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METHOD AND APPARATUS FOR UPLINK TRANSMISSION IN COMMUNICATION
SYSTEM

TECHNICAL FIELD

The present invention relates to techniques for uplink transmission, and more particularly, to techniques for uplink
transmission satisfying reliability requirements in a communication system.

BACKGROUND ART

With the development of information and communication technology, various wireless communication technologies are
being developed. Typical wireless communication technologies include long term evolution (LTE), new radio (NR), etc.
defined in the 3’7 generation partnership project (3GPP) standard. The LTE may be one of fourth generation (4G) wireless
communication technologies, and the NR may be one of fifth generation (5G) wireless communication technologies.

The 5G communication system (e.g., a NR communication system) using a higher frequency band (e.g., a frequency band
of 6 GHz or higher) than a frequency band (e.g., a frequency band lower below 6 GHz) of the 4G communication system
is being considered for processing of soaring wireless data after commercialization of the 4G communication system (e.g.,
communication system supporting the LTE). The 5G communication system may support enhanced Mobile BroadBand
(eMBB), Ultra Reliable Low Latency Communication (URLLC), massive Machine Type Communication (mMTC), and
the like.

Meanwhile, when a first physical uplink shared channel (PUSCH) indicated by first resource allocation information for a
first transport block is determined to be used for another purpose after a first DCI (i.e., downlink control channel) including
the said first resource allocation information is transmitted, a method for stopping transmission of the first transport block
in the said first PUSCH is needed.

DISCLOSURE

Technical Problem

To solve the said problem, the present invention is directed to providing a method and an apparatus for uplink transmission
according to reliability requirements in a communication system.

Technical Solution

An operation method of a terminal, according to a first embodiment of the present invention for achieving the above-
described objective, may comprise receiving from the said base station first SFI information indicating n flexible symbols);
receiving from the said base station an SRS configuration message configuring to transmit an SRS to the said base station;
receiving from the said base station second SFI information re-indicating m symbol(s) among the said n flexible symbol(s)
as uplink symbol(s); and transmitting the said SRS to the said base station through the m symbol(s) re-indicated as UL
symbols among the said n flexible symbol(s) indicated as flexible symbol (s), wherein each of n and m is a natural number.

Here, k symbols among symbols constituting a slot configured based on the said first SFI information and the said second
SFI information may be configured for transmission of the said SRS, the said SRS may be transmitted through the m
symbol(s) re-indicated as the UL symbol(s) among the said k symbols, the said SRS may not be transmitted in the flexible
symbol among the said k symbols, and k maybe an integer equal to or greater than 2.

Here, the said second SFI information may re-indicate remaining symbol(s) excluding the m symbol(s) among the said n
flexible symbol(s) as downlink (DL) symbol(s) or flexible symbol(s).

Here, the said second SFI information may be received in a downlink control information (DCI) format 2_0.

Here, information elements required for receiving the said DCI format 2 0 may be received from the said base station
through a higher layer message, and the information elements may include information on a control resource set
(CORESET) and a search space for the DCI format 2_0.

Here, the said SRS configuration message may include information indicating a first symbol in which the said SRS is
transmitted in a slot, and information indicating a number of symbols in which the said SRS is transmitted in the slot.

An operation method of the said base station, according to a second embodiment of the present invention for achieving the
above-described objective, may comprise transmitting to a terminal first SFI information indicating the said n flexible
symbol (s); transmitting to the terminal an SRS configuration message configuring to transmit an SRS to the said base
station; transmitting to the terminal second SFI information reindicating m symbol(s) among the said n flexible symbol(s)
as uplink symbol(s); and receiving the said SRS from the terminal through the m symbol(s) re-indicated as UL symbols
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among the said n flexible symbol(s) indicated as flexible symbol(s), wherein each of n and m is a natural number.

Here, k symbols among symbols constituting a slot configured based on the said first SFI information and the said second
SFI information may be configured for transmission of the said SRS, the said SRS may be transmitted through the m
symbol(s) re-indicated as the UL symbol(s) among the said k symbols, the said SRS may not be transmitted in the flexible
symbol among the said k symbols, and k may be an integer equal to or greater than 2.

Here, the said second SFI information may re-indicate remaining symbol(s) excluding the m symbol(s) among the said n
flexible symbol(s) as downlink (DL) symbol(s) or flexible symbol(s).

Here, information elements required for receiving the DCI format 20 may be transmitted to the terminal through a higher
layer message, and the information elements may include information on a control resource set (CORESET) and a search
space for the DCI format 2_0.

Here, the said SRS configuration message may include information indicating a first symbol in which the said SRS is
transmitted in a slot, and information indicating a number of symbols in which the said SRS is transmitted in the slot.

An operation method of a terminal, according to a third embodiment of the present invention for achieving the above-
described objective, may comprise receiving from the said base station the said first DCI including first resource allocation
information for a first transport block; receiving from the said base station a second DCI including second resource
allocation information for the first transport block; and transmitting the first transport block to the said base station through
a second PUSCH indicated by the second resource allocation information, wherein resources occupied by a first PUSCH
indicated by the said first resource allocation information are different from resources occupied by the second PUSCH.

Here, when the said first PUSCH is allocated for transmission of uplink control information (UCI), the said first PUSCH
may not be transmitted.

Here, when the said first PUSCH is allocated for transmission of UCI, the UCI may be transmitted through a physical
uplink control channel (PUCCH) instead of the said first PUSCH.

Here, when the said first PUSCH may be allocated for transmission of UCI, the UCI is transmitted through the second
PUSCH instead of the said first PUSCH.

Here, when a first code block for the first transport block is generated based on the said first DCI, the first code block may
be mapped to the second PUSCH indicated by the second DCI instead of the said first PUSCH.

Here, each of a hybrid automatic repeat request (HARQ) process identifier and a new data indicator (NDI) included in the
said first DCI may be equal to each of an HARQ process identifier and an NDI included in the said second DCIL.

Here, when time resources occupied by the said first PUSCH are identical to time resources occupied by the second
PUSCH, the second resource allocation information may include an offset between a starting frequency resource of the
said first PUSCH and a starting frequency resource of the second PUSCH.

Here, when frequency resources occupied by the said first PUSCH are identical to frequency resources occupied by the
second PUSCH, the second resource allocation information may include an offset between a starting time resource of the
said first PUSCH and a starting time resource of the second PUSCH.

Here, the said first PUSCH may be used for another purpose instead of transmission of the first transport block.

Advantageous Effects

According to the present invention, after a first downlink control channel (DCI) including first resource allocation
information for a first transport block is transmitted, if a first physical uplink shared channel (PUSCH) indicated by the
first resource allocation information is determined to be used for another purpose, the base station may transmit to the
terminal a second DCI including second resource allocation information for the first transport block. The resources
occupied by a second PUSCH indicated by the second resource allocation information may be different from the resources
occupied by the first PUSCH. The terminal may receive the first DCI and the second DCI from the base station, and
perform UL transmission based on information included in the last second DCI among the first DCI and the second DCI.
In this case, since the first PUSCH is not used for UL transmission, it may be used for another purpose. Therefore, the
performance of the communication system can be improved.

DESCRIPTION OF DRAWINGS

FIG. 1 is a conceptual diagram illustrating a first embodiment of a communication system.
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FIG. 2 is a block diagram illustrating a first embodiment of a communication node constituting a communication system.
FIG. 3 is a conceptual diagram illustrating a first embodiment of a UL transmission method in a communication system.

FIG. 4 is a conceptual diagram illustrating a second embodiment of a UL transmission method in a communication system.
FIG. 5 is a conceptual diagram illustrating a third embodiment of a UL transmission method in a communication system.
FIG. 6 is a conceptual diagram illustrating a fourth embodiment of a UL transmission method in a communication system.
FIG. 7 is a conceptual diagram illustrating a fifth embodiment of a UL transmission method in a communication system.

FIG. 8 is a conceptual diagram illustrating a sixth embodiment of a UL transmission method in a communication system.
FIG. 9 is a conceptual diagram illustrating a seventh embodiment of a UL transmission method in a communication system.

FIG. 10 is a conceptual diagram illustrating a first embodiment of a search space (e.g., logical search space) of a DL control
channel in a communication system.

FIG. 11 is a conceptual diagram illustrating a second embodiment of a search space (e.g., logical search space) of a DL
control channel in a communication system.

FIG. 12 is a conceptual diagram illustrating a first embodiment of UL reference resources in a communication system.
FIG. 13 is a conceptual diagram illustrating a second embodiment of UL reference resources in a communication system.
FIG. 14 is a conceptual diagram illustrating a third embodiment of UL reference resources in a communication system.

FIG. 15 is a conceptual diagram illustrating an eighth embodiment of a UL transmission method in a communication
system.

FIG. 16 is a conceptual diagram illustrating a first embodiment of a method of mapping UL control information in a
communication system.

FIG. 17 is a conceptual diagram illustrating a second embodiment of a method of mapping UL control information in a
communication system.

FIG. 18 is a conceptual diagram illustrating a third embodiment of a method of mapping UL control information in a
communication system.

FIG. 19 is a conceptual diagram illustrating a fourth embodiment of a method of mapping UL control information in a
communication system.

FIG. 20 is a conceptual diagram illustrating a fifth embodiment of a method of mapping UL control information in a
communication system.

FIG. 21 is a conceptual diagram illustrating a ninth embodiment of a UL transmission method in a communication system.
FIG. 22 is a conceptual diagram illustrating a tenth embodiment of a UL transmission method in a communication system.

FIG. 23 is a conceptual diagram illustrating a first embodiment of a UL data channel #2 according to the UL transmission
method shown in FIG. 22.

FIG. 24 is a conceptual diagram illustrating a second embodiment of a UL data channel #2 according to the UL transmission
method shown in FIG. 22.

FIG. 25 is a conceptual diagram illustrating an eleventh embodiment of a UL transmission method in a communication
system.

FIG. 26 is a conceptual diagram illustrating a twelfth embodiment of a UL transmission method in a communication
system.

FIG. 27 is a sequence chart illustrating a first embodiment of an SRS transmission method in a communication system.



[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]
[0065]

[0066]

WO 2019/194589 PCT/KR2019/003970

4

FIG. 28 is a conceptual diagram illustrating a first embodiment of a method of determining a symbol type in a
communication system.

FIG. 29 is a conceptual diagram illustrating a thirteenth embodiment of a UL transmission method in a communication
system.

FIG. 30 is a conceptual diagram illustrating a sixth embodiment of a method of mapping UL control information in a
communication system.

MODES OF THE INVENTION

While the present invention is susceptible to various modifications and alternative forms, specific embodiments are shown
by way of example in the drawings and described in detail. It should be understood, however, that the description is not
intended to limit the present invention to the specific embodiments, but, on the contrary, the present invention is to cover
all modifications, equivalents, and alternatives that fall within the spirit and scope of the present invention.

Although the terms “first,” “second,” etc. may be used herein in reference to various elements, such elements should not
be construed as limited by these terms. These terms are only used to distinguish one element from another. For example,
a first element could be termed a second element, and a second element could be termed a first element, without departing
from the scope of the present invention. The term “and/or” includes any and all combinations of one or more of the
associated listed items.

It will be understood that when an element is referred to as being “connected” or “coupled” to another element, it can be
directly connected or coupled to the other element or intervening elements may be present. In contrast, when an element
is referred to as being “directly connected” or “directed coupled” to another element, there are no intervening elements.

The terminology used herein for this application is for the purpose of describing particular embodiments only and is not
intended to be limiting of embodiments of the present invention. As used herein, the singular forms “a,” “an,” and “the”
are intended to include the plural forms as well, unless the context clearly indicates otherwise. It will be further understood
that the terms “comprises,” “comprising,” “includes,” and/or “including,” when used herein, specify the presence of stated
features, integers, steps, operations, elements, parts, and/or combinations thereof, but do not preclude the presence or

addition of one or more other features, integers, steps, operations, elements, parts, and/or combinations thereof.

Unless otherwise defined, all terms (including technical and scientific terms) used herein have the same meaning as
commonly understood by those of ordinary skill in the art to which the present invention pertains. It will be further
understood that terms defined in commonly used dictionaries should be interpreted as having a meaning that is consistent
with their meaning in the context of the related art and will not be interpreted in an idealized or overly formal sense unless
expressly so defined herein.

Hereinafter, exemplary embodiments of the present invention will be described in greater detail with reference to the
accompanying drawings. To facilitate overall understanding of the present invention, like numbers refer to like elements
throughout the description of the drawings, and description of the same component will not be reiterated.

A communication system to which embodiments according to the present disclosure will be described. However, the
communication systems to which embodiments according to the present disclosure are applied are not restricted to what
will be described below. That is, the embodiments according to the present disclosure may be applied to various
communication systems. Here, the term ‘communication system’ may be used with the same meaning as the term
‘communication network’.

FIG. 1 is a conceptual diagram illustrating a first embodiment of a communication system.

Referring to FIG. 1, a communication system 100 may comprise a plurality of communication nodes 110-1, 110-2, 110-3,
120-1, 120-2, 130-1, 130-2, 130-3, 130-4, 130-5, and 130-6. The plurality of communication nodes may support 4G
communication (e.g., long term evolution (LTE), LTE-advanced (LTE-A)), 5G communication (e.g., new radio (NR)), or
the like. The 4G communication may be performed in a frequency band below 6 GHz, and the 5G communication may be
performed in a frequency band above 6 GHz as well as the frequency band below 6 GHz.

For example, for the 4G communication and the 5G communication, the plurality of communication nodes may support
code division multiple access (CDMA) technology, wideband CDMA (WCDMA) technology, time division multiple
access (TDMA) technology, frequency division multiple access (FDMA) technology, orthogonal frequency division
multiplexing (OFDM) technology, filtered OFDM technology, cyclic prefix OFDM (CP-OFDM) technology, discrete
Fourier transform-spread-OFDM (DFT- s-OFDM) technology, single carrier FDMA (SC-FDMA) technology, non-
orthogonal multiple access (NOMA) technology, generalized frequency division multiplexing (GFDM) technology, filter
band multi-carrier (FBMC) technology, universal filtered multi-carrier (UFMC) technology, space division multiple access
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(SDMA) technology, or the like.

Also, the communication system 100 may further comprise a core network. When the communication system supports the
4G communication, the core network may include a serving gateway (S-GW), a packet data network (PDN) gateway (P-
GW), a mobility management entity (MME), and the like. When the communication system 100 supports the 5G
communication, the core network may include an access and mobility management function (AMF), a user plane function
(UPF), a session management function (SMF), and the like.

Meanwhile each of the plurality of communication nodes 110-1, 110-2, 110-3, 120-1, 120-2, 130-1, 130-2, 130-3, 130-4,
130-5, and 130-6 constituting the communication system 100 may have the following structure.

FIG. 2 is a block diagram illustrating a first embodiment of a communication node constituting a communication system.

Referring to FIG. 2, a communication node 200 may comprise at least one processor 210, a memory 220, and a transceiver
230 connected to the network for performing communications. Also, the communication node 200 may further comprise
an input interface device 240, an output interface device 250, a storage device 260, and the like. Each component included
in the communication node 200 may communicate with each other as connected through a bus 270.

However, each component included in the communication node 200 may not be connected to the common bus 270 but
may be connected to the processor 210 via an individual interface or a separate bus. For example, the processor 210 may
be connected to at least one of the memory 220, the transceiver 230, the input interface device 240, the output interface
device 250 and the storage device 260 via a dedicated interface.

The processor 210 may execute a program stored in at least one of the memory 220 and the storage device 260. The
processor 210 may refer to a central processing unit (CPU), a graphics processing unit (GPU), or a dedicated processor on
which methods in accordance with embodiments of the present disclosure are performed. Each of the memory 220 and the
storage device 260 may be constituted by at least one of a volatile storage medium and a nonvolatile storage medium. For
example, the memory 220 may comprise at least one of read-only memory (ROM) and random access memory (RAM).

Referring again to FIG. 1, the communication system 100 may comprise a plurality of base stations 110-1, 110-2, 110-3,
120-1, and 120-2, and a plurality of terminals 130-1, 130-2, 130-3, 130-4, 130-5, and 130-6. Each of the first base station
110-1, the second base station 110-2, and the third base station 110-3 may form a macro cell, and each of the fourth base
station 120-1 and the fifth base station 120-2 may form a small cell. The fourth base station 120-1, the third terminal 130-
3, and the fourth terminal 130-4 may belong to cell coverage of the first base station 110-1. Also, the second terminal 130-
2, the fourth terminal 130-4, and the fifth terminal 130-5 may belong to cell coverage of the second base station 110-2.
Also, the fifth base station 120-2, the fourth terminal 130-4, the fifth terminal 130-5, and the sixth terminal 130-6 may
belong to cell coverage of the third base station 110-3. Also, the first terminal 130-1 may belong to cell coverage of the
fourth base station 120-1, and the sixth terminal 130-6 may belong to cell coverage of the fifth base station 120-2.

Here, each of the plurality of base stations 110-1, 110-2, 110-3, 120-1, and 120-2 may refer to a Node-B, a evolved Node-
B (eNB), a base transceiver station (BTS), a radio base station, a radio transceiver, an access point, an access node, or the
like. Also, each of the plurality of terminals 130-1, 130-2, 130-3, 130-4, 130-5, and 130-6 may refer to a user equipment
(UE), a terminal, an access terminal, a mobile terminal, a station, a subscriber station, a mobile station, a portable subscriber
station, a node, a device, or the like.

Meanwhile, each of the plurality of base stations 110-1, 110-2, 110-3, 120-1, and 120-2 may operate in the same frequency
band or in different frequency bands. The plurality of base stations 110-1, 110-2, 110-3, 120-1, and 120-2 may be connected
to each other via an ideal backhaul or a non-ideal backhaul, and exchange information with each other via the ideal or non-
ideal backhaul. Also, each of the plurality of base stations 110-1,110-2,110-3,120-1, and 120-2 may be connected to the
core network through the ideal or non-ideal backhaul. Each of the plurality of base stations 110-1, 110-2, 110-3, 120-1,
and 120-2 may transmit a signal received from the core network to the corresponding terminal 130-1, 130-2, 130-3, 130-
4, 130-5, or 130-6, and transmit a signal received from the corresponding terminal 130-1, 130-2, 130-3, 130-4, 130-5, or
130-6 to the core network.

Also, each of the plurality of base stations 110-1, 110-2, 110-3, 120-1, and 120-2 may support a multi-input multi-output
(MIMO) transmission (e.g., a single-user MIMO (SU-MIMO), a multi-user MIMO (MU-MIMO), a massive MIMO, or
the like), a coordinated multipoint (CoMP) transmission, a carrier aggregation (CA) transmission, a transmission in
unlicensed band, a device-to-device (D2D) communications (or, proximity services (ProSe)), or the like. Here, each of the
plurality of terminals 130-1, 130-2, 130-3, 130-4, 130-5, and 130-6 may perform operations corresponding to the
operations of the plurality of base stations 110-1, 110-2, 110-3, 120-1, and 120-2 (i.e, the operations supported by the
plurality of base stations 110-1, 110-2, 110-3, 120-1, and 120-2). For example, the second base station 110-2 may transmit
a signal to the fourth terminal 130-4 in the SU-MIMO manner, and the fourth terminal 130-4 may receive the signal from
the second base station 110-2 in the SU-MIMO manner. Alternatively, the second base station 110-2 may transmit a signal
to the fourth terminal 130-4 and fifth terminal 130-5 in the MU-MIMO manner, and the fourth terminal 130-4 and fifth
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terminal 130-5 may receive the signal from the second base station 110-2 in the MU-MIMO manner.

The first base station 110-1, the second base station 110-2, and the third base station 110-3 may transmit a signal to the
fourth terminal 130-4 in the CoMP transmission manner, and the fourth terminal 130-4 may receive the signal from the
first base station 110-1, the second base station 110-2, and the third base station 110-3 in the CoMP manner. Also, each of
the plurality of base stations 110-1, 110-2, 110-3, 120-1, and 120-2 may exchange signals with the corresponding terminals
130-1, 130-2, 130-3, 130-4, 130-5, or 130-6 which belongs to its cell coverage in the CA manner. Each of the base stations
110-1, 110-2, and 110-3 may control D2D communications between the fourth terminal 130-4 and the fifth terminal 130-
5, and thus the fourth terminal 130-4 and the fifth terminal 130-5 may perform the D2D communications under control of
the second base station 110-2 and the third base station 110-3.

Next, uplink (UL) transmission methods in the communication system will be described. Even when a method (e.g.,
transmission or reception of a signal) to be performed at a first communication node among communication nodes is
described, a corresponding second communication node may perform a method (e.g., reception or transmission of the
signal) corresponding to the method performed at the first communication node. That is, when an operation of a terminal
is described, a corresponding base station may perform an operation corresponding to the operation of the terminal.
Conversely, when an operation of the base station is described, the corresponding terminal may perform an operation
corresponding to the operation of the base station.

Dynamic Multiplexing of Ultra-Reliable and Low- Latency Communication (URLLC) Physical Uplink Shared Channel
(PUSCH) and Enhanced Mobile BroadBand (eMBB) PUSCH

The URLLC PUSCH may be a PUSCH used for the URLLC service. For example, URLLC data may be transmitted
through the URLLC PUSCH. The URLLC data may be data transmitted according to the requirements of the URLLC
service. The eMBB PUSCH may be a PUSCH used for the eMBB service. For example, eMBB data may be transmitted
through the eMBB PUSCH. The eMBB data may be data transmitted according to the requirements of the eMBB service.

Uplink (UL) Re-Grant

Methods proposed below may be applied to a scenario for transmitting a UL data channel (e.g., PUSCH) based on
information (e.g., downlink control information (DCI) included in a downlink (DL) control channel (e.g., a physical
downlink control channel (PDCCH)).

The terminal may determine the size of a resource block based on the size of resource elements available for the UL data
channel. Here, the transport block may include UL data. The terminal may assign a hybrid automatic repeat request
(HARQ) process identifier to the transport block. The HARQ process identifier may indicate a retransmission transport
block. For example, the retransmission transport block may be indicated by the HARQ process identifier and a new data
indicator (NDI).

The base station may configure the terminal to support transmission of two or more data (e.g., URLLC data and eMBB
data) having different requirements. The requirements may include one or more of an error rate, a transmission rate, and a
latency. The priorities of data (e.g., URLLC data and eMBB data) may be determined based on the requirements. The base
station may transmit a higher layer message (e.g. a radio resource control (RRC) message) including information indicating
the priority of the data to the terminal. The terminal may receive the higher layer message from the base station, and
identify the priority of the data based on the information included in the higher layer message. Alternatively, the priority
of the data may be defined in the technical specification known to the base station and the terminal.

The proposed methods may be applied to DL transmission as well as UL transmission. In the proposed methods, when a
DL control channel including resource allocation information of the same transport block is received more than once, the
terminal may perform UL transmission based on information (e.g., DCI) included in the last DL control channel among
the received DL control channels. The terminal may not process instructions according to the DL control channels other
than the last DL control channel among the received DL control channels.

In the following description, methods for the base station to indicate one transport block will be described. The HARQ
process identifier and the NDI may be used to indicate the same transport block. In this case, the base station may transmit
a DL control channel (e.g., DCI) including the HARQ process identifier and the NDI indicating the same transport block
to the terminal. In a retransmission procedure of a code block group (CBG), the HARQ process identifier, the NDI, CBG
transmit indicator (CBTGI), and CBG flush information (CBGFI) may be used to indicate the same transport block. In this
case, the base station may transmit to the terminal a DL control channel (e.g., DCI) including the HARQ process identifier,
the NDI, the CBGT]I, and the CBGFI indicating the same transport block.

Meanwhile, the terminal may receive a DL control channel #1 including resource allocation information (e.g., resource
allocation information of a transport block) from the base station, and map a transport block indicated by the DL control
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channel #1 to a UL data channel #1. After receiving the DL control channel #1, the terminal may receive a DL control
channel #2 including resource allocation information (e.g., resource allocation information of a transport block) from the
base station. When the transport block indicated by the DL control channel #2 is the same as the transport block indicated
by the DL control channel #1 (e.g., when the HARQ process identifier and the NDI included in the DL control channel #1
are the same as the HARQ process identifier and the NDI included in the DL control channel #2), the terminal may map
the transport block to a UL data channel #2 based on the information (e.g., DCI) included in the DL control channel #2.
That is, the terminal may not process the instruction according to the DL control channel #1. Here, the information included
in the DL control channel #1 may be the same as the information included in the DL control channel #2, and the size (e.g.,
the number of CCEs) of the DL control channel #1 may be the same as the size (e.g., the number of CCEs) of the DL
control channel #2. Alternatively, the size of the DL control channel #1 may be different from the size of the DL control
channel #2.

The above-described methods may be applied to slot-based transmission and non-slot based transmission. The DL control
channel #2 may instruct the transport block to be mapped to other resources than the UL data channel #1. Alternatively,
DL control channel #2 may indicate the UL data channel #2 so that the transport block is transmitted in a slot or symbols
different from those of the UL data channel #1.

The above-described methods may be applied to a scenario in which the terminal transmits and receives multiple layers.
For example, multiple layers may be allocated to the terminal by one DL control channel, and accordingly one or more
transport blocks may be allocated to the terminal. In this case, the terminal may operate according to the indication of the
last DL control channel among the received DL control channels.

FIG. 3 is a conceptual diagram illustrating a first embodiment of a UL transmission method in a communication system.

Referring to FIG. 3, the base station may transmit a DL control channel #1 (e.g., DCI) including resource allocation
information for a transport block to the terminal. The DL control channel #1 may indicate a UL data channel #1. After
transmitting the DL control channel #1, when the UL data channel #1 is determined to be used for another purpose, the
base station may transmit a DL control channel #2 (e.g., DCI) including resource allocation information for the same
transport block indicated by the DL control channel #1 to the terminal. The DL control channel #2 may indicate a UL data
channel #2 instead of the UL data channel #1. In this case, the DL control channel #2 may be used to stop transmission of
the UL data channel #1. The HARQ process identifier and the NDI included in the DL control channel #2 may be the same
as the HARQ process identifier and the NDI included in the DL control channel #1. Alternatively, when CBGs are used,
the HARQ process identifier, the NDI, the CBGTI, and the CBGFI included in the DL control channel #2 may be the same
as the HARQ process identifier, the NDI, the CBGTI, and the CBGFI included in the DL control channel #1. Alternatively,
each of the CBGTI and the CBGFI included in DL control channel #2 may not be the same as each of the CBGTI and the
CBGFTI included in DL control channel #1.

The terminal may receive the DL control channels #1 and #2 including the resource allocation information of the same
transport block from the base station. The DL control channel #1 may indicate the UL data channel #1 to which the
transport block is mapped, and the DL control channel #2 may indicate the UL data channel #2 to which the transport
block is mapped. In this case, frequency resources through which the UL data channel is transmitted may be changed. For
example, an offset between a starting frequency resource (e.g., starting subcarrier or starting resource block) of the UL
data channel #1 and a starting frequency resource (e.g., starting subcarrier or starting resource block) of the UL data channel
#2 may be A. The DL control channel #2 may inform the terminal of the offset (A). The base station may utilize the
corresponding frequency resources (e.g., a bandwidth #1) for another purpose by changing the frequency resources of the
UL data channel. For example, the base station may allocate the corresponding frequency resources to other terminal(s).

The terminal may transmit the UL data channel #2 according to the indication of the last DL control channel #2 among the
DL control channels #1 and #2. That is, the UL data channel #1 allocated by the DL control channel #1 may not be used.
Here, a transmission duration #1 of the UL data channel #1 may be the same as a transmission duration #2 of the UL data
channel #2. Alternatively, the transmission duration #1 of the UL data channel #1 may be different from the transmission
duration #2 of the UL data channel #2. The bandwidth #1 of the UL data channel #1 may be the same as a bandwidth #2
of the UL data channel #2. Alternatively, the bandwidth #1 of the UL data channel #1 may be different from the bandwidth
#2 of the UL data channel #2.

FIG. 4 is a conceptual diagram illustrating a second embodiment of a UL transmission method in a communication system.

Referring to FIG. 4, the base station may transmit a DL control channel #1 (e.g., DCI) including resource allocation
information for a transport block to the terminal. The DL control channel #1 may indicate a UL data channel #1. After
transmitting the DL control channel #1, when the UL data channel #1 is determined to be used for another purpose (e.g.,
the UL data channel #1 is assigned to other terminal(s)), the base station may transmit a DL control channel #2 including
resource allocation information (e.g., DCI) for the same transport block indicated by DL control channel #1 to the terminal.
The DL control channel #2 may indicate a UL data channel #2 instead of the UL data channel #1. In this case, the DL
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control channel #2 may be used to stop transmission of the UL data channel #1. The HARQ process identifier and the NDI
included in the DL control channel #2 may be the same as the HARQ process identifier and the NDI included in the DL
control channel #1. Alternatively, when CBGs are used, the HARQ process identifier, the NDI, the CBGTI, and the CBGFI
included in the DL control channel #2 may be the same as the HARQ process identifier, the NDI, the CBGTI, and the
CBGFI included in the DL control channel #1. Alternatively, each of the CBGTI and the CBGFTI included in DL control
channel #2 may not be the same as each of the CBGTI and the CBGFI included in DL control channel #1.

Meanwhile, the size of the transport block mapped to the UL data channel may vary according to the number of resource
elements allocated by the DL control channel #1. For example, the size of a transport block to which discrete Fourier
transform (DFT) precoded UL data channel is mapped may be determined as a function of the number of resource elements
allocated by a DL control channel and parameters indicated by an RRC message. Therefore, when the base station allocates
different numbers of resource elements through the DL control channel #1 and the DL control channel #2, the size of the
transport block to be included in the UL data channel #1 may be configured to be different from the size of the transport
block to be included in the UL data channel #2.

In order for the terminal to transmit the same transport block to the base station, the sizes of the transport blocks to be
included in the UL data channel #1 and the UL data channel #2 are preferably kept to be the same. In order to inform the
terminal that the size of the transport block to be mapped to the UL data channel #2 is the same as the size of the transport
block to be mapped to the UL data channel #1, the base station may configure an MCS index (e.g., Iucs) included in the
DL control channel #2 within a range of MCS indexes for retransmission instead of a range of MCS indexes for initial
transmission. Here, the range of MCS indexes for initial transmission may be 0, 1, . . ., and 27 when 256 quadrature
amplitude modulation (256QAM) is used and may be 0, 1, . . ., and 28 when 256QAM is not used. Here, the range of
MCS indexes for retransmission may be 28, 29, 30 and 31 when 256QAM is used and may be 29, 30 and 31 when 256QAM
is not used. However, the corresponding transport block (e.g., the transport block indicated by the DL control channel #2)
may be an initial transport block or a retransmission transport block transmitted from the base station to the terminal.

The terminal may receive the DL control channels #1 and #2 including the resource allocation information of the same
transport block from the base station. The DL control channel #1 may indicate the UL data channel #1 to which the
transport block is mapped, and the DL control channel #2 may indicate the UL data channel #2 to which the transport
block is mapped. In this case, time resources through which the UL data channel is transmitted may be changed. For
example, an offset between a starting time resource (e.g., starting symbol or starting slot) of the UL data channel #1 and a
starting time resource (e.g., starting symbol or starting slot) of the UL data channel #2 may be A. The DL control channel
#2 may inform the terminal of the offset (A). The base station may utilize the corresponding time resources for another
purpose by changing the time resources of the UL data channel. For example, the base station may allocate the
corresponding time resources to other terminal(s).

The terminal may transmit the UL data channel #2 according to the indication of the last DL control channel #2 among the
DL control channels #1 and #2. For example, if a decoding operation of the DL control channel #2 is completed before
transmission of the UL data channel #1, the terminal may transmit the UL data channel #2 without transmitting the UL
data channel #1. Also, a time for performing the transmission operation of the UL data channel #1 may be required.
Alternatively, the terminal may receive the DL control channel #2 while transmitting the UL data channel #1. When a part
of the UL data channel #1 is transmitted before completion of a decoding operation of the DL control channel #2, the
terminal may not transmit the remainder of the UL data channel #1. Thereafter, the terminal may transmit the UL data
channel #2 indicated by the DL control channel #2.

When the DL control channel #2 includes resource allocation information of a retransmission transport block, the resources
of the UL data channel #2 may be allocated without restriction. Since the resources of the UL data channel may be
adaptively reallocated by the base station, the embodiments described above may be effectively applied to dynamic
resource allocation schemes (e.g., dynamic time division duplex (TDD) allocation schemes) and the URLLC services. In
addition, both time and frequency resources of the UL data channel #2 may be changed.

In the process of mapping the same transport block to the UL data channel #2 after the transport block is mapped to the
UL data channel #1, the terminal may not be able to reuse a result already performed in the mapping process of the UL
data channel #1. If the size (e.g., the number of CCEs) of the DL control channel #1 is equal to the size of the DL control
channel #2, the DL control channel #2 may include a part of the entire resource allocation information. If the transport
block can be mapped equally to the UL data channels #1 and #2, a time available for UL transmission at the terminal may
be further secured. Therefore, the transmission latency of the transport block can be reduced.

The base station may transmit to the terminal information indicated by a common field (e.g., field indicating common
information) included in the DL control channels used for transmission of resource allocation information of the same
transport block by using a higher layer signaling. Alternatively, the common field included in the DL control channels
used for transmission of the resource allocation information of the same transport block may be defined in the technical
specification known to the base station and the terminal.
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When the DL control channels #1 and #2 include resource allocation information of the same transport block and the DL
control channels #1 and #2 are successfully received, the terminal may decode the DL control channel #1 and the DL
control channel #2 together. For example, a decoding result of the DL control channel #2 may be combined with a decoding
result of the DL control channel #1. On the other hand, when the DL control channels #1 and #2 include resource allocation
information of the same transport block and the DL control channel #1 is not successfully received, the terminal may
decode only the DL control channel #2.

For example, as in the embodiment shown in FIG. 3, only the frequency resources of the UL data channel may be changed
and the remaining resources (e.g., time resources) of the UL data channel may be allocated identically. As in the
embodiment shown in FIG. 4, only the time resources of the UL data channel may be changed and the remaining resources
(e.g., frequency resources) of the UL data channel may be allocated identically.

When the sizes of the transport blocks are the same and the modulation and coding schemes (MCSs) for the transport
blocks are the same, the size of the time resources and the size of the frequency resources occupied by the UL data channel
#2 may be the same as the size of the time resources and the size of the frequency resources occupied by the UL data
channel #1. In this case, the starting time resource (e.g., starting symbol or starting slot) of the UL data channel #2 may be
configured differently from the starting time resource (e.g., starting symbol or starting slot) of the UL data channel #1.
Alternatively, the starting frequency resource (e.g., starting subcarrier or starting resource block) of the UL data channel
#2 may be configured differently from the starting frequency resource (e.g., starting subcarrier or starting RB) of the UL
data channel #1. In this case, the terminal may not re-encode the transport block, perform a scrambling operation (e.g.,
time-domain scrambling operation) on the already-generated code block, and map the scrambled code block to the UL data
channel #2.

In the procedure of generating the DL control channel #2, the base station may assume that the DL control channel #1 has
been successfully received at the terminal, and generate the DL control channel #2 including information changed from
the information included in the DL control channel #1. Accordingly, the size of the information (e.g. codeword) included
in the DL control channel #2 may be reduced, so that the code rate of the DL control channel #2 can be reduced, and the
reception reliability of the DL control channel #2 can be improved. For example, when the DL control channels #1 and #2
include resource allocation information for the same transport block, the base station may transmit the DL control channel
#2 including time resource information (e.g., transmission time point) of the UL data channel #2. In this case, since the
size of the information included in the DL control channel #2 is smaller than that of the DL control channel #1, the format
of the DL control channel #2 may be different from the format of the DL control channel #1.

The above-described methods may be applied not only to transmission of DL control channels including resource allocation
information for the same transport block, but also to transmission of DL control channels including resource allocation
information for different transport blocks.

Transmission of Uplink Control Information (UCI) Through PUSCH

The terminal may transmit a UL data channel in a slot configured for transmission of UL control information (UCI). The
base station may transmit information elements needed for the transmission of the UL control channel through a higher
layer signaling or a DL control channel. In case that a starting symbol of the UL control channel is the same as a starting
symbol of the UL data channel, the terminal may transmit the UL control information using the UL data channel instead
of the UL control channel. In this case, the UL data channel may include both the transport block (e.g., UL data) and the
UL control information.

In the following, methods for transmitting a UL data channel including UL control information will be described. The
terminal may receive a DL control channel #1 including resource allocation information for UL transmission, and map a
transport block and UL control information to a UL data channel #1 based on the information included in the DL control
channel #1. That is, the UL data channel #1 including the transport block and the UL control information may be
transmitted. Here, the transport block mapped to the UL data channel may also refer to a code block generated based on
the transport block, and the UL control information mapped to the UL data channel may refer to the coded UL control
information.

When the DL control channel #1 including resource allocation information for UL transmission is received and a DL
control channel #2 including resource allocation information for UL (re)transmission is received, the terminal may perform
the UL (re)transmission based on the information included in the DL control channel #2 instead of the DL control channel
#1. For example, the terminal may map the transport block (or, transport block and UL control information) to a UL data
channel #2 indicated by the DL control channel #2. That is, the terminal may transmit the UL data channel #2 instead of
the UL data channel #1 indicated by the DL control channel #1.

FIG. 5 is a conceptual diagram illustrating a third embodiment of a UL transmission method in a communication system.
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Referring to FIG. 5, the DL control channel #1 may indicate the UL data channel #1 (e.g., UL data channel #1 for
transmission of UL control information), and the DL control channel #2 may indicate the UL data channel #2 (e.g., UL
data channel #2 for transmission of a transport block). Some time resources among the time resources of the UL data
channel #2 may be the same as the time resources of the UL data channel #1. Also, the starting time resource of the UL
data channel #2 may be the same as the starting time resource of the UL data channel #1.

The terminal may receive the DL control channels #1 and #2 (e.g., DCI #1 and DCI #2) from the base station, and may
perform UL transmission based on the information included in the DL control channel #2 instead of the DL control channel
#1. For example, the terminal may map the transport block and the UL control information to the UL data channel #2
indicated by the DL control channel #2.

Meanwhile, the base station may transmit the DL control channel #1 including resource allocation information (e.g.,
resource allocation information indicating the UL data channel #1) for UL control information, and transmit the DL control
channel #2 including resource allocation information indicating the UL data channel #2 having time resources (e.g., starting
symbol or starting slot) different from those of the UL data channel #1. In this case, the terminal may not be able to map
the UL control information to the UL data channel #2. This is because the transmission time point of the UL data channel
#2 is different from the transmission time point of the UL data channel #1. That is, since the base station expects to receive
the UL control information during the time resources of the UL data channel #1, the base station may not be able to receive
the UL control information when the UL control information is transmitted through the UL data channel #2. Therefore,
the terminal may not transmit both the UL data channel #1 and the UL control information.

In order for the UL control information to be fed back earlier than a time configured by the base station, a processing time
at the terminal should be shortened. On the other hand, if the UL control information is fed back later than the time
configured by the base station, a transmission latency of data may increase. Thus, the UL control information may be
preferably fed back at the time configured by the base station. In the proposed methods, the terminal may generate a UL
control channel, map UL control information to the UL control channel, and transmit the UL control channel including the
UL control information instead of a UL data channel.

FIG. 6 is a conceptual diagram illustrating a fourth embodiment of a UL transmission method in a communication system,
and FIG. 7 is a conceptual diagram illustrating a fifth embodiment of a UL transmission method in a communication
system.

Referring to FIG. 6 and FIG. 7, the time resources of the UL data channel #2 may be different from the time resources of
the UL data channel #1. For example, the starting symbol or starting slot of the UL data channel #2 may be different from
the starting symbol or starting slot of the UL data channel #1. In this case, the terminal may not map the UL control
information to the UL data channel #2. The terminal may map the UL control information to a separate UL control channel
instead of the UL data channel #2 and may transmit the UL control channel. The time resources used for transmission of
the UL control channel may belong to the time resources of the UL data channel #1. For example, the starting symbol or
starting slot of the UL control channel may be the same as the starting symbol or starting slot of UL data channel #1. In
the embodiment shown in FIG. 6, the UL data channel #1 may not be transmitted, and in the embodiment shown in FIG.
7, a part of the UL data channel #1 may be transmitted.

In order to determine the resources (e.g., starting symbol, duration of symbols, starting slot, location of frequency
resources, bandwidth, and sequence information) of the UL control channel, the terminal may use a control channel element
(CCE), an acknowledgment resource indicator (ARI), an ACK/NACK resource indicator, or a PUCCH resource indicator
which is associated with the most-recently received DL control channel. Also, the terminal may determine the resources
of the UL control channel by using information configured by the higher layer signaling as well as the DL control channel.
Alternatively, the terminal may determine the resources of the UL control channel using only the information configured
by the higher layer signaling.

In the proposed methods, the terminal may newly calculate the size of the UL control information (e.g., the number of
resource elements) and map the corresponding UL control information to the UL data channel. When the number of
resource elements of the UL data channel #2 is greater than the number of resource elements of the UL data channel #1,
the size of UL control information mapped to the UL data channel #2 may be larger than the size of UL control information
mapped to the UL data channel #1. Therefore, when the UL control information is transmitted through the UL data channel
#2, the terminal may increase the size of the UL control information within a range where the coding rate configured by
the base station is maintained. For example, when channel state information part 2 (e.g., channel state information (CSI)
part 2) that cannot be mapped to the UL data channel #1 is mapped to the UL data channel #2, if a reference coding rate
Cr configured by the base station is satisfied, the terminal may map the channel state information part 2 to the UL data
channel #2. In the methods described above, since the size of the channel state information part 2 should be assumed
differently depending on the presence or absence of the DL control channel #2, the terminal may not discard the calculated
result after calculating the size of the channel state information part 2.
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On the other hand, when the number of resource elements of the UL data channel #2 is smaller than the number of resource
elements of the UL data channel #1, the size of UL control information mapped to the UL data channel #2 may be smaller
than the size of UL control information mapped to the UL data channel #1. Therefore, when the UL control information is
transmitted through the UL data channel #2, the terminal may decrease the size of the UL control information within a
range where the coding rate configured by the base station is maintained. For example, when a part of channel state
information part 2 (e.g., CSI part 2) that can be mapped to the UL data channel #1 is mapped to the UL data channel #2, if
the reference coding rate C: configured by the base station is not satisfied, the terminal may not map a part of the channel
state information part 2 to the UL data channel #2.

In another proposed method, when it is determined that the UL control information is transmitted through the UL data
channel #2 instead of the UL data channel #1 after the size of the UL control information to be transmitted through the UL
data channel #1 is determined, the terminal may map the UL control information having the already- determined size to
the UL data channel #2 and transmit the UL data channel #2 to which the UL control information is mapped. This scheme
may be usefully applied when the processing time for transmission of the UL data channel #2 is insufficient. That is, the
terminal may omit the operation of newly encoding the UL control information and the mapping operation of the encoded
UL control information. Alternatively, the terminal may omit the operation of remapping the already-encoded UL control
information.

In case that the UL data channel is transmitted in a frequency hopping manner and the UL control information is classified
by type, the terminal may map a part of the UL control information (e.g., first type of UL control information) to a UL
data channel corresponding to a first frequency hop, and may map another part of the UL control information (e.g., second
type of UL control information) to a UL data channel corresponding to a second frequency hop. When the size of the
channel state information part 2 is changed, the terminal may map UL data to the UL data channel in consideration of the
changed size of the channel state information part 2.

The base station and the terminal may calculate the size of the UL control information based on a mathematical equation
defined in the technical specification. The reference coding rate may be different for each type of UL control information.
For example, in the NR communication system, when the UL control information is HARQ ACK, the terminal may
calculate the size of UL control information (e.g., the number of resource elements to which the UL control information is
mapped) using Equation 1 below.

Qack =mirq% -c], [a.m]) [Equation 1]

where A = (0O +1)- 8,

B= ZK Cc= Z M(s). D= Z)N(s)

The size of other UL control information (e.g., CSI part 1, CSI part 2) excluding HARQ ACK may be calculated based on
a scheme similar to Equation 1. Each of M(s) and N(s) may indicate the number of subcarriers in the s-th symbol. When
the number of resource elements of the UL data channel #2 is different from the number of resource elements of the UL
data channel #1, the terminal may re-calculate Q4cx'. Also, when the number of resource elements of the UL data channel
#2 is different from the number of resource elements of the UL data channel #1, the terminal may re-calculate Qcsr1' and
Qcsi2'. Qesr1' may be the number of resource elements to which the CSI part 1 is mapped, and Qcsz.2' may be the number
of resource elements to which the CSI part 2 is mapped. The coding rate matching operation (e.g., rate matching operation)
of the UL data channel may be performed after the resource elements that the UL control information does not occupy are
determined. The coding rate matching operation of the UL control information may be performed using the re-calculated
Quck” Qesr-1', and Qcsr2'.

Alternatively, the terminal may not newly calculate the size of the UL control information (e.g., the number of resource
elements), and map the encoded UL control information generated in the mapping procedure of the UL data channel #1 to
the UL data channel #2. That is, the UL control information may be encoded based on the information indicated by the UL
data channel #1 instead of the information indicated by the UL data channel #2.

For example, C in Equation 1 may be determined based on the UL data channel #1. That is, the coding rate of the HARQ
ACK may be determined based on the UL data channel #1. D used to determine the maximum value of Qcx' may be
determined based on the UL data channel #1 or #2. Further, Qcsi-1i' and Q csi2' may be determined based on the above
scheme.

In case that D is calculated using the resource allocation information of the UL data channel #1, the terminal may not

newly encode the UL control information, and map the encoded UL control information generated in the mapping
procedure of the UL data channel #1 to the UL data channel #2. However, when the resources occupied by the UL data
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channel are changed, D calculated based on the DL control channel #1 may be different from D calculated based on the
DL control channel #2. In this case, the UL control information may be mapped to too many resource elements among the
resource elements for the UL data channel #2. Therefore, when D is calculated using the resource allocation information
of the UL data channel #2, resource elements occupied by the transport block (e.g., UL data) among the resource elements
for the UL data channel #2 may be guaranteed.

When D of changes, the terminal may newly encode the UL control information. The channel state information part 2 (e.g.,
some or all of the channel state information part 2) may not be mapped to the UL data channel #1 but may be mapped to
the UL data channel #2 according to D of Qcsr2'. Alternatively, The channel state information part 2 (e.g., some or all of
the channel state information part 2) may not be mapped to the UL data channel #2 but may be mapped to the UL data
channel #1 according to D of Qcsr2'.

The terminal may map the transport block to the UL data channel #2 based on the information included in the UL control
channel #2. The base station may allocate resources of sufficient size (e.g., the number of resource elements) for the UL
data channel #2. Therefore, when the transport block and the UL control information are mapped to the UL data channel
#2, an appropriate coding rate may be used.

The above-described schemes may be applied to the case where only UL control information is mapped to the DL control
channel #1. The amount of UL control information may be determined based on a mathematical equation defined in the
technical specifications. The number of resource elements for the UL data channel #2 may be equal to the number of
resource elements for the UL data channel #1. Alternatively, the number of resource elements for the UL data channel #2
may be different from the number of resource elements for the UL data channel #1.

Processing Time

In order to apply the methods described above, a processing time for UL transmission at the terminal may be required. The
processing time may include a time for decoding the DL control channel, a time for encoding the transport block, and the
like. In case that the base station allocates a time that is too short to the terminal, the terminal may not be able to perform
all the procedures according to its processing capability. The following methods may be applied to a UL transmission
procedures with the methods described above. Alternatively, only the following methods may be applied to the UL
transmission procedure.

The (re)allocation procedure of the transport block may not be performed earlier than a time known to the base station and
the terminal. The time shared by the base station and the terminal may be determined based on the processing capability
of the terminal exchanged in an initial access procedure of the terminal.

Alternatively, the (re)allocation procedure of the transport block may be performed earlier than the time shared by the base
station and the terminal. The base station may perform an initial access procedure with the terminal, and may identify the
processing capability of the terminal in the initial access procedure. For example, the minimum time required for processing
operations based on the DL control channel may be determined based on the processing capability of the terminal. The
required minimum time may be expressed differently and determined for each subcarrier spacing. Also, the minimum
required time may be configured in units of symbols or slots.

When the base station transmits two or more DL control channels including resource allocation information of the same
transport block, the terminal that has received two or more DL control channels may not perform all the processing
operations since the two or more DL control channels include the resource allocation information of the same transport
block. That is, some operations (e.g., coding rate matching operation) may not be performed by the terminal. Therefore,
the minimum time required for processing operations based on the DL control channel for reallocation of the same transport
block may be configured to be different from the minimum time required for processing operations based on the DL control
channel for allocation of the transport block.

When the DL control channel #1 indicates multiplexing of the UL control information and the transport block (e.g., UL
data), the terminal may receive a new DL control channel #2. In this case, the terminal may map the UL control information
and the transport block to different physical channels (e.g., UL control channel and UL data channel). Alternatively, the
terminal may transmit a UL data channel including only the transport block without transmitting the UL control
information. Since the time required for each of the processing operations is different, the time required for each processing
operation needs to be distinguished.

The time required for the processing of the UL control information may be distinguished from the time required for the
processing of the transport block. When the terminal secures the time required for processing the UL control information,
the terminal may map the UL control information to the UL control channel. Alternatively, the terminal may multiplex the
UL control information and the transport block on the UL data channel.
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The procedure for mapping the UL control information to the UL control channel may be different from the procedure for
mapping the UL control information to the UL data channel. Here, the required time may be a long time among the
processing time of the UL control information in the mapping procedure of the UL control channel and the processing time
of the UL control information in the mapping procedure of the UL data channel. However, it may be assumed that the
processing time of the UL control information in the mapping procedure of the UL control channel is the same as the
processing time of the UL control information in the mapping procedure of the UL data channel.

The processing time of the UL control information in the mapping procedure of the UL control channel may be different
from the processing time of the UL control information in the mapping procedure of the UL data channel. This is because
the terminal may multiplex the UL control information and the transport block in the UL data channel #2 indicated by the
DL control channel #1 or the terminal may map the transport block to a new UL control channel after the multiplexing
operation of the UL control information is started in the UL data channel #1 indicated by the DL control channel #1. When
the UL control information is transmitted through the UL data channel, the terminal may reuse the encoded UL control
information and the rate- matched UL control information. On the other hand, when the UL control information is
transmitted through the UL control channel, the terminal may newly perform a coding operation and a coding rate matching
operation (e.g., rate matching operation) for the UL control information.

PUSCH Bundling

The UL data channel may be repeatedly transmitted. The base station may transmit information indicating the number of
repeated transmissions of UL data using one or more of a higher layer message, a DL control channel, and a MAC control
element (CE). The terminal may identify the number of repeated transmissions of the UL data by receiving at least one of
the higher layer message, the DL control channel, and the MAC CE. The base station may transmit a DL control channel
including resource allocation information of the UL data channel. The terminal may receive the DL control channel from
the base station, and may repeatedly transmit the UL data channel based on the information included in the DL control
channel. Here, the UL data channel may be transmitted using the same resources (e.g., resource blocks, starting symbol,
number of symbols, transmit power, HARQ process identifier).

The terminal may receive a DL control channel #1 including resource allocation information of a transport block (e.g., UL
data) from the base station, and may receive a DL control channel #2 from the base station after receiving the DL control
channel #1. The DL control channels #1 and #2 may include resource allocation information of the same transport block.
The proposed methods may be applied to not only a communication procedure using the DL control channels #1 and #2
including resource allocation information of the same transport block but also a communication procedure using DL control
channels #1 and #2 including resource allocation information of different transport blocks.

After the transmission of the UL data channel #1 is completed, the terminal may complete a decoding operation for the
DL control channel #2. Alternatively, the terminal may complete the decoding operation for the DL control channel #2
during the transmission of the UL data channel #1. When the DL control channel #2 is received, the terminal may perform
the decoding operation for the DL control channel #2 for a time according to its processing capability.

When the base station allocates the UL data channels #1 and #2, the number of repeated transmissions may be a sum of
the number of repeated transmissions of the UL data channel #1 and the number of repeated transmissions of the UL data
channel #2. Alternatively, the number of repeated transmissions may be increased when the UL data channels #1 and #2
are all transmitted. The terminal may transmit the UL data channels #1 and #2 by the number of repeated transmissions
configured by the base station.

If the transmission of the UL data channel #1 is not completed even after the decoding of the DL control channel #2 is
completed, the terminal may not transmit the UL data channel #1. In this case, the terminal may not consider the UL data
channel #1 as transmitted. The base station may estimate a completion time of the decoding operation for the DL control
channel #2 at the terminal, and may determine which UL data channel (e.g., UL data channel #1 or #2) is transmitted. The
base station may perform a monitoring operation of the UL data channel #1 and a monitoring operation of the UL data
channel #2 in one or more slots. It may not be easy to predict the UL data channel transmitted from the terminal since the
transmission timing (e.g., timing advance (TA)) as well as the processing time of the terminal should be considered.

CBG

‘When one transport block is divided into two or more CBGs, the base station may transmit to the terminal a higher layer
message including information instructing to transmit an HARQ response for two or more CBGs instead of one transport
block. The base station may transmit a DL control channel #1 including resource allocation information of a UL data
channel #1, and the terminal receiving the DL control channel #1 may transmit the UL data channel #1 based on the
information included in the DL control channel #1.

Since all the transport blocks are reallocated in a transport block reallocation procedure, the size of resources occupied by

17



[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

[0158]

[0159]

WO 2019/194589 PCT/KR2019/003970

14

a UL data channel #2 to which all the transport blocks are mapped may be large. However, when the terminal is allowed
to transmit only some CBGs, the size of the resources occupied by the UL data channel #2 may decrease. When one
transport block is divided into K CBGs, the terminal may transmit some CBGs among the K CBGs through the UL data
channel #1, and transmit the remaining CBGs among the K CBGs through the UL data channel #2. K may be an integer
equal to or greater than 2. Here, the terminal may assume that a CBG for which is not directed to be transmitted or a CBG
which is not reallocated does not exist.

FIG. 8 is a conceptual diagram illustrating a sixth embodiment of a UL transmission method in a communication system.

Referring to FIG. 8, one transport block may be divided into 3 CBGs. A reference signal is not shown for convenience of
explanation. The base station may transmit a DL control channel #1 including resource allocation information for a
transport block (e.g., CBGs #1 to #3 constituting the transport block), and may transmit a DL control channel #2 including
resource allocation information for the CBGs #2 to #3 among the CBGs #1 to #3.

When the transport block is initially transmitted in a UL data channel #1 indicated by the DL control channel #1, the DL
control channel #1 may include resource allocation information for all the CBGs constituting the transport block. On the
other hand, when the transport block is retransmitted in the UL data channel #1 indicated by the DL control channel #1,
the DL control channel #1 may include resource allocation information of all the CBGs constituting the transport block or
resource allocation information of some CBGs.

The terminal may receive the DL control channels #1 and #2, may transmit the UL data channel #1 based on the information
included in the DL control channel #1, and may transmit a UL data channel #2 based on the information included in the
DL control channel #2. In the transmission procedure of the UL data channel #1, the terminal may transmit the CBG #1
that is not indicated by the DL control channel #2 among all the CBGs #1 to #3 constituting the transport block.

The DL control channel #1 may include information indicating that one transport block is divided into 3 CBGs (i.e., the
CBGs #1 to #3) and/or information instructing to map the 3 CBGs to the UL data channel #1. The DL control channel #2
may include information instructing to map the CBGs #2 to #3 to the UL data channel #2. Since information for
transmission of the CBG #1 is not included in the DL control channel #2, the terminal may transmit the CBG #1 based on
the information included in DL control channel #1. In this case, the CBG #1 may be transmitted through UL data channel
#1. Since the information for transmission of the CBGs #2 to #3 is included in the DL control channel #2, the terminal
may transmit the CBGs #2 to #3 based on the information included in the DL control channel #2 instead of the DL control
channel #1. In this case, the CBGs #2 to #3 may be transmitted through the UL data channel #2. Here, the time and
frequency resources of the UL data channel #1 may be different from the time and frequency resources of the UL data
channel #2.

In case that transmission of only some CBGs is allowed, the terminal may transmit all the symbols to which the some
CBGs are mapped. In the UL data channel #1, the CBGs #1 to #2 may be mapped to the same symbols. In this case, the
terminal may map a part of the CBG #2, null values or values (e.g., a specific sequence) preconfigured between the base
station and the terminal to resources for the CBG #2 mapped to the same symbols as the symbols to which the CBG #1 is
mapped. In this case, data may be mapped to all subcarriers in the symbols to which the CBG #1 is mapped. When the
CBGs #1 to #2 are configured to be mapped to the same symbol and only the CBG #1 is transmitted in the corresponding
symbol, there may occur a problem that a power control is different for each symbol. In this case, it may be difficult to
generate the UL data channel #1 having a waveform of a proper quality.

The base station may transmit to the terminal the DL control channel #2 including information instructing not to transmit
the CBG mapped after a specific symbol in the UL data channel #1. The base station may transmit the DL control channel
#1 including information instructing to map the CBGs #1 and #3 to the UL data channel #1 and information instructing to
map the CBG #2 to the UL data channel #2. The terminal may receive the DL control channels #1 and #2, and may perform
UL transmission based on the information included in DL control channels #1 and #2. In this case, a transmission power
may be 0 in some symbols belonging to a transmission duration #1 in which the UL data channel #1 is transmitted, and
the transmission power may be larger than 0 in the remaining symbols except the some symbols in the transmission duration
#1. Therefore, it may be difficult to generate the UL data channel #1 having a waveform of a proper quality.

In order to solve this problem, the base station may configure a specific time in the UL data channel #1, and a transmission
region (e.g., transmission symbols) and a nontransmission region (e.g., non-transmission symbols) may be distinguished
based on the specific time. The base station may transmit the DL control channel #2 including information instructing to
map the CBG to the transmission region in the UL data channel #1. The terminal may receive the DL control channel #2
from the base station, and may operate based on the information included in the DL control channel #2. For example, the
terminal may map the CBG to the transmission region in the UL data channel #1 and may not map the CBG to the non-
transmission region in the UL data channel #1.

Also, the terminal may transmit a reference signal in the transmission region in the UL data channel #1 and not transmit
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reference signals in the non-transmission region in the UL data channel #1. For example, the base station may transmit a
higher layer message to the terminal, the higher layer message including configuration information of a reference signal
(e.g., front-loaded demodulation-reference signal (DM-RS) to be transmitted in the first symbol of the UL data channel #1
and a reference signal (e.g., additional DM-RS) to be transmitted in the n-th symbol of the UL data channel #1). Here, n
may be an integer of 2 or more. The terminal may obtain the configuration information of the reference signals (e.g., front-
loaded DM-RS and additional DM-RS) to be transmitted in the UL data channel #1 by receiving the higher layer message
from the base station. Accordingly, the terminal may transmit the DM-RS in the first symbol of the UL data channel #1.
However, when the n-th symbol belongs to the non-transmission region of the UL data channel #1, the terminal may not
transmit the DM-RS in the n-th symbol of the UL data channel #1.

The base station may transmit a higher layer message including configuration information of a frequency hopping for the
UL data channel to the terminal. The terminal may obtain the configuration information of the frequency hopping for the
UL data channel by receiving the higher layer message from the base station. One CBG may be included in UL data
channels corresponding to two frequency hops. For example, all CBGs may be included in a UL data channel (e.g., UL
data channel #1) corresponding to the first frequency hop. Here, when the DL control channel #2 is generated as including
information indicating transmission of a CBG to be mapped to the non-transmission region in the UL data channel #1
through the UL data channel #2, it may be preferable that all the CBGs are reallocated. This method may be the same as
the reallocation method in units of transport blocks.

For example, UL control information may be mapped to the UL data channel #1. When the UL data channel #1 is
transmitted without frequency hopping, all UL control information may be mapped to front symbols in the UL data channel
#1. In this case, the transport block or the CBG may be mapped to the remaining symbols (e.g., symbols located in a rear
region of the UL data channel #1) other than the symbols to which the UL control information is mapped among the
symbols constituting the UL data channel #1. The UL control information and the transport block (or CBG) may be mapped
to the UL data channel #1 according to the same rule, irrespective of whether the additional reference signal (e.g., additional
DM-RS) is mapped in the UL data channel #1. When the DL control channel #2 is received as including resource allocation
information of the entire transport block or all the CBGs, the terminal may transmit the UL control information by using
the UL control channel instead of UL data channel #1.

Alternatively, the terminal may map the reference signal and the UL control information to the UL data channel #1 (e.g.,
symbols constituting the UL data channel #1), and transmit the reference signal and the UL control information mapped
to the symbols. In this case, among the subcarriers constituting the UL data channel #1, there may be remaining subcarriers
that are not used for transmission of the reference signal and the UL control information. The terminal may map arbitrary
values, a transport block, a CBG, or information preconfigured (e.g., a specific sequence) between the terminal and the
base station to the remaining subcarriers.

UL Preemption Indication (PI) or Dynamic Resource Reservation
FIG. 9 is a conceptual diagram illustrating a seventh embodiment of a UL transmission method in a communication system.

Referring to FIG. 9, the terminal may transmit data having two or more requirements (e.g., latency and error rate) using
UL data channels. For example, data #1 may be eMBB data, and data #2 may be URLLC data, ft may happen that a
terminal #1 or a terminal #2 has to transmit the data #2 through a UL data channel #2 while the terminal #1 is transmitting
a UL data channel #1 including the data #1. Some or all of the UL data channel #1 may overlap with the UL data channel
#2.

In this case, in order to minimize interference of the UL data channel #2, the base station may control the UL data channel
#1 not to be transmitted. For example, the base station may transmit to the terminal #1 a UL control channel #3 including
information instructing the terminal not to transmit the UL data channel #1. The terminal #1 may receive the DL control
channel #3, and may not transmit the UL data channel #1 based on the information included in the DL control channel #3.
Alternatively, when a part of UL data channel #1 is transmitted before completion of a decoding operation for the DL
control channel #3, the terminal #1 may not transmit the remaining part of the UL data channel #1.

During transmission of DL data channel(s), the base station may transmit the DL control channel #3 including a bitmap
indicating unused time and frequency resources among time and frequency resources constituting the UL data channel #1.
Each bit included in the bitmap may correspond to a UL reference resource. The terminal #1 may receive the DL control
channel #3, and may not transmit the UL data channel #1 in resources indicated by the bitmap included in the DL control
channel #3.

In order to inform the terminals transmitting the UL data channel #1 of the bitmap, the base station may transmit the DL
control channel #3 to the terminals by using identification information common to the terminals (e.g., slot format indicator
(SFI)—radio network temporary identifier (SFLRNTI), interruption RNTI (INT-RNTI), or a commonly-applied RNTI)
instead of identification information for a specific terminal (e.g., cell-radio RNTI (C-RNTI)). For example, a CRC value
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of downlink control information (DCI) included in the DL control channel #3 may be scrambled by an SFLRNTI, an INT-
RNTI, or a common RNTIL. In this case, the base station may inform the terminals of a format of some slots using a special
format of the DL control channel (e.g., group common PDCCH).

Application of a Conventional UL Carrier or a Supplementary UL (SUL) Carrier

The DL control channel may include not only resource allocation information of the UL data channel but also information
indicating a carrier (e.g., conventional UL carrier or SUL carrier) through which the UL data channel is transmitted. For
example, a bitmap indicating UL reference resources belonging to the conventional UL carrier (e.g., a bitmap indicating
resources through which the UL data channel is not transmitted) may be transmitted through the DL control channel #1,
and a bitmap indicating UL reference resources belonging to the SUL carrier may be transmitted through the DL control
channel #2. The carrier through which the DL control channel #1 is transmitted may be different from the carrier through
which the DL control channel #2 is transmitted. In this case, the terminal may receive the DL control channel (e.g., DL
control channels #1 and #2) for each carrier, and may determine whether to transmit the UL data channel based on the
bitmap included in the DL control channel.

Alternatively, the DL control channel may include a bitmap #1 indicating UL reference resources belonging to the
conventional UL carrier and a bitmap #2 indicating UL reference resources belonging to the SUL carrier. In this case, the
terminal may identify the bitmaps #1 and #2 by receiving one DL control channel, and may determine whether to transmit
the UL data channel based on the bitmaps #1 and #2.

The bitmap #1 for the conventional UL carrier and the bitmap #2 for the SUL carrier may be included in one DL control
channel #3. Which carrier (e.g., the conventional UL carrier or the SUL carrier) the bitmap included in the DL control
channel #3 corresponds to may be indicated by a higher layer signaling. For example, the terminal may know to which
carrier the bitmap should be applied at a specific location of the DL control channel #3. Therefore, the base station may
transmit the same DL control channel to several terminal(s), and each terminal may decode the bitmap at a specific location
in the received DL control channel.

N UL PI by SFI

Each of symbols constituting a slot may be a DL symbol, a UL symbol, or a flexible symbol (or, unknown symbol). The
base station may transmit an SFI indicating a slot format using a higher layer message, a DL control channel, or a MAC
CE. For example, the base station may transmit system information or a higher layer message including the SFIL
Alternatively, the base station may transmit a DCI including the SFI through a DL control channel. The UE terminal may
obtain the SFI by receiving the higher layer message, the DL control channel, or the MAC CE. For example, the terminal
may receive the DL control channel in resources (e.g., time and frequency resources) configured by the higher layer
signaling of the base station, and may identify the SFI included in the DL control channel.

Referring again to FIG. 9, the base station may transmit the DL control channel #3 including information indicating flexible
symbols or DL symbols among the symbols constituting the UL data channel #1 allocated by the DL control channel #1.
For example, among the symbols constituting the UL data channel #1, the symbol configured as a UL symbol by the higher
layer signaling or the DL control channel #1 may be overridden by the DL control channel #3 to be a flexible symbol or a
DL symbol. The terminal may receive the DL control channel #3 from the base station, and identify the flexible symbol or
the DL symbol among the symbols constituting the UL data channel #1 based on the information included in the DL control
channel #3.

In this case, the terminal may not transmit the UL data channel # 1. Alternatively, in the UL data channel # 1, the flexible
symbol or the DL symbol may not be used for UL transmission. For example, when a CBG is mapped to the UL data
channel #1, the terminal may use the remaining symbols excluding the symbols configured as the flexible symbol or the
DL symbol by the DL control channel #3 among the symbols constituting the UL data channel #1 to perform UL
transmission. Alternatively, when a transport block is mapped to the UL data channel #1, the terminal may not transmit
the UL data channel #1.

Since the DL control channel #3 indicates symbols not used for UL transmission within the UL data channel #1, the
terminal may not transmit the UL data channel #1 in the entire bandwidth. When some resource blocks in the UL data
channel #1 are used for UL transmission and the transmission of the UL data channel #1 is does not interfere with
transmission of the UL data channel #2, many resources may be occupied by the method described above.

In one example, information about the SFI and information about an UL PI may be concatenated in one DCI. The base
station may indicate information (e.g., an index or a bitmap) indicating a location of the SFI and a location of the UL PI
within one DCI to the terminal through a higher layer signaling. The base station may transmit the corresponding DCI in
one DL control channel, and the terminal(s) receiving the DCI may obtain the necessary information (e.g., SFI and/or UL
PI) at a specific location in the DCI. The identification information (e.g., RNTI) for decoding the DCI may be an SFLRNTI,
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an INT-RNTI, or another RNTI, and the base station may use a higher layer signaling to transmit the identification
information for decoding the DCI to one or more terminals.

N UL PI by DL PI

Resources constituting a slot may be divided into a plurality of DL reference resources, and time and frequency resources
(e.g., DL reference resources) for one or more slots may be indicated by a plurality of bits. A bitmap (e.g., DL PI) comprised
of a plurality of bits may be transmitted through a DCI in a specific format. The terminal may receive the DCI through a
DL control channel and may not receive a DL control channel or a DL data channel in the DL reference resources indicated
by the bitmap included in the DCI. One bit included in the bitmap may indicate whether to receive a DL control channel
or a DL data channel in a specific time and frequency resource (e.g., a specific DL reference resource).

UL reference resources may be defined similarly to the DL reference resources. The base station may generate a DCI
including a bitmap (e.g., UL PI) indicating whether to transmit a UL control channel or a UL data channel in time and
frequency resources (e.g., UL reference resources), and transmit the DCI through a DL control channel. Here, the bitmap
may indicate UL reference resources for one or more slots. The terminal may receive the DCI through the DL control
channel and may not transmit a UL control channel or a UL data channel in the UL reference resources indicated by the
bitmap included in the DCL

In the proposed method, the DL PI and the UL PI may be included in the same DL control channel (e.g., the same DCI).
When the DL PI has bitmaps indicating DL reference resources for 2 slots, a bitmap #1 may indicate DL reference resources
for one DL slot, and a bitmap #2 may indicate UL reference resources for one UL slot. In this case, the UL reference
resource may be a conventional UL carrier or a SUL carrier. The base station may transmit to the terminal a higher layer
message including information indicating whether the UL reference resource is a conventional UL carrier or a SUL carrier.
The terminal may receive the higher layer message from the base station, and may determine whether the UL reference
resource is a conventional UL carrier or a SUL carrier based on the information included in the higher layer message.
Alternatively, the bitmap(s) for DL reference resources and the bitmap(s) for UL reference resources may be concatenated
in one DCI. The base station may transmit to the terminal a higher layer message including information indicating location
of the bitmap(s) for DL reference resources and location of the bitmap(s) for UL reference resources in the DCI. The
terminal may receive the higher layer message from the base station, and may determine the location of the bitmap(s) for
DL reference resources and the location of the bitmap(s) for UL reference resources in the DCI. For example, the terminal
may identify at which position in the DCI the bitmap for DL reference resources corresponds to the DL carrier, and may
identify at which position in the DCI the bitmap for UL reference resources corresponds to the UL carrier (e.g.,
conventional UL carrier or SUL carrier).

In another proposed method, a DL control channel in which the DL PI is included may be different from a UL control
channel in which the UL PI is included. The DL PI may be configured according to the conventional method. The UL PI
for the SUL carrier may be generated independently of the UL PI for the conventional UL carrier. In this case, the base
station may transmit to the terminal a higher layer message including information necessary for reception of the UL PI for
the SUL carrier. The terminal may receive the higher layer message from the base station, and receive the UL PI for the
SUL carrier based on the information included in the higher layer message. For example, the terminal may detect the UL
PI in a specific search space for the DL control channel. That is, the terminal that knows search spaces may perform blind
detection (e.g., blind decoding) based on CCEs.

In the proposed method, identification information for the UL PI may not be separately configured, and the conventional
identification information (e.g., INT-RNTI) may be used as the identification information for the UL PL When a higher
layer message including information instructing to detect the UL Pl is received from the base station, the terminal may use
the identification information configured by the base station to perform a detection operation in the specific search space
for the DL control channel in order to obtain the UL PI. When a higher layer message including information instructing to
detect the DL PI and the UL PI is received from the base station, the terminal may perform a detection operation by using
one identification information in the specific search space for the DL control channel to obtain the DL PI and the UL PIL.
Here, the DL PI and the UL PI may be included in the same DCI (e.g., DCI having the same format). In this case, the
terminal may obtain the DL PI and UL PI using one identification information.

In another proposed method, the identification information for the UL PI may be different from the identification
information for the DL PL The terminal may perform blind detection to obtain the DCI including the UL PI in the search
space for the DL control channel, and may perform blind detection to obtain the DCI including the DL PI in the search
space for the DL control channel. A format of the DCI including the UL PI may be different from a format of the DCI
including the DL PL Information indicating the size of the UL PI may be transmitted from the base station to the terminal
through a higher layer message. The base station may configure candidate(s) of CCE aggregation levels for the DL control
channel so that the terminal can decode the DCI. In this case, the number of search spaces may increase. To reduce the
reception complexity of the terminal, a method may be needed that does not increase the number and size of search spaces.
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In the proposed method, the number of search spaces for the UL PI may be configured to be equal to or less than the
preconfigured number of search spaces (e.g., the maximum number of search spaces). For example, the number of search
spaces for the UL PI may be one or two. Alternatively, the base station may transmit to the terminal a higher layer message
including information indicating the number of search spaces for the UL PL Alternatively, the terminal may estimate the
number of search spaces for the UL PI using parameters configured by a higher layer signaling. The locations of the search
spaces for the UL PI may be determined by the CCE aggregation level. The terminal may identify the search spaces for
the UL PI based on the methods described above, and obtain the UL PI by performing detection operations in the identified
search spaces.

In the proposed method, the search space for the UL PI (e.g., control resource set (CORESET) to which the search space
belongs) may be the same as the search space for the DL PI (e.g., CORESET to which the search space belongs). In this
case, the number of search spaces in which the terminal performs the detection operation may be reduced.

FIG. 10 is a conceptual diagram illustrating a first embodiment of a search space (e.g., logical search space) of a DL control
channel in a communication system, and FIG. 11 is a conceptual diagram illustrating a second embodiment of a search
space (e.g., logical search space) of a DL control channel in a communication system.

Referring to FIG. 10, when a higher layer message including configuration information for detecting the UL PI is received
and a higher layer message including configuration information for detecting the DL PI is not received, the terminal may
perform a detection operation for detecting the UL PL For example, the terminal may perform the detection operation in
the PDCCH candidates #1 and #2 included in the search space. That is, a detection operation for obtaining the DL PI may
not be performed.

Referring to FIG. 11, a higher layer message including configuration information for detecting the UL PI and the DL PI
may be received, and the search space of the UL PI and the search space of the DL PI may belong to the same CORESET.
The terminal may obtain the DL PI by performing the detection operation on the PDCCH candidates #1 and #2, and may
perform the detection operation on the PDCCH candidate other than the PDCCH candidate from which the DL PI is
obtained among the PDCCH candidates #1 and #2. In this case, a separate search space for the UL PI (e.g. CORESET to
which the search space belongs) may not be configured. Since the UL PI is transmitted through the PDDCH candidate in
which the DL PI is not transmitted, the number of times of performing the blind detection may be reduced.

Bitmap

The UL PI may be configured as a bitmap. Each bit included in the bitmap may indicate a UL reference resource (e.g.,
time and frequency domain). The UL reference resource may belong to an active bandwidth part (BWP) of the terminal,
and may be composed of B resource blocks and T symbols. B and T may be configured by the base station. Each of B and
T may be an integer equal to or greater than 1. The DL PI may indicate a DL reference resource according to two schemes
(e.g., schemes #1 and #2). The base station may transmit to the terminal a higher layer message including information
indicating one of the two schemes. The terminal may receive the higher layer message from the base station, and interpret
the DL PI according to the scheme indicated by the higher layer message.

When the higher layer message indicates the scheme #1, the resource blocks constituting the active BWP may be divided
into 2 sets, DL symbols belonging to a transmission duration according to a transmission periodicity of the DL PI may be
divided into 7 sets, and each set (e.g., 14 sets) may be a DL reference resource. When the higher layer message indicates
the scheme #2, the resource blocks constituting the active BWP may belong to one set, DL symbols belonging to a
transmission duration according to a transmission periodicity of the DL PI may be divided into 14 sets, and each set (e.g.,
14 sets) may be a DL reference resource. One bit included in the bitmap may indicate whether or not data is to be
transmitted in the DL reference resource corresponding to the corresponding bit.

The method described above may be suitable for a scenario in which specific DL data is transmitted through resources
consisting of a relatively large bandwidth and a relatively small number of symbols. Also, the above-described method
may be applied to a scenario in which interference occurs between transmissions of different DL data scheduled by the
base station, or a scenario in which a resource allocated for transmission of DL data #1 is reallocated for transmission of
DL data #2.

In a proposed method, the UL reference resource may be indicated to the terminal in the same manner as the DL reference
resource. Unlike the DL reference resource that represents past resources in the bitmap, the UL reference resource may
represent future resources in the bitmap, and the terminal may indicate whether data is to be transmitted or not in the future
symbol(s) and frequency resources corresponding to the respective bits in the bitmap.

Further, in a proposed method, the UL reference resource indicated by the UL PI may be composed of a small number of

symbols (e.g., short time) and a wide bandwidth. The reason for using such the UL reference resource is that when the
terminal transmitting URLLC UL data is located at a place adjacent to the base station, the terminal is able to transmit the
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URLLC UL data through resources constituted by the short time and the wide bandwidth using a sufficient power.
Therefore, the bitmap indicating the UL reference resource to the terminal may have a characteristic similar to the DL PL
That is, for the configuration of the UL reference resource, the active BWP configured for the terminal may be divided
into one or two, and the corresponding slot may be divided into one or two symbol units.

Since the UL PI includes a fixed-size bitmap, a product of the number dividing the frequency domain (e.g., active BWP)
and the number dividing the time domain (e.g., slots belonging to a period of the UL PI) may be constant. Also, the bitmap
included in the UL PI may be applied to one or more slots, and the base station may inform the terminal of the number of
slots to which the bitmap included in the UL PI is applied by using a higher layer signaling. The number of slots to which
the bitmap is applied may be the same as a monitoring periodicity of the UL PIL.

On the other hand, since a resource allocation scheme for UL data may be different from a resource allocation scheme for
DL data, the method described above may not be applied to a transmission scenario of UL data. The UL data may be
transmitted according to a UL transmission power of the terminal, and a reception quality of the UL data in the base station
may be determined according to a UL transmission power. Therefore, for UL transmission satisfying the requirements of
low latency and high quality, the base station may allocate resources for the UL data. The terminal may transmit the UL
data through a UL data channel, which is composed of a narrow bandwidth and an appropriate number of symbols. Based
on this feature, the UL reference resource indicated by the UL PI may be designed.

In a proposed method, the frequency domain of the UL reference resource may be finely divided, and the time domain of
the UL reference resource may be roughly divided. In order to represent the time resource of the UL reference resource,
the base station may transmit to the terminal a higher layer message including information indicating a detection periodicity
(e.g., a transmission periodicity) of the UL PI. For example, the detection periodicity of the UL PI may be one, two, or
four slots. The UL symbols belonging to the duration according to the detection periodicity of the UL PI may be divided
into A sets. A may be an integer equal to or greater than 1. In order to represent frequency resources of the UL reference
resource, an active BWP (e.g., active UL BWP) may be divided into B sets. B may be 7 or 14. B may be greater than A.
The UL PI may be a bitmap consisting of AxB bits. Each bit included in the bitmap may indicate whether UL data is
transmitted in the UL reference resource corresponding to the bit.

In a proposed method, AxB may be limited to a specific value(s). The base station may transmit a higher layer message
including the specific value(s) to the terminal, and the terminal may identify the specific value(s) by receiving the higher
layer message from the base station. Alternatively, the specific value(s) may be defined in a technical specification known
to the base station and the terminal. For example, AXB may be set to 14. According to this scheme, the size of the UL PI
may be configured to be equal to the size of the DL PI. Therefore, the size of the DL control channel searched for the UL
PI may be the same as the size of the DL control channel searched for the DL PI. In this case, the reception complexity of
the DL control channel in the terminal can be reduced.

FIG. 12 is a conceptual diagram illustrating a first embodiment of UL reference resources in a communication system, and
FIG. 13 is a conceptual diagram illustrating a second embodiment of UL reference resources in a communication system.

Referring to FIG. 12, the UL PI may indicate UL reference resources that are configured in resources consisting of one
slot and an active BWP. Symbols (e.g., 14 symbols) included in one slot may be divided into 2 sets. That is, A may be 2.
In this case, one UL reference resource may include 7 symbols. The active BWP may be divided into 7 sets. That is, B
may be 7. Therefore, the size of the UL PI may be 14 bits.

Referring to FIG. 13, the UL PI may indicate UL reference resources that are configured in resources consisting of 2 slots
and an active BWP. Symbols (e.g., 28 symbols) included in 2 slots may be divided into 2 sets. That is, A may be 2. In this
case, one UL reference resource may include 14 symbols. The active BWP may be divided into 7 sets. That is, B may be
7. Therefore, the size of the UL PI may be 14 bits. AxB in the embodiment of FIG. 13 may be kept the same as AxB in
the embodiment of FIG. 12. Each of A and B may be adjusted according to the transmission periodicity of the UL PI.

The reception quality of the DL PI may be different from the reception quality of the UL PL When the DL PI is not received
at the terminal, the base station may perform a retransmission operation for the terminal, and accordingly the terminal may
decode necessary data. The terminal that has not received the UL PI may transmit an unnecessary UL data channel (e.g.,
a UL data channel indicated by the UL PI). In this case, the unnecessary UL data channel may cause interference to a UL
data channel transmitted by another terminal, so that the base station may not successfully receive the UL data channel. In
order to solve such the problem, the aggregation level of the DL control channel including the UL PI may be configured
to be different from the aggregation level of the DL control channel including the DL PI.

In a proposed method, the UL PI may be configured to indicate UL reference resources configured in one slot. In this case,
the size of the UL PI may be C bits. The terminal may assume that transmission states of the UL reference resources
indicated by the UL PI are the same not only in the current slot but also in the slot(s) after the current slot. In order to
improve the reception quality, the base station may transmit to the terminal a higher layer message including information
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instructing repeated transmissions of the UL data channel.

The terminal may receive the higher layer message from the base station, and determine that the repeated transmissions of
the UL data channel are requested based on the information included in the higher layer message. In this case, the terminal
receiving the UL PI may determine that the UL PI is applied to the slots belonging to the duration according to the
transmission periodicity of the UL PI. The size of the UL PI can be reduced since one UL PI can indicate the transmission
of the UL data channel in a plurality of slots. However, since the base station should uniformly schedule UL transmissions
in the plurality of slots to which the UL PI is applied, the scheduling flexibility for the UL transmission may be reduced.

FIG. 14 is a conceptual diagram illustrating a third embodiment of UL reference resources in a communication system.

Referring to FIG. 14, the UL PI may indicate UL reference resources that are configured in resources consisting of 2 slots
and an active BWP. Symbols (e.g., 28 symbols) included in 2 slots may be divided into 4 sets. That is, A may be 4. In this
case, one UL reference resource may include 7 symbols. The active BWP may be divided into 7 sets. That is, B may be 7.
Therefore, the size of the UL PI may be 28 bits. The size (i.¢., 28 bits) of the UL PI in the embodiment of FIG. 14 may be
twice the size (i.e., 14 bits) of the UL PI in the embodiment of FIG. 12 or FIG. 13. When one UL PI is applied to 2
consecutive slots, the size of the UL PI may be maintained to be 14 bits.

mURLLC PUCCH Power Control Method

v Power Control Method Considering a Payload

Each of the base station and the terminal may determine a transmission power of a UL control channel based on a
predetermined rule. The base station may transmit a higher layer message, a DL control channel, or a MAC CE to the
terminal, including parameters required to determine the transmission power of the UL control channel. The terminal may
identify the parameters required for determining the transmission power of the UL control channel by receiving the higher
layer message, the DL control channel, or the MAC CE from the base station. The terminal may derive a part of parameters
required for determining the transmission power of the UL control channel based on a signal received from the base station
(e.g., synchronization signal/physical broadcast channel (SS/PBCH) block, reference signal (CSLRS), phase tracking RS
(PT-RS), DM-RS, etc.).

Proposed power control methods may be applied to a UL data channel and the transmission power may be adjusted
according to the size of a transport block included in the UL data channel. When the UL data channel does not include UL
control information, only a function according to the size of the transport block (e.g., UL data) may be used to determine
the transmission power. On the other hand, when the UL data channel includes both the UL control information and the
transport block, a function according to the size of the UL control information may be used as well as the function according
to the size of the transport block to determine the transmission power.

For example, when the UL data channel includes the transport block, the transmission power P.(i) applied to a resource
element corresponding to a carrier #c of a slot #i may be determined based on Equation 2 below.

P(iyP o 40, PLAT (1110 log o2 M (D) [(Equation 2]

Here, I'c(i) may be defined with a function of bits Ozs(i) which the transport block has and the size Ngx(i) of resource
elements mapped to the resource block in the UL data channel. For example, Te(i) may be 10 -bgio(2"27*¥—1). BPRE (i)
may be defined as Ozs(1)/Nrz(1).

Alternatively, a rule of a transmission power for transmitting both the transport block and the UL control information may
be expressed by Equation 3 below. In Equation 3, the transmission power applied to the UL data channel in the carrier #c
of the slot #i may be defined as P.(i).

Pc(i):P070+0LC-PLC+1"C(1')+AC(1')+1 0-log; o(2"-M_(i))+f..

@ [Equation 3]

Here, A«(i) may be with a function of bits Ovci(i) which the UL control information has and the size Lrz(i) of resource
elements mapped to the resource block in the UL data channel. For example, A.(i) may be 10-logio(2*-#PRE()—1), BPRE(i)
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may be defined as Over(i)/Lze(i).

Alternatively, the base station may not inform the terminal of the transmission power depending on the size of the UL data.
For example, the base station may transmit a higher layer message including a constant applied to A«(i) to the terminal,
and the terminal may identify the constant applied to A.(i) by receiving the higher layer message from the base station.
Through the configuration of the constant applied to Ac(i), the size of the UL control information may be configured to be
balanced with the size of UL data. In this case, the transmission power applied to the UL data channel may be indicated
through a separate configuration variable (e.g., dc) as shown in Equation 4 or 5 below.

dc may be set to one of a plurality of values including 0 and 1. The base station may transmit a higher layer message

including the value set for Sc to the terminal. The terminal may identify the value set for &. by receiving the higher layer
message from the base station.

PC(i):PQc+ac-PLC+FC(i)+6C-AC(i)+10-log10(2”-Mc(z'))+

S [Equation 4]
Pc(i):Po7c+ac-PLC+6C-FC(1')+AC(1')+10-log10(2”-Mc(z'))+
D) [Equation 5]

The terminal may report a power headroom PH to the base station. For example, the terminal may periodically report PH
to the base station. Alternatively, when a message requesting to report PH is received from the base station, the terminal
may report PH to the base station. Alternatively, the terminal may transmit PH to the base station together with the data.
The UE terminal may derive PH considering the size of the transport block, and transmit to the base station PH to which a
separate type is applied according to a higher layer signaling of the base station.

URLLC UCI Transmission Through On-Going PUCCH
PUCCH Format 3/4 for Additional UCI (e.g, URLLC UCI Having a Size of 1 or 2 Bits)

For transmission of DL data (e.g., eMBB data and URLLC data) having different latency requirements, even after UL
control information is coded, the terminal may further transmit other UL control information (e.g., URLLC UCI) using a
UL control channel to which the coded UL control information (e.g., eMBB UCI) is mapped.

FIG. 15 is a conceptual diagram illustrating an eighth embodiment of a UL transmission method in a communication
system.

Referring to FIG. 15, the base station may transmit a DL control channel #1 including resource allocation information of
a DL data channel #1 to the terminal, and an HARQ response (e.g., HARQ-ACK) for the DL data channel #1 may be
transmitted from the terminal to the base station through a UL control channel #1 (e.g., UL control channel #1 indicated
by DL control channel #1). Also, the base station may transmit a DL control channel #2 including resource allocation
information of a DL data channel #2 to the terminal, and an HARQ response for the DL data channel #2 may be transmitted
from the terminal to the base station through a UL control channel #2 (e.g., UL control channel #2 indicated by DL control
channel #2).

Here, an interval (e.g., transmission latency) between a reception time point of the DL data channel #1 and a transmission
time point of the UL control channel #1 may be larger than an interval between a reception time point of the DL data
channel #2 and a transmission time point of the UL control channel #2.

The terminal may obtain the resource allocation information for the UL control channel #2 from the DL control channel
#2 received later among the DL control channels #1 and #2. The terminal may transmit the UL control channel #2 including
UL control information (e.g., HARQ response) for the DL data channel #1 and UL control information (e.g., HARQ
response) for the DL data channel #2. However, the above method may be difficult to apply when the interval between the
reception time point of the DL data channel #2 and the transmission time point of the UL control channel #2 is very small.
This is because the terminal performs the following operations in order to transmit the UL control channel #2, thereby
increasing the processing time in the terminal.

Operation for demodulating and decoding the DL data channel #2
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Operation for generating HARQ response for the DL data channel #2

Operation for coding the HARQ response for the DL data channel #2 together with the HARQ response for the DL data
channel #1

Operation for mapping the coded HARQ response to the UL control channel #2

In a proposed method, the HARQ response for the DL data channel #2 may be transmitted through the UL control channel
#2, and the UL control channel #1 to which the HARQ response for the DL data channel #1 is mapped may not be
transmitted. The base station may instruct the terminal to perform a separate signaling to receive the HARQ response for
the DL data channel #1.

In another proposed method, the HARQ response for the DL data channel #2 and the HARQ response for the DL data
channel #1 may be transmitted through the UL control channel #1 instead of the UL control channel #2. In this case, the
HARQ response for the DL data channel #2 may be transmitted quickly. For example, in the NR communications system,
a format of the UL control channel #1 (e.g., PUCCH format) may be one of 1 to 4, and the UL control channel #1 may
include the HARQ response for the DL data channel #2.

In order to transmit the HARQ response for the DL data channel #2 through the UL control channel #1, an operation
considering UL control information #2 (e.g., HARQ response for the DL data channel #2) in the coding and mapping
procedure of UL control information #1 (e.g., HARQ response for the DL data channel #1) may be required. When the
maximum size of the UL control information #2 is limited to a specific value, the terminal may estimate the number of
symbols to which the encoded UL control information #2 is mapped. In this case, the terminal may identify a modulation
rate and/or a coding rate of the UL control information #2 based on a variable configured by a higher layer signaling of
the base station or a variable defined in a technical specification known to the terminal.

The base station may transmit a higher layer message including information indicating a modulation rate and/or a coding
rate of the UL control information #1 to the terminal. The terminal may identify the modulation rate and/or the coding rate
of the UL control information #1 by receiving the higher layer message from the base station. For example, the modulation
rate and/or the coding rate of the UL control information #2 may be configured regardless of the modulation rate and/or
the coding rate of the UL control information #1. Alternatively, the modulation rate and/or the coding rate of the UL control
information #2 may be configured to a value relative to the modulation rate and/or the coding rate of the UL control
information #1.

In a proposed method, the terminal may substitute a part of the UL Control information #1 (e.g., HARQ response and/or
channel state information part 1) with the UL control information #2. For example, the terminal may map the UL control
information #2 to the UL control channel #1 based on a puncturing scheme.

When the UL control information #1 includes the HARQ response, the terminal may map the coded HARQ response for
the DL data channel #1 to the UL control channel #1 regardless of the presence of the UL control information #2. When
the UL control information #1 includes the channel state information part, the terminal may separately encode the channel
state information part 1 (e.g., CSI part 1) and channel state information part 2 (e.g., CSI part 2). When the UL control
information #1 includes the HARQ response and the channel state information part, the terminal may encode the HARQ
response and the channel state information part 1 together, and independently encode the channel state information part 2.

In a proposed method, a part of the UL control information #1 may not be transmitted. A part of the UL control information
#1 that is not transmitted may be control information with relatively low importance. For example, when the UL control
information #1 includes the HARQ response, the channel state information part 1, and the channel state information part
2, some or all of the channel state information part 2 may not be transmitted.

In a proposed method, the terminal may transmit UL control information #1 including the HARQ response, the channel
state information part 1, and the channel state information part 2. In this case, the terminal may not map the UL control
information #2 to resource elements to which the HARQ response and the channel state information part are mapped
among resource elements constituting the UL control channel #1.

In order to know the size of the channel state information part 2 belonging to the UL control information #1, the base
station may decode the channel state information part 1 belonging to the UL control information #1. The position of the
resource elements (e.g., starting resource element) to which the channel state information part 2 is first mapped may not
be fixed.

In order for the base station to obtain the UL control information #2 from the UL control channel #1, it may be preferable

that the base station knows the position of the UL control information #1 and the position of the UL control information
#2 in the UL control channel #1. In this case, the reception complexity of the UL control channel #1 may be reduced at the
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base station.

In a proposed method, the terminal may determine the position (e.g., mapping position) of the UL control information #2
regardless of presence or absence of the channel state information part 2 in the UL control information #1. The terminal
may change the position of the resource elements to which the UL control information #1 is first mapped in the UL control
channel #1, and may map the encoded UL control information #1 to the changed resource elements.

The UL control information #2 may be coded to be mapped to a specific number of resource elements. The terminal may
map the encoded UL control information #2 to preconfigured resource elements (e.g., remappable resource elements)
among the resource elements constituting the UL control channel #1. Since the base station and the terminal know the
preconfigured resource elements (e.g., remappable resource elements), the encoded UL control information #2 may be
mapped to resource elements configured between the base station and the terminal.

FIG. 16 is a conceptual diagram illustrating a first embodiment of a method of mapping UL control information in a
communication system.

Referring to FIG. 16, the terminal may map UL control information to remaining resource elements (e.g., 14 resource
elements) excluding resource elements to which reference signals are mapped among resource elements constituting a UL
control channel (e.g., UL control channel #1 shown in FIG. 15). The UL control information may be mapped according to
the index order of the resource elements. For example, the resource element to which the UL control information is first
mapped may be a resource element #0. That is, the resource element #0 may be a starting resource element to which the
UL control information is mapped.

When the number of remappable resource elements is 5, the terminal may change the starting resource element to which
the UL control information #1 is mapped from the resource element #0 to a resource element #5, and the UL control
information #1 may be mapped to from the resource element #5. After the mapping of the UL control information #1 to
the resource elements #5 to #13 is completed, the remaining UL control information #1 may be mapped to from the resource
element #0.

When UL control information #2 to be mapped to the UL control channel #1 exists, the terminal may map the UL control
information #2 from the resource element #0. In this case, the UL control information #2 may be mapped to the UL control
channel #1 instead of the UL control information #1. Here, the UL control information #2 may be continuously mapped to
the remappable resource elements. Alternatively, the UL control information #2 may be mapped to the remappable resource
elements according to a preconfigured interval.

PUCCH Format 3

When PUCCH format 3 is used, the terminal may map the UL control information #1 and #2 to the UL control channel #1
as follows. Here, the UL control information #1 may be the UL control information #1 described with reference to FIG.
15, the UL control information #2 may be the UL control information #2 described with reference to FIG. 15, and the UL
control channel #1 may be the UL control channel #1 shown in FIG. 15.

FIG. 17 is a conceptual diagram illustrating a second embodiment of a method of mapping UL control information in a
communication system.

Referring to FIG. 17, a mapping scheme of the UL control information #1 including an HARQ response may be different
from a mapping scheme of the UL control information #1 including an HARQ response and channel information. The
embodiment shown in FIG. 17 may be applied not only to a scenario supporting frequency hopping but also a scenario not
supporting frequency hopping.

Since the channel information is periodically transmitted or transmitted at the request of the base station, the terminal may
know a slot to which the channel information is mapped. The embodiment shown in FIG. 17 may be applied to a slot used
for transmission of channel information. On the other hand, the embodiment shown in FIG. 17 may not be applied to a slot
not used for transmission of channel information. Alternatively, the embodiment shown in FIG. 17 may be applied not
only to a slot used for transmission of channel information but also to a slot not used for transmission of channel
information.

When the UL control information #1 and #2 are transmitted through the UL control channel #1, the terminal may first map
the UL control information #1 to the UL control channel #1. If the number of remappable resource elements (e.g., resource
elements #0 to #7) in the UL control channel #1 is 8, the terminal may map the UL control information #1 from the resource
element #8 of the first symbol. That is, the starting resource element of the UL control information #1 may be the resource
element #8 of the first symbol. When the UL control information #1 includes the HARQ response and the channel state
information part (e.g., the CSI parts 1 and 2), the terminal may encode the CSI part 1 together with the HARQ response,
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and may map the encoded HARQ response and CSI part 1 from the resource element #8 of the first symbol. After the
mapping of the encoded HARQ response and CSI part 1 is completed, the terminal may map the encoded CSI part 2 to the
remaining resource elements. In this case, the encoded CSI part 2 may also be mapped to the remappable resource elements
(e.g., resource elements #0 to #7).

When the mapping of the UL control information #1 is completed, the terminal may map the UL control information #2
(e.g., HARQ response) to the UL control channel #1. The starting resource element of the UL control information #2 may
be the resource element #0 of the first symbol. Therefore, the terminal may map the UL control information #2 to the
resource elements #0, #3, and #6 of the first symbol. In this case, the UL control information #2 may be mapped to the
resource elements #0, #3, and #6 of the first symbol instead of the UL control information #1 (e.g., CSI part 2).

PUCCH Format 4

When PUCCH format 4 is used, the terminal may map the UL control information #1 and #2 to the UL control channel #1
as follows. Here, the UL control information #1 may be the UL control information #1 described with reference to FIG.
15, the UL control information #2 may be the UL control information #2 described with reference to FIG. 15, and the UL
control channel #1 may be the UL control channel #1 shown in FIG. 15.

FIG. 18 is a conceptual diagram illustrating a third embodiment of a method of mapping UL control information in a
communication system.

Referring to FIG. 18, the resource elements (e.g., remappable resource elements) to which the UL control information #2
is mapped may be located in the rear region of the UL control channel. The embodiment shown in FIG. 18 may be applied
not only to a scenario in which a frequency hopping scheme is used but also to a scenario in which a frequency hopping
scheme is not used. When the UL control channel #1 is transmitted based on the frequency hopping scheme, the terminal
may map the UL control information #2 to the last symbol in the UL control channel #1 corresponding to the first frequency
hop. Some of the resource elements to which the UL control information #1 is mapped may be used for transmission of
the UL control information #2. According to the proposed method, the reception of the UL control information #2 at the
base station may be delayed. However, the terminal may map the UL control information #1 to the UL control channel #1
regardless of the size of the UL control information #2, and the mapping order of the UL control information #1 may not
be changed.

For example, the terminal may first map the UL control information #1 to the UL control channel #1. Since there are
remappable resource elements in the last symbol in the UL control channel #1, the terminal may map the UL control
information #1 from the first symbol in the UL control channel #1 without changing the mapping order of the UL control
information #1. That is, the starting resource element of the UL control information #1 may be the resource element #0 of
the first symbol. When the UL control information #1 includes the HARQ response and the channel state information part
(e.g., the CSI parts 1 and 2), the terminal may encode the CSI part 1 together with the HARQ response, and may map the
encoded HARQ response and CSI part 1 from the resource element #0 of the first symbol. After the mapping of the encoded
HARQ response and CSI part 1 is completed, the terminal may map the encoded CSI part 2 to the remaining resource
elements. In this case, the encoded CSI part 2 may also be mapped to the remappable resource elements.

When the mapping of the UL control information #1 is completed, the terminal may map the UL control information #2
(e.g., HARQ response) to the remapping resource elements located in the last symbol in UL control channel #1. In this
case, the UL control information #2 instead of some (e.g., CSI part 2) of the UL control information #1 may be remapped
to the remappable resource elements.

Meanwhile, the terminal may map the UL control information to the UL control channel based on a spreading code scheme.
When PUCCH format 3 or 4 is used, the remappable resource elements may be configured in units of an application unit
of spreading code. Before applying the spreading code, the terminal may replace the coded UL control information #1 with
the coded UL control information #2, and may map the coded UL control information #1 and #2 to the UL control channel
#1 by using a spreading code. Alternatively, the terminal may map the coded UL control information #1 to the UL control
channel #1 using a spreading code, and then map the coded UL control information #2 to the UL control channel #1 using
a spreading code. In this case, the UL control information #2 may be remapped to some of the remappable resource
elements instead of the UL control information #1.

The embodiments shown in FIGS. 19 and 20 below may show a method of mapping UL control information based on a
spreading code scheme. The embodiments shown in FIGS. 19 and 20 may be applied not only to a scenario in which
frequency hopping is applied but also to a scenario in which frequency hopping is not applied. In the embodiments shown
in FIGS. 19 and 20, PUCCH format 4 may be used. Here, the UL control information #1 may be the UL control information
#1 described with reference to FIG. 15, the UL control information #2 may be the UL control information #2 described
with reference to FIG. 15, and the UL control channel #1 may be the UL control channel #1 shown in FIG. 15.
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FIG. 19 is a conceptual diagram illustrating a fourth embodiment of a method of mapping UL control information in a
communication system.

Referring to FIG. 19, remappable resource elements may be located in the first symbol of UL control channel #1. 2
remappable resource elements may be located consecutively in the frequency axis. The terminal may perform an encoding
operation on the CSI part 1 and the HARQ response constituting the UL control information #1, and may map the coded
HARQ response and CSI part 1 to remaining resource elements excluding the remappable resource elements among
resource elements located in the first symbol of the UL control channel #1. The coded HARQ response and CSI part 1 may
be mapped to the UL control channel #1 based on the spreading code scheme.

Also, the terminal may perform a coding operation on the CSI part 2 constituting the UL control information #1, and after
the mapping of the coded HARQ response and CSI part 1 is completed, the terminal may map the coded CSI part 2 to the
UL control channel #1. The coded CSI part 2 may be mapped to the UL control channel #1 based on the spreading code
scheme and may also be mapped to the remappable resource elements.

After the mapping operation of the UL control information #1 is completed, the terminal may map the coded UL control
information #2 to the remappable resource elements in the UL control channel #1. The coded UL control information #2
may be mapped to the UL control channel #1 based on the spreading code scheme. In this case, the UL control information
#2 may be remapped to some of the remappable resource elements instead of the UL control information #1.

The mapping scheme of the UL control information #1 including the HARQ response may be different from the mapping
scheme of the UL control information #1 including the HARQ response and the channel information. Since the channel
information is periodically transmitted or transmitted at the request of the base station, the terminal may know a slot to
which the channel information is mapped. The embodiment shown in FIG. 19 may be applied to a slot used for transmission
of channel information. On the other hand, the embodiment shown in FIG. 19 may not be applied to a slot not used for
transmission of channel information. Alternatively, the embodiment shown in FIG. 19 may be applied not only to a slot
used for transmission of channel information but also to a slot not used for transmission of channel information.

FIG. 20 is a conceptual diagram illustrating a fifth embodiment of a method of mapping UL control information in a
communication system.

Referring to FIG. 20, remappable resource elements may be located in the last symbol of UL control channel #1. 2
remappable resource elements may be located consecutively in the frequency axis. The terminal may perform a coding
operation on the CSI part 1 and the HARQ response constituting the UL control information #1, and may map the coded
HARQ response and CSI part 1 from the first symbol of the UL control channel #1. The coded HARQ response and CSI
part 1 may be mapped to the UL control channel #1 based on the spreading code scheme. The starting resource element of
the coded HARQ response and CSI part 1 may be the resource element #0 in the first symbol in UL control channel #1.
The mapping order of the coded HARQ response and CSI part 1 may not be changed.

Also, the terminal may perform a coding operation on the CSI part 2 constituting the UL control information #1, and after
the mapping of the coded HARQ response and CSI part 1 is completed, the terminal may map the coded CSI part 2 to the
UL control channel #1. The coded CSI part 2 may be mapped to the UL control channel #1 based on the spreading code
scheme and may also be mapped to the remappable resource elements.

After the mapping operation of the UL control information #1 is completed, the terminal may map the coded UL control
information #2 to the remappable resource elements in the UL control channel #1. The coded UL control information #2
may be mapped to the UL control channel #1 based on the spreading code scheme. In this case, the UL control information
#2 may be remapped to some of the remappable resource elements instead of the UL control information #1.

m UL Grant after DL Resource Allocation

The base station may transmit a UL grant after transmitting resource allocation information for a DL data channel. In this
case, an HARQ response for the DL data channel may be transmitted through a UL data channel indicated by the UL grant.
For example, UL transmission may be performed according to the embodiment shown in FIG. 21 below.

FIG. 21 is a conceptual diagram illustrating a ninth embodiment of a UL transmission method in a communication system.

Referring to FIG. 21, the base station may sequentially transmit a DL control channel #1 and a DL control channel #2 to
one terminal. The DL control channel #1 may include resource allocation information for a DL data channel #1, and the
DL control channel #2 may include resource allocation information for a UL data channel #2. An HARQ response for the
DL data channel #1 may be transmitted through the UL control channel #1, and the starting time resource (e.g., starting
slot or starting symbol) of the UL control channel #1 may be the same as the starting time resource (e.g., starting slot or
starting symbol) of the UL data channel #2. In this case, the terminal may transmit the HARQ response for the DL data
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channel #1 through the UL data channel #2 through the UL control channel #1. Therefore, a transport block (e.g., UL data)
and the HARQ response may be mapped to the UL data channel #2.

The DL control channel #1 may include an indicator indicating the size of the UL control information #1 (e.g., the size of
the UL control information #1 to be transmitted through the UL control channel #1). The terminal receiving the DL control
channel #1 may identify the size of the UL control information #1 based on the indicator included in the DL control channel
#1. Also, the terminal may receive the DL control channel #2 from the base station, and determine the size of resources to
which the UL control information #1 is mapped in the UL data channel #2 indicated by the DL control channel #2.

In case that the terminal receives the DL control channel #2 before the DL control channel #1, it may not be easy for the
UL control information #1, which is a response to the DL data channel #1, to be transmitted through the UL data channel
#2.

In a proposed method, the terminal may assume the size of the UL control information #1 to be a predetermined maximum
size (e.g., 2 bits), and may calculate the size of resources occupied by the UL control information #1 having the maximum
size in the UL data channel #2. The terminal may map the UL control information #1 to the UL data channel #2 based on
the above method.

FIG. 22 is a conceptual diagram illustrating a tenth embodiment of a UL transmission method in a communication system.

Referring to FIG. 22, the base station may transmit a DL control channel #1 including resource allocation information for
a DL data channel #1, a DL control channel #2 including resource allocation information for a UL data channel #2, and a
DL control channel #3 including resource allocation information for a DL control channel #3.

The base station may expect that UL control information #1 for the DL data channel #1 is included in the UL data channel
#2. The UL data channel #2 may be configured considering the size of UL control information #1 and the size of a transport
block (e.g., a transport block scheduled by the DL control channel #2), and the resource allocation information for the UL
data channel #2 may be included in the DL control channel #2. The terminal may map the UL control information #1 to
the UL data channel #2 in consideration of the type and size of the UL control information #1, and may map the transport
block to remaining resource elements to which the UL control information #1 is not mapped among resource elements
constituting the UL data channel #2.

The UL control information #1 may include various types of control information. For example, the UL control information
#1 may include an HARQ response and/or channel information. In the NR communication system, the mapping procedure
of the transport block and the channel information may vary according to the size of the HARQ response.

For example, when the size of the HARQ response is 1 bit or 2 bits, the terminal may calculate the number of resource
elements to which the HARQ response is mapped among the resource elements constituting the UL data channel, and may
map the channel information to remaining resource elements excluding the resource elements to which the HARQ response
is mapped among the resource elements constituting the UL data channel. Thereafter, the terminal may map the transport
block to resource elements to which channel information is not mapped among the resource elements constituting the UL
data channel. Thereafter, the terminal may map the HARQ response to the UL data channel. In this case, the HARQ
response may be remapped instead of the transport block to specific resource elements belonging to the UL data channel.

For example, when the size of the HARQ response is 3 bits, the terminal may map the HARQ response to the UL data
channel, may map the channel information to remaining resource elements to which the HRAQ response is not mapped
among the resource elements constituting the UL data channel, and may map the transport block to remaining resource
elements to which the HARQ response and the channel information are not mapped among the resource elements
constituting the UL data channel.

When the UL data channel #2 is transmitted based on a frequency hopping scheme, a part of the UL control information
#1 (e.g., ¥2 of the UL control information #1) may be mapped to the UL data channel #2 corresponding to the first frequency
hop, and the remainder of the UL control information #1 may be mapped to the UL data channel #2 corresponding to the
second frequency hop.

However, when the DL control channel #3 is received after receiving the DL control channel #2, it may be necessary to
change the mapping procedure of the UL data channel #2. The UL control information #3 for the DL data channel #3 may
not be generated promptly when the processing capability of the terminal is insufficient. In this case, in the procedure of
generating the UL data channel #2, it may be difficult to map both the UL control information #1 and the UL control
information #3 to the UL data channel #2. In order to solve this problem, after the DL control channel #2 including the
resource allocation information of the UL data channel #2 is transmitted, the DL control channel #3 including the resource
allocation information of the DL data channel #3 may be defined not be transmitted.
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In the proposed method, the size of the UL control information #3 may be limited to a specific size, and the terminal may
change the location of resource elements to which the UL control information #1 is mapped in the mapping procedure of
the UL data channel #2. The base station may transmit to the terminal a higher layer message including information
instructing to perform the proposed method (e.g., mapping method of the UL data channel #2). The terminal may receive
the higher layer message, and perform the method indicated by the higher layer message (e.g., mapping method of the UL
data channel #2). Here, the proposed method (e.g., mapping method of the UL data channel #2) may be activated or
deactivated by a higher layer message, a MAC CE, or a DCI.

In order to secure the reception quality of the UL control information #1, the UL control information #1 may be mapped
to resource elements adjacent to the resource elements to which the reference signals are mapped. Also, the UL control
information #3 may be mapped to resource elements adjacent to the resource elements to which the reference signals are
mapped. In the proposed method, the location of the starting mapping resource (e.g., subcarrier or resource block) of the
UL control information #1 may be changed. For example, the UL control information #1 may be mapped to resource
elements to which the UL control information #3 is not mapped among the resource elements constituting DL data channel
#2.

In order to apply the proposed method, the size of the UL control information included in the UL data channel #2 may be
preferably 1 bit or 2 bits. The base station may limit the number of DL control channels (e.g., DL control channels including
resource allocation information of DL data channels) to 1 or 2. When the number of DL control channels including resource
allocation information of the DL data channel is 1, the base station may restrict the number of transport blocks transmitted
through the corresponding DL data channel to 1 or 2.

Alternatively, if there is no limit on the number of DL control channels, the base station may configure HARQ bundling
to the terminal using a higher layer signaling. In this case, the terminal may generate UL control information having a size
of 1 bit by performing a logical AND operation on the HARQ responses.

When multiple antennas are used, the base station may transmit to the terminal a higher layer message including
information instructing to perform reception operations of 2 transport blocks. The terminal may receive the higher layer
message from the base station, and may operate based on the information included in the higher layer message. For
example, the terminal may generate 1-bit UL control information for each space.

The base station may transmit to the terminal a higher layer message including information instructing to perform a CBG-
based transport block reception operation and a CBG-based UL control channel generation operation. The terminal may
receive the higher layer message from the base station, and may operate based on the information included in the higher
layer message. For example, the terminal may generate an HARQ response having a size of 1 bit for each transport block
instead of a CBG. Here, the terminal may perform a logical AND operation on HARQ responses for all CBGs belonging
to one transport block, thereby generating an HARQ response of 1 bit size for each transport block.

In a proposed method, the terminal may assume that the size of the UL control information #3 by the DL data channel #3
is not 0 even before receiving the DL control channel #3. For example, the terminal may assume that the size of the UL
control information #3 is 1 bit or 2 bits. The terminal may map the UL control information #1 and the transport block to
the UL data channel #2 on the assumption that the UL control information #3 exists. Therefore, regardless of the existence
of the actual UL control information #3, the terminal can map the UL control information #1 and the transport block to the
UL data channel #2, so that the mapping operation of the UL data channel #2 can be performed regardless of completion
of the decoding operation on the DL data channel #3.

The terminal may calculate the number of resource elements to which the corresponding UL control information #1 is
mapped according to the type of the UL control information #1 (e.g., HARQ response, channel information). In order to
apply the proposed method, a reference number of MscU resource elements per symbol may be redefined. For example,
the number of resource elements to which UL control information #3 is mapped may be excluded from MscV¢".

The number of resource elements to which the UL control information #3 is mapped may be determined based on a
mathematical equation defined in the technical specification. The terminal may reuse B applied to the UL control
information #3 and Bogse applied to the HARQ response belonging to the UL control information #1. In order to apply a
high coding rate to the UL control information #3, the terminal may use the value  configured by a higher layer signaling.
The base station may not be able to notify Boger to the terminal through the DL control channel #2 because the base station
does not the existence of the UL control information #3.

For example, [1 may be defined as a value relative to Boge applied to the HARQ response belonging to UL control
information #1. In order to apply a coding rate higher than the coding rate of the HARQ response belonging to the UL
control information #1 to the HARQ response belonging to the UL control information #3, R applied to the HARQ response
belonging to the UL control information #3 may have a value greater than 1. However, in order to support a case where
the priority of the UL control information is lower than the priority of the UL data channel,  may be set to be smaller than
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1.

Alternatively, p may be expressed as a value relative to the transport block or CBG. R may be applied to a scenario in
which the UL control information #1 does not exist but a transport block or CBG exists, or a scenario in which the UL
control information #1 exists and the channel information is transmitted through the UL data channel #2.

FIG. 23 is a conceptual diagram illustrating a first embodiment of a UL data channel #2 according to the UL transmission
method shown in FIG. 22, and FIG. 24 is a conceptual diagram illustrating a second embodiment of a UL data channel #2
according to the UL transmission method shown in FIG. 22.

Referring to FIG. 23, the terminal may first map the UL control information #1 and the transport block (or CBG) to the
UL data channel #2, and further map the UL control information #3 to the UL data channel #2. Here, the UL control
information #1 may include the HARQ response and the channel information.

Referring to FIG. 24, the terminal may first map the UL control information #1 to the UL data channel #2, and further map
the UL control information #3 to the UL data channel #2. Here, the UL control information #1 may include the HARQ
response and the channel information, and the transport block (or CBG) may not be mapped to the UL data channel #2.

In the proposed method, the position of the starting resource element to which the UL control information #1 is mapped
may be changed. In the following embodiment, a method of generating the UL data channel #2 will be described. The
following embodiment may be applied to a scenario in which a transport block (e.g., UL data), UL control information #1,
and UL control information #3 exist.

In a first step, the terminal may map the UL control information #1 to the UL data channel #2 based on the method defined
in the technical specification. Here, the terminal may calculate the starting resource element of the UL control information
#1, and may not map the UL control information #1 to the resource elements before the starting resource element.

In a second step, the terminal may map the transport block (or CBG) to the UL data channel #2. The transport block (or
CBG) may be mapped to the remaining resource elements excluding resource elements to which the UL control information
#1 and the reference signals are mapped among all the resource elements constituting the UL data channel #2. The transport
block (or CBG) may be mapped based on the method defined in the technical specification. The transport block (or CBG)
may be mapped from a resource element subsequent to the resource elements to which the UL control information #1 is
mapped. The transport block (or CBG) may be mapped to also the resource elements whose mapping is held due to the
presence of the UL control information #1 (e.g., 1 bit or 2 bits of HARQ response) or the UL control information #3.

In a third step, the terminal may map the UL control information #3 to the UL data channel #2. The UL control information
#3 may be remapped to the resource elements (e.g., resource elements shown in FIG. 23) to which the transport block (or
CBG) is mapped or the resource elements (e.g., resource elements shown in FIG. 24) to which the channel information
belonging to the UL control information #1. In this case, the UL control information #3 may be mapped to specific resource
elements instead of the transport block or the UL control information #1.

When no transport block or CBG is present, the second step may be omitted. When the UL control information #3 does
not exist, the third step may be omitted. Therefore, if there are not the transport block (e.g., UL data) and the UL control
information #3, the terminal may perform only the first step to generate the UL data channel #2. Alternatively, when the
transport block (e.g., UL data) is not present, the terminal may perform the first and third steps to generate the UL data
channel #2. Alternatively, when the UL control information #1 and the UL control information #3 do not exist, the terminal
may perform only the second step to generate the UL data channel #2. Alternatively, when the UL control information #3
does not exist, the terminal may perform only the first step and the second step to generate the UL data channel #2.

The base station may configure frequency hopping for the UL data channel #2 to the terminal using a higher layer signaling.
In this case, the terminal may transmit a part of the UL control information #1 in the UL data channel #2 corresponding to
a first frequency hop, and transmit the remaining UL control information #1 in the UL data channel #2 corresponding to a
second frequency hop.

For example, the UL control information #3 may be transmitted in the UL data channel #2 corresponding to the first
frequency hop, and may not be transmitted in the UL data channel #2 corresponding to the second frequency hop. In this
case, the base station can quickly acquire the UL control information #3. Alternatively, the UL control information #3 may
be transmitted in the UL data channel #2 corresponding to the second frequency hop as well as the first frequency hop. In
this case, an error rate of the UL control information #3 at the base station may be reduced by a frequency multiplexing
gain.

v PUCCH Repetition and PUSCH Bundling
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The terminal may transmit UL control information and UL data using the same slot or different slots. The base station may
transmit to the terminal a higher layer message including information indicating the number of repeated transmissions of
the HARQ response for the DL data channel. The terminal may receive the higher layer message from the base station,
and identify the number of repeated transmissions of the HARQ response for the DL data channel based on the information
included in the higher layer message. The number of repeated transmissions of the HARQ response for the DL data channel
may be an integer equal to or greater than 1.

In the following embodiments, a DL control channel #U may include resource allocation information for a UL data channel
#U. A DL control channel #D may be classified into two types. For example, a DL control channel #D1 may indicate a
DL control channel received before the DL control channel #U at the terminal, and a DL control channel #D2 may indicate
a DL control channel received after the DL control channel #U at the terminal. Here, there maybe one or more DL control
channels #D1 and one or more DL control channels #D2.

FIG. 25 is a conceptual diagram illustrating an eleventh embodiment of a UL transmission method in a communication
system.

Referring to FIG. 25, the base station may transmit a DL control channel #D1 including resource allocation information of
a DL data channel #D1 to the terminal, may transmit a DL control channel #U including resource allocation information
of a UL data channel #U to the terminal, and may transmit a DL control channel #D2 including resource allocation
information of a DL data channel #D2 to the terminal.

The base station may configure information used to dynamically determine the size of a HARQ response codebook (e.g.,
HARQ-ACK codebook) to the terminal using a higher layer signaling. Each of the DL control channel #D1, the DL control
channel #U, and the DL control channel #D2 may include a calculation-downlink assignment index (C-DAI) and/or total-
DAI (T-DAI). For example, a DCI format 0_0 may not include both C-DAI and T-DAI, a DCI format 0_| may include T-
DAL, a DCI format 1_0 may include C-DAI, and a DCI Format 1 1 may include both C-DAI and T-DAL

Meanwhile, the UL data channel #U allocated by the DL control channel #U may be used for transmitting not only UL
data but also HARQ responses (e.g., HARQ responses for the DL data channels #D1 and #D2). The base station may
configure configuration information for operation of mapping UL control information to the UL data channel #U to the
terminal using a higher layer signaling. In this case, the terminal may map the UL control information to the UL data
channel #U based on the information configured by the higher layer signaling.

When the DL data channel #D1 allocated by the DL control channel #D1 is received, the terminal may generate UL control
information #D1 for the DL data channel #D1. The size of the UL control information #D1 may be indicated by T-DAI #1
included in DL control channel #D1. The terminal may perform an operation of generating the UL control channel #D1
including UL control information #D1. Thereafter, the terminal may receive the DL control channel #U from the base
station. The DL control channel #U may include T-DAI #1 indicating the size of the UL control information #D1. The
terminal may perform an operation of generating the UL data channel #U. When the starting resource (e.g., starting symbol
or starting slot) of the UL control channel #D1 is equal to the starting resource (e.g., starting symbol or starting slot) of the
UL data channel #U, the terminal may map the UL control information #D1 to the UL data channel #U. Alternatively, the
terminal may map the UL control information #D1 to the UL data channel #U according to a request from the base station
request or an operation defined in the technical specification.

When the DL control channel #D2 is received after receiving the DL control channel #U, the terminal may not map the
UL control information #D2 for the DL data channel #D2 allocated by the DL control channel #D2 to the UL data channel
#U. Therefore, the terminal may generate the UL data channel #U by encoding the transport block based on T-DAI #1
included in the DL control channel #U.

On the other hand, in a proposed method, when DL control channel #D2 is received after receiving DL control channel
#U, the terminal may map the UL control information #D2 for the DL data channel #D2 allocated by the DL control
channel #D2 to the UL data channel #U.

In a first proposed method, the terminal may receive one or more DL control channels #D2, receive one or more transport
blocks (e.g., DL data) through one or more DL data channels #D2 allocated by the one or more DL control channels #D2,
and generate the UL control information #D2 for the one or more DL data channels #D2 by a limited amount.

Here, the size of the UL control information #D?2 for the DL data channel #D2 may be limited to within a certain size. For
example, the size of the UL control information #D2 may be limited to 1 bit or 2 bits. The maximum size of the UL control
information #D2 may be defined in the technical standard known to the base station and the terminal. Alternatively, the
base station may transmit a higher layer message including information indicating the maximum size of the UL control
information #D2 to the terminal. The number of transmissions of the DL control channel #D2 (e.g., DL control channel
transmitted after the DL control channel #U) may be limited to 1 or 2.
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In addition, the base station may transmit a higher layer message including information required for bundling of the HARQ
responses to the terminal. When the HARQ responses are bundled, the size of the UL control information may be
compressed. Since the mapping operation of the UL data channel #U is performed based on T-DAI #1, the mapping
operation of the UL data channel #U may not be affected by the DL control channel #D2.

In a second proposed method, the terminal may receive the DL control channel #D2 including T-DAI #2, and may generate
the UL data channel #U by encoding the transport block on the basis of the last acquired T-DAI (e.g., T-DAI #2). The
application time (e.g., symbol or slot) of T-DAI may vary depending on the processing capability of the terminal. The
terminal may encode the transport block by applying a different T-DALI to each slot in which the UL data channel #U is
transmitted, and map the encoded transport block to the UL data channel #U. The second proposed method may be
performed as follows.

FIG. 26 is a conceptual diagram illustrating a twelfth embodiment of a UL transmission method in a communication
system.

Referring to FIG. 26, each of the UL control channels #D1 and #D2 may be repeatedly transmitted four times, and the UL
data channel #U may be repeatedly transmitted eight times. Each of the DL control channel #D1, the DL control channel
#U, the DL control channel #D2, the DL data channel #D1 and the DL data channel #D2 shown in FIG. 26 may be the
same as each of the DL control channel #U, the DL control channel #D2, the DL data channel #D1, and the DL data
channel #D2.

A different T-DAI may be applied to each UL data channel #U. For example, T-DAI #1 may be applied to the first and
second UL data channels #U. T-DAI #1 may be indicated by the DL control channel #D1 or the DL control channel #U.
T-DALI #2 may be applied to the third and fourth UL data channels #U. T-DAI #2 may be indicated by the DL control
channel #D2. T-DAI #2 may be represented by a value relative to T-DAI #1. Alternatively, T-DAI #2 may be a value
indicating the size of all UL control information included in the UL data channel #U.

T-DAI #3 may be applied to the fifth and sixth UL data channels #U. T-DAI #3 may be configured by the DL control
channel #D1. T-DAI #3 may indicate the size of the UL control information #D2 that is additionally generated by the DL
control channel #D2. When T-DAI #2 is represented as a value relative to T-DAI #1, T-DAI #3 may be the same as T-DAI
#2. When T-DAI #2 indicates the size of all UL control information included in UL data channel #U, T-DAI #3 may be a
difference between T-DAI #1 and T-DAI #2.

T-DALI #4 may be applied to the seventh and eighth UL data channels #U. T-DAI #4 may indicate that UL control
information does not exist. The terminal may derive T-DAI #4 by comparing the number of repeated transmissions of the
UL control information and the number of repeated transmissions of the UL data channel.

Cases without T-DAI

Some DCI formats may not include C-DAI and T-DALI. For example, the DCI format 0 0 may not include T-DAIL When
a UL data channel is allocated by the DCI format 0_0, the terminal may obtain T-DAI from a DL control channel including
resource allocation information of a DL data channel, and may perform an operation of mapping the UL data channel based
on the obtained T-DAL

The DCI format 1 0 and the DCI format 1 1 (e.g., DCI format 1 1 when carrier aggregation (CA) is not used) may include
only C-DAI. All DCIs may include transmit power information (e.g., transmit power control (TPC)) of the UL control
channel. For example, the DCI format 1 0 and the DCI format 1 1 may include a TPC having a size of 2 bits. In order to
map the UL control information to the UL data channel, a specific field (e.g., TPC) included in the DCI format 1 0 and the
DCI format 1 _1 may be used for another purpose.

When the starting resource (e.g., symbol or slot) of the UL data channel is equal to the starting resource (e.g., symbol or
slot) of the UL control channel, the terminal and the base station may determine that the HARQ response is mapped to the
UL data channel instead of the UL control channel. Alternatively, when the UL data channel is repeatedly transmitted and
a slot in which the UL data channel is transmitted overlaps with a slot in which the UL control channel is transmitted, the
terminal and the base station may determine that the HARQ response is mapped to the UL data channel instead of the UL
control channel.

In a proposed method, the TPC included in the DCI may indicate T-DAI instead of the transmit power. When the HARQ
response is mapped to the UL data channel, the terminal may interpret a value indicated by the TPC included in the DCI
as T-DAL In order to apply the proposed method, when the DL control channel #D2 after the DL control channel #U
includes C-DAL, the terminal may interpret C-DAI included in the DL control channel #D2 as T-DAL In this case, after
transmitting the DL control channel #U, the base station may generate C-DAI indicating the size of the UL control
information to be additionally transmitted by the terminal. For example, when T-DAI #2 is expressed as a relative value
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for T-DAI #1, the base station may generate C-DAI indicating the size of UL control information to be further transmitted
by the terminal.

When the DL control channel #U (e.g., DL control channel #U shown in FIG. 25 or 26) including the resource allocation
information of the UL data channel #U is not received, since the terminal cannot transmit the UL data channel #U, the
terminal may map the HARQ response to the UL control channel.

However, since the information indicated by T-DAI is different from the transmit power of the UL control channel, when
the TPC is interpreted as indicating T-DALI instead of the transmit power, there may be a problem that the transmit power
or T-DAI is misinterpreted.

For example, a TPC set to ‘00’ may indicate -1 dB, a TPC set to ‘01’ may indicate 0 dB, a TPC set to ‘10’ may indicate
+1 dB, and a TPC set to ‘11’ may indicate +3 dB. C-DAI or T-DAI may express the size of Y (i.e., Y>=1) pieces of UL
control information. A DAI set to ‘00’ may indicate Y satisfying ‘(Y-l) mod 4+1=1", a DAI set to ‘01" may indicate Y
satisfying ‘(Y-1) mod 4+1=2", a DAI set to ‘10’ may indicate Y satisfying ‘(Y-1) mod 4+1=3", and a DAI set to ‘11’ may
indicate Y satisfying ‘(Y-l) mod 4+1=4".

When a DL control channel including DAI is received, the DAI included in the corresponding DL control channel may be
a value increased by 1 from the DAI included in the previous DL control channel. However, the TPC of the UL control
channel may be set to a specific value among 4 values (e.g., ‘00°, ‘01°, “10°, and “11°).

For example, when the current TPC is equal to the previous TPC, when a difference between the current TPC and the
previous TPC is less than or equal to —1, or when the previous TPC is set to ‘11’ and the current TPC is set to a value other
than ‘00°, the terminal may determine that the TPC indicates the transmit power. On the other hand, when the difference
between the current TPC and the previous TPC is +1, the terminal may interpret the TPC as indicating T-DAI. However,
even when the difference between the value indicated by the current TPC and the value indicated by the previous TPC is
+1, the terminal may misinterpret the TPC as indicating the transmit power.

In this case, since the terminal increases the transmit power of the UL control channel by 0 dB, +1 dB, or +3 dB, the
reception performance of the UL control channel at the base station may be improved, and interference by the UL control
channel at the neighboring base station may increase. However, since the increased transmit power is not large, the
influence of the UL control channel transmitted with the increased transmit power on the communication system may not
be large.

m Sounding Reference Signal (SRS) Transmission Method

The terminal may transmit SRSs periodically or non-periodically. The SRS may be transmitted using UL symbol(s)
included in a slot. Each of the symbols constituting the slot may be configured as a DL symbol, a flexible symbol, or a UL
symbol. For example, the types of symbols (e.g., DL symbol, flexible symbol, or UL symbol) constituting slots may be
configured by a higher layer signaling and may be dynamically changed by a DCI (e.g., DCI format 2 0) including an SF.
In this case, the SRS may be transmitted as follows.

FIG. 27 is a sequence chart illustrating a first embodiment of an SRS transmission method in a communication system.

Referring to FIG. 27, a communication system may include a base station and a terminal. The base station may be the base
station 110-1, 110-2, 110-3, 120-1, or 120-2 shown in FIG. 1, and the terminal may be the terminal 130-1, 130-2, 130-3,
130-4, 130-5, or 130-6 shown in FIG. 1. Each of the base station and the terminal may be configured to be the same as or
similar to the communication node 200 shown in FIG. 2.

The base station may transmit a higher layer message (e.g., RRC message) including an SFI (e.g., SFI information) to the
terminal (S2710). When a normal CP is used, the SFI included in the higher layer message may be classified into a pattern
commonly applied to all terminals and a pattern applied only to a specific terminal.

The commonly-applied pattern (e.g., ‘TDD-UL-DL-ConfigCommon’) may include a slot pattern(s) (e.g., pattern 1)
indicated by the base station to terminals through system information and a reference subcarrier spacing which is a
reference of the slot pattern(s). The pattern configured in the terminal may be repeated according to a certain period P. For
example, the period P may be 0.5 ms, 0.625 ms, 1 ms, 1.25 ms, 2 ms, 2.5 ms, 5 ms, or 10 ms. Depending on the subcarrier
spacing, some of the periods P may not be applied.

The number S of slots belonging to one period P may differ depending on the subcarrier spacing. Consecutive DL slots
may be located in a front region within a slot interval according to one period P, and consecutive UL slots may be located
in a rear region within a slot interval according to one period P. The number of consecutive DL slots may be indicated by
‘nrofDownlinkSlots’ included in the higher layer message and the number of consecutive UL slots may be indicated by
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‘nrofUplinkSlots’ included in the higher layer message.

Each slot belonging to a middle region of the slot interval according to one period P may include at least one of a DL
symbol, a flexible (FL) symbol, and a UL symbol. For example, the order of symbols in each of the slots belonging to the
middle region of the slot interval according to one period P may be ‘DL symbol — Flexible (FL) symbol — UL symbol’.
The base station may inform the terminal of the number of DL symbols, the number of flexible symbols, and the number
of UL symbols included in the slot, respectively.

Therefore, consecutive DL symbols may be located in the next slot of the DL slot. The consecutive DL symbols may be
located from the starting symbol in the slot and the number of consecutive DL symbols may be indicated by ‘nrofDownlink
symbols’ included in the higher layer message. Consecutive UL symbols may be located in the previous slot of the UL
slot. The consecutive UL symbols may be located in the rear region of the slot, and the number of consecutive UL symbols
may be indicated by ‘nrofUplinkSymbols’ included in the higher layer message. The terminal may regard symbols other
than the DL symbol and the UL symbol among the symbols included in the slot as flexible (FL) symbols.

Meanwhile, when indicating the commonly-applied pattern, the base station may inform the terminal of 2 slot patterns
(e.g., pattern] and pattem2). Each of the patterns of the slots may have a different period. For example, the period of
patternl may be P, and the period of pattem2 may be P>. The number of DL slots, the number of UL slots, the number of
DL symbols, and the number of UL symbols according to the slot pattern may be configured separately. However, one
subcarrier spacing may be applied to the two slot patterns. The terminal may consider that two slot patterns occur
consecutively and the period of the consecutive slot patterns may be assumed to be a sum of the periods of two slot patterns
(e.g., P+P2).

Therefore, for the number S of slots belonging to the first slot pattern, consecutive DL slots (e.g., ‘nrofDownlinkSlots” for
the first slot pattern), consecutive DL symbols (e.g., ‘nrofDownlinkSymbols’ for the first slot pattern), consecutive flexible
symbols (e.g., symbols that are not configured as DL symbol or UL symbol according to the first slot pattern), consecutive
UL symbols (e.g., ‘nrofUplinkSymbols’ for the first slot pattern), and consecutive UL slots (e.g., ‘nrofUplinkSlots’ for the
first slot pattern) may occur in order.

For the number S of slots belonging to the second slot pattern, consecutive DL slots (e.g., ‘nrofDownlinkSlots’ for the
second slot pattern), consecutive DL symbols (e.g., ‘nrofDownlinkSymbols’ for the second slot pattern), consecutive
flexible symbols (e.g., symbols that are not configured as DL symbol or UL symbol according to the second slot pattern),
consecutive UL symbols (e.g., ‘nrofUplinkSymbols’ for the second slot pattern), and consecutive UL slots (e.g.,
‘nrofUplinkSlots” for the second slot pattern) may occur in order.

The base station may further configure a pattern (e.g., ‘TDD-UL-DL-ConfigDedicated’) applied only to a specific terminal
through a higher layer signaling. The pattern further indicated to the terminal may be used to reconfigure the flexible (FL)
symbol among the symbols configured by the commonly-applied pattern to a DL symbol, a flexible (FL) symbol, or a UL
symbol. Among the symbols configured by the commonly-applied pattern, symbols other than the flexible (FL) symbols
may be indicated by the pattern applied only to the specific terminal so as to be maintained as DL symbol or UL symbol.
The base station may configure the terminal through a higher layer signaling, so that all symbols belonging to a specific
slot are DL symbols or UL symbols. Also, the base station may configure the terminal through a higher layer signaling, so
that a specific slot includes consecutive DL symbols, consecutive flexible symbols, and consecutive UL symbols.

The slot format may be indicated to the terminal by a higher layer message. In addition, the slot format may be indicated
to the terminal by a dynamic signaling message as well as a higher layer message. The base station may configure the
terminal by using a higher layer signaling to monitor a DCI in a specific format (e.g., DCI format 2_0). The terminal may
monitor a DCI in a specific format (e.g., DCI format 2_0) according to the configuration of the higher layer signaling. The
slot format configured by the higher layer message may not be changed by the DCI. The DCI may instruct to override the
flexible (FL) symbol configured by the higher layer signaling to a DL symbol, a UL symbol, or a flexible (FL) symbol. In
order to indicate the format of the slot(s) to the terminal(s), the base station may concatenate one or more pieces of
information that the specific terminal should interpret to configure a payload of the DCI of a specific format (e.g., DCI
format 2_0). The terminal may identify the format of the slot(s) using a value (e.g., ‘slotFormatCombinationld’) indicated
in a specific location (e.g., ‘positionInDCI’) in the DCI. For example, the base station may use a higher layer signaling to
configure the formats of the slot(s) to the terminal in a form of a sequence (e.g., ‘slotFormatCombinations’). One element
constituting the sequence may be identified by an index (e.g., ‘slotFormatCombinationld’), and the index may comprise a
sequence of formats (e.g., ‘slotFormats’) of one or more slots.

One slot format (e.g., ‘slotFormats”) may indicate one or more of the formats #0 to #55 described in Tables 1 to 3 below.
In Tables 1 to 3, D may indicate a DL symbol, F may indicate a flexible symbol, and U may indicate a UL symbol.
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In case that the symbol type configured by the higher layer signaling is dynamically changed by a DCI, the higher layer
message may include information (e.g., CORESET-related information (e.g., time and frequency resources of CORESET),
search space-related information (e.g., periodicity of search space), RNTI) required for receiving a DCI including SFI (e.g.,
DCI format 2_0). The information required for reception of a DCI including SFI (e.g., DCI format 2_0) may be transmitted
through the higher layer message of the step S2710. Alternatively, the information required for reception of a DCI including
SFI (e.g., DCI format 2_0) may be transmitted through a higher layer message different from the higher layer message in
the step S2710.

The terminal may receive the higher layer message from the base station, and identify an SFI included in the higher layer
message. Accordingly, the terminal may confirm the types of the symbols (e.g., DL symbol, flexible symbol, or UL
symbol) constituting the slot based on the SFI configured by the higher layer signaling (S2720).

Further, when transmission of a DCI including SFI (e.g., DCI format 2 _0) is configured by a higher layer signaling, the
terminal may determine that a DCI including SFI (e.g., DCI format 2_0) is transmitted. For example, the terminal may
identify the information required for receiving a DCI (e.g., DCI format 2 0) included in the higher layer message, and
perform a decoding operation (e.g., blind decoding operation) for obtaining the DCI in the search space within the
CORESET indicated by the identified information.

Meanwhile, the base station may transmit a DCI including SFI (e.g., DCI format 2_0) (S2730). For example, the base
station may transmit a DCI including SFI (e.g., DCI format 2_0) in the search space within the CORESET configured by
the higher layer signaling. The SFI included in the DCI (e.g., DCI format 2_0) may be set to one of the formats #0 to #55
described in Tables 1 to 3. Alternatively, the SFI included in the DCI (e.g., DCI format 2_0) may indicate the type (e.g.,
DL symbol, flexible symbol, or UL symbol) of the symbol(s) configured as a flexible symbol by the higher layer signaling.
For example, when the higher layer message indicates that the first and second symbols in a specific slot are DL symbols
and the remaining symbols are flexible symbols, the index included in the DCI (e.g., DCI format 2 0) may indicate the
SFI of a plurality of slots including the corresponding slot, and may indicate the type of one or more symbols among
symbols #2 to #13 in the corresponding slot.

The terminal may receive the DCI (e.g., DCI format 2_0) by performing a decoding operation in the search space within
the CORESET configured by the higher layer signaling. The terminal may identify the type of symbols (e.g., DL symbol,
flexible symbol, or UL symbol) that constitute the slot(s) based on the index included in the DCI (e.g., DCI format 2_0)
(52740). That is, the terminal may determine the types of symbols constituting the slots based on the format of the slot(s)
included in the higher layer message and the index included in the DCI format 2_0. For example, the symbol type may be
determined as follows.

FIG. 28 is a conceptual diagram illustrating a first embodiment of a method of determining a symbol type in a
communication system.

Referring to FIG. 27 and FIG. 28, in the step S2710, the terminal may receive first SFI information indicating n flexible
symbol(s) from the base station. Here, when there are 14 symbols included in one slot, n may be a natural number from 1
to 14. In the embodiment shown in FIG. 28, the first SFI information (e.g., SFI #17) may indicate 12 flexible symbols
(e.g., symbols #2 to #13). Specifically, in FIG. 28, the first SFI information (e.g., SF1 #17) may be a higher layer parameter
indicating that the first and second symbols (e.g., symbols #0 and #1) in the corresponding slot are DL symbols and the
remaining symbols (e.g., symbols #2 to #13) are flexible symbols.

Referring back to FIG. 27 and FIG. 28, in the step S2730, the terminal may receive from the base station second SFI
information that re-indicates or overrides m symbol(s) among the n flexible symbols as UL symbol(s). Here, m may be a
natural number less than or equal to n. In the embodiment shown in FIG. 28, the second SFI information may re-indicate
or override 2 symbols (e.g., symbols #12 and #13) among 12 flexible symbols (e.g., symbols #2 to #13) as UL symbols.
Specifically, in FIG. 28, the second SFI information may be the SFI #17 indicating that the symbols #0 and #1 are DL
symbols, the symbols #2 to #11 are flexible symbols, and the symbols #12 and #13 are UL symbols in the corresponding
slot. The second SFI information (e.g., SFI #23) may be included in the DCI format 2_0 and transmitted to the terminal.

In the step S2730, the terminal may receive a DCI format 2_0 including an index indicating a format of the corresponding
slot (e.g., SF1 #23) or a DCI format 2_0 including an index including an SFI indicating the type of the symbols #2 to #13
of the corresponding slot (e.g., symbols configured as flexible symbols by the higher layer signaling). For example, when
a DCI format 2_0 including an index indicating the SFI #23, which is the format of the corresponding slot, is received, the
terminal may determine that the symbols #0 and #1 are DL symbols, and the symbols #2 to #11 are flexible symbols, and
the symbols #12 and #13 are UL symbols. Accordingly, the symbols #0 and #1 configured as DL symbols by the higher
layer signaling may be maintained as the DL symbols. The symbols #2 to #1 1 configured as flexible symbols by the higher
layer signaling may be maintained as flexible symbols. The symbols #12 and #13 configured as flexible symbols by higher
layer signaling may be overridden to be the UL symbols by the DCI format 2_0.
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Alternatively, when the index included in the DCI format 2_0 indicates that the SFI applied to the corresponding slot uses
the symbols #12 and #13 as UL symbols, the terminal may reconfigure the symbols #12 and #13 configured as flexible
symbols by the higher layer signaling to UL symbols. In this case, the symbols #0 and #1 may be maintained as DL symbols
according to the higher layer signaling, and the symbols #2 to #11 may be maintained as flexible symbols according to
higher layer signaling.

Referring back to FIG. 27, the base station may transmit a higher layer message (e.g., an SRS configuration message)
including configuration information of SRS. The SRS configuration message may be used for configuring SRS
transmission. The configuration information of SRS may include at least one of information indicating a starting symbol
among symbols used for SRS transmission, information indicating the number (e.g., 2 or 4) of symbols used for the SRS
transmission, and information indicating a transmission periodicity of SRS. The configuration information of SRS may be
transmitted through the higher layer message in the step S2710. Alternatively, the configuration information of SRS may
be transmitted through a higher layer message different from the higher layer message in the step S2710.

The terminal may receive the higher layer message from the base station, and identify the SRS configuration information
included in the higher layer message. The terminal may transmit SRS according to the SRS configuration information
(S2750). The terminal may transmit the SRS using symbols configured as UL symbols among symbols) configured for
SRS transmission, and may not transmit the SRS in symbols configured as flexible symbols among the symbol(s)
configured for SRS transmission.

The SRS may be transmitted in one or more of the last six symbols (e.g., symbols #8 to #13) in the slot. For example, when
the starting symbol used for SRS transmission is #10 and the number of symbols used for SRS transmission is 4, the
symbols #10 to #13 in the slot may be used for SRS transmission. In case that the symbols #10 to #13 are configured as
shown in FIG. 28, the terminal may not transmit the SRS in the flexible symbols #10 and #11 and may transmit the SRS
in the symbols #12 and #13 reindicated as UL symbols. That is, the terminal may transmit the SRS using some symbols
among the entire symbols configured for the SRS transmission. Also, the terminal may not perform a DL reception
operation and a UL transmission operation as well as the SRS transmission operation in the flexible symbols.

The base station may receive the SRS from the terminal in the symbol(s) configured for the SRS transmission. The base
station may not expect to receive the SRS in the symbols configured as flexible symbols by the higher layer message and/or
the DCI, and may expect to receive the SRS in the symbols configured as UL symbols by the higher layer message and/or
the DCI. That is, the base station may receive the SRS from the terminal through the UL symbols, and may not perform
the reception operation of the SRS in the flexible symbols.

UL Control Channel and UL Data Channel

The base station may configure information required for a frequency hopping operation to the terminal using a higher layer
signaling. When the frequency hopping operation is configured by the higher layer signaling, the terminal may perform
the frequency hopping operation based on the information configured by the higher layer signaling. In one slot, the
frequency hopping may be performed once.

In a proposed method, if a resource region according to a frequency hopping pattern includes flexible symbols, the terminal
may not transmit a UL control channel and/or a UL data channel in the resource region including the flexible symbols.
When the resource region according to the frequency hopping pattern includes only UL symbols, the terminal may transmit
a UL control channel and/or a UL data channel in the resource region including only UL symbols.

For example, if a resource region #1 according to the first frequency hop includes flexible symbols and a resource region
#2 according to the second frequency hop includes only UL symbols, the terminal may transmit a UL control channel
and/or a UL data channel in the resource region #2.

When the terminal transmits a UL control channel including periodic channel information in the resource region #1, the
base station cannot perform a decoding operation on the UL control channel received in the resource region #1. Also, when
a UL data channel including periodic UL data in the resource region #1, the base station cannot perform a decoding
operation on the UL data channel received in resource region #1. However, when a UL control channel including a
scheduling request (SR) is transmitted in the resource region #1, the base station can perform a decoding operation on the
UL control channel received in the resource region #1.

m Method for Transmitting PUSCH Including SR

For reporting buffer status information, the base station may allocate sufficient time for the terminal to pad the buffer status
information to a UL data #1 (e.g., transport block). However, if a new UL data #2 is generated after the buffer status
information is padded to the UL data #1, the terminal may not reflect the presence of the UL data #2 in the buffer status
information. Also, since the corresponding UL data #1 is transmitted as it is in a retransmission procedure of the UL data
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#1, even though the UL data #2 is generated, the terminal may not map buffer status information reflecting the presence
of the UL data #2 to the UL data channel to which the retransmitted UL data #1 is mapped.

In order to solve such the problem, a physical layer of the terminal (e.g., an entity performing a function of the physical
layer) should be able to inform the base station of the presence of the UL data #2. The UL data channel #1 may include
only the UL data #1, and the UL data #2 may not be mapped to the UL data channel #1. The base station may transmit to
the terminal a DL control channel including resource allocation information for the UL data #2. The terminal may transmit
the UL data #2 and the changed buffer status information through the UL data channel #2 indicated by the DL control
channel.

FIG. 29 is a conceptual diagram illustrating a thirteenth embodiment of a UL transmission method in a communication
system.

Referring to FIG. 29, a scheduling request (SR) and UL data may be transmitted through one UL data channel (e.g.,
PUSCH). The SR may be transmitted through the UL data channel because it may be regarded as one of UL control
information. When time resources of the UL control channel including the SR overlap with time resources of the UL data
channel, the SR may be mapped to the UL data channel instead of the UL control channel. For example, the SR may be
included in a payload and the payload may be mapped to the UL data channel.

The base station may configure an SR corresponding to one logical channel group (LCG) to the terminal using a higher
layer signaling. In this case, the terminal may map the specific SR configured by the higher layer signaling to the UL data
channel. Alternatively, when each of K UL control channels corresponding to K SRs in the time axis overlaps with the UL
data channel, without a separate higher layer signaling, the terminal may map an SR corresponding to the highest rank to
the UL data channel. The index of the SR (positive SR) generated may be expressed by including the number [loga(K-+1)]
of bits in the payload of the UL data channel. A bitmap consisting of only 0 may mean that all SRs among the K SRs do
not occur (negative SR).

Alternatively, the terminal may map only L SRs of K or less corresponding to a part of the K SRs to the UL data channel.
For example, [log2(L+1)] corresponding to L may be included in the payload in the UL data channel. In this case, the base
station may transmit a higher layer message including L to the terminal. The terminal may receive the higher layer message
from the base station, and may identify L included in the higher layer message. Each of K and L may be an integer equal
to or greater than 1.

' Scheme #1 for Mapping SR to Resource Elements

The terminal may map the SR to resource elements in the same manner as the conventional UL control information. When
the size of the UL control information including the SR (e.g., 1, L, or K SRs) and other information (e.g., HARQ response,
CSI part 1, and/or CSI part 2) is 1 bit or 2 bits, the terminal may puncture the transport block in the UL data channel to
map the UL control information to the UL data channel. When the size of the UL control information including the SR
(e.g., 1, L, or K SRs) and other information (e.g., HARQ response, CSI part 1, and/or CSI part 2) is equal to or greater than
3 bits, the terminal may perform a rate matching operation on the transport block in the UL data channel to map the UL
control information to the UL data channel.

' Scheme #2 for Mapping SR to Resource Elements

When the size of other information (e.g., HARQ response, CSI part 1, and/or CSI part 2) excluding the SR (e.g., 1, L, or
K SRs) is 1 bit or 2 bits, the terminal may puncture the transport block in the UL data channel to map the UL control
information to the UL data channel. When the size of other information (e.g., HARQ response, CSI part 1, and/or CSI part
2) excluding the SR (e.g., 1, L, or K SRs) equal to or greater than 3 bits, the terminal may perform a rate matching operation
on the transport block in the UL data channel to map the UL control information to the UL data channel.

The terminal may map the other information (e.g., HARQ response, CSI part 1, and/or CSI part 2) to the UL data channel
regardless of the presence of the SR, and then map the transport block (e.g., UL data) to the UL data channel. Separate
resource elements may be allocated for transmission of the SR. The number of resource elements for transmission of the
SR may be determined based on the following methods.

Since the terminal cannot know whether the SR is transmitted before a predetermined time point, the number of bits
representing the SR or the number of resource elements to which the SR is mapped may be determined before mapping
the other UL control information or the transport block to the UL data channel. The terminal may then map the other UL
control information or the transport block to the UL data channel by performing a rate matching operation.

The SR may be mapped to resource element(s) in symbols after symbols in which reference signals are located. The
resource elements to which the SR is mapped may not be continuous in the frequency axis. The other UL control
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information and the transport block may not be mapped to the resource element(s) in the symbols after the symbols in
which the reference signals are located. Alternatively, the transport block may be mapped to the resource element(s) in the
symbols after the symbols in which the reference signals are located. In the following embodiments, methods for mapping
the UL control information and the transport block will be described.

After the other information (e.g., HARQ response, CSI part 1, and/or CSI part 2) excluding the SR (e.g., 1, L, or K SRs)
and the transport block are mapped to the UL data channel, the SR(s) may be mapped to the UL data channel. In this case,
a method for mapping the SR(s) may vary depending on the number of resource elements occupied by the SR(s). For
example, a mapping method for a case where the number of resource elements to which the SR(s) are mapped is equal to
or less than a specific value may be different from a mapping method for a case where the number of resource elements to
which the SR(s) exceeds the specific value.

When the number of resource elements to which the SR(s) are mapped is less than or equal to a specific value (e.g., 2 bits),
the SR(s) may be mapped to the resource elements that the transport block occupies. When the number of resource elements
to which the SR(s) are mapped exceeds the specific value (e.g., 2 bits), the SR(s) may be mapped to the resource elements
that the transport block does not occupy. Here, the specific value may be configured to the terminal by a higher layer
signaling. Alternatively, the base station may transmit a UL grant including the specific value to the terminal. Alternatively,
the specific value may be predefined in the technical specifications known to the base station and the terminal.

A starting position at which the other information (e.g., HARQ response, CSI part 1, and/or CSI part 2) and the transport
block are mapped may vary according to the specific value. When the other UL control information or the transport block
is punctured to map the SR(s), a coding rate of the other UL control information or a coding rate of the transport block
may not be changed. Since some resource elements are punctured to transmit the SR(s), a reception error rate at the base
station may increase. In order to transmit the S (s), it may be preferable that the resource elements to which a retransmittable
transport block is mapped are punctured.

FIG. 30 is a conceptual diagram illustrating a sixth embodiment of a method of mapping UL control information in a
communication system.

Referring to FIG. 30, the terminal may determine a starting resource element and may map the other information (e.g.,
HARQ response, CSI part 1, and/or CSI part 2) and the transport block from the staring resource element. The transport
block may be mapped to resource elements used for transmission of the SR(s). Alternatively, the transport block may not
be mapped to the resource elements used for transmission of the SR(s). The terminal may map coded SR(s) instead of the
transport block to the resource elements used for transmission of the SR(s). The number of resource elements used for
transmission of the SR(s) may be determined based on the number of SRs mapped to the UL data channel and the number
of resource elements to which the SR(s) are mapped.

v Method for Determining a Coding Rate of SR

In the procedure of mapping the UL control information to the UL data channel, the terminal may derive the number Q' of
resource elements to encode the UL control information. The terminal may determine the coding rate of the UL control
information based on Q'. Q' may be transmitted from the base station to the terminal through a DCI (e.g., UL grant) or a
higher layer message. When the UL data channel includes the transport block (e.g., UL data), the terminal may calculate
Q' based on Equations 6 to 8 below.
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[0402]  Q'may be defined differently depending on the type of UL control information. Q4cx' may indicate the number of resource
elements to which an HARQ response is mapped. Qcsi-1' may indicate the number of resource elements to which a CSI
part 1 is mapped. Qcsi2' may indicate the number of resource elements to which a CSI part 2 is mapped.

[0403]  When the UL data channel does not include a transport block (e.g., UL data), the terminal may calculate Q' based on
Equations 9 to 12 below.
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The base station may transmit a higher layer message including a list indicating candidate Q's, and transmit a DCI (e.g.,
UL grant) including information indicating one Q' among the candidate Q's included in the list. The terminal may identify
the list indicating the candidate Q's by receiving the higher layer message from the base station, and may receive the DCI
(e.g., UL grant) indicating one Q' among the candidate Q's from the base station. Accordingly, the terminal may confirm
the number Q' of resource elements to which the UL control information is mapped through the higher layer message and
the DCL.

In the proposed method, the terminal may derive the number Qsz' of resource elements to which the SR is mapped. The
terminal may determine the coding rate of the SR based on Qsz' and may encode the SR on the basis of the determined
coding rate. In order to determine Qsr', the terminal may reuse the information indicated by the UL grant under assumption
that the coding rate of the SR is equal to one of the coding rates of the other UL control information (e.g., HARQ response,
CSI part 1, CSI part 2).

In order to map the SR and the other UL control information (e.g., HARQ response, CSI part 1, CSI part 2) to the UL data
channel, the terminal may perform a puncturing operation or a rate matching operation on the UL data channel by applying
the same ratio 3 as a ratio 3 of a predetermined one among the UL control information to the SR. In this case, the maximum
value of resource elements to which the channel information (e.g., CSI part 1 and/or CSI part 2) is mapped may be changed,
and the maximum value thereof may be calculated as a remainder value obtained by subtracting the number of resource
elements to which the SR is mapped and the number of resource elements to which the HARQ response is mapped. For
example, the remainder value may be calculated based on Equation 13 below.

UCCH
N, -1 ocr
Ehowmdf M, "= (D-0ycx—Osr
[Equation 13]

Meanwhile, one code block may include both the SR and the other UL control information (e.g., HARQ response, CSI
part 1, CSI part 2). Alternatively, the code block including the SR may be different from the code block including the other
UL control information (e.g., HARQ response, CSI part 1, CSI part 2). For example, the SR may be encoded with the
HARQ response. Alternatively, the SR may be encoded with the HARQ response and the CSI part 1. Alternatively, the
SR may be encoded independently of the HARQ response or the CSI part 1.

In a proposed method for determining Qsr', the ratio of the number of resource elements to which the SR is mapped may
be configured to be different from the ratio of the number of resource elements to which other UL control information is
mapped. For example, the other UL control information excluding the SR may be UL control information generated to
support the eMBB service, and the SR may be UL control information generated to support the URLLC service. Therefore,
the coding rate of the SR may be different from the coding rate of the other UL control information. A method may be
required for the base station to inform the terminal of the coding rate of the SR. The SR may be encoded with other UL
control information. In this case, the SR and the other UL control information may be included in the same code block.
Alternatively, each of the SR and other UL control information may be independently coded, so that the code block
including the SR may be different from the code block including other UL control information.

In a proposed method, the base station may derive the number of resource elements to which the SR is mapped using a

ratio y to the number of resource elements, which is configured by a higher layer signaling. The terminal can encode the
SR using the ratio y configured by the higher layer signaling, and may map the encoded SR to the resource elements. Here,
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the number of ratios configured by the base station to the terminal may be one or more. When two or more ratios are
configured, one of two or more ratios may be indicated by a field included in the UL grant. When the UL grant does not
include the field indicating one ratio y, the terminal may use a preconfigured ratio.

Also, the terminal may encode other UL control information excluding the SR using the ratio f indicated by the UL grant
or the ratio B configured by the higher layer signaling, and map the encoded other UL control information to the resource
elements. When the UL data channel does not include other UL control information excluding than the SR, the terminal
may encode the SR using the ratio y configured by the higher layer signaling, and map the encoded SR to the resource
elements.

In another proposed method, the base station may specify other UL control information excluding the SR to define the
ratio of the number of the resource elements to which the SR is mapped, and may be define the ratio of the number of the
resource elements to which the SR is mapped as a relative value 8 of the ratio of the number of resource elements to which
the other control information is mapped. The base station may transmit a higher layer message including § to the terminal.

The terminal may identify & by receiving the higher layer message from the base station, and add & to B indicated by the
UL grant to derive ‘B+3’ as a ratio of the number of resource elements to which the SR is mapped. When the UL grant
indicating B is not received, the terminal may derive ‘B+3’ based on p and b configured by the higher layer signaling,
encoded the SR by using ‘B+4’, and map the encoded SR to the resource elements. Here, the SR may be encoded together
with other UL control information. In this case, the SR and the other UL control information may be included in the same
code block. Alternatively, each of the SR and other UL control information may be independently encoded, so that the
code block including the SR may be different from the code block including the other UL control information.

\/Coding Scheme Applied to SR

In case that the UL control channels corresponding to K SRs overlap with the UL data channel, the terminal may transmit
either [loga(K+1)] bits or [loga(L+1)] bits. Here, K may be L or more. In this case, the number of available resource
elements may be expressed as Q'. The SR may be represented using 1 bit or 2 bits. The SR may be spread according to a
modulation rate, and a spreading code may be composed of only 1. For example, the spreading code may be ‘11111 . ..
11°.

mMethod for Triggering a HARQ Response Codebook

In order to support services (e.g., eMBB service, URLLC service) having different reliability requirements, the terminal
may generate independent UL control information for each service. In particular, when the terminal supports the eMBB
service and the URLLC service, the codebook for the eMBB service (e.g., the codebook used for multiplexing the HARQ
response for the DL data channel) may be distinguished from the codebook for the URLLC service (e.g., the codebook
used for multiplexing the HARQ response for the DL data channel).

In case that the terminal supports DL transmissions with different reliability requirements, the HARQ response codebook
may be configured with a HARQ response for DL data of each service. Also, the priority of the codebook for the eMBB
service may be different from the priority of the codebook for the URLLC service. The priority of the HARQ response
codebook may be determined according to the priority of the DL data associated with the HARQ response. For example,
the priority of the HARQ response codebook may be determined based on the transmission requirements of DL data (e.g.,
reliability, error rate, latency, etc.).

The base station may configure the priority of the HARQ response codebook (e.g., the priority of the DL data) to the
terminal using a higher layer signaling. Alternatively, the priority of the HARQ response codebook (e.g., the priority of
the DL data) may be defined in the technical specification known to the base station and the terminal. The terminal may
multiplex the HARQ response codebooks according to the priorities, and map the multiplexed HARQ response codebooks
to one UL channel (e.g., UL data channel or UL control channel). Alternatively, the terminal may select one HARQ
response codebook (e.g., the HARQ response codebook with the highest priority) among the HARQ response codebooks
according to the priorities, and map the selected HARQ response codebook to one UL channel (e.g., UL data channel or
UL control channel).

The terminal may select one HARQ response codebook among the HARQ response codebooks using different criteria
instead of the priorities of the DL data. Here, the terminal may confirm the type of the DL data received through the DL
control channel. For example, the base station may transmit DL data #1 and #2 having different transmission requirements
through different DL data channels #1 and #2.

The terminal may receive the DL data #1 through the DL data channel #1 and then receive the DL data #2 through the DL

data channel #2. The terminal may determine the priorities based on the types of the DL data #1 and #2. For example, the
terminal may determine that the priority of the DL data #2 is higher than the priority of the DL data #1. The terminal may
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select one of the HARQ response codebooks based on the priorities of the DL data #1 and #2.

In a proposed method, the terminal may determine the priorities of the HARQ response codebooks and select one of the
HARQ response codebooks based on the determined priorities. The terminal may transmit the selected HARQ response
codebook through one UL channel (e.g., UL data channel or UL control channel). The HARQ response codebook not
selected by the terminal may not be transmitted through the UL channel.

When an HARQ response codebook for a HARQ process is received, the base station may perform a (re) transmission
procedure based on the received HARQ response codebook. Alternatively, when no HARQ response codebook for a
specific HARQ process is received, the base station may perform the methods proposed below.

In a proposed method, when an HARQ response codebook for a HARQ process ID #n is not received, the base station may
assume that an HARQ response for the HARQ process ID #n is NACK or DTX. Therefore, the base station may perform
the retransmission procedure for the HARQ process ID #n.

The above method may be applied when the size of the HARQ response codebook is small. When the communication
between the base station and the terminal is performed based on a carrier aggregation (CA) scheme or a time division
duplex (TDD) scheme, the size of the HARQ response codebook may be large and the number of HARQ processes may
be large. In this case, a large amount of time and frequency resources (e.g., DL resources) may be required in the
retransmission procedure. Therefore, since the HARQ response codebook is not received due to a poor quality radio
channel, the base station may request retransmission of the HARQ response codebook to the terminal.

In another proposed method, the base station may transmit to the terminal information requesting transmission of the
HARQ response codebook. The terminal may transmit the HARQ response codebook using a UL channel (e.g., UL control
channel or UL data channel) according to the request from the base station. In this case, the HARQ response codebook
may be transmitted dynamically.

When transmission of three different DL data #1 to #3 is supported, or when transmission of two different DL data #1 and
#2 is supported and an HARQ response codebook for one DL data among the DL data #1 and #2 is required to be
retransmitted, the number of HARQ response codebooks that the terminal should retransmit may be equal to or greater
than 2.

In another proposed method, the base station may transmit to the terminal information requesting transmission of a specific
HARQ response codebook. For example, the base station may transmit one or more indexes used to identify one or more
HARQ response codebooks through a DL control channel. The terminal may receive the one or more indexes through the
DL control channel, and may transmit the HARQ response codebook(s) indicated by the one or more indexes through a
UL channel.

In case that the size of the HARQ response codebook is configured semi-statically, the size of the HARQ response
codebooks retransmitted by the terminal (e.g., the total size of the HARQ responses) may be determined based on the
index(es) received through a DL control channel. In case that the size of the HARQ response codebook is configured
dynamically, the size of the HARQ response codebooks retransmitted by the terminal (e.g., the total size of the HARQ
responses) may be uncertain. In the procedure for generating the HARQ response codebook, if the terminal mis-knows the
size of the HARQ response codebook (e.g., if the terminal did not receive the last DL control channel), the size of the
HARQ response codebooks may be uncertain.

In another proposed method, the base station may transmit information requesting transmission of all HARQ response
codebooks to the terminal. In this case, all HARQ responses corresponding to the number of HARQ processes may be
transmitted. This method may be applied even when the size of the HARQ response codebook is configured semi-statically
or dynamically. Therefore, the problem in the demodulation and decoding procedure, which occurs because the size of the
HARQ response codebook known to the terminal differs from the size of the HARQ response codebook known to the base
station, may be solved.

Here, when a UL data channel is received as the UL channel, the base station may indicate an HARQ response in a specific
field of a DL control channel (e.g., UL grant). For example, an existing field in the DL control channel (e.g., UL grant)
may be utilized to indicate the HARQ response. Alternatively, a new field indicating the HARQ response may be
introduced into the DL control channel (e.g., UL grant).

In an embodiment, a field (e.g., UL-SCH indicator) instructing to configure a UL data channel with only UL control
information instead of a transport block among fields included in the UL grant may be used to indicate the HARQ response.
When the corresponding field (e.g., UL-SCH indicator) included in the UL grant is set to a first value, the terminal may
configure the UL data channel to include a transport block and UL control information (e.g., CSI, HARQ response, or
CSI/HARQ response). On the other hand, when the corresponding field (e.g., UL-SCH indicator) included in the UL grant
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is set to a second value, the terminal may configure the UL data channel to include UL control information (e.g., CSI,
HARQ response, or CSI/HARQ response) instead of a transport block. The corresponding field (e.g., UL-SCH indicator)
included in the UL grant may be set to 0 or 1.

When a field for a CBG is configured in the terminal by a higher layer signaling, the terminal may interpret the indicators
(e.g., CBGTI, CBGFI) for the CBG in the UL grant as an indicator for the HARQ response codebook. The indicator for
the CBG may be composed of a bitmap, and one bit in the bitmap may indicate whether to transmit an HARQ codebook
group (e.g., a group consisting of one or more HARQ response codebooks). The terminal may configure the UL data
channel only with UL control information instead of a transport block and may transmit only a part of the HARQ codebook
groups. Also, for transmission of the HARQ codebook groups, an existing field of the UL grant (e.g., transmission indicator
of the CBG) may be reused.

In another embodiment, a field indicating that the HARQ response is included in the UL data channel may be newly
introduced into the UL grant. When the new field included in the UL grant is set to a first value, the terminal may configure
the UL data channel including the transport block and the HARQ response. On the other hand, when the new field included
in the UL grant is set to a second value, the terminal may configure the UL data channel including the HARQ response
instead of the transport block. For example, the field indicating whether the HARQ response is included in the UL data
channel or not may be set to 0 or 1.

The embodiments of the present disclosure may be implemented as program instructions executable by a variety of
computers and recorded on a computer readable medium. The computer readable medium may include a program
instruction, a data file, a data structure, or a combination thereof. The program instructions recorded on the computer
readable medium may be designed and configured specifically for the present disclosure or can be publicly known and
available to those who are skilled in the field of computer software.

Examples of the computer readable medium may include a hardware device such as ROM, RAM, and flash memory, which
are specifically configured to store and execute the program instructions. Examples of the program instructions include
machine codes made by, for example, a compiler, as well as high-level language codes executable by a computer, using
an interpreter. The above exemplary hardware device can be configured to operate as at least one software module in order
to perform the embodiments of the present disclosure, and vice versa.

While the embodiments of the present disclosure and their advantages have been described in detail, it should be understood

that various changes, substitutions and alterations may be made herein without departing from the scope of the present
disclosure.
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CLAIMS

An operation method of a terminal in a communication system, the operation method comprising:

receiving from a base station first slot format indicator (SFI) information indicating n flexible symbol(s);

receiving from the said base station an SRS configuration message configuring to transmit a sounding reference signal
(SRS) to the base station;

receiving from the said base station second SFI information re-indicating m symbol(s) among the n flexible symbol (s)
as uplink symbol(s); and

transmitting the SRS to the said base station through the m symbol(s) re-indicated as UL symbols among the n flexible
symbol(s) indicated as flexible symbol(s),

wherein each of n and m is a natural number.

The operation method according to claim 1, wherein k symbols among symbols constituting a slot configured based on
the said first SFI information and the said second SFI information are configured for transmission of the SRS, the SRS
is transmitted through the m symbol(s) re-indicated as the UL symbol(s) among the k symbols, the said SRS is not
transmitted in the said flexible symbol among the said k symbols, and k is an integer equal to or greater than 2.

The operation method according to claim 1, wherein the said second SFI information re-indicates remaining symbol(s)
excluding the m symbol(s) among the n flexible symbol(s) as downlink (DL) symbol(s) or flexible symbol(s).

The operation method according to claim 1, wherein the said second SFI information is received in a downlink control
information (DCI) format 2_0.

The operation method according to claim 4, wherein information elements required for receiving the said DCI format
2 0 is received from the said base station through a higher layer message, and the said information elements include
information on a control resource set (CORESET) and a search space for the DCI format 2_0.

The operation method according to claim 1, wherein the said SRS configuration message includes information indicating
a first symbol in which the said SRS is transmitted in a slot, and information indicating a number of symbols in which
the said SRS is transmitted in the slot.

An operation method of a base station in a communication system, the operation method comprising:

transmitting to a terminal first slot format indicator (SFI) information indicating n flexible symbol(s);

transmitting to the terminal an SRS configuration message configuring to transmit a sounding reference signal (SRS) to
the said base station;

transmitting to the terminal second SFI information reindicating the said m symbol(s) among the said n flexible
symbol(s) as uplink symbol(s); and

receiving the said SRS from the said terminal through the said m symbol(s) re-indicated as UL symbols among the said
n flexible symbol(s) indicated as flexible symbol(s), wherein each of n and m is a natural number.

The operation method according to claim 7, wherein k symbols among symbols constituting a slot configured based on
the said first SFI information and the said second SFI information are configured for transmission of the SRS, the said
SRS is transmitted through the said m symbol(s) re-indicated as the said UL symbol(s) among the said k symbols, the
SRS is not transmitted in the said flexible symbol among the said k symbols, and k is an integer equal to or greater than
2.

The operation method according to claim 7, wherein the said second SFI information re-indicates remaining symbol(s)
excluding the said m symbol(s) among the said n flexible symbol(s) as downlink (DL) symbol(s) or flexible symbol(s).
The operation method according to claim 7, wherein information elements required for receiving the said DCI format
2 0 is transmitted to the said terminal through a higher layer message, and the said information elements include
information on a control resource set (CORESET) and a search space for the said DCI format 2 0.

The operation method according to claim 7, wherein the said SRS configuration message includes information indicating
a first symbol in which the said SRS is transmitted in a slot, and information indicating a number of symbols in which
the said SRS is transmitted in the slot.

An operation method of a terminal in a communication system, the operation method comprising:

receiving from a base station a first downlink control information (DCI) including first resource allocation information
for a first transport block;

receiving from the said base station a second DCI including second resource allocation information for the said first
transport block; and

transmitting the said first transport block to the said base station through the said second physical uplink shared channel
(PUSCH) indicated by the second resource allocation information,

wherein resources occupied by the said first PUSCH indicated by the said first resource allocation information are
different from resources occupied by the said second PUSCH.

The operation method according to claim 12, wherein, when the said first PUSCH is allocated for transmission of uplink
control information (UCI), the said first PUSCH is not transmitted.

The operation method according to claim 12, wherein, when the said first PUSCH is allocated for transmission of UCI,
the UCI is transmitted through a physical uplink control channel (PUCCH) instead of the first PUSCH.

The operation method according to claim 12, wherein, when the said first PUSCH is allocated for transmission of UCI,
the said UCI is transmitted through the second PUSCH instead of the first PUSCH.

The operation method according to claim 12, wherein, when a first code block for the first transport block is generated
based on the first DCI, the first code block is mapped to the second PUSCH indicated by the said second DCI instead
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of the first PUSCH.

The operation method according to claim 12, wherein each of a hybrid automatic repeat request (HARQ) process
identifier and a new data indicator (NDI) included in the said first DCI is equal to each of an HARQ process identifier
and an NDI included in the said second DCI.

The operation method according to claim 12, wherein, when time resources occupied by the said first PUSCH are
identical to time resources occupied by the said second PUSCH, the said second resource allocation information includes
an offset between a starting frequency resource of the said first PUSCH and a starting frequency resource of the said
second PUSCH.

The operation method according to claim 12, wherein, when frequency resources occupied by the said first PUSCH are
identical to frequency resources occupied by the said second PUSCH, the said second resource allocation information
includes an offset between a starting time resource of the first PUSCH and a starting time resource of the said second
PUSCH.

The operation method according to claim 12, wherein the said first PUSCH is used for another purpose instead of
transmission of the said first transport block
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