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Description
Title of Invention: METHOD AND APPARATUS FOR

TRANSMITTING HARQ-ACK
Technical Field

The present invention relates generally to mobile communications, and more par-
ticularly, to a method and an apparatus for transmitting a Hybrid Automatic Repeat
reQuest ACKnowledgement (HARQ-ACK) in a Time Division Duplexing (TDD)

Carrier Aggregation (CA) system, where distribution of a sub frame changes flexibly.

Background Art

A Long Term Evolution (LTE) system supports a working mode of TDD.

FIG. 1 illustrates a frame structure in a conventional LTE TDD system.

Referring to FIG. 1, each radio frame has a length of 10 ms and is equally divided
into two half frames of 5 ms. Each half-frame includes 8 slots, each of which has a
length of 0.5 ms, and 3 special fields, i.e., a Downlink Pilot Time Slot (DwWPTS), a
Guarding Period (GP), and an Uplink Pilot Time Slot (UpPTS). The 3 special fields
have a total length of 1 ms.

Each sub frame (sub frame O to sub frame 9) includes two consecutive time slots, i.e.,
a k'th sub frame includes a time slot 2k and a time slot 2k+1.

A TDD system supports 7 types of UpLink/DownLink (UL/DL) configurations, as
shown in Table 1 below.

In Table 1, D represents a downlink sub frame, U represents an uplink sub frame, and
S represents a special sub frame including the 3 special fields, i.e., a DWPTS, a GP,
and a UpPTS. Table 1 represents LTE TDD UL/DL configuration.

Table 1

[Table 1]
[ Configuration Switch-point Sub-frame ID
serial number periodicity 011 (2|3 /4516|7819
\ 0 S ms D|S|U|U/U|D|[S|U|U|U
| 1 5ms D|S|U|U|D|D|S|U U D
2 5 ms D[s|U|lD|D|D|S|U|D D
3 10 ms D/s|U|UlU|[D D D|D|D
4 10 ms D[S U/U|D|/D|D D|D|D
5 10 ms D/ sS|/U|/D|D|D|D D|D|D
6 10 ms D[S|/U U|/U|D|[s|U|U|D

In an LTE TDD system, resource allocation is performed in units of Physical

Resource Blocks (PRBs). Each PRB includes 12 consecutive sub carriers in the
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frequency domain and occupies one time slot in the time domain.

In a downlink sub frame, the first n OFDM symbols are used for transmitting
downlink control information, which includes a Physical Downlink Control CHannel
(PDCCH) and other control information, and the other symbols, i.e., the symbols
following the first n OFDM symbols, are used for transmitting Physical Downlink
Shared CHannel (PDSCH).

In subsequent versions of LTE, the concept of an enhanced PDCCH (ePDCCH) has
been proposed. An ePDCCH is mapped to a data region in a sub frame to be
transmitted. Accordingly, the ePDCCH and the PDSCH are implemented by
Frequency Division Multiplexing (FDM). Herein, PDCCH and ePDCCH are not dif-
ferentiated from each other, unless otherwise specified, and are commonly referred to
as PDCCH.

A base station allocates PDSCH resources in one downlink sub frame through a
PDCCH, which includes downlink grant signaling. A User Equipment (UE) receives
and decodes the PDSCH after receiving the downlink grant signaling, and transmits a
HARQ-ACK for the PDSCH in a subsequent uplink sub frame according to a certain
timing scheme. Because TDD supports multiple types of UL/DL configurations, a
HARQ-ACK for a PDCCH indicating downlink a Semi Permanent Scheduling (SPS)
release or for PDSCH in O or 1 or multiple downlink sub frames may be fed back
within an uplink sub frame n. The index of the downlink sub frames are n-k, where k
belongs to a collection K, which is decided by the UL/DL configuration and the uplink
sub frame n, as shown in Table 2 below. Table 2 represents index collection K.

Table 2
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[Table 2]
UL/DL Sub frame index n
Configuration | 0 1 2 3 4 5 6 7 8 9

0 - - 6 - 4 - - 6 - 4

1 - - 7: 6 4 - - - 75 6 4 -
8,7, 8,7,

2 - - - - - - - -
4,6 4,6
7, 6,

3 - 6,5 54 - ; ; ; ;

11

12,8,1 6,5,

4 - - - - - - - -
7,11 | 4,7

13,

12,9, :

5 - - 87| - - - . - - -
5,4,
11,6

6 - - 7 7 5 - - 7 7 -

[14] In an LTE-Advanced (LTE-A) system, multiple Component Carriers (CC) are ag-
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gregated to obtain larger working bandwidth, i.e., Carrier Aggregation (CA). The ag-
gregated carriers constitute downlink and uplink links in the communication system,
and therefore, larger transmission rates can be achieved.

A base station may configure a UE to work in multiple cells, which include one
Primary cell (Pcell) and multiple Secondary cells (Scells).

When multiple aggregated cells use the same UL/DL configuration, HARQ-ACKs
for all of the cells are fed back in an uplink sub frame of the Pcell, and the HARQ-
ACK timing scheme defined in LTE Release 8 for a cell may be used, as shown in
Table 2. However, when the aggregated multiple cells use different UL/DL config-
urations, HARQ-ACKSs for all of the cells are fed back in an uplink sub frame in the
Pcell, and the timing scheme according to one of the 7 conventional UL/DL config-
urations, as shown in Table 1, are used as the timing scheme for PDSCH in the Scells.

Table 3 may be used to determine the TDD UL/DL configuration whose HARQ-
ACK timing scheme is to be used for downlink transmission of an Scell for each com-
bination of a TDD UL/DL configuration of the Pcell and a TDD UL/DL configuration
of the Scell. Table 3 represents that determining TDD UL/DL configuration for
HARQ-ACK timing.

Table 3
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[Table 3]
Reference UL/DL configuration for timing UL/DL configuration of Pcell

of HARQ-ACK in Scell 0 1 2 3 4 5 6

0 0 1 2 3 4 5 6

1 1 1 2 4 4 3 1

2 2 2 2 5 5 5 2

UL/DL configuration of Scell 3 3 4 5 3 4 5 3

4 4 4 5 4 4 5 4

5 5 5 5 5 5 5 5

6 6 1 2 3 4 5 6

[19]
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In conventional LTE TDD standards, the UL/DL configuration used by a cell is
configured via broadcast signaling, i.e., is included in a System Information Block 1
(SIB1). As such, the LTE system supports at least 640 ms between changes of UL/DL
configurations and at most 32 changes of system information in every 3 hours
according to conventional standards. To improve for fast changes in service charac-
teristics, 3« Generation Partnership Project (3GPP) is currently working on methods
that support faster changes in distribution of UL/DL sub frames in the system. For
example, a new method may change UL/DL configuration at a faster pace, e.g., every
200 ms; or change UL/DL configuration at intervals of 10 ms, which equals the length
of aradio frame.

In practice, a base station scheduler may change the distribution of UL/DL sub
frames according to service demands, and keep the system running properly by
adopting certain scheduling restrictions. A UE does not have to know which of the 7
UL/DL configurations it is running under. Further, the distribution of working UL/DL
sub frames is not necessarily limited to the 7 UL/DL configurations shown in Table 1,

i.e., the actual distribution of UL/DL sub frames may be transparent to UEs.
Disclosure of Invention

Technical Problem

In a CA system, when the distribution of UL/DL sub frames in some or all of the
cells can change flexibly, both a base station and a UE need to correctly determine the
timing of HARQ-ACK for PDSCH in each cell to allow the UE to correctly send a
HARQ-ACK in an uplink direction and allow the base station to correctly receive the
HARQ-ACK sent by the UE, such that downlink HARQ transmission can be im-
plemented properly.
Solution to Problem

Accordingly, the present invention is designed to address at least the problems and/or

disadvantages described above and to provide at least the advantages described below.
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An aspect of the present invention is to provide a method and an apparatus for
transmitting HARQ-ACK in a TDD CA system, where a duplex direction of a sub

frame changes flexibly.
In accordance with an aspect of the present invention, a method is provided for

transmitting HARQ-ACK in a TDD CA system, wherein a duplex direction of a sub
frame changes flexibly. The method includes receiving, by a UE, configuration in-
formation from a base station for each cell working under a CA mode; determining, by
the UE, distribution of fixed downlink sub frames and flexible sub frames in each cell;
determining timing of HARQ-ACK for downlink transmission in each cell; and
transmitting, by the UE, the HARQ-ACK, based on the determined timing of the
HARQ-ACK for each cell.

In accordance with another aspect of the present invention, an apparatus is provided
for transmitting a HARQ-ACK in a TDD CA system, wherein a duplex direction of a
sub frame changes flexibly. The apparatus includes a transceiver that is configured to
receive configuration information from a base station for each cell working under a CA
mode; and a controller that is configured to obtain a distribution of fixed sub frames
and flexible sub frames in each cell according to the received configuration in-
formation, to determine timing of a HARQ-ACK for a downlink transmission in each
cell according to the distribution of the fixed sub frames and the flexible sub frames in
each cell, and to feed back, via the transceiver, the HARQ-ACK according to the de-
termined timing of the HARQ-ACK for each cell.

Brief Description of Drawings

The above and other aspects, features, and advantages of certain embodiments of the
present invention will be more apparent from the following detailed description taken
in conjunction with the accompanying drawings, in which:

FIG. 1 illustrates a frame structure in a conventional LTE TDD system;

FIG. 2 is a flowchart illustrating a method for transmitting HARQ-ACK according to
an embodiment of the present invention; and

FIG. 3 illustrates an apparatus for transmitting HARQ-ACK according to an em-
bodiment of the present invention.

Best Mode for Carrying out the Invention

Various embodiments of the present invention will now be described in detail with
reference to the accompanying drawings. In the following description, specific details
such as detailed configuration and components are merely provided to assist the overall
understanding of these embodiments of the present invention. Therefore, it should be
apparent to those skilled in the art that various changes and modifications of the em-

bodiments described herein can be made without departing from the scope and spirit of
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the present invention. In addition, descriptions of well-known functions and con-
structions are omitted for clarity and conciseness..

According to an embodiment of the present invention, changes in a duplex direction
of flexible sub frames are independent of the timing of a HARQ-ACK. Consequently,
the HARQ-ACK can be correctly transmitted without impacting the flexibility of
downlink scheduling.

Further, no new HARQ-ACK timing scheme is introduced; instead, a conventional
HARQ-ACK timing scheme of the LTE TDD UL/DL configurations is re-used for the
timing of the HARQ-ACK in an Scell, which reduces complexity.

Distribution of UL/DL sub frames of a cell are changed via conventional broadcast
signaling according to LTE TDD Release 8/9/10/11. Herein, such a cell is referred to
as a cell where distribution of UL/DL sub frames is prohibited from changing flexibly.
A cell that supports fast changes in distribution of UL/DL sub frames is referred to
herein as a cell where distribution of UL/DL sub frames changes flexibly. In a cell
where distribution of UL/DL sub frames changes flexibly, a sub frame whose duplex
direction may change is referred to as a flexible sub frame.

In a cell where distribution of UL/DL sub frames changes flexibly, some of the sub
frames may have a fixed duplex direction while other sub frames may be flexible sub
frames whose duplex directions are changeable. For example, sub frames 0 and 5 and a
DwPTS in sub frames 1 and 6 have fixed duplex direction of downlink, and sub frame
2 and a UpPTS in sub frames 1 and 6 have fixed duplex direction of uplink. Whether
sub frames 3, 4, 7, 8, and 9 have fixed or flexible duplex directions can be determined
according to other information.

If a distribution of UL/DL sub frames of a cell in a single cell system changes
flexibly, a TDD UL/DL configuration may be sent in broadcast information SIB1
according to conventional LTE Release 8/9/10/11, which is referred to as SIB1 UL/DL
configuration, in order to make all of UEs that do not support flexible sub frames
correctly send and receive UL/DL data according to the SIB1 UL/DL configuration.
Some of the uplink sub frames in an SIB1 UL/DL configuration are allowed to change
into downlink sub frames. Thus, a UE that supports flexible sub frames determines the
timing position of a HARQ-ACK for each of the fixed downlink sub frames and the
flexible sub frames, in order to transmit downlink HARQ-ACK.

According to an embodiment of the present invention, one of the conventional LTE
UL/DL configurations, other than the SIB1 UL/DL configuration, is selected as a
reference UL/DL configuration of the cell, on the premise that the downlink sub
frames in the reference UL/DL configuration are a superset of the fixed downlink sub
frames and flexible sub frames of the cell. Therefore, the timing of a HARQ-ACK for

each downlink sub frame of the cell can be determined according to the timing of
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HARQ-ACK for a downlink sub frame on the same timing position in the foregoing
conventional LTE UL/DL configuration. In the following, this method is referred to as
determining timing of a HARQ-ACK for a downlink transmission in a single cell
system, based on a reference UL/DL configuration of the cell.

In a TDD CA system, one cell, multiple cells, or all of the cells may use flexible dis-
tribution of the UL/DL sub frames. As such, a timing position of a HARQ-ACK may
be defined for each of the fixed downlink sub frames and flexible sub frames in a cell
supporting flexible changes in distribution of UL/DL sub frames, when defining the
timing of HARQ-ACK for downlink transmission in the cell. In addition, when
transmitting a HARQ-ACK 1in a cell supporting flexible distribution of UL/DL sub
frames, it may be specified that the HARQ-ACK is only transmitted in fixed uplink
sub frames of the cell.

In a CA system, the cell where downlink data is transmitted and the cell where uplink
HARQ-ACK is fed back may be different cells. For example, in accordance with LTE
Release 10/11, downlink data may be transmitted in each cell configured by a base
station, but HARQ-ACK may be transmitted only in a Pcell. In LTE Release 10/11,
there is only one Pcell in the multiple cells configured for a CA UE. However, in
subsequent LTE versions, a UE may have multiple Pcells, and all of the multiple Pcells
may be used for transmitting uplink HARQ-ACK. Therefore, in the following de-
scription, a Pcell refers to a cell having uplink sub frames that are used by a UE for
feeding back HARQ-ACK.

FIG. 2 is a flowchart illustrating a method for transmitting HARQ-ACK according to
an embodiment of the present invention. Specifically, FIG. 2 illustrates a method that
is applicable to a TDD CA system where a duplex direction of sub frames changes
flexibly.

Referring to FIG. 2, step 201, a UE receives configuration information from a base
station for each cell working under a CA mode.

The UE may work in different modes according to whether distribution of UL/DL
sub frames may change flexibly in a Pcell and in a Scell. For example, distribution of
UL/DL sub frames in a Pcell may be prohibited from changing flexibly, and dis-
tribution of UL/DL sub frames in at least one Scell may change flexibly. Alternatively,
distribution of UL/DL sub frames in a Pcell may change flexibly, and distribution of
UL/DL sub frames in at least one Scell may also change flexibly. Further, distribution
of UL/DL sub frames in a Pcell may change flexibly, and distribution of UL/DL sub
frames in all of the Scells may change flexibly.

In step 202, the UE determines distribution of fixed downlink sub frames and flexible
sub frames in each cell working under the CA mode, and determines timing of HARQ-

ACK for downlink transmission in each cell.



WO 2014/017824 PCT/KR2013/006626

[43]

[44]

[45]

[46]

[47]

[48]

[49]

The timing of HARQ-ACK for downlink transmission in a Pcell may be determined
individually. If the distribution of UL/DL sub frames in the Pcell may change flexibly,
one of the conventional LTE TDD UL/DL configurations may be selected as the
reference DL configuration of the Pcell in a single cell system (referred to as reference
UL/DL configuration A), and the timing of HARQ-ACK for downlink transmission in
the Pcell under the CA mode may also be determined according to the reference UL/
DL configuration A. If the distribution of UL/DL sub frames in the Pcell is prohibited
from changing flexibly, the timing of HARQ-ACK for downlink transmission in the
Pcell may be determined according to the UL/DL configuration of the Pcell.

The timing of HARQ-ACK for downlink transmission in each Scell may be de-
termined according to whether distribution of UL/DL sub frames may change flexibly
in the Scell and in the Pcell. When a UE is configured with multiple Scells, the timing
of HARQ-ACK for downlink transmission in each Scell may be determined as will be
described below.

In accordance with an embodiment of the present invention, three situations are
provided for an Scell, corresponding to whether the distribution of UL/DL sub frames
may change flexibly in the Scell and in the Pcell. In the first situation, a distribution of
UL/DL sub frames in the Pcell may change flexibly, and a distribution of UL/DL sub
frames in the Scell is prohibited from changing flexibly. In the second situation, a dis-
tribution of UL/DL sub frames in the Pcell is prohibited from changing flexibly, and a
distribution of UL/DL sub frames in the Scell may change flexibly. In the third
situation, distributions of UL/DL sub frames may change flexibly both in the Pcell and
in the Scell.

In accordance with an embodiment of the present invention, no new timing scheme
of a HARQ-ACK is required, as one of the conventional LTE UL/DL configurations
for each Scell is used, which is referred to as a CA mode reference UL/DL con-
figuration of the Scell and is denoted as CA mode reference UL/DL configuration C
herein. The timing of HARQ-ACK for downlink transmission in the Scell is de-
termined according to the reference UL/DL configuration C.

In step 203, the UE transmits HARQ-ACK based on the timing of HARQ-ACK de-
termined for each cell.

The method of determining the reference UL/DL configuration C in step 202 for
each of the situations will be described below.

For the first situation, where a distribution of UL/DL sub frames in a Pcell may
change flexibly, and a distribution of UL/DL sub frames in a Scell is prohibited from
changing flexibly, when defining the timing of HARQ-ACK for each downlink sub
frame in the Scell, it may be defined that HARQ-ACK is transmitted only in fixed
uplink sub frames in the Pcell because the distribution of UL/DL sub frames of the
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Pcell may change flexibly. Therefore, changes in the duplex direction of a flexible sub
frame in the Pcell will have no impact on transmission of HARQ-ACK for each cell in
the fixed uplink sub frames of the Pcell. As a result, the flexibility of downlink
scheduling is not influenced.

In accordance with an embodiment of the present invention, a method for de-
termining a reference UL/DL configuration C of an Scell includes determining an in-
tersection of fixed uplink sub frames of the Pcell and the uplink sub frames of the
Scell, selecting a UL/DL configuration from the conventional LTE TDD UL/DL con-
figurations, based on the premise that uplink sub frames in the UL/DL configuration
form a subset of the intersection that makes downlink sub frames of the UL/DL con-
figuration form a superset of downlink sub frames of the Scell, and using the selected
conventional LTE TDD UL/DL configuration as the CA mode reference UL/DL con-
figuration C of the Scell. In order to optimize HARQ transmission performance, the set
of uplink sub frames in the conventional LTE TDD UL/DL configuration may be the
largest subset of the intersection or be identical to the intersection.

For example, the timing of HARQ-ACK for downlink transmission in fixed
downlink sub frames and flexible sub frames in the Pcell may be determined according
to the reference UL/DL configuration A of the Pcell in a single cell system. Because
the set of downlink sub frames of reference UL/DL configuration A of the Pcell is a
superset of the set of fixed downlink sub frames and flexible sub frames of the Pcell,
an uplink sub frame of the reference UL/DL configuration A corresponds to a fixed
uplink sub frame of the UL/DL configuration of the Pcell.

As such, when defining the timing of HARQ-ACK for each downlink sub frame of
the Scell, the CA mode reference UL/DL configuration C of the Scell may be obtained
according to the reference UL/DL configuration A of the Pcell and UL/DL con-
figuration of the Scell, and the timing of HARQ-ACK for downlink transmission of the
Scell may be determined based on the CA mode reference UL/DL configuration C. For
example, the mapping relation shown in Table 3 may be re-used.

In accordance with an embodiment of the present invention, the UL/DL con-
figuration of a Pcell in Table 3 may be replaced with the reference UL/DL con-
figuration A of the Pcell to make only those fixed uplink sub frames of the Pcell be
used for feeding back HARQ-ACK of the Scell, and the CA mode reference UL/DL
configuration C of the Scell, as shown in Table 4 below, may be obtained. Table 4
represents that determining reference UL/DL configuration of Scell for HARQ-ACK
timing.

Table 4
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[Table 4]

Reference UL/DL configuration C for Reference UL/DL configuration A of Pcell
timing of HARQ-ACK in Scell 1 2 3 4 5 6

B | W o] R NN

3
4
5
3
4
5
3

E N IRV T N NV N N
Wl A W Ll i i i

0

0 0 6

1 1 1

2 2 2

UL/DL configuration of Scell 3 3 3
4 4 4

5 5 5

6 6 6

Two methods for determining a bundling window of the Scell will be described
below.

A first method includes determining a bundling window of a Scell to be a bundling
window defined in LTE Release 8 for the CA mode reference UL/DL configuration C,
which is for determining the HARQ-ACK timing of the Scell.

A second method includes determining a bundling window of an Scell to be a set of
sub frames, each of which is a downlink sub frame in the Scell, in a bundling window
defined in LTE Release 8 for the CA mode reference UL/DL configuration C, which is
for determining the HARQ-ACK timing of the Scell.

For the second situation, where a distribution of UL/DL sub frames in a Pcell is
prohibited from changing flexibly, but the distribution of UL/DL sub frames in a Scell
may change flexibly, when defining the timing of HARQ-ACK for each downlink sub
frame of the Scell, the timing position of HARQ-ACK may be defined for each of the
fixed downlink sub frames and flexible sub frames of the Scell.

In accordance with an embodiment of the present invention, a method of determining
the reference UL/DL configuration C of the Scell includes determining an intersection
of uplink sub frames of the Pcell and fixed uplink sub frames of the Scell, selecting a
UL/DL configuration from conventional LTE TDD UL/DL configurations, based on
the premise that uplink sub frames in the UL/DL configuration form a subset of the in-
tersection to make downlink sub frames of the UL/DL configuration form a superset of
fixed downlink sub frames and flexible sub frames of the Scell, and using the selected
conventional LTE TDD UL/DL configuration as the CA mode reference UL/DL con-
figuration C of the Scell. In order to optimize HARQ transmission performances, the
set of uplink sub frames in the conventional LTE TDD UL/DL configuration may be
the largest subset of the intersection or be identical to the intersection.

A conventional LTE TDD UL/DL configuration, in which downlink sub frames form

a superset of fixed downlink sub frames and flexible sub frames of the Scell, is
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selected for the Scell as the reference UL/DL configuration B of the Scell. As a result,
the timing of HARQ-ACK for all fixed downlink sub frames and flexible sub frames of
the Scell is obtained when the timing of HARQ-ACK for each downlink sub frame in
the reference UL/DL configuration B is determined.

When the Scell is able to work as the sole serving cell of another UE (i.e., in a single
cell system), the reference UL/DL configuration B of the Scell may be the reference
UL/DL configuration of another UE for determining the timing of HARQ-ACK for
downlink transmission in that situation. When the Scell is unable to work on its own as
the sole serving cell of a UE, the reference UL/DL configuration B of the Scell may be
used only for determining the CA mode reference UL/DL configuration C of the Scell.

In LTE Release 10/11, the base station sends the actual UL/DL configuration of the
Scell, i.e., the UL/DL configuration indicated in the SIB1 signaling of the Scell, to the
UE in a signaling message for configuring the Scell of the UE. Because the distribution
of UL/DL sub frames of the Scell may change flexibly, the base station may also load
information about the SIB1 UL/DL configuration and the reference UL/DL con-
figuration B of the Scell into the configuration signaling message, when configuring
the Scell of the UE.

Alternatively, the base station may load information about the SIB1 UL/DL con-
figuration and flexible sub frames of the Scell into the configuration signaling message
so that the UE may obtain the reference UL/DL configuration B by using the in-
formation about SIB1 UL/DL configuration and the flexible sub frames.

Alternatively, the UE may receive broadcast information from the Scell and obtain
the reference UL/DL configuration B of the Scell from the broadcast information.

When defining the timing of HARQ-ACK for each downlink sub frame of the Scell,
the CA mode reference UL/DL configuration C of the Scell may be obtained according
to the UL/DL configuration of the Pcell and the reference UL/DL configuration of the
Scell, and the timing of HARQ-ACK for downlink transmission of the Scell may be
determined based on the CA mode reference UL/DL configuration C. For example, the
mapping relation as shown in Table 3 may be re-used.

In accordance with an embodiment of the present invention, the UL/DL con-
figuration of an Scell in Table 3 may be replaced with the reference UL/DL con-
figuration B of the Scell, thereby defining timing of HARQ-ACK for each of the fixed
uplink sub frames and flexible sub frames of the Scell. The CA mode reference UL/DL
configuration C of the Scell as shown in Table 5 may be obtained. Table 5 represents
that determining reference UL/DL configuration of Scell for HARQ-ACK timing.

Table 5



12

WO 2014/017824 PCT/KR2013/006626
[Table 5]
™ Reference UL/DL configuration C for UL/DL configuration of Pcell
timing of HARQ-ACK in Scell 0 1 2 3 4 5 6
| 0 0| 1 234151 6
1 1 1 2 4 4 5 1
2 2 2 2 5 5 5 2
Reference UL/DL configuration B
. 3 3 4 5 3 4 5 3
in Scell
4 4 4 5 4 4 5 4
5 5 5 5 5 5 5 5
6 6 1 2 3 4 5 6

[68]

[69]

[70]

[71]

[72]

Two methods for determining a bundling window of the Scell will be described
below.

The first method includes determining a bundling window of an Scell to be a
bundling window as defined in LTE Release 8 for the CA mode reference UL/DL con-
figuration C, which is used for determining the timing of HARQ-ACK.

The second method includes determining a bundling window of an Scell to be a set
of sub frames, each of which is a fixed downlink sub frame or a flexible sub frame in
the Scell, in a bundling window as defined in LTE Release 8 for the CA mode
reference UL/DL configuration C, which is for determining the timing of HARQ-ACK
of the Scell. The second method may also include determining a bundling window of
an Scell to be a set of sub frames, each of which is also a downlink sub frame in the
reference UL/DL configuration B of the Scell, in a bundling window as defined in LTE
Release 8 for the CA mode reference UL/DL configuration C, which is for determining
the timing of HARQ-ACK of the Scell.

The UE monitors the PDCCH, which is for scheduling downlink transmission of the
Scell, in fixed downlink sub frames of the Scell or in both the fixed downlink sub
frames and the flexible sub frames, which currently may be used for downlink
transmission. If the flexible sub frames of the Scell is indicated in the reference UL/DL
configuration B of the Scell, the UE monitors a PDCCH, which is for scheduling
downlink transmission of the Scell, in each of the downlink sub frames of the reference
UL/DL configuration B.

For the third situation, where distributions of UL/DL sub frames may change flexibly
in both the Pcell and the Scell, because the distribution of UL/DL sub frames of the
Pcell may change flexibly, HARQ-ACK may be transmitted only in fixed sub frames
of the Pcell. Therefore, changes in the duplex direction of a flexible sub frame of the
Pcell will have no impact on transmission of HARQ-ACK for each cell in the fixed

uplink sub frames of the Pcell. As a result, the flexibility of downlink scheduling will



13

WO 2014/017824 PCT/KR2013/006626

[73]

[74]

[75]

[76]

[77]

[78]

not be influenced.

When a distribution of UL/DL sub frames of an Scell may change flexibly, the
timing position of HARQ-ACK may be defined for each of fixed downlink sub frames
and flexible sub frames of the Scell, when defining the timing of HARQ-ACK for each
downlink sub frame of the Scell.

In accordance with an embodiment of the present invention, a method for de-
termining the reference UL/DL configuration C of the Scell includes determining an
intersection of fixed uplink sub frames of the Pcell and fixed uplink sub frames of the
Scell, selecting a UL/DL configuration from conventional LTE TDD UL/DL config-
urations, based on the premise that uplink sub frames in the UL/DL configuration form
a subset of the intersection to make downlink sub frames of the UL/DL configuration
form a superset of fixed downlink sub frames and flexible sub frames of the Scell, and
using the selected conventional LTE TDD UL/DL configuration as the CA mode
reference UL/DL configuration C of the Scell. In order to optimize HARQ
transmission performances, the set of uplink sub frames in the conventional LTE TDD
UL/DL configuration may be the largest subset of the intersection or be identical to the
intersection.

As described above, the timing of HARQ-ACK for downlink transmission in fixed
downlink sub frames and flexible sub frames of the Pcell may be determined by using
the reference UL/DL configuration A of the Pcell in a single cell system, and an uplink
sub frame in the reference UL/DL configuration A corresponds to a fixed uplink sub
frame in the UL/DL configuration of the Pcell.

A conventional LTE TDD UL/DL configuration, in which downlink sub frames form
a superset of the set of fixed downlink sub frames and flexible sub frames of the cell, is
selected for the Scell as the reference UL/DL configuration B of the Scell. As a result,
the timing of HARQ-ACK for all fixed downlink sub frames and flexible sub frames of
the Scell is obtained when the timing of HARQ-ACK for each downlink sub frame in
the reference UL/DL configuration B is determined.

When the Scell is able to work as the sole serving cell of another UE (i.e., in a single
cell system), the reference UL/DL configuration B of the Scell may be the reference
UL/DL configuration of another UE for determining the timing of HARQ-ACK for
downlink transmission in that situation. However, when the Scell is unable to work on
its own as the sole serving cell of a UE, the reference UL/DL configuration B of the
Scell may be used only for determining the CA mode reference UL/DL configuration
C of the Scell.

In LTE Release 10/11, the base station sends the actual UL/DL configuration of the
Scell, i.e., the UL/DL configuration indicated in the SIB1 signaling of the Scell, to the

UE in a signaling message for configuring the Scell of the UE. Because the distribution
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[79]

[80]

[81]

[82]

[83]

of UL/DL sub frames of the Scell may change flexibly, the base station may also load
information about the SIB1 UL/DL configuration of the Scell and information about
the reference UL/DL configuration B into the configuration signaling message, when
configuring the Scell of the UE.

Alternatively, the base station may load information about the SIB1 UL/DL con-
figuration of the Scell and information about flexible sub frames into the configuration
signaling message so that the UE may obtain the reference UL/DL configuration B by
using the information about SIB1 UL/DL configuration and the information about the
flexible sub frames.

Alternatively, the UE may receive broadcast information from the Scell and obtain
the reference UL/DL configuration B of the Scell from the broadcast information.

When defining the timing of HARQ-ACK for each downlink sub frame of the Scell,
the CA mode reference UL/DL configuration C of the Scell may be obtained according
to the reference UL/DL configuration A of the Pcell and reference UL/DL con-
figuration B of the Scell, and the timing of HARQ-ACK for downlink transmission of
the Scell may be determined based on the CA mode reference UL/DL configuration C.
In this situation, the mapping relation shown in Table 3 may be re-used.

In accordance with an embodiment of the present invention, the UL/DL con-
figuration of Pcell in Table 3 may be replaced with the reference UL/DL configuration
A of the Pcell to make HARQ-ACK be fed back only in fixed uplink sub frames of the
Pcell. In addition, the UL/DL configuration of an Scell in Table 3 may be replaced
with the reference UL/DL configuration B of the Scell, thereby defining timing of
HARQ-ACK for each of the fixed downlink sub frames and flexible sub frames of the
Scell. The CA mode reference UL/DL configuration C of the Scell as shown in Table 6
may be obtained. Table 6 represents that determining reference UL/DL configuration
of Scell for HARQ-ACK timing.

Table 6
[Table 6]
Reference UL/DL configuration C for Reference UL/DL configuration A of Pcell
timing of HARQ-ACK in Scell 0 1 2 3 4 5 6
0 0 1 2 3 4 5 6
1 1 1 2 4 4 5 1
2 2 2 2 5 5 5 2
Reference UL/DL configuration B
3 3 4 5 3 4 5 3
of Scell

4 4 4 5 4 4 5 4
5 5 5 5 5 5 5 5
6 6 | 1 2 3 4 5 6
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[84]

[85]

[86]

[87]

[88]

[89]
[90]

[91]

[92]

[93]

Two methods for determining a bundling window of the Scell will be described
below.

The first method includes determining a bundling window of an Scell to be a
bundling window defined in LTE Release 8 for the CA mode reference UL/DL con-
figuration C, which is for determining the HARQ-ACK timing.

The second method includes determining a bundling window of an Scell to be a set
of sub frames, each of which is a fixed downlink sub frame or a flexible sub frame in
the Scell, in a bundling window defined in LTE Release 8 for the CA mode reference
UL/DL configuration C, which is for determining the HARQ-ACK timing of the Scell.
The second method may also include determining a bundling window of an Scell to be
a set of sub frames, each of which is also a downlink sub frame in the reference UL/DL
configuration B of the Scell, in a bundling window defined in LTE Release 8 for the
CA mode reference UL/DL configuration C, which is for determining the HARQ-ACK
timing of the Scell.

The UE monitors the PDCCH, which is for scheduling downlink transmission of the
Scell, only in fixed downlink sub frames of the Scell or in the fixed downlink sub
frames and flexible sub frames, which currently may be used for downlink
transmission. If the flexible sub frames of the Scell is indicated in the reference UL/DL
configuration B of the Scell, the UE monitors a PDCCH, which is for scheduling
downlink transmission of the Scell, in each of the downlink sub frames of the reference
UL/DL configuration B.

FIG. 3 illustrates an apparatus for transmitting HARQ-ACK according to an em-
bodiment of the present invention. Specifically, FIG. 3 illustrates an apparatus for
transmitting HARQ-ACK, which is applicable to a TDD CA system, wherein a duplex
direction of a sub frame may change flexibly.

Referring to FIG. 3, the apparatus includes a controller 310 and a transceiver 330.

The controller 310, e.g., a microprocessor, is configured to receive configuration in-
formation from a base station for each cell working under a CA mode via the
transceiver 330.

The controller 310 is configured to obtain a distribution of fixed downlink sub
frames and flexible sub frames in each cell according to the received configuration in-
formation, and to determine timing of HARQ-ACK for downlink transmission in each
cell according to the determined distribution of the fixed downlink sub frames and
flexible sub frames in each cell.

The transceiver 330 is configured to receive configuration information from a base
station and transmit the HARQ-ACK according to the determined timing of the
HARQ-ACK for each cell.

In the above-described embodiments of the present invention, duplex directions of
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[94]

flexible sub frames are changed independent from the timing of HARQ-ACK. As such,
HARQ-ACK is correctly transmitted without impacting the flexibility of the downlink
scheduling. Further, the HARQ-ACK timing schemes from conventional LTE TDD
UL/DL configurations are re-used for the HARQ-ACK timing of an Scell, which
reduces complexity.

While the present invention has been particularly shown and described with reference
to certain embodiments thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made therein without departing
from the spirit and scope of the present invention as defined by the following claims

and their equivalents.
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Claims

A method for transmitting a Hybrid Automatic Repeat reQuest AC-
Knowledgement (HARQ-ACK) in a Time Division Duplexing (TDD)
Carrier Aggregation (CA) system, wherein a duplex direction of a sub
frame changes flexibly, the method comprising:

receiving, by a User Equipment (UE), configuration information from a
base station for each cell working under a CA mode;

determining, by the UE, a distribution of fixed sub frames and flexible
sub frames in each cell;

determining timing of a HARQ-ACK for downlink transmission in
each cell; and

transmitting, by the UE, the HARQ-ACK, based on the determined
timing of the HARQ-ACK for each cell.

The method of claim 1, wherein determining the distribution of the
fixed sub frames and the flexible sub frames in each cell comprises:
determining, for each Secondary cell (Scell), a CA mode reference
uplink/downlink configuration C of the Scell working under the CA

mode according to:

Reference UL/DL configuration C for Reference UL/DL configuration A of Pcell
timing of HARQ-ACK in Scell 0 1] 2 3 4 5 6
0 0 1 2 3 4 5 6
1 1 1 2 4 4 5 1
2 2 2 2 5 5 5 2
UL/DL configuration of Scell 3 3 4 5 3 4 5 3
4 4 4 5 4 4 5 4
5 5 5 5 5 5 5 5
6 6 1 2 3 4 5 6

;and

determining a reference uplink/downlink configuration A of a Primary
cell (Pcell) in a single cell system and an uplink/downlink con-
figuration of the Scell, if a distribution of uplink/downlink sub frames
in the Pcell may change flexibly and a distribution of uplink/downlink
sub frames in the Scell is prohibited from changing flexibly, and
wherein determining the timing of the HARQ-ACK for the downlink
transmission in each cell comprises determining timing of a HARQ-
ACK for downlink transmission in the Scell according to the CA mode

reference uplink/downlink configuration C.
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The method of claim 2, further comprising determining a set of sub
frames in a bundling window defined in Long Term Evolution (LTE)
Release 8 for the CA mode reference uplink/downlink configuration C
of the Scell as a bundling window of the Scell,

wherein each of the set of sub frames is a downlink sub frame in the
Scell.

The method of claim 1, wherein determining the distribution of the
fixed sub frames and the flexible sub frames in each cell comprises:
determining, for each Secondary cell (Scell), a CA mode reference
uplink/downlink configuration C of the Scell working under the CA

mode according to:

Reference UL/DL configuration C for UL/DL configuration of Pcell —[
timing of HARQ-ACK in Scell 0l 112374175716

0 0 1 2 3 4 3 6

1 1 1 2 4 4 s 1

2 2 2 2 5 5 5 2

Reference UL/DL configuration B
. 3 3 4 5 3 4 5 3
in Seell

4 4 4 5 4 4 5 4

5 5 5 5 5 5 5 5

6 6 1 2 3 4 5 6

;and

determining an uplink/downlink configuration of a Primary cell (Pcell)
and a reference uplink/downlink configuration B of the Scell in a single
cell system, if a distribution of uplink/downlink sub frames in the Pcell
is prohibited from changing flexibly and a distribution of uplink/
downlink sub frames in the Scell may change flexibly, and

wherein determining the timing of the HARQ-ACK for the downlink
transmission in each cell comprises determining a timing of HARQ-
ACK for downlink transmission in the Scell according to the CA mode
reference uplink/downlink configuration C.

The method of claim 1, wherein determining the distribution of the
fixed sub frames and the flexible sub frames in each cell comprises:
determining, for each Secondary cell (Scell), a CA mode reference
uplink/downlink configuration C of the Scell working under the CA

mode according to:
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Reference UL/DL configuration C for Reference UL/DL configuration A of Peell |
timing of HARQ-ACK in Scell 0 1 2 3 4 5 6
0 0 1 2 3 4 5 6
1 1 1 2 4 4 5 1
2 2 2 2 5 5 5 2
Reference UL/DL configuration B
3 3 4 5 3 4 5 3
of Scell
4 4 4 5 4 4 5 4
5 5 5 5 5 5 5 5
6 6 | 1 2 3 4 5 6 |

;and

determining a reference uplink/downlink configuration A of a Primary
cell (Pcell) in a single cell system and a reference uplink/downlink con-
figuration B of the Scell in a single cell system, if distributions of
uplink/downlink sub frames may change flexibly in the Pcell and the
Scell, and

wherein determining the timing of the HARQ-ACK for the downlink
transmission in each cell comprises determining a timing of HARQ-
ACK for downlink transmission in the Scell according to the CA mode
reference uplink/downlink configuration C.

[Claim 6] The method of claim 2, 4, or 5, further comprising determining a
bundling window for the Scell according to a bundling window defined
in Long Term Evolution (LTE) Release 8 for the CA mode reference
uplink/downlink configuration C of the Scell.

[Claim 7] The method of claim 4 or 5, further comprising determining a set of sub
frames in a bundling window defined in Long Term Evolution (LTE)
Release 8 for the CA mode reference uplink/downlink configuration C
of the Scell as a bundling window of the Scell,
wherein each of the set of sub frames is one of a fixed downlink sub
frame and a flexible sub frame in the Scell.

[Claim 8] The method of claim 4 or 5, further comprising determining a set of sub
frames in a bundling window defined in Long Term Evolution (LTE)
Release 8 for the CA mode reference uplink/downlink configuration C
of the Scell as a bundling window of the Scell,
wherein each of the set of sub frames is a downlink sub frame in the
reference uplink/downlink configuration B of the Scell.

[Claim 9] The method of claim 4 or 5, wherein the reference uplink/downlink
configuration B is sent to the UE by the base station through signaling

when the Scell is configured.
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The method of claim 1, wherein transmitting the HARQ-ACK
comprises transmitting, when transmitting the HARQ-ACK in a cell
where a distribution of an uplink/downlink sub frame may change
flexibly, the HARQ-ACK only in fixed uplink sub frames in the cell.
An apparatus for transmitting a Hybrid Automatic Repeat reQuest AC-
Knowledgement (HARQ-ACK) in a Time Division Duplexing (TDD)
Carrier Aggregation (CA) system, wherein a duplex direction of a sub
frame may be changed flexibly, the apparatus comprising:

a transceiver that is configured to receive configuration information
from a base station for each cell working under a CA mode; and

a controller that is configured to obtain a distribution of fixed sub
frames and flexible sub frames in each cell according to the received
configuration information, to determine timing of a HARQ-ACK for a
downlink transmission in each cell according to the distribution of the
fixed sub frames and the flexible sub frames in each cell, and to feed
back, via the transceiver, the HARQ-ACK according to the determined
timing of the HARQ-ACK for each cell.
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UE receives configuration information configured by a
base station for each cell working under CAmode [~ 201

UE determines timing of HARQ-ACK for downlink
transmission in each cell according to distribution of fixed
downlink sub frames and flexible sub frames of each cell

~ 202

y
UE transmits HARQ-ACK according to the timing of
HARQ-ACK determined for each cell ~ 203

[Fig. 3]
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