for i-th DL transmission on the first carrier, and second
ACK/NACK/DTX responses [y(0), y(1), y(2), y(3)] for the second carrier,where y(i) is
an ACK/NACK/DTX response for i-th DL transmission on the second carrier.

[9] In each aspect of the present invention, when the [y(0), y(1), y(2), y(3)] is the same,
the same PUCCH resource is selected for [x(0), x(1), x(2), x(3)]=[ACK, ACK, ACK,
ACK] and for [x(0), x(1), x(2), x(3)]=[ACK, DTX, DTX, DTX].

[10] In each aspect of the present invention, the same transmission bits may be generated

for cases shown in the following table:

[11] [Table]
[12]
Case |x(0), x(1), x(2), x(3) y(0), y(1), y(2), y(3)
1 ACK, ACK, ACK, ACK ACK, ACK, ACK, ACK
2 ACK, ACK, ACK, ACK ACK, DTX, DIX, DTX
3 ACK, DTX, DTX, DIX ACK, ACK, ACK, ACK
4 ACK, DTX, DTX, DIX ACK, DTX, DTX, DTX
[13] In each aspect of the present invention, the same PUCCH resources may be selected

for the cases 1 to 4.

[14] In each aspect of the present invention, one of the first carrier and the second carrier
may be a primary cell (PCell) and the other carrier may be a secondary cell (SCell).

[15] In each aspect of the present invention, the user equipment (UE) may performe the
channel selection according to a mapping table. The BS may determine the first ACK/
NACK/DTX responses and the second ACK/NACK/DTX responses using the
mapping table. The mapping table may include mapping relationship shown in the
following table:

[16] [Table]
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[18] wherein n®pyccy; 1s @ PUCCH resource 1 (0<i<3) from among the plurality of
PUCCH resources, and a0,al indicates transmission bits or constellation.

[19] The aforementioned technical solutions are only a part of the embodiments of the
present invention, and various modifications to which technical features of the present
invention are applied could be understood by those of ordinary skill in the art to which
the present invention pertains, based on the following detailed description of the

present invention.

Advantageous Effects of Invention
[20] As is apparent from the above description, exemplary embodiments of the present
invention have the following effects. In accordance with the embodiments of the
present invention, control information can be effectively transmitted in a wireless
system. In addition, the embodiments of the present invention can provide a channel
format and a signal processing method to effectively transmit control information. In
addition, resources for transmitting control information can be effectively assigned.
[21] It will be appreciated by persons skilled in the art that the effects that could be
achieved with the present invention are not limited to what has been particularly
described hereinabove and other advantages of the present invention will be more
clearly understood from the following detailed description taken in conjunction with

the accompanying drawings.

Brief Description of Drawings
[22] The accompanying drawings, which are included to provide a further understanding
of the invention and are incorporated in and constitute a part of this application, il-
lustrate embodiment(s) of the invention and together with the description serve to
explain the principle of the invention. In the drawings:

[23] FIG. 1 is a block diagram of a UE and a BS for implementing the present invention;
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[24] FIG. 2 is a block diagram of an exemplary transmitter in each of the UE and the BS;
[25] FIG. 3 shows examples for satisfying single carrier characteristics and mapping an
input symbol to a subcarrier in a frequency domain;

[26] FIGS. 4 to 6 show examples for mapping an input symbol to a single carrier by a
clustered DFT-s-OFDM.

[27] FIG. 7 shows the signal processing of a segmented SC-FDMA;

[28] FIG. 8 shows examples of a radio frame structure used in a wireless communication
system;

[29] FIG. 9 shows an example of a DL/UL slot structure for use in a wireless commu-
nication system;

[30] FIG. 10 shows an example of a DL subframe structure for use in a wireless commu-
nication system;

[31] FIG. 11 shows an example of a UL subframe structure for use in a wireless commu-
nication system;

[32] FIG. 12 shows an example for deciding PUCCH resources for ACK/NACK;

[33] FIG. 13 shows exemplary communication under a single carrier situation;

[34] FIG. 14 shows exemplary communication under a multicarrier situation;

[35] FIG. 15 is a conceptual diagram illustrating a method for enabling one MAC of a BS
to manage multicarriers;

[36] FIG. 16 is a conceptual diagram illustrating a method for enabling one MAC of a UE
to manage multicarriers;

[37] FIG. 17 is a conceptual diagram illustrating a method for enabling several MACs of a
BS to manage multicarriers;

[38] FIG. 18 is a conceptual diagram illustrating a method for enabling several MACs of a
UE to manage multicarriers;

[39] FIG. 19 is a conceptual diagram illustrating another method for enabling several
MAC:s of a BS to manage multicarriers;

[40] FIG. 20 is a conceptual diagram illustrating another method for enabling several
MAC:s of a UE to manage multicarriers;

[41] FIGS. 21 and 22 exemplarily show PUCCH format 1a and 1b slot level structures;

[42] FIG. 23 shows an exemplary scenario for transmitting uplink control information
(UCI) in a wireless communication system supporting carrier aggregation;

[43] FIGS. 24 to 27 exemplarily show a PUCCH format 3 structure and associated signal
processing according to the embodiments of the present invention;

[44] FIG. 28 shows an exemplary TDD UL-DL structure;

[45] FIG. 29 exemplarily shows ACK/NACK transmission based on channel selection;

[46] FIGS. 30 to 37 illustrate embodiments for transmitting ACK/NACK information

further representing a discontinuous transmission (DTX) state;
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[47]

[48]

[49]

[50]

[51]

FIG. 38 is a conceptual diagram illustrating a method for transmitting ACK/NACK
information of 4 bits using channel selection with PUCCH Format 1b; and

FIG. 39 illustrates some parts of Table 34.
Mode for the Invention

Hereinafter, the preferred embodiments of the present invention will be described
with reference to the accompanying drawings. It is to be understood that the detailed
description, which will be disclosed along with the accompanying drawings, is
intended to describe the exemplary embodiments of the present invention, and is not
intended to describe a unique embodiment with which the present invention can be
carried out. The following detailed description includes detailed matters to provide full
understanding of the present invention. However, it will be apparent to those skilled in
the art that the present invention can be carried out without the detailed matters.

Techniques, apparatus and systems described herein can be used in various wireless
access technologies such as Code Division Multiple Access (CDMA), Frequency
Division Multiple Access (FDMA), Time Division Multiple Access (TDMA), Or-
thogonal Frequency Division Multiple Access (OFDMA), Single Carrier Frequency
Division Multiple Access (SC-FDMA), etc. The CDMA may be implemented with a
radio technology such as Universal Terrestrial Radio Access (UTRA) or CDMA2000.
The TDMA may be implemented with a radio technology such as Global System for
Mobile communications (GSM)/General Packet Radio Service (GPRS)/Enhanced Data
Rates for GSM Evolution (EDGE). The OFDMA may be implemented with a radio
technology such as institute of electrical and electronics engineers (IEEE) 802.11
(Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802-20, Evolved-UTRA (E-UTRA) etc. The
UTRA is a part of a Universal Mobile Telecommunication System (UMTS). 3rd
Generation Partnership Project (3GPP) Long Term Evolution (LTE) is a part of an
Evolved-UMTS (E-UMTS) using the E-UTRA. The 3GPP LTE employs the OFDMA
in downlink (DL) and employs the SC-FDMA in uplink (UL). LTE-Advance (LTE-A)
is an evolution of the 3GPP LTE. For clarity, this application focuses on the 3GPP
LTE/LTE-A. However, technical features of the present invention are not limited
thereto. For example, although the following description will be made based on a
mobile communication system corresponding to a 3GPP LTE/LTE-A system, the
following description can be applied to other mobile communication systems except
unique features of the 3GPP LTE/LTE-A system.

In some cases, to prevent the concept of the present invention from being ambiguous,
structures and apparatuses of the known art will be omitted, or will be shown in the
form of a block diagram based on main functions of each structure and apparatus.

Also, wherever possible, the same reference numbers will be used throughout the
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drawings and the specification to refer to the same or like parts.

In the present invention, a User Equipment (UE) denotes a mobile or fixed type user
terminal. Examples of the UE include various equipments that transmit and receive
user data and/or various kinds of control information to and from a base station. 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, or a handheld device.
Also, in the present invention, a Base Station (BS) means a fixed station that performs
communication with a user equipment and/or another base station, and exchanges
various kinds of data and control information with the user equipment and another base
station. The base station may be referred to another terminology such as an Evolved-
NodeB (eNB), a Base Transceiver System (BTS), and an Access Point (AP).

In the present invention, if a specific signal is allocated to a frame, subframe, slot,
symbol, carrier, or subcarrier, it means that the specific signal is transmitted through
the corresponding carrier or subcarrier during a period/timing of the corresponding
frame, subframe, slot or symbol.

In the present invention, a rank or a transmission rank may indicate the number of
layers multiplexed/allocated to one OFDM symbol or one data resource element (RE).

In the present invention, a Physical Downlink Control Channel (PDCCH), a Physical
Control Format Indicator Channel (PCFICH), a Physical Hybrid automatic retransmit
request Indicator Channel (PHICH), and a Physical Downlink Shared CHannel
(PDSCH) may indicate a set of REs carrying Downlink Control Information (DCI), a
set of REs carrying Control Format Indicator (CFl), a set of REs carrying downlink
ACK/NACK (ACKnowlegement/Negative ACK), and a set of REs carrying DL data,
respectively. In addition, a Physical Uplink Control CHannel (PUCCH), a Physical
Uplink Shared CHannel (PUSCH), and a Physical Random Access CHannel)
(PRACH) may indicate a set of REs carrying Uplink Control Information (UCI), a set
of REs carrying UL data, and a set of REs carrying a random access signal. In the
present invention, RE that is assigned to or pertains to PDCCH/
PCFICH/PHICH/PDSCH/PUCCH/PUSCH/PRACH may be called PDCCH/
PCFICH/PHICH/PDSCH/PUCCH/PUSCH/PRACH RE or PDCCH/
PCFICH/PHICH/PDSCH/PUCCH/PUSCH/PRACH resource.

Therefore, in the present invention, PUCCH/PUSCH/PRACH transmission of a UE
may be conceptuallay identical to UL control information / UL data / random access
signal transmission on PUSCH/PUCCH/PRACH, respectively. In addition, PDCCH/
PCFICH/PHICH/PDSCH transmission of a BS may be conceptually identical to DL
data / control information transmission on PDCCH/PCFICH/PHICH/PDSCH, re-

spectively.
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On the other hand, in the present invention, ACK/NACK information mapping to a
specific constellation point may be conceptually identical to ACK/NACK information
mapping to a specific complex modulation symbol.

FIG. 1 is a block diagram of a UE and a BS for implementing the present invention.

The UE serves as a transmitter on the uplink and as a receiver on the downlink. In
contrast, the BS may serve as a receiver on the uplink and as a transmitter on the
downlink.

The UE and the BS include antennas 500a and 500b for receiving information, data,
signals, and/or messages, transmitters 100a and 100b for transmitting messages by
controlling the antennas 500a and 500b, receivers 300a and 300b for receiving
messages by controlling the antennas 500a and 500b, and memories 200a and 200b for
storing information associated with communication in the wireless communication
system. The UE and the BS further include processors 400a and 400b, respectively,
which are adapted to perform the present invention by controlling the components of
the UE and the BS, such as the transmitters 100a and 100b, the receivers 300a and
300b, and the memories 200a and 200b. The transmitter 100a, the memory 200a, the
receiver 300a, and the processor 400a in the UE may be configured as independent
components on separate chips or their separate chips may be incorporated into a single
chip. Likewise, the transmitter 100b, the memory 200b, the receiver 300b, and the
processor 400b in the BS may be configured as independent components on separate
chips or their separate chips may be incorporated into a single chip. The transmitter
and the receiver may be configured as a single transceiver or a Radio Frequency (RF)
module in the UE or the BS.

The antennas 500a and 500b transmit signals generated from the transmitters 100a
and 100b to the outside, or transfer radio signals received from the outside to the
receivers 300a and 300b. The antennas 500a and 500b may be referred as antenna
ports. Each antenna port may correspond to one physical antenna or may be configured
into a combination of more than one physical antenna element. In either case, the
signal transmitted from each antenna port is not designed to be further deconstructed
by the UE receiver (300a). The transmitted reference signal corresponding to a given
antenna port defines the antenna port from the point of the UE, and enables the UE to
derive a channel estimation for that antenna port, regardless of whether it represents a
single radio channel from one physical antenna or a composite channel from a plurality
of physical antenna elements together comprising the antenna port. If the transmitters
100a and 100b and/or the receivers 300a and 300b support a Multiple Input Multiple
Output (MIMO) function using a plurality of antennas, each of them may be connected
to two or more antennas.

The processors 400a and 400b generally provide overall control to the modules of the
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UE and the BS. Especially, the processors 400a and 400b may carry out a control
function for performing the present invention, a Medium Access Control (MAC) frame
variable control function based on service characteristics and a propagation en-
vironment, a power saving mode function for controlling idle-mode operations, a
handover function, and an authentication and encryption function. The processors 400a
and 400b may also be referred to as controllers, microcontrollers, microprocessors, mi-
crocomputers, etc. The processors 400a and 400b may be configured in hardware,
firmware, software, or their combination. In a hardware configuration, the processors
400a and 400b may be provided with one or more Application Specific Integrated
Circuits (ASICs), Digital Signal Processors (DSPs), Digital Signal Processing Devices
(DSPDs), Programmable Logic Devices (PLDs), and/or Field Programmable Gate
Arrays (FPGAs), for implementing the present invention. In a firmware or software
configuration, firmware or software may be configured to include a module, a
procedure, a function, etc. for performing functions or operations of the present
invention. This firmware or software may be provided in the processors 400a and
400b, or may be stored in the memories 200a and 200b and driven by the processors
400a and 400b.

The transmitters 100a and 100b perform predetermined coding and modulation for
signals and/or data, which are scheduled by schedulers connected to the processors
400a and 400b and transmitted to the outside, and then transfer the modulated signals
and/or data to the antennas 500a and 500b. For example, the transmitters 100a and
100b convert a transmission data stream to K layers by demultiplexing, channel
coding, modulation, etc. The K layers are transmitted through the antennas 500a and
500b after being processed in transmission processors of the transmitters 100a and
100b. The transmitters 100a and 100b and the receivers 300a and 300b of the UE and
the BS may be configured in different manners depending on the procedures of
processing transmitted signals and received signals.

The memories 200a and 200b may store programs required for signal processing and
controlling of the processors 400a and 400b and temporarily store input and output in-
formation. The memories 200a and 200b may store predefined codebooks with respect
to each rank. Each of the memories 200a and 200b may be implemented into a flash
memory-type storage medium, a hard disc-type storage medium, a multimedia card
micro-type storage medium, a card-type memory (e.g. a Secure Digital (SD) or
eXtreme Digital (XS) memory), a Random Access Memory (RAM), a Read-Only
Memory (ROM), an Electrically Erasable Programmable Read-Only Memory
(EEPROM), a Programmable Read-Only Memory (PROM), a magnetic memory, a
magnetic disc, or an optical disk.

FIG. 2 is a block diagram of an exemplary transmitter in each of the UE and the BS.
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Operations of the transmitters 100a and 100b will be described below in more detail
with reference to FIG. 2.

Referring to FIG. 2, each of the transmitters 100a and 100b include scramblers 301,
modulation mappers 302, a layer mapper 303, a precoder 304, RE mappers 305, Or-
thogonal Frequency Division Multiplexing (OFDM) signal generators 306.

The transmitters 100a and 100b may transmit more than one codeword. The
scramblers 301 scramble the coded bits of each codeword, for transmission on a
physical channel. A codeword may be referred to as a data stream and is equivalent to
a data block from the MAC layer. The data block from the MAC layer is referred to as
a transport block.

The modulation mappers 302 modulate the scrambled bits, thus producing complex
modulation symbols. The modulation mappers 302 modulate the scrambled bits to
complex modulation symbols representing positions on a signal constellation in a pre-
determined modulation scheme. The modulation scheme may be, but not limited to,
any of m-Phase Shift Keying (m-PSK) and m-Quadrature Amplitude Modulation
(m-QAM).

The layer mapper 303 maps the complex modulation symbols to one or several
transmission layers.

The precoder 304 may precode the complex modulation symbols on each layer, for
transmission through the antenna ports. More specifically, the precoder 304 generates
antenna-specific symbols by processing the complex modulation symbols for multiple
transmission antennas 500-1 to 500-N, in a MIMO scheme, and distributes the antenna-
specific symbols to the RE mappers 305. That is, the precoder 304 maps the
transmission layers to the antenna ports. The precoder 304 may multiply an output x of
the layer mapper 303 by an N*M, precoding matrix W and output the resulting product
in the form of an N;*My matrix z.

The RE mappers 305 map/allocate the complex modulation symbols for the re-
spective antenna ports to REs. The RE mappers 305 may allocate the complex
modulation symbols for the respective antenna ports to appropriate subcarriers, and
may multiplex them according to users.

The OFDM signal generators 306 modulate the complex modulation symbols for the
respective antenna ports, that is, the antenna-specific symbols through OFDM or SC-
FDM modulation, thereby producing a complex time-domain OFDM or SC-FDM
symbol signal. The OFDM signal generators 306 may perform Inverse Fast Fourier
Transform (IFFT) on the antenna-specific symbols and insert a Cyclic Prefix (CP) into
the resulting IFFT time-domain symbol. The OFDM symbol is transmitted through the
transmission antennas 500-1 to 500-N; to a receiver after digital-to-analog conversion,

frequency upconversion, etc. The OFDM signal generators 306 may include an IFFT
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module, a CP inserter, a Digital-to-Analog Converter (DAC), a frequency upconverter,
etc.

On the other hand, if the transmitter 100a or 100b applies the SC-FDMA scheme to
codeword transmission, the transmitter 100a or 100b may include a Discrete Fourier
Transform (DFT) module 307 (or Fast Fourier Transform (FFT) module). The DFT
module 307 performs DFT or FFT (hereinafter referred to as DFT/FFT) on the antenna
specific symbol, and outputs the DFT/FFT symbol to the resource element mapper
305. In this case, Single Carrier FDMA (SC-FDMA), and a Peak-to-Average Power
Ratio (PAPR) or Cubic Metric (CM) of a transmission signal may be reduced and
transmitted. In accordance with the SC-FDMA, the transmission signal may be
transmitted without overlapping with a non-linear distortion section of a power
amplifier. Therefore, although the transmitter transmits signals at a power level lower
than that of the conventional OFDM scheme, the receiver is able to receive signals that
satisfy a predetermined strength or an error rate. That is, according to the SC-FDMA,
power consumption of the transmitter can be reduced.

The conventional OFDM signal generator has a disadvantage in that signals of in-
dividual subcarriers are MCM(Multi Carrier modulation)-processed and simul-
taneously transmitted in parallel while passing through the IFFT, resulting in reduction
in efficiency of the power amplifier. In contrast, the SC-FDMA may first perform
DFT/FFT of information before mapping signals to subcarriers. PAPRs of the output
signals of the DFT/FFT module 307 are increased due to the DFT/FFT effect. The
DFT/FFT signals are mapped to subcarriers by the resource element mapper 305, are
IFFT-processed, and are then converted into a time-domain signal. That is, the SC-
FDMA transmitter may further perform the DFT or FFT operation before performing
the OFDM signal generator processing, such that PAPR is increased at an IFFT input
terminal such that a PAPR of the final transmission signal is reduced through the IFFT.
The above-mentioned format is identical to a DFT module (or FFT module) 307 added
to the front of the conventional OFDM signal generator, such that SC-FDMA may be
called DFT-spreaded OFDM (DFT-s-OFDM).

The SC-FDMA must satisfy single carrier characteristics. FIG. 3 shows examples for
satisfying single carrier characteristics and mapping an input symbol to a subcarrier in
a frequency domain. In FIG. 3(a) or 3(b), if a DFT-processed symbol is assigned to a
subcarrier, a transmission signal satisfying single carrier characteristics can be
obtained. FIG. 3(a) shows a localized mapping method, and FIG. 3(b) shows a dis-
tributed mapping method.

On the other hand, the clustered DFT-s-OFDM scheme may be adapted to the
transmitter 100a or 100b. The clustered DFT-s-OFDM is considered to be a modi-

fication of the conventional SC-FDMA scheme. In more detail, a signal output from
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the DFT/FFT module 307 and the precoder 304 is divided into some sub-blocks, and
the divided sub-blocks are discontinuously mapped to subcarriers. FIGS. 4 to 6 show
examples for mapping an input symbol to a single carrier by a clustered DFT-s-OFDM.
FIG. 4 shows the signal processing in which DFT-process output samples are mapped
to one carrier in the clustered SC-FDMA. FIGS. 5 and 6 show the signal processing in
which DFT process output samples are mapped to multicarriers in a clustered SC-
FDMA.

FIG. 4 shows the example of intra-carrier cluster SC-FDMA application. FIGS. 5 and
6 show examples of the inter-carrier cluster SC-FDMA application. FIG. 5 shows the
example in which a signal is created through a single IFFT block under the condition
that component carriers are contiguously allocated to a frequency domain and the
subcarrier spacing between contiguous component carriers is arranged. FIG. 6 shows
another example in which a signal is created through several IFFT blocks under the
condition that component carriers are non-contiguously allocated to a frequency
domain.

FIG. 7 shows exemplary segmented SC-FDMA signal processing.

The segmented SC-FDMA to which the same number of IFFTs as an arbitrary
number of DFTs is applied may be considered to be an extended version of the con-
ventional SC-FDMA DFT spread and the IFFT frequency subcarrier mapping structure
because the relationship between DFT and IFFT is one-to-one basis. If necessary, the
segmented SC-FDMA may also be represented by NxSC-FDMA or NxDFT-
s-OFDMA. For convenience of description and better understanding of the present
invention, the segmented SC-FDMA, NxSC-FDMA and NxDFT-s-OFDMA may be
generically as 'segment SC-FDMA'. Referring to FIG. 7, in order to reduce the single
carrier characteristic condition, the segment SC-FDMA groups all the time domain
modulation symbols into N groups, such that a DFT process is performed in units of a
group.

Referring to FIG. 2, the receivers 300a and 300b operate in the reverse order to the
operation of the transmitters 100a and 100b. The receivers 300a and 300b decode and
demodulate radio signals received through the antennas 500a and 500b from the
outside and transfer the demodulated signals to the processors 400a and 400b. The
antenna 500a or 500b connected to each of the receivers 300a and 300b may include N,
reception antennas. A signal received through each reception antenna is down-
converted to a baseband signal and then recovered to the original data stream
transmitted by the transmitter 100a or 100b through multiplexing and MIMO de-
modulation. Each of the receivers 300a and 300b may include a signal recoverer for
downconverting a received signal to a baseband signal, a multiplexer for multiplexing

received signals, and a channel demodulator for demodulating the multiplexed signal
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stream to a codeword. The signal recoverer, the multiplexer, and the channel decoder
may be configured into an integrated module for performing their functions or in-
dependent modules. To be more specific, the signal recoverer may include an Analog-
to-Digital Converter (ADC) for converting an analog signal to a digital signal, a CP
remover for removing a CP from the digital signal, an FFT module for generating a
frequency-domain symbol by performing FFT on the CP-removed signal, and an RE
demapper/equalizer for recovering antenna-specific symbols from the frequency-
domain symbol. The multiplexer recovers transmission layers from the antenna-
specific symbols and the channel demodulator recovers the codeword transmitted by
the transmitter from the transmission layers.

On the other hand, in the case where the receiver 300a or 300b receives signals
according to the SC-FDMA scheme illustrated in FIGS. 3 to 7, the receiver 300a or
300b may further include an Inverse Discrete Fourier Transform (IDFT) module (also
called an IFFT module). The IDFT/IFFT module performs IDFT/IFFT on an antenna-
specific symbol recovered by the resource element mapper, and thus outputs the IDFT/
IFFT symbol to the multiplexer.

While it has been described in FIGs. 1 to 7 that each of the transmitters 100a and
100b includes the scramblers 301, the modulation mappers 302, the layer mapper 303,
the precoder 304, the RE mappers 305, and the OFDM signal generators 306, it may be
further contemplated that the scramblers 301, the modulation mappers 302, the layer
mapper 303, the precoder 304, the RE mappers 305, and the OFDM signal generators
306 are incorporated into each of the processors 400a and 400b of the transmitters
100a and 100b. Likewise, while it has been described in FIGs. 1 to 7 that each of the
receivers 300a and 300b includes the signal recoverer, the multiplexer, and the channel
demodulator, it may be further contemplated that the signal recoverer, the multiplexer,
and the channel demodulator are incorporated into each of the processors 400a and
400D of the receivers 300a and 300b. For convenience of description and better under-
standing of the present invention, it is assumed that the scrambler 301, the modulation
mapper 302, the layer mapper 303, the precoder 304, the resource element (RE)
mapper 305, and the OFDM signal generator 306 (in case of the SC-FDMA scheme,
the DFT module 307 may be further included) are included in the transmitter 100a or
100b separated from the processor 400a or 400b configured to control the operations of
the above-mentioned constituent elements 302 to 306. In addition, it is assumed that a
signal recoverer, a multiplexer, and a channel demodulator may be included in the
receiver 300a or 300b separated from the processor 400a or 400b configured to control
the operations of the signal recoverer, the multiplexer and the channel demodulator.
However, in the case where the scrambler 301, the demodulation mapper 302, the layer

mapper 303, the precoder 304, the RE mapper 305, and the OFDM signal generators
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306 and 307 are contained in the processor 400a or 400b, and even in the case where
the signal recoverer, the multiplexer, and the channel demodulator (in case of the SC-
FDMA scheme, the IFFT module may be further included) are contained in the
processor 400a or 400b, the embodiments of the present invention may also be applied.

FIG. 8 illustrates an exemplary structure of a radio frame in a wireless commu-
nication system. Particularly, FIG. 8(a) illustrates a radio frame according to a Frame
Structure type 1 (FS-1) of a 3GPP LTE/LTE-A system, and FIG. 8(b) illustrates a radio
frame according to a Frame Structure type 2 (FS-2) of the 3GPP LTE/LTE-A system.
The frame structure of FIG. 8(a) may be applied to a Frequency Division Duplexing
(FDD) mode and a half-FDD (H-FDD) mode. The frame structure of FIG. 8(b) may be
applied to a Time Division Duplexing (TDD) mode.

Referring to FIG. 8, a 3GPP LTE/LTE-A radio frame is 10ms (307,200T;) in
duration. The radio frame is divided into 10 equally-sized subframes, each subframe
being Ims long. Subframe numbers may be assigned to the 10 subframes within the
radio frame, respectively. For example, the 10 subframes may be sequentially
numbered from O to 9. Each subframe is further divided into two slots, each of 0.5ms
in duration. 20 slots are sequentially numbered from O to 19. A time interval in which
one subframe is transmitted is defined as a Transmission Time 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.

A radio frame may be differently constructed according to a duplex mode. For
example, in the FDD mode, DL transmission and UL transmission are discriminated
according to a frequency, such that the radio frame includes only one of a DL subframe
and a UL subframe in a time domain.

On the other hand, in the TDD mode, DL transmission and UL transmission are dis-
criminated according to time, such that subframes contained in a frame may be
classified into DL subframes and UL subframes. Table 1 shows an exemplary UL-DL
construction in a TDD mode.

Table 1
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[Table 1]
Uplink-downlink configuration |Subframe number

0o (1 |2 3 |4 |5 6 7 18 |9
0 b |S (U |U |U D S |U |[U |U
1 D |S (U |U [D (D S |U |U |D
2 D |S (U |[D (D (D S (U |[D [D
3 D |S |U |U (U (D D (D |[D [D
4 D |S (U |U [D (D D (D |[D [D
5 D |S (U |[D (D (D D |[D (D D
6 b |S (U |U |U D S |U |U |D

[88]

[89]

[90]

[91]

In Table 1, D is a DL subframe, U is a UL subframe, and S is a special subframe. The
special subframe denoted by S may include three fields, i.e., Downlink Pilot TimeSlot
(DWPTS), Guard Period (GP), and Uplink Pilot TimeSlot (UpPTS). DwPTS is a time
period reserved for DL transmission, and UpPTS is a time period reserved for UL
transmission.

FIG. 9 illustrates an exemplary structure of a DownLink/UpLink (DL/UL) slot in the
wireless communication system. Specifically, FIG. 9 illustrates the structure of a
resource grid in the 3GPP LTE/LTE-A system. There is one resource grid per antenna
port.

Referring to FIG. 9, a slot includes a plurality of OFDM symbols in the time domain
by a plurality of Resource Blocks (RBs) in the frequency domain. An OFDM symbol
may refer to one symbol duration. An RB includes a plurality of subcarriers in the
frequency domain. An OFDM symbol may be called an OFDM symbol, an SC-FDM
symbol, etc. according to a multiple access scheme. The number of OFDM symbols
per slot may vary depending on a channel bandwidth and a CP length. For instance,
one slot includes 7 OFDM symbols in case of a normal CP, whereas one slot includes
6 OFDM symbols in case of an extended CP. While a subframe is shown in FIG. 9 as
having a slot with 7 OFDM symbols for illustrative purposes, embodiments of the
present invention are also applicable to subframes with any other number of OFDM
symbols. Each element in the resource grid for an antenna port is called Resource
Element (RE). Each RE is formed by one OFDM symbol by one subcarrier. An RE is
also referred to as a tone.

Referring to FIG. 9, a signal transmitted in each slot may be described by a resource
grid including NPV NRE  subcarriers and NPYUL . OFDM or SC-FDM symbols. N

Dles represents the number of RBs in a DL slot and NYg represents the number of
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RBs in a UL slot. NPy is dependent upon a DL transmission bandwidth, and Ny is
dependent upon a UL transmission bandwidth. Each OFDM symbol includes NPMULgy
NRB_ subcarriers in a frequency domain. The number of subcarriers mapped to one
carrier is determined according to the FFT size. The subcarriers may be classified into
a data subcarrier for data transmission, a reference signal (RS) subcarrier for RS
transmission, and a null subcarrier for a guard band and DC component. The null
subcarrier for the DC component is an unused subcarrier, and is mapped to a carrier
frequency (f,) in an OFDM signal generation process. The carrier frequency may also
be called a center frequency. NPt ., represents the number of OFDM or SC-FDMA
symbols in the DL slot and NV, represents the number of OFDM or SC-FDMA
symbols in the UL slot. NRB_ represents the number of subcarriers in one RB.

In other words, a Physical Resource Block (PRB) is defined as NPVt consecutive
OFDM symbols or SC-FDMA symbols in the time domain by N®B. consecutive sub-
carriers in the frequency domain. Therefore, one PRB includes NPWUL  NRB  REs.

Each RE in the resource grid per each antenna port may be uniquely identified by an
index pair (k, 1) in a slot. k is a frequency-domain index ranging from 0 to NPM/UL; NRB
«-1 and | is a time-domain index ranging from O to NPMUL -1,

FIG. 10 illustrates an exemplary structure of a DL subframe in the wireless commu-
nication system.

Referring to FIG. 10, each subframe may be divided into a control region and a data
region. The control region includes one or more OFDM symbols, starting from the first
OFDM symbol. The number of OFDM symbols used for the control region of a
subframe may be set independently on a subframe basis and signaled on a PCFICH
(Physical Control Format Indicator CHannel). A BS may transmit control information
to a UE or UEs in the control region. To transmit control information, a PDCCH
(Physical Downlink Control CHannel), a PCFICH, a PHICH (Physical Hybrid
automatic retransmit request Indicator CHannel), etc. may be allocated to the control
region.

The BS may transmit information related to resource allocation of a PCH (Paging
channel) and DL-SCH (Downlink-shared channel), an uplink scheduling grant, HARQ
information, Downlink Assignment Index (DAI), Transmitter Power Control (TPC)
command, etc. to each UE or each UE group on a PDCCH.

The BS 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 (Physical Downlink Shared
CHannel) may be allocated to the data region to convey data. PCH (Paging channel)
and DL-SCH (Downlink-shared channel) may be transmitted on a PDSCH. A UE may
decode control information received on a PDCCH and thus read data received on a
PDSCH based on the decoded control information. For example, the PDCCH carries
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information indicating a UE or UE group to which the data of the PDSCH is destined
and information indicating how the UE or UE group should receive and decode the
PDSCH data. For example, it is assumed that a specific PDCCH is CRC-masked with a
Radio Network Temporary Identity (RNTI) called 'A’, and information that is
transmitted using radio resources '‘B' (for example, a frequency location) and
transmission format information 'C' (for example, a transmission block size, a
modulation scheme, coding information, etc.), is transmitted through a specific
subframe. In this case, a UE located in a cell monitors PDCCH using its own RNTT in-
formation. If at least one UE having the RNTI 'A’ is present, the UEs receive PDCCH
and receive PDSCH indicated by 'B' and 'C' through the received PDCCH information.

Multiple PDCCHs may be transmitted in a control region. The UE monitors the
multiple PDCCHs so as to detect its own PDCCH. The DCI carried by one PDCCH
has different sizes and usages according to a PUCCH format. If necessary, the DCI
size may also be changed according to a coding rate.

The DCI format may be independently applied to each UE. PDCCHs of multiple UEs
may be multiplexed in one subframe. PDCCH of each UE may be independently
channel-coded such that a CRC (Cyclic Redundancy Check) may be added to the
PDCCH. The CRC is masked as a unique ID for each UE in such a manner that each
UE can receive its own PDCCH. However, the UE does not know where its own
PDCCH is transmitted, such that the UE performs blind detection (also called blind
decoding) of all PDCCHs of the corresponding DCI format for each subframe until one
PDCCH having a UE ID is received or detected.

FIG. 11 illustrates an exemplary structure of a UL subframe in the wireless commu-
nication system.

Referring to FIG. 11, a UL subframe may be divided into a data region and a control
region in the frequency domain. One or more Physical Uplink Control CHannels
(PUCCHs) may be allocated to the control region to deliver Uplink Control In-
formation (UCI). One or more Physical Uplink Shared Channels (PUSCHs) may be
allocated to the data region to deliver user data. In case that a UE adopts the SC-
FDMA scheme for UL transmission, the LTE Release 9 or Release 8/9 system does not
allow the UE to simultaneously transmit PUCCH and PUSCH, in order to maintain
single carrier characteristics. The LTE-A Release 10 may indicate whether si-
multaneous transmission of PUCCH and PUSCH is supported through higher layer
signaling.

The UCI carried by one PUCCH has different sizes and usages according to the
PUCCH format, and the UCI size may be changed according to the coding rate. For
example, the PUCCH format may be defined as follows.

Table 2
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PUCC |Modulation Number of |Usage Etc.
H scheme bits per
format subframe
1 N/A N/A (exist or [SR (Scheduling Request)
absent)
la BPSK 1 ACK/NACK orSR + ACK/ [One
NACK codeword
1b QPSK 2 ACK/NACK orSR + ACK/ [Two
NACK codeword
2 QPSK 20 CQI/PMI/RI Joint coding
ACK/NAC
K (extended
CP)
2a QPSK+BPSK 21 CQI/PMI/RI + ACK/NACK [Normal CP
only
2b QPSK+QPSK 22 CQI/PMI/RI + ACK/NACK [Normal CP
only
3 QPSK 48 ACK/NACK orSR + ACK/
NACK orCQI/PMI/RI +
ACK/NACK
In a UL subframe, subcarriers distant from a DC (Direct Current) subcarrier may be

used as a control region. In other words, subcarriers located at both ends of a UL

transmission bandwidth are assigned to UL control information transmission. DC sub-

carriers are reserved without being used in signal transmission, and are mapped to a

carrier frequency (f) in a frequency upconversion process caused by the OFDM/
SC-FDM signal generator 306.

A PUCCH for a UE is allocated to an RB pair in a subframe. The RBs of the RB pair

occupy different subcarriers in two slots. This is called frequency hopping of an RB

pair allocated to a PUCCH over a slot boundary. However, if the frequency hopping is

not used, an RB pair occupies the same subcarriers. Irrespective of the frequency

hopping, PUCCHs for one UE are assigned to an RB pair contained in one subframe.

Therefore, each PUCCH is transmitted through one RB in each slot contained in one

UL subframe that the same PUCCH is transmitted two times in one UL subframe.

Hereinafter, an RB pair used for each PUCCH transmission in one subframe is called
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a PUCCH region or PUCCH resource. For convenience of description, a PUCCH
carrying ACK/NACK from among PUCCHs is called '"ACK/NACK PUCCH', a
PUCCH carrying CQI/PMI/RI is called a Channel State Information (CSI) PUCCH,
and a PUCCH carrying the SR is called an SR PUCCH.

The UE receives PUCCH resources for UCI transmission from the BS according to
higher layer signaling or explicit or implicit scheme.

Uplink Control Information (UCI) such as ACK/NACK(ACKnowlegement/negative
ACK), Channel Quality Indicator (CQI), Precoding Matrix Indicator (PMI), Rank In-
formation (RI), Scheduling Request (SR), etc. may be transmitted in a control region of
the UL subframe.

In a wireless communication system, the BS and the UE mutually transmit/receive
data. If BS/UE transmits data to UE/BS, the UE/BS decodes the received data. If the
data is successfully decoded, the UE/BS transmits ACK to the BS/UE. If the data
decoding fails, the UE/BS transmits NACK to the BS/UE. Basically, in the 3GPP LTE
system, the UE receives a data unit (e.g., PDSCH) from the BS, and transmits ACK/
NACK for each data unit to the BS through implicit PUCCH resources decided by
PDCCH resources carrying scheduling information of the data unit.

FIG. 12 shows an example for deciding PUCCH resources for ACK/NACK.

In the LTE system, PUCCH resources for the ACK/NACK are not pre-allocated to
each UE, and several UEs located in the cell are configured to divisionally use several
PUCCH resources at every time point. In more detail, PUCCH resources used for
ACK/NACK transmission of a UE are implicitly determined on the basis of a PDCCH
that carries scheduling information of a PDSCH carrying the corresponding DL data.
The entire region through which a PDCCH is transmitted in each DL subframe is
comprised of a plurality of Control Channel Elements (CCEs), and a PDCCH
transmitted to the UE is comprised of one or more CCEs. Each CCE includes a
plurality of Resource Element Groups (REGs) (e.g., 9 REGs). One REG may include
neighbor or contiguous REs under the condition that a reference signal (RS) is
excluded. The UE may transmit ACK/NACK through implicit PUCCH resources that
are derived or calculated by a function of a specific CCE index (e.g., first or lowest
CCE index) from among CCEs constructing a PDCCH received by the UE.

Referring to FIG. 12, each PUCCH resource index may correspond to a PUCCH
resource for ACK/NACK. As can be seen from FIG. 12, if it is assumed that PDSCH
scheduling information is transmitted to the UE through a PDCCH composed of
4~6-indexed CCEs (i.e., NOs. 4, 5, 6 CCEs), the UE transmits ACK/NACK to the BS
through the 4-indexed PUCCH corresponding to a CCE having the lowest index (i.e.,
No. CCE 4) constructing the PDCCH. FIG. 12 shows the example in which a

maximum of M' CCEs is present in a DL and a maximum of M PUCCHs is present in
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a UL. Although M' may be identical to M (M'=M), M' may be different from M as
necessary, and CCE resource mapping may overlap with PUCCH resource mapping as
necessary.

For example, PUCCH resource index may be obtained from the CCE index as shown
in the following Math Figure 1.

MathFigure 1
[Math.1]
1) _ 1)
PUCCH nCCE + NPUCCH
In Math Figure 1, nWpyccn is a PUCCH resource index for PUCCH format 1/1a/1b, N

Wpyecn 18 a signaling value received from a higher layer, and nccp may be the smallest

n

value from among CCE indexes used for PDCCH transmission.

FIG. 13 shows exemplary communication under a single carrier situation. The com-
munication example shown in FIG. 13 may correspond to exemplary communication
for the LTE system.

Referring to FIG. 13, a general FDD-type wireless communication system performs
data transmission/reception through one DL band and one UL band corresponding to
this DL band. The BS and the UE transmit/receive data and/or control information
scheduled in units of a subframe. Data is transmitted/received through a data region
configured in a UL/DL subframe, and control information is transmitted/received
through a control region configured in a UL/DL subframe. For these operations, the
UL/DL subframe may carry signals through various physical channels. Although FIG.
13 has disclosed only the FDD scheme for convenience of description, it should be
noted that the scope or spirit of the present invention is not limited thereto, and can
also be applied to the TDD scheme by dividing the radio frame of FIG. 8 according to
an uplink (UL) and a downlink (DL) in a time domain.

FIG. 14 shows exemplary communication under a multicarrier situation.

The LTE-A system uses carrier aggregation or bandwidth aggregation technology
that uses a larger bandwidth by aggregating several UL/DL frequency blocks. The
multicarrier system or the carrier aggregation (CA) system aggregates and uses a
plurality of carriers each having a smaller band than a target band to support a
broadband. When aggregating several carriers each having a smaller band than the
target band, the band of aggregated carriers may be limited to a bandwidth used in a
conventional system such that the bandwidth may achieve backward compatibility with
the conventional system. For example, the conventional LTE system supports 1.4MHz,
3MHz, 5SMHz, 10MHz, 15MHz, and 20MHz bandwidths. The LTE-A
(LTE-Advanced) system evolved from the LTE system may support a bandwidth
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larger than the 20MHz bandwidth using only bandwidths supported by the LTE
system. Alternatively, a new bandwidth is defined irrespective of a bandwidth used in
the conventional system, such that carrier aggregation can be supported by the new
bandwidth. Multiple carriers (multicarriers), carrier aggregation and bandwidth ag-
gregation may be used interchangeably as necessary. In addition, the carrier ag-
gregation is a generic term of contiguous carrier aggregation and non-contiguous
carrier aggregation. For reference, if only one component carrier (CC) is used for com-
munication in the TDD scheme, or if one UL CC and one DL CC are used for commu-
nication in the FDD scheme, this means communication under a single carrier situation
(non-CA). UL CC may also be referred to as UL resources, and DL CC may also be
referred to as DL resources.

For example, as can be seen from FIG. 14, five 20MHz CCs are aggregated in each
of UL and DL such that a 100MHz bandwidth can be supported. Individual CCs may
be contiguous or non-contiguous to each other in a frequency domain. FIG. 14 shows
the example in which a UL CC bandwidth is symmetrically identical to a DL CC
bandwidth. However, a bandwidth of each CC may be independently determined. For
example, the UL CC bandwidth may be comprised of "SMHz(UL CCO) + 20MHz(UL
CC1) + 20MHz(UL CC2) + 20MHz(UL CC3) + SMHz(UL CC4)". In addition, asym-
metrical carrier aggregation in which the number of UL CCs is different from the
number of DL CCs may also be achieved. The asymmetrical carrier aggregation may
be generated by the limitation of an available frequency band or may be achieved by
network configuration. For example, although the BS manages X DL CCs, a frequency
band capable of being received in a specific UE may be limited to Y DL CCs (where
Y <X). In this case, it is necessary for the UE to monitor DL signal/data transmitted
through Y CCs. In addition, although the BS manages L. UL CCs, a frequency band
capable of being received in a specific UE may be limited to M UL CCs (where M<L).
In this case, a DL or UL CC limited to a specific UE may be referred to as a configured
serving UL or DL CC in the specific UE. The BS may activate some or all of CCs
managed by the BS, or may deactivate some CCs, such that a predetermined number of
CCs may be assigned to the UE. The BS may change the activated/deactivated CCs,
and the number of activated/deactivated CCs may be changed. On the other hand, the
BS may configure Z DL CCs (where 1<Z<Y<X) as main DL CCs. Herein, the Z DL
CCs must be primarily monitored and received cell-specifically or UE-specifically. In
addition, the BS may configure N UL CCs (where 1<N<M<L) as main UL CCs, the N
UL CCs being primarily transmitted cell-specifically or UE-specifically. The main DL
or UL CCs dedicated to a specific UE may be referred to as a configured serving UL or
DL CC in the specific UE. Various parameters for carrier aggregation may be es-

tablished cell-specifically, UE group-specifically, or UE-specifically.
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Once the BS cell-specifically or UE-specifically assigns a CC available to the UE,
unless CC allocation to the UE may be wholly reconfigured or the UE is handed over,
at least one of the allocated CCs is not deactivated. Hereinafter, the CC unable to be
deactivated unless CC allocation to the UE is wholly reconfigured is referred to as a
Primary CC (PCC), and a CC capable of being freely activated/deactivated by the BS
is referred to as a secondary CC (SCC). Single carrier communication uses one PCC
for communication between the UE and the BS, and the SCC is not used in commu-
nication. On the other hand, PCC and SCC may be distinguished from each other on
the basis of control information. For example, specific control information may be
transmitted/received only through a specific CC. Such specific CC is referred to as a
PCC, and the remaining CC(s) may be referred to as SCC(s). For example, control in-
formation transmitted on a PUCCH may correspond to such specific control in-
formation. In this way, if control information transmitted on a PUCCH is transmitted
from the UE to the BS only through a PCC, a UL CC carrying the PUCCH of the UE
may be referred to as a UL PCC and the remaining UL CC(s) may be referred to as UL
SCC(s). For another example, if the UE-specific CC is used, the specific UE may
receive a DL synchronization signal (SS) as the specific control information from the
BS. In this case, a DL CC through which the specific UE receives the DL SS and with
which the UE adjusts initial DL time synchronization (that is, a DL CC the UE uses to
establish connection to the network of the BS) may be referred to as a DL PCC, and
the remaining DL CC(s) may be referred to as DL SCC(s). In the LTE-A release-10
communication system, the multicarrier communication uses one PCC for each UE or
uses 0 or 1 secondary SCC(s) for each UE. However, the above-mentioned description
is defined according to the LTE-A standard, and several PCCs for each UE may be
used in communication in the future. PCC may also be referred to as a primary CC, an
anchor CC or a primary carrier. SCC may also be referred to as a secondary CC or a
secondary carrier.

The LTE-A conceptually uses the concept 'cell’ in order to manage radio resources.
The cell is defined as a combination of DL resources and UL resources. That is, the
cell is defined as a combination of DL CC and UL CC, and UL resources are not
mandatory. Therefore, the cell may be comprised of only DL resources or may be
comprised of DL resources and UL resources. However, the above-mentioned de-
scription is defined according to the current LTE-A standard, and the cell may be
configured solely in UL resources as necessary. If carrier aggregation is supported, a
linkage between DL resource (or DL CC) carrier frequency and UL resource (or UL
CC) carrier frequency may be designated by system information. For example, a com-
bination of DL CC and UL CC may be indicated by system information block type2

(SIB2) linkage. In this case, the carrier frequency may indicate the center frequency of
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each cell or CC. The cell operated on the primary frequency (or PCC) may be referred
to as a primary cell (PCell), and the cell(s) operated at a secondary frequency (or SCC)
may be referred to as a secondary cell(s) (SCells). The primary frequency (or PCC)
may indicate a frequency (or CC) used when the initial connection establishment
process is performed or when a connection re-establishment process is started. PCell
may also indicate the cell indicated in a handover process. In this case, the secondary
frequency (or SCC) may indicate a frequency (or CC) that may be configured after
RRC connection establishment and may also be used to provide additional radio
resources. PCell and SCell may be generically named as serving cells. Therefore, in the
case of the UE that is in an RRC_CONNECTED state, does not establish or support
carrier aggregation, there is only one serving cell composed of only PCell. In contrast,
in the case of another UE that is in the RRC_CONNECTED state and establishes
carrier aggregation, one or more serving cells may be present, one PCell and at least
one SCell may form the entire serving cells. However, it should be noted that the
serving cells may also include a plurality of PCells in the future. After the initial
security activation process is started, the network may add one or more SCells to the
initially configured PCell in a connection establishment process for the UE supporting
carrier aggregation. However, although the UE supports carrier aggregation, the
network may also configure only the PCell for the UE without adding any SCell. The
PCell may be referred to as a primary cell, an anchor cell or a primary carrier, and the
SCell may be referred to as a secondary cell or a secondary carrier.

In a multicarrier system, the BS may transmit several data units to the UE through
given cell(s) (or CC(s)), and the UE may transmit ACK/NACK messages for the
several data units in one subframe. The UE may be assigned one or more cells (or DL
CC) for receiving a PDSCH carrying DL data. The cell(s) (or DL CC(s)) for the UE
may be semi-statically configured through RRC signaling. In addition, cell(s) (or DL
CC(s)) for the UE may be dynamically activated/deactivated through L1/L.2 (MAC)
signaling. Therefore, a maximum number of ACK/NACK bits to be transmitted by the
UE may be changed according to the cell (or DL CC) available to the UE. That is, a
maximum number of ACK/NACK bits to be transmitted by the UE may be configured/
re-configured by RRC signaling, or may be changed according to the DL CC (or the
configured serving cell(s)) activated by L1/L2 signaling.

FIG. 15 is a conceptual diagram illustrating a method for enabling one MAC of a BS
to manage multicarriers. FIG. 16 is a conceptual diagram illustrating a method for
enabling one MAC of a UE to manage multicarriers.

Referring to FIGS. 15 and 16, one MAC manages and operates one or more
frequency carriers, such that it performs transmission and reception of data. Frequency

carriers managed by one MAC need not be contiguous to each other, such that they are
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more flexible in terms of resource management. In FIGS. 15 and 16, one PHY means
one component carrier (CC) for convenience of description. One PHY may not always
indicate an independent radio frequency (RF) device. Generally, although one in-
dependent RF device may indicate one PHY, the scope or spirit of the present
invention is not limited thereto, and one RF device may include a plurality of PHYs.

FIG. 17 is a conceptual diagram illustrating a method for enabling several MACs of a
BS to manage multicarriers. FIG. 18 is a conceptual diagram illustrating a method for
enabling several MACs of a UE to manage multicarriers. FIG. 19 is a conceptual
diagram illustrating another method for enabling several MACs of a BS to manage
multicarriers. FIG. 20 is a conceptual diagram illustrating another method for enabling
several MACs of a UE to manage multicarriers.

Referring to not only the structures shown in FIGS. 15 and 16, but also the structures
shown in FIGS. 17 to 20, a plurality of MACs but not one MAC may control a
plurality of carriers. As can be seen from FIGS. 17 and 18, each carrier may be
controlled by each MAC on a one to one basis. As can be seen from FIGS. 19 and 20,
each of some carriers may be controlled by each MAC on a one to one basis, and the
remaining one or more carriers may be controlled by one MAC.

The above-mentioned system manages a plurality of carriers (i.e., 1 to N carriers),
and individual carriers may be contiguous or non-contiguous to each other. The above-
mentioned system may be applied to UL transmission and DL transmission without
distinction. The TDD system is configured to manage N carriers for DL and UL
transmission in each carrier, and the FDD system is configured to use N carriers
separately for UL transmission and DL transmission. The FDD system may also
support asymmetrical carrier aggregation (CA) in which the number of carriers and/or
the bandwidth of carriers aggregated in UL and DL are/is different.

In the case where the number of component carriers (CCs) aggregated in UL is
identical to the number of CCs aggregated in DL, all CCs may be compatible with
those of the conventional system. However, it should be noted that CCs that do not
consider the compatibility are not always excluded.

For convenience of description, although it is assumed that the corresponding
PDSCH is transmitted on DL CC #0 on the condition that a PDCCH is transmitted on
DL CC #0, it is obvious to those skilled in the art that the cross-carrier scheduling can
be applied such that the corresponding PDSCH can be transmitted through other DL
CCs without departing from the spirit or scope of the invention.

FIGS. 21 and 22 exemplarily show PUCCH format 1a and 1b slot level structures.

FIG. 21 shows the PUCCH format 1a and 1b structure in case of a normal CP. FIG.
21 shows the PUCCH format 1a and 1b structure in case of the extended CP. In the

PUCCH format 1a and 1b structure, the same control information may be repeated per
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slot within a subframe. In each UE, the ACK/NACK signal may be transmitted
through different resources that are comprised of different cyclic shifts (i.e., different
frequency domain codes) of a Computer-Generated Constant Amplitude Zero Auto
Correlation (CG-CAZAC) sequence and different resources composed of orthogonal
cover or orthogonal cover code (OC or OCC). For example, OC may include a Walsh/
DFT orthogonal code. Provided that the number of CSs is 6 and the number of OCs is
3, a total of 18 UEs may be multiplexed in the same PRB on the basis of one antenna.
Orthogonal sequences (w0, wl, w2, w3) may be applied to either an arbitrary time
domain (after FFT modulation) or an arbitrary frequency domain (before FFT
modulation). The PUCCH format 1 slot level structure for Scheduling Request (SR)
transmission may be identical to the PUCCH format 1a and 1b, but the PUCCH format
I slot level structure and the PUCCH format la and 1b structure have different
modulation methods.

For ACK/NACK feedback for SR transmission and semi-persistent scheduling
(SPS), PUCCH resources composed of CS, CC and PRB may be assigned to the UE
through RRC signaling. As previously illustrated in FIG. 12, not only for dynamic
ACK/NACK (or ACK/NACK for non-persistent scheduling) feedback but also for
ACK/NACK feedback for a PDCCH indicating SPS release, PUCCH resources may be
implicitly assigned to the UE using the lowest or smallest CCE index of either a
PDCCH corresponding to the PDSCH or a PDCCH indicating the SPS release.

FIG. 23 shows an exemplary scenario for transmitting uplink control information
(UCI) in a wireless communication system supporting carrier aggregation. For con-
venience of description, the example of FIG. 23 assumes that the UCI is ACK/NACK
(A/N). However, the above-mentioned description is disclosed only for illustrative
purposes, and the UCI may include channel state information (e.g., CQI, PMI, RI) and
control information such as scheduling request (SR) information without any
limitation.

FIG. 23 shows an asymmetric carrier aggregation in which 5 DL CCs are linked to
one UL CC. The illustrated asymmetric carrier aggregation may be established at UCI
transmission viewpoint. That is, DL CC-UL CC linkage for UCI and DL CC-UL CC
linkage for data may be differently established. For convenience of description,
assuming that each DL CC may carry a maximum of two codeword blocks (or two
transport blocks) and the number of ACK/NACK responses for each CC is dependent
upon a maximum number of established codewords per CC (for example, if a
maximum number of codewords established by the BS at a specific CC is set to 2,
although a specific PDCCH uses only one codeword in the above-mentioned CC, the
number of associated ACK/NACK responses is set to a maximum number (i.e., 2) of
codewords per CC), at least two UL ACK/NACK bits are needed for each DL CC. In
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this case, in order to transmit ACK/NACK for data received through 5 DL CCs
through one UL CC, ACK/NACK comprised of at least 10 bits is needed. In order to
separately discriminate a DTX (discontinuous transmission) state for each DL CC, at
least 12 bits (=5°= 3125 = 11.61bits) for ACK/NACK transmission are needed. The
conventional PUCCH format 1a/1b can transmit ACK/NACK to the range of a
maximum of 2 bits, such that the conventional PUCCH cannot carry the extended
ACK/NACK information. For convenience of description, although the amount of UCI
information is increased due to the carrier aggregation, this situation may be generated
due to the increased number of antennas and the presence in a backhaul subframe in
the TDD or relay system. Similar to ACK/NACK, even when control information as-
sociated with several DL CCs is transmitted through one UL CC, the amount of control
information to be transmitted on one CC is increased. For example, in case of
transmitting CQI/PMI/RI for several DL CCs, UCI payload may be increased.

In FIG. 23, the UL anchor CC (UL PCC or UL Primary CC) is a CC through which
PUCCH or UCI is transmitted, and the UL anchor CC may be cell-specifically or UE-
specifically determined. In addition, the DTX state may be explicitly fed back, i.e, fed
back separately from the NACK state, and may also be fed back in such a manner that
the DTX and the NACK share the same state.

The method for effectively transmitting the increased UL control information (UCI)
will hereinafter be described with reference to the accompanying drawings. In more
detail, the following description proposes the new PUCCH format / signal processing /
resource allocation method capable of transmitting the increased UL control in-
formation (UCI). For convenience of description, the new PUCCH format proposed by
the present invention is referred to as CA (Carrier Aggregation) PUCCH format or as a
PUCCH format 3 because PUCCH formats up to the PUCCH format 2 is defined in the
conventional LTE Release 8/9. The technical idea of the PUCCH format proposed in
the present invention can be easily applied to an arbitrary physical channel (e.g.,
PUSCH) capable of carrying UL control information (UCI) using the same or similar
scheme. For example, the embodiment of the present invention can be applied to a pe-
riodical PUSCH structure for periodically transmitting control information or to an
aperiodic PUSCH structure for aperiodically transmitting control information.

The following drawings and embodiments basically show an exemplary case in
which the UCI/RS symbol structure of the PUCCH format 1/1a/1b (normal CP) of the
conventional LTE is used as a UCI/RS symbol structure of the subframe/slot level
applied to the PUCCH format 3. However, the subframe/slot level UCI/RS symbol
structure prescribed in the PUCCH format 3 is disclosed only for illustrative purposes
for convenience of description, and the scope or spirit of the present invention is not
limited only to a specific structure. In the PUCCH format 3, the number of UCI/RS
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symbols, the positions of the UCI/RS symbols, etc. may be freely modified according
to the system design. For example, the PUCC format 3 according to the embodiment of
the present invention may be defined using RS symbol structures of the PUCCH
format 2/2a/2b of the conventional LTE.

The PUCCH format 3 according to the embodiment of the present invention may be
used to carry arbitrary categorized/sized uplink control information (UCI). For
example, the PUCCH format 3 according to the embodiment of the present invention
may carry a variety of information, for example, HARQ ACK/NACK, CQI, PMI, RI,
SR, etc., and these information may have arbitrary-sized payload. For convenience of
description, the present embodiment is focused upon the exemplary case in which the
PUCCH format 3 carries the ACK/NACK information, and a detailed description
thereof will be described later.

FIGS. 24 to 27 exemplarily show a PUCCH format 3 and associated signal
processing according to the embodiments of the present invention. Particularly, FIGS.
24 to 27 exemplarily show the DFT-based PUCCH format structure. According to the
DFT-based PUCCH structure, DFT precoding is performed in PUCCH and a time
domain orthogonal cover (OC) is applied to the PUCCH at SC-FDMA level before the
PUCCH is transmitted. The DFT-based PUCCH format is generically named as a
PUCCH format 3.

FIG. 24 exemplarily shows the PUCCH format 3 structure using the orthogonal code
(OC) of SF=4. Referring to FIG. 24, the channel coding block performs channel
coding of the information bits (a_0, a_1,..., a_M-1) (e.g., multiple ACK/NACK bits),
thereby generating the encoded bits (coded bit or coding bit)(or codeword) (b_0,
b_1,..., b_N-1). M is the size of information bit, and N is the size of coding bit. The in-
formation bit may include UCI, for example, multiple ACK/NACK data for multiple
data units (or PDSCHs) received through multiple DL CCs. In this case, the in-
formation bit (a_0, a_1,..., a_M-1) is joint-coded irrespective of categories/
numbers/sizes of UCIs constructing the information bit. For example, if the in-
formation bit includes multiple ACK/NACK data of several DL CCs, the channel
coding is not performed per DL CC or per ACK/NACK bit, but performed for the
entire bit information, such that a single codeword is generated. The channel coding is
not limited thereto, and includes simple repetition, simplex coding, Reed Muller (RM)
coding, punctured RM coding, Tail-biting convolutional coding (TBCC), low-density
parity-check (LDPC) or turbo-coding. Although not shown in the drawings, the coding
bit may be rate-matched in consideration of a modulation order and the amount of
resources. The rate matching function may be included in some parts of the channel
coding block or may be performed through a separate functional block. For example,

the channel coding block may perform the (32,0) RM coding for several control in-
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formation to obtain a single codeword, and cyclic buffer rate-matching for the obtained
codeword may be performed.

The modulator modulates the coding bit (b_0, b_1,..., b_N-1) so as to generate the
modulation symbol (c_0, c_1,..., c_L-1). L is the size of a modulation symbol. The
modulation method may be performed by modifying the size and phase of a
transmission (Tx) signal. For example, the modulation method may include n-PSK
(Phase Shift Keying), n-QAM (Quadrature Amplitude Modulation) (where n is an
integer of 2 or higher). In more detail, the modulation method may include BPSK
(Binary PSK), QPSK (Quadrature PSK), 8-PSK, QAM, 16-QAM, 64-QAM, etc.

The divider distributes the modulation symbols (c_0, c¢_1...., c_L-1) to individual
slots. The order/pattern/scheme for distributing the modulation symbols to individual
slots may not be specially limited. For example, the divider may sequentially distribute
the modulation symbols to individual slots (i.e., localized scheme). In this case, as
shown in the drawings, the modulation symbols (c_0, c¢_1...., c_L/2-1) are distributed
to Slot 0, the modulation symbols (c_ L/2, c_ L/2+1,..., c_L-1) may be distributed to
Slot 1. In addition, the modulation symbols may be interleaved (or permuted) while
being distributed to individual slots. For example, the even-th modulation symbols
may be distributed to Slot 0, and the odd-th modulation symbols may be distributed to
Slot 1. If necessary, the modulation process and the distribution process may be
replaced with each other in order.

The DFT precoder performs DFT precoding (e.g., 12-point DFT) for the modulation
symbols distributed to individual slots so as to generate a single carrier waveform.
Referring to FIG. 24, the modulation symbols (c_0, c_1,..., ¢_L/2-1) distributed to Slot
0 may be DFT-precoded to DFT symbols (d_0, d_1,..., d_L/2-1), ad the modulation
symbols (c_ L/2, c_ L/2+1,..., c_L-1) distributed to Slot 1 may be DFT-precoded to
DFT symbols (d_ L/2,d_L/2+1,...,d_L-1). The DFT precoding may be replaced with
another linear operation (e.g., Walsh precoding).

The spreading block performs spreading of the DFT-processed signal at the SC-
FDMA symbol level. The time domain spreading at the SC-FDMA symbol level may
be performed using the spreading code (sequence). The spreading code may include a
Quasi-orthogonal code and an orthogonal code. The Quasi-orthogonal code is not
limited thereto, and may include a PN (Pseudo Noise) code as necessary. The or-
thogonal code is not limited thereto, and may include a Walsh code, a DFT code, etc.
as necessary. Although the present embodiment is focused only upon the orthogonal
code as a representative spreading code for convenience of description, the orthogonal
code may be replaced with a Quasi-orthogonal code. A maximum value of the
spreading code size (or the spreading factor (SF)) is limited by the number of SC-

FDMA symbols used for control information transmission. For example, if four SC-
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FDMA symbols are used to transmit control information in one slot, orthogonal codes
(w0, wl, w2, w3) each having the length of 4 may be used in each slot. SF means the
spreading degree of control information, and may be relevant to the UE multiplexing
order or antenna multiplexing order. SF may be changed according to system re-
quirements, for example, in the order of 1 2 3 4, . The SF may be pre-defined between
the BS and the UE, or may be notified to the UE through DCI or RRC signaling. For
example, if one of SC-FDMA symbols for control information is punctured to achieve
SRS transmission, the SF-reduced spreading code (e.g., SF=3 spreading code instead
of SF=4 spreading code) may be applied to control information of the corresponding
slot.

The signal generated through the above-mentioned process may be mapped to sub-
carriers contained in the PRB, IFFT-processed, and then converted into a time domain
signal. The CP may be added to the time domain signal, and the generated SC-FDMA
symbol may be transmitted through the RF unit.

Detailed description of individual process on the assumption that ACK/NACK for 5
DL CCs is transmitted will hereinafter be described. If each DL CC transmits two
PDSCHs, associated ACK/NACK data includes a DTX state, and the ACK/NACK
data may be composed of 12 bits. Assuming that QPSK modulation and 'SF=4' time
spreading are used, the coding block size (after the rate matching) may be composed of
48 bits. The coding bit may be modulated into 24 QPSK symbols, and 12 QPSK
symbols are distributed to each slot. In each slot, 12 QPSK symbol may be converted
into 12 DFT symbols through the 12-point DFT operation. 12 DFT symbols in each
slot may be spread and mapped to four SC-FDMA symbols using the SF=4 spreading
code in a time domain. Since 12 bits are transmitted through [2 bits * 12 subcarriers *
8 SC-FDMA symbols], the coding rate is set to 0.0625(=12/192). In case of SF=4, a
maximum of four UEs may be multiplexed to one PRB.

FIG. 25 exemplarily shows the PUCCH format 3 structure using the orthogonal code
(OC) of SF=5.

The basic signal processing of FIG. 25 is identical to that of FIG. 24. Compared to
FIG. 24, the number/position of UCI SC-FDMA symbols and the number/position of
RS SC-FDMA symbols shown in FIG. 25 are different from those of FIG. 24. In this
case, the spreading block may also be pre-applied to the previous stage of the DFT
precoder as necessary.

In FIG. 25, the RS may succeed to the LTE system structure. For example, cyclic
shift (CS) may be applied to a basic sequence. Since the data part includes SF=5, the
multiplexing capacity becomes 5. However, the multiplexing capacity of the RS part is
determined according to a cyclic shift (CS) interval (Ag;z""“"). For example, the mul-

tiplexing capacity is given as 12/A4;x"VCCH. In case of Ag"V“H=1, the multiplexing
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capacity is set to 12. In case of Ay;PVCCH=2, the multiplexing capacity is set to 6. In
case of Ay;PUCH=3, the multiplexing capacity is set to 4. In FIG. 25, while the mul-
tiplexing capacity of the data part is set to 5 because of SF=5, the RS multiplexing
capacity is set to 4 in case of Ay;;PU°CH, such that the resultant multiplexing capacity
may be limited to 4 corresponding to the smaller one of two capacity values 5 and 4.

FIG. 26 exemplarily shows the PUCCH format 3 structure in which the multiplexing
capacity is increased at a slot level.

The SC-FDMA symbol level spreading illustrated in FIGS. 24 and 25 is applied to
RS, resulting in increase in the entire multiplexing capacity. Referring to FIG. 26, if a
Walsh cover (or DFT code cover) is applied in the slot, the multiplexing capacity is
doubled. Therefore, even in the case of A;PU°CH, the multiplexing capacity is set to 8,
such that the multiplexing capacity of the data section is not decreased. In FIG. 26, [yl
y2]=[1 1] or [y] y2]=[1 -1], or linear conversion format (e.g., [j j] [J-j], [1 j] [1-j], or
the like) may also be used as an orthogonal cover code for RS.

FIG. 27 exemplarily shows a PUCCH format 3 structure in which the multiplexing
capacity can be increased at a subframe level.

If the frequency hopping is not applied to the slot level, the Walsh cover is applied in
slot units, and the multiplexing capacity may be re-increased two times. In this case, as
previously stated above, [x1 x2]=[1 1] or [1 -1] may be used as the orthogonal cover
code, and its modification format may also be used as necessary.

For reference, the PUCCH format 3 processing may be free of the orders shown in
FIGS. 24 to 27.

Multiple carriers in carrier aggregation may be classified into PCell and SCell(s). The
UE may accumulate responses to one or more PDCCHs and/or PDSCH having no
PDCCH received on a DL PCell and/or DL SCell(s), and may transmit the ac-
cumulated responses on a PUCCH using a UL PCell. In this way, subframe(s) and/or
CC(s) carrying a plurality of PDCCHs of which corresponding responses are
transmitted through one UL PUCCH may be referred to as a bundling window.
Although the time domain or the CC domain bundling described in the present em-
bodiment may indicate the logical AND operation, it may also be performed through
another method such as the logical OR operation, etc. That is, the time domain or the
CC domain bundling may be a generic term of a variety of methods for representing a
plurality of ACK/NACK parts covering several subframes or several CCs in the ACK/
NACK response using a single PUCCH format. That is, X-bit ACK/NACK in-
formation may generically represent an arbitrary method for expressing X-bit ACK/
NACK information using Y-bits (where X>Y).

In the CA TDD, multiple ACK/NACK responses for each CC may be transmitted by

channel selection using the PUCCH format 1a/1b or by another channel selection using
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PUCCH format 3 or by PUCCH format 3. Implicit mapping or explicit mapping may
be applied to the PUCCH resource index for the above-mentioned PUCCH formats, or
a combination of the implicit mapping and the explicit mapping may also be applied
thereto as necessary. For example, the implicit mapping may be used as a method for
deriving a PUCCH resource index on the basis of the lowest CCE index of the corre-
sponding PDCCH. For example, the explicit mapping may be used as a method for in-
dicating or deriving the corresponding PUCCH resource index from among prede-
termined sets according to the RRC structure by the ACK/NACK Resource Indicator
(ARI) value contained in the corresponding PDCCH.

Cases in which ACK/NACK feedback for DL is needed in a subframe n can be
largely classified into the following three cases (Case 1, Case 2, Case 3).

@ Case 1: ACK/NACK feedback is needed for PDSCH(s) indicated by PDCCH(s)
detected at the subframe(s) (n-k). In this case, K is denoted by (keK), K is changed
according to the subframe index (n) and UL-DL structure, and is comprised of M
elements {k, ki,... ka1 }. Table 3 shows K composed of M elements {ky, k... kyi1}
(i.e., K: {ko, ky,...ka1 }). Case 1 relates to PDSCH(s), each of which requires general
ACK/NACK feedback. In the following description, Case 1 is referred to as 'ACK/
NACK for PDSCH with PDCCH'.

@ Case 2: ACK/NACK feedback is needed for PDCCH(s) indicating DL SPS
(Semi-Persistent Scheduling) release in subframe(s) (n-k). In this case, K is denoted by
(keK), and K is identical to that of Case 1. The ACK/NACK of Case 2 may indicate
ACK/NACK feedback for PDCCH(s) for SPS release. In contrast, although ACK/
NACK feedback for DL SPS release is performed, ACK/NACK feedback for
PDCCH(s) indicating SPS activation is not performed. In the following description,
Case 2 is referred to as '"ACK/NACK for DL SPS release'.

@ Case 3: ACK/NACK feedback is needed for transmission of PDSCH(s) having no
PDCCH(s) detected at the subframe(s) n-k. In this case, K is denoted by (keK), and K
is identical to that of Case 1. Case 3 relates to PDSCH(s) without PDCCH(s), and may
indicate ACK/NACK feedback for SPS PDSCH(s). In the following description, Case
3 is referred to as '"ACK/NACK for DL SPS".

In the following description, the above-mentioned PDSCHs and PDCCHs, each of
which requires the ACK/NACK feedback, may be generically named as DL allocation
or DL transmission. That is, the PDSCH with PDCCH (i.e., PDSCH with corre-
sponding PDCCH), the PDCCH for DL SPS release, and the PDSCH without PDCCH
(i.e., PDSCH without corresponding PDCCH) may be generically named as DL al-
location or DL transmission.

Table 3
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[Table 3]
Downlink association set index K: {k, ki,...kne.( } for TDD
UL-DLConfi |Subframe n
guration 01 |2 3 4 |5 16 |7 8 |9
0 - |- |6 - 4 - |- |6 - |4
1 - |- 7,6 4 - - |- 7,6 4 |-
2 - |- [8,7,4,6 - - - |- 8,74, |- |-

6
3 - |- 17,6,11 6,5 |54 |- |- |- - |-
4 - - |12,8,7,11 6,5, |- - |- |- - |-
4,7
5 - |- 113,12,9,8,7,5, |- - - |- |- - |-
4,11,6

6 - |- |7 7 5 - |- |7 7 |-
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In case of the FDD, M is always set to 1, and K is denoted by ({k,}={4}).

FIG. 28 shows an exemplary TDD UL-DL structure. Specifically, FIG. 28 shows a
4DL:1UL structure in which one UL ACK/NACK feedback is performed for 4 DL
transmissions.

In case of the TDD UL-DL structure 2, as can be seen from FIG. 28(a), ACK/NACK
(/DTX) responses for DL transmission at the subframes n-8, n-7, n-4 and n-6 may be
transmitted as one ACK/NACK feedback to the BS at the subframe n of which
subframe number is 2.

In case of the TDD UL-DL structure 4, as can be seen from FIG. 28(b), ACK/
NACK(/DTX) responses for DL transmission at the subframes n-6, n-5, n-4 and n-7
may be transmitted as one ACK/NACK feedback to the BS at the subframe n of which
subframe number is 3.

For convenience of description, the embodiments of the present invention will
hereinafter be described on the following assumption. However, the scope or spirit of
the present embodiments is not limited only to the following assumptions (1) to (7),
and the present embodiments can also be applied to other examples as necessary.

(1) One PCell and one or more SCells may be present.

(2) PDSCH with corresponding PDCCH may be present in PCell and SCell(s).

(3) PDCCH indicating SPS release may be present only in PCell.

(4) PDSCH without PDCCH (=SPS PDSCH) may be present only in PCell.

(5) Cross-scheduling by PCell for SCell(s) is supported.
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(6) Cross-scheduling by SCell(s) for PCell is not supported.

(7) Cross-scheduling by SCell(s) for other SCell(s) can be supported.

The present invention provides a variety of embodiments for transmitting ACK/
NACK information for SPS without PDCCH (hereinafter referred to as SPS PDSCH)
and/or at least one PDCCH in the CA TDD environment .

In the meantime, a DTX status may occur in a UE of a multi-carrier system. For
example, provided that N component carriers (CCs) are configured and a base station
(BS) performs data scheduling on only N' CCs smaller in number than N CCs, (N-N")
CCs may be a DTX status. In another example, provided that a UE fails to detect a
specific CC after allocated the specific CC for a downlink (DL), the specific CC may
be a DTX status. If the BS recognizes a DTX status of the UE, this recognition may
unavoidably affect performance of Incremental Redundancy (IR)-based HARQ. For
example, if DTX occurs, the UE cannot be aware of PDCCH transmission such that it
cannot store the decoded soft bit resultant value of a PDSCH in a soft buffer.
Therefore, if DTX occurs, the BS may not change redundancy version (RV) during
HARQ retransmission or has to transmit as many systematic bits as possible. However,
if the BS does not recognize a DTX status of a UE and so performs retransmission
using other RV values, RV is unavoidably changed and systematic bits are damaged
during retransmission, resulting in deterioration in system throughput. For the above-
mentioned reasons, the DTX status is preferably discriminated via ACK/NACK
transmission.

In the embodiments of the present invention, a method for discriminating a DTX
status via ACK/NACK transmission can be broadly classified into the following two
methods 1) and 2).

Method 1) DTX status is separately defined and the corresponding information is
then transmitted.

In Method 1, provided that ACK/NACK for Upa(=1) PDCCH transmissions and
ACK/NACK for Ngps(=0) SPS PDSCH transmission are simultaneously needed, and
one or more DTX states occur in the bundling window, ACK/NACK responses for in-
dividual cases are transmitted as a different response discriminated from (bundled)
NACK. In addition, if ACK/NACK for Up,(=1) PDCCH transmissions and ACK/
ANCK for Ngps(=0) SPS PDSCH transmission are simultaneously required, and if a
DTX status occurs at at ealist time from among times for which ACK/NACK feedback
is required or at the foremost subframe from among subframes for which ACK/NACK
feedback is required, an ACK/NACK response can be transmitted as a different
response discriminated from (bundled) NACK. In this case, Upa; denotes as the total
number of PDCCH with assigned PDSCH transmission(s) and PDCCH indicating DL,
SPS release detected by a UE within subframe(s) n-k (k?K). Ngps denotes the number
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of PDSCH transmission(s) without a corresponding PDCCH within subframe(s) n-k
(k?K). In this case, DTX occurrence means that the UE fails to detect one or more
PDCCHs from among PDCCHs allocated by the BS. In this case, the UE can
determine a DTX status using a DAI transmitted on a PDCCH. Table 4 shows

exemplary DAI values.
Table 4
[Table 4]
Value of Downlink Assignment Index
DAIMSB | Vpa™- Number of subframes with PDSCH transmission and with
,LSB PDCCH indicating DL SPS release
0,0 1 lor5or9
0,1 2 20r6
1,0 3 3or7
1,1 4 Qor4or8

F 4ol A, 54 AuzeQlol A HEE Vpuib-S A B I Q(E) nk (keK)F
71 54 AR T A7k o A T PDSCH H 4 2= PDCCH % DL SPS
& Al F e = PDCCH®| 4] (accumulative) 7l <5~& & 1| 8} 1,

Ay Qi) sldlo]| Ed ), 8l 3 UEE ¥ $k PDSCH In Table 4, Vi
detected at a specific subframe indicates the accumalitive number of accumulated
PDCCH(s) with assigned PDSCH transmission(s) and PDCCH indicating downlink
SPS release up to the present subframe within subframe(s) n-k (k?K)and is updated per
subframe. If PDSCH for the corresponding UE is not transmitted and PDCCH for DL
SPS release is not present, VUt for the corresponding UE is set to 4.

For example, since DAI is updated from subframe to subframe, when the UE
receives one PDCCH having DAI=01, then the UE can recognize that PDCCH having
DAI=00 was missed.

Method 2) In case of a DTX status, the corresponding information is not transmitted.

In Method 2, in the case in which ACK/NACK for one or more PDCCHs and ACK/
NACK for SPS without PDCCH are simultaneously needed, and one or more DTX
states occur in the bundling window, an ACK/NACK response for the above-
mentioned case is not transmitted such that the ACK/NACK response can be dis-
tinguished from the (bundled) NACK. In addition, if ACK/NACKSs for one or more
PDCCHs and ACK/NACK for SPS without PDCCH are simultaneously needed, and if
a DTX status occurs at at ealist time from among times for which ACK/NACK
feedback is required or at the foremost subframe from among subframes for which
ACK/NACK feedback is required, an ACK/NACK response for the above-mentioned
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case is not transmitted such that the ACK/NACK response can be distinguished from
the (bundled) NACK.

Although Method 1 and Method 2 may be used even when bundling ACK/NACK is
performed in FDD, for convenience of description, the present embodiments will
hereinafter be described with reference to an exemplary case in which bundling of
ACK/NACK is performed in TDD. In addition, although the ACK/NACK bundling
may be used in PUCCH Format 3, the present embodiment will hereinafter be
described with reference to the case of using channel selection for convenience of de-
scription and better understanding of the present invention. The present embodiments
will hereinafter be described with reference to the case of applying a 4DL:1UL TDD
structure for one ACK/NACK feedback to time domain bundling. In this case, DAI for
each CC independently indicates the number of accumulative PDCCHs for each CC.
For convenience of description and better understanding of the present invention, it is
assumed that 2-bit ACK/NACK information for each CC is transmitted. In addition, it
is assumed that only one of PDCCH and SPS PDSCH can be transmitted for a UE per
CC in one DL subframe. If multiple codewords (MCW) are transmitted for a UE in one
subframe, it is assumed that the ACK/NACK response for the corresponding subframe
(i.e., the ACK/NACK response for each PDCCH or SPS PDSCH) is composed of 1 bit
using spatial bundling acting as bundling between codewords. Spatial bundling may be
carried out by a predefined logical operation (e.g., a logical AND operation) of ACK/
NACK responses for individual codewords. In the following description, one ACK/
NACK response indicates one PDSCH or ACK/NACK information for each PDSCH.
If MCW transmission is applied, one ACK/NACK response indicates ACK/NACK
generated by spatial bundling. If multiple DL subframes are configured in one CC,
multiple ACK/NACK responses matched to the multiple DL subframes on a one to one
basis can be generated, and the multiple ACK/NACK responses are bundled in a time
domain so that the bundled result can be denoted by one piece of ACK/NACK in-
formation for each CC. When further considering a DTX state for each CC, an ACK/
NACK/DTX response for each DL transmission will be detected. For convenience of
description and better understanding of the present invention, not only the ACK/
NACK response but also the ACK/NACK/DTX response will hereinafter be referred
to as "ACK/NACK response"”, and not only the ACK/NACK information but also the
ACK/NACK/DTX information will hereinafter be referred to as "ACK/NACK in-
formation".

FIG. 29 shows exemplary ACK/NACK transmission based on channel selection.

Referring to FIG. 29, in case of PUCCH format 1b for ACK/NACK information of 2
bits, two PUCCH resources (PUCCH resources #0 and #1) may be configured. When
transmitting ACK/NACK information of 3 bits, 2 bits from among 3 bits of ACK/



36

WO 2012/070831 PCT/KR2011/008903

[189]

[190]

[191]

NACK information may be represented through PUCCH format 1b, and the remaining
one bit may be represented by which resource is selected from among two PUCCH
resources. For example, it may be assumed that transmitting UCI using PUCCH
resource #0 indicates a value of 0, and transmitting UCI using PUCCH resource #1
indicates a value of 1. Therefore, one bit (0 or 1) can be represented by selecting one of
the two PUCCH resources, such that not only 2 bits of ACK/NACK information
expressed through PUCCH format 1b but also an additional one bit of ACK/NACK in-
formation can be represented. In other words, n bits explicitly carried by one PUCCH
resource can represent a maximum of 2» ACK/NACK states. In contrast, when x
(m>1>x) PUCCH resources from among m (m > 1) PUCCH resources for channel
selection are selected to transmit ACK/NACK information, the number of expressible
ACK/NACK states is increased to a maximum of (2°)*(,,C,). For example, as can be
seen from FIG. 29, a maximum of 4 ACK/NACK states ((21)*(,C,) = 4) can be rep-
resented by applying 2-bit PUCCH format 1b with channel selection for ACK/NACK
transmission.

Although channel selection can be applied irrespective of the number of CCs, the
present embodiments will hereinafter be described with reference to the case in which
ACK/NACK information of two CCs is transmitted using channel selection based on
PUCCH format 1b for convenience of description and better understanding of the
present invention.

FIGS. 30 to 37 illustrate various embodiments for transmitting ACK/NACK  in-
formation representing even the DTX status. Although SPS PDSCH without PDCCH
is not shown in FIGS. 30 to 37, the present embodiments can be applied not only to the
SPS PDSCH without PDCCH, but also to every DL transmission requiring ACK/
NACK feedback. In FIGS. 30 to 37, it is assumed that a UE receives a PDCCH with
DAI=00 in an ACK status on a component carrier CCO and then misses the next
PDCCH with DAI=01. It is assumed that, on CC1, the UE misses a PDCCH with
DAI=00, receives a PDCCH with DAI=01 in an ACK status, and receives a PDCCH
with DAI=10 in a NACK status. Although FIGS. 30 to 37 exemplarily show two DL
CCs, the present embodiments can also be applied to other numbers of DL CCs.

Referring to FIGS. 30 to 37, the UE can detect the presence or absence of a missed
PDCCH using a DAI contained in the PDCCH. The UE may generate the bundled
ACK/NACK information as ACK/NACK information for the detected PDCCH and/or
the missed PDCCH. For example, the UE may generate the bundled NACK to be
transmitted for PDCCH(s) and/or SPS PDSCH(s) received on CCI1. Since the UE
firstly receives a PDCCH with DAI=01 on CCl, it can recognize that a PDCCH with
DAI=01 or less (i.e., a PDCCH with DAI=00) was missed. However, if the last

PDCCH(s) are missed in a time domain, the UE is unable to recognize whether the last
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PDCCH was missed or not. That is, if the last PDCCH has been missed on a CC, it is
impossible for the UE to recognize the correct ACK/NACK state of the CC. In order to
solve the aforementioned problem, the UE of the present invention represents the
ACK/NACK state of the corresponding CC by 2-bit ACK/NACK information bits
'bOb1" according to any one of the mapping embodiments 1 to 13, such that it can
transmit the resultant ACK/NACK information bits on a PUCCH. The ACK/NACK in-
formation bits may be transmitted by channel selection using PUCCH formats 1a/lb,
may be transmitted by PUCCH format 3, or may be transmitted by channel selection
using PUCCH format 3.

The present embodiments for representing the missing PDSCH with PDCCH, the
missing PDCCH for SPS release, or the missing PDSCH (SPS PDSCH) without
PDCCH (i.e., the missing DL transmission) using ACK/NACK information
transmission will hereinafter be described in detail. For reference, the following
mapping embodiments exemplarily show mapping between the ACK/NACK state and
information bits. Although the mapping relationship between the ACK/NACK state
and the information bits is different, if a method for processing the missed PDCCH or
the missed SPS PDSCH is the same, this situation may indicate the same mapping em-
bodiments.

[ACK/NACK with DAI]

In the mapping embodiments 1 to 3, if the bundled ACK/NACK is set to ACK,
ACK/NACK information for the corresponding CC may further represent not only
pure ACK/NACK information but also a DAI value contained in the last detected
PDCCH, such that each ACK/NACK state is mapped to information bits.

<Mapping Embodiment 1>

Table 5 exemplarily shows the mapping of multiple ACK/NACK responses to
(b0,b1) according to the mapping embodiment 1.

Table 5
[Table 5]
For multiple (Upa; + Ngps) ACK/NACK responses b0,bl
(Bundled) NACK with any DAI 00
(Bundled) ACK with DAI=00or 11 01
(Bundled) ACK with DAI = 01 10
(Bundled) ACK with DAI = 10 11

In the mapping embodiment 1, if the bundled ACK/NACK for a CC is set to ACK,
different ACK/NACK information is generated according to the last DAI value
received in the ACK status. Referring to FIG. 5, if a DAI of the last PDCCH of the
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ACK status is set to 00(=0) or 11(=3), 2-bit ACK/NACK for the corresponding CC
becomes 01. If a DAI of the last PDCCH of the ACK status is set to 01, 2-bit ACK/
NACK for the corresponding CC becomes 10. If a DAI of the last PDCCH of the ACK
status is set to 10, 2-bit ACK/NACK for the corresponding CC becomes 11. In ac-
cordance with the mapping embodiment 1, since a DAI initially received by the UE is
transmitted along with ACK/NACK information to the BS, the BS can recognize that
PDCCH(s) and/or SPS PDSCH(s) transmitted prior to transmission of a specific
PDCCH carrying the last ACK DAI in the corresponding CC have been missed by the
UE. In addition, the BS can recognize that a PDCCH carrying the last ACK DAI and
PDCCHs prior to this PDCCH have been successfully received by the UE.

Referring to Table 5 and FIG. 30, a PDCCH with DAI=00 is successfully received on
CCO0 and the bundled ACK/NACK for CCO is ACK, the UE can generate 2 bit ACK/
NACK information '01" for the CCO. Since the bundled ACK/NACK for CCl1 is
NACK, the UE can generate 2-bit ACK/NACK information '00' for the CCI.

<Mapping Embodiment 2>

Table 6 exemplarily shows the mapping of multiple ACK/NACK response to (b0,b1)

according to the mapping embodiment 2.

Table 6
[Table 6]
For multiple (Upar + Ngps) ACK/NACK responses b0,b1
UE detects at least one DL assignment is missed or no DL assignment |DTX (or N/
is received A)
(Bundled) NACK with any DAI 00
(Bundled) ACK with DAI=00or 11 01
(Bundled) ACK with DAI = 01 10
(Bundled) ACK with DAI =10 11

If a PDCCH other than the last PDCCH has been missed, the UE can detect that the
PDCCH has been missed. In this case, according to the mapping embodiment 1, the
UE may include information indicating the presence of missed DL transmission in
ACK/NACK information of the corresponding CC, and transmits the resultant ACK/
NACK information to the BS. That is, the mapping embodiment 1 may indicate not
only the absence of PDCCH and SPS PDSCH which are determined as NACK
PDCCH in the corresponding CC, but also indicate the presence or absence of the
missed PDCCH. Differently from the mapping embodiment 1, the mapping em-
bodiment 2 may transmit information regarding the presence or absence of the missed

PDCCH in a different way from general ACK/NACK information, or may transmit no
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response as necessary.

Referring to Table 6 and FIG. 31, although the UE detects only a PDCCH with
DAI=00 on CCO0 in an ACK status, the UE cannot detect that a PDCCH with DAI=01
is missed since the PDCCH with DAI=01 is missed. As a result, the UE can generate
2-bit ACK/NACK information '01' for CCO. Since the UE initially detects a PDCCH of
DAI=01 on CC1, the can recognize that the PDCCH of DAI=00 has been missed.

In accordance with the mapping embodiment 2, if the UE detects that aPDCCH 1is
missed, the ACK/NACK response for the corresponding CC is configured as in-
formation bits indicating a DTX status and is then transmitted to the BS. The DTX
status may be mapped to the same information bits as information bits indicating a
different ACK/NACK state. In accordance with the mapping embodiment 2, if the UE
detects that a PDCCH is missed, the ACK/NACK response for the corresponding CC
may not be transmitted to the BS as necessary. In this case, no transmission of the
ACK/NACK information regarding the CC may indicate the presence of a PDCCH
missed in the CC.

Referring to Table 6, the UE checks the missing of at least one DL transmission or a
DTX status of DL transmission. If the ACK/NACK state for a specific CC corresponds
to the checked state, transmission or non-transmission of ACK/NACK information is
carried out according to the DTX status definition. If the ACK/NACK state for the
specific CC does not correspond to the checked state, a different ACK/NACK state is
selected.

<Mapping Embodiment 3>

Table 7 exemplarily shows the mapping of multiple ACK/NACK responses to
(b0,b1) according to the mapping embodiment 3.

Table 7
[Table 7]
For multiple (Upa; + Ngps) ACK/NACK responses b0,bl
UE detects the first DL assignment is missed or no DL assignmentis |DTX (or N/
received A)
(Bundled) NACK with any DAI 00
(Bundled) ACK with DAI=00or 11 01
(Bundled) ACK with DAI = 01 10
(Bundled) ACK with DAI =10 11

The mapping embodiment 2 may indicate missing of at least one DL transmission or
no reception of DL transmission using either non-transmission of ACK/NACK in-

formation of the corresponding CC or the mapping of the ACK/NACK information to
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information bits indicating a DTX status. In other words, the mapping embodiment 2
may indicate the case in which at least one of PDCCH and SPS PDSCH (i.e., at least
one DL transmission) has been missed in the corresponding CC, separately from other
cases. In contrast, the mapping embodiment 3 may indicate the case in which first DL
transmission (e.g., PDCCH of DAI=00) from among ACK/NACK responses of in-
dividual subframes has been missed and the other case in which no DL transmission is
received, differently from other cases.

Referring to Table 7 and FIG. 31, after a UE firstly detects a PDCCH of DAI=00 on
CCO0, the UE does not receive any DL transmission. As a result, the UE generates 2-bit
ACK/NACK information '01' for CCO. The UE can detect that the PDCCH of DAI=00
is missed because the PDCCH of DAI=00 is firstly detected on CC1. The UE
according to the mapping embodiment 3 may transmit ACK/NACK information
regarding CC1 from which the first PDCCH has been missed to the BS, where the
transmitted CC1 ACK/NACK information may be configured as information bits cor-
responding to the DTX status. Alternatively, the UE according to the mapping em-
bodiment 3 may not transmit the ACK/NACK information regarding the CC1 from
which a first PDCCH has been missed to the BS. In this case, non-transmission of the
ACK/NACK information regarding the CC1 may indicate the missing of first DL,
transmission of the CCI.

Referring to Table 7, the UE checks the missing of first DL transmission or a DTX
status of DL transmission. If the ACK/NACK state of the specific CC corresponds to
the checked result, transmission or non-transmission of ACK/NACK information is
performed according to the DTX status definition. Otherwise, a different ACK/NACK
state is selected.

[ACK/NACK with ACK-counter]

The mapping embodiments 1 to 3 represent that information bits indicate (bundled)
ACK or (bundled) NACK of the corresponding CC, and also represent a DAI value of
a PDCCH for the last ACK response from among ACK responses constructing the
bundled ACK. In contrast, according to the mapping embodiments 4 to 6, if the
bundled ACK/NACK is set to ACK, the ACK/NACK information for the corre-
sponding CC may further indicate not only pure ACK/NACK information but also
ACK-counter information. Each ACK/NACK state is mapped to information bits. In
this case, the ACK-counter may indicate the number of ACK responses.

<Mapping Embodiment 4>

Table 8 exemplarily shows the mapping of multiple ACK/NACK responses to
(b0,b1) according to the mapping embodiment 4.

Table 8
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[Table 8]

For multiple (Upar + Nsps) ACK/NACK responses b0,bl
(Bundled) NACK with any ACK-counter 00

(Bundled) ACK with ACK-counter =1 or 4 01

(Bundled) ACK with ACK-counter = 2 10

(Bundled) ACK with ACK-counter = 3 11

[218] Although the missing of DL transmission on a CC is detected by the UE, the missing

[219]
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of DL transmission on the CC is not separately distinguished from ACK/NACK in-
formation of the CC, such that the mapping embodiment 4 is similar to the mapping
embodiment 1. Although ACK/NACK information of the mapping embodiment 1
indicates the last DAI value detected as the ACK status in the corresponding CC,
ACK/NACK information according to the mapping embodiment 4 may indicate the
number of ACK responses participating in (bundled) ACK generation of the corre-
sponding CC. Provided that for each CC one subframe results in one ACK/NACK
response, the number of ACK responses participating in generating ACK information
of four DL subframes is set to any one of 1 to 4.

Referring to Table 8 and FIG. 32, since one PDCCH is successfully received on
CCO0, the UE may generate 2-bit ACK/NACK information '01" indicating that the
number of ACK DL transmissions on the CCO is set to 1. Since the bundled ACK/
NACK for CCI is set to NACK, the UE may generate 2-bit ACK/NACK information
‘00" for the CC1 irrespective of the number of ACKs.

<Mapping Embodiment 5>

Table 9 exemplarily shows the mapping of multiple ACK/NACK responses to
(b0,b1) according to the mapping embodiment 5.

Table 9
[Table 9]
For multiple (Upa; + Ngps) ACK/NACK responses b0,bl
UE detects at least one DL assignment is missed or no DL assignment |DTX (or N/
is received A)
(Bundled) NACK with any ACK-counter 00
(Bundled) ACK with ACK-counter =1 or 4 01
(Bundled) ACK with ACK-counter = 2 10
(Bundled) ACK with ACK-counter = 3 11

If a PDCCH other than the last PDCCH has been missed, the UE can detect the




42

WO 2012/070831 PCT/KR2011/008903

[224]

[225]

[226]
[227]

[228]

missing of the PDCCH. In this case, according to the mapping embodiment 4 (or the
mapping embodiment 1), the UE includes specific information indicating the presence
of the missed PDCCH in ACK/NACK information of the corresponding CC, and
transmits the resultant ACK/NACK information to the BS. According to the mapping
embodiment 4, not only information indicating the absence of a NACK PDCCH and
SPS PDSCH in the corresponding CC but also ACK-counter can be represented by
ACK information of the corresponding CC. Differently from the mapping embodiment
4, ACK/NACK information of a CC including the missed DL transmission according
to the mapping embodiment 5 may be separately defined to represent a DTX status, or
non-transmission of the ACK/NACK information may also be used to represent a DTX
status.

Referring to Table 9 and FIG. 33, although the UE detects only a PDCCH of DAI=00
on CCO as an ACK, the UE is unable to detect the missing of a PDCCH with DAI=01
because the PDCCH with DAI=01 is missed. As a result, the UE generates 2-bit ACK/
NACK information '01' for CCO. Since the UE firstly detects a PDCCH of DAI=01 on
CCl1, it can detect the missing of PDCCH with DAI=01. For CC1, information bits
corresponding to 'DTX" instead of '00" are generated. Information bits corresponding to
the DTX status may be set to any one of 00, 01, 10, and 11. That is, the DTX status
may be transmitted as information bits overlapping other ACK/NACK states. In
addition, according to the mapping embodiment 5, if the UE detects the missing of
PDCCH, the ACK/NACK response of the corresponding CC may not be transmitted to
the BS at all. In this case, non-transmission of ACK/NACK information related to a
CC may indicate the presence of a PDCCH missed in the CC.

Referring to Table 9, the UE checks whether a current status is a DTX (or N/A)
status. If an ACK/NACK state of the specific CC corresponds to the DTX (or N/A)
status, the UE performs ACK/NACK transmission or non-transmission according to
DTX (or N/A) definition. Otherwise, the UE selects a different ACK/NACK state.

<Mapping Embodiment 6>

Table 10 exemplarily shows the mapping of multiple ACK/NACK responses to
(b0,b1) according to the mapping embodiment 6.

Table 10
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[Table 10]
For multiple (Upar + Nsps) ACK/NACK responses b0,bl
UE detects the first DL assignment is missed or no DL assignmentis |DTX (or N/
received A)
(Bundled) NACK with any ACK-counter 00
(Bundled) ACK with ACK-counter =1 or 4 01
(Bundled) ACK with ACK-counter = 2 10
(Bundled) ACK with ACK-counter = 3 11

[229]

[230]

[231]

[232]
[233]

The mapping embodiment 5 does not transmit ACK/NACK information of the corre-
sponding CC or maps the ACK/NACK information to information bits indicating a
DTX status and transmits the mapped result, in order to represent the missing status of
at least one DL transmission or non-reception status of DL transmission. That is, the
mapping embodiment 5 represents the case in which at least one of PDCCH and SPS
PDSCH (i.e., at least one DL transmission) has been missed in the corresponding CC,
differently from other cases. Differently from the mapping embodiment 5, the mapping
embodiment 6 differentiates, from other cases, the case in which first DL transmission
(for example, a PDCCH of DAI=00) from among ACK/NACK responses of individual
subframes has been missed or the case in which no DL transmission is received.

Referring to Table 10 and FIG. 33, the UE firstly detects a PDCCH of DAI=00 on
CCO0 and does not receive any DL transmission after the first detection of the PDCCH.
As aresult, the UE generates 2-bit ACK/NACK information '01'. The UE firstly
detects a PDCCH of DAI=01 on CC1, such that it can detect the missing of the
PDCCH having DAI=01. The UE for use in the mapping embodiment 6 transmits
ACK/NACK information for CC1 in which first DL transmission has been missed to
the BS using information bits corresponding to the DTX status. Alternatively, the UE
for use in the mapping embodiment 6 may not transmit ACK/NACK information for
CCl1 in which first DL transmission has been missed to the BS. In this case, non-
transmission of the CC1 ACK/NACK information may indicate missing of first DL
transmission of the CCI.

Referring to Table 10, the UE checks whether a current status is a DTX (or N/A)
status. If an ACK/NACK state of a specific CC corresponds to the DTX (or N/A)
status, the UE performs ACK/NACK transmission or non-transmission according to
DTX (or N/A) definition. If the ACK/NACK state of the specific CC does not
correspond to the DTX (or N/A) status, the UE selects a different ACK/NACK state.

[ACK-counter as ACK/NACK]

According to the mapping embodiments 7 to 9, if the bundled ACK/NACK is ACK,
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ACK/NACK information of the corresponding CC is transmitted in the form of an
ACK-counter. In this case, the ACL-counter may indicate the number of ACK
responses.

<Mapping Embodiment 7>

Table 11 exemplarily shows mapping of multiple ACK/NACK responses to (b0,b1)

according to the mapping embodiment 7.

Table 11
[Table 11]
For multiple (Upa; + Ngps) ACK/NACK responses b0,bl
ACK-counter = 0 or None (UE detects at least one DL assignmentis |00
missed)
ACK-counter =1 or 4 01
ACK-counter = 2 10
ACK-counter =3 11

Referring to Table 11 and FIG. 34, in CCO, one PDCCH is successfully received and
a second PDCCH has been missed. However, since the UE does not detect the missing
of the second PDCCH, the UE generates 2-bit ACK/NACK information '01' indicating
that the number of DL transmissions of which responses are ACK in CCO is 1. In
contrast, a PDCCH with DAI=01 is detected in CC1, such that the UE can detect the
missing of PDCCH with DAI=00 in the CCI. This situation means "ACK-
counter=None". For the CC1 irrespective of the number of ACK responses detected in
the corresponding CC, the UE may generate 2-bit ACK/NACK information '00" in-
dicating that at least one DL transmission has been missed in the CC1.

In case of "ACK-counter=0", for example, information bits '00' may also be
generated as ACK/NACK information of the corresponding CC even when all DL
transmission for use in a CC is set to NACK.

<Mapping Embodiment 8>

Table 12 exemplarily shows mapping of multiple ACK/NACK responses to (b0,b1)
according to the mapping embodiment 8.

Table 12
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[Table 12]
For multiple (Upar + Nsps) ACK/NACK responses b0,bl
UE detects at least one DL assignment is missed or no DL assignment |DTX (or N/
is received A)
ACK-counter =0 00
ACK-counter =1 or 4 01
ACK-counter = 2 10
ACK-counter = 3 11

[242]

[243]

If a PDCCH other than the last PDCCH has been missed, the UE can detect the
missing of the PDCCH. In this case, according to the mapping embodiment 11, the UE
includes specific information indicating the presence of the missed PDCCH in ACK/
NACK information of the corresponding CC, and transmits the resultant ACK/NACK
information to the BS. According to the mapping embodiment 8, not only information
indicating the absence of a NACK PDCCH and SPS PDSCH in the corresponding CC
but also information indicating the presence or absence of missed DL transmission
may be designated by ACK/NACK information of the corresponding CC. Differently
from the mapping embodiment 7, according to the mapping embodiment 8, in-
formation regarding the presence of the missed PDCCH may be transmitted in a
different way from general ACK/NACK information, or may also be denoted by
transmission of no response.

Referring to Table 12 and FIG. 35, the UE detects that only a PDCCH with DAI=00
on CCO is ACK, and is unable to detect the missing of the PDCCH with DAI=01
because the PDCCH with DAI=01 is missed. As a result, the UE generates 2-bit ACK/
NACK information '01" for CCO. Since the UE firstly detects a PDCCH with DAI=01
on CCl, it can detect the missing PDCCH of DAI=00 on CC1. Therefore, for the CC1
irrespective of the number of ACK responses detected in the CC1, the UE may
generate 2-bit ACK/NACK information '00' indicating that at least one DL
transmission has been missed in the CC1. Information bits corresponding to the ACK-
counter=1, instead of information bits corresponding to the DTX status, may be
generated as ACK/NACK information. The information bits corresponding to the DTX
status may be set to any one of 00, 01, 10, and 11. That is, the DTX status may be
transmitted as information bits overlapping other ACK/NACK states. In addition,
according to the mapping embodiment 8, if the UE detects a missing of a PDCCH, the
ACK/NACK response of the corresponding CC may not be transmitted to the BS at all.
In this case, non-transmission of ACK/NACK information related to a CC may
indicate the presence of a PDCCH missed in the CC.
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Referring to Table 12, the UE checks whether a current status is a DTX (or N/A)
status. If an ACK/NACK state of the specific CC corresponds to the DTX (or N/A)
status, the UE performs ACK/NACK transmission or non-transmission according to
DTX (or N/A) definition. Otherwise, the UE selects a different ACK/NACK state.

<Mapping Embodiment 9>

Table 13 exemplarily shows the mapping of multiple ACK/NACK responses to
(b0,b1) according to the mapping embodiment 9.

Table 13
[Table 13]
For multiple (Upa; + Ngps) ACK/NACK responses b0,bl
UE detects the first DL assignment is missed or no DL assignmentis |DTX (or N/
received A)
ACK-counter =0 00
ACK-counter =1 or 4 01
ACK-counter = 2 10
ACK-counter = 3 11

The mapping embodiment 8 does not transmit ACK/NACK information of the corre-
sponding CC or maps the ACK/NACK information to information bits indicating a
DTX status and transmits the mapped result, in order to represent the missing status of
at least one DL transmission or non-reception status of DL transmission. That is, the
mapping embodiment 8 represents the case in which at least one of PDCCH and SPS
PDSCH (i.e., at least one DL transmission) has been missed in the corresponding CC,
differently from other cases. Differently from the mapping embodiment 8, the mapping
embodiment 9 differentiates, from the other cases, the case in which first DL
transmission (for example, a PDCCH of DAI=00) from among ACK/NACK responses
of individual subframes has been missed, or the case in which no DL transmission is
received.

Referring to Table 13 and FIG. 35, the UE firstly detects a PDCCH with DAI=00 on
CCO0 and does not receive any DL transmission after the first detection of the PDCCH.
As a result, the UE determines the ACK/NACK state of the CCO to be ACK with
"ACK-counter=1" and generates 2-bit ACK/NACK information '01'. The UE firstly
detects a PDCCH with DAI=01 on CCl1, such that it can detect the missing of a
PDCCH with DAI=01 on CCI. The UE according to the mapping embodiment 9
transmits ACK/NACK information for CC1 in which first DL transmission has been
missed to the BS using information bits corresponding to the DTX status. Alter-

natively, the UE for use in the mapping embodiment 9 may not transmit ACK/NACK
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information for CC1 in which first DL transmission has been missed to the BS. In this
case, non-transmission of the CC1 ACK/NACK information may indicate the missing
of first DL transmission of the CC1.

Referring to Table 13, the UE checks whether a current status is a DTX (or N/A)
status. If an ACK/NACK state of a specific CC corresponds to the DTX (or N/A)
status, the UE performs ACK/NACK transmission or non-transmission according to
DTX (or N/A) definition. If the ACK/NACK state of the specific CC does not
correspond to the DTX (or N/A) status, the UE selects a different ACK/NACK state.

[Contiguous ACK-counter as ACK/NACK]

The UE can detect the presence or absence of a missed PDCCH using a DAI
contained in a PDCCH for each CC. If NACK is transmitted through ACK/NACK
bundling, the BS has to perform retransmission (HARQ) for all DL,
transmission(s)/assignment(s). Therefore, transmitting the greatest number of ACK
responses to the BS during one ACK/NACK feedback can reduce the number of un-
necessary retransmissions caused by the BS. In order to reduce the number of retrans-
missions by preserving ACK information as much as possible, the mapping em-
bodiments 10 to 13 use a contiguous ACK-counter from first DL transmission, instead
of a pure bundled ACK/NACK in which ACK/NACK responses of respective CCs are
bundled, for ACK/NACK feedback. In the present invention, the contiguous ACK-
counter may be defined for continuous DL transmission in a time domain, or may also
be defined by other methods. For example, a contiguous ACK-counter is used in a time
domain for DL transmission with PDCCH. In case of each DL transmission without
PDCCH, the DL transmission without is located before or after DL transmission(s)
with detected PDCCH(s), and then the entire ACK-counter can be calculated. The
scope or spirit of the present invention is not limited to a method for deciding the order
of ACK/NACK responses constructing the continuous-ACK counter. For convenience
of description and better understanding of the present invention, the ACK-counter is
defined on the basis of continuous DL transmission, and a detailed description thereof
will hereinafter be described in detail. The contiguous ACK-counter from the first DL
transmission indicates the number of contiguous ACK responses counted from the first
DL transmission for which ACK/NACK feedback is required. If a response to the first
DL transmission is an ACK and a NACK or DTX response occurs later, the UE
assumes that all DL transmission from the NACK or DTX position has been missed,
and feeds back the number of contiguous ACKs prior to the NACK or DTX as ACK/
NACK information. If one or more ACK/NACK responses are bundled and
transmitted, the BS having received the bundled ACK for CC from the UE is
scheduled to perform retransmission of all DL transmission(s) transmitted on the CC.

However, if ACK/NACK feedback is performed using the contiguous ACK-counter,
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retransmission for ACK response(s) located before a NACK or DTX response is not
required, such that the number of DL transmission(s) requiring retransmission is
reduced.

<Mapping Embodiment 10>

Table 14 exemplarily shows the mapping of multiple ACK/NACK responses to
(b0,b1) according to the mapping embodiment 10.

Table 14
[Table 14]

For multiple (Upa; + Ngps) ACK/NACK responses b0,bl

Response for the first PDSCH is NACK or the first PDSCH is missed |00

Contiguous ACK-counter from the first PDSCH =1 or 4 01
Contiguous ACK-counter from the first PDSCH = 2 10
Contiguous ACK-counter from the first PDSCH = 3 11

Referring to Table 14 and FIG. 36, a PDSCH with a PDCCH, which isthe first DL
transmission on CCO, is successfully received. In the CCO, the second PDCCH has
been missed and the UE does not detect a PDSCH corresponding to the missed second
PDCCH. The UE maps ACK/NACK information of CCO to (b0,b1)=(0,1) which is
corresponding to "contiguous ACK-counter from first transmission = 1". In contrast, a
PDCCH with DAI=01 is detected in CC1, such that the UE detects the missing of the
PDCCH with DAI=00 in the CC1. Therefore, since an ACK/NACK response for the
first DL transmission is ACK, "contiguous ACK-counter from the first DL,
transmission" is set to 0, the UE maps ACK/NACK responses for CC1 to (b0,b1)=(0,0)
according to Table 14. Referring to Table 14, for the CC1 irrespective of the number of
ACK responses detected in the corresponding CC, the UE mapps ACK/NACK
responses for CC1 to (b0,b1)=(0,0) indicating that first DL transmission is not ACK.

<Mapping Embodiment 11>

Table 15 exemplarily shows the mapping of multiple ACK/NACK responses to
(b0,b1) according to the mapping embodiment 11.

Table 15
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[Table 15]
For multiple (Upar + Nsps) ACK/NACK responses b0,bl
UE detects at least one DL assignment is missed or no DL assignment is |DTX (or N/
received A)
Response for the first PDSCH is NACK 00
Contiguous ACK-counter from the first PDSCH =1 or 4 01
Contiguous ACK-counter from the first PDSCH = 2 10
Contiguous ACK-counter from the first PDSCH = 3 11

[260]

[261]

In the mapping embodiment 10, although ACK/NACK information for CC1 may
indicate that a response to the first DL transmission is not an ACKresponse, it is im-
possible to determine whether the response to the first DL transmission is a NACK or a
DTX. Differently from the mapping embodiment 10, the mapping embodiment 11 may
transmit information regarding the presence of the missed DL transmission in a
different way from general ACK/NACK information, or may transmit no response. In
accordance with the mapping embodiment 11, the ACK/NACK response for CC1 may
be denoted by information bits indicating a DTX status defined to indicate the presence
of a missed PDSCH in the corresponding CC, instead of by information bits indicating
a NACK status, or the ACK/NACK response for CCl1 is not transmitted at all.

Referring to Table 15 and FIG. 37, a PDSCH with a PDCCH acting as first DL
transmission on CCO is successfully received. In CCO, the second PDCCH has been
missed, such that the UE does not detect a PDSCH corresponding to the missed second
PDCCH. Therefore, the UE can generate 2-bit ACK/NACK information 01 corre-
sponding to "contiguous ACK-counter from first DL transmission = 1" on the CCO0. In
contrast, PDCCH with DAI=01 is detected on CC1, such that the UE can detect the
missing of PDCCH with DAI=00 on the CC1. Accordingly, for the CC1, the UE
generates information bits corresponding to either the missing of at least one DL
transmission or the absence of received DL transmission, instead of information bits
corresponding to the NACK status, as ACK/NACK information. Referring to Table 15,
information bits corresponding to the DTX status are generated as ACK/NACK in-
formation for CC1. The DTX status may be predefined to be mapped to any one of 00,
01, 10, and 11. In other words, the DTX status may be configured in the form of in-
formation bits overlapped with other ACK/NACK state, and may then be transmitted.
Alternatively, according to the mapping embodiment 11, if missing of DL transmission
is detected by the UE, the ACK/NACK response for the corresponding CC may not be
transmitted to the BS at all. In this case, no transmission of ACK/NACK information

for a CC may indicate the presence of DL transmission missed in the CC.
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Referring to FIG. 15, the UE checks whether a current status is a DTX (or N/A)
status. If an ACK/NACK state of the specific CC corresponds to the DTX (or N/A)
status, the UE performs ACK/NACK transmission or non-transmission according to
DTX (or N/A) definition. Otherwise, the UE selects a different ACK/NACK state.

<Mapping Embodiment 12>

Table 16 exemplarily shows the mapping of multiple ACK/NACK responses to
(b0,b1) according to the mapping embodiment 12.

Table 16
[Table 16]
For multiple (Upa; + Ngps) ACK/NACK responses b0,bl
UE detects the first DL assignment is missed or no DL assignmentis |DTX (or N/
received A)
Response for the first PDSCH is NACK 00
Contiguous ACK-counter from the first PDSCH =1 or 4 01
Contiguous ACK-counter from the first PDSCH = 2 10
Contiguous ACK-counter from the first PDSCH = 3 11

The mapping embodiment 11 does not transmit ACK/NACK information of the cor-
responding CC or maps the ACK/NACK information to information bits indicating a
DTX status and transmits the mapped result, in order to represent the missing status of
at least one DL transmission or non-reception status of DL transmission. That is, the
mapping embodiment 11 represents the case in which at least one DL transmission has
been missed in the corresponding CC, differently from other cases. Differently from
the mapping embodiment 11, the mapping embodiment 12 represents the case in which
first DL transmission (for example, a PDCCH of DAI=00) from among ACK/NACK
responses of individual subframes has been missed or the case in which any DL
transmission is not received, differently from other cases.

Referring to Table 16 and FIG. 37, a PDSCH with a PDCCH, which is corresponding
to the first DL transmission, is successfully received on CCO0. If the second PDCCH
has been missed in the CC0, and the UE does not detect a PDSCH corresponding to the
missed second PDCCH, the UE can generate 2-bit ACK/NACK information '01' corre-
sponding to "contiguous ACK-counter from first DL transmission = 1" in the CC0. In
contrast, a PDCCH with DAI=01 is detected in CC1 such that the UE detects missing
PDCCH with DAI=00 in the CC1. Therefore, for the CC1, the UE generates in-
formation bits corresponding to the missing of first DL transmission or the absence of
received DL transmission, instead of information bits corresponding to the NACK

status, as ACK/NACK information. Referring to Table 16, information bits corre-
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sponding to the DTX status may be generated as ACK/NACK information for CC1.
The DTX status may be established to be mapped to any one of 00, 01, 10, and 11.
That is, the DTX status may be mapped to information bits overlapping other ACK/
NACK states and then transmitted. Alternatively, according to the mapping em-
bodiment 12, if the UE detects the missing of first DL transmission, the ACK/NACK
response for the corresponding CC may not be transmitted to the BS at all. In this case,
no transmission of CC-related ACK/NACK information may indicate the presence of
DL transmission missed in the CC.

Referring to Table 16, the UE checks whether a current status is a DTX (or N/A)
status. If an ACK/NACK state of the specific CC corresponds to the DTX (or N/A)
status, the UE performs ACK/NACK transmission or non-transmission according to
DTX (or N/A) definition. Otherwise, the UE selects a different ACK/NACK state.

<Mapping Embodiments 13 and 14>

Although the mapping embodiments 7 to 12 have described an ACK-counter of up to
4, it should be noted that the mapping embodiments 4 to 12 can also support a higher
number ACK-counter (e.g., an ACK-counter of 8 or 9). The higher ACK-counter may
be implemented by increasing the number of transmission bits of ACK/NACK in-
formation, and may also be implemented by the same number of transmission bits
because the ACK-counter of 5 or higher overlaps with and is mapped to information
bits regarding the ACK-counter of up to 4. If the higher ACK-counter is implemented
by such overlapped mapping, the state of ACK-counter=0 (or None) excludes the
overlapped mapping such that it can be distinguished from another state including no
ACK information. If the ACK/NACK state of ACK-counter=0 is not mapped to the
same ACK/NACK information bits as another ACK/NACK state, the mapping em-
bodiments can support an ACK-counter of more than 4, and a detailed description
thereof is as follows.

Table 17 exemplarily shows the mapping of multiple ACK/NACK responses to
(b0,b1) according to the mapping embodiment 13. Table 18 exemplarily shows the
mapping of multiple ACK/NACK responses to (b0,bl) according to the mapping em-
bodiment 14.

Table 17
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[Table 17]
For multiple (Upar + Nsps) ACK/NACK responses b0,bl
UE detects at least one DL assignment is missed or no DL assignment is |DTX (or N/
received A)
Response for the first PDSCH is NACK 00
Contiguous ACK-counter from the first PDSCH =1 or 4 or 7 01
Contiguous ACK-counter from the first PDSCH =2 or 5 or 8 10
Contiguous ACK-counter from the first PDSCH =3 or 6 or 9 11

[273] Table 18
[Table 18]
For multiple (Upa; + Ngps) ACK/NACK responses b0,bl
UE detects the first DL assignment is missed or no DL assignment is DTX (or N/
received A)
Response for the first PDSCH is NACK 00
Contiguous ACK-counter from the first PDSCH =1 or 4 or 7 01
Contiguous ACK-counter from the first PDSCH =2 or 5 or 8 10
Contiguous ACK-counter from the first PDSCH =3 or 6 or 9 11

[274] In the mapping embodiment 13, under the condition that the missing of at least one
DL transmission is detected or no DL transmission is received, ACK/NACK in-
formation for the corresponding CC may correspond to a DTX or N/A (not applicable)
status. In the mapping embodiment 14, under the condition that the UE misses first DL
transmission and receives no DL transmission, ACK/NACK information for the corre-
sponding CC may correspond to the DTX or N/A status. For convenience of de-
scription and better understanding of the present invention, the DTX (or N/A status)
will hereinafter be referred to as an 'ACK-counter = (' state.

[275] States each having the ACK-counter of 4 or higher overlap with or are mapped to the

remaining ACK/NACK information bits other than some information bits mapped to
the 'ACK-counter=0' state. For example, ACK/NACK states corresponding to ACK-
counters 1, 4 and 7 (i.e., contiguous ACK-counters from first DL transmission) are
mapped to the same information bits '01', ACK/NACK states corresponding to ACK-
counters 2, 5 and 8 (i.e., contiguous ACK-counters from first DL transmission) are
mapped to the same information bits '10', and ACK/NACK states corresponding to
ACK-counters 3, 6 and 9 (i.e., contiguous ACK-counters from first DL transmission)

overlap with or are mapped to the same information bits '11'.
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[Minimization of Overlapped Mapping Errors]

Meanwhile, referring to Tables 5 to 18, if ACK/NACK information indicating four or
more multiple ACK/NACK responses needs to be transmitted, at least one ACK/
NACK state may overlap with and be mapped to information bits. In this way, if the
overlapped mapping is present, loss of information occurs by ACK/NACK states
mapped to the same information bits. For example, it may be assumed that the ratio of
DL to UL (DL:UL) for one ACK/NACK feedback is set to 4:1, namely, it may be
assumed that ACK/NACK responses for 4 DL subframes are collected and transmitted
in one UL subframe. If the BS performs DL transmission or DL assignment for the UE
in all the four DL subframes, the UE may receive the corresponding DL transmission
in any one of ACK, NACK, and DTX states. In this case, the DTX status means that
the corresponding DL transmission is not received or has been missed.

Hereinafter, problems caused by such overlapped mapping and various embodiments
capable of reducing the number of the problems caused by overlapped mapping will
hereinafter be described with reference to Table 9. In the following tables, 'A' indicates
the ACK status, 'N' indicates the NACK status, and 'D' indicates the DTX status. In
addition, 'N/D' indicates the NACK or DTX status, and 'any' indicates one arbitrary
status from among the ACK, NACK, and DTX states. In the following tables, it is
assumed that the probability that the UE detects the ACK status in response to DL
transmission is set to 0.9 (90%), the probability that the UE detects the NACK status in
response to DL transmission is set to 0.09 (9%), and the probability of causing the
missed status (or the probability of detecting the DTX status) is set to 0.01 (1%).
However, it should be noted that the probability of errors to be mentioned in the
following description are calculated without considering the probability of PDCCH
detection. Generally, the probability of PDCCH detection is about 0.99 (99%), such
that the probability of errors is less affected by the probability of PDCCH detection.

Table 19
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[Table 19]
ACK/N [ACK/NACK (b0,bI(to which Probability Success/Fail at
ACK responses ACK/NACK BS (under no
state detected at responses are channel error)
UE mapped)
1 AAAA 01 0.9 =0.6561 ?(collision)
2 A A AN/D 11 (0.973)*(0.09+0.01) |Success
=0.0729
3 A,AN/D,any |10 (0.972)*(0.09+0.01) |Success
=0.0810
4 AN/D,any,an |01 (0.971)*(0.09+0.01) |?(collision)
y = 0.0900
5 N,any,any 00 0.09 Fail
6 D,any,any,any |N/A 0.01 -
[280] In Table 19, 'A' indicates the ACK response, 'N' indicates the NACK response, 'N/D'

[281]

indicates the NACK/DTX response, 'D' indicates the DTX response, and 'any' indicates
an arbitrary response.

Referring to Table 19, ACK/NACK state 1 and ACK/NACK state 4 overlap a with
the same ACK/NACK information (01). ACK/NACK information corresponding to
the ACK/NACK state 1 may collide with ACK/NACK information corresponding to
the ACK/NACK state 4. If the BS receives ACK/NACK information including such
overlapping state, it is impossible for the BS to correctly analyze which ACK/NACK
state is represented by the ACK/NACK information. For example, if the ratio of
DL:UL configured by the BS for one ACK/NACK feedback is set to 4:1 and DL
transmission is scheduled in 4 DL subframes, the BS having received the ACK/NACK
feedback as '01' is unable to recognize whether the ACK/NACK feedback indicates the
ACK/NACK state 1 or the ACK/NACK state 4. Although the UE transmits the ACK/
NACK feedback corresponding to the ACK/NACK state 4 to the BS, if the BS
recognizes the above-mentioned ACK/NACK feedback as the ACK/NACK state 1,
there occur NACK-to-ACK errors through which the NACK and ACK are wrongly
recognized. In general, in case of designing and operating the system, the probability
of NACK-to-ACK errors needs to be less than 0.01% (=0.0001) or less. However, the
probability of causing the ACK/NACK state 4 is 0.09 (9%) higher than a maximum

allowable value of general NACK-to-ACK errors, such that unexpected problems may
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be encountered in HARQ processing. Therefore, in order to perform HARQ processing
at a low error ratio, the corresponding state is preferably always considered to be the
ACK/NACK state 4 including a less number of As.

In addition, although the DL:UL ratio for the ACK/NACK feedback is set to 4:1, the
number of DL subframes in which DL transmission is scheduled for a specific UE by
the BS may be established differently from the ratio of 4:1 as necessary. In other
words, the DL:UL ratio for ACK/NACK feedback indicates the ratio of a maximum
number of DL subframes capable of being fed back in one UL subframe, and another
ACK/NACK feedback for a smaller number of DL subframes than the maximum
number of DL subframes needs to be efficiently supported. For example, if the
4DL:1UL ratio for one ACK/NACK feedback is configured, simultaneous
transmission of four ACK/NACK responses must be supported, and at the same time
simultaneous transmission of one, two, or three ACK/NACK responses must be ef-
ficiently supported. However, due to ACK/NACK states mapped to the same in-
formation bits, the BS is unable to confirm correct ACK/NACK information on the
basis of the ACK/NACK feedback transmitted using the overlap-mapped information
bits. In order to solve this problem, scheduling performed by the BS may be restricted.
For example, as can be seen from Table 19, the BS having received ACK/NACK  in-
formation '01' may be configured not to perform scheduling corresponding to the
ACK/NACK state 1 including many As, but to always perform scheduling corre-
sponding to ACK/NACK states each including a smaller number of As, resulting in
reduction in errors in which DL transmission requiring retransmission is mistaken for
ACK and retransmission is not performed. For example, if the 4DL:1UL ratio is
configured for one ACK/NACK feedback, the BS performs DL retransmission only in
the three preceding DL subframes, resulting in reduction in errors in which DL
transmission requiring retransmission is mistaken for ACK and retransmission is not
performed. However, the above-mentioned scheduling restriction is not desirable in
terms of system throughput.

Embodiments for minimizing errors caused by overlapped mapping of the ACK/
NACK states will hereinafter be described in detail.

In order to minimize the number of errors encountered by the use of overlapped
ACK/NACK state mapping, one embodiment of the present invention applies an ad-
ditional condition to one or more states from among overlapped states.

In order to minimize the number of errors encountered by the use of overlapped
ACK/NACK state mapping, there is needed an additional condition in which at least
one of the overlapped states includes no NACK. For example, at least one of the
overlapped states may be restricted to be used only whenmultiple ACK/NACKSs
detected or to be transmitted do not have any NACK. By means of the above-
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mentioned restriction, the BS can minimize confusion between the overlapped states
when analyzing ACK/NACK responses corresponding to the overlapped states.

In order to minimize errors associated with the overlapped ACK/NACK state
mapping, one embodiment of the present invention is designed to use an additional
condition in which the DTX (or missed) status is not present in one or more overlapped
states. For example, one or more overlapped states may be allowed to be used only
when the DTX (or missed state) is not present in the detected multiple ACK/NACK
states or multiple ACK/NACK states to be transmitted. The BS can minimize
confusion among the overlapped states when analyzing ACK/NACK responses corre-
sponding to the overlapped states.

<Mapping Embodiment 15>

In Table 20, one case in which a contiguous ACK-counter is set to 1 has the same
mapping value as the other case in which a contiguous ACK-counter is set to 4, in the
same manner as in Table 16. Differently from Table 16, according to Table 20, in the
case in which the contiguous ACK-counter from among states overlap-mapped to '01'
is set to 1, it is determined whether a current state includes no NACK. For example, as
can be seen from Table 20, the ACK/NACK state in which there are no NACK
responses and there is one contiguous ACK response is mapped to '01". The other
ACK/NACK state in which one contiguous ACK response is present and the detected
NACK is also present corresponds to 'Otherwise' such that the 'Otherwise’ state is
mapped to '00". The 'Otherwise’ state means a plurality of states not contained in some
states specified in Table 20. That is, the 'Otherwise' state is the remaining cases other
than the ACK/NACK states 1, 2, 3,4, 5, 7.

Table 20

[Table 20]

ACK/NACK |For multiple (Upa+Nsps) ACK/NACK responses b0,bl

state

1 Contiguous ACK-counter from the first PDSCH =4 01

2 Contiguous ACK-counter from the first PDSCH =3 11

3 Contiguous ACK-counter from the first PDSCH =2 10

4 Contiguous ACK-counter from the first PDSCH =land |01
UE detects there are no NACK response(s)

5 Response for the first PDSCH is NACK 00

6 Otherwise 00

7 UE detects the first DL assignment is missed or no DL [N/A
assignment is received.
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In Table 20, one state in which first DL transmission is NACK is mapped to '00' in
the same manner as in the 'Otherwise' case. NACK is detected starting from the first
DL transmission, such that entire retransmission is required in any case. Therefore, one
state in which first DL transmission is NACK may be combined with the 'Otherwise’
state without being identified from the otherwise state. That is, multiple ACK/NACK
responses may be mapped to information bits according to the following Table 21.

Table 21

[Table 21]

ACK/NACK |For multiple (Upa+Nsps) ACK/NACK responses b0,bl

state

1 Contiguous ACK-counter from the first PDSCH =4 01

2 Contiguous ACK-counter from the first PDSCH =3 11

3 Contiguous ACK-counter from the first PDSCH =2 10

4 Contiguous ACK-counter from the first PDSCH =land |01
UE detects there are no NACK response(s)

5 Otherwise 00

6 UE detects the first DL assignment is missed or no DL |N/A
assignment is received.

In the mapping embodiment 15, the mapping relationship between the corresponding
ACK/NACK state and information bits (b0, b1) may be different from those of Tables
20 and 21. The mapping embodiment 15 is characterized in that [A, A, A, A] and [A,
D, D, D] are mapped to the same information bits.

<Mapping Embodiment 16>

Referring to Table 22, the case corresponding to the contiguous ACK-counter of 1
has the same mapping values as those of the other case corresponding to the
contiguous ACK-counter of 4 in the same manner as in Table 21. Differently from
Table 21, in case of Table 22, if the contiguous ACK-counter from among several
states overlap-mapped to '01"is 1, additional conditions are applied. For example, as
can be seen from Table 22, the ACK/NACK state in which one contiguous ACK exists
and other ACK/NACK responses are in the DTX state is mapped to '01'. A different
ACK/NACK state in which one contiguous ACK exists and other ACK/NACK
responses are not in the DTX state may correspond to the otherwise state, such that it is
mapped to '00". In this case, the otherwise case conceptually covers the remaining cases
not pertaining to the states specified in Table 22. That is, the remaining cases not
pertaining to the ACK/NACK states 1, 2, 3, 4, and 6 indicate the otherwise case.



WO 2012/070831

[295]

[296]

[297]

[298]

[299]

58

PCT/KR2011/008903

The mapping embodiment 16 is characterized in that [A, A, A, A] and [A, D, D, D]
are mapped to the same information bits. By means of Table 21, the probability of each
ACK/NACK state can be recalculated in the same manner as in Table 19, and the

calculated probability is shown in the following Table 22.

Table 22
[Table 22]
ACK/N |ACK/NACK |b0,bl(to which Probability Success/Fail at
ACK responses ACK/NACK BS (under no
state detected at responses are channel error)
UE mapped)
1 AAAA 01 0.9" =0.6561 Almost
Success(collisio
n)
2 A A AN/D 11 (0.973)*(0.09+0.01) |Success
=0.0729
3 A,AN/D,any |10 (0.912)*(0.09+0.01) |Success
=0.0810
4 A.D,D.D 01 (0.971)*(0.01"3)=  |Fail(collision)
0.0000009
5 Otherwise 00 0.18 Fail
6 D,any,any,any |N/A 0.01 -

In Table 22, 'A' is an ACK response, N'is a NACK response, 'N/D'is a NACK/DTX
response, 'D'is a DTX response, and 'any' is an arbitrary response.

In Table 22, 'Otherwise' is a generic term of the remaining ACK/NACK sequences
other than [A, A, A, A], [A, A, A, N/D], [A, A, N/D, any], [A, D, D, D], and [D, any,
any, any]. For example, an ACK/NACK sequence of [N, any, any, any], an ACK/
NACK sequence including at least one NACK located after the first ACK, and the like
may correspond to the otherwise case.

Referring to Table 22, the probability of generating [A, D, D, D] is 0.0000009, which
is much smaller than a maximum allowable value of a general NACK-to-ACK error.
Therefore, the BS having received the ACK/NACK feedback set to '01' may regard as
having received the ACK/NACK information indicating the ACK/NACK state 1 of [A,
A, A, A). If the UE transmited the ACK/NACK state 4 of [A, N/D, any, any] in fact, a
NACK-to-ACK error occurs. The probability of the ACK/NACK state 4 is much
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smaller than a maximum allowable value of the NACK-to-ACK error, to the point of
being of no concern. Therefore, according to the mapping embodiment 16, the BS can
freely assign resources to the UE without any scheduling restriction, and can receive/
analyze the ACK/NACK feedback performed by the UE.

The mapping embodiment 16 can also be applied to ACK/NACK feedback of
IDL:1UL, 2DL:1UL, 3DL:1UL or 4DL:1UL. Referring to the mapping embodiment
16,if [A, A, A, A] and [A, D, D, D] are mapped to the same information bits, the
number of DL subframes in which the BS performs DL transmission scheduling to the
UE is 4 or less, it is impossible to generate [A, A, A, A], such that no overlapped
mapping occurs in the range from the 3DL:1UL structure for one ACK/NACK
feedback.

As previously stated above, the contiguous ACK-counter correctly transmits some
ACKs to the BS such that the number of retransmission times can be minimized. If the
ACK/NACK state is mapped to information bits as shown in Table 22, it is impossible
for the contiguous ACK-counter to be correctly used in the 2DL:1UL structure for one
ACK/NACK feedback. However, the efficiency of the contiguous ACK-counter is
increased proportional to the DL:UL ratio for ACK/NACK feedback. Therefore,
supporting the contiguous ACK-counter in the 3DL:1UL or 4DL:1UL structure can
obtain a higher gain than the 2DL:1UL or 1DL:1UL structure.

Embodiments in which ACK/NACK responses for use in the 9DL:1UL structure are
mapped to information bits will hereinafter be described in detail. The following em-
bodiments can be applied to all TDD structures (1DL:1UL, 2DL:1UL, 3DL:1UL,
4DL:1UL, 9DL:1UL and the like). Alternatively, the following embodiments may be
used only in the 9DL:1UL or the states shown in Table 21 may be applied to the
remaining TDD structures.

<Mapping Embodiment 17>

Table 23 exemplarily shows the mapping of ACK/NACK responses of the mapping
embodiment 17 capable of supporting the 9DL:1UL ACK/NACK feedback to (b0,b1).

Table 23
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[Table 23]
For multiple (Upa+Ngps) ACK/NACK responses b0,bl

[306]

UE detect the first DL assignment (e.g., DAI=00) is missed or no DL as- N/A

signment is received.

Response for the first PDSCH is NACK 00

UE detect there are no NACK response(s) and'Contiguous ACK-counter 01
from the first PDSCH' = 1

'Contiguous ACK-counter from the first PDSCH' = 2 10
'Contiguous ACK-counter from the first PDSCH' = 3 11
'Contiguous ACK-counter from the first PDSCH' = 4 01

UE detect there are no NACK response(s) and'Contiguous ACK-counter 10
from the first PDSCH' =5

UE detect there are no NACK response(s) and'Contiguous ACK-counter 11
from the first PDSCH' = 6

UE detect there are no NACK response(s) and'Contiguous ACK-counter 01
from the first PDSCH' =7

UE detect there are no NACK response(s) and'Contiguous ACK-counter 10
from the first PDSCH' = 8

UE detect there are no NACK response(s) and'Contiguous ACK-counter 11
from the first PDSCH' =9

Otherwise 00

The mapping embodiment 17 can support the 9DL:1UL structure by extending the
mapping embodiment 15. For example, the scope of Table 20 can be extended in such
a manner that the mapping embodiment 15 can further support the 9DL:1UL structure.
In this case, the 9DL:1UL structure seldom occurs. Therefore, the mapping em-
bodiment 17 is characterized in that the mapping embodiment 15, which is optimized
for the 4DL:1UL structure, can be extended even to the 9DL:1UL structure, rather than
in optimization for the 9DL:1UL structure. In Table 20, in the case in which the
contiguous ACK-counter from the first DL transmission is any one of 5 to 9, all states
for use in the above-mentioned case may overlap with other ACK/NACK states. In this
case, if one condition "No NACK present" is added as shown in the mapping em-
bodiment 15, multiple ACK/NACK responses for one CC may be represented by one
piece of ACK/NACK information. Table 23 exemplarily shows the extended version
for enabling Table 20 to support the 9DL:1UL structure.
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In Table 23, one state in which first DL assignment is NACK is mapped to the same
information bits '00' as in the otherwise case. NACK is included in DL assignment
starting from the first DL assignment, such that entire retransmission is required in any
case. Therefore, one state in which first DL assignment is NACK may be combined
with the otherwise state without being differentiated from the otherwise state.

<Mapping Embodiment 18>

Table 24 exemplarily shows the mapping of ACK/NACK responses to (b0, bl)
according to the mapping embodiment 18 capable of supporting the 9DL:1UL ACK/
NACK feedback.

Table 24
[Table 24]

For multiple (Upa+Ngps) ACK/NACK responses b0,bl

UE detect the first DL assignment (e.g., DAI=00) is missed or no DL as- N/A

signment is received.

Response for the first PDSCH is NACK 00

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (01
ACK-counter from the first PDSCH' = 1

'Contiguous ACK-counter from the first PDSCH' = 2 10
'Contiguous ACK-counter from the first PDSCH' = 3 11
'Contiguous ACK-counter from the first PDSCH' = 4 01

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (10
ACK-counter from the first PDSCH' =5

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (11
ACK-counter from the first PDSCH' = 6

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (01
ACK-counter from the first PDSCH' =7

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (10
ACK-counter from the first PDSCH' = 8

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (11
ACK-counter from the first PDSCH' =9

Otherwise 00

Table 24 exemplarily shows another extension version of Table 20 so as to support
the 9DL:1UL ACK/NACK feedback. As can be seen from Table 25, the condition "if
there are no NACK or missing (/DTX) response(s)" is added to states (i.e., states of
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ACK-counters 5 ~ 9) that are additionally overlapped with those of Table 20. In this
way, if the missing (or DTX) condition is added, it may be possible to reduce the
probability that different ACK/NACK states overlap.

In Table 24, one state in which first DL transmission is NACK is mapped to the same
information bits '00' as those of the otherwise state. Since the first DL transmission is
NACK, retransmission for all DL transmissions is required in any case. Therefore, one
state in which first DL transmission is NACK may be combined with the otherwise
state without being differentiated from the otherwise state.

<Mapping Embodiment 19>

Table 25 exemplarily shows the mapping of ACK/NACK responses to (b0, bl)
according to the mapping embodiment 19 capable of supporting the 9DL:1UL ACK/
NACK feedback.

Table 25
[Table 25]

For multiple (Upa+Ngps) ACK/NACK responses b0,bl

UE detect the first DL assignment (e.g., DAI=00) is missed or no DL as- N/A

signment is received.

Response for the first PDSCH is NACK 00

UE detects there are no NACK response(s) and'Contiguous ACK-counter |01
from the first PDSCH' = 1

'Contiguous ACK-counter from the first PDSCH' = 2 10
'Contiguous ACK-counter from the first PDSCH' = 3 11
'Contiguous ACK-counter from the first PDSCH' = 4 01

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (10
ACK-counter from the first PDSCH' =5

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (11
ACK-counter from the first PDSCH' = 6

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (01
ACK-counter from the first PDSCH' =7

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (10
ACK-counter from the first PDSCH' = 8

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (11
ACK-counter from the first PDSCH' =9

Otherwise 00
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The mapping embodiment 18 can apply the missing (or DTX) condition not only to
one case in which the ACK-counter is higher than 4 (e.g., the 9DL:1UL structure) but
also to the other case in which the ACK-counter is identical to or less than 4 (for
example, 1DL:1UL, 2DL:1UL, 3DL:1UL, 4DL:1UL), whereby it extends the mapping
embodiment 15. In contrast, the mapping embodiment 19 applies the missing (/DTX)
status only to the case in which the ACK-counter is higher than 4, whereby extends the
mapping embodiment 15.

In Table 25, one state in which first DL transmission is NACK is mapped to the same
information bits '00' as in the otherwise state. Since the first DL transmission is
NACK, retransmission for every DL transmission is required in any case. Therefore,
one state in which first DL transmission is NACK may be combined with the otherwise
state without being differentiated from the otherwise state.

In the mapping embodiments 16 to 18, the presence or absence of NACK and the
presence or absence of NACK/missing(/DTX) may be applied to states including a
large number of ACK responses from among overlapping states. However, if multiple
ACK/NACK feedbacks are needed, the probability of a small number of ACK
responses is higher than the probability of a large number of ACK responses. For
example, the probability of the ACK/NACK state of (A,A,A,D,D,D,D,D,D) is (0.93
)*(0.016)=7.2900*1013, the probability of the ACK/NACK state of
(AAALALALALALALA) s (0.9°)=0.3874. However, the probability of the ACK/NACK
state of (A,A,A,N/D,any,any,any,any,any) is (0.9%)*(0.09+0.01)=0.0729. In this way,
the probability of (A,A,A,N/D,any,any,any,any,any) is considerably high, such that the
BS may have difficulty in analyzing the overlapping ACK/NACK states.

In order to solve the above-mentioned problem, when the ACK/NACK feedback for
the 9DL:1UL configuration is additionally defined, in a contiguous ACK-counter with
a small number, the presence or absence of NACK or the presence or absence of
NACK/missing(/DTX) may be determined. If the mapping embodiments 17, 18, and
19 are changed using the above-mentioned method, the changed results may
correspond to the mapping embodiments 20, 21 and 22.

<Mapping Embodiment 20>

Table 26 exemplarily shows the mapping of the ACK/NACK response to (b0,b1)
according to the mapping embodiment 20.

Table 26
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[Table 26]
For multiple (Upa+Ngps) ACK/NACK responses b0,bl
UE detect the first DL assignment (e.g., DAI=00) is missed or no DL as- N/A
signment is received.
Response for the first PDSCH is NACK 00
UE detect there are no NACK response(s) and'Contiguous ACK-counter 01
from the first PDSCH' = 1
UE detect there are no NACK response(s) and'Contiguous ACK-counter 10
from the first PDSCH' = 2
UE detect there are no NACK response(s) and'Contiguous ACK-counter 11
from the first PDSCH' = 3
UE detect there are no NACK response(s) and'Contiguous ACK-counter 01
from the first PDSCH' =4
UE detect there are no NACK response(s) and'Contiguous ACK-counter 10
from the first PDSCH' =5
UE detect there are no NACK response(s) and'Contiguous ACK-counter 11
from the first PDSCH' = 6
(UE detect there are no NACK response(s) and)'Contiguous ACK-counter |01
from the first PDSCH' =7
(UE detect there are no NACK response(s) and)'Contiguous ACK-counter |10
from the first PDSCH' = 8
(UE detect there are no NACK response(s) and)'Contiguous ACK-counter |11
from the first PDSCH' =9
Otherwise 00

[323]
[324]

[325]

<Mapping Embodiment 21>

Table 27 exemplarily shows the mapping of the ACK/NACK response to (b0,b1)

according to the mapping embodiment 21.
Table 27
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[Table 27]
For multiple (Upa+Ngps) ACK/NACK responses b0,bl
UE detect the first DL assignment (e.g., DAI=00) is missed or no DL as- N/A
signment is received.
Response for the first PDSCH is NACK 00
UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (01
ACK-counter from the first PDSCH' = 1
UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (10
ACK-counter from the first PDSCH' = 2
UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (11
ACK-counter from the first PDSCH' = 3
UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (01
ACK-counter from the first PDSCH' = 4
UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (10
ACK-counter from the first PDSCH' = 5
UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (11
ACK-counter from the first PDSCH' = 6
(UE detect there are no NACK/missing(/DTX) response(s) and)'Contiguous |01
ACK-counter from the first PDSCH' =7
(UE detect there are no NACK/missing(/DTX) response(s) and)'Contiguous |10
ACK-counter from the first PDSCH' = 8
(UE detect there are no NACK/missing(/DTX) response(s) and)'Contiguous |11
ACK-counter from the first PDSCH' =9
Otherwise 00

[326]
[327]

[328]

<Mapping Embodiment 22>

Table 28 exemplarily shows the mapping of the ACK/NACK response to (b0,bl)

according to the mapping embodiment 22.
Table 28
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[Table 28]
For multiple (Upa+Ngps) ACK/NACK responses b0,bl

[329]

[330]
[331]

UE detect the first DL assignment (e.g., DAI=00) is missed or no DL as- N/A

signment is received.

Response for the first PDSCH is NACK 00

UE detects there are no NACK response(s) and'Contiguous ACK-counter |01
from the first PDSCH' = 1

'Contiguous ACK-counter from the first PDSCH' = 2 10
'Contiguous ACK-counter from the first PDSCH' = 3 11
'Contiguous ACK-counter from the first PDSCH' = 4 01

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (10
ACK-counter from the first PDSCH' =5

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (11
ACK-counter from the first PDSCH' = 6

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (01
ACK-counter from the first PDSCH' =7

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (10
ACK-counter from the first PDSCH' = 8

UE detect there are no NACK/missing(/DTX) response(s) and'Contiguous (11
ACK-counter from the first PDSCH' =9

Otherwise 00

In the mapping embodiments 20 to 22, in the same manner as in a low-numbered
contiguous ACK-counter, the condition indicating the presence or absence of NACK
or the other condition indicating the presence or absence of NACK/missing(/DTX) are
applied to the high-numbered contiguous ACK-counter (e.g., contiguous ACK-
counters 7~9). However, the corresponding condition may be excluded from the high-
number contiguous ACK-counters 7, 8 and 9 as necessary. The contiguous ACK-
counter 7, 8 or 9 has a large number of ACK responses, such that information as to
whether the condition indicating the presence or absence of NACK or the other
condition indicating the presence or absence of NACK/missing(/DTX) is applied may
not greatly affect the probability of causing the corresponding ACK/NACK state.

[ACK/NACK transmission with channel selection ]|

If ACK/NACK information of multiple CCs is transmitted at one ACK/NACK
feedback instance, 'bOb1' indicating the ACK/NACK state of each CC that has been
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described in the mapping embodiments 1 to 22 may not be actually transmitted. In
another example, '0b1" of each CC may serve as intermediary information used when
ACK/NACK information of multiple CCs is mapped to transmission resources or
transmission bits.

FIG. 38 is a conceptual diagram illustrating a method for transmitting ACK/NACK
information of 4 bits using channel selection based on PUCCH Format 1b.

In the mapping embodiments 1 to 22, the ACK/NACK state for each CC is mapped
to bOb1, and ACK/NACK information corresponding to a combination of bOb1
generated for each CC can be transmitted by channel selection. For example, it is
assumed that the ACK/NACK state of CCO is mapped to 01 and the ACK/NACK state
of CC1 is mapped to 00, such that ACK/NACK information corresponding to 0100 for
CCO0 and CC1 needs to be transmitted to the BS. If PUCCH format 1b is used to
transmit the ACK/NACK information, information bits capable of being carried by the
PUCCH format 1b are 2 bits, such that it is impossible to transmit 4-bit information
'0100" to the BS using only one PUCCH resource. Therefore, although the number of
bits actually transmitted on one PUCCH resource is 2, two additional bits can be rep-
resented using channel selection. For example, if it is assumed that ACK/NACK
transmission information capable of being carried by one PUCCH resource is
composed of 2 bits, the UE selects one PUCCH resource from among four PUCCH
resources, and the ACK/NACK transmission information is transmitted to the BS
through the selected PUCCH resource, such that the ACK/NACK information of 4 bits
can be transmitted to the BS. That is, 2 bits represented by the ACK/NACK
transmission information and 2 bits represented by selection of one PUCCH resource
from among 4 PUCCH resources may be fed back to the BS as ACK/NACK in-
formation for two CCs.

For reference, according to the above-mentioned mapping embodiments, if the ACK/
NACK responses of four DL transmissions on each CC are mapped to 2-bit in-
formation bObl' there may arise one case in which multiple ACK/NACK states are
mapped to the same information'bOb1'. For example, referring to the mapping em-
bodiment 1 and Table 5, the bundled ACK (ACK/NACK state 1) of which the last
detected PDCCH has DAI=00 and the other bundled ACK (ACK/NACK state 2) of
which the last detected PDCCH has DAI=11 are equally mapped to 'bOb1=00". In
another example, as can be seen from the mapping embodiment 16 and Table 22, the
ACK/NACK state 1 composed of ACK/NACK/DTX responses of [A, A, A, A] and the
ACK/NACK state 2 composed of ACK/NACK/DTX responses of [A, D, D, D] are
mapped to the same information'bOb1".

Assuming that multiple ACK/NACK states of any one of two CCs are mapped to the
same information 'bOb1' if an ACK/NACK state of the other CC are constant, a com-
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bination of any one of the multiple ACK/NACK states and the constant ACK/NACK
statesis mapped to one ACK/NACK information. For example, referring to the
mapping embodiment 16 and Table 22, provided that ACK/NACK responses for CCO
are set to [A, A, A, A] and an ACK/NACK state for CC1 is any one of 11, 10, 01, 00,
and N/A (for example, 11), it is assumed that ACK/NACK information generated on
the basis of the ACK/NACK state of the CC1 and the ACK/NACK state of the CC2 is
set to X. Under the above-mentioned assumption, in so far as 'bOb1' mapped to the
ACK/NACK responses of the CCl1 is 11, although the ACK/NACK responses of the
CCO are denoted by [A, D, D, D] but not [A, A, A, A], the same ACK/NACK in-
formation X is generated. However, if it is assumed that ACK/NACK responses of the
CC1 are mapped to 'bObl' instead of '11" although the ACK/NACK response sequence
of the CCOis [A, A, A, A] or [A, D, D, D], a different value may be generated as
ACK/NACK information for CCO and CC1.

In the meantime, combinations of ACK/NACK states of a first CC mapped to some
information bits and ACK/NACK states of a second CC mapped to the same in-
formation bits as those of the first CC are mapped to the same ACK/NACK in-
formation. For example, referring to the mapping embodiment 1 and Table 5, the
ACK/NACK state 1 in which the bundled ACK/NACK response is ACK and the last
detected DAI is 00 and the ACK/NACK state 2 in which the bundled ACK/NACK
response is ACK and a DAI of the last detected PDCCH is 11 are mapped to 00. As a
result, the same ACK/NACK information (e.g., 0000) can be generated from the com-
binations of CC0O's ACK/NACK states and CC1's ACK/NACK states, i.e., (CCO =
ACK/NACK state 1, CC1 = ACK/NACK state 1), (CCO = ACK/NACK state 1, CC1 =
ACK/NACK state 2), (CCO = ACK/NACK state 2, CC1 = ACK/NACK state 1), (CCO
= ACK/NACK state 2, CC1 = ACK/NACK state 2). In another example, referring to
the mapping embodiment 1 and Table 22, [A, A, A, A] and [A, D, D, D] are mapped to
the same information 'bOb1'. As a result, the same ACK/NACK information (for
example, 1010) can be generated from the combination of CC0O's ACK/NACK
response sequences and CC1's ACK/NACK response sequences (i.e., ([A, A, A, A,
[A, A, A, A]), ([A, A, A, A], [A, D, D, D)), ([A, D, D, D], [A, A, A, A]), and ([A, D,
D, D], [A, D, D, D)).

As described above, in order to indicate ACK/NACK information of multiple CCs
(for example, 2 CCs) using a limited size of transmission bits, channel selection may
be used. For such channel selection, it is possible to configure the mapping table in
which the mapping relationship among ACK/NACK information, and transmission
resource(s) and transmission bit(s) of multiple CCs is defined.

For example, for convenience of description and better understanding of the present
invention, it is assumed that 'bOb1' indicating ACK/NACK states of two CCs may be
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mapped to the mapping table for channel selection according to the following formats,
and a detailed description thereof is as follows.

(1) '00' is a status for (mainly) indicating NACK(s), and may be mapped to an 'N,N'
status of the channel selection mapping table.

(2) '01" is a status for (mainly) indicating one ACK, and may be mapped to an 'A,N'
status of the channel selection mapping table.

(3) '10' is a status for (mainly) indicating two ACKs, and may be mapped to an 'N,A'
status of the channel selection mapping table.

(4) '11"is a status for (mainly) indicating three ACKs, and may be mapped to an
'A,A' status of the channel selection mapping table.

For reference, 'N/A' indicates that information to be transmitted is not present in the
corresponding CC. The mapping embodiments 1 to 22 have assumed that there is only
one CC and the ACK/NACK state for the corresponding CC is mapped to 'N/A' and
have described that no ACK/NACK transmission occurs in the corresponding CC.
However, ACK/NACK information for one CC may be mapped to a specific status in
such a manner that the ACK/NACK information can be transmitted in a different CC
instead of the above-mentioned CC. If the ACK/NACK status for one CC is the 'N/A'
status, i.e., if a current status is 'no transmission', ACK/NACK states for two CCs may
be mapped to the 'D,D' (DTX) status.

Tables shown in the above-mentioned mapping embodiments 1 to 22 may be used to
map the ACK/NACK status for each CC from among two CCs to any one of 'N,N',
'‘AN', N,A', and 'A,A’ (or any one of 'N,N', 'AN', 'N,A', 'A,A’, and 'D,D"). For
example, Table 20 can be used to map ACK/NACK information of two CCs to the
channel selection mapping table, as shown in the following Table 29.

Table 29
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[Table 29]

For multiple (Upa+Nsps) ACK/NACK responses Mapped state(b0,b1 for the
first CC/b2,b3 for the
second CC)

Contiguous ACK-counter from the first PDSCH =4 AN

Contiguous ACK-counter from the first PDSCH =3 AA

Contiguous ACK-counter from the first PDSCH =2 N,A

Contiguous ACK-counter from the first PDSCH =1 AN

Response for the first PDSCH is NACK N,N

Otherwise N.N

UE detects the first DL assignment is missed orno DL [D,D

assignment is received.

[346]

[347]

[348]

Table 29 (or Table 20) may be applied to the mapping table for channel selection.
For example, if two CCs are configured, the bO,b1 (or HARQ-ACK(0), HARQ-
ACK(1)) status is (logically) obtained from the ACK/NACK responses of a first CC
according to Table 29, and the b2,b3 (or HARQ-ACK(2), HARQ-ACK(3)) status is
(logically) obtained from the ACK/NACK responses of a second CC according to
Table 29. In this case, the order of CCs may be predetermined, and may be determined
by distinguishing PCell from SCell. For example, the b0,b1 (or HARQ-ACK(0),
HARQ-ACK(1)) status may be configured from ACK/NACK responses of the PCell,
and may be configured from ACK/NACK responses of the SCell. Thereafter,
b0,b1,b2,b3 (or HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3))
can be transmitted using the channel selection mapping table used for 4-bit
transmission. As previously stated in the mapping embodiments 1 to 22, Table 29 can
be used only for the 4DL:1UL structure for one ACK/NACK feedback, or can also be
equally applied to other structures such as the 3DL:1UL structure or the like.

For example, Table 30 or 31 may be used as the channel selection mapping table.
Tables 30 and 31 exemplarily illustrate the channel selection mapping tables.
Specifically, Table 30 exemplarily shows channel selection mapping tables that are
capable of being applied to 1-bit, 2-bit, 3-bit, and 4-bit transmission. Table 31 ex-
emplarily shows the universal channel selection mapping table capable of being
applied to 1-bit, 2-bit, 3-bit, and 4-bit transmission.

Table 30
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HARQ-ACK |HARQ-ACK |HARQ-ACK |HARQ-ACK |nPpyccm Constellatio
0) (1 2) 3) n(a0,al)
ACK ACK ACK ACK NWppccn 1,1
ACK NACK/DTX [ACK ACK nWpyccm 0,1
NACK/DTX |ACK ACK ACK NWppccn 0,1
NACK/DTX |[NACK/DTX |ACK ACK NWpyccms 1,1
ACK ACK ACK NACK/DTX [n®pyccn; 1,0
ACK NACK/DTX [ACK NACK/DTX |nDpyccm 0,0
NACK/DTX |ACK ACK NACK/DTX |nDpyccm 0,0
NACK/DTX |[NACK/DTX |ACK NACK/DTX [n®pyccms 1,0
ACK ACK NACK/DTX |ACK NWppccm 1,1
ACK NACK/DTX [NACK/DTX |[ACK NWppccm 1,0
NACK/DTX |ACK NACK/DTX |ACK NWpyccms 0,1
NACK/DTX |[NACK/DTX |[NACK/DTX |ACK NWpyccms 0,0
ACK ACK NACK/DTX |[NACK/DTX |n®pyccpo 1,1
ACK NACK/DTX [NACK/DTX |[NACK/DTX [n®pyccno 1,0
NACK/DTX |ACK NACK/DTX |[NACK/DTX |n®pyccpo 0,1
NACK/DTX |[NACK NACK/DTX |[NACK/DTX |n®pyccmo 0,0
NACK NACK/DTX [NACK/DTX |[NACK/DTX [n®pyccno 0,0
DTX DTX NACK/DTX |[NACK/DTX |No Transmission

Table 31
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M bits ACK/NACK M=4
responses M=3
M=2
M=1
PCC |PCC/S [SCC SCC NOpyecm Constellatio
cC n(a0,al)
b0 |bl b2 b3
M=4 M=3 IM=2 [M=1 [DTX |[N/D |N/D N/D DTX -
N N/D  [N/D N/D NWpyccno 1
A N/D  [N/D N/D nWpyccno -1
N/D |A N/D N/D NOpyccm -
A |A N/D  |ND  |n®pyecm ]
N/D IN/D |A N/D nDpyccnn 1
A N/D |A N/D NOpyccm ]
N/D |A A N/D NOpyccm -
A A A N/D nYpyccm -1
ND |N/D [ND A nDpyucens 1
A |ND |ND |A pucero |]
N/D |A N/D A nOpycems ]
A |A N/D |A Wpuccro ]
N/D [ND |A A npycens ]
A N/D |A A NDOpyccms -1
N/D |A A A NDOpyecny 1
A |A A A nOpyccnn -1
[350] In Tables 30 and 31, n®pyccy; indicates PUCCH resource (i) corresponding to the i-th

PUCCH resource from among PUCCH resources avaiable for channel selection. If four

PUCCH resources are used for channel selection, the value of iis setto 0, 1,2 and 3 (i
=0, 1, 2, 3). In Table 31, n®pyc=DTX indicates the 'N/A' (no transmission) status.

On the other hand, (a0,al) may indicate transmission information composed of 2 bits

transmitted on one PUCCH resource. The 2-bit information is QPSK-modulated such

that it is modulated into any one of four complex modulation symbols (1, -1, j, -j). That
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[351]

[352]

[353]

[354]

is, (a0,al) may indicate transmission bits of 2 bits or constellation. The complex
modulation symbols (1, -1, j, -j) may indicate the position in constellation of the
transmission bits (a0, al). For example, 2-bit transmission information (a0, al) may be
modulated into complex modulation modules according to Table 32, such that the

modulated result can be transmitted in one PUCCH resource.

Table 32
[Table 32]
Modulation Binary bits (a0,al) Modulation symbol
QPSK 0,0 1
0,1 -j
1,0 ]
1,1 -1

A method for transmitting ACK/NACK information of two or more CCs using
channel selection will hereinafter be described with reference to the mapping rela-
tionship of the mapping embodiments. Although ACK/NACK information of two CCs
is transmitted from the UE to the BS using channel selection according to the mapping
embodiment 16, it should be noted that the following method can also be applied to
other mapping embodiments without departing from the scope or spirit of the present
invention.

Referring to either Table 20 or Table 22 based on Table 21 showing modification of
Table 20, the number of combinations of ACK/NACK states capable of being
generated for two CCs is 36, as represented by the following Table 33.

Table 33
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[Table 33]
Cas |ACK/NACK responses for first |ACK/NACK responses for Mapped
e |CC(b0O,bl) second CC(b2,b3) statebO,b1,b2,

b3

I |AAAAAN) AAAA(AN) AN, AN
2 |1AAAJAAN) AALAN/D(ALA) ANAA
3 |AAAJA(AN) A,AN/D,any(N,A) AN,N,A
4  |AAAA(AN) A,D,D,D(A,N) AN, AN
5 1AAALA(AN) Otherwise(N,N) AN,N,N
6 |AAAAAN) D,any,any,any(D,D) AN,D.D
7 |AAAN/D(AA) AAALA(AN) AAAN
8 [AA,AN/D(AA) AALAN/D(ALA) AAAA
9 |AAJAN/D(AA) A,AN/D,any(N,A) AANA
10 |AA,AN/D(AA) A,D,D,D(A,N) AAAN
11 |AA,AN/D(AA) Otherwise(N,N) AANA
12 |ALAJAN/D(ALA) D,any,any,any(D,D) AADD
13 |A,AN/D,any(N,A) AAAA(AN) N,A,AN
14 |A,AN/D,any(N,A) AAAN/D(AA) N.AAA
15 |A,AN/D,any(N,A) A,AN/D,any(N,A) N,AN,A
16 |A,AN/D,any(N,A) A,D,D,D(A,N) N,A,AN
17 |A,AN/D,any(N,A) Otherwise(N,N) N,A,N.N
18 |A,AN/D,any(N,A) D,any,any,any(D,D) N,A,D.D
19 |A,D,D,D(A,N) AAAA(AN) AN, AN
20 |A,D,D,D(A,N) AAAN/D(AA) ANAA
21 |A,D,D,D(A,N) A,AN/D,any(N,A) AN,N,A
22 |A,D,D,D(A,N) A,D,D,D(A,N) AN, AN
23 |A,D,.D,D(A,N) Otherwise(N,N) AN,N,N
24 |A,D,D,D(A,N) D,any,any,any(D,D) AN,D.D
25 |Otherwise(N,N) AAAA(AN) N.N,AN
26 |Otherwise(N,N) AAAN/D(AA) N.N,AA
27 |Otherwise(N,N) A,AN/D,any(N,A) N,N,N,A
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28 |Otherwise(N,N) A,D,D.D(A,N) N.N,AN
29 |Otherwise(N,N) Otherwise(N,N) N,N,N,N
30 |Otherwise(N,N) D,any,any,any(D,D) N.N,D,D
31 |D,any,any,any(D,D) A AAAAN) D.,D,AN
32 |D,any,any,any(D,D) A A AN/D(AA) D.D,AA
33 |D,any,any,any(D,D) A,AN/D,any(N,A) D,D,N,A
34 |D,any,any,any(D,D) A,D.D.D(AN) D.D, AN
35 |D,any,any,any(D,D) Otherwise(N,N) D,.D,N,N
36 |D,any,any,any(D,D) D,any,any,any(D,D) D.D.D.D

[355] In Table 33, (N,N), (A,N), (N,A), (A,A), and (D,D) can be derived from five CC
ACK/NACK states '00', '01', '10', '11', and 'N/A', respectively. In Table 31, based on
the mapping relationship of M=4, the mapping relationship among (b0,b1,b2,b3),

PUCCH resources and modulation symbols can be represented as follows.
[356] Table 34
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[Table 34]

Case |[ACK/NACK |ACK/NACK b0,b1,b2,b3 |nDpyccp Constellation(a
responses for  |responses for 0,al)
first CC(b0,b1) |second

CC(b2,b3)

1 AAAJAAN) |ALAJAJA(ALN)  |ALNLAN nDpyccm J(1,0)

2 AAAJA(AN) |ALALAN/D(ALA) |ANALA nYpyccms -1(1,1)

3 AAAJA(AN) |A,AN/D,any(N, |A,N,N,A nDpyccno -j(0,1)

A)

4 AAAJA(AN) |A.D,D,D(AN) |AN,AN nDpyccm J(1,0)

5 AAAA(AN) |Otherwise(N,N) |A,N,N,N nYpyccno -1(1,1)

6 AAALA(AN) |D,any,any,any(D |A,N,D,D NDOpyccno -1(1,1)

D)

7 AAAN/D(A, |AAAJA(ANN)  |ALAJAN nDpyccm -1(1,1)
A)

8 AAAN/D(A, |AAAN/D(AA)|AAAA NWpycen -1(1,1)
A)

9 AAAN/D(A, |A,AN/D,any(N, |A,AN,A nDpyccno J(1,0)
A) A)

10 AAANN/D(A, |A.D,D,D(AN) |AAJAN nYpyccmz -1(1,1)
A)

11 AAAN/D(A, |Otherwise(N,N) |A,AN,A nDpyccno J(1,0)
A)

12 AAAN/D(A, |D,any,any,any(D |A,A,D,D NYpycem 1(1,0)
A) D)

13 A,AN/D,any(N |A,A,A,A(AN) |N,AJAN nDpyccnn -j(0,1)
A)

14 A,AN/D,any(N |A,A,A,N/D(A,A) |IN,AAA NDpyccny 1(0,0)
A)

15 A,AN/D,any(N |A,A,N/D,any(N, |N,A,N,A nYpyccms J(1,0)
A) A)

16 A,AN/D,any(N |A,D,D,D(A,N) |N,AAN nDpyccm -j(0,1)
A)
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17 A,AN/D,any(N |Otherwise(N,N) |N,A,N,N NOpyeem -j(0,1)
A)
18 A,AN/D,any(N |D,any,any,any(D |N,A,D,D NWOpyccar -j(0,1)
A) ,D)
19 A,D.D.D(AN) |A A AL A(AN) |ANAN NOpuccm J(1,0)
20 AaD’D’D(AaN) AaAaAaN/D(A’A) AaNaAaA n(l)PUCCH3 _1(171)
21 A.D.D.D(A,N) |A,AN/D,any(N, |A,N,N,A NOpuccno -j(0,1)
A)
22 A,D.D.D(AN) |AD.D.D(AN) |ANAN NOpuccm J(1,0)
23 A,D.D.D(AN) |Otherwise(N,N) |A,N,N,N NWpyccno -1(1,1)
24 A,D,.D,D(A,N) |D,any,any,any(D |A,N,D,D NYpyccno -1(1,1)
;D)
25 Otherwise(N,N) |A,A,A,A(ALN)  |IN,NAN NOpuccm 1(0,0)
26 Otherwise(N,N) |A,A,A,N/D(A,A)|IN,N,AA NDOpuccm -j(0,1)
27 Otherwise(N,N) |A,A,N/D,any(N, |[N,N,N,A NOpyeem 1(0,0)
A)
28 Otherwise(N,N) |A,D.D.D(A,N) |N,N,AN NDpyccmn 1(0,0)
29 Otherwise(N,N) |Otherwise(N,N) |N,N,N,N NOpycecmo 1(0,0)
30 Otherwise(N,N) |D,any,any,any(D [N,N,D,D NYpyccno 1(0,0)
;D)
31 D,any,any,any( |A,A,AA(AN) |D,D,AN NWpyccm 1(0,0)
D.D)
32 D,any,any,any( |A,A,A,N/D(A,A)|D,D,AA NYpyccms -j(0,1)
D.D)
33 D,any,any,any( |A,A,N/D,any(N, |D,D,N,A NWpycem 1(0,0)
D,D) A)
34 D,any,any,any( |A,D,D,D(A,N) |D,D,A,N NOpyccm 1(0,0)
D.D)
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35 D,any,any,any( |Otherwise(N,N) |D,D,N,N DTX -
D.D)
36 D,any,any,any( |D,any,any,any(D |D,D,D,D DTX -
D.D) ;D)

[357]

[358]

[359]

[360]

[361]

In Tables 33 and 34, 'A" indicates an ACK response, 'N' is a NACK response, N/D' is
a NACK/DTX response, 'D' is a DTX response, and 'any' is an arbitrary response. In
addition, the remaining ACK/NACK sequences other than [A, A, A, A], [A, A, A, N/
D], [A, A, N/D, any], [A, D, D, D], and [D, any, any, any] may pertain to the
'Otherwise' sequences.

In Table 34, (a0,al) is derived from Table 31 showing the mapping relationship
between constellation modulation symbols (also called only constellation) and binary
bits.

Referring to Table 34, if (b0, b1, b2, b3) is the same, the same (b0, b1, b2, b3) is
modulated into the same complex modulation symbol and transmitted one the same
PUCCH resource. If (b0, b1, b2, b3) is the same, this means the same ACK/NACK in-
formation to be fed back. For example, although Cases 1, 4, 19, and 22 shown in Table
34 have different ACK/NACK response sequences, ACK/NACK information in-
dicating the cases 1, 4, 19 or 22 is configured in the form of transmission bits (1, 0)
and is transmitted using a PUCCH resource having a PUCCH resource index nVpyccm.

FIG. 39 shows some parts of Table 34. From among the cases shown in Table 34,
FIG. 39 shows some parts of cases in which ACK/NACK state of one of the CCs is
corresponding to [A, A, A, A] or [A, D, D, D].

Referring to FIG. 39, if the ACK/NACK state of a first CC (or a second CC) is
constant, the ACK/NACK states [A, A, A, Al and [A, D, D, D] of the other CC are
mapped to the same information bits on the same PUCCH resource or modulation
symbols of the same constellation, thereby indicating the same ACK/NACK in-
formation. For example, in Case 7, ACK/NACK responses of the first CC are arranged
in the order of A A A N/D (i.e., [A, A, A, N/D]), and ACK/NACK responses of the
second CC are arranged in the order of A A A A (i.e., [A, A, A, A]). Although ACK/
NACK responses of the first CC of the Case 10 are [A, A, A, N/D] as those of the Case
7, ACK/NACK responses of the second CC are [A, D, D, D] different from those of
the Case 7. However, the mapping embodiments of the present invention considers the
ACK/NACK states, each of which is mapped to the same information bits (b0, b1), to
be identical to one another. According to the mapping embodiment 16, [A, A, A, A]
and [A, D, D, D] are mapped to the same information bits. Therefore, if sequences of
ACK/NACK responses of the first CC are constant, the ACK/NACK sequences [A, A,
A, A] and [A, D, D, D] of the second CC are mapped to the same transmission in-
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formation (a0, al) of the same PUCCH resource, thereby obtaining the same ACK/
NACK information values. Referring to FIG. 39, Case 7 and Case 10 are mapped to
(a0,al)=(1,1) of the same PUCCH resource (nWpyccm), ACK/NACK information
transmitted to the BS becomes identical. In another example, in Case 3 and Case 21,
the ACK/NACK sequences [A, A, A, A] and [A, D, D, D] of the first CC are mapped
to the same transmission information (a0,al)=(1,0) on the same PUCCH resource (n®”
rucci), because the ACK/NACK sequence of the second CC is [A, A, N/D, any]. As a
result, the same ACK/NACK information is transmitted to the BS.

If ACK/NACK sequences of one CC from among two CCs are identical, ACK/
NACK information that is fed back to the BS on the basis of the ACK/NACK
sequence of the one CC and the ACK/NACK sequence [A, A, A, A] of the remaining
CCs must be identical to ACK/NACK information that is fed back to the BS on the
basis of the ACK/NACK sequence of the one CC and the ACK/NACK sequence [A,
D, D, D] of the remaining CCs. For example, referring to Case 7 and Case 10, since
ACK/NACK information corresponding to the ACK/NACK sequence [A, A, A, N/D]
of the first CC and the ACK/NACK sequence [A, A, A, A] of the second CC is
identical to ACK/NACK information corresponding to the ACK/NACK sequence [A,
A, A, N/D] of the first CC and the ACK/NACK sequence [A, A, A, A] of the second
CC, ACK/NACK information of the case 7 and ACK/NACK information of the case
10 are mapped to the same information (a0,al) and are transmitted on the same
PUCCH resource, such that it can be recognized that the same ACK/NACK in-
formation is transmitted to the BS.

In the meantime, it is assumed that the ACK/NACK sequence of one CC from
among two CCs is [A, A, A, A] or [A, D, D, D], and the ACK/NACK sequence of the
remaining CC is [A, A, A, A] or [A, D, D, D]. In this case, a total of combinations of
available ACK/NACK sequences is 4, the four combinations are mapped to the same
transmission bits (a0, al) of the same PUCCH resource, such that the same ACK/
NACK information for the four combinations is transmitted to the BS. In accordance
with one embodiment of the present invention, [A, A, A, A] and [A, D, D, D] are
considered to have the same state. Therefore, referring to FIG. 39, ACK/NACK in-
formation pieces based on Case 1, Case 2, Case 19 and Case 22 are identical to one
another. ACK/NACK information corresponding to Case 1, Case 2, Case 19 and Case
22 is modulated into the same information (a0, al) (for example, 10), and the
modulated ACK/NACK information is transmitted to the BS. In addition, ACK/NACK
information corresponding to Case 1, Case 2, Case 19 and Case 22 is identical, such
that the ACK/NACK information is transmitted on the same PUCCH resource (for
example, PUCCH resource corresponding to nOpyccmn).

The mapping table for channel selection is predefined in the BS and the UE. In case
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of ACK/NACK transmission based on channel selection, the ACK/NACK information
is specified by PUCCH resource selection + transmission bits (or constellation
modulation symbol) carried on PUCCH resource. Therefore, the BS can recognize
ACK/NACK information transmitted by the UE on the basis of a PUCCH received
from the UE and ACK/NACK transmission information carried by the PUCCH. For
example, referring to FIG. 39, if the BS receives information of (a0,al)=(0,1) on a
PUCCH resource corresponding to nOpyccp, the BS can recognize that ACK/NACK
information fed back by the UE on the basis of the mapping table stored in the BS cor-
responds to Case 3 or Case 21. That is, based on '(a0,al1)=(0,1)' received through the
PUCCH resource corresponding to n®Opyccy, the BS may determine that the UE has
detected ACK/NACK responses of [A, A, A, A] or [A, D, D, D] on the first CC and
has detected ACK/NACK responses of [A, A, N/D, any] on the second CC. In this
case, if the BS performs DL transmission in each of four subframes through the first
CC, the probability of the responses [A, D, D, D] is very low. Therefore, the BS can
interpret the ACK/NACK feedback for the first CC as [A, A, A, A]. In addition, if the
BS performs DL transmissions only in three preceding subframes through a first CC,
the BS determines that the ACK/NACK feedback of [A, A, A, A] is impossible, so it
can determine that the UE has detected ACK/NACK responses of [A, D, D, D] in the
first CC.

In another example, referring to FIG. 39, if the BS receives (a0,al)=(1,0) through a
PUCCH resource corresponding to npyccp, the BS can determine that the ACK/
NACK responses detected in the first and second CCs by the UE are any one of Case
1,4, 19 or 22.

The BS may determine whether to retransmit DL transmission(s) transmitted through
the first CC and/or the second CC upon receiving ACK/NACK information from the
UE. For example, if the BS transmits four PDCCH and/or SPS PDSCHs through the
second CC and receives ACK/NACK information corresponding to [A, D, D, D], the
BS may retransmit the remaining DL transmissions other than the first DL
transmission corresponding to ACK to the UE. However, in the case of DL
transmission determined to be a DTX status, the DL transmission may be determined
to be DTX not only when the DL transmission arrive at the UE although the BS has
transmitted the DL transmission, but also when the BS has not allocated the DL
transmission to the UE and thus the DL transmission has not been transmitted to the
UE. Therefore, although a current status is determined to be the DTX status, PDCCH
and/or SPS PDSCH not scheduled to the UE by the BS may not be retransmitted.

Referring to the cases of FIG. 39, the ACK/NACK state of a CC may be [A, A, A, A]
or [A, D, D, D]. In this case, the BS may determine that the ACK/NACK state of the

corresponding CC is [A, A, A, A], such that no retransmission of each DL transmission
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transmitted through the corresponding CC may occur. As previously stated in the
mapping embodiment 16, the probability of generating [A, D, D, D] is very low.

The BS processor 400b configures one or more CCs for the UE, and may transmit/
allocate DL transmission(s) (PDCCH(s) and/or SPS PDSCH, etc.) for the UE on the
one or more CCs. The BS processor 400b may control the BS transmitter 100b in such
a manner that DL transmission(s) assigned to the corresponding CC can be transmitted
through each CC.

The UE receiver 300a receives one or more DL CCs from the BS, and receives DL
transmission(s) such as PDCCH(s) and/or SPS PDSCH(s) through the one or more DL
CCs. The UE receiver 300a may receive or detect DL CC(s).

The UE processor 400a according to an embodiment of the present invention can
detect ACK/NACK response(s) for one or more DL transmission(s) for each CC, that
must be simultaneously transmitted as one ACK/NACK feedback. For example, if
ACK/NACK responses for four DL transmissions transmitted on each CC need to be
simultaneously transmitted in the form of one ACK/NACK feedback, the UE processor
400a may control the UE receiver 300a to detect ACK/NACK responses of each of the
four DL transmissions through each CC.

The UE processor 400a may control the UE transmitter 100a using the ACK/NACK
responses detected in each CC such that ACK/NACK information of one or more CCs
can be transmitted as one ACK/NACK feedback to the BS. For example, if two CCs
are configured for the UE, ACK/NACK responses detected in each of the two CCs are
configured as one ACK/NACK information, such that the resultant ACK/NACK in-
formation can be transmitted to the BS at one UL transmission time point. The UE
processor 400a may determine that the ACK/NACK responses detected in the order of
[A, A, A, A] are identical to the ACK/NACK responses detected in the order of [A, D,
D, D]. In other words, if ACK/NACK responses of other CCs are identical, in-
formation as to whether the ACK/NACK state of one CC is [A, A, A, A] or [A, D, D,
D] does not affect the configuration of ACK/NACK information to be fed back to the
BS. For example, referring to Table 34 or FIG. 39, if the ACK/NACK sequences of
one CC are identical as shown in Case 3, Case 21, Case 13 or Case 16, ACK/NACK
sequences [A, A, A, A] and [A, D, D, D] of other CCs are mapped to the same in-
formation bits, and the information bits are modulated into the corresponding complex
modulation symbol and then transmitted to the BS via the same PUCCH resource.

The UE processor 400a can select a PUCCH resource for ACK/NACK information
of multiple CCs and generate transmission information (a0, al) using the channel
selection mapping table. The UE processor 400a can control the UE transmitter 100a to
transmit the transmission information (a0, al) on the selected PUCCH resource. The

UE processor 400a can control the modulation mapper 305 in such a manner that the
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transmission information (a0, al) is modulated into a complex modulation symbol
using QPSK modulation. The UE transmitter 100a may transmit the complex
modulation symbol on the selected PUCCH resource under the control of the UE
processor 400a.

The BS processor 400b already knows DL subframe(s) for which one ACK/NACK
feedback is performed, and knows which UL subframe will be used by the UE to
transmit ACK/NACK information for the DL subframe(s). Therefore, the BS processor
400b controls the BS receiver 300b, such that the BS processor 400b can monitor, in
the UL subframe, several PUCCH resources available to transmit the ACK/NACK in-
formation by the UE. The BS receiver 300b may receive ACK/NACK information
transmitted from the UE from any one of the PUCCH resources.

Based on the PUCCH resource on which the UE's ACK/NACK information is fed
back and the value of (a0, al) transmitted on the PUCCH resource, the BS processor
400b may determine whether one or more CCs (for example, DL transmission(s)
transmitted through two CCs) of the DL subframe(s) has been successfully received by
the UE. The BS processor 400b may determine the ACK/NACK state for each CC
according to one of the embodiments on the basis of ACK/NACK information received
from the UE. If ACK/NACK information of two CCs is transmitted to the BS using
channel selection, the BS processor 400b may determine ACK/NACK information
having been transmitted by the UE using a PUCCH resource used for the UE's CK/
NACK feedback and transmission information carried by the PUCCH resource. By
means of the channel selection mapping table, the BS processor 400b may determine
the ACK/NACK state of each CC corresponding to the ACK/NACK information
having been transmitted from the UE. For example, referring to Table 34 or FIG. 39,
the BS processor 400b may recognize that ACK/NACK information of two CCs is any
one of Cases 1, 4, 19 and 22, on the basis of transmission information of (a0,al)=(1,0)
in PUCCH resource n®pyccpo from among PUCCH resources n®pyecpg, N1Wpyccnr, 0V
pucch2, and NWpyecs from the UE receiver 300a.

The BS processor 400b may control the BS transmitter 100b in such a manner that
the UE can perform retransmission of failed DL transmission(s). In addition, in relation
to DL transmission having been successfully received by the UE, the BS processor
400b assigns new DL transmission without retransmission of the DL transmission, and
may transmit the new DL transmission to the UE by controlling the BS transmitter
100b. If the ACK/NACK state of the CCis [A, A, A, A] or [A, D, D, D], or if the
number of subframes in which DL transmission is performed through the CC is 4, the
BS processor 400b may consider the ACK/NACK state of the CC to be [A, A, A, A] or
[A, D, D, D], or new DL transmission may be assigned to the CC. For example,

referring to Table 34 or FIG. 39, if the BS receiver 300b receives information corre-
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sponding to (a0,al)=(1,1) through PUCCH resource nVpyccps, and if the number of
subframes in which the BS performs DL transmission through the CC is 4, the BS
processor 400b may determine the ACK/NACK responses of the first CC to be [A, A,
A, A] or may determine the ACK/NACK responses of the second CC to be [A, A, A,
N/D]. The BS processor 400b may control the BS memory 200b to empty packets cor-
responding to first to third DL transmissions of the second CC, and may assign at least
one DL transmission to the second CC. The BS processor 400b may control the BS
transmitter 100b to retransmit the fourth DL transmission. The BS processor 400b may
control the BS memory 200b to empty packets of DL transmission having been
transmitted on the first CC, and may assign new DL transmission to the first CC.

Provided that the BS transmitter 100b performs DL transmission only in three or less
preceding subframes in a time domain from among DL subframes for one ACK/NACK
feedback through a CC (alternatively, the BS transmitter performs DL transmission in
DL subframe(s) excluding the last subframe of a time domain from among DL
subframes for one ACK/NACK feedback), if the CC ACK/NACK state may be [A, A,
A, Al or [A, D, D, D], the BS processor 400b determines the ACK/NACK state to be
[A, A, A, A] because the CC ACK/NACK state [A, A, A, A] cannot occur, and may
assign retransmission or new DL transmission to the CC according to DL transmission
or non-transmission. For example, referring to Table 34 and FIG. 39, although the BS
receiver 300b has received ACK/NACK information of (a0,al)=(1,1) over PUCCH
resource nWpyccps, if the last subframe from among subframes for one ACK/NACK
feedback is not used for DL transmission through the first CC, ACK/NACK responses
of the first CC cannot be [A, A, A, A]. As a result, the BS processor 400b may
determine that the ACK/NACK responses of the first CC are [A, D, D, D] and the
ACK/NACK responses of the second CC are [A, A, A, N/D]. The BS processor 400b
may assign retransmission or new DL transmission to the first CC according to DL
transmission or non-transmission on the first CC. The BS processor 400b may control
the BS memory 200b to empty packets corresponding to the first to third DL trans-
missions on the second CC, and may assign at least one new DL transmission to the
second CC. The BS processor 400b may control the BS transmitter 100b to retransmit
fourth DL transmission.

In the above-mentioned embodiments, one of multiple CCs may be a PCC and the
remaining CC(s) may be SCC(s). If two CCs are configured, one CC may be a PCC
and the other one may be an SCC. In Table 34, the first CC may be a PCC and the
second CC may be an SCC. In addition, the PCC and the SCC may be referred to as a
PCell and an SCell, respectively.

In the above-mentioned embodiments, a plurality of PUCCH resources available for

channel selection may be implicitly determined by a predetermined rule on the basis of
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resources (for example, nccg resources) used for associated PDCCH transmission, or
may be a specific value that is determined by a higher layer of the BS and be signaled
to the UE. Alternatively, based on resources used for PDCCH transmission and a value
provided to the UE by higher layer signaling of the BS, the plurality of PUCCH
resources may be determined according to a predetermined rule as necessary. In any
case, since the UE can recognize PUCCH resources to be used for ACK/NACK
feedback, the BS can monitor the PUCCH resources and can recognize additional bit
information on the basis of which PUCCH resource from among the plurality of

PUCCH resources has been used to transmit the UE's ACK/NACK information.
It will be apparent to those skilled in the art that various modifications and variations

can be made in the present invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the present invention covers the modifications and
variations of this invention provided they come within the scope of the appended

claims and their equivalents.
Industrial Applicability

The embodiments of the present invention can be applied to a BS, a UE, or other

communication devices in a wireless communication system.
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Claims

A method for transmitting, by a user equipment (UE), uplink control in-
formation to a base station (BS) in a wireless communication system,
the method comprising:

detecting 4 first ACK(ACKnowledgement)/NACK(Negative
ACK)/DTX(Discontinuous Transmission) responses [x(0), x(1), x(2),
x(3)] for 4 downlink (DL) transmissions on a first carrier, where x(i),
0<i<3, is an ACK/NACK/DTX response for i-th DL transmission on
the first carrier;

detecting 4 second ACK/NACK/DTX responses [y(0), y(1), y(2), y(3)]
for 4 DL transmissions on a second carrier, where y(i), 0<i<3, is an
ACK/NACK/DTX response for i-th DL transmission on the second
carrier;

performing channel selection, by selecting one of a plurality of physical
uplink control channel (PUCCH) resources and generating transmission
bits, based on [x(0), x(1), x(2), x(3)] and [y(0), y(1), y(2), y(3)]; and
transmitting the generated transmission bits on the selected PUCCH
resource,

wherein when [y(0), y(1), y(2), y(3)] is the same, the same transmission
bits are generated for [x(0), x(1), x(2), x(3)]=[ACK, ACK, ACK, ACK]
and for [x(0), x(1), x(2), x(3)]=[ACK, DTX, DTX, DTX].

The method according to claim 1, wherein when the [y(0), y(1), y(2),
y(3)] is the same, the same PUCCH resource is selected for [x(0), x(1),
x(2), x(3)]=[ACK, ACK, ACK, ACK] and for [x(0), x(1), x(2),
x(3)]=[ACK, DTX, DTX, DTX].

The method according to claim 2, wherein the same transmission bits

are generated for cases shown in the following table:

[Table]
Case |x(0), x(1), x(2), x(3) | y(0), y(1), y(2), v(3)
1 ACK, ACK, ACK, ACK ACK, ACK, ACK, ACK
2 ACK, ACK, ACK, ACK ACK, DTX, DTX, DIX
3 ACK, DTX, DTX, DTX ACK, ACK, ACK, ACK
4 ACK, DTX, DIX, DTX ACK, DTX, DTX, DIX

The method according to claim 3, wherein the same PUCCH resource
is selected for the cases 1 to 4.
The method according to any one of claims 1 to 4, wherein one of the

first carrier and the second carrier is corresponding to a primary cell
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(PCell) and the other is corresponding to a secondary cell (SCell).

The method according to claim 5, wherein the channel selection is

performed according to a mapping table and the mapping table includes

a mapping relationship shown in the following table:

[Table]

ACK/NACK/DTX responses | ACK/NACK/DTX responses PUCCH 0.al
for primary carrier for secondary carrier resource atl.a
ACK, ACK, ACK, ACK ACK, ACK, ACK, ACK n e | 1,0
ACK, ACK, ACK, ACK | ACK, ACK, ACK, NACK/DTX | nWppccs | 1,1
ACK, ACK, ACK, ACK | ACK, ACK, NACK/DTX, any | nWrican | 0,1
ACK, ACK, ACK, ACK ACK, DTX, DTX, DTX n Ve | 1,0

ACK, ACK, ACK, NACK/DTX ACK, ACK, ACK, ACK 0 Ve | 1,1

ACK, ACK, ACK, NACK/DTX ACK, DTX, DTX, DTX n e | 1,1

ACK, ACK, NACK/DTX, any ACK, ACK, ACK, ACK n' Ve | 0,1

ACK, ACK, NACK/DTX, any ACK, DTX, DTX, DTX 0o | 0,1
ACK, DTX, DTX, DTX ACK, ACK, ACK, ACK n e | 1,0
ACK, DTX, DTX, DTX | ACK, ACK, ACK, NACK/DTX | nWpices | 1,1
ACK, DTX, DTX, DTX | ACK, ACK, NACK/DTX, any | npiceo | 0,1
ACK, DTX, DTX, DIX ACK, DTX, DTX, DTX n'Veee: | 1,0

wherein nWpyccm is @ PUCCH resource 1 (0<i<3) from among the
plurality of PUCCH resources, and a0,al denotes transmission bits or
constellation.

A method for receiving, by a base station (BS), uplink (UL) control in-
formation from a user equipment (UE) in a wireless communication
system, the method comprising:

transmitting a first carrier and a second carrier to the user equipment
(UE);

receiving, from the user equipment (UE), transmission bits on one of a
plurality of physical uplink control channel (PUCCH) resources;
determining first ACK (ACKnowledgement)/NACK(Negative
ACK)/DTX(Discontinuous Transmission) responses [x(0), x(1), x(2),
x(3)] for the first carrier, where x(i), 0<i<3, is an ACK/NACK/DTX
response for i-th DL transmission on the first carrier, and second ACK/
NACK/DTX responses [y(0), y(1), y(2), y(3)] for the second carrier,
where y(i), 0<i<3, is an ACK/NACK/DTX response for i-th DL
transmission on the second carrier, based on the transmission bits and
the PUCCH resource on which the transmission bits are received,
wherein the first ACK/NACK/DTX responses and the second ACK/
NACK/DTX responses are determined using a mapping table, and the
mapping table includes mapping relationship shown in the following
table:
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ACK/NACK/DTX responses | ACK/NACK/DTX responses PUCCH 0.al
for primary carrier for secondary carrier resource av.a
ACK, ACK, ACK, ACK ACK, ACK, ACK, ACK n e | 1,0
ACK, ACK, ACK, ACK ACK, ACK, ACK, NACK/DTX n'Vpncc 1,1
ACK, ACK, ACK, ACK ACK, ACK, NACK/DTX, any nVpucen 0,1
ACK, ACE, ACK, ACK ACK, DTX, DTX, DX 0 | 1,0

ACK, ACK, ACK, NACK/DTX ACK, ACK, ACK, ACK " pucce 1,1

ACK, ACK, ACK, NACK/DTX ACK, DIX, DTX, DIX ' Ve | 1,1

ACK, ACK, NACK/DTX, any | ACK, ACK, ACK, ACK 0 Ve | 0,1

ACK, ACK, NACK/DTX, any ACK, DTX, DTX, DTX n Vb | 0,1
ACK, DTX, DTX, DTX ACK, ACK, ACK, ACK n'V b 1,0
ACK, DTX, DTX, DTX ACK, ACK, ACK, NACK/DTX " pyccrs 1,1
ACK, DTX, DTX, DTX ACK, ACK, NACK/DTX, any | n“Vpeeo | 0,1
ACK, DTX, DTX, DTX ACK, DTX, DTX, DTX nYeicee | 1,0

wherein nWpyccg; is @ PUCCH resource 1 (0<i<3) from among the
plurality of PUCCH resources, and a0,al denotes transmission bits or
constellation.

[Claim 8] The method according to claim 7, wherein the first carrier is corre-
sponding to a primary cell (PCell) and the second carrier is corre-
sponding to a secondary cell (SCell).

[Claim 9] A user equipment (UE) for transmitting uplink (UL) control in-

formation to a base station (BS) in a wireless communication system,
the user equipment (UE) comprising:

a receiver;

a transmitter; and

a processor configured to control the receiver and the transmitter,
wherein the processor is configured to control the receiver to detect 4
first ACK(ACKnowledgement)/NACK(Negative
ACK)/DTX(Discontinuous Transmission) responses [x(0), x(1), x(2),
x(3)] for 4 downlink (DL) transmissions on a first carrier, where x(i),
0<i<3, is an ACK/NACK/DTX response for i-th DL transmission on
the first carrier, and detect 4 second ACK/NACK/DTX responses [y(0),
y(1), y(2), y(3)] for 4 DL transmissions on a second carrier, where y(i),
0<i<3, is an ACK/NACK/DTX response for i-th DL transmission on
the second carrier,

the processor is configured to perform channel selection by selecting
one of a plurality of physical uplink control channel (PUCCH)
resources and generating transmission bits, based on [x(0), x(1), x(2),
x(3)] and [y(0), y(1), y(2), y(3)1, and

the processor is configured to control the transmitter to transmit the
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generated transmission bits on the selected PUCCH resource,

wherein when [y(0), y(1), y(2), y(3)] is the same, the same transmission
bits are generated for [x(0), x(1), x(2), x(3)]=[ACK, ACK, ACK, ACK]
and for [x(0), x(1), x(2), x(3)]=[ACK, DTX, DTX, DTX].

The user equipment (UE) according to claim 9, wherein when the [y(0),
y(1), y(2), y(3)] is the same, the processor is configured to select the
same PUCCH resource for [x(0), x(1), x(2), Xx(3)]=[ACK, ACK, ACK,
ACK] and for [x(0), x(1), x(2), x(3)]=[ACK, DTX, DTX, DTX].

The user equipment (UE) according to claim 10, wherein the processor
is configured to generate the same transmission bits for cases shown in

the following table:

[Table]
Case |x(0), x(1), x(2), x(3) | y(0}, y(1), y(2), v(3)
1 ACK, ACK, ACK, ACK ACK, ACK, ACK, ACK
2 ACK, ACK, ACK, ACK ACK, DTX, DTX, DTX
3 ACK, DTX, DTX, DTX ACK, ACK, ACK, ACK
4 ACK, DTX, DTX, DTX ACK, DTX, DTX, DTX

The user equipment (UE) according to claim 11, wherein the processor
is configured to select the same PUCCH resource for the cases 1 to 4.
The user equipment (UE) according to any one of claims 9 to 12,
wherein one of the first carrier and the second carrier is corresponding
to a primary cell (PCell) and the other carrier is corresponding to a
secondary cell (SCell).

The user equipment (UE) according to claim 13, wherein the processor
performs the channel selection using a mapping table, and the mapping
table includes a mapping relationship shown in the following table:
[Table]

ACK/NACK/DTX responses | ACK/NACK/DTX responses PUCCH 0. al
for primary carrier for secondary carrier resource | 2702
ACK, ACK, ACK, ACK ACK, ACK, ACK, ACK ez | 1,0

ACK, ACK, ACK, ACK

ACK, ACK, ACK, NACK/DTX

1
Il( JPUCCHS

ACK, ACK, ACK, ACK

ACE, ACK, NACK/DTX, any

1
I'l( jPUCCHO

ACK, ACK, ACK, ACK

ACK, DTX, DTX, DTX

1
Il( )PUCCHZ

ACK, ACK, ACK, NACK/DTX

ACK, ACK, ACK, ACK

1
Il( jPUCCH2

ACK, ACK, ACK, NACK/DTX

ACK, DTX, DTX, DTX

1
Il( JFUCCH2

ACK, ACK, NACK/DTX, any

ACK, ACK, ACK, ACK

1
Il( )PUCCHZ

ACK, ACK, NACK/DTX, any

ACK, DIX, DTX, DIX

1
Il( JPUCCHZ

ACK, DTX, DTX, DIX

ACK, ACK, ACK, ACK

1
Il( JFUCCH2

ACK, DTX, DTX, DTX

ACE, ACK, ACK, NACK/DTX

1
I'l( jPUCCHS

ACK, DTX, DTX, DIX

ACE, ACK, NACK/DIX, any

1
1'1( JPUCCHO

ACK, DTX, DTX, DTX

ACK, DTX, DTX, DTX

1
Il( )PUCCHZ

— OO O | | |
S [ | | | | [ [t [
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wherein nWpyecy; is @ PUCCH resource 1 (0<i<3) from among the
plurality of PUCCH resources, and a0,al denotes transmission bits or
constellation.

A base station (BS) for receiving uplink (UL) control information from
a user equipment (UE) in a wireless communication system, the base
station (BS) comprising:

areceiver;

a transmitter; and

a processor configured to control the receiver and the transmitter,
wherein the processor is configured to control the transmitter to
transmit a first carrier and a second carrier to the user equipment (UE),
and control the receiver to receive transmission bits on one of a
plurality of physical uplink control channel (PUCCH) resources,

the processor is configured to determine, based on the transmission bits
and the PUCCH resource on which the transmission bits are received,
first ACK (ACKnowledgement)/NACK(Negative
ACK)/DTX(Discontinuous Transmission) responses [x(0), x(1), x(2),
x(3)] for the first carrier,where x(i) is an ACK/NACK/DTX response
for i-th DL transmission on the first carrier, and second ACK/
NACK/DTX responses [y(0), y(1), y(2), y(3)] for the second
carrier,where y(i) is an ACK/NACK/DTX response for i-th DL,
transmission on the second carrier, and

the processor is configured to determine the first ACK/NACK/DTX
responses and the second ACK/NACK/DTX responses using a
mapping table, wherein the mapping table includes mapping rela-

tionship shown in the following table:

[Table]

ACK/NACK/DTX responses | ACK/NACK/DTX responses PUCCH 0.al
for primary carrier for secondary carrier resource av.a
ACK, ACK, ACK, ACK ACK, ACK, ACK, ACK n"Ypuccz ,
ACK, ACK, ACK, ACK ACK, ACK, ACK, NACK/DTX | nVpuccss ,
ACK, ACK, ACK, ACK ACK, ACK, NACK/DTX, any | n"ruccmo ,
ACK, ACK, ACK, ACK ACK, DTX, DTX, DTX n'Ypucer ,

ACK, ACK, ACK, NACK/DTX ACK, ACK, ACK, ACK n"pucen: ,

ACK, ACK, ACK, NACK/DTX | ACK, DTX, DTX, DTX n'"Ypuccrz ,

ACK, ACK, NACK/DTX, any

ACK, ACK, ACK, ACK

1
Il( jPUCCHZ

ACK, ACK, NACK/DTX, any

ACK, DTX, DTX, DIX

1
Il( JFUCCH2

o

ACK, DTX, DTX, DTX

ACK, ACK, ACK, ACK

1
Il( )PUCCHZ

M

ACK, DTX, DTX, DTX

ACK, ACK, ACK, NACK/DTX

1
1'1( JPUCCHS

-

ACK, DTX, DTX, DIX

ACK, ACK, NACK/DTX, any

1
Il( JFUCCHO

M

ACK, DTX, DTX, DTX

ACK, DTX, DTX, DTX

1
Il( jPUCCH2

-

[ ] TS Y o ) Y S P (R R Sy et
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wherein nWpyecy; is @ PUCCH resource 1 (0<i<3) from among the
plurality of PUCCH resources, and a0,al indicates transmission bits or
constellation.

The base station (BS) according to claim 15, wherein the first carrier is
corresponding to a primary cell (PCell) and the second carrier is corre-

sponding to a secondary cell (SCell).
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[Fig. 9]
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[Fig. 10]
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[Fig. 11]
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Slot Slot
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Frequency
Time
[Fig. 12]
CCE index 1 2 3 4 5 6 M1
w
PUCCH resource index 1 2 3 4 5 6 M-1
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[Fig. 13]
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[Fig. 15]
iL iLDynamlc/Statlc mapping iL iL
PHY 0 PHY | PHY n-2 PHY n-1
(carrier 0) (carrier 1) (carrier n-2) (carrier n-1)
[Fig. 16]
PHY 0 PHY 1 PHY n-2 PHY n-1
(carricr 0) (carrier 1) (carrier n-2) (carricr n-1)
D namlc
/Static de ma,ppmg
[Fig. 17]
MAC
iL iLDynarmc/Statlc mapping iL iL
PHY 0 PHY 1 PHY n-2 PHY n-1
(carrier 0) (carrier 1) (carrier n-2) (carrier n-1)
[Fig. 18]
PHY 0 PHY | PHY n-2 PHY n-1
(carrier 0) (carrier 1) (carrier n-2) (carrier n-1)
Dynamic
/Static de-mapping
MAC MAC MAC MAC
[Fig. 19]
MAC
iL iLDynamlc/Statlc mapping iL iL
PHY 0 PHY | PHY n-2 PHY n-1
(carrier 0) (carrier 1) (carrier n-2) (carrier n-1)
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[Fig. 20]
PHY 0 PHY | PHY n-2 PHY n-1
(carrier 0) (carrier 1) (carrier n-2) (carrier n-1)
Dynamlc
/Static de-mapping
MAC MAC
[Fig. 21]
ACK/NAK:
CG(u,7)
/] 4 /]
\ Y )
IFFT [FFT [FFT

RB l woCG(u,7)|wiCG(u,T) W w2CG(u,7) [ w3CG(u,7)
u ~ J

OC sequence with length 3

Slot

PUCCH format 1a and 1b structure (normal CP case)
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[Fig. 22]
ACK/NAK
CG(u,1)
A A A
1 1 1
[FFT IFFT IFFT

OC sequence with length 4
Wi w2
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o S

P
OC sequence with length 2

Slot

PUCCH format la and Ib structure (extended CP case)
[Fig. 23]

DL CC#0

(eg. Primary DL CC#1 DL CC#2 DL CC#3 DL CC#4
DL CC)

UL CC#0
(eg. Anchor UL CC) -> A/N bits
for DL CCs can be transmitted
here.
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[Fig. 24]
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[Fig. 25]
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[Fig. 26]
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[Fig. 27]
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