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FIG.6

( START )

"
COMPARE TDD UL-DL CONFIGURATIONS OF PCell AND ScCell (S610)

SEARCH FOR COMMON UPLINK SUBFRAME FROM TWO TDD UL-DL
CONFIGURATIONS (5620)

FIND ONE OR MORE REFERENCE TDD CONFIGURATIONS IN WHICH
SUBFRAME THAT TRANSMITS PDSCH A/N BELONGS TO THE
COMMON UPLINK SUBFRAME (5630)

SELECT REFERENCE TDD CONFIGURATION SPECIFIC TO USER
EQUIPMENT FROM ONE OR MORE REFERENCE TDD
CONFIGURATIONS (5640)

TRANSMIT REFERENCE TDD CONFIGURATION SPECIFIC TO USER
EQUIPMENT TO USER EQUIPMENT (5650)
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FIG.7

v

RECEIVE REFERENCE TDD CONFIGURATION INFORMATION FROM
TRANSMISSION/RECEPTION POINT (S710)

TRANSMIT PDSCH A/N IN SUBFRAME DEFINED BASED ON
REFERENCE TDD CONFIGURATION INFORMATION (5720)
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FlG. 12

COMPARE TDD UL-DL CONFIGURATIONS OF PCell AND 5Cell (51210)

SEARCH FOR ONE OR MORE SCell REFERENCE TDD CONFIGURATIONS
THAT BELONG TO UPLINK SUBFRAME OF PCell BY SUBFRAME THAT
TRANSMITS PDSCH A/N (S1220)

SELECT REFERENCE TDD CONFIGURATION SPECIFIC TO USER
EQUIPMENT FROM ONE OR MORE SCell REFERENCE TDD
CONFIGURATIONS (51230)

TRANSMIT REFERENCE TDD CONFIGURATION SPECIFIC TO USER
EQUIPMENT TO USER EQUIPMENT (51240)

END
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FlG.15

Y
RECEIVE SCell REFERENCE TDD CONFIGURATION INFORMATION
FROM TRANSMISSION/RECEPTION POINT (S1310)

TRANSMIT PDSCH A/N OF PCell IN SUBFRAME DETERMINED BASED
ON TDD UL-DL CONFIGURATION OF PCell AND TRANSMIT PDSCH
A/N OF SCell IN SUBFRAME DETERMINED BASED ON SCell
REFERENCE TDD CONFIGURATION INFORMATION(51320)
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USER EQUIPMENT, PDSCH A/N
TRANSMITTING METHOD THEREOYEF,

TRANSMISSION/RECEPTION POINT, AND
PDSCH A/N RECEIVING METHOD THEREOK

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation application of U.S.
patent application Ser. No. 13/7135,2778, filed on Dec. 14,
2012, and claims priority from and the benefit under 35
U.S.C. §119(a) of Korean Patent Application No. 10-2011-
0136662, filed on Dec. 16, 2011 and Korean Patent Applica-
tion No. 10-2012-0009275, filed on Jan. 30, 2012, all of

which are hereby incorporated by reference for all purposes
as 1 fully set forth herein.

BACKGROUND

1. Field

The present disclosure relates to a system 1n which a trans-
mission/reception point and a user equipment have different
configurations in an inter-band and perform communication
by TDD (Time Division Duplex) method.

2. Discussion of the Background

As communication systems have been advanced, compa-
nies and consumers such as individuals come to use a great
variety of wireless user equipments. The current mobile com-
munication system ol 3GPP series, such as the LTE (Long
Term Evolution), and LTE-A (LTE Advanced), requires tech-
nology developments capable of providing high-capacity
data equivalent to a wire communication network as a high-
speed, large-capacity communication system that can trans-
mit/recerve various kinds of data, such as moving images, and
wireless data out of services devoted to a sound. As a method
for transmitting high-capacity data, a method of effectively
transmitting data through a large number of component car-
riers may be used.

Meanwhile, 1n a TDD (Time Division Duplex) system, 1t 1s
possible to transmit and receive data by dividing transmission
(Tx) or reception (Rx) mto time slots and using specific
frequency bands. In this scheme, timings for transmitting

Reference TDD

configuration

SCell TDD
UL-DL configuration

UL-DL

10

20

25

30

35

40

2

response information with respect to the data reception can be
changed according to a method of configuring an uplink (UL)
and a downlink (DL) 1n a TDD system.

Meanwhile, 1n a carrier aggregation (CA) environment for
aggregating one or more component carriers (CCs), a band
corresponding to each component carrier can be different.
That 1s, 1n inter-band carrier aggregation scheme, component
carriers in different operating bands are aggregated. When the
carrier aggregation 1s performed by an inter-band carrier
aggregating method, 1f the TDD configurations of respective
bands are different, it should be considered for a timing at
which the response information with respect to the data
reception 1s transmitted. The timing for transmitting the
response 1nformation with respect to the data reception
should be able to be applied to both a scheme 1n which the user
equipment1s in a full-duplex mode and a scheme 1n which the
user equipment 1s 1n a halt-duplex mode.

SUMMARY

Exemplary embodiments of the present invention provide a
method and an apparatus for determining timings for trans-
mitting response mmformation with respect to data reception
when two component carriers have ditferent TDD configura-
tions 1n a carrier aggregation environment.

Additional features of the invention will be set forth 1n the
description which follows, and 1n part will be apparent from
the description, or may be learned by practice of the mnven-
tion.

Exemplary embodiments of the present invention provide a
user equipment that 1s configured with at least two serving
cells including a primary cell (PCell) and a secondary cell
(SCell). The PCell and the SCell have different TDD UL-DL
configurations. The user equipment includes a transmitter
configured to transmit first acknowledgement/negative
acknowledgement (A/N) in an uplink subiframe determined
by a reference TDD configuration for the SCell. The first A/N
corresponds to a Physical Downlink Shared Channel (PD-
SCH) transmission on the SCell. The reference TDD configu-
ration for the SCell has a greatest number of uplink subframes

from among one or more reference TDD configurations for
the TDD UL-DL configurations of the PCell and the SCell in

Table 1 below:

Configuration 0 1

0 _

1 7,6

TABLE 1
PCell TDD UL-DIL. configuration
0 1 2 3 4 > 6
0 0 1,2.4,5 2.5 3.4,5 4,5 5 1,2,3,45.6
1 1,2,4,5 1 2.5 4,53 4,5 5 1,2,4,5
2 2.5 2.5 , 5 5 5 2,5
33,45 4,5 5 3 4.5 5 3.4,5
4 4,5 4,5 5 4,5 4 5 4,5
5 5 5 5 S 5 > 3
6 1,2,3,4,5.6 1,2,45 2,5 3,45 45 5 6
in Table 1 above, each reference TDD configuration 1ndi-
cates downlink association set indexes (K: {k,. k,,...k,, .}
for a subirame ‘n’ as defined 1n Table 2 below:
TABLE 2
Subframe ‘n’
2 3 4 5 6 7 8 9
G _ 4 6 4
4 7.6 -
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TABLE 2-continued

UL-DL Subframe ‘n’
Configuration 0 1 2 3 4
2 8,7,4,6 — —
3 7,6,11 6, 3 5.4
4 12,8, 7,11 6,5,4,7 —
5 13,12,9,8,7,5,4,11, 6 - -
6 7 7 5

where A/N corresponding to PDSCH transmitted 1n a sub-
frame (n-k,) (0O=1=M-1) 1s transmitted in the subframe ‘n’.
Exemplary embodiments of the present invention provide a

method for transmitting A/N by a user equipment configured 1°

with at least two serving cells including a primary cell (PCell)
and a secondary cell (SCell). The PCell and the SCell have

different TDD UL-DL configurations. The method includes
transmitting first A/N 1n an uplink subiframe determined by a

7 8 O
8,7, 4, 6
7 7

reference TDD configuration for the SCell. The first A/N
corresponds to a physical downlink shared channel (PDSCH)
transmission on the SCell. The reference TDD configuration
for the SCell has a greatest number of uplink subirames from

among one or more reference TDD configurations for the

TDD UL-DL configurations of the PCell and the SCell 1n
Table 1 below:

TABLE 1
Reference TDD PCell TDD UL-DL configuration
configuration 0 1 2 3 4 5 6
SCell TDD 0 0 1,2.4,5 2.5 3.45 45 5 1,2,3,45.6
UL-DL configuration 1 1,2,4,5 1 2.5 4,5 4,5 5 1,2,4,5
2 2.5 2.5 , 5 5 5 2.5
3 3,4,5 4,5 5 3 4,5 5 3.4,5
4 4,5 4,5 5 4,5 4 5 4,5
5 5 5 5 D 5 > 0D
6 1,2,3,4,5.6 1,245 2,5 3,45 45 5 6
35  1n Table 1 above, each reference TDD configuration indi-
cates downlink association set indexes (K: 1k, ky, ... Ky )
for a subframe ‘n’ as defined in Table 2 below:
TABLE 2
UL-DL Subframe ‘n’
Configuration 0 1 2 3 4 5 6 7 8 9
0 6 - 6 4
1 7.6 4 7.6 4
D . 8,7,4,6 - . 8,7,46 — —
3 . 7,6,11 6, 5 5.4 S
4 . 12,8,7,11 6,54,7 —  — S
5 13,12,9,8,7.5,4,11,6  — — —
6 7 7 5 7 7
50
where A/N corresponding to PDSCH transmitted in a sub-
frame (n-k,) (0=1=M-1) 1s transmitted 1n the subirame ‘n’.
Exemplary embodiments of the present invention provide a
transmission/reception point that communicates with a user
55 : : : :
equipment configured with at least two serving cells includ-
ing a primary cell (PCell) and a secondary cell (SCell). The
PCell and the SCell have different TDD UL-DL configura-
tions. The transmission/reception point includes a receiver
o contigured to receive first A/N from the user equipment in an
uplink subirame determined by a reference TDD configura-
tion for the SCell. The first A/N corresponds to a physical
downlink shared channel (PDSCH) transmission on the
SCell. The reference TDD configuration for the SCell has a
65 greatest number of uplink subirames from among one or

more reference TDD configurations for the TDD UL-DL
configurations of the PCell and the SCell in Table 1 below:
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TABLE 1
Reference TDD PCell TDD UL-DIL configuration
configuration 0 1 2 3 4 5 6
SCell TDD 0 0 1,2,4,5 2.5 3,45 45 5 1,2.3.4,5.6
UL-DL configuration 1  1,2,4,5 1 2.5 4.5 4,5 5 1,2.4,5
2 2.5 2,5 , 5 5 5 2,5
3 3.4,5 4,5 5 3 4,5 5 3.4,5
4 4.5 4,5 5 4,5 4 5 4,5
5 5 5 5 5 5 5 5
6 1.2.3.4,5.6 1,2,45 2.5 3.45 45 5 6
in Table 1 above, each reference TDD configuration indi-
cates downlink association set indexes (K: {ky, k;, ... kK, H)
for a subframe ‘n’ as defined 1n Table 2 below:
TABLE 2
UL-DL Subframe ‘n’
Configuration 0 1 2 3 4 5 6 7 8 9
0 6 - 4 6 4
1 7.6 4 _ 7.6 4
, 8. 7.4, 6 _ _ 8, 7.4, 6
3 7.6, 11 6,5 5,4 —
4 12,8, 7. 11 6,547 — _
5 13,12.9,8,7.5.4,11,6  — _ _
6 7 7 5 7 7T —

where A/N corresponding to PDSCH transmitted in a sub-
frame (n-k;) (0=1=M-1) 1s transmitted in the subirame ‘n’.

Exemplary embodiments ol the present invention provide a
method for receiving A/N by a transmission/reception point

that communicates with a user equipment configurec
least two serving cells including a primary cell (PCe

- with at
1) and a

secondary cell (SCell). The PCell and the SCell havec

ifterent

TDD UL-DL configurations. The method includes receiving

Reference TD

configuration

SCell TDD

D

UL-DL configuration

UL-DL

Configuration

o W T N VS B N T

Y first A/N from the user equipment 1 an uplink subirame
determined by a reference TDD configuration for the SCell.
The first A/N corresponds to a physical downlink shared
channel (PDSCH) transmission on the SCell. The reference
TDD configuration for the SCell has a greatest number of
uplink subirames from among one or more reference TDD
configurations for the TDD UL-DL configurations of the
PCell and the SCell in Table 1 below:

35

TABLE 1

PCell TDD UL-DI. configuration

0 1 , 3 4 5 6
0 0 1,2,4,5 2,5 3,45 45 5 1,2.3,4,56
1 1,2,4,5 1 2.5 4,5 4,5 5 1,2.4,5
22,5 2,5 , 5 5 5 2.5
3 3,4,5 4, 5 5 3 4,5 5 3,4,5
4 4,5 4,5 5 4,5 4 5 4,5
5 5 5 5 5 5 5 5
6 1,2.3.4,5,6 1,2,4.5 2,5 3,45 45 5 6

in Table 1 above, each reference TDD configuration 1ndi-
cates downlink association set indexes (K: 1k, k,,...K,,  })
for a subiframe ‘n’ as defined in Table 2 below:

TABLE 2

Subframe ‘n’

0 1

, 3 4 5 6 7 8 O
6 _ 4 6 — 4

7.6 4 1.6 4
8, 7.4, 6 _ . 87,46 — —
7.6, 11 6, 5 5,4 — _
12,8,7,11 6,5.4,7 —  — .
13,12,9,8,7,5,4,11,6  — — .
7 7 5 7 y A
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where A/N corresponding to PDSCH transmitted 1n a sub-
frame (n-k,) (O=1=M-1) 1s transmitted in the subframe ‘n’.

According to aspects of the present invention, 1f the TDD
configurations of two component carriers are different 1n a
carrier aggregation environment, a timing for transmitting
response information with respect to a data reception can be
determined.

It 1s to be understood that both forgoing general descrip-
tions and the following detailed description are exemplary
and explanatory and are intended to provide further explana-
tion of the invention as claimed. Other features and aspects
will be apparent from the following detailed description, the
drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the mnvention and are incor-
porated 1 and constitute a part of this specification, illustrate
embodiments of the invention, and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 1 1s a diagram 1llustrating a wireless communication
system according to an exemplary embodiment of the present
ivention.

FI1G. 2 1s a diagram illustrating an inter-band CA environ-
ment according to an exemplary embodiment of the present
invention.

FIG. 3 1s a diagram 1llustrating an example of requiring
different TDD UL-DL configurations in an inter-band 1n
order to avoid an iterference with different TDD systems
according to an exemplary embodiment of the present mnven-
tion.

FI1G. 4 1s a diagram 1llustrating an operation method of each
subframe when a user 1s equipment 1n an inter-band CA
environment of FIG. 2 1s 1n a halif-duplex mode according to
an exemplary embodiment of the present invention.

FIG. 5 1s a diagram 1illustrating an operation method for
cach subiframe when a user equipment 1n an inter-band CA
environment of FIG. 2 1s 1 a full-duplex mode.

FIG. 6 1s a flowchart 1llustrating a method of configuring
PDSCH A/N timing of a transmission/reception point accord-
ing to an exemplary embodiment of the present invention.

FI1G. 7 1s a diagram illustrating a PDSCH A/N transmitting,
method of a user equipment according to an exemplary
embodiment of the present invention.

FI1G. 8, FIG. 9, FIG. 10, and FIG. 11 are diagrams 1illus-
trating examples of a relation between a subiframe transmit-
ting PDSCH and a subirame transmitting PDSCH A/N at a
PDSCH A/N timing according to an exemplary embodiment
of the present invention.

FI1G. 12 1s a flowchart 1llustrating a method of configuring
PDSCH A/N timing of a transmission/reception point accord-
ing to an exemplary embodiment of the present invention.

FI1G. 13 1s a diagram 1illustrating a method of transmitting,
PDSCH A/N of a user equipment according to an exemplary
embodiment of the present invention.

FI1G. 14 and FIG. 135 are diagrams 1llustrating examples of
a relation between a subframe transmitting PDSCH and a
subirame transmitting PDSCH A/N at a PDSCH A/N timing
according to an exemplary embodiment of the present mnven-
tion.

FIG. 16 1s a diagram 1llustrating a configuration of a trans-
mission/reception point according to an exemplary embodi-
ment of the present invention.
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8

FIG. 17 1s a diagram 1illustrating a configuration of a user
equipment according to an exemplary embodiment of the
present 1nvention.

DETAILED DESCRIPTION OF TH.
ILLUSTRATED EMBODIMENTS

L1l

The invention 1s described more fully hereinatter with ret-
erence to the accompanying drawings, in which exemplary
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the exemplary embodiments set
forth herein. Rather, these exemplary embodiments are pro-
vided so that this disclosure 1s thorough, and will fully convey
the scope of the mvention to those skilled 1n the art. It will be
understood that for the purposes of this disclosure, “at least
one of X, Y, and Z” can be construed as X only, Y only, Z only,

or any combination of two or more 1tems X, Y, and Z (e.g.,
XYZ, X7, XYY, YZ, 77). Throughout the drawings and the
detailed description, unless otherwise described, the same
drawing reference numerals are understood to refer to the
same elements, features, and structures. The relative size and
depiction of these elements may be exaggerated for clarity.

FIG. 1 1s a diagram 1llustrating a wireless communication
system according to an exemplary embodiment of the present
ivention.

The wireless communication system may provide various
communication services, such as voice communications or
packet data communications.

With reference to FIG. 1, the wireless communication sys-
tem 1ncludes a user equipment (UE) 10 and a transmission/
reception point 20 that performs uplink and downlink com-
munications with the user equipment 10.

In the present disclosure, the user equipment 10 may be a
user equipment 1n a wireless communication system, and 1t 1s

to be understood that the user equipment 10 includes a UE
(User Equipment) in WCDMA, LTE, HSPA, and the like, and

also includes an MS (Mobile Station), a UT (User Terminal),
a SS (Subscriber Station), a wireless device, or the like 1n
GSM.

A transmission/reception point 20 or a cell generally refers
to a station for communication with the user equipment 10,
and 1t may be also referred to as an access point (AP), a base
station (BS), a node-B, an eNB (evolved Node-B), a sector, a
site, a BTS (Base Transceirver System), an access point, a
relay node, and the like.

That 1s, 1n the present specification, 1t 1s to be understood
that the transmission/reception point 20 or a cell may indicate
a partial region or function which 1s covered by a BSC (Base
Station Controller) in a cell or CDMA, a NodeB in WCDMA,
or an eNB or a sector (site) in LTE, and the transmission/
reception point 20 may have various coverage regions, such
as a megacell, a macrocell, a microcell, a pico cell, a femto
cell, an RRH (Radio Resource Head), and a relay node com-
munication range.

In the present disclosure, the user equipment 10 and the
transmission/reception point 20 are two exemplary commu-
nication devices used for implementing a technology or a
technical idea described 1n the present disclosure in uplink/
downlink communications, and scope of the mvention 1s not
limited by particularly designated terms or words for the
communication devices.

FIG. 1 1llustrates one user equipment 10 and one transmis-
s1on/reception point 20, but aspects of the present invention
are not limited thereto. One transmission/reception point 20
can commumnicate with a plurality of the user equipments 10,




US 9,270,365 B2

9

and also one user equipment 10 can communicate with a
plurality of the transmission/reception point 20.
Various multiple access communication methods may be

applied to the wireless communication system. Various mul-
tiple access communication methods, such as CDMA (Code
Division Multiple Access), TDMA (Time Division Multiple
Access), FDMA (Frequency Division Multiple Access),
OFDMA (Orthogonal Frequency Division Multiple Access),
OFDM-FDMA, OFDM-TDMA, and OFDM-CDMA can be
used. Exemplary embodiments of the present invention may

be applied to the resource allocation for asynchronous wire-
less communication that evolves through GSM, WCDMA

and HSPA to LTE and LTE-advanced, or synchronous wire-
less communication that evolves to CDMA, CDMA-2000,
and UMB, or the like. Exemplary embodiments of the present
invention are not to be limited to a particular wireless com-
munication field, and are to be construed to include all the
technical fields to which the 1dea of the present invention can
be applied.

The uplink transmission and the downlink transmission
may be performed by using a TDD (Time Division Duplex)
method 1 which the transmissions are performed at different
timings or an FDD (Frequency Division Duplex) method in
which the transmissions are performed at different frequen-
cies.

With reference to FIG. 1, the user equipment 10 and the
transmission/reception point 20 may perform uplink and
downlink wireless communications.

In the wireless communication, one wireless frame (radio
frame) may include 10 subirames, and one subirame may
include two slots. The wireless frame may have a duration of
10 ms, and the subiframe may have a duration of 1.0 ms. In
general, the base unit for data transmission 1 time domain
may be one subirame, and downlink or uplink scheduling 1s
performed by the subirame unait.

The transmission/reception point 20 may perform a down-
link transmission to the user equipment 10. The transmission/
reception point 20 may transmit data via a physical downlink
shared channel (PDSCH) as a downlink data channel for a
unicast transmission. Further, the transmission/reception
point 20 may transmit a control channel, such as a physical
downlink control channel (PDCCH) as a downlink channel
used for transmitting downlink 1s control information (DCI),
such as a scheduling required for PDSCH reception, and
downlink control information (DCI) including scheduling
grant information for a transmission in the uplink data chan-
nel (for example, a physical uplink shared channel
(PUSCH)), a physical control format indicator channel (PC-
FICH) for transmitting indicators that divide regions of
PDSCH and PDCCH, and a physical HARQ indicator chan-
nel (PHICH) for transmitting the HARQ (Hybrid Automatic
Repeat request) confirmation on the uplink transmission.
Hereinatter, the transmission/reception of a signal through
cach channel will be described as transmitting/recerving the
corresponding channel.

The user equipment 10 may perform an uplink transmis-
s10n to the transmission/reception point 20. The user equip-
ment 10 may transmit PUSCH as an uplink data channel.

UL-DL
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Further, the user equipment 10 may transmit HARQ ACK
(acknowledgement)/NACK (negative ACK) indicating
whether the downlink transmission block 1s successtully
received and a physical uplink control channel (PUCCH) as
an uplink control channel used for transmitting uplink control
information (UCI) including a scheduling request that
demands resource allocation 1f the channel state report and
the uplink data transmaission 1s desired.

Meanwhile, 1n TDD, time points for uplink and downlink
are divided, and 11 there are various TDD configurations, the
points may vary.

Table 1 presents a TDD configuration. Each TDD configu-
ration has different UL-DL (Uplink-Downlink) subirame
transmission timing. Such a TDD configuration may be a
cell-specific configuration.

TABLE 1
Downlink-
to-Uplink
Uplink- Switch-
downlink point Subiframe number

o
(D
N
th
N
-
o0
D)

configuration periodicity 0 1

U 5> ms b s U U U D &S U U U
1 > ms b s U U D D &S U U D
2 5 ms b s U D D D & U D D
3 10 ms p s U U U D D D D D
4 10 ms b s U U D D D D D D
5 10 ms b s U D D D D D D D
0 > ms p s U vuUu U D § U U D

In Table 1, 1n radio frame corresponding to 10 subirames,
regions indicated by D represent downlink subirames, and
regions indicated by U represents uplink subframes. S repre-
sents a subirame that switches from downlink to uplink
(Downlink-to-Uplink Switch-point). For example, 1if a TDD
UL-DL (uplink-downlink) configuration 1s 1, a subiframe
having a subirame number 0, 4, 5, or 9 1s a downlink sub-
frame, a subiframe having a subframe number 2,3,7, or 8 1s an
uplink subirame, and a subframe having a subirame number
1 or 6 1s a subframe that switches from downlink to uplink.

Meanwhile, 11 one of the TDD UL-DL configurations 1s
used, the user equipment can know 1n advance uplink points
and downlink points. Such information enables the user
equipment to perform operations 1n advance by predicting the
uplink, downlink, and switching subirames.

A response for a downlink data transmission, e.g., A/N
(Ack/Nack) for PDSCH, 1s transmitted through an uplink
frame from the user equipment 10 to the transmission/recep-
tion pomnt 20. For an uplink subirame in which A/N {for
PDSCH 1s transmitted from the user equipment 10, downlink

association set indexes (K: {k,, k., . . . k,, , }) indicate an
association 1s value associated with a downlink subframe 1n
which the PDSCH 1s transmitted to the user equipment 10.
For each UL-DL configuration, the downlink association set
indexes ‘K’ for an uplink subiframe ‘n” are shown 1n Table 2
below.

Configuration 0 1

0 .

1 7,6

TABLE 2
Subframe n
2 3 4 5 6 7 8 9
6 — 4 — — 6 — 4
4 - — — 1,6 4 —
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TABLE 2-continued
UL-DL Subframe n
Configuration 0 1 2 3 4 6 7 8 9

2 8,7,4,6 — — 8, 7,4, 6

3 7,6,11 6,5 5,4 —

4 12,8, 7,11 6,5 4,7 — —

5 13,12,9,8,7,5,4,11, 6 _ _ .

6 7 7 5 7 —

For an uplink subframe ‘n’ in each TDD UL-DL configu-
ration, an index k, in Table 2 indicates the number of sub-
frames counted from the uplink subframe (subirame ‘n’) for
transmitting A/N for PDSCH to a downlink subframe, which
1s located before the uplink subframe, for transmitting the
PDSCH. That 1s, with respect to the PDSCH transmitted 1n
the downlink subirame (n—-k) (keK), A/N for the PDSCH 1s
transmitted in an uplink subirame ‘n’. For example, it 1s
assumed that a TDD UL-DL configuration 1s 1. If a subirame
number ‘n’is 2, and K={7, 6}, A/N for PDSCH transmitted in
downlink subirames having subirame numbers 5 and 6 in the
previous radio frame 1s transmitted through the subframe °2°.
(If one radio frame includes ten subirames from subirame 0 to
subirame 9, the subiframe numbers 5 and 6 1n the previous
radio frame correspond to ‘2-7"=-5 and ‘2-6’=-4, respec-
tively). If a subframe number ‘n’ is 3, and K={4}, A/N for
PDSCH transmitted 1n a downlink subirame having the sub-
frame number 9 1n the previous radio frame 1s transmitted 1n
the subframe ‘3°. If a subframe number ‘n’is 7, and K={7, 6},
A/N for PDSCH transmitted in downlink subirames having,
subirame numbers 0 and 1 of the same radio frame is trans-
mitted in the subframe 7. Further, when the subiframe num-

beris 8, and K={4}, A/N of PDSCH transmitted in a downlink

subiframe having a subirame number 4 of the same radio
frame 1s transmitted through the subirame ‘8.

Meanwhile, 1n a carrier aggregation (CA) environment in
which one or more component carriers (CC) are aggregated,
bands including respective component carriers may be difier-
ent. If the carrier aggregation 1s performed by an inter-band
method, a TDD configuration for each band may be different
from each other. However, carrier waves included in bands
having different TDD configurations may be used 1n one user
equipment.

FIG. 2 1s a diagram illustrating an 1nter-band CA environ-
ment according to an exemplary embodiment of the present
invention.

It 1s 1llustrated that two component carriers are configured
in a system 210, where a CC1 211 1s a carrier wave that has a
coverage ol a high-powered signal transmitted from an eNB,
and the CC2 212 1s a carrier wave that has a coverage of a
low-powered signal transmitted from the eNB. The CC1 211
and the CC2 212 may be included 1n different bands. The
TDD UL-DL configuration of the CC1 211, which 1s denoted
by “1” 1n Table 1, 1s denoted by “281” 1n FI1G. 2, and the TDD
UL-DL conﬁguratlon of the CC2 212, which 1s denoted by
“2” 1 Table 1, 1s denoted by “282” in FI1G. 2. In this environ-
ment, a CA conﬁguratlon may be possible for user equip-
ments located in the coverage oI CC 2 212. Further, a hot-spot
region 215 may be configured by the CA environment of the
CC 1 211 and the CC 2 212.

In the CA environment, the user equipment that commu-
nicates with the transmission/reception point may perform a
communication via CCs that have different TDD configura-

tions (for example, the CC 1 211 and the CC 2 212).
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For example, difterent TDD UL-DL configurations may be
used 1n inter-band for the purpose of traific adaptation.

In another example, with reference to FIG. 3, the TDD
uplink-downlink of a TDD system (for example, the LTE-A
330 and 340) 1s configured in order to avoid interferences
with different TDD systems (for example, the TDS-CDMA
310 or the LTE 320) that exist in a same band, so different
TDD UL-DL configurations may be applied for the TDD
system 1n the inter-band. That 1s, 1n the example of FIG. 3, 1n
a band A 410, the LTE-A 330 has a TDD UL-DL configura-
tion of “2” 1n order to avoid an interference with the TDS-
CDMA 310, and 1n a band B 420, the LTE-A 340 has a TDD
UL-DL configuration of “0” 1n order to avoid an interference
with the LTE 320, so the LTE-A 330 and the L'TE-A 340 that
are located in different bands may have different TDD UL-
DL configurations.

Further, 1n a low frequency band, a TDD UL-DL configu-
ration having more uplink subframes may be used, and 1n a
high frequency band, a TDD UL-DL configuration having
more downlink subirames may be used. This configuration
may enhance the coverage increase.

The examples described above may influence the peak
throughput.

In this case, the operation method may be different sub-
frame by subirame depending on whether the transmission
mode, which can be supported on a contlicting subirame, 1s a
half-duplex mode or a full-duplex mode. The conflicting sub-
frame may occur 1 a user equipment adopts ditferent TDD
configurations 1n the iter-band configuration.

FIG. 4 1s a diagram 1illustrating operation methods for each
subirame when a transmission mode 1s a half-duplex mode 1n
a contlicting subiframe that may occur if a user equipment
adopts different TDD configurations 1n the inter-band con-

figuration 1n an inter-band CA environment of FIG. 2. In the
example ol FIG. 4, a PCell (Primary Cell) has a TDD UL-DL

configuration “1” and an SCell (Secondary Cell) has a TDD
UL-DL configuration “2”. In FIG. 4, U denotes a subirame
dedicated for an uplink transmission, D denotes a subiframe
dedicated for a downlink transmission, and S denotes a spe-
cial subirame in which a downlink transmission switches to
an uplink transmission.

With reference to FIG. 4, if the subframe number1s 3 or 8,
the PCell has an uplink configuration, and the SCell has a
downlink configuration. Hereinaftter, the subirames in which
the CCs have different uplink/downlink are referred to as
contlicting subiframes. Since the user equipment 1s 1n a hali-
duplex mode, at least one of an uplink subframe of the PCell
and a downlink subirame of the SCell operates as a muted
subirame. In the example of FIG. 4, when the subiframe num-
ber 1s 3 or 8, the uplink subirame of the PCell 1s a muted
subirame.

A physical uplink control channel (PUCCH) that includes
A/N tor PDSCH (PDSCH A/N) may be transmitted only by
the PCell. Heremaftter, A/N for PDSCH (A/N with respect to
PDSCH) may be referred to as ‘PDSCH A/N’. If an uplink
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subirame 1n a PCell for transmitting PDSCH A/N 1s a muted
subframe, an event in which the PDSCH A/N cannot be
transmitted 1n the uplink subirame may occur.

In the example of FIG. 4, since the TDD UL-DL configu-
ration of the PCell 1s “1”, PDSCH A/N can be transmitted in
a subiframe when the subframe number 1s 2, 3, 7, or 8, with
reference to Table 2. However, when the subframe number 1s
3 or 8, i the uplink subframe of CC1 1s a muted subirame,
PDSCH A/N cannot be transmitted 1n the subirame having the
subframe number 3 for PDSCH transmitted 1in a downlink
subirame having the subiframe number 9 1n the previous radio
frame, and PDSCH A/N cannot be transmitted in the sub-
frame having the subframe number 8 for PDSCH transmitted
in a downlink subframe having the subframe number 4 of the
same radio frame.

FIG. 5 1s a diagram 1llustrating an operation method for
cach subframe when a user equipment 1n an iter-band CA

environment 1s 1n a full-duplex mode. In FI1G. 5, a PCell has a
TDD UL-DL configuration “1” and an SCell has a TDD

UL-DL configuration “2”. In FIG. 5, U denotes a subirame
dedicated for an uplink transmission, D denotes a subiframe
dedicated for a downlink transmission, and S denotes a spe-
cial subirame in which a downlink transmission switches to
an uplink transmission.

With reference to FIG. 5, when the subframe numberis 3 or
8, the PCell has an uplink configuration and the SCell has a
downlink configuration. Since the user equipment 1s 1n a
tull-duplex mode 1n a conflicting subiframe that may occur 1f
the user equipment adopts different TDD configurations in
the iter-band configuration, the user equipment may trans-
mit 1s an uplink signal through the PCell even in the contlict-
ing subiframe and receive a downlink signal through the SCell
even 1 the contlicting subirame simultaneously. The
PUCCH including PDSCH A/N may be transmitted only
through the PCell. However, an event in which PDSCH A/N
cannot be transmitted for PDSCH transmitted 1n a specific

downlink subiframe may occur.
In the example of FIG. 5, since the TDD UL-DL configu-

ration of the PCell 1s “1”°, PDSCH A/N can be transmitted 1n
a subframe when the subframe number 1s 2, 3, 7, or 8, with

reference to Table 2. More specifically, with reference to
Table 2, when the uplink subframe number is 2, K={7, 6}.

Thus, PDSCH A/N can be transmitted 1in the uplink subirame
‘2’ for PDSCH transmitted in a downlink subframe having a
subirame number 5 or 6 of the previous radio frame. When the
uplink subframe number is 3, K={4}. Thus, PDSCH A/N can
be transmitted in the uplink subirame ‘3’ for PDSCH trans-
mitted 1n a downlink subirame having a subiframe number 9
of the previous radio frame. When the uplink subiframe num-

ber is 7, K={7, 6}, so the PDSCH A/N can be transmitted in
the uplink subirame “7° for PDSCH transmitted 1n a downlink
subirame having a subirame number 0 or 1 of the same radio
frame. When the uplink subframe number is 8, K={4}. Thus,
PDSCH A/N can be transmitted in the uplink subiframe 8’ for
PDSCH transmitted 1n a downlink subiframe having a sub-
frame number 4 of the same radio frame. In a nutshell,
through the subframe numbers 2, 3, 7, and 8, PDSCH A/N can
be transmitted for PDSCH transmitted 1n a downlink sub-
frame having a subiframe number 0, 1,4, 5, 6, or 9.
Meanwhile, since the TDD UL-DL configuration of the
SCell 1s “27, PDSCH can be transmitted by a downlink trans-
mission 1n a subframe when the subframe numberis 0,1, 3, 4,
5, 6, 8, or 9, with reference to Table 2. Among the subframes
having the subirame number 0, 1,15 3,4, 5, 6, 8, or 9, for
PDSCH transmitted in the subframe number 0,1.4. 5, 6, or 9,
PDSCH A/N can be transmitted 1n the uplink subframes 2, 3,
7, and 8 of the PCell. However, for PDSCH transmitted in the
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subiframe number 3 or 8 of the SCell, PDSCH A/N cannot be
transmitted in an uplink subirame of the PCell.

As described above, when a plurality of CCs use different
TDD UL-DL configurations, a problem 1n that PDSCH A/N
scheduling according to Table 2 cannot be used may occur.

FIG. 6 1s a flowchart illustrating a method of configuring
PDSCHA/N timing of a transmission/reception point accord-
ing to an exemplary embodiment of the present invention.

With reference to FIG. 6, the method of configuring
PDSCH A/N timing of the transmission/reception point may
include comparing two different TDD UL-DL configurations
configured 1n a PCell and an SCell, respectively (5610),
searching for one or more common uplink subirames from
the two TDD UL-DL configurations (5620), identifying one
or more reference TDD configurations that satisty a condition
that a set including uplink subirames of a reference TDD
configuration for transmitting PDSCH A/N 1s a subset of a set
including the one or more common uplink subiframes deter-
mined 1n the operation S620 (5630), selecting a specific ret-
erence TDD configuration for a user equipment from the one
or more reference TDD configurations (S640), and transmiut-
ting the specific reference TDD configuration to the user
equipment (S650).

With reference to FIG. 6, the transmission/reception point
compares two or more different TDD UL-DL configurations
configured 1n a PCell and an SCell in operation S610. Here-
iafter, an example of two different TDD UL-DL configura-
tions will be described.

Next, the transmission/reception point searches for a com-
mon uplink subirame 1s from the two TDD UL-DL configu-
rations 1n operation S620. For example, when the TDD UL-
DL configuration of the PCell 1s “0” and the TDD UL-DL
configuration of the SCell 1s “1 ”, an uplink subirame 1n the
PCell has a subiframe number 2, 3,4, 7, 8, or 9, and an uplink
subframe 1n the SCell has a subframe number 2, 3, 7, or 8.
Therefore, the common uplink subiframes are uplink sub-
frames having subiframe numbers 2, 3, 7, and 8.

Next, the transmission/reception point identifies one or
more reference TDD configurations that satisty a condition
that a set including uplink subirames of a reference TDD
configuration for transmitting PDSCH A/N 1s a subset of a set
including the common uplink subirames from Table 2 1n
operation S630.

In the present disclosure, the reference TDD configuration
1s not for configuring uplink and downlink timing of a PCell
or one or more SCells (See Table 1), but for configuring
PDSCH A/N transmission timing of the PCell or the SCells
(See Table 2). Based on the timing configured 1n this manner,
PDSCH A/N information is transmitted through an uplink
control channel on the PCell 1n the determined uplink sub-
frame.

For example, 1t 1s assumed that the subframe numbers of
the common uplink subirame are 2, 3, 7, and 8 as 1llustrated
above. With reference to Table 2, when the TDD configura-
tion 1s 1, PDSCH A/N can be transmitted in the subfirame
number 2, 3, 7, or 8; when the TDD configuration 1s 2,
PDSCH A/N can be transmitted 1n the subframe number 2 or
7, when the TDD configuration 1s 4, PDSCH A/N can be
transmitted in the subirame number 2 or 3; and when the TDD
configuration 1s 5, PDSCH A/N can be transmitted 1n the
subirame number 2. Therefore, the TDD configurations 1, 2,
4, and 3 can be reference TDD configurations because a set
including uplink subirames of TDD configurations 1, 2, 4, or
5 1s a subset of a set including the common uplink subframes
2.3, 7, and 8.

However, when the TDD configuration 1s 0, PDSCH A/N
can be transmitted 1n a subframe having the subiframe number
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2,4, 7, or 9, and among the subiframes 2, 4, 7, and 9, the
subirame numbers 4 and 9 do not belong to the set including
the common uplink subframes. When the TDD configuration
1s 3, PDSCH A/N can be transmitted 1n a subirame having the
subirame number 2, 3, or 4, and among the subiframes 2, 3,
and 4, the subframe number 4 does not belong to the set
including the common uplink subframes. When the TDD
configuration 1s 6, PDSCH A/N can be transmitted 1n a sub-
frame having the subframe number 2, 3,4, 7, or 8, and among
the subframes 2, 3. 4, 6, and 8, the subframe number 4 does
not belong to the set including the common uplink subirames.
Therefore, the TDD configurations 0, 3, and 6 are excluded
from the reference TDD configuration.

Table 3 shows an example of reference TDD configurations
(“reference PDSCH A/N timing™) possible to all the TDD
UL-DL configuration combinations of a PCell and an SCell.
In Table 3, cases 1n that the TDD UL-DL configurations of the
PCell and the SCell are the same are not described in the
present disclosure.

TABL.

(Ll

Reference TDD configuration

10

15

16

Meanwhile, 1 the channel environment of the correspond-
ing user equipment 1s good (for example, when the user
equipment 1s located in the center of a cell, or an SNR 1s high),
it may be advantageous that the user equipment has as few
PDSCH A/N timings as possible. More information may be
transmitted with less electric power using a fewer number of

uplink subirames if the channel environment 1s good. When
the uplink PUCCH transmits PDSCH A/N and other infor-

mation, €.g., UCI (Uplink Control Information), at the same
time, PDSCH A/N, which 1s relatively more important, 1s
transmitted and relatively less important information, such as
CSI (Channel State Information), may not be transmitted. If
there are few uplink subirames for transmitting PDSCH A/N
in a reference TDD configuration, the possibility of dropping
a transmission of relatively less important information, such
as CSI, may be reduced. Therefore, 1f the channel environ-
ment of the corresponding user equipment 1s good, the trans-

(Reference PDSCH PCell TDD UL-DL configuration
A/N Timing) 0 1 2 3 4 5 6
SCell TDD 0 0 1,2, 2,5 3,45 4,5 5 1,2, 3,4,
UL-DL configuration 4,5 5,6
1 1,2,4,5 1 2,5 4,5 4, 5 1,2,4,5
2 2,5 2,5 2 5 5 5 2,5
3 3,45 4,5 35 3 4, 5 3,45
4 4,5 4,5 5 4,5 4 5 4,5
5 5 5 5 5 5 5 5
6 1,2,3,4, 1,2, 2,5 3,45 45 5 6
5,6 4,5

-~

The transmission/reception point can find one or more
reference TDD configurations through the operations S610 to

S630.

Further, the transmission/reception point may store infor-
mation illustrated in e.g., Table 3, which 1s obtained by apply-
ing the operations S610 to S630 for all possible cases, 1n
advance. In this case, the transmission/reception point finds
one or more reference TDD configurations from Table 3
based on the TDD UL-DL configuration of a PCell and the
TDD UL-DL configuration of an SCell instead of performing
operations S610 to S630.

With reference to FIG. 6, the transmission/reception point
may select a specific reference TDD configuration for a user
equipment from one or more reference TDD configuration 1n
operation S640.

For example, 11 a channel environment of the correspond-
ing user equipment 1s not good (for example, when the user
equipment 1s located on the border of cells, or an SNR (Signal
to Noise Ratio) 1s low), it may be advantageous that the user
equipment has as many PDSCH A/N timings as possible. This
1s because more credible A/N transmission 1s secured 1f more
uplink subirames are provided such that PDSCH A/N timings
are configured by reducing the amount of A/N information
(Ack/Nack information) transmitted 1n one uplink subframe
as much as possible, that 1s, by reducing the number of
PDSCH A/Ns for PDSCHs transmitted 1n the downlink sub-
frames to be transmitted in one uplink subirame as much as
possible. Therefore, 11 the channel environment of the corre-
sponding user equipment 1s not good, the transmission/recep-
tion point may select a reference TDD configuration having,
as many uplink subframes for PDSCH A/N timings as pos-
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mission/reception point may select a reference TDD configu-
ration that has as few uplink subframes for PDSCH A/N

timings as possible.

For example, 1t 1s assumed that one or more reference TDD
configurations are TDD configurations 1, 2, 4, and 5. When
the reference TDD configuration 1s 1, the PDSCH A/N tim-
ings correspond to uplink subiframe numbers 2, 3, 7, and 8
(the number of subirames for uplink 1s 4). When the reference
TDD configuration 1s 2, the PDSCH A/N timings correspond
to uplink subiframe numbers 2 and 7 (the number of subirames
for uplink 1s 2). When the reference TDD configuration 1s 4,
the PDSCH A/N timings correspond to the uplink subirame
numbers 2 and 3 (the number of the subirames foruplink 1s 2).
When the reference TDD configuration 1s 5, the PDSCH A/N
timings correspond to the uplink subirame number 2 (the
number of subirames for uplink 1s 1). Therefore, when a
channel environment 1s good, the reference TDD configura-
tion may be selected as the reference TDD configuration 5;
when a channel environment 1s bad, the reference TDD con-
figuration may be selected as the reterence TDD configura-
tion 1; and when a channel environment 1s normal, the refer-
ence TDD configuration may be selected as the reference
TDD configuration 2 or 4.

Further, the transmission/reception point may select a ref-
erence TDD configuration specific to a user equipment 1n
consideration of simultaneous transmission and collision
with other information or signals (for example, CSI) trans-
mitted through uplink. For example, the transmission/recep-
tion point may configure PDSCH A/N transmission timing

(and/or UCI transmission timing) so that a subframe 1n which
PDSCH A/N 1s transmitted through PUCCH and a subiframe

in which CSI 1s transmitted through PUCCH are not over-
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lapped with each other. Further, the transmission/reception
point may configure PDSCH A/N transmission timings (and/
or Sounding Reference Symbol (SRS) transmission timings)
so that a subframe in which PDSCH A/N 1s transmitted
through PUCCH and a subframe in which SRS 1s transmitted
through PUCCH are not overlapped with each other.

Referring back to FIG. 6, the transmission/reception point
may transmit the reference TDD configuration specific to the
user equipment to the corresponding user equipment in
operation S650. The reference TDD configuration specific to
the user equipment can be transmitted to the user equipment
through, e.g., RRC (Radio Resource Control) or PDCCH.

The information transmitted from the transmission/recep-
tion point to the user 1s equipment can be a value of a refer-
ence TDD configuration. For example when the TDD UL-
DL configuration of the PCell 1s 1, the TDD UL-DL
configuration of the SCell 1s 2, and the reference TDD con-
figuration 1s 5, the transmission/reception point may transmuit
the reference TDD configuration 5.

Further, the information transmitted from the transmission/
reception point to the user equipment may be an offset of the
retference TDD configuration from the TDD UL-DL configu-
ration of the PCell or the SCell. For example, when the TDD
UL-DL configuration of the PCell 1s 1, the TDD UL-DL
configuration of the SCell 1s 2, and the reference TDD con-
figuration 1s 5, the transmission/reception point may transmuit
an oifset 4, which 1s the offset of the reference TDD configu-
ration from the TDD UL-DL configuration of the PCell.

Further, the information transmitted from the transmission/
reception point to the user equipment may be an index of the
reference TDD configuration specific to the user equipment
among one or more possible reference TDD configurations.
For example, when the TDD UL-DL configuration of the
PCell 1s 1, and the TDD UL-DL configuration of the SCell 1s
2, the one or more possible reference TDD configurations are
2 and 5 with reference to Table 3. In this case, the index 1 may
be assigned to the TDD configuration 2, and the index 2 may
be assigned to the TDD configuration 5. When the reference
TDD configuration specific to the user equipment 1s deter-
mined as 35, the transmission/reception point can transmit the
index 2 that indicates the reference TDD configuration 5.

FI1G. 7 1s a diagram 1illustrating a PDSCH A/N transmitting,
method of a user equipment according to an exemplary
embodiment of the present invention.

With reference to FIG. 7, the PDSCH A/N transmitting
method of the user equipment may 1nclude receiving refer-
ence TDD configuration information from a 1s transmission/
reception point (S710), and transmitting PDSCH A/N 1n a
subirame selected based on the reference TDD configuration
information (5720).

The user equipment has configurations associated with a
PCell and an SCell 1n a CA environment, and has information
of the TDD UL-DL configurations of the PCell and the SCell
through an upper layer signaling, such as system information
(SI) and RRC.

The user equipment may receive the reference TDD con-
figuration information from the transmission/reception point
in operation S710. The reference TDD configuration infor-
mation may be transmitted through RRC or PDCCH. The
reference TDD configuration information may be the value of
the reference TDD configuration, the offset of the reference
TDD configuration from the UL-DL TDD configuration of
the PCell or the SCell, or the index of the reterence TDD
configuration.

The user equipment may determine the uplink subirames
(timings) of the PCell for transmitting PDSCH A/N based on

the reference TDD configuration information and Table 2,
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determine specific PDSCH A/N for each of the determined
uplink subiframes in which the determined specific PDSCH
A/N to be transmitted (the specific PDSCH A/N 1s A/N for
PDSCH transmitted 1n a specific downlink subirame of the
PCell and/or the SCell), and transmit the PDSCH A/N 1n the

corresponding uplink subirame in operation S720.

More specifically, the user equipment may determine an
uplink subirame of a PCell for transmitting PDSCH A/N
based on the retference TDD configuration information and

Table 2. Using the downlink association set index(es) (K) of
Table 2, specific PDSCH A/N to be transmitted 1n each of the
determined uplink subirames may be determined (the specific
PDSCH A/N 1s A/N for PDSCH transmitted in a specific
downlink subirame). For example, if the index of the deter-

b

mined uplink subframe for PDSCH A/N transmission 1s ‘n’,
the PDSCH A/N for PDSCH transmitted in the (n—-k) (keK)
subirame may be transmitted in the uplink subirame ‘n’. If the
(n—k) subirame 1s not a subirame (downlink subiframe(D) or
a special subframe (S)) that performs downlink transmission
(when the user equipment 1s 1 a half-duplex mode or a
tull-duplex mode), or if the (n-k) subiframe 1s muted (when
the user equipment 1s 1n the halt-duplex mode), PDSCH 1s not
transmitted in the subframe, and therefore PDSCH A/N for
PDSCH corresponding to the (n-k) subiframe may not be
transmitted regardless of the configuration of Table 2.

For example, it 1s assumed that the TDD UL-DL configu-
ration of the PCell 1s 0, and the TDD UL-DL configuration of
the SCell 15 1. In this case, the UL-DL configuration of the
PCell 1s ‘DSUUUDSUUU”, and the UL-DL configuration of
the SCell 1s ‘DSUUDDSUUD’, and the subframes 4 and 9 are
conilicting subiframes. With reference to Table 3, in this case,
the reference TDD configuration may beone of 1,2, 4, and 5.

FIG. 8 1s a diagram 1illustrating an example in that the TDD
UL-DL configuration of the PCell 1s 0, the TDD UL-DL
configuration of the SCell 1s 1, and the reference TDD con-

figuration 1s 1. When the reference TDD configuration 1s 1,
with reference to Table 2, when n=2, K={7, 6}, when n=3,

K={4}, when n=7, K={7, 6}, and when n=8, K={41.

In the subirame 2 of the PCell 1n each radio frame, A/N {for
PDSCH may be transmitted with respect to the PDSCH trans-
missions 1n the subirames S and 6 of the PCell 1in the previous
radio frame and the PDSCH transmissions in the subiframes 3
and 6 of the SCell 1n the previous radio frame.

Further, 1n the subframe 3 of the PCell in each radio frame,
A/N for PDSCH may be transmitted with respect to the
PDSCH transmissions in the subframe 9 of the SCell 1n the
previous radio frame. Since subirame 9 of the PCell 1s an
uplink subirame, the PDSCH A/N for 1s PDSCH correspond-
ing to the subirame 9 of the PCell 1s not transmitted 1n the
subirame 3 of the PCell in the next radio frame. If the user
equipment 1s 11 a half-duplex mode and the subiframe 9 of the
SCell 1s muted, PDSCH A/N for PDSCH corresponding to the
subirame 9 of the SCell may not be transmitted because of the
muted state of the subirame 9 of the SCell.

In the subirame 7 of the PCell 1n each radio frame, PDSCH
A/N may be transmitted with respect to the PDSCH transmis-
s1ons 1n the subirames 0 and 1 of the PCell and the PDSCH
transmissions 1n the SCell 1n the same radio frame.

In the subframe 8 of the PCell 1n each radio frame, PDSCH
A/N may be transmitted with respect to the PDSCH transmis-
sion 1n the subirame 4 of the SCell 1n the same radio frame.
Since the subirame 4 of the PCell 1s an uplink subirame,
PDSCH A/N for PDSCH corresponding to the subiframe 4 of
the PCell 1s not transmitted in the subirame 8 of the PCell in
the same radio frame. If the user equipment 1s 1n a half-duplex

mode and the subframe 4 of the SCell 1s muted, PDSCH A/N
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tor PDSCH corresponding to the subirame 4 of the SCell may
not be transmitted because of the muted state of the subirame
4 of the SCell.

FIG. 9 1s a diagram 1llustrating an example in which the
TDD UL-DL configuration of the PCell1s 0, the TDD UL-DL
configuration of the SCell 1s 1, and the reference TDD con-
figuration 1s 2. If the reference TDD configuration 1s 2, when
n=2, K={8, 7, 4, 6}, and when n=7, K={8, 7, 4, 6}, with
reference to Table 2.

In the subirame 2 of the PCell in each radio frame, PDSCH
A/N may be transmitted with respect to the PDSCH transmis-
sions 1n the subirames 5 and 6 of the PCell 1n the previous
radio frame. Since the subirames 4 and 8 of the PCell 1n the
previous radio frame are uplink subirames, PDSCH A/N for
PDSCH corresponding to the subirames 4 or 8 of the PCell
may not be transmitted. Further, 1n the subirame 2 of the PCell
in each radio frame, PDSCH A/N may be transmitted with
respect to the PDSCH transmissions 1n the subirames 4, 5,
and 6 of the SCell 1 the previous radio frame. Since the
subirame 8 of the SCell 1s an uplink subirame, PDSCH A/N
tor PDSCH corresponding to the subframe 8 of the SCell 1s
not transmitted. If the user equipment 1s 1 a half-duplex
mode and the subiframe 4 of the SCell 1s muted, PDSCH A/N
tor PDSCH corresponding to the subirame 4 of the SCell may
not be transmitted because of the muted state of the subirame
4 of the SCell.

In the subiframe 7 of the PCell 1n each radio frame, PDSCH
A/N may be transmitted with respect to the PDSCH transmis-
s10ons 1n the subiframes 0 and 1 of the PCell 1n the same radio
frame. Since the subirame 9 of the PCell 1n the previous radio
frame and the subframe 3 of the PCell 1n the same radio frame
are uplink subirames, PDSCH A/N for PDSCH correspond-
ing to the subframes 9 and 3 of the PCell are not transmitted.
Further, PDSCH A/N with respect to the PDSCH transmis-
s1ons 1n the subirames 9 (1n the previous radio frame), 0, and
1 of the SCell may be transmitted 1in the subirame 7 of the
PCell. Since the subirame 3 of the SCell 1s an uplink sub-
frame, PDSCH A/N for PDSCH corresponding to the sub-
frame 3 of the SCell 1s not transmitted. If the user equipment
1s 1 a half-duplex mode and the subframe 9 of the SCell 1s
muted, PDSCH A/N for PDSCH corresponding to the sub-
frame 9 of the SCell may not be transmitted because of the
muted state of the subirame 9 of the SCell.

FIG. 10 1s a diagram 1llustrating an example 1n which the
TDD UL-DL configuration of the PCell1s 0, the TDD UL-DL
configuration of the SCell 1s 1, and the reference TDD con-
figuration 1s 4. If the reference TDD configuration 1s 4, when
n=2, K={12, 8, 7, 11}, and when n=3, K={6, 5, 4, 7}, with
reference to Table 2.

In the subirame 2 of the PCell in each radio frame, PDSCH
A/N may be transmitted with respect to the PDSCH transmis-
s1ons 1n the subframes 0, 1, and 5 of the PCell 1n the previous
radio frame. Since the subirame 4 of the PCell 1n the previous
radio frame 1s an uplink subiframe, PDSCH A/N for PDSCH
corresponding to the subirame 4 of the PCell 1s not transmiut-
ted. Further, in the subframe 2 of the PCell in each radio
frame, PDSCH A/N may be transmitted with respect to the
PDSCH transmissions 1n the subiframes 0, 1, 4, and 5 of the
SCell 1n the previous subirame. If the user equipment 1s 1n a
half-duplex mode and the subirame 4 of the SCell 1s muted,
PDSCH A/N for PDSCH corresponding to the subiframe 4 of
the SCell may not be transmitted because of the muted state of
the subirame 4 of the SCell.

In the subirame 3 of the PCell in each radio frame, PDSCH
A/N may be transmitted with respect to the subiframe 6 of the
PCell 1n the previous radio frame. Since the subirames 7, 8,
and 9 of the PCell 1n the previous radio frame are uplink
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subiframes, PDSCH A/N for PDSCH corresponding to the
subiframes 7, 8, or 9 of the PCell 1s not transmitted. Further, 1n
the subiframe 3 of the PCell, PDSCH A/N may be transmitted
with respect to the subframes 6 and 9 of the SCell 1n the
previous radio frame. Since the subirames 7 and 8 of the SCell
in the previous radio frame are uplink subirames, PDSCH
A/N for PDSCH corresponding to the subirame 7 or 8 of the
SCell 1s not transmitted. If the user equipment 1s 1n a hali-
duplex mode and the subframe 9 of the SCell 1s muted,

PDSCH A/N for PDSCH corresponding to the subiframe 9 of
the SCell may not be transmitted because of the muted state of
the subirame 9 of the SCell.

FIG. 11 1s a diagram 1llustrating an example 1n which the
TDD UL-DL configuration of the PCell 1s 0, the TDD UL-DL
configuration of the SCell 1s 1, and the reference TDD con-
figuration 1s 3. It the reference TDD configuration 1s 5, when
n=2,K={13,12,9,8,7, 5,4, 11, 6} with reference to Table 2.

In the subframe 2 of the PCell 1n each radio frame, PDSCH
A/N may be transmitted with respect to the PDSCH transmis-
sions 1n the subframes 0, 1, 5, and 6 of the PCell in the
previous radio frame. Since the subiframes 3, 4, 7, and 8 of the
PCell in the previous radio frame and the subirame 9 of the
PCell 1n the radio frame immediately before the previous
radio frame are uplink subirames, PDSCH A/N for PDSCH
corresponding to the subirames 9, 3, 4, 7, or 8 of the PCell 1s
not transmitted. Further, 1n the subirame 2 of the PCell 1n each
radio frame, PDSCH A/N may be transmitted with respect to
the PDSCH transmissions 1n the subirame 0,1, 4, 5, and 6 of
the SCell 1n the previous radio frame and the subframe 9 ofthe
SCell 1n the radio frame immediately before the previous
radio frame. Since the subframes 3, 7, and 8 of the SCell in the
previous radio frame are uplink subframesj PDSCH A/N for
PDSCH corresponding to the subirames 3, 7, or 8 of the SCell
1s not transmitted. If the user equipment 1s 1n a half-duplex
mode, and the subirames 4 and 9 of the SCell are muted,
PDSCH A/N for PDSCH corresponding to the subiframes 4 or
9 of the SCell may not be transmitted because of the muted
state of the subirames 4 and 9 of the SCell.

Further, according to aspects of the present invention,
HARQ timings can be independently applied to respective
PCell and SCell.

FIG. 12 1s a flowchart 1llustrating a method of configuring,
PDSCH A/N timing of a transmission/reception point accord-
ing to an exemplary embodiment of the present invention.

With reference to FIG. 12, a method of configuring
PDSCH A/N timings of the transmission/reception point
includes comparing the TDD UL-DL configurations of a
PCell and one or more SCells (51210), searching for one or
more SCell reference TDD configurations that satisiy a con-
dition that a set including uplink subirames of an SCell ret-
erence TDD configuration for PDSCH A/N transmission 1s a
subset of a set including uplink subframes of the PCell
(51220), selecting an SCell retference TDD configuration spe-
cific to a user equipment from the SCell reference TDD
configurations (S1230), and transmitting the SCell reference
TDD configuration specific to the user equipment to the user
equipment (S1240).

With reference to FIG. 12, the transmission/reception point
compares two or more different TDD UL-DL configurations
configured 1n a PCell and one or more SCells 1n operation
S1210. Hereinafter, a description will be made with reference
to a case 1n which the TDD UL-DL configurations are difier-
ent between one PCell and one SCell, for example, but
aspects of the present invention are not limited thereto.

Next, the transmission/reception point identifies one or
more SCell reference TDD configurations that satisiy a con-
dition that a set including uplink subirames of an SCell ret-
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erence TDD configuration for PDSCH A/N transmission 1s a
subset of a set including uplink subframes of the PCell 1n
operation S1220.

For example, 11 the TDD UL-DL configuration of the PCell
1s “1” and the TDD UL-DL configuration of the SCell 1s “2”,
the uplink subiframe 1n the PCell has the subirame numbers 2,
3, 7, and 8. With reference to Table 2, 1if TDD UL-DL con-
figuration 1s “1”, the PDSCH A/N can be transmitted in the
subirame number 2, 3, 7, or 8; 11 the TDD UL-DL configu-
ration 1s “2”’, PDSCH A/N can be transmitted in the subframe
number 2 or 7; i1f the TDD UL-DL configuration 1s “4”,
PDSCH A/N can be transmitted 1n the subframe number 2 or
3; and 1f the TDD UL-DL configuration 1s “5”, PDSCH A/N
can be transmitted 1n the subirame number 2. Therefore, the
TDD UL-DL configurations 1, 2, 4, and 5 can be SCell
reference TDD configurations.

In another example, 1f the TDD UL-DL configuration of
the PCell 1s “2”, and the TDD UL-DL configuration of the
SCell 1s “17, the uplink subframe in the PCell has a subirame
number 2 or 7. With reference to Table 2, 1f the TDD UL-DL
configuration 1s “2”, PDSCH A/N can be transmitted 1n the
subirame number 2 or 7; and 1f the TDD UL-DL configura-
tion 1s S, PDSCH A/N can be transmitted in the subframe
number 2. Theretore, the TDD UL-DL configurations 2 and 5
can be SCell reference TDD configurations.

The transmission/reception point selects an SCell refer-
ence TDD configuration specific to a user equipment from
one or more SCell reference TDD configurations in operation
S1230.

If one or more SCell reference TDD configurations iden-
tified 1n the operation S1220 include the TDD UL-DL con-
figuration of the SCell, the SCell reference TDD configura-

tion specific to a user equipment may be the TDD UL-DL
configuration of the SCell. For example, 11 the TDD UL-DL
configuration of the PCell 1s “1”, and the TDD UL-DL con-

figuration of the SCell 1s “2”, the SCell reference TDD con-
figuration may be a TDD UL-DL configuration 1, 2, 4, or 5,
and the SCell reference TDD configuration specific to the
user equipment can be 2, which 1s the TDD UL-DL configu-
ration of the SCell. In general, 1f the uplink subirames of the
PCell include all of the PDSCH A/N transmission subirames
of the SCell, the SCell reference TDD configuration specific
to the user equipment can be the TDD UL-DL configuration
of the SCell.

If one or more SCell reference TDD configurations iden-
tified 1n the operation S1220 do not include the TDD UL-DL
configuration of the SCell, the transmission/reception point
may select the SCell reterence TDD configuration specific to
the user equipment according to a certain policy. For
example, if the channel environment of the corresponding
user equipment 1s not good, the transmission/reception point
may select an SCell reference TDD configuration having as
many uplink subframes for PDSCH A/N timings as possible.
I1 the channel environment of the corresponding user equip-
ment 1s good, the transmission/reception point may select an
SCell reference TDD configuration having as few uplink
subiframes for PDSCH A/N timings as possible. If the TDD
UL-DL configuration of the PCell 1s “2” and the TDD UL-DL
configuration of the SCell 1s “1”, the SCell reference TDD
configuration may be a' TDD UL-DL configuration 2 or 5, and
the transmission/reception point may select one from the
TDD UL-DL configurations 2 and 3.

Further, the transmission/reception point transmits the
SCell reference TDD configuration specific to the user equip-
ment to the user equipment 1n operation S1240.

The mnformation transmitted from the transmission/recep-
tion point to the user equipment can be a value of an SCell
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reference TDD configuration. Further, the information trans-
mitted from the transmission/reception point to the user
equipment can be an oflset of the SCell reference TDD con-
figuration from the TDD UL-DL configuration of the PCell or
the SCell. Further, the information transmitted from the trans-
mission/reception point to the user equipment can be the
index ol the SCell reference TDD configuration specific to the
user equipment among one or more possible SCell reference
TDD configurations.

FIG. 13 15 a diagram 1llustrating a method of transmitting,
PDSCH A/N of a user equipment according to an exemplary
embodiment of the present invention.

With reference to FIG. 13, the method of transmitting
PDSCH A/N of a user equipment includes receiving SCell

reference TDD configuration information from a transmis-
s1on/reception point (S1310), and transmitting PDSCH A/N
in a subirame determined according to a TDD UL-DL con-
figuration of a PCell 1n case of the PCell and/or transmitting
PDSCH A/N 1n a subframe determined according to an SCell
reference TDD configuration of an SCell 1n case of the SCell
(S1320).

The user equipment has configurations associated with a
PCell and an SCell 1n a CA environment, and has information
of the TDD UL-DL configurations of the PCell and the SCell
through an upper layer signaling, such as system information
(SI) and RRC.

The user equipment receives the SCell reference TDD
configuration information from the transmission/reception
point 1n operation S1310. The SCell reference TDD configu-
ration information 1s transmitted through RRC or PDCCH.

In case of the PCell, the user equipment determines an
uplink subirame (timing) of the PCell for transmitting

PDSCH A/N based on the TDD UL-DL configuration of the
PCell and Table 2, and transmits PDSCH A/N of the PCell in
the determined uplink subirame. In case of the SCell, the user
equipment determines an uplink subirame (timing) of the
PCell for transmitting PDSCH A/N based on the SCell refer-
ence TDD UL-DL configuration and Table 2, and transmuits
PDSCH A/N of the SCell 1n the determined uplink subirame
in operation S1320.

For example, it 1s assumed that the TDD UL-DL configu-
ration of the PCell 1s 0 and the TDD UL-DL configuration of
the SCell 1s 1. In such a case, the UL-DL configuration of the
PCell 1s ‘DSUUUDSUUU’, the UL-DL configuration of the
SCell 1s ‘DSUUDDSUUD’, and the subframe 4 and 9 are
conilicting subirames. In such a case, the SCell reference
TDD configurationis one o TDD UL-DL configurations 0, 1,
2,3, 4,5, and 6. In an example, the SCell reference TDD
configuration can bel, which is the same as the TDD UL-DL
configuration of the SCell.

FIG. 14 1s a diagram illustrating a case 1n which the TDD
UL-DL configuration of the PCell 1s 0, the TDD UL-DL
configuration of the SCell 1s 1, and the SCell reterence TDD
configuration 1s 1.

Since the PCell follows the TDD UL-DL configuration of
the PCell, PDSCH A/N for PDSCH transmitted 1in the sub-
frame 6 of the PCell 1n each radio frame can be transmitted 1n
the subframe 2 of the PCell 1n the next radio frame; PDSCH
A/N for PDSCH transmitted in the subirame 0 of the PCell in
cach radio frame can be transmitted 1n the subirame 4 of the
PCell 1in the same radio frame; PDSCH A/N for PDSCH
transmitted in the subiframe 1 of the PCell in each radio frame
can be transmitted in the subirame 7 of the PCell in the same
radio frame; and PDSCH A/N for PDSCH transmaitted in the
subirame 5 of the PCell in each radio frame can be transmitted

in the subtrame 9 of the PCell in the same radio trame.
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Since the SCell follows the SCell reference TDD configu-
ration, PDSCH A/N for PDSCH transmitted 1n the subirames

5 and 6 of the SCell 1n each radio frame can be transmitted 1n
the subframe 2 of the PCell in the next radio frame; PDSCH

A/N for PDSCH transmitted in the subframe 9 of the SCell 1n
each radio frame can be transmitted in the subframe 3 of the
PCell in the next radio frame; PDSCH A/N for PDSCH trans-
mitted 1n the subirames 0 or 1 of the SCell in each radio frame
can be transmitted 1n the subframe 7 of the PCell in the same
radio frame; and PDSCH A/N for PDSCH transmitted 1n the
subframes 4 of the SCell in each radio frame can be transmit-
ted 1n the subirame 8 of the PCell 1n the same radio frame.

In another example, 1t 1s assumed that the TDD UL-DL
configuration of the PCell 1s 1, and the TDD UL-DL configu-
ration of the SCell 1s 0. In such a case, the UL-DL configu-
ration of the PCell 1s ‘DSUUDDSUUD’, and the UL-DL
configuration of the SCell 1s ‘DSUUUDSUUU”, and the sub-
frames 4 and 9 are conflicting subirames. In such a case, the
SCell reference TDD configuration may be one of TDD UL-
DL configurations 1, 2, 4, and 5.

FIG. 15 1s a diagram 1illustrating a case 1n which the TDD
UL-DL configuration of the PCell 1s 1, the TDD UL-DL
configuration of the SCell 1s 0, and the SCell reference TDD
configuration 1s 2.

Since the PCell follows the TDD UL-DL configuration of
the PCell, 1n the PCell, PDSCH A/N for PDSCH transmuitted
in the subframes 5 and 6 of the PCell in each radio frame can
be transmitted 1n the subframe 2 of the PCell 1n the next radio
frame; PDSCH A/N for PDSCH transmitted 1n the subirame
9 of the PCell 1n each radio frame can be transmitted 1n the
subframe 3 of the PCell in the next radio frame; PDSCH A/N
for PDSCH transmitted 1in the subframe 0 or 1 of the PCell in
each radio frame can be transmitted in the subframe 7 of the
PCell 1n the same radio frame; and PDSCH A/N for PDSCH
transmitted in the subirame 4 of the PCell in each radio frame
can be transmitted 1n the subframe 8 of the PCell in the same

radio frame.

The SCell follows the SCell reterence TDD configuration
of the SCell. In the PCell, PDSCH A/N for PDSCH transmiuit-
ted 1n the subframes 5 and 6 of the SCell 1n each radio frame
can be transmitted 1n the subirame 2 of the PCell 1n the next
radio frame. Since the subirames 4 and 8 of the SCell are
uplink subirames, PDSCH A/N for PDSCH corresponding to
the subirames 4 or 8 of the SCell 1s not transmitted. PDSCH
A/N for PDSCH transmitted 1n the subirames 0 and 1 of the
SCell 1n each radio frame can be transmitted 1n the subframe
7 of the PCell 1n the same radio frame. Since the subirames 9
and 3 of the SCell are uplink subframes, PDSCH A/N {for
PDSCH corresponding to the subirames 9 and 3 of the SCell
1s not transmitted.

FIG. 16 1s a diagram 1illustrating a configuration of a trans-
mission/reception point according to an exemplary embodi-
ment of the present invention.

With reference to FIG. 16, a transmission/reception point
1600 includes a controller 1610, a transmitter 1620, and a
receiver 1630.

The controller 1610 selects a reference TDD configuration
specific to a user equipment or an SCell reference TDD con-
figuration. The user equipment and the transmission/recep-
tion point uses a CA technology that performs a communica-
tion using a 1s plurality of CCs associated with the PCell and
the SCell, and the controller 1610 selects the retference TDD
configuration or the SCell reference TDD configuration for

determining timings 1n which the user equipment transmits
PDSCH A/N through the PCell if the TDD UL-DL configu-

ration of the PCell and the TDD UL-DL configuration of the
SCell are different from each other.

The controller 1610 identifies one or more reference TDD
configurations by using the TDD UL-DL configuration of the
PCell, the TDD UL-DL configuration of the SCell, and Table
3. Further, with reference to FIG. 6, 1t 1s possible to 1dentily
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one or more reference TDD configurations through the opera-
tions S610 to S630 as described above. Further, the controller

1610 1dentifies one or more SCell reference TDD configura-
tions based on the TDD UL-DL configuration of the PCell.

The controller 1610 may select the reference TDD configu-
ration specific to the user equipment or the SCell reference
TDD configuration from one or more reference TDD configu-
rations or SCell reference TDD configurations 1n consider-
ation of the channel environment of the user equipment, the
geographical location, or uplink transmission timing of other
information and signals.

The transmitter 1620 may transmit the reference TDD
configuration specific to the user equipment selected by the
controller 1610 or information on the SCell reference TDD
configuration to the user equipment. The transmission to the
user equipment can be performed through RRC or PDCCH.

The recerver 1630 can receive uplink control information
(UCI) that includes PDSCH A/N from the user equipment.

FIG. 17 1s a block diagram 1llustrating a configuration of a
user equipment according to an exemplary embodiment of the
present invention.

With reference to FI1G. 17, a user equipment 1700 includes
a controller 1710, a transmitter 1720, and a receiver 1730.

In FIG. 17, the user equipment 1700 uses a CA technology
for performing communication with transmission/reception
points by using a plurality of CCs associated with PCells and

SCells. The TDD UL-DL configuration of the PCell and the
TDD UL-DL configuration of the SCell may be different
from each other.

The recerver 1730 may receive the reference TDD configu-
ration information or the SCell reference TDD configuration
information from the transmission/reception point through
RRC or PDCCH.

The controller 1710 extracts information on uplink sub-
frames (timings ) for transmitting PDSCH A/N with respect to
a PDSCH transmission on a downlink subiframe and informa-
tion on the downlink subframe i which the PDSCH 1s trans-
mitted from the received reference TDD configuration infor-
mation or the SCell reference TDD configuration
information. The information to be extracted can be extracted
using the recerved reterence TDD configuration information

or the SCell reference TDD configuration information and
Table 2.

If the recetver 1730 recerves PDSCH, the controller 1710
generates an ACK/NACK signal representing reception suc-
cess/failure for the PDSCH transmission, and controls the
transmitter 1720 to transmit the ACK/NACK signal through
the PCell in the scheduled subirame (timing) so that the
generated A/N (ACK/NACK signal) for the PDSCH may be
transmuitted.

In the 1llustrated exemplary embodiments, a description 1s
made so that the transmission/reception point selects a refer-
ence TDD configuration specific to the user equipment from
the one or more possible reference TDD configurations and
transmits the selected information to the user equipment.

However, 1t 1s possible to select the reference TDD con-
figuration specific to the user equipment or the SCell refer-
ence TDD configuration from one or more possible reference
TDD configurations or SCell reference TDD configurations
according to rules defined 1n advance by each of the trans-
mission/reception point and the user equipment. In such a
case, the reference TDD configuration information or the
SCell reference TDD configuration information may not be
transmitted between the transmission/reception point and the
user equipment.

Further, 1t 1s possible to configure in advance a table includ-
ing only one reference TDD configuration from among one or
more possible reference TDD configurations (or only one
SCell reterence TDD configuration from among one or more
possible SCell reference TDD configurations) for each TDD
UL-DL configuration pair of the PCell and the SCell. That 1s,
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it 1s possible to set a configuration 1n advance 1n which one
reference TDD configuration or one SCell reference TDD

configuration will be used for each TDD UL-DL configura-
tion pair of the PCell and the SCell. For example, 11 the TDD

UL-DL configuration of the PCell in Table 3 1s 0, and the TDD
UL-DL configuration of the SCell 1s 1, 1t 1s indicated that
reference TDD configurations 1, 2, 4, and 3 are possible as a
reference TDD configuration, but one value configured in
advance among the possible values can be shown 1n the tables
stored 1n the transmission/reception point and the user equip-
ment. In such a case, the reference TDD configuration infor-
mation may not be transmitted between the transmission/
reception point and the user equipment.

Further, if the TDD UL-DL configuration of the PCell and
the TDD UL-DL configuration of the SCell are different from
cach other, 1t may be defined in advance that a 1s certain value
(for example, the TDD UL-DL configuration 5) can be used
for the reference TDD configuration or the SCell reference
TDD configuration. In such a case, the reference TDD con-
figuration mformation may not be transmitted between the
transmission/reception point and the user equipment.

In the illustrated exemplary embodiments, a description 1s
made of a case in which one TDD UL-DL configuration of the
PCell and one UL-DL configuration of the SCell are different
from each other.

Meanwhile, a consideration may be made on a case in
which the TDD UL-DL configuration of the PCell and a
plurality of UL-DL configurations of the SCell, that 1s, three
or more TDD UL-DL configurations, are different from each
other.

In such a case, the transmission/reception point compares
the three or more TDD UL-DL configurations in the operation
S610 of FIG. 6 as described above, and searches for one or
more common uplink subframes from the three or more TDD
UL-DL configurations 1n the operation S620, and identifies
one or more reference TDD configurations that satisfy a con-
dition that a set including uplink subirames of a reference
TDD configuration for a PDSCH transmission 1s a subset of a
set including the common uplink subirames in the operation
S630. The transmission/reception point and/or the user equip-
ment may include in advance a table that shows the results
obtained by the operations described above. Further, the com-
mon uplink subframes may be respectively obtained by iden-
tifying common uplink subframes between the PCell and
cach SCell and the common uplink subirames between the
PCell and an SCell may be applied for the corresponding
SCell, respectively.

Further, for PDSCH received {from three or more CCs, the
user equipment can transmit PDSCH A/N through uplink
subirames of the PCell based on the reterence TDD configu-
ration received from the transmission/reception point or pre-
defined 1n the user equipment.

It will be apparent to those skilled in the art that various
modifications and variation can be made 1n the present inven-
tion without departing from the spirit or scope of the mven-
tion. Thus, 1t 1s intended that the present invention cover the
modifications and variations of this imnvention provided they
come within the scope of the appended claims and their
equivalents.

What 1s claimed 1s:

1. A user equipment configured with at least two serving

cells comprising a primary cell (PCell) and a secondary cell
(SCell), the PCell and the SCell having different Time Divi-

sion Duplex (TDD) Uplink-Downlink (UL-DL) configura-
tions, the user equipment comprising;:
a receiver 1o recerve a physical downlink shared channel
(PDSCH) transmission on the SCell;
a controller to select a reference TDD configuration for the
SCell; and
a transmitter to transmuit a first acknowledgement/negative
acknowledgement (A/N), the first A/N being responsive
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to the PDSCH transmission on the SCell, wherein the
reference TDD configuration for the SCell 1s determined
based on a PCell TDD UL-DL configuration and SCell
TDD UL-DL configuration pair in Table 1-1 below:

TABLE 1-1
Reference TDD configuration for SCell determined based on
a PCell TDD UL-DL configuration and SCell TDD UL-DL
configuration pair
PCell TDD UL-DL configuration
Reference TDD configuration 0 1 2 3 4 5 6
SCell TDD 0 1 2 3 4 5 6
UL-DL configuration 1 4 5
2 5
3 4 5
4 5
5
6 1 2 3 4 5

where each reference TDD configuration in Table 1 1ndi-
cates downlink association set indexes (K: {k,, k;, . . .
Ky, _1}) for a subframe ‘n” as defined in Table 2below:

TABLE 1-2

Downlink association set index K: {kq, k;,...k;,_ {} for TDD

UL-DL Subframe ‘n’
Configuration 0 1 2 3
0 — — 6 —
1 — — 7,6 4
2 — — 8, 7,4, 6 —
3 — — 7,6,11 6,5
4 — — 12,8,7,11 6,5, 4,7
5 — — 13,12,9,8,7,5,4,11,6 —
6 — — 7 7
UL-DL Subframe ‘n’
Configuration 4 5 6 7 8 9
0 4 — — 6 — 4
1 — — — 7,6 4 —
2 — — — 8,7.4,6 — —
3 5,4 — — — — —
4 _ _ _ _ _ _
5 _ _ _ _ _ _
6 5 — — 7 7 —

where the first A/N responsive to the PDSCH transmitted 1n
a subirame (n-k;) (0O=1=M-1) 1s transmitted 1n the sub-
frame ‘n’,

wherein n, k, 1, and M are integers.

2. The user equipment of claim 1, wherein the transmitter
transmits a second A/N 1n an uplink subirame determined by

a reference TDD configuration for the PCell, the second A/N
being responsive to a PDSCH transmission on the PCell,

wherein the reference TDD configuration for the PCell 1s
the PCell TDD UL-DL configuration.

3. The user equipment of claim 1, wherein the reference
TDD configuration for the SCell 1s further determined based

on a PCell TDD UL-DL configuration and SCell TDD UL-
DL configuration pair in Table 1-3 below:
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TABLE 1-3

Reference TDD configuration for SCell determined based on
a PCell TDD UL-DL configuration and SCell TDD UL-DL
configuration pair

PCell TDD UL-DI. confisuration

Reference TDD configuration 0 1 2 3 4 5 6

SCell TDD 0

UL-DL configuration 1 1 4 1
2 2 2 5 5 2
3 3 4 5 3
4 4 4 5 4 4
5 5 5 5 5 5 5
6 6

4. A method for transmitting acknowledgement/negative
acknowledgement (A/N) by a user equipment configured
with at least two serving cells comprising a primary cell
(PCell) and a secondary cell (SCell), the PCell and the SCell
having different Time Division Duplex (TDD) Uplink-
Downlink (UL-DL) configurations, the method comprising;:

receiving a physical downlink shared channel (PDSCH)
transmission on the SCell;

selecting a reference TDD configuration for the SCell; and

transmitting a first A/N, the first A/N being responsive to
the PDSCH transmission on the SCell,

wherein the reference TDD configuration for the SCell 1s
determined based on a PCell TDD UL-DL configuration
and SCell TDD UL-DL configuration pair 1n Table 4-1

below:

TABLE 4-1

Reference TDD configuration for SCell determined based on
a PCell TDD UL-DL configuration and SCell TDD UL-DL
configuration pair

PCell TDD UL-DIL. configuration

Reference TDD configuration 0 1 2 3 4 5 6
SCell TDD 0 1 2 3 4 5 6
UL-DL configuration 1 2 4 5

2 5

3 4 5

4 5

5

6 1 2 3 4 5

where each reference TDD configuration in Table 1indi-

cates downlink association set indexes (K: {k,, k., . . .
K, ,}) for a subframe ‘n’ as defined in Table 4-2 below:

TABLE 4-2

Downlink association set index K: {kq, ky, . . .

10

15

20

25

30

35

40

45

28

where the first A/N responsive to the PDSCH transmitted in
a subiframe (n-k,) (0=1=M-1) 1s transmitted in the sub-
frame ‘n’,

wherein n, k, 1, and M are integers.

5. The method of claim 4, further comprising:

transmitting a second A/N 1n an uplink subirame deter-
mined by a reference TDD configuration for the PCell,
the second A/N being responsive to a PDSCH transmis-
sion on the PCell,

wherein the reference TDD configuration for the PCell 1s
the PCell TDD UL-DL configuration.

6. The method of claim 4, wherein the reterence TDD

configuration for the SCell 1s further determined based on a
PCell TDD UL-DL configuration and SCell TDD UL-DL
configuration pair in Table 4-3 below:

TABLE 4-3

Reference TDD configuration for SCell determined based on
a PCell TDD UL-DL configuration and SCell TDD UL-DL

configuration pair

PCell TDD UL-DL configuration

Reference TDD configuration 0 1 2 3 4 5 6

SCell TDD 0

UL-DL configuration 1 1 4 1
2 2 2 5 5 2
3 3 4 5 3
4 4 4 5 4 4
5 5 5 5 5 5 5
6 6.

7. A transmission/reception point that communicates with
a user equipment configured with at least two serving cells

comprising a primary cell (PCell) and a secondary cell
(SCell), the PCell and the SCell having different Time Divi-

sion Duplex (TDD) Uplink-Downlink (UL-DL) configura-
tions, the transmission/reception point comprising;

a controller to select a reference TDD configuration for the
SCell; and

a receiver to recerve a first acknowledgement/negative
acknowledgement (A/N) from the user equipment, the

first A/N being responsive to a physical downlink shared
channel (PDSCH) transmission on the SCell,

Ky, ¢} for TDD

UL-DL Subirame ‘n’
Configuration 0 1 2 3 4
0 6 — 4
1 7,0 4 _
2 8,7,4,6 — —
3 7,6,11 6,5 5,4
4 12,8, 7,11 6,54, 7 —
5 13,12,9,8,7,5,4,11, 6 — —
6 7 7 5

6 7 8 9
6 — 4
7.6 4
8, 7.4, 6
7 yA—
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wherein the reference TDD configuration for the SCell 1s

determined based on a PCell TDD UL-DL configuration

and SCell TDD UL-DL configuration pair in Table 7-1
below:

TABLE 7-1

Reference TDD configuration for SCell determined based on
a PCell TDD UL-DL configuration and SCell TDD UL-DL
configuration pair

PCell TDD UL-DIL configuration

Reference TDD configuration 0 1 2 3 4 5 6
SCell TDD 0 1 2 3 4 5 6
UL-DL configuration 1 2 4 5

2 5

3 4 5

4 5

5

6 1 2 3 4 5

where each reference TDD configuration 1n Table 7-1 1indi-

cates downlink association set indexes (K: {k,, k,, . . .
K, . }) for a subframe ‘n’ as defined in Table 7-2 below:

TABLE 7-2

Downlink association set index K: {k,. k. ..

10

15

20

30
TABLE 7-3-continued

Reference TDD configuration for SCell determined based on
a PCell TDD UL-DL configuration and SCell TDD UL-DL

configuration pair
PCell TDD UL-DL configuration
Reference TDD configuration 0 1 2 3 4 5 6
4 4 4 5 4 4
5 5 5 5 5 5 5
6 6.

10. A method for receiving acknowledgement/negative
acknowledgement (A/N) by a transmission/reception point

that communicates with a user equipment configured with at

least two serving cells comprising a primary cell (PCell) and
a secondary cell (SCell), the PCell and the SCell having

different Time Division Duplex (1TDD) Uplink-Downlink
(UL-DL) configurations, the method comprising;

.k, for TDD

UL-DL Subframe ‘n’
Configuration 0 1 2 3 4 6 7 8 9
0 6 - 6 — 4
1 7.6 4 - 7.6 4
D 8.7.4, 6 _ _ 8, 7.4, 6
3 7.6. 11 6,5 5.4 _
4 12,8,7,11 6.5, 4,7 — _
5 13,12.9,8,7.5.4,11,6  — _ _
0 7 7 5 7 7 —
where the first A/N responsive to the PDSCH transmitted in selecting a reference TDD configuration for the SCell; and
d SUbeal?e (n-k;) (0=t=sM-1) 15 transmitted in the sub- 40 receiving a first A/N from the user equipment, the first A/N
frame "n’, being responsive to a physical downlink shared channel
wherein n, k, 1, and M are integers. (PDSCH) transmission on the SCell,

8. The transmission/reception point of claim 7, wherein the wherein the reference TDD configuration for the SCell 1s
receiver recerves a second A/N from the user equipment 1n an 44 determined based on a PCell TDD UL-DL configuration
uplink subiframe determined by a reference TDD configura- and SCell TDD UL-DL configuration pair in Table 10-1
tion for the PCell, the second A/N being responsive to a below:

PDSCH transmission on the PCell,
wherein the reference TDD configuration for the PCell 1s TABLE 10-1
the PCell TDD UL-DL configuration. 50

9. The transmission/reception point of claim 7, wherein the Reference TDD configuration fm.‘ SCell determined based on
reference TDD configuration for the SCell is further deter- a PCell TDD UL-DL contiguration and SCell TDD UL-DL
mined based on a PCell TDD UL-DL configuration and SCell configuration pair
TDD UL-DL configuration pair in Table 7-3 below:

55 PCell TDD UL-DL configuration
TABLE 7-3
Reference TDD configuration 0 1 2 3 4 5 6
Reference TDD configuration for SCell determined based on
a PCell TDD UL-DL configuration and SCell TDD UL-DL
confisuration pair SCell TDD 0 1 3 4 5 6
60 UL-DL configuration 1 4 5
PCell TDD UL-DIL. configuration 9 5
Reference TDD configuration 0 1 2 3 4 5 6 3 4 .
4 5
SCell TDD 0 s
UL-DL configuration 1 1 4 1
3
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where each reference TDD configuration 1n Table 1indi-

cates downlink association set indexes (K: {k,, k,, . . .
K,,_, }) forasubframe ‘n’ as defined in Table 10-2below:

TABLE 10-2

Downlink association set index K: {k,. k;. ..

32

wherein the reference TDD configuration for the SCell 1s

determined based on a PCell TDD UL-DL configuration
and SCell TDD UL-DL configuration pair,

ki, for TDD

UL-DL Subframe ‘n’

Configuration 0 1 2 3 4 7 8 9
0 6 — 4 6 — 4
1 7,6 4 — 7,6 4 —
2 8,7,.4,6 — — 8,7,4,6
3 7,6,11 6, 5 5,4 —
4 12,8,7,11 6,5,4,7 — —
5 13,12,9,8,7,5,4,11, 6 — _ _
6 7 7 5 7 7 —

where the first A/N responsive to the PDSCH transmitted in
a subframe (n-k)) (0O=1=M-1) 1s transmitted in the sub-
frame ‘n’,

wherein n, k, 1, and M are integers.

11. The method of claim 10, further comprising:

receiving a second A/N from the user equipment 1n an
uplink subirame determined by a reference TDD con-
figuration for the PCell, the second A/N being respon-
sive to a PDSCH transmission on the PCell,

wherein the reference TDD configuration for the PCell 1s
the PCell TDD UL-DL configuration.

12. The method of claim 10, wherein the reference TDD
configuration for the SCell 1s further determined based on a
PCell TDD UL-DL configuration and SCell TDD UL-DL
configuration pair in Table 10-3 below:

TABLE 10-3

Reference TDD configuration for SCell determined based on
a PCell TDD UL-DL configuration and SCell TDD UL-DL
configuration pair

PCell TDD UL-DI. conficuration

Reference TDD configuration 0 1 2 3 4 5 6

SCell TDD 0

UL-DL configuration 1 1 4 1
2 2 2 5 5 2
3 3 4 5 3
4 4 4 5 4 4
5 5 5 5 5 5 5
6 6.

13. A method for transmitting acknowledgement/negative
acknowledgement (A/N) by a user equipment configured
with at least two serving cells, the at least two serving cells

comprising a primary cell (PCell) and a secondary cell
(SCell), and the PCell and the SCell having different Time
Division Duplex (TDD) Uplink-Downlink (UL-DL) configu-
rations, the method comprising:

receiving a physical downlink shared channel (PDSCH)
transmission on the SCell 1n a subframe ‘n-k.’;

determining the interval ‘k.” between the reception of the
PDSCH transmission on the SCell and a responsive A/N
transmission, the interval being determined based on a
reference TDD configuration for the SCell; and

transmitting the A/N responsive to the PDSCH transmis-
ston on the SCell 1n a subframe ‘n’ according to the
interval,
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wherein the PCell TDD UL-DL configuration and the
SCell TDD UL-DL configuration are selected from
among TDD UL-DL configurations defined in Table

13-1 below:
TABLE 13-1
TDD UL-DL configurations
Downlink-
to-
Uplink- Uplink
downlink  Switch-
config- point Subframe number
uration periodicity 0 1 2 3 4 5 6 7 8 9
0 5 ms D § U U U D S U U U
1 5 ms D § U U D D S U U D
2 5 ms D S U D D D S U D D
3 10 ms D § U U U D D D D D
4 10 ms D § U U D D D D D D
5 10 ms D § U D D D D D D D
6 5 ms D § U U U D S U U D

where D denotes a downlink subirame, S denotes a special
subirame, and U denotes an uplink subirame,

wherein the reference TDD configuration 1s determined
according to Table 13-2 below:

TABLE 13-2

Reference TDD configuration for SCell determined
based on a PCell TDD UL-DL configuration and

SCell TDD UL-DI. confisuration pair

Retference TDD (PCell TDD UL-DL configuration, SCell TDD
conflguration UL-DL configuration)
1 (]‘? 0)? (]‘? 6)
2 (2: 0): (2: 1): (2: 6)
3 (3,0), (3, 6)
4 (4? 0)? (4? ]‘)? (4? 3)? (4? 6)
5 (5,0),(5,1),(5,2),(5,3),(5,4), (3, 6)
6 (6, 0),
and

wherein n, k, and 1 are integers.

14. The method of claim 13, wherein the interval ‘k.’eK,
and K: {k,, k,, k,, ,} for the subframe ‘n’ is defined in Table
13-3 below:
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TABLE 13-3

Downlink association set index K: {kq. k.. .. Ky, 1 for TDD

UL-DL Subframe ‘n’
Configuration 0 1 2 3 4 5 6 7 8 9
0 6 _ 4 6 4
1 7,6 4 — 7,6 4 —
2 R.7.4. 6 _ _ R.7.4. 6
3 7,6,11 6,3 5,4 —
4 12,8, 7. 11 6.5.4.7 — _
5 13,12,9,8 7,5,4,11,6 — — —
6 7 7 5 7 7T —
: : : 15
where the A/N responsive to the PDSCH transmitted in the TARIE 13-4-continued
subiframe (n-k,) (0O =1=M-1) 1s transmitted in the sub-
tr alne 1, _ _ _ Reference TDD configuration for SCell determined
wherein K 1s a set of Integers and M 1S an 1nteger. based on a PCell TDD UL-DL configuration and
15. The‘meyhod of c!alm 14, Whereln the reference TDD . SCell TDD UL-DL configuration pair
configuration 1s determined according to Table 13-4 below:
_ Reference TDD (PCell TDD UL-DL configuration, SCell TDD
TABLE 13-4 configuration UL-DL configuration)
Reference TDD configuration for SCell determined 3 (0, 3), (6, 3)
based on a PCell TDD UL-DL configuration and 75 O
SCell TDD UL-DI. configuration pair 4 (0,4), 1,4), 3,4), (6,4), (3, 1), (1, 3)
5 0,5),d,3),(2,5), 3, 5),(4,5), (6,5), (3, 2),
Retference TDD (PCell TDD UL-DL configuration, SCell TDD (4,2),(2,3),(2,4)
configuration UL-DL configuration) 5 (0, 6).
1 (0, 1), (6, 1)
2 (0,2), (1,2), (6, 2) o0
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