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Description
Title of Invention: METHOD AND APPARATUS FOR
TRANSMITTING AND RECEIVING DATA IN WIRELESS

COMMUNICATION SYSTEM
Technical Field

The disclosure relates to a wireless communication system, and more particularly, to
a method and apparatus for transmitting and receiving data in a wireless commu-

nication system.

Background Art

5G mobile communication technologies define broad frequency bands such that high
transmission rates and new services are possible, and can be implemented not only in
"Sub 6GHz" bands such as 3.5GHz, but also in "Above 6GHz" bands referred to as
mmWave including 28GHz and 39GHz. In addition, it has been considered to
implement 6G mobile communication technologies (referred to as Beyond 5G systems)
in terahertz bands (for example, 95GHz to 3THz bands) in order to accomplish
transmission rates fifty times faster than 5G mobile communication technologies and
ultra-low latencies one-tenth of 5G mobile communication technologies.

At the beginning of the development of 5G mobile communication technologies, in
order to support services and to satisfy performance requirements in connection with
enhanced Mobile BroadBand (eMBB), Ultra Reliable Low Latency Communications
(URLLC), and massive Machine-Type Communications (mMTC), there has been
ongoing standardization regarding beamforming and massive MIMO for mitigating
radio-wave path loss and increasing radio-wave transmission distances in mmWave,
supporting numerologies (for example, operating multiple subcarrier spacings) for ef-
ficiently utilizing mmWave resources and dynamic operation of slot formats, initial
access technologies for supporting multi-beam transmission and broadbands, definition
and operation of BWP (BandWidth Part), new channel coding methods such as a
LDPC (Low Density Parity Check) code for large amount of data transmission and a
polar code for highly reliable transmission of control information, L2 pre-processing,
and network slicing for providing a dedicated network specialized to a specific service.

Currently, there are ongoing discussions regarding improvement and performance
enhancement of initial 5G mobile communication technologies in view of services to
be supported by 5G mobile communication technologies, and there has been physical
layer standardization regarding technologies such as V2X (Vehicle-to-everything) for
aiding driving determination by autonomous vehicles based on information regarding

positions and states of vehicles transmitted by the vehicles and for enhancing user con-
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venience, NR-U (New Radio Unlicensed) aimed at system operations conforming to
various regulation-related requirements in unlicensed bands, NR UE Power Saving,
Non-Terrestrial Network (NTN) which is UE-satellite direct communication for
providing coverage in an area in which communication with terrestrial networks is un-
available, and positioning.

Moreover, there has been ongoing standardization in air interface architecture/
protocol regarding technologies such as Industrial Internet of Things (IIoT) for
supporting new services through interworking and convergence with other industries,
IAB (Integrated Access and Backhaul) for providing a node for network service area
expansion by supporting a wireless backhaul link and an access link in an integrated
manner, mobility enhancement including conditional handover and DAPS (Dual
Active Protocol Stack) handover, and two-step random access for simplifying random
access procedures (2-step RACH for NR). There also has been ongoing standardization
in system architecture/service regarding a 5G baseline architecture (for example,
service based architecture or service based interface) for combining Network Functions
Virtualization (NFV) and Software-Defined Networking (SDN) technologies, and
Mobile Edge Computing (MEC) for receiving services based on UE positions.

As 5G mobile communication systems are commercialized, connected devices that
have been exponentially increasing will be connected to communication networks, and
it is accordingly expected that enhanced functions and performances of 5G mobile
communication systems and integrated operations of connected devices will be
necessary. To this end, new research is scheduled in connection with eXtended Reality
(XR) for efficiently supporting AR (Augmented Reality), VR (Virtual Reality), MR
(Mixed Reality) and the like, 5G performance improvement and complexity reduction
by utilizing Artificial Intelligence (Al) and Machine Learning (ML), Al service
support, metaverse service support, and drone communication.

Furthermore, such development of 5G mobile communication systems will serve as a
basis for developing not only new waveforms for providing coverage in terahertz
bands of 6G mobile communication technologies, multi-antenna transmission tech-
nologies such as Full Dimensional MIMO (FD-MIMO), array antennas and large-scale
antennas, metamaterial-based lenses and antennas for improving coverage of terahertz
band signals, high-dimensional space multiplexing technology using OAM (Orbital
Angular Momentum), and RIS (Reconfigurable Intelligent Surface), but also full-
duplex technology for increasing frequency efficiency of 6G mobile communication
technologies and improving system networks, Al-based communication technology for
implementing system optimization by utilizing satellites and Al (Artificial In-
telligence) from the design stage and internalizing end-to-end Al support functions,

and next-generation distributed computing technology for implementing services at
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levels of complexity exceeding the limit of UE operation capability by utilizing ultra-
high-performance communication and computing resources.
Disclosure of Invention

Solution to Problem

The disclosure relates to a method and apparatus for transmitting and receiving, by a
user equipment (UE), data in a wireless communication system, and more particularly,
to a method and apparatus for transmitting hybrid automatic repeat request-
acknowledgement (HARQ-ACK) feedback for downlink data transmission.

Brief Description of Drawings

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

FIG. 1 illustrates a diagram of a time-frequency domain transmission structure of
LTE, E-UTRA, LTE-A, NR, or a similar wireless communication system according to
an embodiment of the present disclosure;

FIG. 2 illustrates a diagram of structures of a frame, a subframe, and a slot in Sth
generation (5G) according to an embodiment of the present disclosure;

FIG. 3 illustrates an example of a configuration of a BWP in a wireless commu-
nication system according to an embodiment of the present disclosure;

FIG. 4 illustrates a diagram showing an example of a frequency domain resource al-
location for a PDSCH in a wireless communication system according to an em-
bodiment of the present disclosure;

FIG. 5 illustrates a diagram showing an example of a time domain resource al-
location for a PDSCH in a wireless communication system according to an em-
bodiment of the present disclosure;

FIG. 6 illustrates a diagram of an example of a time domain resource allocation
according to subcarrier spacings of a data channel and control channel in a wireless
communication system according to an embodiment of the present disclosure;

FIG. 7 illustrates a diagram showing a method of configuring a semi-static HARQ-
ACK codebook in an NR system according to an embodiment of the present
disclosure;

FIG. 8 illustrates a diagram showing a method of configuring a dynamic HARQ-
ACK codebook in an NR system according to an embodiment of the present
disclosure;

FIG. 9 illustrates examples of "operation 1" and "operation 2" for a physical uplink
control channel (PUCCH) transmission time including HARQ-ACK for downlink data

transmission, when the use of a sub-slot is configured in a wireless communication



WO 2022/250412 PCT/KR2022/007341

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

system, according to an embodiment of the present disclosure;
FIG. 10 illustrates a user equipment (UE) operation diagram showing uplink control

information transmission associated with downlink data reception, by using sub-slot
configuration and information, according to an embodiment of the present disclosure;

FIG. 11 illustrates an example of a PUCCH transmission time including HARQ-
ACK for downlink data transmission, when the use of a sub-slot is configured and
negative K1 is used in a wireless communication system, according to an embodiment
of the present disclosure;

FIG. 12 illustrates a diagram of a structure of a UE in a wireless communication
system according to an embodiment of the present disclosure; and

FIG. 13 illustrates a diagram of a structure of a base station in a wireless commu-

nication system according to an embodiment of the present disclosure.

Mode for the Invention

The disclosure relates to a method and apparatus for transmitting and receiving, by a
user equipment (UE), data in a wireless communication system, and more particularly,
to a method and apparatus for transmitting hybrid automatic repeat request-
acknowledgement (HARQ-ACK) feedback for downlink data transmission.

Additional aspects will be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be learned by practice of the
presented embodiments of the disclosure.

According to an embodiment of the disclosure, a method of a user equipment (UE) in
a wireless communication system, includes: receiving a downlink channel from a base
station; identifying a reference slot associated with physical uplink control channel
(PUCCH) transmission, wherein the identifying of the reference slot comprises, in case
that a higher layer parameter configuring a sub-slot for a PUCCH is received,
identifying that the reference slot is the last uplink slot for PUCCH transmission that
overlaps with the downlink channel, and in case that the higher layer parameter is not
received, identifying that the reference slot is the last uplink slot for PUCCH
transmission that overlaps with a downlink slot for the downlink channel reception;
and transmitting, to the base station, a PUCCH including hybrid automatic repeat
request acknowledgment (HARQ-ACK) information corresponding to the downlink
channel based on the reference slot.

According to another embodiment of the disclosure, a method of a base station in a
wireless communication system, includes: transmitting a downlink channel to a user
equipment (UE); and receiving, in an uplink slot identified based on a reference slot
associated with PUCCH transmission, a physical uplink control channel (PUCCH)
including hybrid automatic repeat request acknowledgement (HARQ-ACK) in-
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formation corresponding to the downlink channel, wherein in case that a higher layer
parameter configuring a sub-slot for a PUCCH is transmitted to the UE from the base
station, the reference slot is the last uplink slot for PUCCH transmission that overlaps
with the downlink channel, and wherein in case that the higher layer parameter is not
transmitted to the UE from the base station, the reference slot is the last uplink slot for
PUCCH transmission that overlaps with a downlink slot for the downlink channel
reception.

According to another embodiment of the disclosure, a user equipment (UE) in a
wireless communication system, includes: a transceiver; and at least one processor
configured to: receive a downlink channel from a base station; identify a reference slot
associated with physical uplink control channel (PUCCH) transmission, wherein the at
least one processor is further configured to, in case that a higher layer parameter con-
figuring a sub-slot for a PUCCH is received, identify that the reference slot is the last
uplink slot for PUCCH transmission that overlaps with the downlink channel, and in
case that the higher layer parameter is not received, identify that the reference slot is
the last uplink slot for PUCCH transmission that overlaps with a downlink slot for the
downlink channel reception; and transmit, to the base station, a PUCCH including
hybrid automatic repeat request acknowledgment (HARQ-ACK) information corre-
sponding to the downlink channel based on the reference slot.

According to another embodiment of the disclosure, a base station in a wireless com-
munication system, includes: a transceiver; and at least one processor configured to:
transmit a downlink channel to a user equipment (UE); and receive, in an uplink slot
identified based on a reference slot associated with PUCCH transmission, a physical
uplink control channel (PUCCH) including hybrid automatic repeat request acknowl-
edgement (HARQ-ACK) information corresponding to the downlink channel, wherein
in case that a higher layer parameter configuring a sub-slot for a PUCCH is transmitted
to the UE from the base station, the reference slot is the last uplink slot for PUCCH
transmission that overlaps with the downlink channel, and wherein in case that the
higher layer parameter is not transmitted to the UE from the base station, the reference
slot is the last uplink slot for PUCCH transmission that overlaps with a downlink slot
for the downlink channel reception.

Before undertaking the description below, it may be advantageous to set forth def-
initions of certain words and phrases used throughout this patent document: the terms
"include"” and "comprise," as well as derivatives thereof, mean inclusion without
limitation; the term "or," is inclusive, meaning and/or; the phrases "associated with"
and "associated therewith," as well as derivatives thereof, may mean to include, be
included within, interconnect with, contain, be contained within, connect to or with,

couple to or with, be communicable with, cooperate with, interleave, juxtapose, be
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proximate to, be bound to or with, have, have a property of, or the like; and the term
"controller” means any device, system or part thereof that controls at least one
operation, such a device may be implemented in hardware, firmware or software, or
some combination of at least two of the same. It should be noted that the functionality
associated with any particular controller may be centralized or distributed, whether
locally or remotely.

Moreover, various functions described below can be implemented or supported by
one or more computer programs, each of which is formed from computer readable
program code and embodied in a computer readable medium. The terms "application”
and "program" refer to one or more computer programs, software components, sets of
instructions, procedures, functions, objects, classes, instances, related data, or a portion
thereof adapted for implementation in a suitable computer readable program code. The
phrase "computer readable program code" includes any type of computer code,
including source code, object code, and executable code. The phrase "computer
readable medium" includes any type of medium capable of being accessed by a
computer, such as read only memory (ROM), random access memory (RAM), a hard
disk drive, a compact disc (CD), a digital video disc (DVD), or any other type of
memory. A "non-transitory" computer readable medium excludes wired, wireless,
optical, or other communication links that transport transitory electrical or other
signals. A non-transitory computer readable medium includes media where data can be
permanently stored and media where data can be stored and later overwritten, such as a
rewritable optical disc or an erasable memory device.

Definitions for certain words and phrases are provided throughout this patent
document, those of ordinary skill in the art should understand that in many, if not most
instances, such definitions apply to prior, as well as future uses of such defined words
and phrases.

FIGS. 1 through 13, discussed below, and the various embodiments used to describe
the principles of the present disclosure in this patent document are by way of il-
lustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented in any suitably arranged system or device.

Hereinafter, embodiments of the disclosure will be described with reference to ac-
companying drawings.

In describing the embodiments of the disclosure, descriptions of technical contents
that are well known in the technical field to which the disclosure belongs and are not
directly related to the disclosure will be omitted. By omitting the unnecessary de-
scription, the gist of the disclosure may be more clearly conveyed without obscuring

the subject matter.
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For the same reasons, components may be exaggerated, omitted, or schematically il-
lustrated in drawings for clarity. Also, the size of each component does not completely
reflect the actual size. In the drawings, like reference numerals denote like elements.

Throughout the disclosure, the expression "at least one of a, b or ¢" indicates only a,
only b, only ¢, both a and b, both a and ¢, both b and c, all of a, b, and c, or variations
thereof.

Throughout the specification, a layer may also be referred to as an entity.

Advantages and features of the disclosure and methods of accomplishing the same
may be understood more readily by reference to the following detailed description of
the embodiments of the disclosure and the accompanying drawings. In this regard, the
embodiments of the disclosure may have different forms and should not be construed
as being limited to the descriptions set forth herein. Rather, these embodiments of the
disclosure are provided so that the disclosure will be thorough and complete and will
fully convey the concept of the disclosure to one of ordinary skill in the art, and the
disclosure will only be defined by the appended claims. Throughout the specification,
like reference numerals denote like elements.

Here, it will be understood that combinations of blocks in flowcharts or process flow
diagrams may be performed by computer program instructions. Because these
computer program instructions may be loaded into a processor of a general-purpose
computer, a special purpose computer, or another programmable data processing
apparatus, the instructions, which are performed by a processor of a computer or
another programmable data processing apparatus, create units for performing functions
described in the flowchart block(s). The computer program instructions may be stored
in a computer-executable or computer-readable memory capable of directing a
computer or another programmable data processing apparatus to implement a function
in a particular manner, and thus the instructions stored in the computer-executable or
computer-readable memory may also be capable of producing manufacturing items
containing instruction units for performing the functions described in the flowchart
block(s). The computer program instructions may also be loaded into a computer or
another programmable data processing apparatus, and thus, instructions for operating
the computer or the other programmable data processing apparatus by generating a
computer-executed process when a series of operations are performed in the computer
or the other programmable data processing apparatus may provide operations for
performing the functions described in the flowchart block(s).

In addition, each block may represent a portion of a module, segment, or code that
includes one or more executable instructions for executing specified logical
function(s). It should also be noted that in some alternative implementations, functions

mentioned in blocks may occur out of order. For example, two blocks illustrated suc-
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cessively may actually be executed substantially concurrently, or the blocks may
sometimes be performed in a reverse order according to the corresponding function.

Here, the term "unit" in the embodiments of the disclosure means a software
component or hardware component such as a field-programmable gate array (FPGA)
or an application-specific integrated circuit (ASIC), and performs a specific function.
However, the term "unit" is not limited to software or hardware. The "unit" may be
formed so as to be in an addressable storage medium, or may be formed so as to
operate one or more processors. Thus, according to some embodiments of the
disclosure, the term "unit" may refer to components such as software components,
object-oriented software components, class components, and task components, and
may include processes, functions, attributes, procedures, subroutines, segments of
program code, drivers, firmware, micro codes, circuits, data, a database, data
structures, tables, arrays, or variables. A function provided by the components and
"units" may be associated with the smaller number of components and "units," or may
be divided into additional components and "units." Furthermore, the components and
"units" may be embodied to reproduce one or more central processing units (CPUs) in
a device or security multimedia card. Also, in some embodiments of the disclosure, the
"unit" may include at least one processor.

Hereinafter, operation principles of the disclosure will be described with reference to
accompanying drawings. While describing the disclosure, detailed description of
related well-known functions or configurations may be omitted when it is deemed that
they may unnecessarily obscure the essence of the disclosure. Also, terms used below
are defined in consideration of functions in the disclosure, and may have different
meanings according to an intention of a user or operator, customs, or the like. Thus, the
terms should be defined based on the description throughout the specification.
Hereinafter, a base station is an entity that allocates resources to a terminal, and may
be at least one of a gNode B (gNB), an eNode B (eNB), a Node B (NB), a wireless
access unit, a BS controller, or a node on a network. Examples of a terminal may
include user equipment (UE), a mobile station (MS), a cellular phone, a smartphone, a
computer, and a multimedia system capable of performing a communication function.
The disclosure is not limited to the above examples. Hereinafter, a technique for a
terminal to receive broadcast information from a base station in a wireless commu-
nication system will be described. The disclosure relates to a communication technique
and system for converging a 5% generation (5G) communication system for supporting
a higher data rate than a beyond 4™ generation (4G) system with an Internet of Things
(IoT) technology. The disclosure may be applied to intelligent services (e.g., smart
homes, smart buildings, smart cities, smart cars or connected cars, health care, digital

education, retail business, and security and safety related services) based on 5G com-
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munication technology and IoT related technology.

Hereinbelow, terms indicating broadcast information, terms indicating control in-
formation, terms related to communication coverage, terms indicating a change in a
state (for example, an event), terms indicating network entities, terms indicating
messages, and terms indicating components of an apparatus are exemplified for con-
venience of description. Thus, the terms used in the disclosure are not limited and other
terms having the same technical meanings may be used.

Hereinafter, for convenience of descriptions, some of terms and names defined by the
3rd Generation Partnership Project Long Term Evolution (3GPP LTE) standard may
be used. However, the disclosure is not limited by such terms and names, and may be
equally applied to systems conforming to other standards.

Wireless communication systems have been developed from wireless communication
systems providing voice centered services in the early stage toward broadband wireless
communication systems providing high-speed, high-quality packet data services, like
communication standards of high speed packet access (HSPA), long term evolution
(LTE or evolved universal terrestrial radio access (E-UTRA)), LTE-advanced
(LTE-A), and LTE-Pro of the 3GPP, high rate packet data (HRPD) and ultra mobile
broadband (UMB) of 3GPP2, IEEE 802.16¢ or the like.

As arepresentative example of the broadband wireless communication system, the
LTE system has adopted an orthogonal frequency division multiplexing (OFDM)
scheme in a downlink (DL) and has adopted a single carrier frequency division
multiple access (SC-FDMA) scheme in an uplink (UL). The UL refers to a radio link
through which a terminal (a user equipment (UE) or a mobile station (MS)) transmits
data or a control signal to a base station (BS) (e.g., eNode B), and the DL refers to a
radio link through which a BS transmits data or a control signal to a terminal. The
multiple access scheme as described above normally allocates and operates time-
frequency resources including data or control information to be transmitted to each
other to prevent the time-frequency resources from overlapping with each other, that is,
establish orthogonality, thereby dividing the data or the control information of each
user.

As a future communication system after the LTE system, that is, a 5G commu-
nication system, has to be able to freely reflect various requirements of a user and a
service provider, and thus, services satisfying various requirements need to be
supported. The services considered for the 5G communication system include
enhanced mobile broadband (eMBB), massive machine type communication (mMTC),
ultra reliability low latency communication (hereinafter, URLLC), etc.

According to some embodiments of the disclosure, the eMBB aims to provide a
higher data rate than a data rate supported by the LTE, LTE-A, or LTE-Pro system. For
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example, in the 5G communication system, the eMBB should be able to provide a peak
data rate of 20 Gbps in the DL and a peak data rate of 10 Gbps in the UL from the
viewpoint of one BS. At the same time, the eMBB should provide an increased user
perceived data rate. In order to satisfy such requirements, improvement of various
transmitting/receiving technologies including a further improved multiple-input and
multiple-output (MIMO) transmission technology may be demanded. Also, the eMBB
may satisfy a data rate required in the 5G communication system by using a frequency
bandwidth wider than 20 MHz in a frequency band of 3 to 6 GHz or equal to or greater
than 6 GHz instead of 2GHz used by current LTE.

At the same time, the mMTC is being considered to support application services such
as IoT in the 5G communication system. The mMTC is required for an access support
of a large-scale terminal in a cell, coverage enhancement of a terminal, improved
battery time, and cost reduction of a terminal in order to efficiently provide the IoT.
The IoT needs to be able to support a large number of terminals (e.g., 1,000,000
terminals/km?) in a cell because it is attached to various sensors and various devices to
provide communication functions. In addition, the terminals supporting the mMTC are
more likely to be positioned in shaded areas not covered by a cell, such as the un-
derground of a building due to nature of services, and thus, the terminal may require a
wider coverage than other services provided by the 5G communication system. The
terminals that support the mMTC should be configured as inexpensive terminals and
require very long battery lifetime because it is difficult to frequently replace batteries
of the terminals.

Finally, the URLLC that is a cellular-based wireless communication service used for
mission-critical purposes needs to provide communication providing ultra-low latency
and ultra-high reliability as a service used in remote control for robots or machinery,
industrial automation, unmanaged aerial vehicles, remote health care, or emergency
alert. For example, a service supporting the URLLC should satisfy air interface latency
smaller than 0.5 milliseconds and at the same time, requires a packet error rate of 10~
or less. Accordingly, for the service supporting the URLLC, the 5G communication
system is required to provide a transmit time interval (TTI) shorter than those for other
services while allocating a broad resource in a frequency band. However, the mMTC,
URLLC, and eMBB are examples of different service types, and service types to which
the disclosure is applied are not limited thereto.

The services considered in the 5G communication system described above may be
converted with each other and provided based on one framework. In other words, for
efficient resource management and control, services may be integrated, controlled, and
transmitted via one system instead of being independently operated.

Also, hereinbelow, one or more embodiments of the disclosure will be described as
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an example of a long-term evolution (LTE), LTE-advanced (LTE-A), LTE Pro, or new
radio (NR) system, but the one or more embodiments of the disclosure may also be
applied to other communication systems having a similar technical background or
channel form. Also, it will be understood by one of ordinary skill in the art that em-
bodiments of the disclosure may be applied to other communication systems through
some modifications without departing from the scope of the disclosure.

<5G System Frame Structure>

Hereinafter, a frame structure of a 5G system will be described in detail with
reference to accompanying drawings.

FIG. 1 illustrates a diagram of a basic structure of a time-frequency resource in a
wireless communication system according to an embodiment of the present disclosure.

Referring to FIG. 1, a horizontal axis represents a time domain and a vertical axis
represents a frequency domain. In the time and frequency domains, a base unit of a
resource is a resource element (RE) 1-01, and may be defined by one OFDM symbol
1-02 on a time axis and one subcarrier 1-03 on a frequency axis. In the frequency

domain, NRE (for example, 12) consecutive REs 1-01 may configure one resource

block (RB) 1-04. According to an embodiment of the disclosure, a plurality of OFDM
symbols 1-02 may configure one subframe 1-10.

FIG. 2 illustrates a diagram for describing structures of a frame 2-00, subframe 2-01,
and a slot 2-02, in a wireless communication system according to an embodiment of
the present disclosure.

Referring to FIG. 2, one frame 2-00 may include one or more subframes 2-01, and
one subframe 2-01 may include one or more slots 2-02. For example, one frame 2-00
may be defined to be 10 ms. One subframe 2-01 may be defined to be 1 ms, and in this
case, one frame 2-00 may include total 10 subframes 2-01. One slot 2-02 or 2-03 may
be defined by 14 OFDM symbols (i.e., the number (Ngy5:,) of symbols per slot = 14).

One subframe 2-01 may include one slot 2-02 or the plurality of slots 2-03, and the
number of slots 2-02 or 2-03 per subframe 2-01 may depend on configuration values p
2-04 or 2-05 for subcarrier spacing. FIG. 2 illustrates cases where the p 2-04 is 0 and
the 1 2-05 is 1, as the configuration values for subcarrier spacing. When the p 2-04 is
0, one subframe 2-01 may include one slot 2-02, and when the p 2-05 is 1, one

subframe 2-01 may include two slots 2-03. In other words, the number ( n 52/ mame#

slot

of slots per subframe may vary depending on a configuration value u for subcarrier

spacing, and accordingly, the number (n~/%™%*) of slots per frame may vary.

slot

nEbrramen apnd yJramet aecording to the configuration value p for each subcarrier

slot slot
spacing may be defined as Table 1 below.
[Table 1]
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0] 14 10 1
1 14 20 2
2 14 40 4
3 14 80 8
4 14 160 16
5 14 320 32
[61] In an NR system, one component carrier (CC) or serving cell may be configured of

[62]
[63]

[64]

[65]
[66]

250 or more RBs. Accordingly, when a UE always receives an entire serving cell
bandwidth as in an LTE system , power consumption of the UE may be severe, and to
solve this, a base station may configure the UE with one or more bandwidth parts
(BWPs) to support the UE to change a reception area in a cell. In the NR system, the
base station may configure an "initial BWP" that is a bandwidth of a control resource
set (CORESET) #0 (or common search space (CSS)) for the UE through a master in-
formation block (MIB). Then, the base station may configure the initial BWP of the
UE through radio resource control (RRC) signaling, and notify at least one piece of
BWP configuration information that may be indicated through downlink control in-
formation (DCI) later. Next, the base station may notify about a BWP identification
(ID) through the DCI to indicate to the UE which band to use. When the UE does not
receive the DCI from a currently allocated BWP for a specific period of time, the UE
may return to a "default BWP" and try to receive the DCI.

<5G BWP>

FIG. 3 illustrates an example of a configuration of a BWP in a wireless commu-
nication system according to an embodiment of the present disclosure.

Referring to FIG. 3, an example in which a UE bandwidth 3-00 is configured in two
BWPs, i.e., a BWP#1 3-05 and a BWP#2 3-10, is illustrated. A base station may
configure a UE with one or more BWPs and may configure pieces of information as in
Table 2 below for each BWP.

[Table 2]
BWP ::= SEQUENCE {
bwp-Id BWKP-Id,
{(BWP 1ID)
leocationAndBandwidth INTEGER ({1..865536),
(BWP Location)
subcarrierSpacing ENUMERATED {n0O, nl, n2,

n3, nd4, nb},
(Subcarrier Spacing)
cyclicPrefix ENUMERATED { extended }
(Cyclic Prefix)
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However, the present disclosure is not limited to the above example, and in addition
to the information configured as described above, various parameters related to a BWP
may be configured for the UE. The information may be transmitted by the base station
to the UE through higher layer signaling, for example, RRC signaling. At least one
BWP from among the configured one or more BWPs may be activated. Whether to
activate the configured BWP may be transmitted from the base station to the UE semi-
statically through RRC signaling or dynamically through a medium access control
(MAC) control element (CE) or DCI.

According to an embodiment of the disclosure, the initial BWP for an initial access
may be configured for the UE before an RRC connection, by the base station through
the MIB. More specifically, the UE may receive configuration information related to a
CORESET and a search space, in which a physical downlink control channel
(PDCCH) may be transmitted, so as to receive system information (may correspond to
remaining system information (RMSI) or system information block 1 (SIB1)) required
for the initial access, through an MIB in an initial access stage. The CORESET and
search space that are configured through the MIB may be assumed to be identities
(IDs) 0, respectively.

The base station may notify the UE of configuration information, such as frequency
allocation information, time allocation information, or numerology, for a CORESET
#0, through the MIB. Also, the base station may notify the UE of configuration in-
formation for a monitoring cycle and occasion for the CORESET#0, i.e., configuration
information for a search space #0, through the MIB. The UE may consider a frequency
domain configured to be the CORESET #0 obtained from the MIB, as an initial BWP
for the initial access. Here, an ID of the initial BWP may be considered to be 0.

A configuration for a BWP supported by a next-generation mobile communication
system (the 5G or NR system) may be used for various purposes.

For example, when a bandwidth supported by the UE is smaller than a system
bandwidth, the bandwidth supported by the UE may be supported through the con-
figuration for the BWP. For example, by configuring the UE with a frequency location
(configuration information 2) of the BWP in Table 2, the UE may transmit or receive
data at a specific frequency location in the system bandwidth.

As another example, the base station may configure the UE with a plurality of BWPs
for a purpose of supporting different numerologies. For example, to support data
transmission/reception using both subcarrier spacing of 15 kHz and subcarrier spacing
of 30 kHz for an arbitrary UE, two BWPs may be configured to respectively use the
subcarrier spacings of 15 kHz and 30 kHz. Frequency division multiplexing may be
performed on the different BWPs, and when data is to be transmitted/received in a

specific subcarrier spacing, a BWP configured to have the corresponding subcarrier
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spacing may be activated.

As another example, the base station may configure the UE with BWPs having
different sizes of bandwidths for a purpose of reducing power consumption of the UE.
For example, when the UE supports a very large bandwidth, for example, a bandwidth
of 100 MHz, and always transmits/receives data through the corresponding bandwidth,
very large power consumption may occur. In particular, it is very inefficient in terms of
power consumption for the UE to monitor an unnecessary DL control channel for a
large bandwidth of 100 MHz in a situation where there is no traffic. Accordingly, the
base station may configure the UE with a BWP of a relatively small bandwidth, for
example, a BWP of 20 MHz, for a purpose of reducing the power consumption of the
UE. In a situation where there is no traffic, the UE may perform a monitoring
operation in a BWP of 20 MHz, and when data is generated, the UE may transmit/
receive the data by using a BWP of 100 MHz according to an instruction of the base
station.

In relation to a method of configuring the BWP, the UEs before RRC connection
may receive configuration information regarding the initial BWP through the MIB in
the initial access stage. In detail, the UE may be configured with, from an MIB of a
physical broadcast channel (PBCH), a CORESET for a downlink control channel
through which DCI for scheduling a system information block (SIB) may be
transmitted. A bandwidth of the CORESET configured through the MIB may be
considered as the initial BWP, and the UE may receive a physical downlink shared
channel (PDSCH) through which the SIB is transmitted, through the configured initial
BWP. The initial BWP may be used for other system information (OSI), paging, and
random access, in addition to the reception of the SIB.

<PDCCH: DCI>

Hereinafter, DCI in a next-generation mobile communication system (5G or NR
system) will be described in detail.

In the next-generation mobile communication system (5G or NR system), scheduling
information for uplink data (or physical uplink shared channel (PUSCH)) or downlink
data (or physical downlink shared channel (PDSCH)) may be transmitted from a base
station to a UE through DCI. The UE may monitor a fallback DCI format and a non-
fallback DCI format for PUSCH or PDSCH. The fallback DCI format may include a
fixed field pre-defined between the base station and the UE, and the non-fallback DCI
format may include a configurable field.

The DCI may be transmitted through a physical downlink control channel (PDCCH)
through channel coding and modulating processes. Cyclic redundancy check (CRC)
may be attached to a DCI message payload, and the CRC may be scrambled to a radio
network temporary identifier (RNTI) corresponding to an identity of the UE. Different
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RNTIs may be used to scramble the CRC attached to the DCI message payload,
according to a purpose of a DCI message, for example, UE-specific data transmission,
a power control command, or a random access response. In other words, the RNTI is
not explicitly transmitted, but may be transmitted by being included in a CRC cal-
culation process. Upon receiving the DCI message transmitted through the PDCCH,
the UE may verify the CRC by using an allocated RNTI. When the CRC is verified
based on a result of verifying the CRC, the UE may determine that the DCI message is
transmitted to the UE.

For example, the DCI scheduling the PDSCH for system information (SI) may be
scrambled with an SI-RNTI. The DCI scheduling the PDSCH for a random access
response (RAR) message may be scrambled with an RA-RNTI. The DCI scheduling
the PDSCH for a paging message may be scrambled with a P-RNTI. The DCI
notifying a slot format indicator (SFI) may be scrambled with an SFI-RNTI. The DCI
notifying transmit power control (TPC) may be scrambled with a TPC-RNTI. The DCI
for scheduling the UE-specific PDSCH or PUSCH may be scrambled with a cell RNTI
(C-RNTI).

A DCI format 0_0 may be used as fallback DCI for scheduling the PUSCH and at
this time, the CRC may be scrambled with the C-RNTI. According to an embodiment
of the disclosure, the DCI format 0_0 in which the CRC is scrambled with the C-RNTI
may include information of Table 3 below.

[Table 3]

Identifier for DCI formats —[1] bit

Frequency domain resource assignment — [(1og2(N”L‘BW"(NUL"BW" +1)/2ﬂ 1 bits

RB Re
Time domain resource assignment — X bits

Frequency hopping flag — 1 bit.

Modulation and coding scheme — 5 bits

New data indicator — 1 bit

Redundancy version — 2 bits

HARQ process number — 4 bits

TPC (transmit power control) command for scheduled PUSCH — [2] bits
UL/SUL(supplementary UL) indicator — 0 or 1 bit

A DCI format 0_1 may be used as non-fallback DCI for scheduling the PUSCH and
at this time, the CRC may be scrambled with the C-RNTI. According to an em-
bodiment of the disclosure, the DCI format 0 1 in which the CRC is scrambled with
the C-RNTI may include information of Table 4 below.

[Table 4]
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[85] - Carrier indicator—- 0 or 3 bits
- UL/SUL indicator — € or 1 bit

- Identifier for DCI formats — [1] bits
- Bandwidth part indicator- 0, 1 or 2 bits

- Frequency domain resource assignment

- Forresource allocation type 0, ’_j\"[:“!';‘swp / P_| bits

+  For resource allocation type 1, "10&(NI:;';'BW"(Né;';'sw" +1)/2)_| bits

- Time domain resource assignment —1, 2, 3, or 4 bits
- VRB(virtual rescurce block)-to-PRB(physical rescurce block) mapping — 0 or 1 bit, enly for resource
allocation type 1.
. 0 bit if only resource allocation type O is configured;
. 1 bit otherwise.
- Frequency hopping flag — 0 or 1 bit, only for resource allocation type 1.
. Q bit if only resource allocation type 0 is configured;
. 1 bit otherwise.
- Modulation and coding scheme — 5 bits
- New data indicator — 1 bit
- Redundancy version — 2 bits
- HARQ process number — 4 bits
- 1st downlink assignment index— 1 or 2 bits
* 1 bit for semi-static HARQ-ACK codebook;
. 2 bits for dynamic HARQ-ACK codebook with single HARQ-ACK codebook.
- 2nd downlink assignment index — O or 2 bits
. 2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
. 0 bit otherwise.
- TPC command for scheduled PUSCH — 2 bits

an\

- SRS resource indicator - IOgZ{Z(N;CRS}) o ﬂOgg(/\'mﬂ bits

4=t

Loas ( N
» ]c,g2 Z SRS bits for non-codebook based PUSCH transmission;
=1

. Dog2 (NSRS )—[ bits for codebook based PUSCH transmission.

- Precoding information and number of layers —up to 6 bits

- Antenna ports —up to 5 bits

- 8RS request — 2 bits

- CSlrequest-0,1, 2, 3, 4, 5, or 8 bits

- CBG(code block group) transmission information— 0, 2, 4, 6, or 8 bits
- PTRS-DMRS association — 0 or 2 bits.

- beta_offset indicator — 0 or 2 bits

- DMRS sequence initialization — 0 or 1 bit

[86] A DCI format 1_0 may be used as fallback DCI for scheduling the PDSCH and at
this time, the CRC may be scrambled with the C-RNTI. According to an embodiment
of the disclosure, the DCI format 1 0 in which the CRC is scrambled with the C-RNTI
may include information of Table 5 below.

[87] [Table 5]
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[88] ~ Identifier for DCI formats — [1] bit

- Frequency domain resource assignment —| hog2 (N (N YT +1)/2ﬂ ] bits

- Time domain resource assignment — X bits

- VRB-to-PRB mapping — 1 bit.

- Modulation and coding scheme — 5 bits

- New data indicator — 1 bit

- Redundancy version — 2 bits

- HARQ process number — 4 bits

- Downlink assignment index — 2 bits

- TPC command for scheduled PUCCH — [2] bits

- PUCCH resource indicator — 3 bits

- PDSCH-to-HARQ feedback timing indicator — [3] bits

[89] Alternatively, the DCI format 1_0 may be used as the DCI scheduling the PDSCH
for the RAR message, and at this time, the CRC may be scrambled with the RA-RNTI.
The DCI format 1_0 in which the CRC is scrambled to the C-RNTI may include in-
formation of Table 6 below.

[90] [Table 6]

[91]

- Frequency domain resource assignment —ﬁogz(N[?BLB“"’(A'[?;BW" + 1)/2)-‘ bits

- Time domain resource assignment — 4 bits
- VRB-to-PRB mapping - 1 bit

- Modulation and coding scheme - 5 bits

- TB scaling - 2 bits

- Reserved bits — 16 bits

[92] A DCI format 1_1 may be used as non-fallback DCI for scheduling the PDSCH and
at this time, the CRC may be scrambled with the C-RNTI. According to an em-
bodiment of the disclosure, the DCI format 1 1 in which the CRC is scrambled with
the C-RNTI may include information of Table 7 below.

[93] [Table 7]
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- Carrier indicator — 0 or 3 bits
- Identifier for DCI formats — [1] bits
- Bandwidth part indicator — 0, 1 or 2 bits

- Frequency domain resource assignment

+  For resource allocation type 0, [_NI‘{’F‘;“W" / P-[ bits

- Forresource allocation type 1, (logz(N,?g‘““"’(NI?;“B“"’ +1)/2)-i bits

- Time domain resource assignment -1, 2, 3, or 4 bits
- VRB-to-PRB mapping — 0 or 1 bit, only for resource allocation type 1.
. 0 bit if only resource allocation type 0 is configured;
. 1 bit otherwise.
- PRB bundling size indicator — 0 or 1 bit
- Rate matching indicator — 0, 1, or 2 bits
- ZP CSI-RS trigger - Q, 1, or 2 bits
For transport block 1:
- Modulation and coding scheme - 5§ bits
- New data indicator — 1 bit
- Redundancy version - 2 bits
For transport block 2:
- Modulation and coding scheme — 5 bits
- New data indicator — 1 bit
- Redundancy version - 2 bits
- HARQ process number — 4 bits
- Downlink assignment index — 0 or 2 or 4 bits
- TPC command for scheduled PUCCH - 2 bits
- PUCCH resource indicator — 3 bits
- PDSCH-to-HARQ_feedback timing indicator — 3 bits
- Antenna ports — 4, 5 or 6 bits
- Transmission configuration indication — 0 or 3 bits
- SRS request - 2 bits
- CBG transmission information - 0, 2, 4, 6, or 8 bits
- CBG flushing out information — 0 or 1 bit

- DMRS sequence initialization — 1 bit

<PDSCH Time and Frequency resource allocation Methods>

Hereinafter, time and frequency resource allocation methods for data transmission in
an NR system will be described.

In the NR system, following detailed frequency domain resource allocation methods
(frequency domain resource allocation (FD-RA)) may be provided in addition to a
frequency domain resource candidate allocation through BWP indication.

FIG. 4 illustrates a diagram showing an example of a frequency domain resource al-
location for a PDSCH in a wireless communication system according to an em-
bodiment of the present disclosure.

FIG. 4 illustrates three frequency domain resource allocation methods of a resource

allocation (RA) type 0 4-00, an RA type 1 4-05, and a dynamic switch 4-10, which are
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configurable through a higher layer in an NR system.

Referring to FIG. 4, when a UE is configured to use only a resource type 0 (the RA
type 0 4-00) through higher layer signaling, a part of DCI allocating a PDSCH to the
UE includes a bitmap consisting of NRBG bits. Here, NRBG denotes the number of
resource block groups (RBGs) determined as Table 8 below according to a BWP size
allocated by a BWP indicator and a higher layer parameter rbg-Size, and data is
transmitted to an RBG indicated by 1 by the bitmap.

[Table 8]
Bandwidth Part Size Configuration 1 Configuration 2
1- 36 2 4
37 - 72 4 8
73 — 144 8 16
145 — 275 16 16

When the UE is configured to use only a resource type 1 (RA type 1 4-05) through
higher layer signaling, the part of DCI allocating the PDSCH to the UE may include
frequency domain resource allocation information consisting of

[log, (NDLPWP (NDLBWP 4 1y /2] bits. A condition therefor will be described again

below. A base station may configure a starting virtual resource block (VRB) 4-20 and
a length 4-25 of a frequency domain resource continuously allocated form the starting
VRB 4-20.

When the UE is configured to use both the resource type 0 and the resource type 1
(dynamic switch 4-10) through higher layer signaling, the part of DCI allocating the
PDSCH to the UE includes the frequency axis allocation information consisting of bits
of a greater value 4-35 from among a payload 4-15 for configuring the resource type O
and a payload (the starting VRB 4-20 and the length 4-25) for configuring the resource
type 1. A condition therefor will be described again below. Here, one bit may be added
to a most significant bit (MSB) of the frequency domain resource allocation in-
formation in the DCI, and when the bit is 0, the resource type O may be used, and when
the bit is 1, the resource type 1 may be used.

Hereinafter, a time domain resource allocation method regarding a data channel in a
next-generation mobile communication system (5G or NR system) will be described.

A base station may configure a UE with Table regarding time domain resource al-
location information for a PDSCH and a PUSCH, through higher layer signaling (for
example, RRC signaling). For the PDSCH, Table consisting of up to maxNrofDL-Al-
locations=16 entries may be configured, and for the PUSCH, Table consisting of up to

maxNrofUL-Allocations=16 entries may be configured. According to an embodiment
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of the disclosure, the time domain resource allocation information may include
PDCCH-to-PDSCH slot timing (corresponds to a time interval in units of slots between
a time point when the PDCCH is received and a time point when the PDSCH
scheduled by the received PDCCH is transmitted, indicated by K, information about a
location and length of a starting symbol in which the PDSCH is scheduled in a slot,
and a PDSCH mapping type. For example, following pieces of information of Table 9

may be notified from the base station to the UE.

[Table 9]

PDSCH-TimeDomainResourceAllocationList information element
PDSCH-TimeDomainRescurceAllocationList ::= SEQUENCE (SIZE(l..maxNrofDL-Allocations)) OF
PDSCH-TimeDomainResourceAllocation
PDSCH-TimeDomainResourceAllocation ::= SEQUENCE {

k0 INTEGER(0..32}
OPTIONAL, -- Need S
(PDCCH~to~PDSCH timing, Slot Unit)
mappingType ENUMERATED {typedA, typeB},
(PDSCH Mapping Type)
startSymbolAndLength INTEGER (0..127)
{(Starting Symbol and Length of PDSCH)
}

The base station may notify the UE about one of entries in Table of the time domain
resource allocation information, through L1 signaling (for example, DCI) (for
example, indicated through a "time domain resource allocation" field within DCI). The
UE may obtain the time domain resource allocation information for the PDSCH or
PUSCH, based on the DCI received from the base station.

FIG. 5 illustrates a diagram showing an example of a time domain resource al-
location for a PDSCH in a wireless communication system according to an em-
bodiment of the disclosure.

Referring to FIG. 5, a base station may indicate a time axis location of a PDSCH
resource, according to subcarrier spacings (SCSs) (#ppscu_ Hproccm) of a data channel
and control channel configured by using a higher layer, a value of a slot offset K,, and
an OFDM symbol starting location 5-00 and length 5-05 in one slot 5-10 dynamically
indicated through DCI.

FIG. 6 illustrates a diagram of an example of a time domain resource allocation
according to subcarrier spacings of a data channel and control channel in a wireless
communication system according to an embodiment of the disclosure.

Referring to FIG. 6, when the subcarrier spacings of the data channel and control
channel are the same (a case 6-00, #roscu=Hrepccn) glot numbers for data and control
are the same, and thus a base station and a UE determine that a scheduling offset is
generated according to a pre-determined slot offset Ko. On the other hand, when the
subcarrier spacings of the data channel and control channel are different (a case 6-05,
HMppscn F Hppccn), the slot numbers for data and control are different, and thus the

base station and the UE determine that the scheduling offset is generated according to
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the pre-determined slot offset K, based on a subcarrier spacing of a PDCCH.
<Method and Apparatus for Transmitting Hybrid Automatic Repeat Request Ac-
knowledgement (HARQ-ACK) Feedback>

An NR system employs an HARQ scheme in which a physical layer retransmits data
when a decoding failure occurs in initial transmission. In the HARQ scheme, when a
receiver fails to accurately decode data, the receiver transmits information (negative
acknowledgment (NACK)) indicating the decoding failure to a transmitter so that the
transmitter may retransmit the corresponding data in the physical layer. The receiver
combines the data retransmitted by the transmitter with the data whose previous
decoding had failed so as to improve data reception performance. In addition, when the
receiver accurately decodes the data, the receiver may transmit information
(acknowledgment (ACK)) indicating successful decoding to the transmitter so that the
transmitter may transmit new data.

Hereinafter, a method and apparatus for transmitting HARQ-ACK feedback
regarding downlink data transmission will be described. In detail, a method of con-
figuring HARQ-ACK feedback bits when a UE is to transmit multiple HARQ-ACKs in
one slot through an uplink will be described.

In a wireless communication system, in particular, an NR system, a base station may
configure the UE with one or a plurality of component carriers (CCs) for downlink
transmission. Also, downlink transmission and uplink transmission slots and symbols
may be configured in each CC. Meanwhile, when a PDSCH, i.e., downlink data, is
scheduled, at least one of slot timing information to which the PDSCH is mapped in a
specific bit field of DCI, information about a location of a starting symbol to which the
PDSCH is mapped in a slot, or information about the number of symbols to which the
PDSCH is mapped may be transmitted. For example, when the DCI is transmitted in a
slot n and the PDSCH is scheduled, and when K, that is the slot timing information for
transmitting the PDSCH indicates 0, the starting symbol location is 0, and a symbol
length is 7, the PDSCH is transmitted by being mapped from a 0™ symbol to a 7%
symbol of the slot n. The HARQ-ACK feedback is transmitted from the UE to the base
station after a K1 slot after the PDSCH that is a downlink data signal is transmitted. K1
information that is timing information for transmitting the HARQ-ACK feedback is
transmitted through the DCI, a candidate group of available K1 values is transmitted
through higher signaling, and one of the K1 values may be determined through the
DCIL

When the UE is configured with a semi-static HARQ-ACK codebook, the UE may
determine Table including K, i.e., slot information to which the PDSCH is mapped,
starting symbol information, and information about the number of length of symbols,
and a feedback bit (or an HARQ-ACK codebook size) to be transmitted according to



22

WO 2022/250412 PCT/KR2022/007341

[119]

[120]

[121]

[122]

[123]
[124]

[125]

K1 candidate values, i.e., HARQ-ACK feedback timing information for the PDSCH.
The table including the slot information to which the PDSCH is mapped, the starting
symbol information, and the information about the number of length of symbols may
follow default values or may be configured by the base station for the UE.

When the UE is configured with a dynamic HARQ-ACK codebook, the UE may
determine an HARQ-ACK feedback bit (or an HARQ-ACK codebook size) to be
transmitted by the UE according to downlink assignment indicator (DAI) information
included in the DCI from a slot in which HARQ-ACK information is transmitted by K,
, 1.e., the slot information to which the PDSCH is mapped, and a K1 value, i.e., the
HARQ-ACK feedback timing information for the PDSCH.

FIG. 7 illustrates a diagram showing a method of configuring a semi-static HARQ-
ACK codebook in an NR system.

When a UE receives a higher layer signal configuring semi-static HARQ-ACK
codebook in a situation where the number of HARQ-ACK PUCCHs transmittable by
the UE in one slot is limited to one, the UE reports HARQ-ACK information regarding
reception of a PDSCH in an HARQ-ACK codebook or semi-persistent scheduling
(SPS) PDSCH release, in a slot indicated by a value of a PDSCH-to-HARQ_feedback
timing indicator in a DCI format 1_0 or DCI format 1_1. The UE reports NACK for an
HARQ-ACK information bit value in the HARQ-ACK codebook, in a slot not
indicated by a field of the PDSCH-to-HARQ _feedback timing indicator in the DCI
format 1_0 or DCI format 1_1. When the UE reports only the HARQ-ACK in-
formation regarding one SPS PDSCH release or one PDSCH reception for M, . cases
for candidate PDSCH reception, wherein the reporting is scheduled by the DCI format
1_0 including information indicating a counter DATI field in a primary cell (Pcell) is 1,
the UE determines one HARQ-ACK codebook for the SPS PDSCH release or PDSCH
reception. In other cases, the HARQ-ACK codebook is determined according to the
method described as follows.

When a group of PDSCH reception candidates in a serving cell ¢ is My . the M,
may be obtained through operations of [pseudo-code 1] below.

[Start pseudo-code 1]

- Operation 1: initialize j to 0 and M, to an empty set. Initialize k, i.e., an HARQ-
ACK transmission timing index, to O.

- Operation 2: configure R as a group of rows in the table including slot information
to which a PDSCH is mapped, the starting symbol information, and the information
about the number or length of the symbols. When a mapping symbol for the PDSCH
indicated by each value of R is configured to be an uplink symbol according to
downlink and uplink configurations configured by a higher layer, delete a corre-

sponding row from R.
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- Operation 3-1: when the UE is able to receive one PDSCH for unicast in one slot
and R is not an empty set, add 1 to the M.

- Operation 3-2: when the UE is able to receive more than one PDSCH for unicast in
one slot, count the number of PDSCHs allocatable to different symbols in the
calculated R, and add a value equal to the number of PDSCHs to the M, ...

- Operation 4: start again from operation 2 by increasing k by 1.

[End pseudo-code 1]

Referring to FIG. 7 as an example of the pseudo-code 1, all slot candidates for
PDSCH-to-HARQ-ACK timing capable of indicating a slot#k 7-08 are considered to
perform HARQ-ACK PUCCH transmission in the slot#k 7-08. In FIG. 7, it is assumed
that HARQ-ACK transmission is possible in the slot#k 7-08 according to a PDSCH-
to-HARQ-ACK timing combination in which only PDSCHs scheduled in a slot#n
7-02, a slot#n+1 7-04, and a slot#n+2 7-06 are possible. Also, the maximum number of
schedulable PDSCHs is derived for each slot, considering information indicating
whether a symbol in a slot is downlink or uplink, and time domain resource con-
figuration information of the PDSCH schedulable in each of the slot#n 7-02, the
slot#n+1 7-04, and the slot#n+2 7-06. For example, when up to two PDSCHs are
schedulable in the slot#n 7-02, up to three PDSCHs are schedulable in the slot#n+1
7-04, and up to two PDSCHs are schedulable in the slot#n+2 7-06, the maximum
number of PDSCHs included in an HARQ-ACK codebook transmitted from the slot#k
7-08 is 7. This is referred to as a cardinality of a size of a group of the HARQ-ACK
codebook.

FIG. 8 illustrates a diagram showing a method of configuring a dynamic HARQ-
ACK codebook in an NR system according to an embodiment of the present
disclosure.

A UE transmits HARQ-ACK information that is transmitted within one PUCCH
from a slot n for PDSCH reception or SPS PDSCH release, based on a value of
PDSCH-to-HARQ_feedback timing for PUCCH transmission of the HARQ-ACK in-
formation, and K, that is information about a transmission slot location of PDSCH
scheduled by DCI format 1_0 or 1_1. In detail, to transmit the HARQ-ACK in-
formation, the UE determines an HARQ-ACK codebook of the PUCCH transmitted
from a slot determined by the PDSCH-to-HARQ_feedback timing and the K, based on
DAI included in DCI indicating the PDSCH reception or SPS PDSCH release.

The DAI includes a counter DAI and a total DAI The counter DAI is information in-
dicating where in the HARQ-ACK codebook the HARQ-ACK information corre-
sponding to the PDSCH scheduled by the DCI format 1_0 or DCI format 1_1 is
located. In detail, a value of the counter DAI in the DCI format 1 O or 1 1 indicates an
accumulated value of the PDSCH reception or SPS PDSCH release scheduled by the
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DCI format 1_0 or DCI format 1_1 in a specific cell c. The accumulated value is set
based on a serving cell and a PDCCH monitoring occasion where the scheduled DCI is
present.

The total DAI is a value indicating a size of the HARQ-ACK codebook. In detail, the
value of total DAI denotes the total number of previously scheduled PDSCH re-
ceptions or SPS PDSCH releases including a time point when the DCI is scheduled
(PDCCH monitoring occasion). Also, the total DAI is a parameter used when HARQ-
ACK information in a serving cell ¢ also includes HARQ-ACK information for the
PDSCH scheduled in another cell including the serving cell ¢, in a carrier aggregation
(CA) situation. In other words, a total DAI parameter does not exist in a system
operating in one cell.

FIG. 8 illustrates an example of an operation of the UE related to the DAI when a
dynamic HARQ-ACK codebook is used. FIG. 8 illustrates changes in values of counter
DAI (C-DAI) and total DAI (T-DAI) indicated by DCI found for each PDCCH
monitoring occasion configured for each carrier, when two carriers are configured for
the UE and when a HARQ-ACK codebook selected based on DAI is transmitted from
an nth slot of a carrier 0 802, on a PUCCH 820. First, in the DCI found in m=0 806,
the C-DAI and the T-DAI each indicate a value 812 of 1. In the DCI found in m=1
808, the C-DAI and the T-DAI each indicate a value 814 of 2. In the DCI found in the
carrier 0 802 (c=0) of m=2 810, the C-DAI indicates a value 816 of 3. In the DCI
found in a carrier 1 804 (c=1) of m=2 810, the C-DAI indicates a value 818 of 4. Here,
when the carrier O 802 and the carrier 1 804 are scheduled in a same monitoring
occasion, the T-DAIs both indicate 4.

In FIGS. 7 and 8, the HARQ-ACK codebook is determined under an assumption that
one PUCCH containing HARQ-ACK information is transmitted in one slot. As one
example of a method of determining one PUCCH transmission resource in one slot,
when PDSCHs scheduled by different DCIs are multiplexed into one HARQ-ACK
codebook in a same slot and transmitted, a PUCCH resource selected for HARQ-ACK
transmission is determined to be a PUCCH resource indicated by a PUCCH resource
field indicated by DCI that scheduled a PDSCH last. In other words, a PUCCH
resource indicated by a PUCCH resource field indicated by DCI scheduled before the
DCl is ignored.

In Rel-16 URLLC, latency in one slot is minimized and a sub-slot is introduced to
transmit multiple HARQ-ACK feedback. Description below assumes a situation in
which two or more PUCCHs containing HARQ-ACK information may be transmitted
in one slot. For example, when a higher layer parameter subslotLengthForPUCCH
(may include information about a length of a sub-slot for a PUCCH) is configured in
the UE, the PUCCH containing the HARQ-ACK information may be transmitted in the
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sub-slot. The higher layer parameter subslotLengthForPUCCH may configure the
number of symbols included in the sub-slot. In a general cyclic prefix (CP), 2 or 7
symbols may be configured, and in an extended CP, 2 or 6 symbols may be
configured. When the use of a sub-slot is configured by a higher layer parameter, the
number of symbols included in a slot associated with a PUCCH to be transmitted by
the UE follows the higher layer parameter, for example, subslotLengthForPUCCH. For
example, when it is indicated that the number of symbols included in the sub-slot is 2,
the UE may determine that 7 sub-slots are present in one slot.

When the sub-slot is configured by the higher layer parameter, the UE transmits the
HARQ-ACK information transmitted in one PUCCH from the slot n for the PDSCH
reception or SPS PDSCH release, based on the value of PDSCH-to-HARQ_feedback
timing for the PUCCH transmission of the HARQ-ACK information, and the K, that is
the information about the transmission slot location of the PDSCH scheduled by the
DCI format 1_0 or 1_1. To transmit the HARQ-ACK information, the UE determines
the HARQ-ACK codebook of the PUCCH transmitted from a sub-slot determined by
the PDSCH-to-HARQ_feedback timing and the Ky, based on the DAI included in DCI
indicating the PDSCH reception or SPS PDSCH release. In detail, the UE may be
configured with a value of a sub-slot offset K1 indicating the PDSCH-
to-HARQ _feedback timing by the DCI or higher layer parameter.

In terms of the Rel 16 3GPP standard, a reference slot (or a reference sub-slot) of K1
(i.e., a reference slot or reference sub-slot for counting a value of K1 indicating
HARQ-ACK feedback timing, and a slot or reference sub-slot where HARQ-ACK is
transmitted when the K1 has a value of 0) corresponds to the last slot (or sub-slot) for
PUCCH transmission overlapping with a received PDSCH or a PDCCH including DCI
indicating a SPS PDSCH release (operation 1). For convenience of description, an
operation of a UE determining the reference slot of the K1 is defined as "operation 1."
However, the UE may not determine the HARQ-ACK feedback timing for downlink
data transmission according to "operation 1," but may determine the HARQ-ACK
feedback timing for the downlink data transmission according to "operation 2"
described below. According to "operation 2," the reference slot (or the reference sub-
slot) of the K1 (i.e., the slot or reference sub-slot where HARQ-ACK is transmitted
when the K1 has a value of 0) corresponds to the last slot (or sub-slot) for the PUCCH
transmission overlapping with a downlink slot for the received PDSCH or the PDCCH
including the DCI indicating the SPS PDSCH release (operation 2). When a sub-slot is
configured by a higher layer parameter, operations described below are performed in
units of sub-slots.

FIG. 9 illustrates examples of "operation 1" and "operation 2" for a PUCCH

transmission time including HARQ-ACK for downlink data transmission, when the
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use of a sub-slot is configured in a wireless communication system.

Referring to FIG. 9, when the number of symbols configuring a sub-slot is 2, K1=0 is
provided by DCI, and a UE receives PDSCH#0 and PDSCH#1 from a downlink slot 0,
a PUCCH containing HARQ-ACK corresponding to each downlink data transmission
may be transmitted from a designated sub-slot. When the UE transmits the HARQ-
ACK through "operation 1," a PUCCH#0 9-10 corresponding to a PDSCH#0 9-00 is
transmitted from a sub-slot 1 that is the last slot from among sub-slots overlapping the
PDSCH#0 9-00. In the same manner, a PUCCH#1 9-15 corresponding to a PDSCH#1
9-05 is transmitted from a sub-slot 5. When the UE transmits the HARQ-ACK through
"operation 2," a PUCCH#1 9-30 corresponding to a PDSCH#0 9-20 is transmitted
from a sub-slot 6 that is the last slot from among sub-slots overlapping a downlink slot
including the PDSCH#0 9-20. In the same manner, the PUCCH#1 9-30 corresponding
to a PDSCH#1 9-25 is transmitted from the sub-slot 6. The HARQ-ACKSs corre-
sponding to the PDSCH#0 9-20 and PDSCH#1 9-25 are multiplexed into one HARQ-
ACK codebook in a PUCCH#1 9-30.

When the UE transmits HARQ-ACK feedback according to "operation 2," a
reference sub-slot is always fixed to the last sub-slot from among sub-slots overlapping
a downlink slot including a PDSCH, and thus there may be a benefit in terms of UE
implementation complexity. However, because a PUCCH including HARQ-ACK is
unable to be transmitted before a reference sub-slot, latency occurs, and thus
immediate HARQ-ACK feedback supported in "operation 1" may not be performed. In
this case, a wireless communication service used for a specific purpose, such as
URLLC, may be unable to provide ultra-low latency communication.

Hereinafter, a method by which a UE performs "operation 2" for HARQ-ACK
feedback regarding downlink data transmission, and when the use of a sub-slot is
configured, maintains "operation 1" for the HARQ-ACK feedback regarding the
downlink data transmission, or a method for bringing a result similar to "operation 1"
will be described. The method provided in the disclosure may reduce HARQ-ACK
feedback complexity by using "operation 2" in a general communication situation, and
provide an ultra-low latency communication service by using "operation 1" in a
situation where the ultra-low latency communication service is required.

<Method 1: Method for HARQ-ACK Feedback, based on Operation 1 in Specific
Condition>

A UE may detect a DCI format 1_0, 1_1, or 1_2 in a configured search area, and
receive an indication for PDSCH reception or SPS PDSCH release. The UE may
determine, through DCI, a starting symbol, a length of a symbol, and K, that is
transmission slot location information of a scheduled PDSCH, and when a PDCCH

including SPS PDSCH release information is detected, may be configured with the



27

WO 2022/250412 PCT/KR2022/007341

[146]

[147]

[148]

[149]

starting symbol, the length of the symbol, and the transmission slot location in-
formation by a higher layer. For HARQ-ACK feedback regarding received downlink
data transmission, the UE determines an HARQ-ACK codebook in a slot determined
by PDSCH-to-HARQ_feedback timing included in the received DCI, and transmits a
PUCCH. Here, when a sub-slot is not configured for the UE, for example, a higher
layer parameter subslotLengthForPUCCH is not configured, the UE may determine a
slot for transmitting the PUCCH, based on "operation 2" described above. On the other
hand, when the higher layer parameter subslotLengthForPUCCH is configured for the
UE, the UE determines a sub-slot for transmitting the PUCCH, based on "operation 1"
described above.

FIG. 10 illustrates a UE operation diagram showing uplink control information
transmission associated with downlink data reception, by using sub-slot configuration
and information, according to an embodiment of the present disclosure.

In FIG. 10, an example of determining a method by which a UE transmits HARQ-
ACK information for a PDSCH, according to a higher layer signal, will be described.
The UE may or may not obtain configuration information (subslotLengthForPUCCH)
for a sub-slot, through a higher layer signal, in operation 1000.

When the UE has not obtained the configuration information for the sub-slot through
the higher layer signal, the UE may determine that a smallest unit of K1 indicating
PDSCH-to-HARQ-ACK timing is a slot unit. The higher layer signal may include at
least one of dl-DataToUL-ACK, dI-DataToUL-ACK-r16, or dl-
DataToUL-ACKForDCIFormatl_2, which are included in a PDSCH-to-HARQ-ACK
timing value list. Then, the UE may receive, through DCI, information about a
resource region to which a PDSCH is allocated, and a PUCCH resource region through
which HARQ-ACK information for the PDSCH is transmitted, in operation 1002. The
DCI may include a value of K1 indicating the PDSCH-to-HARQ _feedback timing
from the higher layer information (dl-DataToUL-ACK, dl-DataToUL-ACK-r16, or dl-
DataToUL-ACKForDCIFormatl_2). When the DCI does not include a field for the
value of K1, the UE may receive the value of K1 from at least one of dI-
DataToUL-ACK, dl-DataToUL-ACK-r16, or dl-DataToUL-ACKForDCIFormatl_2,
i.e., the higher layer signal information.

The UE may receive the PDSCH from a PDSCH resource region scheduled by the
DCI, in operation 1004. The UE may transmit the HARQ-ACK information for the
PDSCH from the PUCCH resource region, based on the information about the PUCCH
resource region included in the DCI, according to "operation 2" described above, in
operation 1006. According to "operation 2" described above, the UE may determine
the last slot of PUCCH transmission overlapping a downlink slot including the
received PDSCH as a reference slot of the K1, and transmit the HARQ-ACK in-
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formation in a PUCCH transmission slot determined based on the value of K1 obtained
from the DCT or higher layer signal.

On the other hand, the UE may obtain the configuration information for the sub-slot
through the higher layer signal. The configuration information for the sub-slot may
include a length of a sub-slot, the number of sub-slots in one slot, or information in-
dicating that a smallest unit of K1 indicating PDSCH-to-HARQ-ACK timing is a sub-
slot. The higher layer signal may include at least one of the dl-DataToUL-ACK, the dI-
DataToUL-ACK-r16, or the dl-DataToUL-ACKForDCIFormatl_2, which are included
in the PDSCH-to-HARQ-ACK timing value list. The UE may receive, through the
DCI, the information about the resource region to which the PDSCH is allocated, and
the PUCCH resource region through which the HARQ-ACK information for the
PDSCH is transmitted, in operation 1010. The DCI may include DCI format 1_1 and
1_2. The UE may receive the PDSCH from the PDSCH resource region scheduled by
the DCI, in operation 1012.

The UE may transmit the HARQ-ACK information for the PDSCH from the PUCCH
resource region, based on the information about the PUCCH resource region included
in the DCI, according to "operation 1" described above, in operation 1014. According
to "operation 1" described above, the UE may determine the last sub-slot of the
PUCCH transmission overlapping the received PDSCH as the reference slot of the K1,
and transmit the HARQ-ACK information from a PUCCH transmission sub-slot de-
termined based on the value of K1 in units of sub-slots, obtained from the DCI or
higher layer signal.

<Method 2: Method for HARQ-ACK Feedback by using Value of Negative K1>

When a UE performs "operation 2" for HARQ-ACK feedback for downlink data
transmission and the use of a sub-slot is configured as described above, a base station
may indicate negative K1 such that a result similar to "operation 1" is obtained. The
negative K1 may be defined as a slot offset value indicating PDSCH-to-HARQ-ACK
timing, and unlike general K1 indicating a slot after a reference K1 slot, the negative
K1 may indicate a slot before the reference K1 slot.

FIG. 11 illustrates an example of a PUCCH transmission time including HARQ-
ACK for downlink data transmission, when the use of a sub-slot is configured and
negative K1 is used in a wireless communication system, according to an embodiment
of the present disclosure.

Referring to FIG. 11, when the number of symbols configuring a sub-slot is 2, a UE
receives a PDSCH#0 1100 and a PDSCH#1 1105 from a downlink slot O, and values
of K1 are respectively indicated as -4 and 0, a PUCCH containing HARQ-ACK corre-
sponding to PDSCH transmission may be transmitted from a designated sub-slot. The

UE may be configured with K1=-4 by at least one of a higher layer signal (RRC or
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MAC CE) or DCI scheduling the PDSCH#0 1100, and transmit a PUCCH#0 1110
containing HARQ-ACK corresponding to transmission of the PDSCH#0 1100 in a
sub-slot 2. The UE may be configured with K1=0 by a higher layer signal or DCI
scheduling the PDSCH#1 1105, and transmit a PUCCH#0 1115 containing HARQ-
ACK corresponding to transmission of the PDSCH#1 1105 in a sub-slot 6 that is the
last sub-slot from among sub-slots overlapping a downlink slot including the
PDSCH#1 1105.

Hereinafter, a method of indicating negative K1 to a UE will be described.

Method 2-1) When DCI contains a PDSCH-to-HARQ_feedback timing indicator
field, negative K1 may be used when a list provided by at least one of higher layer
signals (RRC: dl-DataToUL-ACK or dl-DataToUL-ACKForDCIFormat1_2) includes
a value of negative K1 and an entry value provided by the DCI indicates the negative
K1. The list provided by the higher layer signal may include both general K1 and
negative K1. When the DCI does not contain the PDSCH-to-HARQ_feedback timing
indicator field, the higher layer signal may provide the negative K1. Meanwhile,
because the higher layer signal DI-DataToUL-ACK-r16 uses K1=-1 as a value of non-
numerical K1 (NNK1) in an unlicensed band, the negative K1 may collide. Ac-
cordingly, when the higher layer signal D1-DataToUL-ACK-r16 is configured, a
negative K1 configuration of a UE may be restricted.

Method 2-2) When DCI contains a 1-bit field indicating negative K1 (for example, a
negative-PDSCH-to-HARQ _feedback timing flag), a PDSCH-to-HARQ _feedback
timing indicator field indicates an entry configured by a list provided by a higher layer
signal (MAC-CE), and a UE may be configured with a value of the negative K1 by the
configured entry. The list provided by the higher layer signal may only include the
value of negative K1. When the DCI does not contain the negative-
PDSCH-to-HARQ_feedback timing flag, the PDSCH-to-HARQ _feedback timing
indicator field does not indicate a value of the entry in the list provided by the higher
layer signal (MAC-CE).

FIG. 12 illustrates a block diagram of a structure of a UE in a wireless commu-
nication system according to an embodiment of the disclosure.

Referring to FIG. 12, the UE may include a UE receiver 12-00, a UE transmitter
12-10, and a UE processor (controller) 12-05.

The UE receiver 12-00 and the UE transmitter 12-10 may be collectively referred to
as a transceiver. The UE receiver 12-00, the UE transmitter 12-10, and the UE
processor 12-05 of the UE may operate according to a communication method of the
UE described above. However, the components of the UE are not limited thereto. For
example, the UE may include more or fewer components (for example, a memory or
the like) than those described above. In addition, the UE receiver 12-00, the UE
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transmitter 12-10, and the UE processor 12-05 may be implemented in one chip.

The UE receiver 12-00 and the UE transmitter 12-10 (or the transceiver) may
transmit or receive a signal to or from a base station. Here, the signal may include
control information and data. In this regard, the transceiver may include an RF
transmitter for up-converting and amplifying a frequency of a transmitted signal, and a
RF receiver for amplifying low-noise and down-converting a frequency of a received
signal. However, this is only an example of the transceiver and components of the
transceiver are not limited to the RF transmitter and the RF receiver.

Also, the transceiver may receive and output, to the UE processor 12-05, a signal
through a wireless channel, and transmit a signal output from the UE processor 12-05
through the wireless channel.

A memory (not shown) may store a program and data required for operations of the
UE. Also, the memory may store control information or data included in a signal
obtained by the UE. The memory may be a storage medium, such as read-only memory
(ROM), random access memory (RAM), a hard disk, a CD-ROM, and a DVD, or a
combination of storage media.

The UE processor 12-05 may control a series of processes such that the UE operates
according to an embodiment of the disclosure described above. The UE processor
12-05 may be configured as a controller or one or more processors.

FIG. 13 illustrates a block diagram of a structure of a base station in a wireless com-
munication system according to an embodiment of the present disclosure.

Referring to FIG. 13, the base station may include a base station receiver 13-00, a
base station transmitter 13-10, and a base station processor (controller) 13-05.

The base station receiver 13-00 and the base station transmitter 13-10 may be col-
lectively referred to as a transceiver. The base station receiver 13-00, the base station
transmitter 13-10, and the base station processor 13-05 of the base station may operate
according to a communication method of the base station described above. However,
the components of the base station are not limited thereto. For example, the base
station may include more or fewer components (for example, a memory or the like)
than those described above. In addition, the base station receiver 13-00, the base
station transmitter 13-10, and the base station processor 13-05 may be implemented in
one chip.

The base station receiver 13-00 and the base station transmitter 13-10 (or the
transceiver) may transmit or receive a signal to or from a UE. Here, the signal may
include control information and data. In this regard, the transceiver may include an RF
transmitter for up-converting and amplifying a frequency of a transmitted signal, and a
RF receiver for amplifying low-noise and down-converting a frequency of a received

signal. However, this is only an example of the transceiver and components of the
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transceiver are not limited to the RF transmitter and the RF receiver.

Also, the transceiver may receive and output, to the base station processor 13-03, a
signal through a wireless channel, and transmit a signal output from the base station
processor 13-05 through the wireless channel.

A memory (not shown) may store a program and data required for operations of the
base station. Also, the memory may store control information or data included in a
signal obtained by the base station. The memory may be a storage medium, such as
read-only memory (ROM), random access memory (RAM), a hard disk, a CD-ROM,
and a DVD, or a combination of storage media.

The base station processor 13-05 may control a series of processes such that the base
station operates according to an embodiment of the disclosure described above. The
base station processor 13-05 may be configured as a controller or one or more
processors.

According to the disclosure, a UE in a wireless communication system may have a
small latency time for HARQ-ACK feedback regarding downlink data transmission
and provide an ultra-low latency communication service, when a specific condition is
satisfied.

Meanwhile, in a drawing for describing a method of the disclosure, an order of the
description does not necessarily correspond to an order of execution, and the order may
be changed or executed in parallel.

Alternatively, in the drawing for describing the method of the disclosure, some
components may be omitted and only some components may be included within a
range that does not depart from the essence of the disclosure.

Further, the method of the disclosure may be performed in a combination of some or
all of content included in each embodiment of the disclosure within a range that does
not depart from the essence of the disclosure.

Although not described in the disclosure, a separate table or information including at
least one component included in Table provided in the disclosure may be used.

Meanwhile, the embodiments of the disclosure described with reference to the
present specification and the drawings are merely illustrative of specific examples to
easily facilitate description and understanding of the disclosure, and are not intended to
limit the scope of the disclosure. In other words, it will be apparent to one of ordinary
skill in the art that other modifications based on the technical ideas of the disclosure
are feasible. Also, the embodiments of the disclosure may be combined with each other
as required. A machine-readable storage medium may be provided in a form of a non-
transitory storage medium. Here, the "non-transitory storage medium" only denotes a
tangible device and does not contain a signal (for example, electromagnetic waves).

This term does not distinguish a case where data is stored in the storage medium semi-
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permanently and a case where the data is stored in the storage medium temporarily.
For example, the "non-transitory storage medium" may include a buffer where data is
temporarily stored.

According to an embodiment of the disclosure, a method according to various em-
bodiments of the disclosure disclosed in the present specification may be provided by
being included in a computer program product. The computer program products are
products that can be traded between sellers and buyers. The computer program product
may be distributed in a form of machine-readable storage medium (for example, a
compact disc read-only memory (CD-ROM)), or distributed (for example, downloaded
or uploaded) through an application store (for example, Play Store™) or directly or
online between two user devices (for example, smart phones). In the case of online dis-
tribution, at least a part of the computer program product (for example, a downloadable
application) may be at least temporarily generated or temporarily stored in a machine-
readable storage medium, such as a server of a manufacturer, a server of an application
store, or a memory of a relay server.

Although the present disclosure has been described with various embodiments,
various changes and modifications may be suggested to one skilled in the art. It is
intended that the present disclosure encompass such changes and modifications as fall

within the scope of the appended claims.
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Claims

A method of a user equipment (UE) in a wireless communication
system, the method comprising:

receiving, from a base station, a downlink channel;

identifying a reference slot associated with a physical uplink control
channel (PUCCH) transmission, wherein the identifying of the
reference slot comprises,

in case that a higher layer parameter configuring a sub-slot for a
PUCCH is received, identifying that the reference slot is a last uplink
slot for the PUCCH transmission that overlaps with the downlink
channel, and

in case that the higher layer parameter is not received, identifying that
the reference slot is a last uplink slot for the PUCCH transmission that
overlaps with a downlink slot for the downlink channel; and
performing, to the base station, the PUCCH transmission including
hybrid automatic repeat request acknowledgment (HARQ-ACK) in-
formation corresponding to the downlink channel based on the
reference slot.

The method of claim 1, wherein the received downlink channel
includes a physical downlink shared channel (PDSCH) or a physical
downlink control channel (PDCCH) indicating a semi-persistent
scheduling (SPS) PDSCH release.

The method of claim 1, further comprising performing the PUCCH
transmission including the HARQ-ACK information in an uplink slot
identified based on the reference slot and a feedback timing indicator.
The method of claim 1, wherein the higher layer parameter configuring
the sub-slot for a PUCCH includes information of a sub-slot length for
a sub-slot based PUCCH feedback,

wherein, in case that a normal cyclic prefix (CP) is configured, the sub-
slot length is indicated as 2 or 7 symbols, and

wherein, in case that an extended CP is configured, the sub-slot length
is indicated as 2 or 6 symbols.

The method of claim 1, further comprising receiving, from the base
station, a higher layer signalling indicating a semi-static HARQ-ACK
codebook or a dynamic HARQ-ACK codebook.

A method of a base station in a wireless communication system, the

method comprising:
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transmitting, to a user equipment (UE), a downlink channel; and
receiving, from the UE, a physical uplink control channel (PUCCH)
transmission in an uplink slot identified based on a reference slot as-
sociated, wherein the PUCCH transmission includes hybrid automatic
repeat request acknowledgement (HARQ-ACK) information corre-
sponding to the downlink channel,

wherein in case that a higher layer parameter configuring a sub-slot for
a PUCCH is transmitted to the UE, the reference slot is a last uplink
slot for the PUCCH transmission that overlaps with the downlink
channel, and

wherein in case that the higher layer parameter is not transmitted to the
UE, the reference slot is the last uplink slot for the PUCCH
transmission that overlaps with a downlink slot for the downlink
channel.

The method of claim 6, wherein the downlink channel includes a
physical downlink shared channel (PDSCH) or a physical downlink
control channel (PDCCH) indicating a semi-persistent scheduling
(SPS) PDSCH release.

The method of claim 6, further comprising identifying the uplink slot
based on the reference slot and a feedback timing indicator.

The method of claim 6, wherein the higher layer parameter configuring
the sub-slot for a PUCCH includes information of a sub-slot length for
a sub-slot based PUCCH feedback,

wherein, in case that a normal cyclic prefix (CP) is configured to the
UE, the sub-slot length is indicated as 2 or 7 symbols, and

wherein, in case that an extended CP is configured to the UE, the sub-
slot length is indicated as 2 or 6 symbols.

The method of claim 6, further comprising transmitting, to the UE, a
higher layer signalling indicating a semi-static HARQ-ACK codebook
or a dynamic HARQ-ACK codebook.

A user equipment (UE) in a wireless communication system, the UE
comprising:

a transceiver; and

at least one processor operably coupled with the transceiver, the at least
one processor configured to:

receive, from a base station, a downlink channel;

identify a reference slot associated with a physical uplink control
channel (PUCCH) transmission; and
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perform, to the base station, the PUCCH transmission including hybrid
automatic repeat request acknowledgment (HARQ-ACK) information
corresponding to the downlink channel based on the reference slot,
wherein the at least one processor is further configured to:

in case that a higher layer parameter configuring a sub-slot for a
PUCCH is received, identify that the reference slot is a last uplink slot
for the PUCCH transmission that overlaps with the downlink channel,
and

in case that the higher layer parameter is not received, identify that the
reference slot is a last uplink slot for the PUCCH transmission that
overlaps with a downlink slot for the downlink channel.

A base station in a wireless communication system, the base station
comprising:

a transceiver; and

at least one processor operable coupled with the transceiver, the at least
one processor is configured to:

transmit, to a user equipment (UE), a downlink channel; and

receive, from the UE, a physical uplink control channel (PUCCH)
transmission in an uplink slot identified based on a reference slot as-
sociated, wherein the PUCCH transmission includes hybrid automatic
repeat request acknowledgement (HARQ-ACK) information corre-
sponding to the downlink channel,

wherein in case that a higher layer parameter configuring a sub-slot for
a PUCCH is transmitted to the UE, the reference slot is a last uplink
slot for the PUCCH transmission that overlaps with the downlink
channel, and

wherein in case that the higher layer parameter is not transmitted to the
UE, the reference slot is the last uplink slot for the PUCCH
transmission that overlaps with a downlink slot for the downlink

channel.
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