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(57) Abstract: A method and apparatus for transmitting control information in a wireless communication system supporting carrier
aggregation (CA) is disclosed. A method for transmitting control information to a base station (BS) by a user equipment (UE) in a
wireless communication system includes receiving at least one of a physical downlink control channel (PDCCH) and a physical
downlink shared channel (PDSCH) from the base station through at least one serving cell configured in the user equipment, and
transmitting control information regarding PDCCH reception or PDSCH reception indicated by the PDCCH to the base station. The
control information is transmitted through a physical uplink control channel (PUCCH) of a primary cell, using control information
feedback timing of at least one of the primary cell and a first cell of the at least one serving cell, and the at least one serving cell uses
difterent uplink and downlink (UL-DL) configurations.
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[DESCRIPTION]

[Invention Title]

METHOD OF TRANSMITTING CONTROL INFORMATION IN A

WIRELESS COMMUNICATION SYSTEM AND APPARATUS THEREOF

[Technical Field]

The present invention relates to a wireless
communication system, and more particularly to a method and
apparatus for transmitting control information in a
wireless communication system supporting carrier

aggregation (Ca).

[Background Art]

Wireless communication systems are widely used to
provide various kinds of communication services such as
voice or data services. Generally, a wireless
communication system is a multiple access system that can
communicate with multiple users by sharing available system

resources (bandwidth, transmission (Tx) power, and the

‘1ike). 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

Fow fan VLG |\ U1 1 9 2 1



10

15

20

WO 2012/128513 CT/KR2012/001921
bl/ AKX ZULZ,

Frequency Division Multiple Access (OFDMA) system, a Single
Carrier Frequency Division Multiple Access (SC-FDMA) system,

and the 1like.

[Disclosurel

[Technical Problem]

Accordingly, the present invention is directed to a
method and épparatus for transmitting control information
ini a wireless communication system, that substantially
obviate one or more problems due to limitations and
disadvantages of the related art. An object of the present
invention is to provide a method and apparatus for
effectively transmitting control information in a wireless
communication system. Another object of the present
invention is to provide a channel format and signal
processing for effectively transmitting control informatipn,
and an apparatus for the channel format and the signal
processing. A further object of the present invention is
to provide a method and apparatus for effectively
allocating resources 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

V1921
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present invention pertains from the following description.

[Technical Solutionl]

The object of the present invention can be achieved by
providing a method for transmitting control information to
a base station (BS) by a user equipment (UE) in a wireless
communication system, the method including receiving at
least one of a physical downlink control channel (EDCCH)
and a physical downlink shared channel (PDSCH) from the

base station through at least one serving cell configured

in the user equipment; and transmitting control information

regarding either PDCCH reception or PDSCH reception
indicated by the PDCCH to the base station, wherein the
control information is transmitted through a physical
uplink control channel of a primary cellé using control
information feedback timing of at least one of the primary
cell and a first cell_of the at least one serving cell, and
the at least one serving cell uses different uplink and
downlink (UL—DL) configurations.

In another aspect of the present invention, provided
herein is a user equipment (UE) for transmitting control
information to a Dbase station (BS) in a wireless
communication system, the user equipment (UE) including a

reception module for receiving at least one of a physical
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downlink control channel (PDCCH) and a physical downlink
shared channel (PDSCH) from the base station through at
least one serving cell configured in the user equipment; a
transmission module for transmitting control information
regarding PDCCH reception or PDSCH reception indicated by
the PDCCH to the base station; and a processor for
transmitting the control_-information through a physical
uplink control channel (PUCCH) of a primary cell, using .
control information feedback timing of at least one of the
primary cell and a first cell of the at least one serving
cell, wherein the at least one serving cell uses different

uplink and downlink (UL-DL) configurations.

[Advantageous Effects]

Exemplary embodiments of the present invention have
the following effects. Control information can Dbe
effectively transmitted in a wireless system. In édditipn,
the embodiments of the present invention can vprovide a
channel format and a signal processing method to
effectively transmit control information. In addition,
resources for transmitting control information can be
effectively assigned.

It will be appreciated by persons skilled in the art
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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.

[Description of Drawings]

The accompanying drawings, which are included to
provide a further understanding of the = invention,
illustrate embodiments of the invention and together with
the description serve to explain the pfinciple of the
invention.

In the drawings:

FIG. 1 is a block diagram illustrating a Base Station
(BS) and a user eguipment (UE) applicable to embodiments of
the present invention;

FIG. 2 1is a conceptual diagram illustrating the
signal processing for enabling a user equipment (UE) to
transmit an uplink (UL) signal;

FIG. 3 is a conceptual diagram illustrating the
signal processing for enabling a base station (BS) to
transmit a downlink (DL) signal;

FIG. 4 is a conceptual diagram illustrating an SC-
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FDMA scheme and an OFDMA scheme applicable to embodiments
of the present invention;

FIG. 5 is a conceptual diagram illustrating various
examples for satisfying single carrier characteristics and
mapping an input symbol to a subcarrier‘ in a frequency
domain; |

FIG. 6 1is a conceptual diagram illustrating the
signal processing for mapping DFT process output samples to
a single carrier in a clustered SC-FDMA;

FIGS. 7 and 8 show the signal processing in which DFT
process output samples are map?ed to multiple carriers in a
clustered SC-FDMA;

FIG. 9 shows exemplary segmented SC-FDMA signal
processing;

FIG. 10 shows exemplary radio frames for use in a
wireless communication system;

FIG. 11 showé an uplink subframe structure;

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

FIGS. 13 and 14 exemplarily show slot 1level
structures of a PUCCH format 1la and 1b structure for
ACK/NACK transmission;

FIG. 15 shows a PUCCH format 2/2a/2b structure for a

normal cyclic prefix;
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FIG. 16 shows a PUCCH format 2/2a/2b structure for an
extended cyclic prefix; |

FIG. 17 is a diagram showing ACK/NACK channelization
of PUCCH formats la and 1b;

5 FIG. 18 is a diagram showing channelization of a
structure in which PUCCH formats 1/la/lb and PUCCH formats
2/2a/2b are mixed within the same PRB;

FIG. 19 is a diagram showing allocation of a physical
resource allocation (PRB) used to transmit a PUCéH;
10 FIG. 20 is a conceptual diagram of management of a
downlink component carrier (DL CC) in a base station (BS);
FIG. 21 is a conceptual diagram of management of an
uplink component carrier (UL CC) in a user equipment (UE){
FIG. 22 is a conceptual diagram of the case where one
15 MAC layer manages multiple carriers in a BS;
FIG. 23 is a conceptual diagram of the case where one
MAC layer manages multiple carriers in a UE;
FIG. 24 is a conceptual diagram of the case where one
MAC layer manages multiple carriers in a BS;
20 FIG. 25 is a conceptual diagram of the case where a
plurality of MAC layers manages multiple carriers in a UE;
FIG. 26 is a conceptual diagram of the case where a
plurality of MAC layers manages multiple carriers in a BS

according to one embodiment of the present invention;
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FIG. 27 is a conceptual diagram of the case where a
plurality of MAC layers manages multiple carriers in a BS
according to another embodiment of the present invention;

FIG. 28 1is a diagram showing asymmetric carrier
aggregation (CA) in which 5 downlink component carriers (DL
CCs) and one uplink CC are linked;

FIG. 29 to 32 exemplarily show a PUCCH format 3
structure and associated signal processing according to the
embodiments of the present invention;

FIG. 33 is a diagram showing a transmission structure
of ACK/NACK information using channel selection;

FIG..34 is a diagram showing a transmission structure
of ACK/NACK information_using enhanced channel selection;

FIG. 35 shows an example of ACK/NACK feedback in a
Time Division Duplexing (TDD) ;

FIG. 36 shows the problems encountered when different
UL-DL configurations are used according to the present
invention;

FIG. 37 shows exemplary cells including different UL-
DL configurations according to the present invéntion;

FIG. 38 shows exemplary cells using different UL-DL
configurations according to the presenﬁ invention;

FIG. 39 is a conceptual diagram illustrating

transmission of control information on the basis of a cell
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including many more downlink subframes according to the
present invention;

FIG. 40 is a conceptual diagram illustrating a method
for transmitting control information on the basis of a
conventional primary cell using the bundling according to
the present‘invention;'

FIG. 41 1is a diagram illustrating a method for
transmitting control information at a subframe transmitting
the rear UCI information located closest to a time domain
when information contained in feedback occurs; and

FIG. 42 is a conceptual diagram illustrating a method
for establishing a bundling window to all serving cells on
the basis of a primary cell, and transmitting control

information according to the present invention.

[Best Model

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

921
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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), Orthogonal Frequency Division Multiple Access

(OFDMA) , Single Carrier Frequency Division Multiple Access
(SC-FDMA), a Multi-Carrier frequency Division Multiple
Access (MC—FDMA), etc. The CDMA may be implemented with a
radio technology such as Uniyersal Terrestrial Radio Access
(UTRA) or CDMA2000. The TDMA may be implemented with a
radio technology such as Global System for Mobile
communiéations (GSM) /General Packet Radio Service
(GPRS)/Enhanéed 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
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Evolved-UMTS (E-UMTS) wusing 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 corfesponding to a 3GPP LTE/LTE-A
system, the foll&wing 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 numberé will be used throughout the 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 varidus kinds of control information to
and from a base station (BS). The UE may be referred to as,

a Terminal Equipment (TE), a Mobile Station (MS), a Mobile
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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
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request Indicator Channel (PHICH), and a Physical Downlink
Shared CHénnel (PDSCH) may indicate a set of REs carrying
Downlink Control Information (DCI), a set of REs carrying
Control Format Indicator (CFI), 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, respectively.

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 maybbe 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, respectively.
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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. In addition,
ACK/NACK information mapped to the specific complex
modulation symbol may be conceptually identical to ACK/NACK
information modulated by a specific complex modulation
symbol.

FIG. 1 1is a biock 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 dbwnlink.

Referring to FIG. 1, 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
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BS, such as the transmitters 100a and 100b, the recgivers
300a and 300b, and the memories 200a and 200Db.

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
tranémitter 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. Bach antenna port may
correspond to one physical antenna or may be configured
into a combination of more than one physical antenna
element. 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.
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The ©processors 400a and 400b generally provide
overall control to the modules of the UE and the BS.
Especially, the processors 400a and 400b may éarry out a
control function for performing the present invention, a
Medium Access Control (MAC) frame variable contrbl function
pased on service characteristics and a propagation
environment, 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, microcomputers, etc. The
processors 400a and 400b may be configured in hardware,
firmware, software, or their combinapion.

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 Prbcessing 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



10

15

20

WO 2012/128513 PCT/KR2012/001921

PCT/RR 2012./ 0019 2 1

17

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 brocessors 400a
and 400b and transmitted to the outside, and then transfer
the modulated signals and/or data to the antennas 500a and
500b. 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 information. Each of the memories 200a and 200b may
be used as a buffer. 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
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magnetic mémory, 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. 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 of the UE include a
scrambler 201, a modulation mapper 202, a precoder 203, a
resource element (RE) mapper 204, and an SC-FDMA signal
generator 205.

Referring to FIG. 2; the scrambler 201 may scramble a
transmission signal in order to transmiﬁ the uplink signal.
The scrambled signal is input to the modulation mapper 202,
such that the modulation mapper 202 modulates the scrémbled
signal to complex symbols in Binary Phase Shift Keying
(BPSK), Quadrature Phase Shift Keying (QPSK), or 16-ary
Quadrature Amplitude Modulation (16QAM) according to the
type of the transmission signal and/or a chanﬁel status. A
transform precoder 203 processes the complex symbols and a
resource element mapper 204 may map the processed complex
symbols to time-frequency resource elements, for actual
transmission. The mapped signal may be transmitted to the
BS through an antenna after being processed in a Single
Carriér—Frequency Division Multiple Access (SC-FDMA) signal

generator 205.
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FIG. 3 is a conceptual diagram illustrating the
signal p;ocessing for enabling a BS to transmit a downlink
(DL) signal. Referring to FIG. 3, the transmitter 100b of
the BS may include a scrambler 301, a modulation mapper 302,
a layer mapper 303, a precoder 304, a resource element (RE)
mapper 305, and an OFDMA signal generator.

The BS can transmit a signal or at least one codeword
via a downlink. Therefore, the signal or codéwords may be
processed as complex symbols by the scrambler 301 and the
modulation mapper 302 in the same manner as in the uplink
operation shown in FIG. 2. Thereafter, the complex symbols
are mapped to a plurality of layers by the layer mapper 303,
and each layer is multiplied by a predetermined precoding
matrix and is then allocated to each transmission antenna
by the precoder 304. The processed transmission signals of
individual antennaé are mapped to time-frequency resource
elements (REs) to be used for data transmission by the RE
mapper  305. Thereafter, the mapped result may be
transmitted via each antenna after passing through the
OFDMA signal generator 306.

In the case where a UE for use in a mobile
communication system transmits an uplink signal, a Peak to
Average Power Ratio (PAPR) may become more serious than in

the case where the BS transmits a downlink signal. Thus,
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as described in FIGS. 2 and 3, the SC-FDMA scheme is used
for uplink signal transmission in a different way from the
OFDMA scheme used for downlink signal transmission.

FIG. 4 is a conceptual diagram illustrating an SC-
FDMA scheme and an OFDMA scheme applicable to embodiments
of the present invention. In the 3GPP system, the OFDMA
scheme is used in downlink and the SC-FDMA scheme is used
in uplink.

Referring to FIG. 4, not only a UE for uplink signal
transmission but also a BS for downlink signal transmission
includes a Serial-to-Parallel converter 401, a subcarrier
mapper 403, an M-point IDFT modﬁle 404 and a Cyclic Prefix
(CP) addition module 406. However, a UE for transmitting a
signal using the SC-FDMA scheme further includes an N-point
DFT module 402, and compensates for a predetermined part of
the IDFT processing influence of the M-point IDFT module

1504 so that a transmission signal can have single carrier

characteristics (i.e., single-carrier properties).
The SC-FDMA must satisfy single carrier
characteristics. FIG. 5 shows examples for satisfying

single carrier characteristics and mapping an input symbol
to a subcarrier in a frequency domain. In FIG. 5(a) or
5(b), if a DFT-processed symbol is assigned to a subcarrier,

a transmission signal satisfying single carrier
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characteristics can be obtained. FIG. 5(a) shows a
localized mapping method, and FIG. 5(b) shows a distributed
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 modification of
the conventional SC-FDMA scheme. In more detail, a signal
output from the precoder is divided into some sub-blocks,
and the divided sub-blocks are discontinuously mapped to
subcarriers. FIGS. 6 to 8 show examples for mapping an
input symbol to a single carrier by a clustered DFT-s-OFDM.

FIG. 6 shows signal processing in which DFT-process
output samples are mapped to one carrier in the clustered
SC-FDMA. FIGS. 7 and 8 show signal processing in which DFT
process output samples are mapped to multicarriers in a
clustered SC-FDMA. FIG. 6 shows the example of intra-
carrier cluster SC-FDMA application. FIGS. 7 and 8 show
éxamples of thé inter-carrier clustered SC-FDMA application.
FIG. 7 shows the example in which a signal is generated
through a single IFFT block under the condition that
component °© carriers are contiguously allocated to a
frequency domain and the subcarrier spacing Dbetween
contiguous component carriers is arranged. FIG. 8 shows

another example in which a signal is generated through
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several IFFT blocks under the condition that component
carriers are non-contiguously allocated to a frequency
domain.

FIG. 9 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 conventional
SC-FDMA DFT spread and thé 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 referred to as ‘segment
SC-FDMA'’ . Referring to FIG. 9, in order to reduce single
carrier characteristics, the segment SC-FDMA groups all the
time domain modulation symbols into N groups, such that a
DFT process 1s performed in units of a group.

FIG. 10 illustrates an exemplary structure of a radio
frame in a wireless communication system. Particularly,
FIG. 10(a) illustrates a radio frame according to a Frame
Structure type 1 (FS-1) of a 3GPP LTE/LTE-A system, and FIG.

10(b) illustrates a radio frame according to a Frame
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Structure type 2 (FS-2) of the 3GPP LTE/LTE-A system. The
frame structure of FIG. 10(a) may be applied to a Frequency
Division Duplexing (FDD) mode and a half-FDD (H-FDD) mode.
The frame structure of FIG. 10 (b) may be applied to a Time
Division Duplexing (TDD) mode.

Referring to FIG. 10, a 3GPP LTE/LTE-A radio frame is "
10ms (307,200Tg) in duration. The radio frame is divided
into 10 equally-sized subframes, each subframe being 1lms
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 0 to 9. Ts
represents a sampling time and is given as
Te=1/(2048x15kHz). Each subframe is further divided into
two slots, each 0.5ms in durétion. 20 slots are
sequentially numbered from 0 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,
DI. transmission and UL transmission are discriminated

according to a frequency, such that the radio frame
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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 discriminated 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 constrhction in a TDD mode.

FIG. 11 shows an uplink subframe structure according
to th; present invention. Referring to FIG. 11, the uplink
subframe may be divided into a control region and a data
region in a frequency domain. At least one Physical Uplink
Control Channel (PUCCH) carrying uplink control information
(UCI) may be assigned to the control region. A Physical
Uplink Shared Channel (PUSCH) carrying user data may be
assigned to the data region. However, in the case where
the UE sgelects the SC-FDMA scheme in LTE Release 8 or 9,
one UE does not simultaneously transmit PUCCH and PUSCH so
as to maintain single carrier characteristics.

Uplink control information (UCI) transmitted over
PUCCH has different sizes and usages according to a PUCCH
format. In addition, UCI may have different sizes
according to a code rate. For example, the following PUCCH

format may be defined.

(1) PUCCH Format 1: Used for On-Off keying (OOK)
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modulation and Scheduling Request (SR)

(2) PUCCH Formats la and 1lb: Used for transmission of
Acknowledgment /Negative Acknowledgment 4 (ACK/NACK)
information

1) PUCCH Format 1la: BPSK-modulated ACK/NACK
information of 1 bit

2) 'PUCCH _Format 1b: OQPSK-modulated ACK/NACK
information of 2 bits

3) PUCCH Format 2: Used for QPSK modulation and
CQI transmission

4) PUCCH Formats 2a and 2b: Used for simultaneous
transmission of CQI and ACK/NACK information

Table 1 shows modulation schemes and the numbers of
bits per subframe according to different PUCCH formats,
Table 2 shows the numbers of reference symbols (RSs) per
slot for the PUCCH formats, and Table 3 shows the locations
of SC-FDMA symbols of RSs according to the PUCCH formats.
In Table 1, PUCCH Formats 2a and 2b may correspond to a

normal CP.

[Table 1]
PUCCH Modulation scheme Number of bits per
format subframe
1 N/A N/A
la BPSK , 1
1b QPSK 2
2 QPSK 20
2a QPSK + BPSK 21




WO 2012/128513 PCT/KR2012/001921

PCT/RR 2012. / 0019 2 1

26
| 2b | OPSK + BPSK 22 |
[Table 2]
PUCCH Normal CP Extended CP
format
1, la, 1b 3 2
2 2 1
2a, 2b 2 N/A
[Table 3]
PUCCH SC-FDMA symbol locations of RS
format Normal CP Extended CP
1, la, |2, 3, 4 2, 3
1b
2, 2a, |1, 5 3
2b

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 subcarriers 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-FDMA signal generator.

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
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occupies the same subcarriers. Irrespective of the
frequency hopping, a PUCCH for one UE is assigned to an RB
pair contained in one subframe, such that the same PUCCH is
transmitted once through one RB in each slot contained in
one UL subframe in such a manner that the same PUCCH is
transmitted two times in each slot of one UL subframe.

Hereinafter, an RB pair used for PUCCH transmission
of one subframe is called a PUCCH region. In addition, the
PUCCH region and codes used in the PUCCH region are called
a PUCCH resqurce. In other words, different PUCCH
resources may have different PUCCH regions or may have
different codes within the same PUCCH region. For
convenience of description, a PUCCH carrying ACK/NACK
information is called ‘ACK/NACK PUCCH’, a PUCCH carrying
CQI/PMI/RI information is called a Channel Staﬁe
Information (CSI) PUCCH, and a PUCCH carrying the SR 1is
called an SR PUCCH.

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

Uplink Control Information (UCI) such as ACK/NACK
(acknowledgement /negative acknowledgement), Channel Quality
Indicator (CQI), Precoding Matrix Indicator (PMI), Rank
Information (RI), Scheduling Request (SR), etc. may be

transmitted over a control region of the UL subframe.
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In a wireless communication system, the BS and the UE
mutually transmit/receive signals or data. If the BS
transmits data to the UE, the UE decodes the received data.
If the data is successfully decoded, ACK is transmitted to
the BS. If data decoding fails, NACK is transmitted to the
BS. The above-mentioned éoncept is also applied to the
other case for data transmission from the UE to the BS
without any change. In the 3GPP LTE system, the UE
receives data (e.g., PDSCH) from the BS, and transmits
PDSCH ACK/NACK to the BS through implicit PUCCH resources
decided by PDCCH resources carrying PDSCH scheduling
information. If the UE does not receive data, this may be
considered to be a discontinuous transmission (DTX) state,
may indicate the absence of data received by a
predetermined rule, or may also be carried out in the same
manner as in NACK (indicating unsuccessful decoding of
reception data).

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
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implicitly determined on ﬁhe basis of a PDCCH that carries
scheduling information of a PDSCH carrying the
corresponding DL data. The entire region to which a PDCCH
is transmitted in each DL subframe 1is 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
(ﬁEGs) (e.g., 9 REGs). One REQ may includes neighbor or
contiguous REs under the condition that a reference siénal
(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 PUCCH resources for ACK/NACK. As can be seen
from FIG. 12, if it 1is 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. 4
CCE) 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
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present in 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
determined as shown in the following Equation 1.

[Equation 1]

1) _ @M
Npicen = Rece + Npucen

In Equation 1, nYoveen is a PUCCH fesource index for
PUCCH formats 1/la/1b, N,y 1is a signaling value
received from a higher layer,.and neeg May be the smallest
value from among CCE indexes used for PDCCH transmission.

FIGS. 13 and 14 exemplarily show slot ’level
structures of PUCCH formats la and 1b.

FIG. 13 shows the PUCCH formats la and 1lb structure
in case of a normal CP. FIG. 13 shows the PUCCH formats 1la
and 1b structure in case of the extended CP. In the PUCCH
formats la and 1b structure, the same control information
may be repeated in slot units within a subframe. In each
UE, the ACK/NACK signal may be transmitted through
different resources that are comprisea 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
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orthogonal cover or orthogonal cover code (OC or OCC). For
example, OC mayr 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 formats la and 1lb, but the PUCCH
format 1vslot 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 releaée, PUCCH resources may be implicitly
assigned to the UE using either a PDCCH corresponding to
the PDSCH or the lowest or smallest CCE index of a PDCCH
indicating the SPS release.

FIG. 15 shows PUCCH formats 2/2a/2b in the normal CP

case. FIG. 16 shows PUCCH formats 2/2a/2b in the extended
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CP case. Referring to FIGs. 15 and 16, one subframe
includes 10 QPSK data symbols in addition to an RS symbol
in the normal CP case. Each QPSK symbol is spread in a
frequency domain by a CS and is then mapped to a
5 corresponding SC-FDMA symbol. SC-FDMA symbol 1level CS
hopping may be applied in order to randomize inter-cell
interference. RSs may be multiplexed by CDM using a CS.
For ekample, if it is assumed that the number of available
CSs is 12 or 6, 12 or 6 UEs may be multiplexed in the same
10 PRB. For example, in the PUCCH formats 1/1a/l1b and 2/2a/2b,
a plurality of UEs may be multiplexed by CS+OC+PRB and

CS+PRB.
Length-4 and length-3 OCs for PUCCH formats 1/la/1b

are shown in the following Tables 4 and 5.

15 [Table 4]
Sequence index | Orthogonal sequences
0 hl +1 +1 +ﬂ
1 1 -1 +1 -]
2 [+1 -1 -1 +1]

[Table 5]
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Sequence index | Orthogonal sequences
0 11 1]
1 [1 e_]2ﬂ'/3 ej47r/3]
2 [1 ej47l’/3 ejZ;r/3]

The OCs for the RS in the PUCCH formats 1/la/lb is

shown in Table 6.

[Table 6]
Sequence index | Orthogonal sequences | Extended CP
0 1 1] (1 1]
1 [1 0273 ej4zr/3] (1 -1]
2 b o /4713 ej2ﬂ/3] N/A
5
FIG. 17 is a diagram explaining ACK/NACK

channelization for the PUCCH formats la and 1b. FIG. 17

APUCCH _ 9
shows the case of “aift =

FIG. 18 is a diagram showing channelization of a
10 structure in which PUCCH formats 1/l1la/1lb and PUCCH formats
2/2a/2b are mixed within the same PRB.
CS (Cyclic Shift) hopping and OC (Orthogonal Cover)
remapping may be applied as follows.

(1) Symbol-based cell-specific CS hopping for inter-
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cell interference randomization

(2) Slot level CS/0C remapping

1) For inter-cell interference randomization

2) Slot-based access for mapping between ACK/NACK

5 channels and resources (k)

Resource n, for the PUCCH formats 1/1a/lb includes
the following combination.

(1) ¢S (= DFT OC in a symbol level) (ncs)

(2) OC (OC in a slot level) (noc)

10 (3) frequency RB (n)

When indexes representing the CS, the OC and the RB
are respectively nes, No. and ny,, a representative index ny
includes ngs, Noc and ny,. n, satisfies n,=(necs, Noc, nNib) .

A CQI, a PMI, a RI, and a combination of a CQI and

15 ACK/NACK may be transmitted through the PUCCH formats
2/2&/2b. Reed Muller (RM) channel coding may be applied.

For example, in an LTE system, channel coding for»a

UL CoI is described as follows. A bit stream

(;IO_,Cll,612,613_,...,614_1 , ) )
: ‘ is channel-coded using a (20, A) RM code.

20 Table 7 shows a base sequence for the (20, A) code. @ and

%41 represent a Most Significant Bit (MSB) and a Least
Significant Bit (LSB), respectively. In the extended CP

case, a maximum information bit number is 11 except for the
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case where the CQI and the ACK/NACK are simultaneously

transmitted. After the bit stream is coded to 20 bits

using the RM code, QPSK modulation may be applied. Before

QPSK modulation, coded bits may be scrambled.

5 [Table 7]
T |Mio|Mi,a|Mio| M3 |Mia|Mis|Mig|M,7|Mig|M,s Mo Mlll MZ'I
0 1 1 0 0 0 0 0 0 0 0 1 1 0
1 1 1 1 0 0 0 0 0 0 1 1 1 0
2 1 0 0 1 0 ¢} 1 0 1 1 1 1 1
3 1 0 1 1 0 0 0 0 1 0 1 1 1
4 1 1 1 1 0 0 0 1 0 0 1 1 1
) 1 1 0 0 1 0 1 1 1 0 1 1 1
6 1 0 1 0 1 0 1 0 1 1 1 1 1
7 1 0 0 1 1 0 0 1 1 0 1 1 1
8 1 1 0 1 1 0 0 1 0 1 1 1 1
9 1 0 1 1 1 0 1 0 0 1 1 1 1
10 1 0 1 0 0 1 1 1 0 1 1 1 1
11 1 1 1 0 0 1 1 0 1 0 1 1 1
12 1 0 0 1 0 1 0 1 1 1 1 1 1
13 1 1 0 1 0 1 0 1 0 1 1 1 1
14 1 0 0 0 1 1 0 1 0 0 1 0 1
15 1 1 0 0 1 1 1 1 0 1 1 0 1
16 1 1 1 0 1 1 1 0 0 1 0 1 1
17 1 0 0 1 1 1 0 0 1 0 0 1 1
18 1 1 0 1 1 1 1 1 0 0 0 0 0
19 1 0 0 0 0 1 1 0 0 0 0 0 0

QPSK modulation, coded bits may be scrambled.

by, by, by, by, by

Channel coding bits may be generated by

Equatioln 9.

10 [Equation 2]
A-1
b, = Z (an ‘M, , )mod 2
n=0

where, i = 0, 1, 2, .., B-1 is satisfied.
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Table 8 shows an uplink contrQl information (UCI)
field for wideband report (single antenna port, transmit
diversity or open loop spatial multiplexing PDSCH) CQI
feedback.

[Table 8]

Field bandwidth
Wideband CQI | 4

Table 9 shows a UCI
field for wideband CQI and PMI feedback. The field reports

closed loop spatial multiplexing PDSCH transmission.

[Table 9]
Bandwidth
Field 2 antenna ports 4 antenna ports
Rank = 1 |Rank = 2 | Rank = 1 | Rank > 1
Wideband CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
PMI (Precoding Matrix Index) | 2 1 4 4

Table 10 shows a UCI field for RI feedback for

wideband report.

[Table 10]
Bit widths
, 4 antenna ports
Field 2 antenna ;
Maximum of two | Maximum of four
ports
layers layers
RI (Rank
. . 1
Indication) 1 2

FIC. 19 shows PRB allocation: As shown in FIG. 19,
the PRB may be used for PUCCH transmission in a slot ns.
A multi-carrier system or a carrier aggregation

system refers to a system for aggregating and utilizing a
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plurality of carriers having a bandwidth smaller than a
target bandwidth, for wideband support. When a plurality
of carriers having a bandwidth smaller than a target
bandwidth is aggregated, the bandwidth of the aggregated
carriers may be limited to a bandwidth used in the existing
system, for backward compatibility with the existing system.
For example, the existing LTE system may support bandwidths
of 1.4, 3, 5, 10, 15 and 20 MHz and an LTE-Advanced (LTE-A)
system evolved from the LTE system may support a bandwidth
greater than 20 MHz using only the bandwidths supported by
the LTE system. Alternatively, regardless of the
bandwidths used in the existing system, a new bandwidth may
be defined so as to support CA. Multi-carrier may be used
interchangeable with CA and bandwidth aggregation. CA may
include contiguous CA and non-contiguous CA. In addition,
CA may further include intra-band CA and inter-band CA.

FIG. 20 1is a conceptual diagram of management of.a
downlink component carrier (DL CC) in a base station (BS).
FIG. 21 is a conceptual diagram of management of an uplink
component carrier (UL CC) in a user equipment (UE). For
convenience of description, the higher layer will be
simplified as MAC.

FIG. 22_is a conceptual diagram of the case where one

MAC layer manages multiple carriers in a BS. FIG. 23 is a



10

15

20

WO 2012/128513 CT/KR2012/0 ,
PPCT/ /001921 g9 ¢

ar W GG f

38

conceptual diagram of the case where one MAC layer manages
multiple carriers in a UE.

Referring to FIGS. 22 and 23, 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 more flexible in terms of
resource management. In FIGS. 22 and 23, 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 independent RF.device
may indicate bne PHY, the scope or spirit of the present
invention is not 1limited thereto, and one RF device may
include a plurality of PHYs.

FIG. 24 is a conceptual diagram illustrating a method
for enabling several MACs of a BS to‘manage multicarriers.
FIG. 25 is a conceptual diagram illustrating a method fér
enabling several MACs of a UE to manage multicarriers. FIG.
26 is a conceptual diagram illustrating another method for
enabling several MACs of a BS to manage multicarriers. FIG.
27 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.

22 and 23, but also the structures shown in FIGS. 24 to 27,
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several MACs but not one MAC may control several carriers.
As can be seen from FIGS. 24 and 25, each carrier may

be controlled by each MAC on a one to one basis. As can be

seen from FIGS. 26 and 27, 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 includes a plurality of
carriers (i.e., 1 to N carriers), and individual carriers
may be contiguous or non-contiguous to each 6ther. The
above-mentioned system may be applied to UL and DL without
distinction. The TDD system is constructed to manage N
carriers including DL and UL transmission in each carrier,
and the FDD system is constructed to apply several carriers
to each of UL and DL. The FDD system may also support
asymmetrical carrier aggregation (CA) in which the number
of carriers aggregated in UL and DL and/or the carrier
bandwidth are/is different.

In the case where the number of component carriers
(CCs) aggregated in UL 1is 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.

FIG. 24 shows an exemplary scenario for transmitting

1921
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uplink control information (UCI) in a wireless
communication system supporting carrier aggregation. For

convenience of description, the example of FIG. 24 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. 28 shows an asymmetric carrier aggregation in
which 5 DL CCs are linked to oné UL CC. The illustrated
asymmetric carrier aggregation may be established at UCI
transmission viewpoint. Specific UCIs (e.g., ACK/NACK
response) of several DL CCs are collected in one UL CC and
transmitted through the one UL CC. In addition, even in .
the case of constructing multiple UL CCs, a épecific UCI
(e.g;, ACK/NACK response to DL CC) is transmitted through a
predetermined one UL CC (e.g., a primary CC, a primary cell,
or Pcell). 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 1is 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

21
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codeword in the above-mentioned CC, the humber of
associated ACK/NACK responses 1is 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 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 sepafately' discriminate a DTX
(discontinuous transmission) state for each DL CC, at least
12 bits (=5° = 3125 = 11.61 bits) for ACK/NACK transmission
are needed. The conventional PUCCH format 1la/lb can
transmit ACK/NACK to the range of a maximum of 2 bits, such
that the above-mentioned structure cannot transmit the
extended ACK/NACK information. For convenience of
description, although the amount of UCI information 1is
increased due to the carrief 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
associated with several DL CCs is transmittéd through one
UL CC, the amount of control information to be transmitted
is increased. For example, in case of transmitting
CQI/PMI/RI for several DL CCs, UCI payload may be increased.

In FIG. 28, a UL anchor CC (UL PCC (primary CC), also

called a UL primary CC) is a CC for transmitting PUCCH



10

15

20

WO 2012/128513 PECT/KRZOIZ/OOHZI

IRK 201270019 21

42

resources or UCI, and may be cell-specifically or UE-
specifically determined. For example, the UE may determine
a CC for attempting to perform an initial random access to
be a primary CC. In this case, the DTX status may be
explicitly fed back, and may be fed back to share the same
state as that of a NACK.

The LTE-A conceptually uses the cell to manage radio
resources. The cell ié 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. 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. The cell operated on the
primary frequency (or PCC) may be referred to as a primary
cellh (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) wused when the initial
connection establishment process 1is performed or when a
connection re-establishment process is started. PCell may

also indicate the cell indicated in a handover process. In
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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

additioﬁal radio resources. PCell and SCell may be
generically named as a serving cell. 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. 1In 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 be
contained in the entire serving cell. For carrier
aggregation, after the initial security activation process
is started, the network may be added to the initially
configured PCell in a connection establishment process, and
may be configured for the UE that supports carrier
aggregation using one or more SCells. Therefore, PCC may be
used interchangeable with a PCell, a primary (radio)
resource, and a primary frequency resource. Similarly, CSS
may be used interchangeable with a SCell, a secondary
(radio) resource, and a éecondary frequency resource,

The method for effectively transmitting the increased
UL control information (UCI) will hereinafter be described

with reference to the accompanying drawings. In more
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detail, the following description proposes the new PUCCH
format / signal processing / resource allocation method
capable of transmitting the increased UL control
information (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 upto 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 transmitting UL control
information (UCI) using the same or similar scheme. For
example, the embodiment of the present invention can be
applied to a periodical 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/la/lb (normal CP) of the conventional
LTE is wused 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
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purposes for convenience of description, and the scope or
spirit of the preéent invention is not limited only to a
specific structure. In the PUCCH format 3, the number of
UCI/RS symbols, the positions of the UCI/RS symbols, etc.
may be freely modified according to the system design. For
example, the PUCCH 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 Dbe used to transmit arbitrary
categorized/sized uplink control information .(UCI). For
example, the PUCCH format 3 according to the embodiment of
the present invention may transmit a variety of information,
for example, HARQ ACK/NACK, CQI, PMI, RI, SR, etc., and
these information may have arbitrary-sized payloadv. For
convenience of description, the present embodiment 1is
focused upon the exemplary case in which the PUCCH format 3
transmits the ACK/NACK information, and a detailed
description thereof will be described later.

FIGS. 29 to 32 exemplarily show a PUCCH format 3 and
associated signal processing according to the embodiments
of the present invention. Particularly, FIGS. 29 to 32

exemplarily show the DFT-based PUCCH format structure.
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According to the DFT-based PUCCH structure, DFT precoding
is performed in PUCCH, and a time domain orthogonal cover
(0C) is applied to each SC-FDMA level and then transmitted.
The DFT-based PUCCH format is generically named as a PUCCH
format 3.

FIG. 25 exemplarily shows the PUCCH format 3
structure using the orthogonal code (oC) of SF=4.
Referring to FIG. 25, 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,
b1,..., bN-1). M is the sgize of information bit, and N
is the size of coding bit. The transmission bit may
include UCI, for example, multiple ACK/NACK data for
multiple data (or PDSCH) received through multiple DL CCs.
In this case, the information 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
information 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,
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punctured RM coding, Tail-biting convolutional coding

(TBCC), 1low-density parity-check (LDPC) or turbo—codihg.
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
contained in some parts of the channel coding block or may
be performed through a separate functional Dblock. For
example, the channel coding block may perform the (32,0) RM
coding for several control information 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,

c1l,..., ¢ L-1). L is the size of a modulation symboi.

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)f QPSK
(Quadrature PSK), 8-PSK, QAM, 16-QAM, 64-QAM, etc.

The divider distributes the modulation symbols (c¢_0,
cl,..., c L-1) to individual slots. The

order/pattern/scheme for distributing the modulation

1921
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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 O; 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 O,
and the odd-th modulation symbols may be distributed to
Slot 1; If necessary, the modulation process and the
division 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 the drawings, the modulation
symbols (¢ 0, ¢ 1,..., c_L/2-1) distributed to Slot 0 may
be DFT-precoded to DFT symbols (d 0, 4 1,..., 4 L/2-1), ad
the modulation symbols (c_ L/2, ¢ L/2+1,..., c_L-1)

distributed to Slot 1 may be DFT-precoded to DFT symbols
(& Ln/2, 4 L/2+1,..., d L-1). The DFT precoding may be
replaced with another 1linear operation (e.g., Walsh

precoding) .
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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 wusing ’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 orthogonal 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 spieading 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-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 Dbe
relevant to the UE multiplexing order or antenna
multiplexing order. SF may be changed according to system
requirements, for example, in the order of 1 > 2 2> 3 2

4,... The SF may be pre-defined between the BS and the UE,
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or may be transferred 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 subcarriers 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
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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 symbolsg], 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. 30 exemplarily shows the PUCCH format 3
structure using the orthogonal code (OC) of SF=5.

The basic signal processing of FIG. 30 is identical
to that of FIG. 29. Compared to FIG. 29, the
number/position of UCI SC-FDMA symbols and the
number/position of RS SC-FDMA symbols shown in FIG. 26 are
different from those of FIG. 29. In this case, the
spreading block may also be pre-applied to the previous
stage of the DFT precoder as necessary.

In FIG. 30, 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

PUCCH) . For

according to a cyclic shift (CS) interval (AQgnirt

example, the multiplexing capacity is given as 12/Zmiec’ .

In case of Quiect°=1, the multiplexing capacity is set to

PUCCH
C =2

12. In case of ZLmirt , the multiplexing capacity is

PUCCH
C =3

set to 6. In case of Algnirt , the multiplexing capacity

921
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is set to 4. In FIG. 30, while the multiplexing capacity

of the data part is set to 5 because of SF=5, the RS

multiplexing capacity is set to 4 in case of Agnig’ o,

such that the resultant multiplexing capacity may be
limited to 4 corresponding to the smaller one of two
capacity values 5 and 4.

FIG. 31 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. 29 and 30 is applied to RS, resulting in increase in
the entire multiplexing capacity. Referring to FIG. 31, if
a Walsh cover (or DFT code cover) is applied in the slot,
the multiplexing capacity is doubled. Therefore, even in

PUCCH  the multiplexing capacity is set to 8,

the case of Awmirt
such that the multiplexing capacity of the data section is
not decreased. In FIG. 31, [yl y2l=[1 1] or [yl y2]=[1 -1],
or linear conversion format (e.g., [j jl [3-31, [1 j1 [1-3],
or the like) may also be used as an orthogonal cover (oc)
code for RS.

FIG. 32 exemplarily shows a PUCCH format 3 structufe
in which the multiplexing capacity can be increased at a

subframe level.

If the frequency hopping is not applied to the slot

21
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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. 29 to 32.

FIG. 33 exemplarily shows ACK/NACK transmission based
on channel selection. Referring to FIG. 33, in association
with the PUCCH format 1b for 2-bit ACK/NACK feedback, two
PUCCH resources (PUCCH resources #0 and #1) may be
established.

When transmitting the 3-bit ACK/NACK information,vz
bits from among 3-bit ACK/NACK information may be expressed
through the PUCCH format 1lb, and the remaining one bit may
be expressed according to resources selected from among two
PUCCH resources. For example, if UCI is transmitted using
the PUCCH .resource #0, this means data ‘0’. If UCI is
transmitted using the PUCCH resource #1, this means data
‘1. Therefore, 1 bit (0 or 1) can be expressed by
selecting one of two PUCCH resources, thereby expressing a
total of 3-bits ACK/NACK information.

Table 11 exemplarily shows transmission of ACK/NACK

information of 3 bits using channel selection. In this
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case, two PUCCH resources may be established as necessary.

[Table 11]
ACK/NACK Chi Ch2
RS Data RS Data

N,N,N 1 1 0 0
N,N,A 1 - 0 0
N,A,N 1 j 0 0
N,A,A 1 -1 0 0
A,N,N 0 0 1 1
A,N,A 0 0 1 -5
A,A,N 0 0 1 5
A,A,A 0 0 1 -1

In Table 11, A is ACK information, and N is NACK
information or NACK/DTX information. ‘1, -1, J, -3
denotes four QPSK-modulated complex modulation symbols
obtained when 2-bits transmission information ‘b(0),b(1)’

transmitted from a PUCCH format is QPSK modulated.

‘b(0),b(1l)’ may correspond to a binary transmission bit
transmitted using the selected PUCCH resources. For
example, as can be seen from Table 12, the. binary
transmission bits ‘b(0),b(l)’ are mapped to a complex

modulation symbol, such that the mapped result is
transmitted through PUCCH resources.

[Table 12]
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Modulation Binary transmission Complex
bits b(0),b(1) modulation symbol
QPSK 0,0 1
0,1 -]
1,0 J
1,1 1

FIG. 34 is a diagram showing a transmission structure
of ACK/NACK information using enhanced channel selection.
Although PUCCH #0 and PUCCH #0 are contained in different
time/frequency domains for convenience of description, the
scope and spirit of the present invention is not limited
thereto, and may also be configured to use different codes
in the same time/frequency domain. Referring to FIG. 34,
two PUCCH resources (PUCCH resource #0 and #1) may be
established in association with PUCCH format la for 1-bit
ACK/NACK transmission.

If ACK/NACK information of 3 bits is transmitted, one
bit from among 3 bits may be represented through a PUCCH
format la, the other one bit may be represented according
to which one of PUCCH resources (PUCCH resource #0 and #1)
is associated with ACK/NACK transmission, and the last one
bit may be differently represented according to which one
of resources is related to a reference signal (RS)

transmission. In this case, although the RS may be
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preferably transmitted within the time/frequency regions of
the first selected PUCCH resources (PUCCH resource #0 and
#1), the RS may also be transmitted in time/frequency
regions of the ofiginal PUCCH resources.

That is, since one of the following first to fourth
cases is selected so as to represent 2 bits (corresponding
to four cases), a total of 3-bits ACK/NACK information is

represented. In the first case, ACK/NACK information is

.transmitted through the PUCCH resource #0, and the RS

related to a resource corresponding to the PUCCH resource
#0 1is also transmitted through the PUCCH resource #0,
ACK/NACK information is transmitted. In the second case,
ACK/NACK information is transmitted through the PUCCH
resource #0, and the RS related to a resource corresponding
to the PUCCH resource #1 1s transmitted. In the third case,
ACK/NACK information is transmitted through the PUCCH
resource #0, and the RS related to a resource corresponding
to the PUCCH resource #1 1is transmitted. In the fourth
case, ACK/NACK information is transmitted through the PUCCH
resource #1, and the RS related to a resource corresponding
to the PUCCH resource #0 is transmitted.

Table 13 exemplarily shows transmission of 3-bits
ACK/NACK information using the enhanced channel selection.

In this case, it is assumed that two PUCCH resources are

1921
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established.
[Table 13]
ACK/NACK Chil Ch2
RS Data RS Data
N,N,N 1 1 0 0
N,N,A 1 -1 0 0
N,A,N 0 1 1 0
N,A,A 0 -1 1 0
A,N,N 1 0 0 1
A,N,A 1 0 0 -1
A,A,N 0 0 1 1
A,A,A 0 0 1 -1

Differently from Table 12 showing channel selection,
Table 13 showing the enhanced channel selection 1is
éharacterized in thét a symbol mapped to PUCCH resources
can be BPSK modulated. However, differentiy from Table 13,
a complex symbol may be QPSK modulated using PUCCH format
1b. In this case, the number of bits capable of being
transmitted through the same PUCCH resources may be
increased.

Although FIGS. 33 and 34 exemplafily show that 2
PUCCH resources are established to transmit 3-bits ACK/NACK
information, it should Dbe noted that the number of

transmission bits of ACK/NACK information may be
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established in various ways. Even when other uplink

control information is transmitted instead of the ACK/NACK

information, or even when ACK/NACK information and other

uplink control information are simultaneously transmitted,

S it is obvious to those skilled in the art that the same
principles may also be applied without distinction.

Table 14 exemplarily shows that two PUCCH resources

are established and 6 ACK/NACK states are transmitted using

channel selection.

10 [Table 14]
HARQ-ACK (0), HARQ-ACK(1) n™® sucen b(0),b(1)
ACK, ACK n bueen, 1 1,1
ACK, NACK/DTX n' bucen, 0 0,1
NACK/DTX, ACK n™ ppeen 1 0,0
NACK/DTX, NACK n ueena 1,0
NACK, DTX A n sycen, o 1,0
DTX, DTX N/A N/A

Table 15 exemplarily shows that three PUCCH resources
are established and 11 ACK/NACK states are transmitted
using channel selection.

15 [Table 15]

HARQ-ACK(0), HARQ-ACK(1l), HARQ-ACK(2) 0V been b(0),b(1l

ACK, ACK, ACK n'" pecn, 2 1,1
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ACK, ACK, NACK/DTX 0™ pycen. 1 1,1
ACK, NACK/DTX, ACK n pucen, o 1,1
ACK, NACK/DTX, NACK/DTX n™ syeen, o 0,1
NACK/DTX, ACK, ACK 0™ pucen, 2 1,0
NACK/DTX, ACK, NACK/DTX n® buecn 1 0,0
NACK/DTX, NACK/DTX, ACK ' n® pucen, 2 0,0
DTX, DTX, NACK n™ pucen, 2 0,1
DTX, NACK, NACK/DTX n ocen ©1,0
NACK, NACK/DTX, NACK/DTX n® pucen, o0 1,0
DTX, DTX, DTX N/A N/A

Table 16 exemplarily shows that four PUCCH resources
are established and 20 ACK/NACK states are transmitted

using channel selection.

[Table 16]

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(z), n'Y sucen b(0),b(1)

HARQ-ACK (3)
ACK, ACK, ACK, ACK n® oucen 1 1,1
ACK, ACK. ACK, NACK/DTX n pucen, 1 1,0
NACK/DTX, NACK/DTX, NACK, DTX n® Lecn, 2 1,1
ACK, ACK, NACK/DTX, ACK nY sucena 1,0
NACK, DTX, DTX, DTX 0 bocen, o 1,0
ACK, ACK, NACK/DTX, NACK/DTX nY bucen 1 1,0
ACK, NACK/DTX, ACK, ACK n* byecn.a 0,1
NACK/DTX, NACK/DTX, NACK/DTX, NACK nY bucen. 1,1
ACK, NACK/DTX, ACK, NACK/DTX n™® pucen, 2 0,1
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ACK, NACK/DTX, NACK/DTX, ACK nY pucen, o 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX n® bueen, o 1,1
NACK/DTX, ACK, ACK, ACK n® sycen. s 0,1
NACK/DTX, NACK, DTX, DTX n pyeen, 1 -~ 0,0
NACK/DTX, ACK, ACK, NACK/DTX n ucen, 2 1,0
NACK/DTX, ACK, NACK/DTX, ACK n'Y sueen,s 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX nY pucen, 1 0,1
NACK/DTX, NACK/DTX, ACK, ACK nY Lucen, 3 0,1
NACK/DTX, NACK/DTX, ACK, NACK/DTX nY pucen, 2 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK n' buccn, 3 0,0
DTX, DTX, DTX, DTX N/A N/A

In the meantime, the UE collects (e.g., multiplexing,
bundling, etc.) responses of some cases each requiring
multiple ACK/NACK feedbacks received from PCell DL CC and
SCell(s) DL CC, and transmits the collected result using
one PUCCH in a UL CC of PCell.

The case in which HARQ ACK/NACK feedback for DL CC is
needed may generally include the following three cases:

First, as can be seen from Table 17, HARQ ACK/NACK
feedback may be requested.

[Table 17]
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For a PDSCH(s) transmission indicated by the detection of a comesponding PDCCH(s) in

subframefs) -k, where ke Kand Kis a set of M elements {k.k.k,.,} depending on the
Vs Moo By GEPENAING

subframe 11 and the UL-DL configuration.

Table 17 shows PDSCH(s) requesting general A/N
feedback. The above-mentioned PDSCH may exist in all of DL
PCell and SCells. For convenience of description, the

5 above-mentioned case will hereinafter be referfed to as
‘PDSCH with PDCCH’ .
Next, as can be seen from Table 18, HARQ ACK/NACK

feedback may be requested.

[Table 18]

For a PDCCH(s) indicating downlink SPS release in subframe(s) n-k, where ke Kand X s a set of

Melements {k k. depending on the subframe nand the UL-DL configuration,
g KooKy GEPENAIG g

10

Table 18 shows A/N feedback for PDCCH(s) for SPS
release. In this case, only one ‘PDSCH  without
corresponding PDCCH’ may exist across one or more DL cells
within one subframe. In addition, A/N feedback for

15 ‘PDCCH(s) indicating DL SPS activation’ may not be
performed, whereas A/N feedback for ‘PDCCH(s) indicating DL

SPS release’ is performed. In addition, PDCCH may exist
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only in DL PCell. In the following description, the above-
mentioned case will hereinafter be referred to as ‘DL SPS
release’ for convenience of description.

In addition, according to the following Table 19, HARQ
ACK/NACK feedback may be requested.

[Table 19]

For a PDSCH(s) transmissibn where there is not a corresponding PDCCH detected in subframels) n-#,

where keKand K is a set of M elements {k.k.F,,.} depending on the subframe 1 and the

UL-DL configuration.

Table 19 shows A/N feedback for Semi-Persistent
Scheduling (SPS) using PDSCH(s) having no PDCCH(s) . In
addition, only one ‘PDSCH without corresponding PDCCH’ may
exist across one or more A/N feedbacks. In addition, PDSCH
may exist only in the DL PCell. In the following
describtion, the following case is referred to as ‘DL SPS'
for convenience of description.

However, an HARQ ACK/NACK feedback event described in
Tables 17 to 19 is disclosed only for illustrative purposes,
and HARQ ACK/NACK feedback may also be applied to the case
in which another event occurs.

Meanwhile, in Tables 17 to 19, M is the number of

elements of the set K, and denotes HARQ-ACK transmission
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time point for downlink reception, and K may be represented
by the following Table 20 according to the subframe

location(n) and TDD UL-DL configuration.

[Table 20]
UL-DLv Subframe nv

Configuration«| 4 | 1 2 3 4 |56 7 8|9
0 .- 6 - 4 4-1-1 6 |-]4
1o - 7,6 4 -] 76 4] -
20 - |- 8746 ’ - < l-]-18746|-]-]|
3 .- 7,6, 11 65 |[54]-]|- . - -
4. S 12,8,7,11 6,547 - |-|- - - -
5¢ --113,12,8,87,54,11,6 - N - - -
6o - - 7 7 5 -1~ 7 71 -

In addition, Table 20 may also be represented by FIG.
35.

FIG. 35 shows an example of ACK/NACK feedback in a
Time Division Duplexing (TDD). Referring to FIG. 35,
before ACK/NACK feedback is performed in UL subframes of
the second one from among two frames, it can be recognized
which DL subframe was ACK/NACK fed back as shown in Table
20.

For example, if the highest UL-DL configuration is

‘set to 0, 6 UL subframes exist in one frame. 1In addition,

in a first UL subframe of the second frame, ACK/NACK of a
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special subframe (i.e., the sixth subframe located ahead of
the first UL subframe of the second frame) is fed back. 1In
addition, ACK/NACK is not fed back in the second UL
subframe. In addition, in the third UL subframe, ACK/NACK
for a DL subframe corresponding to the fourth subframe
located ahead of the third UL subframe is fed back. In
addition, in the fourth UL subframe, ACK/NACK for a special
subframe corresponding to the sixth subframe located ahead
of the fourth UL subframe is ACK/NACK fed back. In
addition, in the fifth UL subframe, ACK/NACK is not fed
back. In the sixth UL subframe, ACK/NACK for a‘DL subframe
corresponding to the fourth subframe located ahead of the
sixth UL subframe ié fed back.

In another example, if the UL-DL configuration located
at the second position from the top of FIG. 35, 4 UL
subframes exist in one frame. In a first UL subframe of
the second frame, ACK/NACK signals of DL subframes of the
7t and 6" subframes (i.e., the preceding frames) located
ahead of the first UL subframe and a special subframe are
collected (i.e., multiplexed or bundling) and fed back. 1In
addition, in the second Ul subframe, ACK/NACK of a DL
subframe corresponding to a fourth subframe located before
the second UL subframe is fed back. In addition, in the

third UL subframe, ACK/NACK signals of DL subframes (the
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7*" and 6" subframes located before the third UL subframe)
and a special subframe are collected (multiplexing or
bunlding) and the collected result is fed back. In
addition, in the fourth UL subframe, ACK/NACK signals of
the DL subframe corresponding to a previous fourth subframe
is fed back. For convenience of description, although
operations of the other UL-DL configurations will herein be
omittea, the same analysis as in examples of the preceding
Ul-DL configurations 0 and 1 may be used as necessary.

That 1is, the locations of DL subframes of ACK/NACK

signals being fed back in individual UL subframse are

~differently determined according to TDD UL-DL configuration

and UL subframe locations.

In case of FDD, M is always set to 1, and K is always
set to {k}=1{4}.

Meanwhile, although cross scheduling from a PCell to
SCell(s) can be supported, cross scheduling from SCell(s)
to PCell may not be supported.

In this case, i1if cross-scheduled cell(s) from other
cells may exist, additional PDSCH allocation may not be
performed in the above-mentioned cell(s). That is, one
cell may be scheduled from only one éell.

Meanwhile, cells for use in TDD may be restricted o

use the same UL-DL configurations as necessary. For

1921%
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3example, the cells may equally use UL-DL configurations
shown in the following Table 21.

[Table 21]

Uplink- l Ratio« | Downlink-to-Uplink » numbers
downlink: | (D+8:U)s 8wit§:h-p<_>lnt 6o 60| 70| 851 @0
configurations (D:U)e periodicitys
o | 4o 5 mse
fo (gég)p 5mse
2 et dmse
30 ég; 10 mse
4o (?3; 10 mse De| Dej{ De| De| D¢
b¢ (g:‘); 10 mse Ds| De| Da| De| D¢
6 ég;A' 5 mss
That 1is, the communication environment may be

designed on the assumption that neighbor base stations
(BSs) .use the same UL-DL configuratiqns. However, although
neighbor BSs consider the time-synchronized network, if the
neighbor BSs use different UL-DL configurations, an
unexpected collision between a DL signal of a specific BS
and a UL signal of a specific UE may occur.

There may be a first UE capable of réceiving a DL
signal from the BS (a) at a cell edge, and there may also
be a second UE caﬁable of transmitting a UL signal to the
BS (b) at a 1location close to the first UE. Due to

different UL-DL configurations between  BSs, mutual
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interference may occur.

In addition, the use of the same UL-DL configurations
between neighbor or contiguous BSs may deteriorate
liquidity of BS resource management. That is, provided
that different UL-DL configurations are used on the basis
of the amount of traffic among BSs, resource management can
be more dynamically and actively performed.

For example, provided that the amount of UL resources
needed for UEs of a specific BS is increased while the same
UL-DL configurations are used by the BSs, the BS converts
the above-mentioned UL-DL configurations into the enhanced
UL-DL configuratiéns including many more UL subframes, such
that the BS can perform a communication service using much
more UL resources.

In another example, under the condition that the BSs
use the same UL-DL configurations, if the number of
communicable UEs belonging to a specific BS is reduced
during a time zone (such as dawn) including a very small
amount of traffic data, the BS converts the UL-DL
configurations into other UL-DL configurations having ﬁany
more UL subfrémes, such that unnecessary DL transmission
(e.g.. synchronization signal, reference signal,
broadcasting channel, etc.) 1is reduced, resulting in

implementation of the BS power saving.
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In addition, wusing the same UL-DL configurations
between cells in the above-mentioned CA environment may
deteriorate fluidity of BS resource management. That is,
provided that it 1is possible to wuse different UL-DL
configurations on the basis of traffic amount among
multiple cells, resources can be more dynamically and
actively managed/operatea.

For example, provided that the number of UL resources
required for UEs of a specific BS is increased by one while
all the same UL-DL configurations are used in cells, UL-DL
configurations of one or more specific cells are changed to
UL-DL configurations including many more UL subframes, such
that a communication service can be implemented using much
more UL resources.

In another example, under the condition that the
cells use the same UL-DL configurations, if the number of
communicable UEs belonging to a specific BS is very low
during a time zone (such as dawn) including a very small
amount of traffic data, the BS converts the UL-DL
configurations of at least one specific cell into other UL-
DL configurations having many more UL subframes, such that
unnecessary DL transmission (e.g.. a synchronization signal,
a reference signal, a Dbroadcasting channel, etc.) 1is

reduced, resulting in implementation of the BS power saving.

1991
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Specifically, under the inter-band CA environment,
different uplink transmission time points between cells may
be needed, and the UE may use a plurality of RF units to
perform communication under the inter-band CA environment.

In the case of the above-mentioned inter-band CA
environment, different UL-DL configurations may  be
configured at each RF unit without gcausing interference
between cells.

Therefore, | if the use of different UL-DL
configurations between BSs and/or cells of CA (CCs or
bands) is supported, the above-mentioned effects can be
guaranteed.

If different UL-DL configurations may occur between
cells, there may occur an unexpected problem in ACK/NACK
feedback.

The above-mentioned problems are shown in FIG. 36 for
convenience of description and better understanding of the
present invention.

In FIG. 36, it 1is assumed that Cell #1 uses UL-DL
configuration 3 as PCell, an Cell #2 uses UL-DL
configuration 4 as SCell. 1In addition, it is also assumed
that ACK/NACK feedback is transmitted through a PUCCH of
PCell and is operated according to UL-DL configuration of

the PCell.
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Referring to FIG. 36, ACK/NACK signals related to the
previous 7" and 6 subframes and the previous 11%" DL (or
special) subframes of two cells are collected through a
PUCCH of the first UL subframe of a PCell within a second

frame, and the collected result may then be transmitted

using the multiplexing or bundling scheme. ACK/NACK

signals of the previous 6" and 5% DL subframes of two
cells are collected through a PUCCH of the second UL
subframe of a PCell, and may be transmitted using
multiplexing or bundling. ACK/NACK signals of the
previous 5“‘ahd 4*® DI, subframes of two cells are collected
through a PUCCH of the third UL subfarme of a PCell, and
may be transmitted using multiplexing or bundling. In this
case, there may occur an unexpected problem. That is, a
time domain corresponding to the third UL subframe of a
PCell belonging to a frame may be used as a DL subframe of
SCell, and an ACK/NACK feedback region for the above-
mentioned region is not defined. That is, in FIG. 36,
ACK/NACK feedback for the third DL subframe (including a
special subframe) of SCell (Cell #2) may be dropped.
Although FIG. 36 shows the problems encountered in
the ACK/NACK feedback for convenience of description, it
should be noted that the above-mentioned problems may also

occur in Channel State Information (CSI) transmission in

1921
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addition to the ACK/NACK feedback. In this cése, CSI may
include a Channel Quality 1Indicator (CQI) , a Rank
Indication (RI), a Precoding Matrix Indicator (PMI), a
Precoding Type Indicator (PTI), etc.

In addition, the inter-band CA has different inter-
band frequency characteristics, such that proéagation/path
delay, a (fading) channel and a propagation/path loss may
be different from one another.

Therefore, it may be necessary for the UE ¢to
establish different inter-band Tx/Rx times and different
inter-band Tx powers. Specifically, if uplink transmission
timing of the UE is different between cells, a transmission
time may be restricted due to the timing difference.

For example, an ACK/NACK response to ‘'PDSCH with
PDCCH’ at the nOth DL subframe in an FDD (frame structure
type 1) is transmitted through a PUCCH of the (n+4)-th UL
subframe (here, a subframe is 1ms 1long), because the
processing time for demodulating a PDSCH of the UE and
generating ACK/NACK is about 3ms (or 3ms - 2 * propagation
delay) . In this case, in an FDD situation composed of 2
cells, it is assumed that a frame boundary of a DL CC of a
PCell is received earlier than a frame boundary of a DL CC
of SCell. TIf ACK/NACK feedback is performed on the basis

of a time of PCell, there is no problem in answering a
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reception signal of the n-th vsubframe at the (n+4)-th
subframe from the viewpoint of PCell. However, from ﬁhe
viewpoint of SCell, gince the n-th subframe 1is received
later than the n-th subframe of PCell, the processing time
needed for answering the (n+4)-th subframe of PCell may be
relatively insufficient.

Therefore, in order ¢to solvé the above-mentioned
problems, the present invention provides a method for
effectively using different ‘UL-DL configurations between
cells, CCs, or bands, and/or a method for effectively
supporting different uplink transmission timing points.
However, although it is assumed that the use of different
UL-DL configurations is applied to TDD for convenience of
description, it should be noted that the use of different
UL-DL configuratidns may also be applied to the case in
which TDD and FDD are simultaneously established between
cells. In addition, the use of different wuplink
tfansmission timing poinﬁs may also be applied not only to
TDD but also to FDD.

In order to enable a specific UE to support different
UL-DL configurations between configured serving cells, the
present invention proposes a method for using virtual
PCell(s) or cell group(s) whereas it is designed to use

transmission timing for only one control information and
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only one PCell.

That 1is, a specific UE may include one oOr more
virtual PCells or one or more cell groups[ and may use a
transmission time point and/or PUCCH for either ACK/NACK or
CSI for each virtual PCell or for each cell group, and then
feed back the ACK/NACK or CSI.

In this case, the number'of virtual PCells or cell
groups capable of being assigned to a specific UE may be
equal to or less than a total number of cells configured in
the UE.

In the present invention, virtual PCell(s) or cell
group(s) may be conceptually differnet from Pcell for use
in LTE-A Rel-10.

That is, virtual PCell(s) or cell group(s) may be
cell(s) in whecih PUCCH can be transmitted by the UE.
Cell(s) incapable of transmitting PUCCH may be referred to
as SCell(s). That is, supporting virtual Pcell(s) or cell
group(s) may be conceptually identical to supporting
multiple PUCCHs. |

In addition, although virtual PCell(s) or cell
group(s) are explicitly indicatéd or titled, cell(s)
capable of transmitting PUCCH f?om among a plurality of
cells may be conceptually identical to virtual PCell(s) of

the present invention.
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Alternatively, virtual PCell(s) or cell group(s) may

be cell(s) in which the UE has a reference UL-DL

configuration of HARQ-ACK (or ACK/NACK) feedback
transmission timing (e.g., See FIG. 20) for downlink
transmission. That is, if carrier aggregation (CA) of a

cell in which two or more UL-DL configruations are assinged
to the UE is configured, cell(s) that -include(s) a
reference UL-DL configuration of HARQ-ACK (or ACK/NACK)
feedback‘ transmission timing related to downlink
transmission of at least one cell may be referred to as
vitrual PCell(s).

In conclusion, virtual PCell(s) or cell group(s) may
represent refernece cell(s) for performing at least one
oepration from améng the following oeprations. For
convenience of description, virtual PCeil(s) or cell
group(s) may élso be referred to as ‘'virtual PCell’.
However, the scope or spirit of the present invention is
not limited only to 'virtual Pcell', and can also be
applied to mﬁltiple virtual Pcells, cell group, and
multiple cell groups without change.

'virtual PCell’ may indicate a reference cell for
performing at least one of the following operations (1) to
(7).

(1) Cell in which PUCCH transmission is possible may
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be used.

(2) Reference cell of ACK/NACK timing to PDSCH or
PDCCH may be used.

(3) Reference cell of timing that indicates whether
PHICH received by UE is an A/N response to PUSCH
transmission, may be used.

(4) After PUSCH transmission of UE, a reference cell
of timing related to PHICH-expected subframe may be used.

(5) If UE receives a UL grant (DCI format 0 or 4) at
PDCCH, a reference cell of timing indicating when PUSCH
transmission was allocated may be used.

(6) If PHICH is received as NACK by UE or if PHICH is
not received by the UE, a reference cell of timing
indicating when PUSCH retransmission will be performed may
be used.

(7) If the UE transmits PUCCH, a reference cell of
timing indicating when PDSCH or PDCCH(s) output(s) A/N
responses.

In addition, a wvirtual PCell may not include DL-UL
linkage (for example, linkage of system information block
2), may represent a virtual primary carrier, or may also be
referred to as '‘multiple anchor carriers’.

Detailed description of the present invention will

hereinafter be described with reference to FIG. 37.



10

15

20

WO 2012/128513 PCT/KR2012/001921 1 9 21

76

FIG. 37 shows a method for transmitting control
information using a virtual PCell when the UE configured
serving cell exists.

FIG. 37 shows a method for changing a reference cell
for UCI feedback so as to allow a specific UE to support
different UL-DL configurations between the configured
serving cells.

In more detail, the present invention provides a
method for wusing a specific éell employing UL-DL
configurations as a virtual PCeli for at 1least one UCI
feedback such as ACK/NACK. Herein, the UL-DL
configurations include the smallest number of UL subframes
in a frame and also include the largest number of DL
subframes in the frame.

In this case, although change of the PCell for UCI
feedback may indicate change of the actual PCell, the PCell
change for UCI feedback may also indicate change of the
virtual PCell. The change of the virtual PCell indicates
that the actual PCell remains, one cell is selected from
among a first cell and a second cell and the selected cell
is assumed to be a PCell that includes the smallest number
of UL subframes in the frame. Herein, the first cell is
used as an application reference of a procedure and/or

reference of at least one UCI feedback such as ACK/NACK,
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and the second cell includes the smallest number of UL
subframes of the frame only in a cell having PUCCH. Under
the above-mentioned assumption, a necessary procedure may
be performed.

In the case of transmission of control information,
the conventional method may Dbe applied té DL-UL
configuratibn of the changed virtual PCell.

Herein, the virtual PCell may be applied only to DL
CCs, original PCell and SCells are used in DL CCs without
change and may also be applied only to UL CCs, and the
original PCell and SCells may be simultaneously applied to
DL and UL CCs as necessary.

In FIG. 37, threeUL subframes are present in a frame
of a PCell (Cell #1), and two UL subframes are present in a
frame of an SCell (Cell #2). 1In this case, if the PCell is

Cell #1 including the smaller number of cell indexes, the

present invention assumes that PCell for UCI feedback is

determined to be Cell #2 including the smaller number of UL
subframes in the frame.

Referring to FIG. 37, Cell #1 indicating an original
PCell uses a UL-DL configuration 4 (two UL subframes exist
in the frame), and Cell #2 indicating the Scell uses a UL-
DL configuration 3(three UL subframes exist in the frame).

In this case, the number of UL subframes of PCell is larger

1921
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than the number of UL subframes of the SCell, such that
PCell change for UCI feedback occurs. By the PCell change,
UCI feedback assumes that a virtual PCell (Cell #2) is a
PCell). In this case, the ACK/NACK feedback is transmitted
over a PUCCH of the wvirtual PCell, and is operated
according to UL-DL configuration of the virtual PCell.

In the second frame of FIG. 37, thrdugh.a PUCCH of a
first UL subframe of the virtual PCell, ACK/NACK signals
related to the previous 12, 8™, 7" 11" DL subframes of
two cells are collected (for example, multiplexing or
bundling) and transmitted.

In this case, the virtual PCell (where a UL subframe
instead of a DL subframe is present in the time domain) and
at least one virtpal SCell may be present in the time
domain as necessary. In this case, ACK/NACK may not be
transmitted, or ACK/NACK may also be transmitted as a
predetermined fixed valué or another value (e.g., a
repetition value of A/N information regarding a DL subframe
of the corresponding virtual PCell) based on a
predetermined fixed rule.

Provided that non-transmission of ACK/NACK is
determined, the number of ACK/NACK payloads or the number

of payloads when the same DL-UL configurations are used

between cells may be changed. If the same DL-UL
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configurations are used and full multiplexing is also used
without ACK/NACK bundling, the number of ACK/NACK payloads
transmitted over one PUCCh of a specific virtual PCell may
be determined as shown in the following equation 3.

[Equation 3]

nuraber of configured cells -1
Pavioad = b W .TB,
o A I
i=0
rumber of configured cells -1
= > TB,

s ;
i=0

In Equation 3, W is a bundling window size, and may
be set to M of Table 20. If the UL-DL configuration
between cells are identical to each other, the Same inter-
cell value may be achieved. 1In addition, 7B 1is the number
of maximum transport blocks supportable by i-th configured
serving cells, or is the number of codewords supportable by
the i-th cdnfigured serving cells. 7B, is 1 or 2 in LTE-A
Rel-10. Although the 2-configured cell can use the smaller
number of codewords, ACK/NACK  feedback may be designed on
the basis of a maximum number of codewords for each cell.

If a time domain of a DL subframe for feedback is a UL
subframe, A/N based information can be transmitted using
the same payload as in Equation 3. In other words,

ACK/NACK information may be repeatedly inserted in previous

1921
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cells of the above-mentidned information, or a
predetermined fixed value (e.g., NACK or NACK/NACK) may be
transmitted, such that payload can be maintained.

On other hand, if a time domain of the DL subframe for
feedback is a UL.subframe, the payload may be reduced in
size. In this case, Equation 3 may also be represented by
the following equation 4.

[Equation 4]

number of configured cells—1 nurmber of configured cells—1

)
i=0 i

Pavioad = > (Woge ) TB, - > (Nezs = Nop o ) 75

]

In Equation 4, W,, is a bundling window size of a
PCell, may be set to M of Table 20. 7B is the number of
maximum transport blocks supportable by i-th configured

serving cells, or is the number of codewords supportable by

the i-th configured serving cells. N, is the number of UL

subframes contained in a frame of the i-th configured

serving cell, and Ny, 1s the number of UL subframes of a

frame of the PCell.

If the same DL-UL configuration is used in cells, a
second term becomes zero ‘0’ and disappears, such that
Equation 4 becomes identical to Equation 3. However,
according to the present invention, provided that the UL-DL

configuration having a UL subframe in which the number of

21
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virtual SCells is higher than the number of virtual PCells
is configured, the number of DL subframes éontained in the
virtual SCell(s) is less than the number of virtual Pcells
by a predetermined number corresponding to a difference in
number between the UL subframes, such that A/N payload for
the corresponding part can be reduced.

For example, provided that PCell is denoted by ‘UL, DL,
DL, DL’ and SCell is denoted by ‘DL, DL, DL, DL’, UCI
feedback enables the SCell to be used as a virtual PCell,
such that UCI feedback is achieved on the basis of the
virtual PCell. In case of a codebook size used when each
of the cells include a maximum single TB (codeword), M=4 is
applied under channel selection. In the case of Format 3,
the codebook size is set to 8, and the corresponding
information is piggybacked through a PUSCH. If there is no
UL DAI, the codebook size is set to 8 and the corresponding
information is piggybacked through a PUSCH. 1In additioh,
if UL DAI exists and is identical to a DL DAI counter value,
a UL part of.the original PCell is considered such that the
codebook size is set to 8. Alternatively, the UL part has
already been recognized as a UL by the base station (BS),
the corresponding part is excluded from the codebbok size,
such that the codebook size may be set to 7.

If a time domain of the DL subframe for the feedback
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is a UL subframe of a specific cell and associated ACK/NACK
is not transmitted, through a PUCCH of the f£first UL
subframe of the virtual PCell (cell #2), ACK/NACK signals
related to the previous 12%*, 8", and 11*" DL subframes and
ACK/NACK signals related to the 7*" DL subframes of a céll
(Cell #1) including a DL subframe may be collected and
transmitted as shown in FIG. 37. In this case, the
orderiné sequence for collecting ACK/NACK signals of the
above-mentioned subframes is not limited only to the
present invention and can also be applied to other examples
as necessary without departing from the scope or spirit of
the present invention. Through‘a PUCCH of the second UL
subframe of the virtual CPcell, ACK/NACK signals of the
previous 6%, 5, 4", and 7" DL subframes may be collected
and transmitted.

Therefore, the embodiments of the present invention
can prevent ACK/NACK related to specific DL subframes from
being dropped.

In LTE-A, bundling.between ACK/NACK information may be
performed. In this case, the term ‘bundling’ indicates
that the number of bits of the above-mentioned information
is reduced through logical AND (or OR) operation between
the corresponding information pieces.

For example, assuming that 2 ACK/NACK information
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units are determined to be (‘0’, ‘0’), (‘0', ‘17), (17,

‘0’), or (*1', *1"), ‘0’, ‘0’, ‘0’, or ‘'l’ may be obtained

" through bundling of the logical AND operation.

In the LTE-A TDD, time-domain bundling may be
performed. The time-domain bundiing means bundling of the
ACK/NACK information units of a plurality of coﬁtiguous
subframes per cell. If the number of original ACK/NACK
bits is 4 or higher, the time-domain bundling is perfomred
using ‘PUCCH format 1b with chaﬁnel selection’.

In addition, according to application of the present

invention, the transmission format is not limited. Various
formats may be used, for example, ‘PUCCH Format 1b with

channel selection’, ‘PUCCH Format 3’, etc.

In addition, various methods for processing several
ACK/NACK signals contained in the above-mentioned bundling
window, for example, spatial bundling, time-domain bundling,
CC-domain bundling, or multiplexing, are not limited only
to the scope of the present invention.

In addition, according to one embodiment of the
present invention, a method for employing several cell
groups may be applied.

That is, in order to enable a specific UE to support
different UL-DL configuration between the configured

serving cells, the present invention provides a method for
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employing multiple PCells instead of only one PCell.

A specific UE may have at least one PCell(s), and may
feed back necessary information using a PUCCH for ACK/NACK
or CSI at every PCell.

In this case, the number of PCells capable of being
allocated to a specific UE may be identical to or less than
a total number of UE configured cells. 1In this case, the
controi information is transmitted using the legacy method
of a DL-UL configuration for each PCell.

First, the UE may include the number (e.g., x=2) of
PCells (e.g., the number of PCells may be predetermined or
may also be indicated through signaling). If several
PCells are present, the PCell may have different UL-DL
configurations. However, in the case of one or more PCells
(under the condition that one original PCell and at least
one SCell are used in UL CCs without change), at least one
PCell and at least one SCell may exist only in DL CCs
(under the condition that one original PCell and at least
one PCell are used in DL CCs without change), at least one
PCell and at least one SCell may exist only in UL CCs, at
least one PCell and at least one SCell may simultaneously
exist in DL and UL CCs.

Next, the UE may include at least one SCell related to

each PCell. However, SCell related to PCéll may not exist
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as necessary. In this case, as to at least one SCell
related to PCell, assuming that a cell that serves as a UCI
feedback reference of the cells or an application reference
of the M value (the size of bundling windows) is used as a
PCell and/or another cell including a PUCCH is used as a
PCell, the at least one SCell related to PCell means cells
that are combined into one group along with the above-
mentioned PCell.

That 1s, UCIs of the associated PCell and SCells are
simultaneously collected and the collected result is fed
back through one PUCCH. in this case, the associated PCell
and SCells() may be located in the same band (potentially
same RF).

In this case, if it 1is assumed that one or more
SCell(s) related to a specific PCell are combined into one
group and this group is called a cell group, all cells
contained in one'cell group may be configured to have the
same UL-DL configurations. In this case,
formation/configuration of the cell group is logically
meaningful, and may not indicate actual physical group
generation. If there 1is no associated 8Cell, the
corresponding cell group may also be composed of PCell only.

Therefore, the UE may ihclude one or more cell groups,

and each cell group may include one PCell and may include
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SCell(s) related to the PCell may be present as necessary.

In addition, in association with one or more cell
groups, the UE may transmit ACK/NACK feedback, CSI
reporting, or sounding information through a PUCCH of the
PCell for each cell group. In this case, the cell group
may be established to have the same DL-UL configurations.
The above-mentioned problems of the above-mentioned related
art (legacy technology) are not generated in the cell group.
Different radio frequency (RF) units may be required
between cell groups.

In accordance with a first embodiment of the present
invention, cells contained in the same cell group may be
operated in the intra-band CA environment, and the inter-
band CA environment may be provided between the cell groups.
In this case, the number of PCells capable of being
assigned to a specific UE may be equal to or less than a
total number of the UE configured inter-bands.

Meanwhile, according to one embodiment of the present
invention, a method different from the above-mentioned
method may also be applied as necessary.

First, the UE may support only a specific number (e.g.,
x=2, the specific number may be predetermined or indicated
through signaling) of UL-DL configurations as necessary,

and may support only different UL-DL configures to be



10

15

20

haTals \VA 2 SRR

WO 2012/128513 PCT/KR2012/001921) 19 2 ]

87

described later. The number of UL-DL configurations may be
different in individual UEs, and may also be equally
applied to all UEs. In this case, the BS may configure,
for the corresponding UE, only cells employing different
UL-DL cohfigurations, the number of which is X or léss.

For example, if it is assumed that the number X is
identical in all UEs and is set to 2 in all the UEs, the BS
may configure .cells using only two UL-DL configurations
different from each other.

Next, the UE receives indicatiqn information of the
configured serving cells from the BS, and also receives
assignment informaﬁion of the received indication
information. In this case, although. differeﬁt UL-DL
configurations may be implemented in individual cells, only
X or less UL-DL configurations may be present as necessary.
The UE may determine cells having the same UL-DL
configurations from among the configured serving cells to
be a cell group. Since X or less DL-UL configurations may
exist, X or less cell groups may be generated. The above-
mentioned <cell group formation/configuration may be
logically meaningful, and may not indicate generation of
the actual physical group. That is, the cell group may
include different UL-DL configurations, and may be composed

of at least one Cell.
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In addition, the UE .may determine a specific cell
group for each formed/configured cell group to be a PCell
of the «cell group. Although the above-mentioned
information may be indicated through signaling by the BS,
the above-mentioned information may also be established in
the UE according to the predetermined rule. For example, a
cell having the smallest cell ID per cell group may be
determined to be PCell.

In addition, in association with one or more cell
groups, the UE may tr;nsmit ACK/NACK feedback, CSI
reporting or sounding data, etc. through PUCCH of PCell of
each cell group. Inv this case, the cell group may be
configured to include the same UL-DL configurations, such
that the related art problems are not generated in the cell
group. Different RF units may be needed for cell groups.

'In accordance with the above-mentioned embodiment,
cells contained in the same cell group may belong to the
intra-band ca énvironment, and the inter-band ca
environment may be implemented between the cell groups. In
this case, the number of PCells capable of belonging to a
specific UE may be identical to or less than a total number
of UE configured inter-bands.

For example, it is assumed that there are 4 configured

serving cells as shown in FIG. 38. In this case, it is
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assumed that the intra-band CA is assigned between the 2
configured serving cells (cell #1 and cell #2), and the
intra-band CA is assigned to two other configured serving
cells (cell #3 and cell #4). However, it is assumed that
two cells, each of which is the intraQband CA, are composed
of inter-band CAs, frequencies of which are spaced apart
from each other.

In this case, each intra-band CA may be composed of
one cell group. That is, Cell #1 and Cell #2 may be
combined into one celi group, and Cell #3 and Cell #4 may
be combined into another cell group. A cell including a
lower cell ID in each cell group may be used as a PCell
(wherein PCell may also be indicated by a predetermined
rule or BS signaling). Cell #1 and Cell #2 acting as the
intra-band CA may use the same UL-DL configurations, and
Cell #3 and Cell #4 acting as the Intra-band CA may also
use the same UL-DL configuration.

That is, different UL-DL configurations are present in
a UE including a plurality of configured serving cells.
However, through the cell group between cells employing the
same UL-DL configurations, the 1legacy technology (for
example, ACK/NACK feedback per group, CSI reporting,
sounding transmission, etc.) may be applied without change.

The above-mentioned cell group
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configuration/management may be configured in the UE using
a variety of methods. A method for constructing or
indicating a plurality of cell groups and a method for
constructing or indicating a PCell for each cell group are
not limited only to the present invention although other
methods that are not directly mentioned in the present
invention are used.

In the application of the present invention, the
transmission format is not 1limited only to the present
invention. ‘PUCCH Format 1b with channel selection’ or
‘PUCCH Format 3’ may be used. In addition, methods (e.g.,
spatial bundling or time domain bundling or CC-domain
bundling or multiplexing, etc.) for processing/transmitting
multiple ACK/NACK signais within the bundling window are
not limited only to the present invention.

If the timé—domain bundling is used, application of
‘Table 10.1-1: Downlink association set index K

{ko,ky,"~ky} for TDD’ of TS 36.213 v10.0.1 may be replaced

with M value indicating the number of sets (=size of
bundling.windows) instead of‘the actual K sets.

The number of multiple PCells may be set to a maximum
number of inter-bands operated.in a system or UE.

In addition, the number of multiple PCells may be

determined by a function related to the number of



10

15

20

PCTInn nAN r AN 1 f\l
WO 2012/128513 PCT/KR2012/001921

91

configured serving cells having different UL transmission
time points.

In this case, although specific cell(s) are explicitly
identical to PCell(s), PCell(s) may be implicitly used
according to the predetermined rule.

For example, the following methods may be used.

PCell(s) may be determined by a predetermined rule
from among Cell ID (identiry) or index. In this case, a
cell having the smallest number of index (lowest index)
from among a plurality of cell IDs may be used ‘'PCell’. In
addition, the rule may be modified even when multiple
carriers are used. For example, if different PCells are
ﬁsed in the inter-band, a cell having the smallest number
of cell IDs within the intra-band may be used or employed
as PCell contained in the intra—bénd |

In other words, UCI can be transmitted within a cell
having the lowest index of the intra-band. 1In the case of
using multiple inter-bands, a PCell for transmitting
multiple UCIs may exist.

In another example, provided that multiple PCells are
used on the basis of a timing advance value, a cell having
the lowest index from among cells (also called_ a cell
group) may be indicated or used as a PCell of the cell

group, wherein the cells of the cell group may have the

21
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same multiple timing advance values or a difference between
the cells is smaller than a predetermined value.
That is, the UE may transmit UCI transmission in a

cell having the lowest cell ID within the cell group. If

one or more cell groups are present, PCell (s) for
transmitting at least one UCI transmission may exist. 1In
the meantime, cell identity may also be called a

‘physCellId’ serving as an RRC parameter.

Meanwhile, the number of virtual PCells may be
identical to or less than the number of inter-bands used in
the system or UE.

In addition, thé number of virtual PCells may be set
to the number of configured serving cell groups in which a
difference in UL transmission timing is larger than a
pfedetermined value.

In addition, a virtual PCell within one cell group may
be directly indicated by RRC/MAC/PHY signaling by the base
station (BS), or may also be determined according to the
predetermined rule as necessary.

In this case, the following methods may be used
according to the predetermined rule.

First, the virtual PCell may be determined on the

basis of a predetermined rule from among configured cells

of the cell group. For example, a cell having the lowest
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index from among the configured cells of the cell group is
used as a virtual PCell.

Next, after completion of configuration within the
cell group, a virtual PCell may be determined by a
predetermined rule from among activated cells. For example,
a cell having the lowest index from among the activated
cells of the cellg group may be used as a virtual PCell.

In the meantime, according to the present invention,
the UE may discriminate a cell group according to the
predetermined rule.

Firstly, the case in which different multiple PCells
are used between the inter-bands will hereinafter be
described in detail.

In this case, the UE can discriminate between intra-
band cells and inter-band cells from among one oOr more
cells. Therefore, the UE may determine cells belonging to
a single intra-band to be one cell group‘without additional
signaling.

In addition, the inter-band cells may be classified
into different cell groups such that a plurality of cells
can be discriminated from each other. That is, as many
cell groups as the number of inter-bands can be generated.
Thereafter, a cell having the smallest cell index within

each cell group is determined to be a PCell, and the
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remaining cells are determined to be SCell(s).

Next, the case in which multiple PCells are used on
the basis of the timing advanced value will hereinafter be
described in detail.

In this case, it is assumed that individual cells can
use different uplink transmission time points. Therefore,
it is assumed that different timing advance (TA) commands
are received in and applied to individual cells.

The UE includes a plurality of cells in a single cell
group, wherein the plurality of cells may have the same
timing advance (TA) values or a difference among the cells
is smaller thaﬁ a predetermined value. Each cell, TA value
of which is higher than a predetermined value, is included
in another c¢ell group. Thereafter, a cell having the
smallest cell index from among each <cell group is
determined to be a PCell, and the remaining cells are
determined to SCell(s).

Oon the other hand, according to one embodiment of the
present invention, indication/threshold of a virtual PCell
may be indicated. That 1is, a parameter for indicating
indication or threshold of a specific center point from
among ServCellIndex 1is introduced, the UE can determine
ServCellIndex to be one or more cell groups using the

corresponding parameter.
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For example, 1f ServCellIndex 1is in the range of
0,1,2,3,4,5,6,7, the parameter (x) may indicate the entire
range (0,1,2,3,4,5,6,7) or some parts (e.g., 2,3,4,5 or
1,2,3,4,5,6 or 3,4,5,6,7, etc.).

The UE divides a cell group on the basis of the
parameter X. For example, cells, each of which has a cell
index lower than the parameter X, are assigned to one cell
group, the cells, a cell index of which is identical to or
higher than the parameter X, may be assigned to the other
cell gréup.

Thereafter, a cell having the smallest cell index of
each cell group is determined to be a PCell, and the
remaining cells are determined to be SCell(s). For
convenience of descfiption, although the above-mentioned
parameter is assigned to one value (X) such that the
parameter (X) is used to establish two cell groups and two
PCells, the scope or spirit of the present invention is not
limited thereto, and the parameter may also be designed to
have y values such that y cell groups and y PCells can be
established.

In this case, the above-mentioned reference can be
applied to SCellIndex. The parameter (X) may indicate the
entire part (0,1,2,3,4,5,6,7) or some parts [e.g.,

(2,3,4,5), (1,2,3,4,5,6) or (3,4,5,6,7), etc.]. The UE
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divides cell groups on the basis of the parameter (X). For
example, cells, each of which has a cell index lower than
the parameter X, may be classified into one group, and
cells, each of which has a cell index equal to or higher
than the parameter X, may be classified into the other cell
group.

Meanwhile, although one virtual Pcell is assigned to
each cell group for convenience of description, the
presence or absence of a Virtual PCell in a specific cell
group can be indicated by the BS through a PHY, MAC, or RRC.
If the virtual PCell is not present in the specific cell
group, an additional method for PUCCH transmission may be
defined.

In addition, PUCCH transmission of a cell group
including no virtual Pcell may be Dbased én PUCCH
transmission witﬁin a predetermined cell group. For
example, PUCCH transmission of a cell group including no
virtual Pcell may employ the original PCell.

In addition, PUCCH ‘transmission of a c¢ell group
including - no virtual ©PCell may also employ PUCCH
transmission in a cell group including the lowest cell
group index.

On the other hand, information as to whether PUCCH

transmission of the cell group including no virtual PCell
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follows PUCCH transmission in a certain cell group may be
indicated by the BS through PHY, MAC, or RRC.

In this case, the above indication may include
indication regarding a cell group ready to perform PUCCH
transmission, indication regarding a cell group ready to
perform PUCCH transmission, etc.

In addition, when constructing a cell group, an
original PCell is designed to include the lowest cell group
index, so that the system can be constructed in such a

manner that the rule of the cell group including the lowest

-cell group index is satisfied in a special case (e.g., a

cell group including no virtual PCell).

By the above-mentioned methods, multiple cell groups
and multiple PCells may be constructed.

In the meantime, transmission of control information
using the multiple cell groups or multiple PCells can be
achieved as follows.

First, ACK/NACK timing is applied on the basis of
UL/DL configurations of a PCell from the viewpoint of an
inter-cell UL subframe, such that all the ACK/NACK signals
are collected and transmitted through PCell PUCCH.

However, if a UL subframe is present in Scell at a
time point of a DL subframe of PCell, i.e., if ACK/NACK

transmission is needed, PUCCH can be transmitted through a
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virtual Pcell having the lowest index in Scell.

In this case, ACK/NACK timing may satisfy UL/DL
configuration of a virtual Pcell.

In addition, the ACK/NACK timing may be ACK/NACK
responses to DL subframes not transmitted at the ACK/NACK
timing (equal to or earlier than the (n-4)th subframe of
PUCCH transmission at the n-th subframe) of the original
PCell.

In addition, . ACK/NACK timing on the basis of UL/DL
configruations of each cell is appiied to a time point
corresponding to the inter-cell UL subframe, such that
ACK/NACK responses of the UL subframe are collected through
PUCCH and then transmitted.

However, 1if the UL subfarme exists in the Scell at a
time point of a DL subframe of a Pcell, (if ACK/NACK
transmission is needed) PUCCH transmission is performed
through a virtual Pcell including the lowest index in Scell.

In this case, the ACK/NACK timing may follow UL/DL
configruation of the wvirtual Pcell. In addition, the
ACK/NACK timing may be ACK/NACK responses to DL subframes
not transmitted at the ACK/NACK timing (equal to or earlier
than the (n-4)th subframe of PUCCH transmission at the n-th

subframe) .

On the other hand, according to one embodiment of the
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present invention, in order to enable a specific UE to
support differnt UL-DL configruations between the
configrued serving cells, the downlink association set
index K of Table 20 or associated value M (Size of bundling
windows) may be used on the basis of a cell having many
more DL subframes (or a cell having a smaller number of DL
subframes) from among the configured serving cells, in such
a manner that the downlink association set index K and
associated value M can be applied to Table 20.

Referring to FIG. 39, in the second frame, ACK/NACK
signals of the previous 12%%, 8", 7", and 11w'DL subframes
of two cells are collected through a PUCCH of the first UL
subframe of a PCeli, and the collected ACK/NACK signals are
then transmitted.

In this case, a cell including a UL subframe instead
of a DL subframe may be present in the time domain.

In this case; the associated ACK/NACK may not be
transmitted, or may be transmitted in the form of a
predetermined_fixed value or a predetermined fixed rule -
based value (e.g., repetition value of A/N information to
DL subframe of the corresponding PCell).

Provided that the system is designed not to transmit
the ACK/NACK, the number of ACK/NACK payloads and the

number of payloads may be different from each other under
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the condition that the same DL-UL configuration is used
between cells.

If the same DL-UL configurations are used and full
multiplexing is used without ACK/NACK bundling, the number
of ACK/NACK payloads transmitted over a single PUCCH of a
specific cell can be determined as shown in the following
equation 5.

[Equation 5]

rumber of corfigured cells -1

Pavilead = by W-TB,
: e J
i=0
rumber of corfigured cells -1
— 7 S TB
pa !
i=0

In Equation. 5, W 1is a bundling window size, and may
be equal to M of Table 20. If the UL-DL configurations
between cells are identical to each other, the same values
may be assigned between the cells. 7B, is a maximum number
of transport Dblocks (TBs) supportable by the 1i-th
Configured serving cells or the number of codewords
supportable by the i-th configured serving cells. 7B may
be set to 1 or 2 in LTE-A Rel-10. Although the cell in
which ‘2’ is assigned may use a codeword smaller than ‘2,
it should be noted that ACK/NACK feedback must satisfy a

maximum number of codewords per cell.
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If the time domain of the DL subframe for feedback
belongs to the UL subframe, other information may be
transmitted to such A/N information using the same payload
shown in Equation 5.

That is, ACK/NACK information of the previous cell may
be repeatedly inserted in the above-mentioned information,
a predetermined fixed value is transmitted (e.g., NACK or
NACK/NACK) , such that payload can be maintained.

In contrast, if a time domain of the DL subframe for
the feedback belongs to the Ul subframe, the size of
payload_can be reduced. 1In thié case, Equation 5 may be
modified into the following equation 6.

[Equation 6]

rumber of configuredcelis-1 ramber of corfigred cells -1

Payload = Y (W) TB - D (Nurs =N rear )
i=0 i=]

In Equation 6, W 1is a bundling window size of a PCell,

and may be equal to M of Table 20. 7B is a maximum number

of transport Dblocks (TBs) supportable by the i-th
configured serving cells or the number of codewords

supportable by the i-th configured serving cells. Ny, 1is

the number of UL subframes contained in a frame of the i-th

configured serving cell, and Ny,, 1is the number of UL

subframes of a frame including the UL-DL configuration

921
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having the smallest number of UL subframes from among
target cells (configured serving cells).

If the same DL-UL configuration is used in cells, the
second term becomes zero and disappears, such that Equation
6 becomes identical to Equation 5. However, according to
the present invention, provided that the UL-DL
configuration in which the number of UL subframes contained
in a target cell is ghiehr than the number of UL subframes
of the specific cell is configured, the above;ﬁentioned
value is present, the number of DL subframes contained in.
cell(s) is 1less than the number of DL subrrames of the
target cell by a predetermined number corresponding to a
difference in number between the UL subframes, such that
A/N payload for the corresponding part can be reduced.

If a time domain of the DL subframe for the feedback
corresponds to a UL subframe of a specific cell, and
associated ACK/NACK 1is not transmitted, the downlink
association set index (K) is operated according to a cell
includingi the UL-DL configuration including the smallest
number of UL subframes from among the configured serving
cells.

In this case, the reference cell may not be identical
to a PCell.

Through a PUCCH of the first UL subframe of a PCell,
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ACK/NACK signals of the previous 12, 8", and 11*" DL (or
special) subframes of two cells and ACK/NACK signals of the
7*® DL subframes including DL subframes may be collected
and transmitted.

In this case, the ordering sequence for collecting
ACK/NACK signals of the above-mentioned subframes is not
limited only to the present invention. Through a PUCCH of

the second UL subframe of a PCell, ACK/NACK signals of the

5th 4th

previous 6%, , and 7" DL, subframes of two cells may

be collected (multiplexing or bundling) and transmitted.
Therefore; the embodiment of the present invention can
prevent ACK/NACK responses to specific (or special) DL
subframes) from being dropped.

In this case, although a PUCCH can be transmitted

through a PCell in the same manner as in Rel-10, it should

be noted that the PUCCH may also be transmitted through

another 8Cell (for example, a cell that includes a UL-DL

configuration having the smallest number of UL subframes
from among the configured serving cells).

On the other hand, according to another embodiment of
the present invention, bundling is applied- to the
embodiment of the present invention; such that a UCI
feedback can be performed on the basis of a PCell in the

same manner as in the related art.
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In order to enable a specific UE to support the use of
different UL-DL configurations between_ the configured
serving cells, the present invention proposes a method for
performing UCI feedback on the basis of the PCell és in the
legacy Rel-10.

However, if information not contained in a feedback
occurs, the corresponding information and other information
afe bundled according to the predetermined rule, such that

the bundled result is transmitted.

For example, the predetermined rule may indicate
neighbor subframes (e.g., the earlier or later subframe on
a time axis) each including a UCI), or may also indicate

neighbor CC (for example, cell ID+1 or cell ID-1, etc.)

including a UCI of the same subframe.
In addition, the term “bundling’ indicates that the

number of bits of the above-mentioned information 1is
reduced through the logical AND (or OR) operation between
the corresponding information lpieces. For example,
provided that 2 ACK/NACK information units are determined
to be (‘0’, ‘0’), (‘0’, ‘1’), (*1', *0’'), or (‘1’', ‘1'),
‘0’, ‘0’, ‘0', or ‘l’ may be obtained through bundling of
the logical AND operation. That is, the embodiment of the
present invention uses the bundling scheme, such that it

can use the legacy technology without changing PCell or
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payload.

FIG. 40 conceptually shows the predetermined rule. If
2 configured serving cells héve different. UL-DL
configurations, and if information not contained in a
feedback occurs, the predetermined rule shown in FIG. 40
may be used. The above-mentioned information is bundled
with the temporally-rear subframe (located at the rear of a
time axis) including the UCI, such that the bundled result
is transmitted, as shown in FIG. 40.

As can be seen from FIG. 40, the downlink association
set index K is used according to UL-DL configuration of a
PCell.

However, if a cell including a UL subframe instead of
a DL subframe is present in a specific time domain from
among K sets, the DL subsframes are bundled with
information regarding the rear DL subframes of a time
domain within the cell.

Therefore, the present invention can feed back UCIs of
all DL subframes (or all special subframes) located across
a plurality of cells using the legacy method.

In addition, according to another embodiment of the
present invention, if information not contained in feedback
occurs, the present invention can provide a method for

performing UCI feedback at a subframe for transmitting the

921
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rear UCI information located closest to the time domain.

If bundling is performed as described above, the loss
of information may occur due to bundling.

In order to prevent such bundling from being lost,
under the condition that 2 configured serving cells have
different UL=DL configurations, if information not
contained in a feedback is generated, the generated
information may Dbe transmitted simultaneously with
information of a subframe where the nearest UCI information
including a UCI is fed back according to a predetermined
rule, resulting in prevention of the loss of bundling.

In FIG. 41, a downlink association set index K is used
according to a UL-DL configuration of a PCell.

However, if a cell including a UL subframe instead of
a DL subframe 1is present in a specific time domain of K
sets, such DL subframe (5" subframe contained in a first
frame of Cell #2 of FIG. 41) may be transmitted
simultaneously with a subframe (i.e., third subframe
contained in the second frame of Cell #1 of FIG. 41) where
the nearest UCI in a time domain of a cell is fed back.

The above-mentioned transmission 1is denoted by the
term ‘additional’ in FIG. 41. In this case, ‘simultaneous
transmission’ increases transmission payloads so that the

corresponding data is transmitted through physical
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resources. In addition, such transmission may also
represent that the corresponding data is separately
transmitted through other PUCCH resources.

In accordance with the present invention, there is no
limitation in transmission formats for use in the present

invention. For example, ‘PUCCH Format 1b with channel

selection’ or ‘PUCCH Format 3’ may be used. In addition,
various methods (for example, spatial bundling, time-domain
bundling, CC-domain bundling or multiplexing) for
processing and transmitting multiple ACK/NACK signals
within the bundling window are not limited only to the
present invention.

In the meantime, according to another embodiment of
the present invention, the present invention can also
provide a method for establishing a bundling window into
all carriers on the basis of a PCell, and performing
associate UCI feedback.

That is, according to another embodiment of the
present invention, in order to enable a specific UE to
support the use of different UL-DL configurations between
the configured serving cells, the UCI feedback method for‘
use in the non-CA environment is applied to each DL CC,
such that the application results are collected and

transmitted through the Rel-10 PUCCH.
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In addition, according to still another embodiment of
the present invention, the present invention can provide a
method for generating UCI feedback on the basis of each
cell, collecting the generated UcCI feedbacks, and
transmitting the collected results.

In ‘other words,b in order to enable a specific to
support the use of different UL-DL configurations between
the configured serving cells, the present invention can
separately apply the 1legacy Rel-10 method to each
configured serving cell.

The present invention collects UCI pieces nsing the
UCI feedback method (this method can be extended to a UCI
feedback method under the CA environment for each
configured serving cell group) under the non-CA environment.
for each configured serving cell, and transmits the
collected UCI pieces of individual cells through a specific
PUCCH.

Therefore, payloads of UCI pieces of individual
configured serving cells may be different from each other.

Referring to FIG. 42, if 2 configured serving cells
have different UL-DL configurations, UCI pieces under the
independent non-CA environment of each cell may be

collected.

That is, UCI information of individual cells is
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collected using a downlink association set index K
according to DL-UL configuration of each cell. Thereafter,
the UCI information collected in each cell mwmay be
transmitted through PUCCH resources of a specific cell
(e.g., PCell of FIG. 42).

In accordance with the application of the present
invention, transmission formats are not limited only to the
present invention, and other transmission formats can also
be applied to the present invention as necessary. *PUCCH
Format 1b with channel selection’ or ‘PUCCH Format 3’
format may be used. 1In addition, a method (for example,
spatial .bundling, time-domain bundling, or CC-domain
bundling, of multiplexing) for processing and transmitting
a plurality of ACK/NACK signals contained in the bundling
window is not limited only to the present invention, and
can also be applied to other examples as necessary.

In FIG. 42D, if ‘PUCCH 1b with channel selection’ is
applied to payload greater than 4 bits, M=3 (7, 6, or 11)
of Cell #1 is made at a first UL subframe of tﬁe second
frame, and M=4 (12, 8, 7, or 1ll1l) of Cell #1 is also made at
the first UL subframe of the second frame.

The legacy Rel-10 channel selection mapping table
includes a plurality of cells having the same M values

serving as the fixed values.
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Therefore, the present invention can additionally
define the channel selection mapping table for cells having
different M values, and use the define channel selection
mapping table.

In addition, the highest value is selected from among
different M values as described above, and a predetermined
value is substituted into a specific part that contains an
insufficient amount of information due to a low M value,
such that the legacy channel selection mapping téble can be
utilized according to the present invention.

For example,va predetermined location (e.g., the last
position) of Cell #1 having M=3 is always substituted into
‘DTX’ or ‘NACK’, M=4 is decided. Then, combination in
association with Cell #1 having M=4 is performed, such that,
after mapping is performed wusing the legacy channei
selection mapping table, the mapping result can be
transmitted.

The aforementioned embodiments are achieved Dby
combination of structural elements and features of the
present invention in a predetermined fashion. Each of the
structural elements or features should be considered
selectively unless specified otherwise. Each of the
structural elements or features may be carried out without

being combined with other structural elements or features.
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Also, some structural elements and/or features may be
combined with one another to constitute the embodiments of
the present invention. The orde; of operations described
in the embodiments of the present invention may be changed.
Some structural elements or features of one embodiment may
be included in another embodiment, or may be feplaced with
corresponding structural eléments or features of another
embodiment. Moreover, it will be apparent that some claims
referring to specific claims may be combined with other
claims referring to the other claims other than the
specific claims to constitute the embodiment or add new
claims by means of amendment after the application is filed.
The embodiments of the present invention have been
described based on data transmission and receptionvbetween
a BS and a UE. Such transmission/reception (Tx/Rx)
relationship may be equally or similarly extended to signal
Tx/Rx relationship between a BS and a relay or between a BS
and a relay. A specific operation which has been described

as being performed by the base station may be performed by

~an upper node of the base station as the case may be. 1In

other words, it will be apparent that various operations
performed for communication with the user equipment in the
network which includes a plurality of network nodes along

with the base station can be performed by the base station
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or network nodes other than the base station. The‘base

station may be replaced with terms such as fixed station,
Node B, eNode B (eNB), and access point. Also, the user
equipment may be replaced with terms such as mobile station
(MS) and mobile subscriber station (MSS).

The embodiments according to the present invention can
be implemented by various means, for example, hardware,
firmware, software, or combinations thereof. If the
embodiment according to the present invention is
implemented by hardware, the embodiment of the present

invention can be implemented by one or more application

specific integrated circuits (ASICs), digital signal
processors (DSPs), digital signal processing devices
(DSPDs) , programmable logic devices (PLDs) , field
programmable gate arrays (FPGAs), processors, controllers,

microcontrollers, microprocessors, etc.

If the embodiment according to the present invention
is implemented by firmware or softwafe, the embodiment of
the present invention may be implemented by a module, a
procedure, or a function, which performs functions or

operations as described above. Software code may be stored

in a memory unit and then may be driven by a processor. The

memory unit may be located inside or outside the processor

to transmit and receive data to and from the processor

921
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through various well known means.

The detailed description of the exemplary embodiments
of the present invention has been given to enable those
skilled in the art to implement and practiée the invention.
Although the invention has been described with reference to
the exemplary embodiments, those skilled in the art will
appreciate that various modifications and variations’can be
made in the present invention without departing from the
spirit or scope of the invention described in the appended
claims. For example, those skilled in the art may use each
construction described in the above embodiments in
combination with each other. Accordingly, the invention
should not be limited to the specific embodiments described
herein, but should be accorded the Dbroadest scope
consistent with the principles and novel features disclosed

herein.

[Industrial Applicability]

The embodiments of the present invention are
applicable to variQus wireless access systems including a
3T Generation Partnership Project (3GPP) LTE system.
Besides the 3GPP LTER system, the embodiments of the
present invention are applicable to all technical fields to

which wireless access systems are applied. It will be
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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
invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention
provided they come within the scope of the appended claims

and their equivalents.
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[cLa1vs]

[claim 1] A method for transmitting control information
to a base' station (BS) by a user equipment (UE) in a
wireless communication system, the method comprising:

receiving at least one of a physical downlink control
channel (PDCCH) and a physical downlink shared channel

(PDSCH) from the base station through at least one serving
cell configured in the user equipment; and

transmitting control informatién regarding PDCCH
reception or PDSCH reception indicated by the PDCCH to the
base station,
wherein the control information is transmitted
through a physical uplink control channel (PUCCH) of a
primary cell, using control information feedback timing of
at least one of the primary cell and a first cell of the at
least one serving cell, and
the at least one serving cell uses different uplink

and downlink (UL-DL) configurations.

[claim 2] The method according to claim 1, wherein the
first cell is determined using information received from
the base station, and is determined through different UL-DL

configurations utilized by the at least one serving cell.



WO 2012/128513 PCT/KR2012/001921' 19 21

116

[ciaim 3] The method according to claim 1, wherein the
first cell uses a UL-DL configuration having the smallest
number of uplink subframes from among the at least one
serving cell, or wuses a UL-DL configuration having the

5 largest number of subframes.

[claim 4] The method according to claim 1, wherein the
first cell has the lowest index from among the at least one
serving cell.

10
[claim 5] The method according to claim 1, wherein:
if the at least dne serving cell uses different UL-DL
configurations, the control information is transmitted
through a PUCCH of the primary cell wusing control

15 information feedback timing of the first cell.

[claim 6] The method according to claim 1, wherein the

first cell is plural in number.

20 [claim 7] The méthod according to claim 1, wherein:
if the at least one serving cell uses different UL-DL
configurations,
control information of the primary cell from among the

control information is transmitted using control
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information feedback timing of the primary cell, and
control information of the secondary cell (SCell) from
among the control information is transmitted using control

information feedback timing of the first cell.

[claim 8] The method according to claim 7, wherein the
first cell and the secondary cell wuse the same UL-DL

configuration.

[claim 9] The method according to claim 1, wherein the

control information is acknowledgement (ACK) information or

negative acknowledgement (NACK) information.

[claim 10)] The method according to claim 1, further
comprising:
bundling at least some ©parts of the control

information,

wherein the bundled control information is

transmitted to the base station.

[claim 11] A user equipment (UE) for transmitting control
information to a Dbase station (BS) in a wireless
communication system, the user equipment (UE) comprising:

a reception module for receiving at least one of a
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physical downlihk control channel (PDCCH) and a physical
downlink shared channel (PDSCH) from the base station
through at least one serving cell configured in the user
equipment;

a transmission module for transmitting control
information regarding PDCCH reception or PDSCH reception
indicated by the PDCCH to the base station; and

a processor for transmitting the control information
through a physical uplink control channel (PUCCH) of a
primary cell, using control information feedback timing of
at least one of the primary cell and a first cell of the at
least one serving cell,

wherein the at least one serving cell uses different

uplink and downlink (UL-DL) configurations.

[claim 12] The user equipment (UE) according to claim 11,
Wherein the first cell is determined using information
received from the base station, and is determined through
different UL-DL configurations utilized by the at least one

serving cell.

[claim 13)] The user equipment (UE) according to claim 11,
wherein the first cell uses a UL-DL configuration having

the smallest number of uplink subframes from among the at
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least one serving cell, or uses a UL-DL configuration

having the largest number of subframes.

[claim 14] The user equipment (UE) according to claim 11,
wherein the first cell has the lowest index from among the

at least one serving cell.

[claim 15] The user equipment (UE) according to claim 11,
wherein:
if the at least one serving cell uses different UL-DL
configurations, the control information is transmitted
through a PUCCH of the primary cell wusing control

information feedback timing of the first cell.

[claim 16] The user equipment (UE) according to claim 11,

wherein the first cell is plural in number.

[claim 17] The user equipment (UE) according to claim 11,
wherein:
if the at least one serving cell uses different UL-DL
configurations,
the processor transmits control information of the
primary cell from among the control information using

control information feedback timing of the primary cell,
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and transmits control information of the secondary cell
(scell) from among the control information using control

information feedback timing of the first cell.

[claim 18] The user equipment (UE) according to claim 17,
wherein the first cell and the secondary cell use the same

UL-DL configuration.

[claim 19} The user equipment (UE) according to claim 11,
wherein the control information is acknowledgement (ACK)

information or negative acknowledgement (NACK) information.

[claim 20] The user equipment (UE) according to claim 11,
wherein the processor bundles at least some parts of the
control information, wherein the bundled control

information is transmitted to the base station.
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FIG. 11
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FIG. 13
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PUCCH format 1a and 1b structure (normal CP case)

FIG. 14
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I Wi w2
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B Slot

PUCCH format 1a and 1b structure (extended CP case)
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FIG. 15
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PUCCH format 2,2a and 2b structure (normal CP case)

FIG. 16
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PUCCH format 2,2a and 2b structure (extended CP case)



001921

v

PCT/KR2012/001921

WO 2012/128513

15,/33

THODNd

AENE

gy © Ul UOHEZI[SUURYD Y} J0J PAsn Xapul 901n0sa YIVN/ADV _g/
aouanbas Y77 © JO anjea JIys o1jok) $u
Sy 107 xapur sousnbas jeuodoyu( 20y
MOVN/IDYV 10§ xaput asuanbas feuodoyu() 20y )
aouanbas HYZy) x1j1d 211940 papuaixa 103 {¢7°1} A
. TS heentye 1980 y X : yigs
198150 S O1[0K0 01319965 110D A? g VT oww HOO 9] | 40es s IR0 sjard opofo o 10 {67 mw o
11 0
01 11
6 01
8 6
L 8
9 L
S 9
14 S
...................................... 3 v
[4 3
] 4
_ 1 9=%u =501
7=20y | [=00u | (=00y 720y | 1=00g | (4=20qg | onm%ummmm _u:wwmwmm
38730 JIYS O1[9KD
12100 [eU0S0YM0 YIVN/IDV 19409 [eu030YH0 §Y ' %,« sm.ﬁm :%u
7=, 3% & 0 [puuou yum SjaUuRYd YDVN/ADV §1 :UOHRIO[[E 9011059y



s vdeds [ U01921

PCT/KR2012/001921
16,/33

WO 2012/128513

_- . . s 1l
4 + + F F F + + 1+ + F F 01
+ + F F + + F + F  F 6
+ + + B + + =+ + + =+ 8
I Z 4 . o+ . o - 1 < _+ F
00— _ _ _ _ _ _ _ _ _ _ _ /
m*wzﬁm @w + + =+ + -+ + -+ + + + +
. S e e S S S S 9
L + + 4+ M+ 4+ o+ 4+ I+ 4+ + 4+ 3
T A A A
J YT k N
AV I
o o P B 0
=""00 [=*PD0 0="P"20 s A1kD
12A09 Teuo3oyNQ

81 DId




01921

Y}

Vi AN QuLS, |

[ an/ 2] -

PCT/KR2012/001921

q¢/eg/C veulod HoOMNd

H32Nd

3SIMIAYI0 ?

YIS o /50 HOD
VI - 0> U

x1ja1d 91940 papuajxa
x1j01d o1k [euuton ¢ = °

Ews
1000 Vg 2

oo V/IN -2~ somi -
N

= T@i

@N

q1/e1/1 w0 HODMd

Quwe1jqns au(

17/33

WO 2012/128513

qI/e1/1 ¥euroy HIDNd -

1euLo} [0 pue JJVN/MOV poxiu A[puooag .

‘ 1s13 q¢/eg/¢ ¥ewio) HOONd -
a3pa Jouur W SEY 03 A3P3 JAINO UI S WOI]

: Japio Juiddepy .

4
= § —|-7- 8¥
I = Zpow(gpow®u + w) 1 T; - 5N
HMMEG

0 = Zpow(gpowsu 4 w) jt

61 Old

Su 0[S Ul H)D[d JO UOISSIWSUERI} 10} pasn aq 03 sgdd [



01921

PCT/KR2012/001921

WO 2012/128513

SV GULL, T

Y

18/33

'20 jeN) '20

||||| ~—-g[ouuey) Hodsuel] - -~ - -C > —=—=————== = D> —————

O¥VH

O¥VH O¥VH ‘e OYVH

\ “40n Surxepduny /

\ 190 Surxaidymy /

Burppuey Ajuoud / Sunpayog

|||||||||||||| ———-S[ouuey)) [eAFo ——--- ————— - —————
3 OYY 3 OYV % OAv 3 OYV
‘wdag w3ag ‘w3dag w3ag
A1moaag Apnnadg Aumoag Amosg
_ [ [ |
JHOY DHOY JHOY OHOY
|||||||||||||||||||| s1o1eag OIpeY - ————— e ——

0c Dld

- JVIN

=0T

> d0dd



WO 2012/128513 PCTLW?IZ/OOHZIU 0 1
. 19/33 we rviily i

FIG. 21

S %} ————————— %} —————— Radio Bearers

ROHC ROHC
PDCP <« l l
Security Security
Segm. Segm
RLC < ARQ etc ARQetc

Scheduling / Priority Handling

\ Multiplexing /

HARQ | -+ | HARQ

————— %) ___________ %} ~———Transport Channels

CC, CC,

MAC -~

|
[
|
|
[
|
|
|
|
| .
| :
! :
i
|
1 :
|
|
|
|
-
=
o,
(%
j=v]
=N
()
=
=
@,
w2



WO 2012/128513 PCT/KR2012/001921 1 q 9 1

20/33

FIG. 22

|l

UDynamlc/Statlc mapping ll u

PHY 0 PHY | PHY n-2 PHY n-1
(carrier 0) (carrier 1) (carrier n-2) (carrier n-1)
FIG. 23
PHY 0 PHY | PHY n-2 PHY n-1
(carrier 0) (carrier 1) (carrier n-2) (carrier n-1)
Dynam1c
/Static de-mapping
MAC
FIG. 24
MAC MAC MAC MAC
lL uDynamic/Sféfic mapping u u
PHY 0 PHY | PHY n-2 PHY n-1
(carrier 0) (carrier 1) (carrier n-2) (carrier n-1)




WO 2012/128513

PCT[IQI}_ZQ_QLQQH%IJ 19 21

1 21/33
FIG. 25
PHY 0 PHY | PHY 02 PHY n-1
(carrier 0) (carrier 1) (carrier n-2) (carrier n-1)
Dyn'é'mic
u - u /Static de-mapping u U
MAC MAC - MAC MAC
FIG. 26
MAC

I

uDynamlc/Statlc mapping u l L

PHY 0 PHY | PHYn2 PHYnl

(carrier 0) (carrier 1) (carrier n-2) (carrier n-1)
FIG. 27
PHY 0 PHY | PHY n-2 PHY n-1
(carrier () (carrier 1) (carrier n-2) (carrier n-1)
Dyﬁz;mic :
/Static de-mapping
MAC

MAC




WO 2012/128513

PCT/KR2012/001921 19 21

22 /33
FIG. 28
DL CCHo
(g Primary DI, CCHI DL CC#2 DL CC#3 DL CC#4
DL CC)
UL CCH0

here.

(eg. Anchor UL CC) —>A/N bits
for DL CCs can be transmitted




WO 2012/128513 23/33 PCT/KR2012/001921 1 09 1

FIG. 29

Information bits (eg. A/N bits for each DL CC)

t T egalala2alad. aMl
Channel coding
(eg. punctured RM, |  Encoded bit

TBCC, Turbo) —> the encoded bit can be rate-matched with the
; ———— - available subcarriers (eg. N=48 for QPSK modulation
and division to two slots)
BPI\S’{I‘&%‘{%‘I’(‘J%‘}?SK/ ca.b0,b b 2,b3,b 4.0 NI
16QAM/64QAM)

‘— ————-= Modulation symbols (eg. L=24 for QPSK)
eg.c 0,..,c L2-1,¢c L12,..,c L-I
¢ 0,..,c_L2-1 forslot0, ¢ L/2,..,c_L-1 forslotl

Divider
eg.c0,..c L2 l eg.c L2, ..,c L
eg.d 0,..,d L/2-] eg.d L2, ..,d Ll
Spreading Spreading
(eg. Walsh, DFT) (eg. Walsh, DFT)
I 1
g I |
2 d 0*wO[d 0*wl d 0*w2[d 0*w3
d I*wlld T*wl d *w2ld w3
d 2*wl]d 2*wl d 2*w2[d 2*w3
d 3*wl|d 3*wl d 3*w2{d 3*w3
o | | 4W0[d 4wl d £#w2|d 4*w3
2| [d S*wl|d S*wl d S*w2[d 5*w3
2| [d 6%w0[d 6%wl d 6*w2]d 6*w3
= [d Trw0d 7wl d 7*w2[d 7*w3
d 8*w0|d 8*wl d 8*w2[d 8*w3
[ 9*wl[d 9*wl d 9*w2[d 9*w3
d 10*w0{d 10*wl d 10%w2|d 10*w3
y (4 IT*w0]d 11wl d 11*w2{d 11*w3
- The frequency location may be
% RS hopped. (eg. mirrored hopping ’ ‘
in Rel-8) T[4 21 TWId 123
4 13w0[d 3%l 4 2[5
4 1P| 1Pwl A
d_15*w0|d 157wl 4 I5W2[d 153
4 T6%w0|d_16%wl 1624 16D
4 T[4 Tl AT
4 I8%w0|d 151 ¢ B W2[d_BW)
4 19%w0|d 19wl 4 10%W2[d_[9%W)
4 20°w0| d_20%w1 W[4 10w
d21%0|d 21w d T2 [d 2093
4 20| 4 20w W[ W)
d 23*w0(d 23*w] d 23*w2|d 23*w3

Slot0 Slot!



WO 2012/128513 PCT/KR2012/001921

PCI/KR 2012. 70019 9 1

24 /33
Information bits (eg. A/N bits for each DL CC)
eg.a 0,2 l,a2,a3,24,.,aMl
Channel coding

(eg. punctured RM, | Encoded bit
TBCC, Turbo) —> the encoded bit can be rate-matched with the
*— ———— - available subcarriers (¢g. N=48 for QPSK modulation
and division to two slots)

Bpgﬁfggé%%eﬁsw ca.b.0,b1,b2,03,b 4.5 N-l
IEQAMIBAQAM) 1 Modularion symbols (eg. =24 for QPSK)
i eg.c0,..,c L2Lc LR, .,c Ll
Divider ¢ 0,..,¢ L2-1 forslot0, c_L72, .., ¢ L-I forslot]
eg.c0,..c L2 l eg.c L72,..,c L

DFT precoder DFT precoder
eg.d 0,..d L/2-1 eg.d L72,...d L
Spreading Spreading
(eg. Walsh, DFT) (eg. Walsh, DFT)
] T
® ® ® Q. ® ® ® ® Q ®
wi wl w2 ooow3 wd  wl wl w2 oW wi

Frequency
—
5

*Wild *w2|d [*w3 d I'wd

d 2*w0 d 2*wl[d 2*w2[d 2*w3 d 2*w4
d 3*w0 d 3*wlld 3*w2[d 3*w3 d 3*w4
d #wl d #Fwild 4*w2|d 4*w3 d 4*wd
d 5*w0 d S*wl[d S*w2|d $*w3 d S*wd

d 6*w0 d 6*wl|d 6*w2|d 6*w3 d 6*wd

d 7*wl d Twl|d T*w2|d T*w3 d T*w4
d 8*wl d 8*wl|d 8*w2|d 8*w3 d 8*wd
d 9*wl d 9*wl|d 9*w2|d 9*w3 d 9*w4
R ZZZ A L L ZZZ TR
y (d 11%w0 d [T*wl|d 11P*w2{d_[1*w3 d 11*wd

v The frequency location may be
RS hopped. (cg. mirrored hopping , '

/
inRel-8) A ZZZ I A T ZZZ
R ZZ I A TR ZZZ
d 14*w0 d_[4*wl|d_14*w2|d_14*w3 d_14*wd
d 15%wl d 19%wl]d [5*w2|d_15*w3 d 15%wd

]
I
I

{3 |
0w 74 0SwId 0%w2[d 0%w3] /] d 0P WA
I

Ex. IPRB

d_16*w0 d_16*wl|d T6*w2|d_16*w3
d 17*w0 d I7*wl|d_17*w2|d_IT*w3
d 18*w0 d [8%wl|d 18*w2|d I8*3 d 18%wd
d_19*w0 d_19%wl|d_19*w2|d_19*w3 d_19*w4
d 20*w0 d 20*wl|d 20*w2{d 20*w3 d 20%w4
C|d 21*w0 d 2M¥wI|d 21*w2[d 21*3 d 21*wd
d 22*w) d 22%wl|d 2*w2|d 22%W3 d 22%wd
d 23*wd d 23*wl|d 23*w2|d_23*w3 d 23*w4

Slot0 Slot!



WO 2012/128513 PPCT/KR2012/001921‘ !
25 /33 POHRERINILY 21

FIG. 31

Information bits (eg. A/N bits for each DL CC)
# eg.a0,al,a2a3ad.,aMl

Channe] coding
(eg. punctured RM, }  Encoded bit
TBCC, Turbo) —> the encoded bit can be rate-matched with the
&— ———— -~ available subcarriers (eg. N=48 for QPSK modulation
. and division to two slots)
BP];AI(()%II?;(I)(r/ngSK/ e0.b.0,0.1,b 2b 3,b 4 ..,b N-
16QAM/649§¥)_ Modulation symbols (eg. L=24 for QPSK)
eg.c 0,..,c L2-1,c L2, ..,c L-]
Divider ¢ 0,..,c L2-1for slotO ¢ L72,..,c L-1 forslot]
eg.c 0,..,c L2 T eg.c L2, .., c Ll
eg.d0,.,d L2-1 eg.d L2, ..,d L-|
Spreading Spreading
(eg. Walsh, DFT) (eg. Walsh, DFT)
T ]
e 0§ 088 88 99 8 8
;r’ I )
2 d 0*wl d 0*wIld 0*w2]d 0*w3 d 0*wd
d I*w0 d Pwlld I*w2|d [*w3 d I*wd
| [d w0 d 2*wid 2%w2[d 2%w3 d 2*wd
d 3*wl d_3¥wl|d 3*w2[d 3*w3 d 3*wd
d w0 d #wlld $*w2|d 4*w3 d #wd
2 | [ S d w3, ] d 5w
2| [d 6*w0 d 6*wl|d 6*w2|d 6*w3 d 6*wd
= [d w0 d T*wld T*w2|d 7*w3 d 7*wd
d 8*wl d 8*wlld 8*w2|d 8*w3 d 8*wd
d 9*wl 4 9*wI[d o w2[d J%w3 d 9*wd
1070 Jd 10w [d 1072 [d_10wa /] d 10w
FRIIZZIN ll*wl A ZZ R
v The frequency location may be
RS hopped. (eg. mirrored happing Y , \
in Rel-8) d 12*w0 d 2%wlid 12*w2]d 12*w3 d_12*wd
yl y2 d 13*wd d [3*wl{d 13*w2{d 13*w3 d 13*w4
' : ) 777 L AL T 7 AT,
Spreading for RS _ d [5*w0 d IS*wi|d 15*w2{d I5*w3 d T5*wd
(cg. Walsh, DFT) d_16*w0 d [6*wl|d 16*w2|d 16%w3 d_16%wd

d_17*w0 d [T*wl|d 17*w2|d [7*w3 d_[7*w4
d_18*w0 d 18*wl|d 18*w2|d_18*w3 d 18*wd
d 19*w0 d 19*wl|d 19*w2[d 19*w3 d 19*w4
d 20wl d 20*w1]d 20*w2[d_20*w3 d 20%w4
d 20*w0 d 21%wl|d 21*w2|d 21*w3 d 2*w4
d 22*w) d 22*wl|d 22*w2|d 22*w3 d 22*wd
d B*w0l 7 /{d 23*wl{d 23*w2|d 23*w3 d 23*wd

h Slot0) - & Slot]
‘ ' yl y2

Spreading for RS
(eg. Walsh, DFT)




26/33

WO 2012/128513 CT/KR2012/001921
' vuul\bULL/.IUU],gzl
Information bits (eg. A/N bits for each DL CC)
l‘ eg.al,al,a2a3a4,.,aMl
Channel coding
(eg. punctured RM, |  Encoded bit
TBCC, Turbo) —> the encoded bit can be rate-matched with the
; —— ———= available subcarriers (eg. N=48 for QPSK modulation
d division to two slots)
Modulator (eg. an
BPSK/QPSK/SPSK/ Cg. b_O, b_l y b_2, b_3, b_4, resy b_N'l
16QAM/64?1X§4)_ ] Modulation symbols (eg. L=24 for QPSK)
Y 68.¢.0,..,c LD-L,¢c L/, ¢ L]
Divider ¢ 0,..,c L/2-1 for slot0, ¢_L/2, ..., c_L-1 for slotl
eg.c 0,..,c L2 | eg.c L2,...c Ll
DFT precoder DFT precoder
eg.d0,..,d L2 eg.d L72,..d L]
Spreading Spreading
(eg. Walsh, DFT) (eg. Walsh, DFT)
] T
e ® & ® ® ® ® @ ® ®
z 1M wi oWl w3 wh oW wioow oW wh
g | B | i i A I f
o N T 777 C A R 2777 | CALPARTI) 777 C AL AL PA AT 77 E AT
4 0P /1d Thwild Fw2[d Tw3D2]d Pwi| [d %004 3wl [d v d_I3w3| 4 1" wd
d 2*wl d 2%wl|d 2*w2|d 2*w3 d 2*wd||d_14*w0 d_[4*wl]d [4*w2|d 14*w3 d 14%wd
d 3*wl d 3Fwl[d 3*w2|d 3*w3 d T*wd]|[d 150 d 15*wl{d [5*w2[d [5*w3 d 15%w4
w074 Pl|d Pwl|d w327 Jd awa] [LT67W0Jd TewI [d_T6w2|d_T6mwa[ /] d 16wA
% d 5*wl d S*wl[d S*w2|d 5*w3 d S*wd|[d_17*w0 d [T*wl|d [7w2id 17%W3 d 17*wd
| |d 6wl d 6*wi|d 6*w2|d 6*w3 d 6*wd||d 18*w0 d I8*wlld 18*w2|d I8*w3 d_18*wd
= [d 7w d T*wl|d T*w2[d T*w3 d 7*wd] [d 19%wD d 19%wi|d 19°w2|d 15%w3 d_19%wd
d §*wl d $*wl|d 8*w2|d 8*w3 d 8¥*wd| 1d 20%w0 d 20%w1|d 204w2[d 20*w3 d 20*wd
d 9*wl d 9*wlld 9*w2|d 9*w3 d 9*wd|d 21*w0 d 2[*wl{d 21*w2[d 21*w3 d 21*wd
d_10*wl d_10*wl{d _10*w2|d_10*w3 d 10%w4||d 22*w0 d 22*wl|d 22*w2|d 22*W3 d 22%wd
R ZZ I T 27z E | E U ZZZ A e E T 772 [
!
o QL l ®
yl ¥2 yl y2
l I 1 t I |
Spreading for RS Spreading for RS '
(eg. Walsh, DFT) (eg. Walsh, DFT)
xl X2
[ I 1
Spreading for RS
(eg. Walsh, DFT)
- Slot0 - Slot] -



WO 2012/128513

PUCCH #0

PUCCH #1

PUCCH #0
PUCCH #1

FRCT/KR2012/001921] g 9 |

27 /33
FIG. 33
Slot 0 Slot 1
| ACK/ RS ACK/| ACK/ ACK/
NACK NACK|NACK RS  NACK
2
(a)
Slot 0 Slot |
ACK/ RS  ACK/ | ACK/ ACK/
NACK NACKNACK RS  NACK

(b)

PUCCH #1
PUCCH #0

PUCCH #1

PUCCH #0



WO 2012/128513

PCIKBAZMOZY 19 9 1

28/33
Slot 0 Slot 1 Slot 0 Slot 1
PUCCH #0 PUCCH #0
PUCCH #1 PUCCH #1
ACK/ RS  ACK/|ACK/ ACK/| ACK/™ RS ACK/|ACK/ ACK/
NACK NACK|NACK RS  NACK| [NACK NACKINACK. RS  NACK
PUCCH #1 PUCCH #1
%
PUCCH #0 PUCCH #0
(a) (a)
Slot § Slot 1 Slot 0 Slot 1
PUCCH #0 PUCCH #0
PUCCH #1 Z PUCCH #1
ACK/ RS  ACK/| ACK/ Ack/l TACK/T RS ACK/|ACK/ ACK/
NACK NACKINACK. RS  NACK| [NACK NACKINACK. RS  NACK
PUCCH #1 PUCCH #1
PUCCH #0 PUCCH #0

(¢)

(d)




WO 2012/128513 29 /33
FIG. 35
| One Frame (10ms) One Frame (10ms)
i 6 6
i ] ,

DS

=
R

|
I
: 16
| [_]_——7’6_—1\_’\_' |
D3 p| DIV b | DISHYI D D
| VT
| 8
D D(D|D DD |D D|D|D ﬁ
| R R L
1
| 54
! 7611 —hLi =~
R S Kt
D 7] 0| p|o[p|p|pEF ¥ pip|D
! L _|g5-—--1
I
|
| ﬁ] I I 12,8,7,]1 ———'

PCI/KR2012/001921) 19 9 1

The subframe is reserved for downlink
transmissions.

(77 The subframe is reserved for uplink
Y] transmissions.

1:?31 A special subframe woith the three fields
k9% DwPTS, GP and UwPTS.

UL-DL
configuration 0

UL-DL
configuration

UL-DL
configuration 2

UL-DL
configuration 3

UL-DL
configuration 4

UL-DL
configuration

UL-DL
configuration 6



WO 2012/128513 PCT/KR2012/001921 0 ]
30,/33 2l

FIG. 36

The subframe is reserved for downlink
fransmissions.
The subframe is reserved for uplink

6%
% transmissions.
P A special subframe woith the three fields

R34 DWPTS, GP and UwPTS.

One Frame (10ms) One Frame (10ms)

X2

54

76,11 —t4
T i

. UL-DL
D ﬁD D|D|D|D D%éjﬁ DID|D|D D} Cell#l: goniouration 3 =-{ PCell

DSy u[¥(p|p|p|D|D 0 u¥(p|p|D|D Cell#zz%;}%lfmm
| L_L_Lgs 4

| 3

FIG. 37

The subframe is reserved for downlink
transmissions.

‘7] The subframe is reserved for uplink
% transmissions.

%54 A special subframe woith the three fields
%4 DWPTS, GP and UPTS.

One Frame (10ms) One Frame (10ms)

X2

] m 2811 ———
D

7)o [o]o]o[o o 75/ p] o] o[o]o] ce¥t: aprin
ﬁ (virtually)

ULDL
%)o[p|p[p|pD DES/%| D|D|D|D|D|D| Cell#2: oiortiond | Changed
. L_L_L Ll 6547--4 Peell for UCI




WO 2012/128513 |
PCTHRR20121001979 0 19 9 1

31 / 33
The subframe is reserved for downlink
77 The sblame s esarved o upik
One Frame (10ms) One Frame (10ms) _ ;/‘/f tmﬁ;};gﬁ,’}{;‘s fesenvec 1o upt

%
X

£ DWPTS, GP and UwPTS.

A special subframe woith the three fields

-—54
I
D 7| |p|b| | DJB K

Y
D%ﬁfﬁﬁ]} p|ol#|p|D 747 o|p[p|D|D Cen#z:g;]%mm
i)

K according to the UL-DL configuration of % PCell

UL-DL m
configuration 3 =— 1" PCell

D|{D|{D{D{D}| Cell#1:

|

i

1 T — | ULDL
p[§77)7|n|p || o[ DD AP DD DD CelB: Goioiraions = 2™ pcel
b7 | p[pn|[p |f577/% p|p|p|p[p[p] Calls: bk s

| L-Lti-tbes4r--4

! 4



WO 2012/128513
32/33

FIG. 39
[ One Frame (10ms) | One Frame (10ms)
E
I
] [ 28—
b[§3740% p|o| | o|p|p§&5/87 || p| D

D[/ p|p|p|p|D|D D

654,7--4

T 1 LI
[ W U S
]\/,

K according to the UL-DL configuration of Cell
(e.g., cell #2) which has the minimum number of

UL subframe among configured serving cells

FIG. 40

! One Frame (10ms) One Frame (10ms)
|
|
e L I
p§4/47 p|p|p|p|p 0§15/ ¥ b|p|D
DI/ p|p|p|D|D|D|D D|D|{D|D
| L—L\;-QSAJ—J
I -

K according to the UL-DL configuration of Cell
(e.g., cell #2) which has the minimum number of

UL subframe among configured serving cells

PCT/KR2012/0019210 0 19 7 1

The subframe is reserved for downlink
fransmissions.

7] The subframe is reserved for uplink

[+ transmissions.

33 A special subframe woith the three fields
5 DWPTS, GP and UwPTS.

7

UL-DL
configuration 3

UL-DL
configuration 4

Cell #1 - PCell

Cell#2

The subframe is reserved for downlink
{ransmissions,

The subframe is reserved for downlink
transmisstons.

,{’ The subframe is reserved for uplink
/ transmissions.

ecial subframe woith the three fields
wPTS, GP and UwPTS.

ULDL
configuration 3

UL-DL
configuration 4

Cell #1 : —— PCell

Cell #2 :

The subframe is reserved for downlink
transmissions.



WO 2012/128513 PPCI/KR2012/001921 9 2 1
33/33

FIG. 41

The subframe is reserved for downlink
transmissions.
7] The subframe is reserved for uplink

7

! One Frame (10ms) One Frame (10ms) transmissions.

i :0301 A special subframe woith the three fields
| 54 {4 DWPTS, GP and UWPTS.

|

|

76,11 —
1y /3 Y

DIS %D p|b[p| DB WY p|D|D|D|D Cell#l:%}?gﬁmﬁon%_meu
D& 7inio[p[o]p] o o[8[ p[o[p[p| ca2: UL s
o b

L_L __65_4LJ

)

|

| |

K according to the UL-DL configuration of P(;ell | I
| ' l

; | |

L. (Additional) — L (Additional) — -

FIG. 42

The subframe is reserved for downlink
transmissions.
,{4 The subframe is reserved for uplink

! One Frame (10ms) One Frame (10ms) 7\ transmissions.
P :030{ A special subframe woith the three fields
! oS4 224 DWPTS, GP and UwPTS.
| F———I"Tu”“_'iz%i ’ 7'
{
- UL-DL
D § DD /b D|D /6 &ﬁ% D D| D D|D| Cell#l: configuration 3 = PCell

= . UL-DL
D Cell #2: configuration 4

DﬁDﬂDD ﬁﬂupDDDD

o |3

: L.l __6§_ﬂLJ
| )
I

K accordmg fo the UL-DL configuration of P¢ell

1 i
: 1
| |
| o |
Lo (Addifona) —— Lo (Additonal) —--—




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - description
	Page 116 - description
	Page 117 - claims
	Page 118 - claims
	Page 119 - claims
	Page 120 - claims
	Page 121 - claims
	Page 122 - claims
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - drawings
	Page 131 - drawings
	Page 132 - drawings
	Page 133 - drawings
	Page 134 - drawings
	Page 135 - drawings
	Page 136 - drawings
	Page 137 - drawings
	Page 138 - drawings
	Page 139 - drawings
	Page 140 - drawings
	Page 141 - drawings
	Page 142 - drawings
	Page 143 - drawings
	Page 144 - drawings
	Page 145 - drawings
	Page 146 - drawings
	Page 147 - drawings
	Page 148 - drawings
	Page 149 - drawings
	Page 150 - drawings
	Page 151 - drawings
	Page 152 - drawings
	Page 153 - drawings
	Page 154 - drawings
	Page 155 - drawings

