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ABSTRACT

A method of transmitting an ACK/NACK from User Equipment (UE) comprises determining a
number of ACK/NACK bits based on the number of Component Carriers (CCs) and a
transmission mode configured for each CC, wherein the number of the ACK/NACK bits is
determined as 2 when the transmission mode supports up to 2 transport blocks. The method
further involves generating the ACK/NACK based on the number. of the ACK/NACK bits and
transmitting the ACK/NACK to a base station.
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CARRIER AGGREGATION IN WIRELESS COMMUNICATION SYSTEM

Technical Field
The present disclosure relates to a wireless communication system, and more

specifically, to a wireless communication system employing carrier aggregation (CA).

Background
A carrier aggregation (CA) scheme corresponds to technology of enhancing the

efficiency of data transmission by merging a plurality of component carriers. A
terminal or a basc station may be assigned with the plurality of component carriers and
may transmit or receive data using the plurality of component carriers.

The terminal or the base station may transmit control information associated
with  the data.  Acknowledgement/negative-acknowledgement  information
(ACK/NACK) and an amount of assigned radio resources may be used as an example of
the control information. There is a desire for research regarding a component carrier
used to transmit control information among a plurality of component carriers and the
control information to be transmitted when the plurality of component carriers is

assigned.

Summa

In one embodiment there is provided a method of transmitting an ACK/NACK
from a User Equipment (UE). The method involves determining a number of
ACK/NACK bits for each of a plurality of Component Carriers (CCs) based on a
transmission mode of each CC, a determining total number of ACK/NACK bits for the
CCs by summing the number of ACK/NACK bits for each CC, generating the
ACK/NACK based on the total number of ACK/NACK bits; and transmitting the
ACK/NACK to a base station. The transmission mode comprises a first transmission
mode in which a CC is capable of transmitting a maximum of 2 transport blocks and a
second transmission mode in which the CC is capable of transmitting a maximum of

one transport block and wherein the number of ACK/NACK bits for a first CC among
1
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the CCs is determined as 2 when the first CC is configured for the first transmission
mode, and wherein the number of ACK/NACK bits for a second CC among the CCs is
determined as 1 when the second CC is configured for the second transmission mode.

The ACK/NACK may use Physical Uplink Control Channel (PUCCH) format
1b.

The ACK/NACK may use PUCCH format 3.

The UE may not generate the ACK/NACK when no downlink assignment is
detected.

Generating the ACK/NACK may further comprise encoding the ACK bit as
"1" and the NACK bit as "0."

When only 1 transport block is received for the CC configured in the first
transmission mode, the UE may generate NACK for the other transport block that is not
received.

When no transport blocks are received for the CC configured in the first
transmission mode, the UE may generate 2 NACKs for the two transport blocks that are
not received.

In another embodiment there is provided user Equipment (UE) comprising a
determination unit configured to determine a number of ACK/NACK bits of each of a
plurality of Component Carriers (CCs) based on a transmission mode of each CC, and
configure to determine a total number of ACK/NACK bits for the CCs by summing the
number of ACK/NACK bits for each CC. The user equipment further includes an
ACK/NACK generation unit configured to generate the ACK/NACK based on the total
number of ACK/NACK bits. The user equipment further includes a transmission unit
configured to transmit the ACK/NACK to a base station. The transmission mode
comprises a first transmission mode in which the CC is capable of transmitting a
maximum of 2 transport blocks and a second transmission mode in which the CC is

capable of transmitting a maximum of one transport block. The number of

la
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ACK/NACK bits for a first CC among the CCs is determined as 2 when the first CC is
configured for the first transmission mode and the number of ACK/NACK bits for a
second CC among the total CCs is determined as 1 when the second CC is configured
for the second transmission mode.

The ACK/NACK may use Physical Uplink Control Channel (PUCCH) format
1b.

The ACK/NACK may use PUCCH format 3.

The generation unit may not generate the ACK/NACK when no downlink
assignment is detected.

The generation unit may be further configured to encode the ACK bitas "1"
and the NACK bit as "0."

When only one transport block is received for the CC configured for the first
transmission mode, the UE may generate NACK for the other transport block that is not
received.

When no transport blocks are received for the CC configured for the first
transmission mode, the UE may generate 2 NACKs for the two transport blocks that are
not received

In another embodiment there is provided a base station comprising a data
transmission unit configured to transmit Physical Downlink Control Channel (PDCCH)
signal to User Equipment (UE) and an ACK/NACK reception umit configured to receive
an ACK/NACK from the UE. The UE determines a number of ACK/NACK bits of
each of a plurality of Component Carriers (CCs) based on a transmission mode
configured for each CC, determines a total number of ACK/NACK bits for the CCs by
summing the number of the ACK/NACK bits for each CC, and generates the
ACK/NACK based on the total number of ACK/NACK bits. The transmission mode
comprises a first transmission mode in which a CC is capable of transmitting a

maximum of 2 transport blocks and a second transmission mode in which the CC is

1b
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capable of transmitting a maximum of 1 transport block, wherecin the number of
ACK/NACK bits of a first CC among the CCs is determined as 2 when the first CC is
configured for the first transmission mode, and the number of ACK/NACK bits of a
second CC among the CCs is determined as 1 when the second CC is configured for the

second transmission mode.

Brief Description of Drawings

FIG. 1 is a diagram illustrating correspondence relationship between a
downlink component carrier and an uplink component carrier;

FIG. 2 is a diagram illustrating an example of a downlink grant being
positioned in a single component carrier;

FIG. 3 is a diagram illustrating an example of a downlink grant being
positioned in a plurality of component carriers;

FIG. 4 is a diagram illustrating a channel structure according to an embodiment
of the present invention;

FIG. 5 is a block diagram illustrating a configuration of a terminal according to
an embodiment of the present invention;

FIG. 6 is a diagram illustrating a channel structure according to another
embodiment of the present invention;

FIG. 7 is a diagram illustrating a channel structure according to still another
embodiment of the present invention;

FIG. 8 is a diagram illustrating a channel structure according to yet another
embodiment of the present invention;

FIG. 9 1s a block diagram illustrating a configuration of a terminal according to
another embodiment of the present invention;

FIG. 10 a block diagram illustrating a configuration of a terminal according to
still another embodiment of the present invention;

FIG. 11 a block diagram illustrating a configuration of a terminal according to

yet another embodiment of the present invention; and
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FIG. 12 through FIG. 14 are diagrams illustrating an example of a discrete
Fourier transform (DFT)-S-orthogonal frequency division multiplexing (OFDM) based

transmission.

5  Detailed Description

Reference will now be made in detail to embodiments, examples of which are
illustrated in the accompanying drawings, wherein like reference numerals refer to the
like elements throughout. The embodiments are described are explained by referring
to the figures.

10 FIG. 1 is a diagram illustrating correspondence relationship between a
downlink component carrier (CC) and an uplink CC.

A terminal may receive data from a base station using a plurality of downlink

CCs 110, 120, and 130, and may transmit, to the base station, an acknowledgement
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(ACK)/negative-acknowledgement (NACK) message with respect to the data using a
plurality uplink CCs 140 and 150.

Each of the downlink CCs 110, 120, and 130 may include control information,
for example, Physical Downlink Control Channels (PDCCHs) 111, 121, and 131, and
data, for example, Physical Downlink Shared Channels (PDSCHs) 112, 122, and 132.
Each of the uplink CCs 140 and 150 may include control information, for example,
Physical Uplink Control Channels (PUCCHs) 141, 143, 151, and 153, and data, for
example, Physical Uplink Shared Channels (PUSCHs) 142 and 152.

The terminal may set, as the downlink primary component carrier (PCC), one
of CCs included in a set of configured CCs. Remaining CCs excluding the downlink
PCC from the configured CCs may be referred to as downlink secondary component
carriers (SCCs).

The downlink PCC may be included in the set of configured CCs of the
terminal at all times while the terminal maintains an access with the base station. The
downlink PCC may correspond to a CC used at the base station to transmit system
information. The base station may transmit system information associated with the
PCC and system information associated with the SCC using the PCC.

The base station may notify the terminal of the downlink PCC using Radio
Resource Control (RRC) signaling.

An uplink CC used at the terminal to transmit PUCCH
acknowledgement/negative-acknowledgement information (ACK/NACK) may be
referred to as the uplink PCC. The downlink PCC and the uplink PCC may need to be
connected to each other by a predetermined connection relationship.  The base station
may notify the terminal of the uplink PCC using RRC signaling.

The uplink PCC and the downlink PCC may be differently set for each
terminal.

Using RRC signaling, the base station may notify the terminal regarding
whether cross-carrier scheduling is to be employed. When the cross-carrier scheduling
is not used, scheduling information or assignment information of the PDSCHs 112, 122,
and 132 included in the downlink CCs 110, 120, and 130 may be transmitted using the
PDCCHs 111, 121, and 131 included in the corresponding downlink CCs 110, 120, and

130. Speccifically, scheduling information or assignment information of the PDSCH
4
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112 included in the downlink CC 110 may be transmitted using only the PDCCH 111
included in the downlink CC 110. Scheduling information or assignment information
of the PDSCH 122 included in the downlink CC 120 may be transmitted using only the
PDCCH 121 included in the downlink CC 120.

Considering uplink scheduling, a PDCCH included in a downlink CC may
include scheduling information associated with a PUSCH of an uplink CC
corresponding to the downlink CC.

The base station may transmit, to the terminal, information associated with
correspondence relationship between an uplink CC and a downlink CC. Based on the
correspondence relationship between CCs, the terminal may be aware of that a PDCCH
is associated with scheduling of a PUSCH included in which uplink CC. Referring to
FIG. 1, the downlink CC 110 corresponds to the uplink CC 140, and the downlink CC
120 corresponds to the uplink CC 150. In this case, scheduling information included
in the PDCCH 111 may relate to the PUSCH 142, and scheduling information included
in the PDCCH 121 may relate to the PUSCH 152.

The base station may include, in system information, the correspondence
relationship between the CCs and thereby transmit the system information.

FIG. 2 is a diagram illustrating an example of downlink grants being positioned
in a single CC. The downlink grants may be transmitted via a PDCCH and may
include resource assignment information associated with downlink or uplink.

When using cross-carrier scheduling, scheduling information or assignment
information of each PDSCH may be transmitted using a PDCCH of a predetermined
downlink CC. In this case, the downlink CC including the PDCCH used to transmit
scheduling information may correspond to the PCC.

An uplink ACK/NACK resource may be determined based on an index value of
a first channel element among Control Channel Elements (CCEs) constituting the
PDCCH used for the downlink grant. When data is transmitted to a plurality of CCs,
the same number of PDCCIs as a number of the plurality of CCs may be used.
Accordingly, when a total of N PDCCHs are used, a total of N ACK/NACK resources
may be determined to be mapped by an index value of a first channel element of each

PDCCH. The terminal may transmit an ACK/NACK signal using N ACK/NACK
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resources. The terminal may also transmit ACK/NACK by assigning an additional
radio resource to an uplink PCC.

The terminal may transmit N ACK/NACK signals using a predetermined single
uplink CC.  As shown in FIG. 2, when a PDCCH is transmitted using only a downlink
PCC, implicit resource mapping relationship of a conventional Long Term Evolution
(LTE) Release 8/9 standard may be employed as is and thus, resources may be
efficiently used.

FIG. 3 is a diagram illustrating an example of downlink grants being positioned
in a plurality of CCs. Referring to FIG. 3, PDCCHs may be transmitted using a
plurality of downlink CCs. However, ACK/NACK may be transmitted using a single
uplink CC. Accordingly, a resource corresponding to an uplink PCC may be set with
respect to a PDCCH present in each corresponding downlink CC.

Also, ACK/NACK may be transmitted by assigning an additional radio
resource to the uplink PCC.

When cross-carrier scheduling is set with respect to the terminal, a carrier
indicator field (CIT) within the PDCCH may be used. When the PDCCH is received
using only the downlink PCC as shown in FIG. 2, the terminal may transmit
ACK/NACK by selecting a resource or a sequence using PUCCH format 1a or format
1h ACK/NACK resources that are determined within the uplink PCC, based on implicit
mapping relationship between ACK/NACK resources and the lowest CCE index of the
PDCCH as defined in the LTE Release 8 standard. In particular, when the terminal is
configured to use two downlink CCs, that is, when two downlink configured CCs are
present, and when cross-carrier scheduling is set with respect to the terminal, the
PDCCH may be received using only the downlink PCC at all times as shown in FIG. 2.

Even though PDSCH assignment using a dynamic PDCCH is absent in the PCC,
semi-persistent scheduling (SPS) assignment may be present in the PCC. In this case,
the terminal may include a persistent ACK/NACK resource corresponding to the SPS
assignment in ACK/NACK channels for resource and sequence selection.

However, when all ot downlink CCs are connected to the same single uplink
CC, the resource and sequence selection may be performed using an uplink

ACK/NACK channel that is secured based on implicit mapping relationship between a
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lowest CCE index of the PDCCH and the ACK/NACK resource, regardless of whether
the cross-carrier scheduling is set with respect to the terminal.

When a resource is secured according to the aforementioned scheme, an
additional resource may need to be secured in order to enhance the performance of
ACK/NACK transmission.

According to an aspect, an uplink ACK/NACK resource may be secured by
employing the implicit mapping relationship of the ACK/NACK resource disclosed in
the LTE Rel-8/9 standard, and by substituting the second lowest CCE index of the
PDCCH instead of substituting the lowest CCE index. In this case, the base station
may need to constitute the PDCCH with minimum two CCEs.

However, in the above scheme, when an SPS is assigned to a subframe, an
assigned downlink PDCCH may be absent in the subframe. In this case, since only a
single ACK/NACK resource corresponding to the SPS assignment is secured in LTE,
another assignment scheme may need to be employed to secure an additional resource.

According to an aspect, an additional resource may be secured using explicit
signaling. As an example of the explicit signaling, the terminal may be directly
notified through RRC signaling, or may be notified by assigning a single bit or a
plurality of bits to a DCI (downlink control information) format for downlink
scheduling. As another example, the terminal may be notified of a resource by
notifying the terminal of a portion of a resource assignment position through RRC
signaling, and by finally assigning the single bit or the plurality of bits to the DCI
format for downlink scheduling.

When cross-carrier scheduling is not set with respect to the terminal, a PDCCH
may not include the CIF. In this case, the base station may assign an ACK/NACK
resource within the uplink PCC through separate RRC signaling. Here, a number of
ACK/NACK resources corresponding to a number of downlink configured CCs may
need to be assigned. For example, when the number of downlink configured CCs is N,
N PUCCH ACK/NACK resources may nced to be assigned. When a PDSCH
assignment using a dynamic PDCCH is present in the downlink PCC, an ACK/NACK
resource determined within the uplink PCC based on implicit mapping relationship

between the ACK/NACK resource and the lowest CCE index defined in the LTE
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Release 8 standard may be included in ACK/NACK channels for the resource and
sequence selection.

Even though the PDSCH assignment using the dynamic PDCCH is absent in
the downlink PCC, the SPS assignment may be present in the downlink PCC.  In this
case, a persistent ACK/NACK resource corresponding to the SPS assignment may be
included in ACK/NACK channels for the resource and sequence selection.

The aforementioned scheme may be applicable when different uplink CCs are
connected to a single downlink CC.  When all of downlink CCs are connected to the
same uplink CC, the resource and sequence selection may be always performed using
the uplink ACK/NACK channel that is secured based on implicit mapping relationship
between the ACK/NACK resource of the PDCCH and the lowest CCE index defined in
the LTE Release 8/9 standard, regardless of whether cross-carrier scheduling is set with
respect to the terminal.

According to an aspect, with respect to all of downlink CCs connected to the
uplink PCC, the uplink ACK/NACK channel secured based on the implicit mapping
relationship defined in the LTE Release 8/9 standard may be included in the
ACK/NACK channel for the resource and sequence selection at all times. Even in this
case, when the PDSCH assignment using the dynamic PDCCH is absent, however, the
SPS assignment is present with respect to the downlink CCs connected to the uplink
PCC, the persistent ACK/NACK resource corresponding to the SPS assignment may be
included in ACK/NACK channels for the resource and sequence selection.

When cross-carrier scheduling is not set with respect to the terminal, the
PDCCH may not include the CIF. Even in this case, an additional resource may be
further secured and be included in ACK/NACK channels for the resource and sequence

selection.
When a PDCCH is transmitted from the downlink PCC with respect to an

uplink PCC whereby resource assignment is performed, an uplink ACK/NACK resource
may be secured by employing implicit mapping relationship of the ACK/NACK
resource disclosed in the LTE Release 8/9 standard, and by substituting the second
lowest CCE index of the PDCCH, instead of substituting the lowest CCE index of the
PDCCH. In this case, the base station may constitute the PDCCH with minimum two

CCEs. However, in this scheme, when an SPS is assigned to a sublrame, an assigned
8
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downlink PDCCH may be absent in the subframe. In this case, sincc only a single
ACK/NACK resource corresponding to the SPS assignment is secured in LTE, another
assignment scheme may need to be employed to securc an additional resource. The
additional resource may be secured using explicit signaling. The above scheme may
5 directly notify the terminal through RRC signaling, or may notify the terminal by
assigning a single bit or a plurality of bits to a DCI format for downlink scheduling.
As another scheme, the terminal may be notified of a resource by notifying the terminal
of a portion of a resource assignment position through RRC signaling and by finally
assigning the single bit or the plurality of bits to the DCI format for downlink

10 scheduling.
Hereinafter, a resource assignment method for ACK/NACK feedback using a
channel selection scheme will be described using examples. It may be assumed that a
number of channels are assigned based on a number of bits of ACK/NACK to be

transmitted as shown in Table 1.

15 [Table 1-Number of channels assigned based on number of bits of
ACK/NACK]
Number of A/N bits Maximum number of A/N channels required for channel
selection
2 2
3 3
4 4

For channel selection, when a PDSCH assignment is performed using a
PDCCH, minimum at least onc channel may be secured from indices of CCEs
constituting the PDCCH, ACK/NACK resource indication (ARI) information, and the

20 like. When a number of transport blocks is one, a single channel may be secured.
When the number of transport blocks is two, two channels may be secured.

When the PDCCH is transmitted from the downlink PCC and is used for data
assignment with respect to the downlink PCC or a downlink SCC, and when a single
transport block is transmitted, a single channel may be secured according to the Rel-8/9

25  resource assignment method using the lowest CCE index among indices of CCEs

constituting the PDCCH. When two transport blocks are transmitted, two channels
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may be secured according to the Rel-8/9 resource assignment method using the lowest
CCE index and the second lowest CCE index among indices of the CCEs constituting

the PDCCH.
When the PDCCH is transmitted from the downlink PCC and a single transport
s block is transmitted, assignment of an additional resource may be required so that the
terminal using multiple antennas may perform transmission using a Spatial Orthogonal
Resource Transmit Diversity (SORTD). In this case, two channels may be secured
according to the Rel-8/9 resource assignment method using the lowest CCE index and

the second lowest CCE index among indices of the CCEs constituting the PDCCH.
10 According to another aspect, when a PDCCH is transmitted from an SCC
instead of a downlink PCC, a channel may be secured according to the following

0]
scheme. The base station may notify the terminal of a parameter PpLecAs through

RRC signaling. When the PDCCH is transmitted from the SCC instead of the
downlink PCC, 2 bits within a DCI format may be used as resource assignment
15 information. The above 2 bits may correspond to ARL.  When a plurality of PDCCHs
is transmitted from the SCC, all ARI may use the same value. The ARI may map

L
Mgy .
B4R yalue, and may define ~ © LCCH a5 follows:

ey —_ D
Prreca =Meucen.o T Parr

For example, P48 yalue according to an ARI bit value may be defined as

. A .
20  shown in Table 2. e may use a value predetermined in a standard, or may use a

value notified from the base station to the terminal through higher layer signaling.

[Table 2- MR alue according to ARI bit value]

ARI Mzt
00 0
01 1A affset
10 ZAoﬂm
11 3A e

b
. . P15 .
The terminal may determine a usage resource from "#LCCH ysing the same

25  scheme as Rel-8/9. When a single transport block is transmitted, a single channel

10
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determined according to the above scheme may be secured. When two transport
blocks are transmitted, one method is that the terminal may use two resources

1 O
: ; o +1
corresponding to "ruoca . Mrrecs .

According to another aspect, when an SCC transmitting a PDCCH containing
5 downlink scheduling information is set to a transmission mode capable of transmitting
maximum two transport blocks, the base station may transmit, to the terminal using

)
RRC signaling, four pairs of candidate values of "Ptec# with respect to the SCC.

Also, when the base station selects a single pair from the four pairs based on an ARI
included in DCI and an actual number of transport blocks are two, the terminal may use
10 the selected resource pair for the channel selection. When the number of actual
transport blocks is single, the terminal may use the first resource in the selected resource

pair for the channel selection.
Even though a single transport block is transmitted for transmission of the
terminal using multiple antennas using SORTD, the assignment of an additional
15 resource may be required. In this case, two channels corresponding to

" n +1
ProcH! TPUCCH T may be secured for the channel selection.

A number of ACK/NACK bits to be transmitted by the terminal may be
determined based on a number of configured CCs for the terminal and a transmission
mode of each configured CC. That is, 2 bits may be used for a CC set to the

20  transmission mode capable of transmitting maximum two transport blocks, and a single
bit may be used for a CC set to the transmission mode capable of transmitting a
maximum single transport block. When N corresponds to a total number of

Cy
ACK/NACK bits to be transmitted by the terminal, N = ZQI. . Here, O denotesa

i=1
number of A/N bits with respect to an ith configured CC, and C,, denotes the number

25  of configured CCs for the terminal.
Two bits of ACK/NACK transmission occurs when the downlink PCC (or
PCell) and a single SCC (or SCell) are configured and each is set to the transmission
mode capable of transmitting maximum one transport block.

[Table 3-bit assignment when 2bits of A/N transmission occurs]

A/N bit assignment PCell SCell_0

Case 1 1 bit 1 bit

11
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In this case, when the terminal does not use the SORTD, ACK/NACK channels
required may be secured through the aforementioned scheme and be used for the
channel selection. When the terminal uses the SORTD, two channels may be secured
for each CC where a PDCCH occurs through the aforementioned scheme and thus, may

5 be used for the channel selection and the SORTD transmission.

When 3 bits of ACK/NACK transmission occurs, three cases may be probable

as shown in Table 4.

[Table 4- bit assignment when 3 bits of A/N transmission occurs]

A/N bit assignment PCell SCell 0 SCell 1
Case 1 1 bit 1 bit 1 bit
Case 2 2 bits 1 bit
Case 3 1bit 2 bits

When the terminal uses SORTD, case 1 of Table 4 may secure two channels for
10 each CC where a PDCCH occurs through the aforementioned scheme and thus, may use
the secured channels for the channel selection and the SORTD transmission.

When the PDCCH occurs only in PCell, case 2 of Table 4 may secure a total of
two channels. Accordingly, two channels may need to be additionally secured so that
the terminal may use the SORTD. When the PDCCH occurs in both PCell and SCell,

15  a total of four channcls may be secured and thus, a remaining single channel may be
used for the SORTD transmission. Specifically, the SORTD transmission may be
performed using a single channel obtained as a result of the channel selection, and a
remaining single channel. When the PDCCH occurs only in SCell, a total of two
channels may be secured and thus, the SORTD transmission may be performed.

20 Case 3 of Table 4 may be similar to case 2. Here, a position of PCell and a
position of SCell may be switched.

When 4 bits of ACK/NACK transmission occurs, four cases may be probable as
shown in Table 5.

[Table 5-bit assignment when 4 bits of A/N transmission occurs]

A/N bit assignment PCell SCell 0 SCell 1 SCell 2
Case 1 1 bit 1 bit 1 bit 1 bit
Case 2 2 bits 1 bit 1 bit
12
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Case 3 1 bit 2 bits 1 bit

Case 4 2 bits 2 bits

When the terminal uses SORTD, case 1 of Table 5 may secure two channels for
each CC where a PDCCH occurs through the aforementioned scheme and thus, may use
the secured channels for the channel selection and the SORTD transmission.

When the PDCCH occurs in all of CCs, case 2 of Table 5 may secure a total of six
channels. Accordingly, four channels may be used for the channel selection. The
terminal may perform the SORTD transmission by selecting a single channel from
remaining two channels.  Specifically, the terminal may perform the SORTD
transmission using a single channel obtained as a result of the channel selection and
another channel among the remaining two channels, which is pre-defined in the
standard.

When the PDCCH occurs in all of CCs, case 3 of Table 5 may secure a total of six
channels. Accordingly, four channels may be used for the channel selection. The
terminal may perform the SORTD transmission by seclecting a single channel from
remaining two channels. Specifically, the terminal may perform the SORTD
transmission using a single channel obtained as a result of the channel selection and
another channel among the remaining two channels, which is pre-defined in the
standard.

Case 4 of Table 5 may secure a total of four channels and thus, may perform the
channel selection using the four channels. The SORTD transmission may not be
allowed.

It may be difficult for the terminal using a discrete Fourier (transform
(DFT)-S-orthogonal frequency division multiplexing (OFDM) based transmission
method to perform code division multiplexing (CDM) with respect to a resource block
with other terminals using a PUCCH resource defined in LTE Rel-8/9. Accordingly,
an ACK/NACK resource within an uplink PCC may be separately assigned through
RRC signaling. The above resource may be referred to as a carrier aggregation (CA)
PUCCH ACK/NACK resource. An assignment position of the CA PUCCH
ACK/NACK resource may be within an areca for existing Rel-8/9 PUCCH channel
quality information (CQI), persistent ACK/NACK, and a scheduling request resource,

and may not fringe a dynamic ACK/NACK resource area mapped by the lowest CCE
13
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index of the PDCCH. When the CA PUCCH ACK/NACK resource fringes the
dynamic ACK/NACK resource area, the terminal may collide with another terminal
using the dynamic ACK/NACK resource. The base station may notify the terminal of
a time-domain sequence and a position of a radio resource block used at the terminal.

According to an aspect, the base station may notify the terminal of a radio
resource by notifying the terminal of a portion of a resource assignment position
through RRC signaling, and by finally assigning a single bit or a plurality of bits to a
DCI format for downlink scheduling.

Regardless of the above transmission scheme, when the terminal receives a
downlink assignment with respect to only a single downlink CC in a subframe and
when the assigned CC is the downlink PCC, the terminal may be assigned with an
ACK/NACK resource using the same scheme as LTE Rel-8/9, and may perform
transmission using the same transmission scheme as LTE Rel-8/9.

Even though a PDSCH assignment using a dynamic PDCCH is absent in the
downlink PCC, an SPS assignment may be present in the PCC. In this case, the
termingl may use a persistent ACK/NACK resource corresponding to the SPS
assignment and may perform transmission using the same transmission scheme as LTE
Rel-8/9.

Hereinafter, a resource assignment when ACK/NACK feedhack is performed
based on DFT-S-OFDM will be described.

When a normal cyclic prefix (CP) is used, a structure of having two reference
signals per slot as shown in a part (A) of FIG. 6 may be used. When an extended CP is
used, a structure of having a single reference signal per slot as shown in a part (B) of
FIG. 7 may be used.

When the extended CP is used, a position of a reference signal may be BL#3.
In a subframe where a sounding reference signal (SRS) is not transmitted, when the
normal CP is used, maximum five terminals may be multiplexed to a single resource
block. When the extended CP is used, maximum four terminals may be multiplexed to
a single resource block.

In a subframe where the SRS is transmitted, the last symbol of the second slot
may not be transmitted. Accordingly, in the subframe where the SRS is transmitted,

when the normal CP is used, maximum four terminals may be multiplexed to a single
14
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resource block. When the extended CP is used, maximum three terminals may be
multiplexed to a single resource block.

The base station may notify the terminal of parameter n\ccy, through RRC
signaling. When a PDCCH is transmitted from an SCC, 2 bits within a DCI format

5 may be used as resource assignment information. The above 2 bits may be referred to
as ARI.  When a plurality of PDCCIIs is transmitted from the SCC, all of ARI may use

the seme valuc. The ARI may map #,,, value and may define n).,; as follows.

(3) _ 5,3
Hpuccn = Pptcer o T Par

For example, n,, value according to an ARI bit value may be defined as

10  shownin Table 6. A may use a value predetermined in the standard, or may usc a

offset

value notified from the base station to the terminal through higher layer signaling.

[Table 6- n,, value according to ARI bit value]

ARI "
00 0
01 1A,
10 27,
1 30,

According to another aspect, the base station may perform RRC signaling of

3)
15 four candidate values of "PUccH with respect to the terminal, and may select one

candidate value from the four candidate values based on ARI included in a DCI.

(3)
The terminal may determine, from “#V/C°H | a position of a physical resource

block (PRB) and a time-domain orthogonal sequence to be used. A resource to be
used by the terminal may be indicated as the following two resource indices.

20 "prB : PRB index
"oc ; time-domain orthogonal sequence index

"PRB may be obtained from the same equation as Rel-8/9, as follows:

15

CA 2988938 2017-12-13



EJ if (m+ n, mod 2)mod2 =0

fiprg =
Ngg —1 —L%J if (m+n, mod 2)mod 2 =1

2

1) First method for assigning a radio resource:

Initially, new parameters may be defined as follows:

NS’“?]: may have a value of 4 or 5 as the spreading factor of slot #1

s corresponding to the second slot.

3)
N&s . RB offset for DFT-S-OFDM A/N resource

m and n, may be obtained according to the following equations.
m= Ln£BJCCH/NSF.1J+ N3

AE)
Ry, = pycey MOd N
10 When the terminal using multiple antcnnas performs transmission using
SORTD, two resources may need to be assigned. For this, the base station may notify

the terminal of parameters n,(%’,aw’o and n}f’[}cc,,,l through RRC signaling.

o @) @
) o B o . nS. -
PUCCH,SORIDO g ""PUCCH.SORIDL may be determined by 74! and "4~ as follows:

3 _ (3 )
Negcen sorpo = Priccr 0 ™ Parr

) _ 3
15 Rpyecn soriot = Ppocca 1 + Paw
The terminal may use two resources that may be obtained using the same

method as the aforementioned single resource assignment, that is, a method of

3) (3)
substituting =~ UCCHSORIDD gpd  TPUCCHSORIDE gnstead of nG)., used for the single

resource assignment. Specifically, a single antenna port may be transmitted using a

(3)
20 resource obtained with ~PUCCHSORIDO = and another antenna port may be transmitted

. . . 3)
using a resource obtained with 7550y sorip -

16
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As another method, the base station may transmit, to the terminal, four pairs of

3) 3
candidate values of ~PUCCH.SORIDO gpnd TPUCCH.SORIDL through RRC signaling, and may

select a single pair from the four pairs based on ARI included in DCI.
Decision of demodulation reference signal sequence: The terminal may

5 determine, fromn_, a cyclic shift of a demodulation reference signal sequence to be

oc >

used by the terminal.

In a case where Nor =4 , when n,mod2=0, n'(n)=(3n,)modN, .
Here, n, denotes a slot number.
Ngy=5 ' ;
In a case where : , when n,mod2=0, n'(n,) may be determined

10 from the following Table 7. Through signaling, the base station may notify the
terminal in advance of which case of Table 1 is being used. ~As another method, when

PUCCH
deltaPUCCH-Shift Asin = 3, case 2 may be used and otherwise, case 1 may be used.

PUCCH
Here, deltaPUCCH-Shift Awit - denotes a parameter indicating a cyclic shift interval

in PUCCH format 1/1a/1b.
15 [Table 7- decision of demodulation reference signal sequence according to 7,
value]
Tt Case 1: n (n:) Case 2: n (n-‘)
0 0 0
1 3 3
2 6 6
3 8 9
4 10
When mod2 =1 V7 () may be determined according to the following

equation regardless of N, .

20 7(n,) =[N (' (n, ~ 1)+ 1) mod (V™ +1) -1

17
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Using the same method as Rel-8/9, cyclic shift #(*!) used by the terminal

may be determined as follows:
a(n,l)= 27z-ncs(ns,l)/N:;B

(1, 1) = (1 (1,1 + () Jmod NEE
5 2) Second method for assigning a radio resource:

Initially, new parameters may be defined as follows:

Nugr . multiplexing factor

Nie. . spreading factor of slot #0 corresponding to a first slot

N : spreading factor of slot #1 corresponding to a second slot

NRB
10 Ny =min(NSF,l, FUS(C"W )

shift

(3)
Nig . RB offset for DFT-S-OFDM A/N resource

m and n,_, may be calculated according to the following equations.

—|5® (3)
m= l_nPUCCH /NSF,O JJF N -
= G
Moo = Mpyeen MO Ny
15 When the terminal using multiple antennas employs SORTD, two resources

may need to be assigned. In this case, the base station may notify the tcrminal of

3)

©) 3) sonali Bpucen sortpo
parameters M.y o and My, through RRC  signaling. and

3) 3)
41 S — . 1,
PUCCH SORTDY may be determined by  #/¢“#.! and Mari s follows:

3) _ (3
Mppecn sortoo = Meicer o T Par

o) NG
20 nPU('(‘H,SOR’ID] - nP(/(fCH,] + nAR]
The terminal may use two resources that may be obtained using the same

method as the aforementioned single resource assignment, that is, a method of

18
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10

(3) (3)
nPUCCH,SORTDO and nPUCCH,S()RTDl instead of n(3)

succy used for the single

substituting

resource assignment. Specifically, a single antenna port may be transmitted using a

3)
. . n o .
resource obtained with = PUCCH.SORTDO ©and another antenna port may be transmitted

3)

. . oy Hylecn s
using a resource obtained with —#VCCH-SORIDL,

As another method, the base station may transmit, to the terminal, four pairs of

3) &)
. y/ Y n s . .
candidate values of * FUCCH.SORTDO gpd TPUCCH.SORTDY through RRC signaling, and may

select a single pair form the four pairs based on ARI included in DCL
Decision of demodulation reference signal sequence: The terminal may

determine, from#,_,, a cyclic shift of a demodulation reference signal sequence to be

oc ?

used by the terminal.

n,mod2=0

When 7 (n,) may be determined with respect to each of

Nip=4 and N =3 according to the following Table 8.

[Table 8- decision of demodulation reference signal sequence]

n, n'(n)
Ny =5 Ny =4
0 0 0
1 6 6
2 3 3
3 8 9
4 10 NA

Instead of Table 8, Table 9 may be employed. Compared to Table 8, Table 9

. n . . . . n .
assigns ~ * while sequentially increasing “%*. Accordingly, when a small number
of terminals are assigned, a cyclic shift interval of the demodulation reference sequence
may be maintained to be great.

[Table 9- decision of demodulation reference signal sequence]

19
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n, n'(n)
Nug =5 Ny =4
0 0 0
1 3 3
2 6 6
3 8 9
4 10 N.A

n,mod2=1 n'(n,)

When

equation.

may be determined according to the following

#(n)=[N¥#n'(n,-1)+ 1))mod(N¥ +1) -1

5 Using the same method as Rel-8/9, cyclic shift

may be determined as follows.

an,l)=2x-n,(n, 1)/ N>

a(n,,l) used by the terminal

neg (1) = (12 1y 1)+ 1 (1) Jmod W &2

3) I'hird method for assigning radio resource:

10 Initially, new parameters may be defined as follows:

Ny o - multiplexing factor of the first slot

N, - multiplexing factor of the second slot

Nz : spreading factor of the first slot

JM .
SF.0: spreading factor of the second slot

RB
N sc

15 N MFO T~ min(V g, 0 ’{APU‘C(:H

shift

KRB
N ch

shift

)
)

wey =mIN(Nge {m

A7 (3)
Nis « RB offset for DFT-S-OFDM A/N resource

PRB index m may be calculated according to the following equation.

CA 2988938 2017-12-13
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| 4,® 3)
m= |J’ZPUCCH /NMF,O _]+ Nig

An advantage of the above scheme lies in that a resource area may be set based

on N, , corresponding to an actual multiplexing capability of the normal format.

A time-domain sequence index "w0 of the first slot may be calculated

according to the following equation.

N ) 7
Moo = MpuceH mod Ny

The following equation may also be employed.

_ (3}
Nyeo = (Mpycen mod N MF,O) mod N. MF,1

A time-domain sequence index n_, of the second slot may apply slot level

oc,1

remapping.
When the terminal using multiple antennas employs SORTD, two resources
may need to be assigned. For this, the base station may notify the terminal of
(3)

( nPU[Y'H,SDRTI)ﬂ

parameters ’71’2(7(,';1,0 and ”1(38'(;01,1 through RRC  signaling. and

) (3
o . Reiice 4
PUCCH,SORIPY may be determined by PUCCHT and ™4rl as follows:

©) _ ™

Rpvecw sormo ~ Mpucce o T Map

©) )

Nptcen sormt = Mpvccn 1 T arr

The terminal may use two resources that may be obtained using the same
method as the aforementioned single resource assignment, that is, a method of

o nd o 3
substituting ~ PUCCHSORIDO gpd  “PUCCH.SORIDL instead of n).,, used for the single
resource assignment. Specifically, a single antenna port may be transmitted using a
(3)

resource obtained with ~FPUCCHSORIDD ©and another antenna port may be transmitted

(3

using a resource obtained with *fUCCHSORIDL,

As another method, the base station may transmit, to the terminal, four pairs of

© ©)
candidate values of ~FUCCHSORTIO gnd TPUCCH.SORIDY through RRC signaling, and may

select a single pair form the four pairs based on ARI included in DCL

21
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Decision of demodulation reference signal sequence: A cyclic shift of a

demodulation reference signal to be used by the terminal may be determined from #,,, .

Using a method similar to Rel-8/9, a cyclic shift a(n;,l) used by the terminal may be
determined as follows:

5 an,,l) =2z -n, (n,0)/N®

1., (n,,1) = (n" (n, 1) + 7' (1, 1) Jmod N2
In the case of normal CP: Since a single slot includes two reference signal

blocks /=1 (BL #1) and [=5 BL #5), " ")) assigned from a first reference

signal block may be set to be changed in a second reference block. This is to enable
10 code division multiplexed terminals to randomize mutual interference.

When /=1, 7. 0) may be determined according to Table 10.
[Table 10]

n, n(n.i)

Nypy =3 Nyg, =4

0 0 0

1 6 6

2 3 3

3 8 9

4 10 N.A

Instead of employing Table 10, one of Table 11 and Table 12 may be

15 employed.

[Table 11}
n, n(n.0)
N\ﬂ"_.l :5 lVMF.l = 4
0 0 0
1 3 3
2 6 6
3 8 9
4 10 N.A
[Table 12]
22
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n, n(n,1)
Nz =5 N MF 1 =4

o) 0 0

1 3 3

2 5 6

3 8 9

4 10 NA

When /=5 | n'(n,.0) may be expressed according to the following equation.

n'(n,1) =[NZ (n'(n,,1) + 1) mod(N 2 +1) -1
In the case of extended CP: A single slot may include a single reference

signal block 7=3 (BL #3). n(n,.0) assigned from a reference signal block

belonging to a first slot may be set to be changed in a reference block belonging to a
second slot. This is to enable code division multiplexed terminals to randomize
mutual interference.

When /=3 and n,mod2=0 n'(n,l)

11 or Table 12.

may be expressed according to Table

1=3 and n,mod2=1 n'(n,l)

When may be expressed according to the

following equation.
n'(n,,0)=[N¥ (' (n,-1,3)+ DImod(N, +1)—1 .

According to the 3" Generation Partnership Project (3GPP) LTE Release 8
standard, a PUCCH transmission format for transmission of uplink control information
may follow as:

Format 1/1a/1b: SR, ACK/NACK

Format 2/2a/2b: CQI, CQl + ACK/NACK

Due to the following reasons, transmission of uplink control information (UCI)
of an LTE-Advanced (Release 10 and following Release) system may need a change:

First, using a plurality of carriers

Second, applying enhanced Multiple Input Multiple Output (MIMO)
technology and Coordinated Multi-Point (CoMP) technology.

Due to the above reasons, there is a need to increase UCI payload.

23
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Hereinafter, a method of generating, by the terminal, and transmitting an
ACK/NACK signal corresponding to a plurality of CCs will be described.

Method 1-method of selecting a carrier level resource and thereby performing
transmission:

5 For example, the above method may correspond to a case where a data
transmission is performed through two downlink CCs and a corresponding grant
channel is transmitted to each of the downlink CCs. Here, uplink CCs corresponding
to the respective downlink CCs may be predetermined.

When each downlink CC transmits a single transport block, the terminal may

10 need to transmit an ACK/NACK signal with respect to two transport blocks. Two
uplink CCs corresponding to two downlink CCs may be present. To transmit the
ACK/NACK signal corresponding to two transport blocks, the terminal may transmit a
signal capable of identifying information corresponding to 2 bits. The terminal may
transmit, to the base station, information corresponding to a total of 2 bits through

15 selection of an uplink CC and a binary phase shift keying (BPSK) signal transmission in
the selected uplink CC.  For example, when a signal transmission CC is selected from
UL-CC0and UL-CC1 as shown in Table 13 and a BPSK modulation is performed, the
terminal may transmit a signal corresponding to 2 bits. The base station may identify
information by detecting the uplink CC from which the signal is transmitted, and by

20  detecting a transmission symbol.

[Table 13]
ACK/NACK bit value | signal transmission CC transmission symbol
00 UL-CCO 0
01 UL-CCO 1
10 UL-CC1 0
11 UL-CC1 1 25

An advantage of the above scheme lies in that the cubic metric (CM) increase
does not occur. In general, a terminal positioned at a cell boundary may have some
constraints in transmit power and thus, the above scheme may be advantageous in

30 securing the coverage.
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As another method, a method of transmitting 2-bit information through a
quadrature phase shift keying (QPSK) modulation using a single CC may be employed.
However, this scheme may need an increase in a transmit power by about 3dB, that is,
about twice in order to show the same performance as the aforementioned scheme.

5 Hereinafter, a method of transmitting ACK/NACK when a downlink grant
channel is positioned in a single CC and an uplink ACK/NACK transmission also
occurs in the single CC will be described. In this case, a method of selecting a channel
level resource within the same carrier and thereby transmitting the selected resource
may be employed.

10 Method 2-method of selecting a channel level resource within the same carrier
and thereby transmitting the selected resource:

In a case where a data transmission is performed through two downlink CCs
and a grant channel is transmitted to a single downlink CC, a single uplink CC for
transmitting ACK/NACK may be predetermined.

15 When the single uplink CC for transmitting ACK/NACK is referred to as
UL-CCO and two ACK/NACK channcls assigned within UL-CC0 are classified as CHO
and CH1, a signal transmission channel may be selected from CHO and CH1 as shown
in Table 14. When a BPSH modulation is performed, ACK/NACK corresponding to 2
bits may be transmitted. The base station may identify ACK/NACK through detection

20 of a transmission symbol and detection of a channel corresponding to a signal
transmission in UL-CC0.

[Table 14—transmission symbol and channel for transmitting ACK/NACK]

ACK/NACK bit value | signal transmission channel | transmission symbol
00 CHO 0
01 CHO 1
10 CHI 0
11 CH1 1

Hereinafter, a method of transmitting ACK/NACK and a scheduling request
using a channel selection method will be described.

25 1) Method of transmitting ACK/NACK using scheduling request resource:

25
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The terminal may simultaneously transmit ACK/NACK and a scheduling
request in a single subframe. In this case, the terminal may be assigned in advance
with a resource for the scheduling request, and may transmit a scheduling request signal
using the assigned scheduling request resource only when the terminal needs to send

5  scheduling request to the base station.

If the terminal determines that ACK/NACK transmission in response to
downlink data transmission only in the downlink PCC and the scheduling request occur
in the same subframe, the terminal may transmit ACK/NACK using the scheduling
request resource instead of using an ACK/NACK resource, which is similar to Rel-8/9.

10 It may be assumed that ACK/NACK transmission uses one of the
aforementioned channel sclection schemes. Specifically, a number of channels
assigned according to a number of bits of ACK/NACK to be transmitted may be
assumed as shown in Table 15.

[Table 15-number of channels assigned according to a number of ACK/NACK

? bl;\Sl]umber ot A/N bits Maximum number of A/N channels required for channel
selection
2 2
3 3
4 4

Channel selection mapping relationship according to the number of
ACK/NACK bits may need to be predefined. For example, when the number of A/N
bits is Q, a Q-bit channel selection mapping table corresponding thereto may be defined.
When the terminal needs to transmit ACK/NACK in a subframe where
20  scheduling request transmission does not occur, the channel selection may be performed
based on the channel selection mapping relationship predefined according to the number
of bits of ACK/NACK to be transmitted.
The number of ACK/NACK bits to be transmitted by the terminal may be

determined based on the number of configured CCs for the terminal and the
25  transmission mode of configured CCs. For example, 2 bits may be used for a CC

configured with a transmission mode capable of transmitting maximum two transport
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blocks, and 1 bit may be used for a CC configured with a transmission mode capable of

transmitting a maximum single transport block. When N denotes a total number of

Cl\/
ACK/NACK bits, N :ZQ,.. Here, O, denotes the number of ACK/NACK bits

i=1
with respect to an i configured CC, and C, denotes the number of configured CCs

for the terminal.

w

A case where the terminal needs to transmit ACK/NACK in a subframe where
scheduling request transmission may occur will be described. In this case, a resource
for the scheduling request transmission is secured in the subframe and thus, the total
number of available resources may increase by one compared to a case where only

10  ACK/NACK transmission occurs. Accordingly, channel selection may be performed
based on channel selection mapping relationship that is obtained by further adding a
single bit to the number of ACK/NACK bits. Specifically, the channel selection
mapping table used by the terminal in the subframe where the scheduling request

transmission may occur may be expressed as shown in Table 16.

15 [Table 16-channel selection mapping table used by the terminal in the subframe
where the scheduling request transmission may occur]|
Number of A/N bits channel selection mapping tahle
2 3-bit table
3 4-bit table
4 S-bit table

When the occurrence of the scheduling request is considered as ACK and the
non-occurrence of the scheduling request is considered as NACK or discontinuous
transmission (DTX), the channel selection mapping table generated for ACK/NACK

20 may be employed even in a subframe where the scheduling request and ACK/NACK
simultaneously occur.

For example, the 3-bit A/N table may be assumed as Table 17.

[Table 17-3-bit A/N Table]

b0 bl b2 transmission channel | transmission symbol
D N/D N/D Do transmission null
27
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N | ND N/D Cho 1
A | ND N/D Cho 1
ND | A N/D Chl i
Al A N/D Chl j
N/D | N/D A Ch2 1
A | ND A Ch2 ]
ND | A A Ch2 i
A | A A Ch2 1

Referring to Table 17, N/D may be mapped to negative SR corresponding to the
non-occurrence of the scheduling request and A may be mapped to positive SR
corresponding to the occurrence of the scheduling request by considering b2 as
scheduling request information. Using the above method, a table for 2-bit A/N and the

5 scheduling request may be generated from the 3-bit A/N mapping table. The table may

be expressed by Table 18.

[Table 18-table for 2-bit A/N and SR]
b0 bl SR transmission channel | transmission symbol
D N/D | Negative no transmission null
N N/D | Negative Cho 1
A N/D Negative Cho -1
ND |A Negative Chl -
A A Negative Chl J
N/D N/D | Positive Ch2 1
A N/D | Positive Ch2 J
N/D A Positive. Ch2 -
A A Positive Ch2 -1

For example, the 4-bit A/N table may be assumed as Table 19.
[Table 19-4-bit A/N table]

b0 bl b2 b3 transmission channel | transmission symbol
D N/D | N/D N/D no transmission null
N N/D | N/D N/D Cho 1
A N/D | N/D N/D Cho -1
28
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ND |A |N/D N/D Chl 5
A |A |ND N/D Chl J
ND |ND | A N/D Ch2 1
A |ND |A N/D Ch2 J
ND |A | A N/D Ch2 K
A |A |A N/D Ch2 1
N |N/D |N/D A Ch3 1
A |N/D |N/D A Cho j
ND |A |N/D A Ch3 J
A |A |ND A Ch0 J
ND |ND |A A Ch3 5
A |ND |A A Ch3 1
ND |A |A A Chl 1
A |A [A A Chl 1

Referring to Table 19, N/D may be mapped to negative SR corresponding to the
non-occurrence of the scheduling request and A may be mapped to positive SR
corresponding to the occurrence of the scheduling request by considering b3 as
scheduling request information. Using the above method, a table for 3-bit A/N and the

5  scheduling request may be generated from the 4-bit A/N mapping table. The table may

be expressed by Table 20.

[Table 20-table for 3-bit A/N and SR]
b bl b2 SR transmission channel | transmission symbol
D N/D | N/D Negative no transmission null
N N/D | N/D Negative Cho 1
A N/D | N/D Negative Cho -1
ND | A N/D Negative Ch1 -
A A N/D Negative Chl J
N/D |ND | A Negative Ch2 1
A ND | A Negative Ch2 J
ND | A A Negative Ch2 ]
A A A Negative Ch2 -1
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N N/D | N/D Positive Ch3 1
A N/D | N/D Positive Cho -
N/D | A N/D Positive Ch3 J
A A N/D Positive Cho J
N/D [ND |A Positive Ch3 -]
A N/D | A Positive Ch3 -1
ND [ A A Positive Chl 1
A A A Positive Chl -1

As another example, the 3-bit A/N table may be assumed as Table 21.

[Table 21- 3-bit A/N mapping table]
transmission  channel &

CCo CC1 transmission symbol
CH1 CH2 |CH3

AA
AN
NA
NN
AA
AN
N,A
N,N
AA
AN
N.A
N.N
D.D
D.D
D,D

Ol 2] = O 9 " " z] Z| z| Z| »| =] > »
—

no transmission

Referring to Table 21, N/D may be mapped to negative SR corresponding to the

non-occurrence of the scheduling request and A may be mapped to positive SR
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corresponding to the occurrence of the scheduling request by considering a second bit of
CC0 as scheduling request information.  Using the above method, a table for 2-bit A/N
and the scheduling request may be generated from the 3-bit A/N mapping table. The
table may be expressed by Table 22.

5 [Table 22-mapping table for 2-bit A/N and SR}
transmission  channel &

CcCo cc1 transmission symbol
CH1 CH2 |[CH3

A, Positive

A, Negative

N, Positive

N, Negative

A, Positive

A, Negative

N, Positive

N, Negative

A, Positive

A, Negative

N, Positive

N, Negative

D, Negative

D, Negative

D, Positive

D, Positive

D, Positive, 1

S| S| 2| = Z2| > Cf C| S| S| 2| Z 2 Z] »| > > >
|

no transmission

D, Negative

As another example, the 4-bit A/N table may be assumed as Table 23.

[Table 23-4-bit A/N table]
transmission channel &

CCo | CC1

transmission symbol
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CH1 |CH2 |CH3 |[CH4

AA |AA -1

>

AN [AA -
NA |AA =
NN |AA -1
AA AN j
AN |[AN 1
N,A |AN 1
NN [AN j

AA INA -1
AN |N,A ]
NA [ NA 5
NN | N,A 1
AA NN [-1
AN NN [j
N,A INN [
NN NN |1
AA DD [-1
AN DD [j
N,A DD [4
NN {DD |1
D.D | AA -1
D,D | AN J
D.D | N,A 1
DD | NN [ No transmission

D.D | D,D |No transmission

Referring to Table 23, N/D may be mapped to negative SR corresponding to the
non-occurrence of the scheduling request and A may be mapped to positive SR

corresponding to the occurrence of the scheduling request by considering a second bit of
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CC1 as scheduling request information.  Using the above method, a table for 3-bit A/N
and the scheduling request may be generated from the 3-bit A/N mapping table. The

table may be expressed by Table 24.
[Table 24- table for 3-bit A/N and SR]

5
transmission channel & transmission
cco CC1 (CCO0) |symbol
(CC1)
CH1 CH2 |CH3 CH4
A,A | A, Positive -1
AN | A, Positive —j
N,A | A, Positive -j
N,N A, Positive -1
AA A, Negative ]
AN A, Negative 1
N,A A, Negative 1
NN | A, Negative j
AA N, Positive -1
AN N, Positive ]
N,A | N, Positive -j
N,N N, Positive 1

AA N, Negative |-1
AN | N, Negative |j

N,A N, Negative |-j
N,N N, Negative |1

A A D, Negative |—1
AN D, Negative |]

N.A D, Negative |-
N,N D, Negative |1

AA D, Positive -1

AN | D, Positive j

33

CA 2988938 2017-12-13



N,A | D, Positive A
N,N | D, Positive 1
D,D | A, Positive -1
D,D A, Negative ]
D.D N, Positive 1

D.D N, Negative | No transmission

D,D D, Negative | No transmission

D,D | D, Positive 1

The base station may need to monitor whether a terminal makes a scheduling
request in a subframe where a scheduling request resource of the terminal is assigned.
When the terminal does not transmit ACK/NACK in the subframe where the scheduling
request resource is assigned, the base station may determine whether the scheduling

5 request is received by detecting a signal in the corresponding scheduling request
resource.

In the case of 4-bit ACK/NACK and scheduling request:

1. A channel selection mapping table is generated and is transmitted
according to a channel selection scheme.

10 2. Reed-Muller (RM) coding is performed with respect to S-bit information
including 4-bit ACK/NACK and a 1-bit scheduling request and then the RM coded
information is transmitted according to a DFT-S-OFDM A/N transmission scheme,
which is disclosed in subclauses 1.2.2.4.3 and 1.4.2.1.

3. Bundling is performed with respect to ACK/NACK and then a

15 corresponding result is transmitted to the scheduling request resource, which is

disclosed in subclause 1.5.1.

2) Method of transmitting reduced ACK/NANCK information using a
scheduling request resource in order to indicate positive SR:

20 This mecthod relates to a method of transmitting reduced ACK/NACK
information using the scheduling request resource in order to indicate positive SR when
positive SR and A/N transmission simultaneously occur. In the case of negative SR,
even a subframe where the scheduling request resource is assigned may transmit only
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ACK/NACK information according to a channel selection scheme. Basically, in the
case of positive SR, a number of PDSCHs successfully received may be counted and
then be transmitted using the scheduling request resource by indicating the counted
number of PDSCHs in a single QPSK transmission symbol. As shown in Table 25,
5 two bit values b(0) and b(1) may be indicated based on the number of PDSCHs that the
terminal determines are successfully received, and then may be transmitted. Here, that
a PDSCH is successfully received indicates that all the transport blocks included in the
PDSCH have passed a cyclic redundancy check (CRC).  When even a single transport
port block fails in the CRC test, the PDSCH may not be determined to be successfully
10 received.

In this instance, a Rel-8/9 fallback scheme may not be employed for
simultaneous transmission of the scheduling request and ACK/NACK. The Rel-8/9
fallback scheme corresponds to a method of transmitting ACK/NACK information
using the scheduling request resource in order to indicate positive SR when a downlink

15  resource assignment is present in a downlink PCC. This is because the base station
may not discriminate a case where the Rel-8/9 fallback scheme is employed since a
PDSCH is unsuccessfully received from the aforementioned case where the counted
number of successfully received PDSCHs is transmitted. The Rel-8/9 fallback scheme
may be employed for DFT-S-OFDM based ACK/NACK without this problem.

20 [Table 25]
Number of successfully received PDSCHs b(0), b(1)
0 0,0
1 1,1
2 1,0
3 0,1
4 1,1

Hereinafter, ACK/NACK information reduced in another form will be
described. Here, it may be assumed that maximum two CCs receive a PDSCH. In
the case of negative SR, even the subframe where the scheduling request resource is
assigned may transmit only ACK/NACK information according to the channel selection

25 scheme. In the case of positive SR, ACK/NACK bundling may be performed with
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respect to a codeword transmitted from each CC. In this instance, DTX and NACK
may not be discriminated from each other. Specifically, when two codewords arc
transmitted from a single CC, a case where all of the two codewords are ACK may be
indicated as ACK. A case where either of the two codewords is NACK may be
indicated as NACK/DTX.  b(0) and b(1) may be determined by applying Table 26 to
a bundled ACK/NACK state with respect to each of the two CCs.

[Table 26- bundled ACK/NACK state]

Bundled ACK/NACK state of each of CC0 and CC1 b(0), b(1)
NACK/DTX, NACK/DTX 0,0
ACK, ACK 1,1
ACK, NACK/DTX 1,0
NACK/DTX,ACK 0,1

According to an aspect, a single ACK/NACK channel may be assigned
according to assignment of a two-dimensional (2D) sequence. The 2D sequence may
include a frequency-domain sequence and a time-domain sequence. The time-domain
sequence may include a sequence for the reference signal part and a sequence for the
ACK/NACK data part. When N channels are assigned as ACK/NACK resources, N 2D
sequences may be assigned. That is, N 2D sequences may be assigned for each slot.

It may be assumed that N 2D sequences belong to the same resource block.

A user equipment (UE) may transmit ACK/NACK according to the following
sequence selection.

(1) The UE may select a single 2D sequence from the N 2D sequences.

In this case, the total number of cases that the UE may select is N.

(2) The UE may select a single 2D sequence from the N 2D sequences
independently for each slot.

In this case, the total number of cases that the UE may select is N x N.

(3) Independently for each slot, the UE may select a single reference signal
sequence from N reference signal sequences and may select a single data sequence from
N ACK/NACK data sequences.

In this case, the total number of cases that the UL may select is Nx N x N x N.
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(4) For both slots, the UE may select a single reference signal sequence from
N reference signal sequences and may select a single data sequence from N
ACK/NACK data sequences.

In this case, the total number of cases that the UE may select is N x N.

In the case of (2), the sequence selection may be performed on a per-slot basis.
Specifically, a single sequence may be selected from N sequences in the first slot, and a
single sequence may be selected from N sequences in the second slot. According to
the above selection, there may be a total of N x N different cases. For example, when
N =2, 2 x 2 = 4 cases of selection may exist. Accordingly, information corresponding to
2 bits may be transmitted through the sequence selection.

In the case of (3), the sequence selection may be further divided into a sequence
selection of the reference signal part and a sequence section of the ACK/NACK data
part. Specifically, a single sequence may be selected from N reference signal sequences
and a single sequence may be selected from N sequences in the ACK/NACK data part.
According to the above scheme, N x N cases may exist for each slot. When two slots
arc allowced for independent sclection, a total of N x N x N x N cases may be possible.
For example, when N = 2, a total of 2x2x2x2 = 16 cases may exist. Accordingly,
information corresponding to 4 bits may be transmitted through the above sequence
selection.

In the case of (4), the sequence selection may be further divided into a sequence
selection of the reference signal part and a sequence selection of the ACK/NACK data
part. But the sequence selection takes place on a per-subframe (two slots) basis.
Specifically, a single sequence may be selected from N reference signal sequences and a
single sequence may be selected from N sequences in the ACK/NACK data part.
According to the above scheme, N x N cases may exist for each slot. When two slots
are allowed for independent selection, a total of N x N cases may be possible. For
example, when N = 2, a total of 2x2 = 4 cases may exist. Accordingly, information
corresponding to 2 bits may be transmitted through the above sequence selection.

In an LTE system and an [.TE-Advanced system, a single downlink grant may
transmit two transport blocks. Accordingly, ACK/NACK corresponding to a single
grant may include 2 bits. Also, DTX corresponds to a case where an eNode-B (eNB)

transmits a grant, however, a UE does not receive the grant. For example, the UE may
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have five states with respect to the single grant. When the eNB transmits all of N
grants to the UE, the UE may have maximum 5N ACK/NACK states. The UE may
need to notify the eNB of its ACK/NACK states.

Hereinafter, a method of transmitting ACK/NACK states using the
aforementioned sequence selection scheme will be described.

When N = 5, the terminal may be able to distinguish maximum 55= 3125
ACK/NACK states. When using the sequence selection scheme, a total of 5% cases
may exist. When information is transmitted by applying a QPSK modulation to a
selected sequence, a total of 5* x 4 = 2500 cases may be distinguished by combining the
sequence selection scheme and a modulation symbol.  Specifically, since the number
of states that can be expressed is smaller than 5° states, all of the 5% states cannot be
distinguished. In this case, when two transport blocks are transmitted with respect to a
predetermined grant among f(ive grants, it is possible to employ a scheme of not
discriminating state (NACK, NACK) from state (DTX, DTX) for the pre-determined
grant. In this case, the maximum number of states that can be distinguished by the
terminal may be given 5% x 4 and thus, it is possible to indicate a total of 5'x 4=2500
cases by combining the sequence selection and the modulation symbol.

When N = 4, the terminal may be able to distinguish maximum 5*= 625
ACK/NACK states. When using the sequence selection scheme, a total of 4* cases
may exist. When information is transmitted by applying a QPSK modulation to a
selected sequence, a total of 4* x 4 = 1024 cases may be indicated by combining a
sequence selection and a modulation symbol.  Specifically, since that number of states
to be expressed is greater than 625, it is possible to transmit ACK/NACK states to the
eNB through the sequence selection and the QPSK modulation.

Similarly, when N = 3, the terminal may indicate maximum 5°= 125
ACK/NACK states. When using the sequence selection scheme, a total of 3* cases
may exist. When information is transmitted by applying a QPSK modulation to a
selected sequence, a total of 3' x 4 = 324 cases may be indicated by combining a
sequence selection and a modulation symbol.  Specifically, since the number of states
to be expressed is greater than 125, ACK/NACK states may be transmitted to the eNB

through the sequence selection and the QPSK modulation. In this case, even though a
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BPSK modulation is employed, a total of 162 cascs may be indicated and thus, 125
ACK/NACK states may be indicated.

Similarly, when N = 2, the terminal may indicate maximum 5= 25
ACK/NACK states. When using the sequence selection scheme, a total of 24 cases
may exist. When information is transmitted by applying a BPSK modulation or a
QPSK modulation to a selected sequence, a total of 2% x 2 =32 or 2° x 2 = 64 cases may
be indicated by combining a sequence selection and a modulation symbol.

Specifically, since the number of states to be expressed is greater than 25,
ACK/NACK states may be transmitted to the eNB through the sequence selection and
the BPSK modulation or the QPSK modulation.

When N =1, the terminal may indicate maximum five ACK/NACK states. In
this case, using a QPSK modulation, four cases may be indicated and information may
be indicated as that a DTX of the terminal does not transmit any signal. Accordingly,
maximum five states may be indicated.

The terminal may need to simultaneously transmit ACK/NACK and a
scheduling request in a single subframe. The terminal may be assigned in advance
with a resource for the scheduling request and may transmit a scheduling request signal
using the assigned rescheduling request resource only when the terminal needs to
request the base station for the scheduling request. It may be assumed that one of the
aforementioned channel or sequence selection schemes is used for ACK/NACK
transmission. The base station may need to monitor whether a corresponding terminal
makes a scheduling request in a subframe where a scheduling request resource of a
predetermined terminal is assigned. When the terminal does not transmit ACK/NACK
in the subframe where the scheduling request resource is assigned, the base station may
detect a signal in the corresponding scheduling request resource and determine whether
the scheduling request is present. When the terminal transmits ACK/NACK in the
subframe where the scheduling request resource is assigned, a signal transmitted by the
terminal may need to include ACK/NACK and whether of the scheduling request.  For
this, in the subframe where the scheduling request resource is assigned, a channel or
sequence selection may be performed using both an ACK/NACK resource and the

scheduling request resource.
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In a subframe where the scheduling request resource is not assigned to the
terminal, the terminal may perform the channel or sequence selection using PUCCH
ACK/NACK channel(s) assigned for ACK/NACK transmission. In the subframe
where the scheduling request resource is assigned to the terminal, the terminal may
perform the channel or sequence selection using the PUCCH ACK/NACK channel(s)
assigned for ACK/NACK transmission and a PUCCH scheduling request resource.

In this instance, when employing a sequence selection scheme of independently
selecting a sequence with respect to each of a data portion and a reference signal portion,
both a PUCCH ACK/NACK resource and a PUCCH scheduling request resource may
need to be present within the same resource block resource. When a reference signal
sequence and a data sequence are transmitted in the same resource block, information of
a symbol carried in data may be demodulated by performing channel estimation with
respect to a data block.  For example, when the terminal is assigned with two PUCCH
ACK/NACK resources in the subframe where the scheduling request resource is not
assigned, the terminal may select a single sequence from two reference signal sequences
and also select a single sequence from two data sequences. When a symbol
transmitted to a data block is a QPSK, a total of 2x2x4 =16 cases may be indicated,
which may correspond to 4-bit information. When the terminal is assigned with two
PUCCH ACK/NACK resources in a predetermined subframe for ACK/NACK
transmission and a PUCCH scheduling request resource is present in the subframe, three
resources may need to be present in the same resource block. The terminal may use all
of three resources and thus, may select a single reference signal sequence from three
reference signal sequences and then select a single sequence from three data sequences.
When a symbol transmitted to a data block is a QPSK, a total of 3x3x4=36 cases may
be indicated using the above method, which may correspond to 5-bit information.
Since ACK/NACK uses only four bits, a remaining single bit may indicate whether
there is the scheduling request or not.

FIG. 4 is a diagram illustrating a channel structure according to an embodiment
of the present invention.

FIG. 4 illustrates a channel structure when a normal CP is used. Referring to
FIG. 4, a plurality of terminals may be code division multiplexed to the same physical

resource using a 2D spreading scheme. In this case, spreading may be performed by
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applying a length-12 sequence in the frequency domain and by applying a length-3 DFT
sequence in the time domain. When using the normal CP, ACK/NACK may be spread
using a length-4 Walsh sequence.

In the channel structure of FIG. 4, a transmission method of FIG. 5 may be
employed to apply a relatively large number of ACK/NACK symbols while maintaining
positions of reference signals and ACK/NACK data.

FIG. 5 is a block diagram illustrating a configuration of a terminal according to
an embodiment of the present invention.

Referring to FIG. 5, the terminal may include a modulation unit 510, a DFT unit
520, an inverse fast Fourier transform (IFFT) unit 530, and a CP inserter 540, and a
radio frequency (RF) unit 5§50.

The modulation unit 510 may modulate a channel coded bitstream, and the DFT
unit 520 may perform DFT on the modulated symbols. The modulated symbols may be
mapped to N subcarriers. The N symbols mapped to N subcarriers may be referred to
as a symbol block. The IFFT unit 530 may perform IFFT on the symbol block. The
CD inserter 540 and the RF unit 550 may transmit inverse fast Fourier transformed
symbol blocks.

When a PUSCH uses a normal CP, seven symbol blocks may be transmitted for
each slot.  Among the seven symbol blocks, the fourth symbol block may be used as a
reference signal. When an extended CP is used, six symbol blocks may be transmitted
for each slot. Among the six symbol blocks, the third symbol block may be used as a
reference signal. A symbol block corresponding to the reference signal may directly
map each symbol predefined in each subcarrier in the frequency domain.

In a structure where a single reference signal is transmitted for each slot, when
the terminal moves at a relatively high speed, a reception quality may decrease due to
deterioration in a channel estimation performance. In the case of a data transmission, a
reception success rate may be increased through a Hybrid Automatic Request (HARQ)
retransmission by enabling the terminal to retransmit a data block for which a reception
error has occurred. However, since retransmission of control information such as
ACK/NACK is not allowed, the reception success rate may need to be high for a

one-time transmission.
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As shown in FIG. 4, to obtain frequency diversity, an ACK/NACK channel may
perform slot-level frequency hopping, where a transmission frequency domain may vary
on a per-slot basis. Also, the terminal may include a single transmit antenna or a
plurality of transmit antennas. When the terminal uses the plurality of transmit

5 antennas, it is assumed that only a single layer is transmitted through precoding.

A first method is to use two reference signals per a single slot as shown in FIG.
6. When two reference signals are used for each slot as shown in FIG. 6, the base
station may maintain a channel estimation performance even for a terminal with high
speed.

10 A second method is to multiplex ACK/NACK information from a plurality of
terminals into the same radio resource. A reference signal may be spread along the
frequency axis using a sequence, and ACK/NACK may be spread along the time axis.
To identify information transmitted from ditferent terminals, the reference signals may
be assigned with orthogonal frequency-domain sequences and the ACK/NACK data

15 blocks may be assigned with orthogonal time-domain sequences.

A DFT sequence may be used as the orthogonal time-domain scquence to
spread the ACK/NACK data block. When a normal CP is used as shown in a part (A)
FIG. 6, a length-5 DFT sequence may be used as shown in Table 27.

[Table 27-length-5 DFT sequence]

Sequence index DFT sequence
0 [11111]
1 [1 e/27r/5 ej47r/5 ej6/r/5 ean'/S]
2 [1 ej47!'/5 ejS;r/S ele;z!S ejlélr,/S]
3 [1 ejéir/S eleir/S ele;z/S e/'247r/5 ]
4 [1 6187[/5 ejl67:i’5 ej24,7/'5 6132:1‘/5]
20 When an extended CP is used as shown in a part (B) of FIG. 6, a length-4 DFT

sequence as shown in Table 28 or a length-4 Walsh sequence as shown in Table 29 may
be used.

[Table 28- length-4 DFT sequence]

Length-4 DFT sequence
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Sequence index DFT sequence
[1111]

[1 ej27r/4 ej4zt/4 e/'67z/4]

j 87/ 12774
[1 ej4l!/4 o’ nl4 P ]

[P S )

j6n/4  j12zm/4 _j18z/4
[1 ej z/ e/l b4 ej n ]

[Table 29- length-4 Walsh sequence]

Length-4 Walsh sequence

Sequence index Walsh sequence
0 [I111]
1 [1-1 1-]
2 L1 -1 -1
3 [1 -1 -1 1]

Depending on channel environments of a cell, only a subset of a time-domain
sequence may be used. For example, in an environment where terminals rapidly move
in the cell, only a sequence with a sequence index (0, 2) or only a sequence with a
sequence index (1,3) in Table 27 may be used.

In the case of the length-4 DFT sequence, only a sequence with a scquence
index (0, 2) or only a sequence with a sequence index (1, 3) in Table 28 may be used.

In the case of the length-4 Walsh sequence, a sequence with a sequence index (0,
1), (1, 2), (2, 3), or (3, 1) in Table 29 may be used. This may be desirable to maintain
the orthogonality in a high speed environment.

According to an aspect, as shown in a part (A) of FIG. 7, a single symbol block
positioned in the center may be used as a reference signal and a sequence with a
spreading factor 3 or 6 may be used as a time-domain sequence of the data part.

In the case of the reference signal, it is possible to identify different terminals by
assigning orthogonal frequency-domain sequences. The same length of 12 as in an
existing PUCCH or a length greater than 12 may be employed as the length of a
sequence applicd along the frequency axis. Accordingly, when the length of the
time-domain sequence is 3 or 6, it is possible to multiplex maximum three or six
different terminals into the same resource using the above method.

When the extended CP is used, a sequence with a spreading factor 2 and a
sequence with a spreading factor 3 may be used together as a time-domain sequence of

the data area or a sequence with a spreading factor 5 may be used as the time-domain
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sequence of the data area. Referring to a part (B) of FIG. 7, the sequence with the
spreading factor 5 may be applied to symbol blocks BL#0, BL#1, BL#3, BL#4, and
BL#5. In a structure where the extended CP is used and a single reference signal is
used, it may be desirable to locate the reference signal in the symbol block BL#2.
When a shortened format is used, the last block of a second slot may not be transmitted.
Compared to a case where the reference signal is present in the symbol block BL#3,
when the reference signal is present in the symbol block BL#2, the reference signal may
be positioned in the middle of ACK/NACK data blocks whereby an accuracy of channel
estimation may further increase.

According to an aspect, when a normal CP is used, three symbol blocks may be
used as a reference signal as shown in a part (A) of FIG. 8 and a sequence with a
spreading factor 2 or 4 may be used as a time-domain sequence of a data area. When
the sequence with the spreading factor 2 is used, a length-2 sequence may be applied to
symbol blocks BL#1 and BL#2, and BL#4, and BL#5 shown in the part (A) of FIG. 8.
When a sequence with a spreading factor 4 is used, a length-4 sequence may be applied
o the symbol blocks BL#1, BL#2, BL#4, and BL#5 shown in thc part (A) of FIG. 8.
In the case of the reference signal, it is possible to identify different terminals by
assigning an orthogonal frequency-domain sequence. The same length of 12 as in an
existing PUCCH or a length of greater than 12 may he used as a length of a sequence
used for a frequency-domain. When the length of the time-domain sequence is 2 or 4,
it is possible to multiplex maximum two or four different terminals into the same
resource.

When the extended CP is used, a length-2 sequence may be applied to symbol
blocks BL#0 and BL#1, and BL.#4 and BL#5 as shown in a part (B) of FIG. 8.  Whena
sequence with a length 4 is used, a length-4 sequence may be applied to the symbol
blocks BL#0, BL#1, BL#4, and BL#5. Accordingly, when the length of the
time-domain sequence is 2 or 4, it is possible to multiplex maximum two or four
different terminals into the same resource.

Table 30, Table 31, and Table 32 show examples of a length-2 Walsh sequence,
a length-3 DFT sequence, and a length-6 DFT sequence.

[Table 30]
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sequence index Walsh sequence
0 [11]
1 [1 -]
[Table 31
sequence index DFT sequence
0 11]
1 [1 2, J47.’/3]
2 [1 ZLE ejzn/s]
[Table 32]
Sequence index DFT sequence
0 [111111]
1 {1 eszz/G ej472’/6 e/67r/6 e/8ﬂ'/6 lezz/é]
2 il 6147:/6 /8716 e/127'6 /16716 120,1—/6]
3 [1 ej6;t/6 elefr/G eﬂSiz/é ej24rr/6 ]307!/6]
4 il L ej16/r/6 ej24/r/6 /32716 ,407:/6]
5 [le /10716 /20716 5130m/6 /40716 1507r/6]

According to an aspect, when a normal CP is used, three symbol blocks BL#2,
BL#3, and BL#4 may be used as a reference signal and a sequence with a spreading
factor 2 or 4 may be used as a time-domain sequence of the data area.

For example, when the sequence with the spreading factor 2 is used, a length-2
sequence may be applied to symbol blocks BL#0 and BL#1, and BL#5 and BL#6.
When the sequence with the spreading factor 4 is used, a length-4 sequence may be
applied to the symbol blocks BL#0, BL#1, BL#5, and BL#6.

In the case of the reference signal, it is possible to identify different terminals
by assigning orthogonal frequency-domain sequences. The same length of 12 as in an
existing PUCCH or a length greater than 12 may be employed as the length of a
sequence applied along the frequency axis. Accordingly, when the length of the
time-domain sequence is 2 or 4, it is possible to multiplex maximum two or four
different terminals into the same resource.

In a subframe where a sounding reference signal is transmitted, the last block of
a second slot of an ACK/NACK channel may not be transmitted. In the structure
shown in the part (A) of FIG. 6, the symbol block BL#6 corresponding to the last block
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of the second slot may not be transmitted. Since the number of ACK/NACK data
blocks reduces from five to four, the number of terminals capable of performing
transmission using the same radio resource block while maintaining orthogonal
transmission may also reduce from five to four. In the case of the reference signal
5  block, no change may be made in the sequence while in the case of an ACK/NACK data
block, a change may be made only in the second slot. Specifically, orthogonal
time-domain sequences being applied to the ACK/NACK data block of the second slot
may use the length-4 DFT sequences of Table 33 or the length-4 Walsh sequences of

Table 34.
10 [Table 33]
Sequence index DFT sequence
0 [1111]
1 [1 ej27z/4 ej47r/4 e/(m/4]
2 1 o4 o/ e}'lzﬂ'/4]
3 [1 ejéir/4 ele/r/4 ejl8n'/4]
[Table 34]
Sequence index Walsh sequence
0 [1111]
1 [1-1 1-1
2 11 -1-1]
3 [1-1 -11]

Hereinafter, a method of randomizing intra-cell interference and inter-cell
interference when using the aforementioned DFT-S-OFDM  based ACK/NACK
transmission method will be described.

15 It may be assumed that cyclic shifted versions of a Constant Amplitude Zero
Auto-Correlation (CAZAC) sequence are used as frequency-domain sequences as in the
PUCCH of the LI'E Release 8.

1) Intra-cell interference randomization:

It is possible to randomize interference between terminals transmitting

20 ACK/NACK using the same resource in a cell by applying a different cyclic shift and a
different time-domain sequence used for reference signal blocks and ACK/NACK data
blocks in the two slots. According to an aspect, a cyclic shift used for reference signal
blocks may be differently set in the first slot and the second slot. Specifically, the
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cyclic shift may be remapped in the second slot. A time-domain sequence used for
ACK/NACK data blocks may be differently set in the first slot and the second slot.
Specifically, the time-domain sequence may be remapped in the second slot.

Specifically, in the structure shown in the part (A) of FIG. 6, interference of the

5  time-domain sequence may be randomized with respect to ACK/NACK data blocks as

follows.

As described above, in the structure shown in the part (A) FIG 6, the
time-domain sequence with the length of 5 used for the symbol blocks BL#0, BL#2,
BL#3, BL#4, and BL#6 may use a DFT sequence of Table 35.

10 [ Table 35]
Sequence index DFT sequence
0 [11111]
1 1 NN ejSﬂ/S]
) [1 e]4;r/5 /8713 eﬂz”/s ejl67r/5]
3 1 /675 I12IS 18RI j24%lS ]
4 il o875 Q167IS o j2umlS o215 ]

In Table 35, a single DFT sequence may be indicated as O;— [Dy(0), Di(1), Di(2),
Di(3), Dy(4)] where i denotes the sequence index. Slot-level remapping enables a DFT
sequence used in the first slot and a DFT sequence used in the second slot to be different
from each other. Accordingly, when Q; is used in the first slot, Q;may be used in the

15  second slot. Here,j#iorj=1i.

To normalize interference experienced by terminals, remapping may be
performed by considering the following elements. Initially, when using the DFT
sequence disclosed in Table 35, an aspect that the orthogonality may be further
maintained as sequence indices are further separate from each other may be considered.

20  For example, referring to Table 35, an amount of the average interference between O
and O, may be less than an amount of the average interference between Op and Oy.
Accordingly, when two terminals use neighboring sequences in the first slot, the two
terminals may use non-neighboring sequences in the second slot.

In constrast, when the two terminals use non-neighboring sequences in the first

25  slot, the two terminals may use neighboring sequences in the second slot. The above

method may be easily performed by determining a DFT sequence assignment order in
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the second slot so that an index difference may become 2, for example, {0, 2, 4, 1, 3}.

Table 36 shows an example of effective remapping of the time-domain sequence

[Table 36]
Terminal DFT sequence in (Example 1) DFT (Example 2) DFT
first slot sequence in second slot | sequence in second slot
UEO Og Oy Oo
UE1 Oy 0, Os3
UE2 O O4 Oy
UE3 O3 O1 O4
UE4 Oq4 03 O,

For example, a terminal UE 1 may use Oy in the first slot and be remapped in
5 the second slot to thereby use O in example 1 of Table 36. The terminal UE1 may
receive a largest amount of interference from UEQ and UE2 using neighboring sequence
indices in the first slot, and may receive a largest amount of interference from UE3 and
UE4 using neighboring sequence indices in the second slot. Most interfering terminals
may be diversified over the first slot and the second slot and thereby an amount of
10 interference between the terminals may be normalized. In Table 36, four sequence
assignments {2, 4, 1, 3, 0}, {4, 1, 3, 0, 2}, {1, 3, 0, 2, 4}, and {3, 0, 2, 3, 1}
corresponding to a cyclic rotation of {0, 2, 4, 1, 3} of Example 1 may have the same
effect. Like {0, 3, 1, 4, 2} of example 2 of Table 36, sequence indices may be
configured to cyclically decrease.  Also in this case, four sequence assignments {3, 1,
15 4,2,0}, {1,4,2,0,3}, {4,2,0,3, 1}, and {2, 0, 3, 1, 4} corresponding to a cyclic
rotation of {0, 3, 1, 4, 2} may also have the same effect. Specifically, the same effect

may be achieved only if a sequence index difference is configured to become 2.
When a shortened format is used in the second slot in the structure shown in the
part (A) of FIG. 6, the slot-level remapping may achicve the average normalization by
20  appropriately selecting a length-5 DFT scquence used in the first slot and a length-4

sequence used in the second slot.

When a single DFT sequence of Table 35 is indicated as P; = [D;j(0), Di(1), Di(2),
D;i(3)] where i denotes a sequence index, and this DFT sequence is used in the second

slot, and when two terminals use neighboring sequences in the first slot, the terminals
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may be configured to use non-neighboring sequences in the second slot if possible.
Conversely, when the two terminals use non-neighboring sequences in the first slot, the
two terminals may be configured to use neighboring sequences in the second slot.
Through this, the interference normalization may be achieved. When four sequences
Oy, 01, 02, and O3 among five sequences are used for the assignment in the first slot, P;
may be assigned in the second slot as shown in example 1 of Table 37. Here, i denotes

a sequence index of Table 35.

[Table 37]
Terminal | DFT sequence in (Example 1) DFT (Example 2) Walsh
first slot sequence in second slot | sequence in second slot
UEO O Py Wo
UE1 04 P, Wi
UE2 0, Py W,
UE3 O3 P3 Ws

It may be assumed that a single Walsh sequence is indicated as W; = [Di(0),
Di(1), Di(2), Di(3)] where i denotes a sequence index and this Walsh sequence is used in
the second slot. Referring to the Walsh sequence of Table 34, an amount of
interference between sequences using neighboring indices may be less than an amount
of interference between sequences using non-neighboring indices. Accordingly, when
two terminals use neighboring DFT sequences in the first slot, the two terminals may be
configured to use neighboring Walsh sequences in the second slot. When the two
terminals use non-neighboring DFT sequences in the first slot, the two terminals may be
configured to use non-neighboring Walsh sequences in the second slot. Through this,
the interference normalization may be achieved. When four sequences Oy, O, O2, and
O; among five sequences are used for the assignment in the first slot, W; may be
assigned in the second slot as shown in example 2 of Table 37. Here, i denotes a
sequence index of Table 32.

To further randomize interference in each terminal, a time-domain sequence to
be assigned to each terminal may be differently assigned for each subframe.
According to the LTE Rel-8/9 standard, a single radio frame includes a total of ten

consecutive subframes. Here, a single radio frame lasts for 10 ms and a single
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subframe lasts for 1 ms. For example, when an assignment relationship of Table 37 is
used for a single subframe, time-domain sequences to be assigned to a terminal may

vary in another subframe as shown in Table 38.

[Table 38]
Terminal DFT sequence in (Example 1) DFT (Example 2) DFT
first slot sequence in second slot | sequence in second slot
UE1 Oo O Oo
UE4 O 0O, O3
UEO 0O, O4 Oy
UE2 O3 O1 O4
UE3 O4 O3 073
5 In Table 36 and Table 38, a sequence assignment of a terminal may be

expressed by a leftmost terminal index column. For example, the sequence assignment
of the terminal may be indicated as {UEOQ, UE1, UE2, UE3, UE4} in Table 36, and may
be indicated as {UE1, UE4, UE0, UE2, UE3} in Table 38. A total of 5! (= 120)
different sequence assignments may exist. Accordingly, each of maximum 120

10 consecutive terminal sequence assignments may be different in each subframe. When
a sequence assignment is desired to repeat based on a single frame unit, ten out of 120
assignments may be selected and thereby be used. Ten sequences used for each cell
may be selected to be different from each other.

2) Inter-cell interference randomization:

15 Block-level cyclic shift hopping may be applied o a cyclic shift used for
reference signal blocks. The block-level cyclic shift hopping may indicate adding of a
change so that a cyclic shift to be used also varies as a block varies. In the case of an
LTE Release 8, a reference signal used for a PUCCH may perform the above cyclic shift
hopping. A hopping pattern of the cyclic shift may be generated by applying an offset

20 to the cyclic shift. In this instance, a hopping pattern of the offset may be the same in
each cell. For example, when terminals performing ACK/NACK transmission using
the same resource in a single cell have the same hopping pattern, the orthogonality

between the terminals may be maintained. In particularly, when the hopping pattern is
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set to be different between neighboring cells, hopping patterns of terminals between
cells may be different from each other and thus, interference may be randomized.

Block-level scrambling may be applied with respect to a time-domain sequence
used for ACK/NACK data blocks. In this case, the same scrambling sequence may be
used in a cell. For example, terminals performing ACK/NACK transmission using the
same resource in a cell may have the same scrambling sequence so that the
orthogonality between the terminals is maintained. Also, terminals belonging to
different cells may have different scrambling sequences and thus, interference may be
randomized.

As described above, in the structure shown in the part (A) of FIG 6, the
orthogonal time-domain sequence with the length of 5 used for the symbol blocks BL#0,
BL#2, BL#3, BL#4, and BL#6 may use the DFT sequence of Table 33. A single DFT
sequence of Table 33 may be denoted as O; = [Dy(0), Di(1), Di(2), Di(3), Di(4)]. Here, i
denotes a sequence index. A scrambling sequence to be used together with the DFT
sequence O; may be denoted as Q = [S(0), S(1), S(2), S(3), S(4)]. An element
constituting the scrambling sequence may be provided in a form of S(i) = exp (j6;). By
multiplying element-wise the DFT sequence O; and the scrambling sequence Q element
level, a sequence R; is obtained; R; = [Ri(0), Ri(1), Ri(2), Ri(3), Ri(4)] = [Di(0)S(0),
DS, Di(2)S(2), Mi(3)SAB). Ni(4)S(4)]. After multiplying data symbols by the
corresponding elements of R;, DFT may be performed. The above relationship may be
expressed as shown in FIG. 12. Terminals transmitting ACK/NACK using the same
radio resource block in a ccll may use different DFT sequences but use the same
scrambling sequence in order to maintain mutual orthogonality. Also terminals served
by different cells may use different scrambling sequences, which thus can achieve the
inter-cell interference randomization.

In the structure shown in the part (A) of FIG. 6, when the shortened format is
used in the second slot, the length-4 DFT sequence of Table 31 or the length-4 Walsh
sequence of Table 32 may be used as the orthogonal time-domain sequence to be used
for ACK/NACK data blocks in the second slot. A single time-domain orthogonal
sequence may be indicated as U; = [D;(0), Di(1), Di(2), Di(3)]. Here, i denotes a
sequence index of Table 31 or Table 32. A scrambling sequence to be used together

with the DFT sequence U; may be used as Q —= [S(0), S(1), S(2), S(3)]. DFT may be
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performed by multiplying data symbols by corresponding elements of sequence R; =
[Ri(0), Ri(1), Ri(2), Ri(3)] = [Di(0)S(0), Di(1)S(1), Di(2)S(2), Di(3)S(3)]. Here, Ri may
be obtained by multiplying element-wise the time-domain orthogonal sequence U; and
the scrambling sequence Q. Using the aforementioned method, the first slot may be

processed as shown in FIG. 12 and the second slot may be processed as shown in FIG.

13.
Hereinafter, a form of the scrambling sequence Q = [S(0), S(1), S(2), S(3),
S(4)] or Q = [S(0), S(1), S2), S(3)] will be described. In general, taking

$(i) = exp(j2mn, /N) may be convenient for implementation. Specifically, phase

modulation may be used to form phases with regular angular intervals on the complex

. . s <
plane. Here, N denotes an integer and i denotes an integer satisfying O<m <N

" may be obtained by generating a pseudo-random sequence and sequentially

substituting corresponding values of the pseudo-random sequence. Accordingly, &

may have a different value depending on the slot number and the symbol number. The
repetition period, after which the same values repeat, may be configured to be at least
one frame. When the repetition period is set to be a single frame, a pseudo-random
sequence generator may be initialized at the start of each frame. Here, terminals to be
code division multiplexed using the same resource in the same cell may need to use the
same pscudo-random sequence in order to maintain orthogonality. On the other hand,
when the pseudo-random sequences are different for different cells, interference
between neighboring cells may be randomized. For this, by including cell identity (ID)
as a parameter for initialization of the pseudo-random sequence, it is possible to
gencerate and use a different pseudo-random sequence for a different cell ID.

For reference, in FIGS. 12, 13, and 14, sequences of a multiplication of a
sequence element [Ri(n) or D;(n)] and a DFT operation may be switched with each other.
That is, in both a case where the DFT operation is performed in each figure and then the
multiplication of the sequence element [Rj(n) or Dj(n)] is performed, and a case where
the multiplication of the sequence element [Ri(n) or Di(n)] is performed and then the

DFT operation is performed, the same results may be obtained.
According to an aspect, prior to the DFT operation instead of S (i):

Sy()=exp(j2znk/ N) (k=0.1.2....T1) may be sequentially multiplied with respect to
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12 complex symbols. When N = 12, a portion of multiplying S (D) prior to the DFT

operation may be replaced with a cyclic shift in a frequency domain after the DFT
operation.  This is because the DFT operation has the following property.

DFT[exp(j2nnk /12)F(k)](k) = DFT[F (k)(k —n,)
5 Specifically, when DFT with a size of 12 is performed by employing

exp(j27nk /N) F(k) (k=0,1,2,.11) oo o inout instead of F =[F(0), F(1), ... F(11)]

with a length of 12, the corresponding result may become the same as the result

obtained by performing " cyclic shift of the result obtained by performing the DFT

operation with respect to F. Accordingly, when employing the above property, the

10 terminal may perform eyclic shift as many as ™ with respect to the result obtained by

performing the DFT operation with respect to each ACK/NACK data block as shown in

FIG. 14, instead ol multiplying Se(® prior to the DFT operation as shown in FIG. 12.
As described above, the above two processes may produce exactly the same result.

FIG. 9 is a block diagram illustrating a configuration of a terminal 900

15  according to another embodiment of the present invention.

Referring to FIG. 9, the terminal 900 may include a receiver 910, a controller
920, and a transmitter 930.

The receiver 910 may receive control information and data using a plurality of
downlink CCs.

20 The controller 920 may determine an uplink channel element included in an
uplink CC, based on an index of a channel element used to transmit the control
information among a plurality of downlink channel elements included in a downlink
CC.

The transmitter 930 may transmit, to a base station 940, ACK/NACK with

25  respect to the data using the determined uplink channel element.

Scheduling information associated with the data in the control information may
be transmitted using a PCC among the plurality of downlink CCs. In this case, the
receiver 910 may receive the scheduling information using the PCC among the plurality
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of downlink CCs. The controller 920 may determine an uplink channel element in an
uplink CC corresponding to the PCC.

The receiver 910 may receive correspondence relationship between the plurality
of downlink CCs and the plurality of uplink CCs. The receiver 910 may receive the
correspondence relationship using RRC signaling.

Scheduling information associated with the data may be distributed to each of
the downlink CCs and thereby be transmitted. In this case, the receiver 910 may
receive the scheduling information using all of the downlink CCs. Scheduling
information transmitted using a predetermined downlink CC may relate to data
transmitted the corresponding downlink CC.

Even in this case, ACK/NACK associated with data transmitted using each
downlink CC may be transmitted using a predetermined single uplink CC.

When ACK/NACK associated with data transmitted using the plurality of
downlink CCs is transmitted using the single uplink CC, the uplink CC may need to
additionally assign a radio resource.

According to an aspect, in this case, the controller 920 may dctcrminc an
additional uplink channel element using a downlink channel element having a second
lowest index among downlink channel elements used to transmit control information.
The transmitter 930 may transmit the ACK/NACK using the determined uplink channel
element.

The receiver 910 may receive RRC signaling from the base station 940. The
RRC signaling may include information associated with a predetermined uplink channel
clement. In this case, the controller 920 may determine an additional uplink channel
element based on information associated with the predetermined uplink channel element
included in the RRC signaling, in order to transmit the ACK/NACK.

According to another embodiment of the present invention, the terminal 900
may effectively control a power of an uplink control channel.

The receiver 910 may receive data from the base station 940. The controller
920 may generate ACK/NACK associated with the received data. The transmitter 930
may transmit, to the base station 940, a data packet including the ACK/NACK and a

scheduling request for the base station 940.
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In this case, the transmitter 930 may determine a transmit power of the data
packet based on a number of bits of the ACK/NACK and a number of bits of the
scheduling request that are included in the data packet.

The transmitter 930 may determine the transmit power of the data packet
according to Equation 1:

[Equation 1]
Pocen (i): min{PCMAX - Py puecn +PL+ h(nHARQ O )+ A puccy (F)+ g(i)}

In Equation 1, o denotes a maximum transmit power that is a configured

. ) P .
UE transmitted power of the transmitter 930, and ~°PUSY is given as a sum of a cell

Fo NOMINAL_puUCCH F O_UE_PUCCH

unique parameter and a UE unique parameter

P F, . .
ONOMINAL PUCCH - gy “O.UEPUCCH correspond to parameters provided from an upper

layer. PL denotes an estimate value of a downlink pathloss from the base station 940
1 AF PUCCH (F ) 1

to the terminal 900. - may be provided from the upper layer as a value

corresponding to a PUCCH format F transmitting the scheduling request for the base

station 940, and denotes a relative value with respect to a PUCCH format la. g(l)

corresponds to a value adjusted by a Transmit Power Control (TPC) command and
denotes a current PUCCH power control adjustment state.

Here, (Pyzang M) may be determined according to Equation 2:

[Equation 2]

n +n
I’l(nHARQﬂSR) =10 lOglO[LRQﬁ_ﬁ)

In Equation 2, B denotes a proportional constant and B=1 1 addition,

Marodenotes the number of bits of the ACK/NACK, and ng, denotes the number of

bits of the scheduling request.

As one example of B as the proportional constant, p=1 may be used.
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Hereinafter, a method proposed in the present invention in order to set 4

will be described.
It may be assumed that a number of downlink configured CCs of a
predetermined UE is L, a number of activated CCs among the downlink configured CCs
5 is M, and a number of downlink CCs used to transmit downlink data to the UE based on
the determination of the UE is N.  For example, even though an eNB transmits data to
the UE using three downlink CCs, the UE may not appropriately detect a portion of
downlink assignment information and thus, may determine that the UE has received the
data using only two downlink CCs. In this case, N indicates 2.
10 In a subframe where a scheduling request resource is assigned, when
ACK/NACK and scheduling request information are simultaneously transmitted using

1

PUCCH format 3, s =" In a subframe where the scheduling request resource is not

. e, =0
assigned, "SR .

Here, it may be assumed that a number of bits of ACK/NACK to be fed back

15 from the UE to the eNB with respect to data received using N downlink CCs is K.
When all of the ACK/NACK is indicated and thereby is transmitted, K may maich a

total number of transport blocks received at the terminal. However, when bundling is
applied with respect to a portion of or all of ACK/NACK, K may be less than a total

number of transport blocks received at the terminal.

20 When K =0, the transmission itself may not be performed.

Method 1 for setting Mharg

Priarg may be sct as follows:

K

Nyaro =

From information obtained by receiving PDCCHs, the terminal may be aware

25 of a number of transport blocks transmitted to the terminal. In the case of
semi-persistent scheduling (SPS), only a downlink PDSCH transmission may be present
without a PDCCH transmission from the base station.  Accordingly, a total number of
transport blocks may need to be calculated by considering the above case. However,

the terminal may fail in successfully receiving a PDCCH transmitted from the base

30  station. In this case, the terminal may transmit information using a smaller amount of

power than an appropriate amount of power. Accordingly, the base station may not
56

CA 2988938 2017-12-13



20

25

successfully detect information. To complement the above problem, the following

method may be considered.

Method 2 for setting " #4%2
It may be assumed that downlink CCs that correspond to activated CCs,

however, do not have downlink data transmission are e, c@)L s (M =N) and a

maximum number of ACK/NACK bits probable based on a transmission mode set ina

cc <) i Qo The proposed method may set #4450 as follows:

M-N
Ryang = K+ Z Ge
i=]

Even though the terminal determines that data transmission is absent in an
activated CC. a maximum number of ACK/NACK bits transmittable in a corresponding
CC may be included in a payload and thereby be calculated. The terminal may fail in

receiving a PDCCH and thus, an amount of power may be set for preparation thereto.

Method 3 for setting Miano

It may be assumed that a maximum number of transport blocks transmittable
using each downlink CC is @ . 1In a 3GPP LTE Technical Specification Release 10,
maximum two transport blocks may be transmitted using each downlink CC.

Accordingly, in this case, @ indicates 2. The proposed method may set a0 g

follows:

Mg = K+a(M—N)

Method 4 for setting Miaro

It may be assumed that downlink CCs that correspond to downlink configured

CCs, however, do not have downlink data transmission are a), d@2),L , d(L-N ),

and a maximum number of ACK/NACK bits probable based on a transmission mode set

inacc 40 s Q"(‘). The proposed method may set Muare ag follows:

1N
Rang = K+ Z Qd(i)
pas
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. n
Method 5 for setting 4%

The proposed method may set Mraro a5 follows:

Barg =K+a(L-N)

FIG. 10 is a block diagram illustrating a configuration of a terminal 1000
according to still another embodiment of the present invention.

Referring to FIG. 10, the terminal 1000 may include a receiver 1010, an
ACK/NACK generator 1020, a controller 1030, an encoder 1040, and a transmitter
1050.

The receiver 1010 may receive, from a base station 1060, information
associated with downlink CCs available from communication between the terminal
1000 and the base station 1060. Also, the receiver 1010 may receive a data block
using a portion of or all of data receiving CCs among the downlink CCs.

The basc station 1060 may assign, to the terminal 1000, a portion of data
receiving CCs among the downlink CCs available by the base station 1060 and thereby,
activate the assigned data receiving CCs. The base station 1060 may select a portion
of the activated downlink CCs, and may transmit data using the selected downlink CC.

The receiver 1010 may receive downlink CC assignment information from the
base station 1060. The ACK/NACK generator 1020 may detect a data block with
respect to the downlink CC assigned to the terminal 1000.

With respect to a downlink CC unassigned to the terminal 1000, the
ACK/NACK generator 1020 may generate DTX as ACK/NACK. Also, the
ACK/NACK generator 1020 may determine that a downlink CC assigned to the
terminal 1000, however, in which a PDCCH containing data scheduling information is
not detected is not assigned to the terminal 1000.

Also, with respect to the downlink CC assigned to the terminal 1000, when the
data block is successfully received, the ACK/NACK generator 1020 may generate ACK
as the ACK/NACK. Conversely, when the data block is not successfully received, the
ACK/NACK generator 1020 may generate NACK as the ACK/NACK.

Specifically, the ACK/NACK generator 1020 may generate ACK/NACK with
respect to all of downlink CCs available at the base station 1060.
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The ACK/NACK generator 1020 may determine a number of data blocks
transmitted using each downlink CC based on a transmission mode of the base station
1060, and may generate ACK/NACK with respect to each of the data blocks.

The base station 1060 may transmit a data block according to a general data
transmission scheme, for example, a non-MIMO transmission scheme, and may also
transmit data using a MIMO transmission scheme.

When the base station 1060 is set to a MIMO transmission mode of transmitting
data using the MIMO transmission scheme, the receiver 1010 may receive two data
blocks using a single subframe included in a single data receiving CC.

When the base station 1060 is set to a non-MIMO transmission mode of
transmitting data using the general data transmission scheme, for example, the
non-MIMO transmission scheme, the receiver 1010 may receive a single data block
using a single subframe included in a single data receiving CC.

Hereinafter, a procedure of generating, by a terminal, ACK/NACK will be
desctibed.

Configuration: A base station may notify cach tcrminal of a downlink CC and
an uplink CC to be used for communication between the base station and a
corresponding terminal. The base station may notify each terminal of a transmission
mode of each of configured CCsusing an RRC message.

Activation: The base station may notify each terminal of a downlink CC and
an uplink CC to be directly used for communication between the base station and a
corresponding terminal. In this instance, a Media Access Control (MAC) message
may be used. A downlink CC to be activated corresponds to a subset of downlink CCs
configured as the configuration. The base station may perform downlink assignment
only with respect to CCs belonging to an activated CC set of the terminal.

Setting of a PDCCH monitoring set: In the case of a terminal using a CIF, the
base station may set the terminal to detect a PDCCH only with respect to a
predetermined downlink CC. Downlink CCs for which the terminal is set to detect a
predetermined PDCCH are referred to as the PDCCH monitoring set. The PDCCH
monitoring set corresponds to a subset of activated downlink CCs.

The terminal may generate ACK/NACK as follows:
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A terminal not using a CIF may detect a PDCCH search space in all of activated
downlink CCs and thereby, verify whether a PDCCH is assigned to the terminal.

When a PDCCH monitoring set is set, a terminal using the CIF may detect the
PDCCH search space with respect to only a corresponding downlink CC and thereby,
verify whether the PDCCH is assigned to the terminal. Even in the case of the
terminal using the CIF, when the PDCCH monitoring set is not set, the terminal may
detect the PDCCH search space with respect to all of activated downlink CCs and
thereby, verify whether any PDCCH is assigned to the terminal.

A set of activated CCs S_activation may be assumed to be configured as N CCs
as follows:

S activation = {CCy, CCj, ..., CCnu1}
Here, CC; needs to be an element of a set of configured CCs S_configuration,

ie, CC; € S configuration. Here,1=0,1,..., N-1.

1. Generating of ACK/NACK based on a set of activated downlink CCs:

The terminal may generate ACK/NACK based on the set of activated downlink
CCs. Specifically, the terminal may configure ACK/NACK with respect to each CCi
and then collect the configured ACK/NACK to thereby configure ACK/NACK with
respect to N CCs of the activated downlink CCs. In general, downlink assignment
information received at the terminal relates to all of activated downlink CCs or a subset
thereof. However, ACK/NACK generated by the terminal may be with respect to all
of activated downlink CCs. It may be assumed that the terminal has attempted
PDCCH detection in a predetermined subframe and verified downlink assignment with
respect to M CCs (M >0) as follows:

Set of downlink assigned CCs S_assignment = {DAO, .. DAM-1}

When predetermined CCi belongs to the set of downlink assigned CCs, i.e.,
when CC; €S _assignment, ACK/NACK signal Signal CC; with respect to CCi may be
generated as follows:

When CC; €S _assignment,

when a single transport block is transmitted via CC;, Signal CC; = ACK or
NACK.
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When two transport blocks are transmitted via CC;, Signal CC; = ACK_ACK,
ACK NACK, NACK_ACK or NACK_NACK.

Here, ACK indicates that a corresponding transport block is successfully
received and NACK indicates that the transport block is not successfully received.
ACK ACK, ACK NACK, NACK_ACK, NACK_NACK, and the like may indicate
whether a first transport block and a second transport block are successfully received or
not.

When CC; € S assignment, no assignment may be indicated in ACK/NACK
signal Signal CCi with respect to CCi as follows:

When CC; € S assignment, Signal CC i=DTX.

Accordingly, ACK/NACK Signal with respect to downlink data with which the
terminal is assigned in a predetermined subframe may be indicated as follows:

Signal = {Signal CC,, ... Signal CCy.i}

In this instance, when the terminal attempted the PDCCH detection in a
predetermined subframe, however, no downlink assignment is detected, i.e., when M =
0, the terminal may not transmit any ACK/NACK signal.  Specifically, when
Signal CC; = DTX with respect to i = 0, 1, ... N-1, the terminal may not transmit the
ACK/NACK signal itself.

In the case of the above scheme, even with respect to a CC with which the
terminal is not assigned in a predetermined single subframe, when the CC belongs to a
set of activated CCs, no assignment DTX may be indicated in the ACK/NACK signal.

A method of transmitting, by the terminal, an ACK/NACK signal with respect
to only an assigned CC may be considered. However, in this case, a confusion may
occur between the terminal and the base station. Even though the base station attempts
a downlink assignment by transmitting a PDCCH, the terminal may fail in receiving the
PDCCH. When the terminal fails in receiving the PDCCH, whether the base station
has transmitted the PDCCH may not be verified and thus, the base station may be
regarded to not have transmitted the PDCCH. In this case, ACK/NACK transmitted
from the terminal may be with respect to only a CC succeeding in receiving the PDCCH.
Accordingly, the base station may not appropriately determine whether ACK/NACK
transmitted from the terminal is generated as a result of successfully receiving all of

PDCCHs transmitted from the base station, or by successfully receiving only a portion
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of the PDCCHs. Consequently, the base station may not appropriately verify
ACK/NACK transmitted from the terminal.

In the case of using the aforementioned scheme, when it is assumed that the
terminal and the base station have a mutually matched understanding with respect to a
set of activated CCs, the terminal may generate ACK/NACK with respect to all of the
activated CCs at all times. Accordingly, the base station may obtain ACK/NACK
without any confusion.

A variety of schemes described in subclause 1.2 may be considered as a
transmission scheme for a terminal to transmit ACK/NACK. When each of all cases
indicated by ACK/NACK Signal = {Signal CC0, ... Signal CCN-1} is mapped to a
different transmission form and thereby is transmitted, the base station may find
ACK/NACK corresponding to the received transmission form.

For example, when a terminal sct to not use a MIMO transmission scheme
generates ACK/NACK with respect to two CCs, nine cases of ACK/NACK may be
generated as shown in the following table. In the table, a last line corresponds to a
casc wherce the terminal detects no assignment with respect to all of two CCs.  In this
case, the terminal may not transmit any ACK/NACK signal. Accordingly, each of
eight cases where the terminal transmits an ACK/NACK signal may be transmitted in a
different transmission form and thereby, be identified by the base station.

In general, when the terminal indicates ACK/NACK with respect to N CCs, and
when a number of cases of ACK/NACK that the terminal needs to express with respect
to a single CC; is L, a total number of cases that the terminal needs to express through a
signal transmission may become Lg X Ly x .. X Ly.q - 1. Here, -1 is to exclude a case
where the terminal does not receive any assignment with respect to all of N CCs.
Accordingly, the base station and the terminal may need to promise in advance
transmission forms that make a one-to-one correspondence with respect to (Lo x Ly x ..
X Lna - 1) cases of ACK/NACK. In the case of a single transport block, cases of
ACK, NACK, and DTX may exist and thus, L; = 3. In the case of two transport blocks,
cases of ACK_ACK, ACK_NACK, NACK_ACK, NACK_NACK, and DTX may exist
and thus, L; =5.

According to the aforementioned ACK/NACK transmission scheme, cases of a

channel selection, a resource selection, a sequence selection, and the like may need to
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make a one-to-one correspondence with respect to cases of ACK/NACK where each
case of a selected channel, resource, sequence, and the like is different. When

ACK/NACK is expressed using a bit like a DFT-S OFDM, the ACK/NACK may be

expressed as 1og2[L1x....x LN71—1—| bits. Table 39 shows a number of cases of

5 ACK/NACK according to combinations of ACK/NACK values.

[Table 39]
Signal CCy Signal CCy
1 ACK ACK
2 ACK NACK
3 ACK DTX
4 NACK ACK
5 NACK NACK
6 NACK DTX
7 DTX ACK
8 DTX NACK
9 DTX DTX

2. Generation of ACK/NACK based on a sct of downlink contigured CCs:
When thete is a probability that a terminal and a base station may not have the
mutually same understanding regarding the sct of activated CCs, a method of generating
10 information based on the set of downlink configured CCs may be used when the
terminal generates ACK/NACK. Regarding a CC with assignment, this method may
generate ACK/NACK using the same scheme as the aforementioned scheme of
generating ACK/NACK based on the set of activated downlink CCs. Regarding a CC
without assignment, when the CC belongs to a set of configured CCs, the terminal may

15  indicate no assignment in an ACK/NACK signal.
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A set of configured CC S_configuration may be assumed to be indicated as
follows:

S configuration = {CC,, ..., CCk.1}

ACK/NACK Signal in response to downlink data in a subframe with which the
terminal is assigned may be indicated as follows:

Signal = {Signal CC,, ... Signal_CCx.1}

Here, Singal CC; corresponds to ACK/NACK with respect to downlink CC
CCi.

The terminal may need to generate the ACK/NACK Signal based on a
transmission mode of each of downlink CCs belonging to the set of contigured CCs.

When a single transport block is transmitted via CC;, Signal_CC; = ACK or
NACK.

When two transport blocks are transmitted via CC;, Signal_CC; = ACK_ACK,
ACK NACK, NACK ACK or NACK NACK.

When CC; € S_assignment, no assignment may be indicated in ACK/NACK
signal Signal CCi as [ollows:

When CC; ¢ S assignment, Signal CC_i=DTX.

Here, when NACK and DTX are not discriminated from each other, NACK and
DTX may be regarded as the same state. Accordingly, when the single transport block
is transmitted via CC;, Signal CC; = ACK or NACK/DTX.

When two transport blocks are transmitted via CC;, Signal_CC; = ACK_ACK,
ACK (NACK/DTX), (NACK/DTX) ACK or NACK/DTX) (NACK/DTX).

In a DFT-S-OFDM based ACK/NACK transmission scheme, input bits of a
channel encoder may be ACK/NACK bits. Hereinafter, a method of generating
ACK/NACK bits will be described.

Method 1: method of generating ACK/NACK based on a transmission mode
for each CC:

For example, it may be assumed that the terminal is set to have N downlink
configured CCs, some of N downlink configured CCs are set to a MIMO {ransmission
mode in which the terminal may transmit maximum two transport blocks and remaining
CCs are set to a non-MIMO transmission mode in which the terminal may transmit a

single transport block. In addition, it may be assumed that a NACK state and a DTX
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state are not discriminated from each other. Based on downlink assignment
information received at the terminal, the number of transport blocks receivable at the
terminal in a subframe may be zero, one, or two for each CC. A case where the
number of transport blocks is zero corresponds to a case where the base station does not
perform downlink assignment, or a case where the base station performs downlink
assignment, however, the terminal does not appropriately receive the assignment
information. Here, the terminal may generatc ACK/NACK bits for all of the
configured CCs at all times and may indicate ACK/NACK state based on the
transmission modes of individual CCs. For example, in the case of a CC with which
the number of assigned transport blocks is zero, if the CC is configured with a MIMO
transmission mode, NACK/DTX may be indicated for each of two transport blocks
using two bits. If the CC is configured with a non-MIMO transmission mode,
NACK/DTX may be indicated using a single bit. Even if a single transport block is
assigned to a corresponding subframe in a CC configured with the MIMO transmission
mode, information may be indicated based on the maximum number of transport blocks
receivable in the corresponding CC. Accordingly, ACK or NACK/DTX may need to
be indicated using two bits with respect to each of two transport blocks.

Specifically, ACK/NACK bit values with respect to CC; may be indicated as in
Table 40 or Table 41 based on the configured transmission mode. In the tables, DTX
indicates that the terminal has not received downlink assignment information of a
corresponding CC.  Specifically, this may correspond to a case where the base station
does not perform assignment with respect to the CC and thus, the terminal does not
receive assignment information, or to a case where the base station transmits assignment
information through a PDCCH, however, the terminal fails in receiving the assignment
information. Regardless of whether the assignment information is received, the terminal
needs to generate ACK/NACK bits with respect to all configured CCs. Accordingly,
all of CCs belonging to configured CCs, however, of which assignment information is
not received may be indicated as DTX. Table 40 shows generation of ACK/NACK
bits of CC; set to the MIMO transmission mode. Table 41 shows generation of
ACK/NACK bits of CC; configured with a non-MIMO transmission mode.

[Table 40-generation of ACK/NACK bits of CC; configured with a MIMO

transmission mode|
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First transport block Second transport block bi(0), bi(1)
ACK ACK 1,1
ACK NACK 1,0
NACK ACK 0,1
NACK NACK 0,0
DTX 0,0

[Table 41-generation of ACK/NACK bits of CC; configured with a non-MIMO

transmission mode]

Transport block bi(0)
ACK 1 B
NACK 0
DTX 0

For example, when the terminal is configured to have five downlink configured

CCs, and CCy, CCy, and CC; are set to be in a MIMO transmission mode, and CCjz and

5  CCy4are set to be in a non-MIMO transmission mode, the ACK/NACK bits may include
atotalof 2+2+2+1+1=)8bits.

To maintain a consistent signal transmitting/receiving system matched between

the terminal and the base station, the terminal may indicate an ACK/NACK state based

on a transmission mode configured for each configured CC. Even though the base

10 station transmits assignment information with respect to a downlink CC through a

PDCCH, the terminal may not receive the assignment information.

Accordingly, when

the terminal transmits information with its size varying depending on whether the

assignment information is received, the base station may be unaware of whether the

terminal has successfully received the assignment information and thus, it may be

15 difficult to demodulate an ACK/NACK signal transmitted from the terminal and thereby

obtain accurate information.

For the above reason, the terminal may need to indicate

an ACK/NACK state based on a set transmission mode at all times regardless of

whether the assignment information is received.

If the ACK/NACK bit mapping method described in the aforementioned

20 embodiment is used, the base station may not be able to discriminate NACK and DTX

states. To enable the base station to identify whether the terminal has successfully
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received downlink grant PDCCH when the base station transmits a single transport
block in a CC where the terminal is set to the MIMO transmission mode, a different
ACK/NACK bit mapping may be used to indicate DTX. A CC set to a Single Input
Multiple Output (SIMO) transmission mode may generate ACK/NACK as shown in
Table 41, using a single bit. This is the same as the aforementioned case. The CC set
to the MIMO transmission mode may indicate ACK/NACK using two bits, regardless of
the number of actually received transport blocks. When the terminal receives a single
transport block, ACK/NACK bits may be generated as shown in Tablc 45.  When the
terminal actually receives two transport blocks, ACK/NACK bits may be generated as
shown in Table 46. When the terminal determines that a PDSCH transmission 1s
absent in the CC set to the MIMO transmission mode, ACK/NACK bits may be
generated as shown in Table 47. When such ACK/NACK bit mapping is used, the
base station can identify all three states of ACK, NACK, and DTX when the base
station transmits a single transport block. Specifically, the key point of ACK/NACK
bit mapping lies in that in the case of a CC set to the MIMO transmission mode, ACK,
NACK, and DTX are expressed using different bit values with respect to the single
transport block. Because the base station knows whether the base station has transmitted
a single transport block or two transport blocks, the base station is aware of which
mapping should be applied between Table 45 and Table 46. Thus, in the case of
transmission of a single-transport block, the base station can distinguish ACK, NACK,
and DTX by referring to Table 45 and Table 47.

Method 2: method of generating ACK/NACK based on a maximum transport
block mode of each CC:

The transmission mode of each CC configured for a terminal can be changed by
RRC signaling. In this case, a matched understanding regarding the transmission mode
may be absent between the terminal and the base station for a certain time interval. To
solve the above problem, the terminal may need to indicate an ACK/NACK state based
on a probable maximum transport block mode for each CC at all times. For example,
it may be assumed that a terminal having a MIMO reception capability is configured to
have five downlink CCs, and a portion of the five downlink CCs are set to a MIMO
transmission mode capable of transmitting maximum two transport blocks and

remaining downlink CCs are set to a non-MIMO transmission mode capable of
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transmitting a maximum single transport block. In addition, it may be assumed that
NACK and DTX are not discriminated from each other. In this case, even with respect
to a CC set to the non-MIMO transmission mode, the terminal may indicate an
ACK/NACK state using two bits at all times. That is, even though the CC is set to the
non-MIMO transmission mode, ACK/NACK may be generated using two bits as shown
in Table 40. Through this, even in a time interval where a transmission mode varies by
a reconfiguration of a transmission mode, a configuration of ACK/NACK between the
terminal and the base station may not vary and thus, the base station may demodulate an
ACK/NACK signal and thereby obtain accurate information.

Specifically, when the terminal has a MIMO reception capability, that is, when
the terminal may receive maximum two transport blocks for each CC, ACK/NACK may
be generated using two bits with respect to each of downlink CCs based on the above
criterion.  Accordingly, when a number of configured CCs 1s N, a total number of
ACK/NACK bits generated by the terminal may become 2N. When the terminal does
not have a MIMO reception capability and has only a SIMO reception capability, that is,
when the terminal may receive a maximum single transport block, ACK/NACK may be
gencrated using a single bit with respect to each of configured CCs based on the above
criterion. Accordingly, when the number of configured CCs is N, a total number of
ACK/NACK bits generated by the terminal may become N.

Hereinafter, methods of generating ACK/NACK bits will be described

1) A case where the terminal does not have a MIMO reception capability:

Since the terminal may receive only a maximum single transport block, a
maximum transport block of each configured CC may be the same as one.

Method A: As shown in Table 42, ACK/NACK of a single transport block
may be expressed using a single bit. In method A, an NACK state and a no-PDSCH
transmission state may be mapped to the same bit value.

Method B: As shown in Table 43, ACK/NACK of a single transport block
may be expressed using two bits. In method B, an NACK state and a no-PDSCH
transmission state may be mapped to different bit values, so that the base station may
discriminate the NACK state from the no-PDSCH transmission state.

[Table 42~ indication of ACK/NACK bit value of CC; when a maximum single

transport block is received in method A]
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Transport block state

bi(0)

ACK 1
NACK 0
No PDSCH transmission (D1X) 0

[Table 43- indication of ACK/NACK bit value of CC; when a maximum single

transport block is received in method B]

Transport block state bi(0), bi(1)
ACK 1,0(or1, 1)
NACK 0,1
No PDSCH transmission (DTX) 0,0

2) A case where the terminal has a MIMO reception capability:

In this case, the terminal may receive maximum two transport blocks for each

5 configured CC. As described above, ACK/NACK may be expressed using two bits for
each CC regardless of a transmission mode of each CC.  Table 44 shows an example of
ACK/NACK indication in a CC set to the SIMO transmission mode capable of
receiving a maximum single transport block.

[Table 44-example of ACK/NACK bit mapping of CC; set to SIMO
10 transmission mode]
Transport block state bi(0), bi(1)
ACK 1,0(or1, 1)
NACK 0,1
No PDSCH transmission (DTX) 0.0

[Table 45-example of ACK/NACK bit mapping of CC; set to MIMO

transmission mode: case where terminal substantially receives a single transport block]

Transport block state bi(0), bi(1)
ACK 1,0 (or1,1)
NACK 0,1

[Table d46-example of ACK/NACK bit mapping of CC; set to MIMO

transmission mode: case where terminal substantially receives two transport blocks]

First transport block state

Second transport block

state

bi(0), bi(1)

CA 2988938 2017-12-13
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ACK ACK 1,1
ACK NACK 1,0
NACK ACK 0,1
NACK NACK 0,0

Table 47 shows an ACK/NACK bit value when the terminal determines that a
PDSCH transmission is absent in a CC set to the MIMO transmission mode.

[Table 47-example of ACK/NACK bit value mapping of CC; set to MIMO
transmission mode: case where terminal determines that downlink PDSCH transmission

is absent by including SPS PDSCH transmission]

bi(0), bi(1)

No PDSCH transmission (DTX) 0,0

What is important in the above scheme, both a case where the terminal
determines that a PDSCH transmission is absent with respect to CC; and a case where
the terminal receives two transport blocks, however, detects NACK with respect to all
of the transport blocks may need to be expressed using the same bit value. In the
above example, (bi(0), bi(1)) = (0, 0). The above bit value mapping corresponds to one
embodiment. Another type of bit mapping may be employed. However, it may be
desirable to express, using the same bit value, both the case where the terminal
determines that the PDSCH assignment is absent with respect o CC; and the case where
the terminal receives two transport blocks, however, detects NACK with respect to all
of the transport blocks.  This is to enable the base station to be aware of a circumstance
that the base station has transmitted a single transport block via a downlink grant so that
the terminal may receive the single transport block, however, the terminal has not
successfully received the downlink grant. The base station may effectively control a
power of a PDCCH using the above information.

However, when resetting of a transmission mode barely occurs, or when
resetting of the transmission mode is constrained, the terminal may employ a scheme of
indicating an ACK/NACK state based on a transmission mode set for each CC at all
times as shown in method 1.

In the above two schemes, when the terminal receives a downlink assignment

with respect to only a single downlink CC and the assignéd CC corresponds to a
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downlink PCC, the terminal may be assigned with an ACK/NACK resource and may
perform transmission using the same scheme as LTE Rel-8/9.
Method 3: method of generating ACK/NACK based on a DCI format for
downlink assignment transmitted for each CC:
5 Method 3 corresponds to a method of indicating ACK/NACK generated by the
terminal depending on whether a DCI format transmitted to the terminal corresponds to
a format for a MIMO transmission or a format for a SIMO transmission. In LTE
Rel-8/9, even though the terminal has a MIMO transmission mode, the base station may
transmit a DCI format for a SIMO transmission by including a fall-back mode. In LTE
10 Rel-8/9, the DCI format for the SIMO transmission for fall-back corresponds to DCI
format 1A. Table 48 shows TS36.213 v9.10, Table 7.1-5.
[Table 48- PDCCH and PDSCH configured by C-RNTTI]
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Transmission DCI format Search Space Transmission scheme of PDSCH
mode corresponding to PDCCH
Mode 1 DCi format 1A Common and Single-antenna port, port 0 {see
UE specific by C-RNTI subclause 7.1.1)
DCl format 1 UE specific by C-RNTI Single-antenna port, port 0 (see
subclause 7.1.1)
Mode 2 DCl format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCl format 1 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 3 DCi fomat 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by CRNTI
DCl format 2A UE specific by C-RNTI Large delay CDD (see subclause 7.1.3)
?rgzm)nsmﬂ diversity (see subclause
Mode 4 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCl format 2 UE epecific by C-RNTI Closed-loop spatial multiplexing (see
subclause 7.1.4)or Transmit diversity
(see subclause 7.1.2)
Mode 5 DCl format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCl format 1D UE specific by CRNTI Multi-user MIMO (see subclause 7.1.9)
Mode & DCl format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCl format 1B UE specific by C-RNTI Closed-loop spatal multiplexing (see
subclause 7.1.4) using a single
transmission layer
Mode 7 DCl format 1A Common and If the number of PBCH antenna porisis
UE specific by C-RNTI one, Single-antenna port, port { is used
(see subclause 7.1.1), otherwise
Transmit diversity (see subclause 7.1.2)
DCl format 1 UE specific by C-RNTI Single-antenna port; port 5 (see
subclause 7.1.1)
Mode 8 DCl format 1A Common and If the number of PBCH antenna poris is
UE specific by C-RNT1 one, Single-antenna port, port 0 is used
(see subclause 7.1.1), otherwise
Transmit diversity (see subcluse 7.1.2)
DClI format 28 UE specific by C-RNTI Dual layer transmission; port 7 and 8
(see subclause 7.1.5A) or single-antenna
pori; port 7 or 8 {see subclause 7.1.1)

In Table 48, mode 3, mode 4, and mode 8 correspond to a MIMO mode capable

of transmitting maximum two transport blocks.

The MIMO mode may be assigned

with a downlink resource through DCI format 1A that is the DCI format for the SIMO
transmission, in addition to the DCI format for the MIMO transmission. Even an
LTE-Advance standard may employ the DCI format for the SIMO transmission for
fall-back, which is similar to LTE Rel-8/9.

In this method, the terminal may determine a number of ACK/NACK bits
depending on whether the received DCI format corresponds to a format for the MIMO
transmission or a format for the SIMO transmission. When the DCI format

successfully received at the terminal corresponds to the DCI format for the MIMO
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transmission, two bits may be used. When the received DCI format corresponds to the
DCI format for the SIMO transmission, a single bit may be used.

In the case of the above method, when the terminal does not successfully
receive the DCI format transmitted from the base station, the terminal may not
determine the number of ACK/NACK bits. For example, when the terminal does not
receive downlink assignment information with respect to a predetermined CC, the
terminal may not determine whether to express ACK/NACK using a single bit or two
bits even though the terminal needs to generate the ACK/NACK indicating
DTX/NACK.

When the terminal transmits ACK/NACK in a subframe where a scheduling
request resource is assigned, the terminal may perform encoding by adding, to a number
of ACK/NACK bits, a single bit indicating whether of a scheduling request.
Specifically, when ACK/NACK includes N bits, the terminal may add a single bit of
scheduling request information and thereby, use a total of (N+1) bits as an input. Next,
after performing RM coding, the terminal may transmit the RM coding result according
to a DFT-S-OFDM based ACK/NACK transmission scheme.

When the terminal receives a downlink assignment with respect to only a single
downlink CC in a predetermined subframe, and the assigned downlink CC corresponds
to a downlink PCC, the terminal may be assigned with an ACK/NACK resource and
transmit ACK/NACK using the same transmission scheme as LTE Rel-8/9. When a
PDSCH assignment using a dynamic PDCCH is absent in a PCC, however, when an
SPS assignment is present in the PCC, the terminal may use a persistent ACK/NACK
resource corresponding to the SPS assignment and may transmit ACK/NACK using the
same resource assignment and transmission format as LTE Rel-8/9.

In the subframe where the scheduling request resource is assigned, in the case
of negative SR, the terminal may transmit ACK/NACK according to Rel-8/9 fallback
scheme of DFT-S-OFDM ACK/NACK as above. In the case of positive SR, the
terminal may transmit corresponding ACK/NACK using the assigned scheduling
request resource. Specifically, the terminal may use the same scheme described in the
single-carrier Rel-8/9 standard which is applied when the terminal ftransmits

ACK/NACK and positive SR in the same subframe.
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According to an aspect, the controller 1030 may determine whether a
scheduling request resource is assigned to the terminal 1000 in a predetermined
subframe. When the scheduling request resource is assigned, the encoder 1040 may
encode a scheduling request.

The encoder 1040 may encode the scheduling request and ACK/NACK with
respect to a data block. The transmitter 1050 may transmit, to the base station 1060,
the encoded scheduling request and ACK/NACK.

According to an aspect, when a transmit power is insufficient due to a relatively
poor channel environment, for example, a cell edge and the like, ACK/NACK bundling
may be applied. A base station may set ACK/NACK bundling in a terminal using
RRC signaling. The terminal set to the ACK/NACK bundling may transmit an
ACK/NACK signal by performing ACK/NACK bundling.

The base station may assign a radio resource for ACK/NACK bundling using
RRC signaling. The base station may assign, as the radio resource for ACK/NACK
bundling, one of radio resources belonging to an uplink PCC.

The base station may also assign a radio resource (o the terminal using an index
of a channel element.

Cross-carrier scheduling may not be sct with respect to the terminal. In this
case, the base station may assign the radio resource using a lowest channel clement
index in control information assigned to a PCC.

Also, when SPS is assigned, the base station may transmit an ACK/NACK
bundling signal using a persistent radio resource corresponding to the SPS assignment.

Cross-carrier scheduling may be set with respect to the terminal. In this case,
the base station may assign the radio resource using the lowest channel element index in
control information assigned to the PCC. Also, the base station may assign the radio
resource using a highest channel element index in control information received using
another CC.

The terminal may transmit, to the base station, a number of downlink CCs of
which a PDSCH is successfully received in a subframe where downlink assignment
information is transmitted. The base station may determine a transmission using
which CC is successfully performed based on the number of downlink CCs of which the

PDSCH is successfully received.
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When two data blocks are assigned within an assigned uplink CC, the terminal
may perform ACK/NACK bundling. When two data blocks are received, ACK/NACK
bundling may obtain ACK/NACK bits with respect to each data block through a logic
operation '"AND".

FIG. 11 is a block diagram illustrating a configuration of a terminal 1100
according to yet another embodiment of the present invention.

The terminal 1100 may include a transmitter 1110.

The transmitter 1110 may transmit, to a base station 1120, a subframe including
a first slot and a second slot. Each of the first slot and the second slot may include a
cyclic shift.

According to an aspect, a first cyclic shift included in the first slot may be
different from a second click shift included in the second slot. In this case,
interference between terminals transmitting control information to a base station may be
randomized.

The transmitter 1110 may change a first cyclic shift for each subframe. When
the first cyclic shift is changed, a second cyclic shift may also be changed to be different
from the first cyclic shift.

According to an aspect, a base station may receive data from a plurality of
terminals. In this case, interference may occur between the data received from the
plurality of terminals. For example, when a first terminal transmits a first slot and a
second slot, and a second terminal transmits a third slot and a fourth slot, the first slot
may interfere with the third slot transmitted in the same time zone. The second slot
may interfere with the fourth slot transmitted in the same time zone.

Based on interference between the first cyclic shift included in the first slot and
the third cyclic shift included in the third slot, the second cyclic shift included in the
second slot and the fourth cyclic shift included in the fourth slot may be determined.

For example, when a DFT sequence is used as a cyclic shift, the orthogonality
may be further maintained as sequence indices is further separate from each other.
Accordingly, when two terminals use neighboring sequences as a cyclic shift in the first
slot, the terminals may determine separate sequences as a cyclic shift in the second slot.

According to the above embodiment, most interfering terminals may be appropriately
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distributed in the first slot and the second slot, whereby an amount of interference may
be normalized.

The base station may transmit a single transport block using a plurality of
downlink CCs. In this case, it is possible to guarantee a relatively excellent data rate
even for a terminal with a relatively poor channel environment, for example, a cell edge
and the like.

According to an aspect, a base station may repeat the same transmission with
respect to a plurality of downlink CCs. That is, the base station may transmit the same
transport block using the exactly same amount of resources and a transmission format,
for example, a Modulation and Coding Scheme (MCS) and the like. This may be
referred to as a 'frequency domain loop transmission of downlink CC level'.

When the terminal combines the received data using a plurality of downlink
CCs, a receive power and a diversity may increase whereby a reception quality may be
enhanced. The terminal may demodulate and decode a transport block generated by
combining the data, and may perform a CRC, and then may transmit a corresponding
result using a single ACK/NACK symbol.

Data transmitted using each CC may form a single codeword. That is, data
transmitted using a single CC may be self-decodable. This is to decrease a complexity
between the terminal and the base station by mapping a single codeword to a single CC
at all times in all the cases of including the aforementioned 'frequency domain loop
transmission of downlink CC level'.

According to another aspect, a different form of a codeword with respect to the
same transport block may be allowable to different CCs. For example, a transmission
scheme used for retransmission in a time domain may be used for a different CC of a
frequency domain. This method is to allow all the transmission formats used for
HARQ retransmission to be available for loop transmission of the CC level.

The above loop transmission of the CC level through the same codeword
transmission may be a special example of the above method.

The terminal may receive a downlink grant in the same form as a downlink
grant using a CIF or a downlink grant not using the CIF. ACK/NACK with respect to
a received transport block is a single symbol and thus, the terminal may transmit the

ACK/NACK using a single uplink CC. In this instance, the terminal may select a
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resource corresponding to a predetermined PDCCH from resources defined in LTE
Rel-8 and thereby, transmit the ACK/NACK using the selected resource.

While specific embodiments have been described and illustrated, such
embodiments should be considered illustrative only and not as limiting, as construed in

5  accordance with the accompanying claims.
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EMBODIMENTS IN WHICH AN EXCLUSIVE PROPERTY OR PRIVILEGE IS
CLAIMED ARE DEFINED AS FOLLOWS:

1. A method of transmitting an ACK/NACK from a User Equipment (UE), comprising:

determining a number of ACK/NACK bits for each of a plurality of Component

Carriers (CCs) based on a transmission mode of each CC;

determining a total number of ACK/NACK bits for the CCs by summing the number
of ACK/NACK bits for each CC;

generating the ACK/NACK based on the total number of ACK/NACK bits; and
transmitting the ACK/NACK to a base station,

wherein the transmission mode comprises a first transmission mode in which a CC is
capable of transmitting a maximum of 2 transport blocks and wherein the transmission
mode comprises a second transmission mode in which the CC is capable of
transmitting a maximum of one transport block, and

wherein the number of ACK/NACK bits for a first CC among the CCs is determined
as 2 when the first CC is configured for the first transmission mode and wherein the
number of ACK/NACK bits for a second CC among the CCs is determined as 1 when

the second CC is configured for the second transmission mode.

2. The method of claim 1, wherein the ACK/NACK uses Physical Uplink Control Channel
(PUCCH) format 1b.

3.  The method of claim 1, wherein the ACK/NACK uses PUCCH format 3.
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4. The method of claim 1, wherein the UE does not generate the ACK/NACK when no

downlink assignment is detected.
5.  The method of claim 1, generating the ACK/NACK further comprising:
encoding the ACK bit as "1" and the NACK bit as "0."

6. The method of claim 1, wherein when only 1 transport block is received for the CC
configured for the first transmission mode, the UE generates NACK for the other transport
block that is not received.

7.  The method of claim 1, wherein when no transport blocks are received for the CC configured
for the first transmission mode, the UE generates 2 NACKSs for the two transport block that
are not received.

8.  User Equipment (UE), comprising:

a determination unit configured to determine a number of ACK/NACK bits of each of
a plurality of Component Carriers (CCs) based on a transmission mode of each CC,
and configured to determine a total number of ACK/NACK bits for the CCs by

summing the number of ACK/NACK bits for each CC;

an ACK/NACK generation unit configured to generate the ACK/NACK based on the
total number of ACK/NACK bits; and

a transmission unit configured to transmit the ACK/NACK to a base station,

wherein the transmission mode comprises a first transmission mode in which a CC is

capable of transmitting a maximum of 2 transport blocks and a second transmission
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10.

11.

12.

13.

14.

15.

mode in which the CC is capable of transmitting a maximum of one transport block,

and

wherein the number of ACK/NACK bits for a first CC among the CCs is determined
as 2 when the first CC is configured for the first transmission mode and the number of
ACK/NACK bits for a second CC among the CCs is determined as 1 when the second

CC is configured for the second transmission mode.

The UE of claim 8, wherein the ACK/NACK uses Physical Uplink Control Channel
(PUCCH) format 1b.

The UE of claim 8, wherein the ACK/NACK uses PUCCH format 3.

The UE of claim 8, wherein the generation unit does not generate the ACK/NACK when no

downlink assignment is detected.

The UE of claim 8, wherein the generation unit is further configured to encode the ACK bit
as "1" and the NACK bit as "0."

The UE of claim 8, wherein when only 1 transport block is received for the CC configured
for the first transmission mode, the UE generates NACK for the other transport block that is
not received.

The UE of claim 8, wherein when no transport blocks are received for the CC configured for
the first transmission mode, the UE generates 2 NACKs for the two transport block that are

not received.

A base station, comprising:
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a data transmission unit configured to transmit Physical Downlink Control Channel

(PDCCH) signals to User Equipment (UE); and

an ACK/NACK reception unit configured to receive an ACK/NACK from the UE,

wherein the UE determines a number of ACK/NACK bits of each of a plurality of
Component Carriers (CCs) based on a transmission mode of each CC, and determines
a total number of ACK/NACK bits for the CCs by summing the number of
ACK/NACK bits for each CC, and generates the ACK/NACK based on the total
number of ACK/NACK bits;

wherein the transmission mode comprises a first transmission mode in which a CC is
capable of transmitting a maximum of 2 transport blocks and a second transmission
mode in which the CC is capable of transmitting a maximum of one transport block;

and
wherein the number of ACK/NACK bits of a first CC among the CCs is determined as
2 when the first CC is configured for the first transmission mode, and the number of

ACK/NACK bits of a second CC among the CCs is determined as 1 when the second

CC is configured for the second transmission mode.
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